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o] ZFz AW dojo] I “F A 7l 'dE (core semantics)” S A H gl TgHsleel=s F st
%ﬁﬁﬂﬂaﬁi Utk 4 W ‘?\*Oi‘dr W3ds, g g, 2552 7 d 52 library-index o 7] &5 o]
Ytk Cﬂ‘r +HIZZ I E A=

9l<s 1)tk ol olof T3k 1] 3 A1 A ] 4 7| = tutorial-index o] A} Xﬂ*
=79 A A7} 'I}E A5 LT extending-index = 3to] i 3 X5 A st ol T 2 1=
48131, c-api-index & C/C++ ZZ I e W ol Al Al &5 = A H o] 252 AA A 7= Th
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CHAPTER 1

e
ol AHAE ol 2T W A& AP FULh AAFAE FRE 3 YA FFU )
7hsst st el = E Skl QAT EH I o] 3] B4 o]9 o BE A= P4 FHAEUE AU E
AHERYTE o] AE o] HFAJ FAE] FAHE F O & ot s HEA T, FA Bed 4 74
Al U 2 F o2, wkek o R o] Ao A 2kl o] BATOZ Jlo] W& A £ 8 E 2 3HH,
olulx o 7HXE A oF & Aol A= ol thE Ao E e o E Ed Yyt Hkdd,
o Ho] Fo]l W& AFRsL Y Aojo] EA Ao sk A &Sl 2 of tfs] FF3lstr A A9
A3 o] oA FE S F AF UL F o FA5E HOE Ry AU, ojntk oy E ] A THS
7|88l ol FH5UY— 1287 o F2Y 7 AE EY I ALY ).

Tz FAC YT T %w_’-??i AR AFE Ye A2 A8V 72 HAdE Aoju 22 Ao &
:r“ﬂ‘: = EPE WAl o2 S 4 syt whd e (kA o] HAF A A= E o7 7] += dHA vh
CPython & 7} Eﬁiﬂ /\F‘L’“ﬂ—t— o]l FHola, 1A 5 A 2 uE AFT A7 sy th
FAo] F7HY Al ks xS Qe A& 53 2¥5Uth 284, H2E NSNS “TH =E”
ZFR oYL= ﬂiiﬂ] g Adyrh

& vfolx ?54 o= W2 Wd x2E RESol WEkFyth o] 2152 library-index o] 7]&5H o] gl5Uth
0*01 Ao FET v A o2 AAE ¢ EE WA RESS WE AU

11 e 78S

Foll gA d2] AHgE & stold & o] EAeH7] = sHA W, 5 AAALE 7 ti sl 348 E
743 o 8 it A E o] EAF k.

o}

CPython 91%°]7]% 831 7b4 & Bl = 3 Qe C2 A48 sl 4 FAYU Aol A2 e 752
BE 7)ol A AS S

Jython Tho] 2 AP}, o] 7
epolHele & Beole ¢
HAEE BEs o A4

2T YPE A2 AL AL, 2pup FEf
g 5 JdFUth F At ghol B g 9
7]-\:— Ut o 2pA st @EtJ}’thOH YA E oﬂ/ﬂ 22 5+ dsyth
Python for NET ©] 7232 A A| Z = CPython 73 & AF&3} % U #] = (managed) NET £ Z 271
2 o] 31 \NET &}o] B8] 2] 2 A2 3 t}. Bryan Lloyd 7} ?}% 5yttt B 2 g A 2= Python for
NET &3] o] #] o A A& Ut

olro



http://www.jython.org/
https://pythonnet.github.io/
https://pythonnet.github.io/
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IronPython .NET-2 9] 3} tj o 5}o] #. Python.NET #}= & 2] o] 22 ILS A A 313, 9po] W T =& NET
AdE2 2 AH Aadste &3 gho]d 7@ YUtk Jim Hugunin ©] BHS 1=, Jython 2] 1 4]
2}o] 71 = Frth AFA| 8 A B = TronPython 9] AFo] E o Al A& 4= 94U th

PyPy &3] 3}o] 4 OE 23 E shol FH. 28 2] (stackless) A ¥ o] W IIT ZHutd 2] & Zo] o2
FAANA = Ze 5 jle LT 75 Zﬂ*ﬁ“%v} o] LR AE O] B F stbe (Fholrl g 29]7]
ufZofl) omza] A4S GA dsolA do] AAl i A& B AYUTE AA T HE =
PyPy 2 Al E o 53] o] 2] o A kg = Q15U Th

23 AE ol AYAoIA A = dofsl 234 27 hE WY 2 Holuh AL, EE sfel ) Aol A
=0

=

FE U W U AR ES 2P, oclol 15 3 7ol e o8 A2 o ol
oA BRE AN FA U2 ARH L EAE B2T 2o A%t

1.2 7)Y

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

rlo
o,
lo
[>
k)
me
o

name
lc_letter

lc_letter (lc_letter | "_")*

"a"' . ."Z"

A £ name ©] lc_letter & AlZ31aL, gLAL 3 0] 4] 1c_letter Y REo] FtE2 & FEHR
TAE T EYTh 38 1c_letter & 'a' 2 'z Abo] Y] A} s U Th (A o]
oA o) B e} R A A FYE = olgEol tgk A YUt

A8 722 0l (91 FH0l BFBE nane) ;1= 2 A AT AR ()& HAES ESE o
A E U th o] EPEeIA S A€ 7L b e AU th ME () & ol et FE o] ek
Ak 9 0|4 W £ Slohe vl QLU T W Sel, e () @ W o) 4 W 4 gl v ek

E Stk ol BB ()2 EAe AL o) @ A 12 5 A Ak hesiee sy, -
9+ QAL 29 A A AZRUTh SAEA7 Y EeUTh BoE Hojel® R o A48T
Utk £49 AR 9L 4 e SAAGUT, 298 E22 Boh Bren AT 74
HEGEE ERYUh o B FAL ole 22 £9E 4= g, A2t sEo Azdd=

Al 2] Al v U o

o3 Zo (AAlA £ oo} Zo]) ol A=, F 7HA 7 Fel 7F AR E U th: T 9 ElEE E271 A A
@zz%aﬂﬂmoeéﬂﬂeaw%%}a$gﬁd>ma4As1%4%ﬁ:duﬂL“°
Utk E3PAES (<. . .>) ¢l S0 752, AoH = 7S g v P A Ay S AU S
D29 49 Ao £A 2 AWad 482 5 A5

A8 E71% 0] 9] 2T SE ek, o} 39k B Ao tholl & At 2ol 7k YUtk o3 Ao e
do) AE EApol] A8E £ b, B o€ o3 £47)7 ol E250 A8 R YT g
7 (“o] 3] B A (Lexical Analysis)”) ol A A}-85 = 2E BNFE= o]3] Fodut}; I o] 58] ZoA= W
Aol gt

4 Chapter 1. 7| &


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

CHAPTER 2

sho] W =2 19 5HA (parser) o o3 QF Utk 9pA el QL o)) B4 7] (lexical analyzer) 7} WE
o E2 (1oken) S0 22D AT o] ZolA L o}F B4 7 o8 A HAL B2 R Folale
gk,

Shol 1S 2 1Y HAES FUTE TEFOE ATk 44 30 AL AT 4E F
A7E % 93, 71 UTFS Atk AA S W8S PEP 3120 o 5T 22 9 € 002 &
RS ul = syntaxError 7F HA Y T}

2.1 & 7~ X (Line structure)

gho) AW =2 72 o /| =8 A9 = (logical lines) S & L}g U T}

g Aol £o] ZL NEWLINE EE20 7 ZHFH Uttt EHo] §&3d1x &&= o)A (&
FE Alo]) BFL =2 & kel AAE 7HEAE 4 sy th iﬂﬂ ol 22 A
= A 3 (line joining) 7+ 2 o] whe} st o] o] E 2] A 9 & (physical lines) 2 739 U

949 52 U e L e R
EAFES| S2 E SR NAxTe] BEALD F AEUT - ASCULE (VA E N33 §
1 A8 CRLEGN 214 2] © £15ol @ & A% £ 8 A5 A% 8, ASCILCR(A 21 7] 2 =)

S AEE L ool M AEA Y, o] e Z79k D50l £ 537 AL 5 AT
s

2
‘O,
m?)l
i)Y
1o,
N g
fifo
T
o
é‘.:
rlr
)
[>
Fu
My
T
rr
32 r{n

o

M)
lid
1o
ON

rr

= =

WA e, 422 FE FALE MEA Z F5 FAR £F C Y (ASCHLFE £ 3= \n
=]
H



https://www.python.org/dev/peps/pep-3120
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i, =

FAL TAG Bl E ol ZAH A de A A E A e 22 A9 9] EolA Syt SA14
A& AT A Fol FasHA b2 ol FAL =28 d &2 FEAAUTE 42 B FAZY

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

Agu ek s

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

’# —-*— coding: <encoding-name> —*-

o1d] GNU Emacs | Al = 214 Yt} t}2 dlif=

’# vim:fileencoding=<encoding-name>

¢l &) Bram Moolenaar & VIM o] A] ¢1 415 Ut}

Q7T Melo] WA A gow 7B YL UTFSJIth of 7o) B, 5+2e] 42 o] UTE-8 BOM
(o' \xef\xbb\xbf')o]H 7Y Q7o) UTF-8 2.2 A" Ao g Bt} (o] YA nfo|ma 8 4L E
°] notepad | A A FH Yt})

If an encoding is declared, the encoding name must be recognized by Python (see standard-encodings). The encoding
is used for all lexical analysis, including string literals, comments and identifiers.

215 AL & ZE

= ol EYAA & F A FAN)E AMESA =2 AA 22 A% 5 sy E8AEA
Zo) B4 elE ol 249 AR} obd o oA EAE B, o SehA 9 Amt AW 2
AAD Az, BA BEA AL Y = A o] FAPU o E Sol:
if 1900 < year < 2100 and 1 <= month <= 12 \

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

and 0 <= minute < 60 and 0 <= second < 60: # Looks 1like a valid date

return 1

A ESYAZ B 52 T4 28E T lsUth g S FAS AT A ZTFUTH J S A=
AL HEE S At old EEZE AFeA] ZPUTH(SE, EAE 2EHE o9 o olH EER o &
A& ARSI A I Eoll Uro] 7152 4 glsuth). 222 28 Hhell I 9 S AI7F ol A Ag3t
s o]9) 9] o T AL ol o =X Eyth

ZT(0)),WZE([1),FTZIUNIALH =TI F A glolz o8 7o Bl A 22 YEs 5
[} Y .
1=]

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

E3 5 QEUTh oo At BE9 SdaYt 328 dHY
A3t & 5 1ol NEWLINE E 0] BF5 0] A A
2 4F TS E H EALENNE 54T 4 e ol E Reh,

6 Chapter 2. o]3 24
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21.7 W1 &

2i5o) 2, /], & 3= (formfeed) 9 FA 9o 2 TAE 2] 4 2 FAF U (5 NEWLINE £ 20]
w0177 Shg I Th) 549 2.2 2ol 9 & EF ol ¥l 3o A2/FREPL 780w} e 4
Utk BE 5 ABz e Eol A, $A W 2(F P} RAZA g D)L ThE A AL
F2AUTh

21.8 SoJxnv]

)29 20 A ol £k FH (23029 W)L B Folny] £ES ANSE H AEH L, o)
Al EAEC] B2 A5 v A8H A Byt

9o (%ol L EH R 15l 25 0)22 B Lo, AU F2) § Lol s §4 57 82
ﬂ?ﬂﬂiéﬂ%ﬂﬂ.%ﬁ_ﬂﬂ4&ﬂ TR0 BF A ASEh) A 0A B B A o
LEFNY T EY 927 E AR T 04”‘71%"3. SHAIE AHSBHA o 2] 7o) £ A <
EE2 WEA F olsuth A A o SejA o] Fo] 92 7E AR P TH

o2 TpLo] Wk 23 0| 28 Ho] 2 A5, Wl B A 2ol o] 2ol BTk ol whe} kA 3142
4 QO ¥ TabError & € o 3t}h

AZA-ZRE TTA 72 A UNIX o] 9] o] S Z oA AR 7] 5] 52 ate w4 w2, 3hite] 3t
oA S AN S A3 W3} o] A B Aol Al AL AP Ao obd it ThE BAB TN
o) Sof27] 5 2ol Astol 48+ YTk A% 2ol sok ik

A A= FAE Y T 3l 0] A]

3z = A=

= = =

97 £ ool Fuol} Hol 9t A9 R ghe BHE F 4 AFUTHOHY, 2510) 2 £740
o

Z

ALH £ Fol27] £3 2, 292 A A, ThE 3} 2L ¥ © 2 INDENT DEDENT E2& hE
Q=]
o H

} 2B ol A Y= St u) 9 273 o) L%Wiﬂ%/] 2 LM £ S99
e o] 717 ofl Q= g vl g Yl ﬂv}fﬂ ol ¥ A% doj}A °}AQDP o Ztd
1 g}o ﬁ‘éﬂoﬂ Q7 311}9] INDENT E22 w5yt o X‘D}‘ﬂ o] g2 AE“Oﬂ A= g F shbo]ofnt
Ut o] RGO E RE 2H9 ZEE AW (pop), AW ST 4 EDENTE%% ‘3&?‘45}- 1 9
Zo A, 280 Folol= 0 2 Zhe UPiDEDENTE%% Ut

of 7)o (EdaH o EARtE) SutaA o227 @ shold Z = 27be] 5y th:

U
é%‘ﬂﬂﬂOﬂq%*ﬂIﬁ*ﬂﬂwm)ﬂﬁ%ﬂﬂﬂﬁ%@@%ﬂ%%ﬂ%éﬂﬂ
]OO

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 o3 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. & F%(Line structure) 7
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(A, 22 A 12 ol &= 3hA 7 A G ek, B4 uhA et o 2 5 o} 7] #4717 A FU Tk — return
r 9 Sojzz)zt 2del Gt g A A B

£2 49 £ AL EAL A DL AL, T £ Asl0) s, Y, H L E2E B3]
A9 ol £ 2 slUTh FERS Ao A HEERO2 AT $ AL A 22 Alel T
B2k (1 Bol,ab = 5] E2o)Athab & Aol E2Uth)

NEWLINE, INDENT, DEDENT $}= ¥ % 2 t}-83} 22 939 E 25 o] 28 th: A ¥ 2} (identifier),
7191 = (keyword), &1 ¥1 & (literal), A2} A} (operator), -5 A} (delimiter). (ko) Al “J% HZ 25 ol9e) o
EAEL EZo] olYA T EES BEdte JT S dFHUL B3 Ff, dEJA 22X R %1%

IIH‘G]-L]—_,]EE_O SulE T 715 3 Y Zojo EAE g TAHE AL AE L) =

2.3 2 Ezte} 7191 =

A2} (0] 5 (name) ©)BHALE U T 2t 22 o) 9] Ao 2 7|leg vtk

shol Aol 4 AEAe] BW e fUTE BE 54 UAX31 o ke &
85 ohalolA] Aol Tl S & A S U5 PEP A3 A 3 4 A

ASCII ¥ (U+0001..U+007F) Woll A, &n}2 A2} B2t Fo] Al 2.
EAtet AL EE A A ﬂl&ﬂﬁ}i Z2F0 o A 9.

g}o] A 3.0-& ASCII 9 ¥he] ExE52 = ¢ gt th (PEP 3131 &X). o] EAE59 A9, unicodedata
Bo] £3E uAe] fU 35 4 v o] W] o] o] we} B T

2@ 2= Aol of] Aol Qa1 Al o] 2 (case) = T+EFH UTH

>

o
m
fy
A

th A oA z W99

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] onE 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

 Other_ID_Start - 319 T34 A Y9S ¢35 PropList.ixt o] A WA H o2 UYdH EAE

8 Chapter 2. o]3 24


https://www.python.org/dev/peps/pep-3131
https://www.python.org/dev/peps/pep-3131
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e Other_ID_Continue - W} 27}
2 A 54 ol o]l NFKC 773 342 2 #2) 31, 4 28] 1] 24 NFKC of 732 %1k
g

FUZE 419 SnkE AL 2229 H-tH A< 555 HIML 34 2 4 28 24 S https://www.
unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt o] 4 &3 4= 9JF Y th
2.3.1 7|99 =

g AMAEL o o], i doje] A E, = AHEH 1, ANAQ B AHEE 5 GHUTh o7
20l Q= A3 AES) 2A A ol of itk

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

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

232 487}e] o oF

AR E =

rlo

w7} ek o] RRe) 4EAE

o

A= BAZ) ol RR AWAEL S

REEAAHoE FEE

_* from module import * o] 93 X EFHX gHUth EdstAEA_ =038 gz el A
upx upol] A3k Ao g A st 852 AR H U builtins & AZH Utk th3Hd
RE7}obd A% | & 5WE AW} 2, ASH AL Rtk 9L E (mpor) £ AHE HAL,

FHa: olF _ & FF <A S (internationalization) &} # & = o] AFEH UTh o] Fd ol FSAE=
gettext REY EAE AR A L.

_*__ A" A9 o] F, HFA AL 2 “dr(dunder)” o] F ol FHFF UL o] o552 UH=
et I 7R (&EE etol B E 2ddUTh ol Aoyt dA Bod A ad o] 52 55
A= o] S5 A T 9] 9] el =g Ut stoj ] me Mol = T B2 Asc] B
b/ ol FUth of| FHol A, WA Ao AR S AR S Yoy __x_ °o]F9
EE A, 43 glel &4 s Ut

__* ZHWEHFA o] F. o] R olFES Tl Ao EHoA AHESE A4 FElE APk
Br Ze e 2k Fel 29 “ul3 ) (private)” A EZHE 749 o] 8 & ¥57] Y FI YT
AA (o] F) AdE EAS

24 =€)y

gl (litera) 2 2R WA I =] g AT Z27H AUtk

24. €Y 9



https://www.unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt
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241 Exd}ulel=d 2HY

R R o E DR [8]o¥

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

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

o] 473 ‘H"d o] R F ] B3l= ot 71A] EH A AL stringprefix Y bytesprefix 2 21822
Lol 2] 52 Abolo] B o] 32k A SFeThe AQUTh A E4 AHE A5 Aoz A9 Pyt
A ulde] T Aol loH UTF-8YYtTh 17 H Ao AXHS HA Q.

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

Hhol £ (bytes) FIH B L 34 o' 1B B %ol BYUTh str 39 A28~ 4l bytes F9 92
S22 BEUTh 24 ASCH BAS W EFT 5+ AU th ZEgo] 18H T AAL 22 FEL WEA
ol Aol oz F AL olof Fuich,

ALl =G Y BF ADHOR 1rr ol Lh 'Ry BAE o] £ 5 AU olH BALS D
5219 (aw stings) |21 ST, o SN E BU G BAR AF T ADA 02, EAd 2l E o
A, AL Gk N0 9\ o] 270 mi B s A A g th shold 2x0) & RUTE

SlEl Qo] sfol 2 3x2} hE A ERTUUTHE A€ LA, turt EHE AR A U

WA 330 271 G utolE BlEj 2] thr 9 22 9|7t gl 'rb' FFo 7k 27ME s U

H A 3.309] 27}' gho]l M 2x £} 3x oA FBA|O] AYEe TEE FARSLE the3ahr] 93] o Ao
AEHE FUZE FEE (u'value') o] A =4H 5T ZAHAISE 4 H = PEP 414 of U3 U th
U R ERFR A RAL YEE L 2R F/]E%E*(formattedstrmgllteml)%ME‘r X E
AL PEE S HAL. £ & e FEAFE S dsdch AR ot U rur ok A3 5 st
oA G 2 AL 75k A v 2 uhe] EY 2lH P2 B by oh

A w2 9 e A, Al A o]aA o] H A ok Y EA} whg vt s g vt (2 e L /A
FHuUth. ool g Zol Al 719 ojaA o] H A ¢F2 mgxrt e Add], BHE S FeAH Y
(‘g7 E gHE S Al A AR S EA Y YT 5,

‘vt U R T T E A L o), #AE T ute| EE
W AHgE AT HI ST A 02 AR U A4 = 1£7ﬂ°lE Ald 2t olFF Y

E
e
=2
Hl
%
it}
o,
[>
Y
o
[kl
>
(4

1 3=
2= xEC
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oAl AlF A | o] S o] A
\newline o S A& EAE FAIE YT

\\ o <dA (V)

\ A2 (1)

\" & (")

\a ASCII ¥ (BEL)

\b ASCII ¥ A~ 5 o] 2~ (BS)

\f ASCII & 3] = (FF)

\n ASCI 2}l 3] = (LF)

\r ASCII 7] 2] A] 2] € (CR)

\t ASCII 7} 2 =] (TAB)

\v ASCII A 2 = (VT)

\ooo 8715 000 2 A d =4 (1,3)
\xhh 16315 hh 2 A H F A} 2.3)

AL FE E oA T A4 E = o] o] Z A A A e

STEACIE AR | 90 CER
\N{name} SUZE d o] e u o] 2N A name ©| 1 o]= BEJR ZA} | (4)
\UxXxXXX 16-bit 16 75> xxxx 2 A A= E 4} 4)
\UXKXXXKKKX 32-bit 16 A4 xxooooox 2 A A H B4} 6)

Rl A
() 3
@
g

==
N
@!
jg

1714 =, 2 o) Al 72} 87147} 38 U T
2], A8ks] % 7o) 16347} Al 5= of of Tt

Yol A, 16852 875 o] 27 o] T A HH 3o} vo| =8 BAY
]/\7—"0]4&_ ;(]Z—]Q 71—4 quﬁ“i_z}_%idzqq

U

ke

oo T o My
0
o
rlr
_m_ e rN'

ALY
i)
AW
=
Sl
)
e

=

=2
X
rlr
_04

w ol (m

“4)
®)

)
=2
>,
rE
oM,
g
o
X,
e

s
P
)
ﬂ

o T M

ol
N
=
1o
>
2
5
il
el
ko
Fru
o
£

ARG 4 EUTh B3 8749 16457 B2 g h

27 £ Ao WA A e AE e B g
gL w8 o 227} %qu}. o 1A o) AP 2T} R

S
o
oL
¥
[o
il
Sl
rn
Jo
-
]
[

SN
s
5“; fr
N
-

-0,

>

i

N

0, 20 AN kM

.
i}
32,

[k o
£
By =
ofX
iy
:i
=2,
2 i
&

2~
)
g £ R e A2,

recationWarnings W4 th
A= SyntaxErrorZ} 2 A YUY

[ 2
)
-

=

3

=t

Q

b

=
Q

B

3
Er
O
©
g
R

DE PN 25, g R o SUNE o) 20l m Puh AT A &
£ S0l r\nn £ 2HLE BAE HH LA, 5 1ol EATL S0 9%
& gt B4 de el obd Ut (2 B R T4 o SN E B
B s e, & e g e shiel A GelA 2 29 4 fairh Sl 7ol
27lelz A7 e th. o A% uE o) o AW AL 2 Al of
e O P R A

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

Ph

mhﬁ _IR -

© iy
o
>
toq
rlﬂ
ﬂ}o
fk
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24.2 #2149 2l o] o] & 0] 7]

o] 7§e] EA-2 °1b‘rﬂ}°lE°ﬂ gEES (TR HeEsiA) o2 7 AFHA dLet= 2ol s g5 L,
o= ol 2 AR} Z5 Ut 24 B Eol AR thE W22 E Al = HuUth 284, "hello”
'world' i "helloworld" ¢ 5 YTt ©] lLS NE2ALE A G E2 e o 223 9
AN E BAF U 24 EAD B nit 248 Bolk A s A8 Bol:
re.compile (" [A-Za—-z_]" # letter or underscore
"[A-Za-z0-9_]*" # letter, digit or underscore
)

o] 715 ol B FTollA BYH 1= YA T AL A Z o FHF | F2 oHOk gk A A kel
AL S o] E0]7] %oﬂ/ﬂ%‘# A4S AHEBl oF Futh 2l E o]o] 2ol 77t a4 ' thE
2R E AT AL BASHR AT I E FAL S oo 2ol AxA 7}%?25“4 h, =W Z2d
gEHE S B5 TAE SlHE 3 o] 2 d o ol Fo sl oF T
243 9 F714 2E ¥
A 3.600 37}
2 B9 2 D (formatted string literal) == - F AL (fstring) 2 '£' U 'F' & o]l 9 Ex1Y g E]
YUtk o] FAE2 A =5 27T ﬂ%tﬂ,wai{}i?‘—\?ﬂ% zAAdYT e AL
el g ol G4 A5ghe 2w 2y BAd Pl e P A A el AxkE = A4 YU

ol Aoz AR AL il #AY P EAY dRYHUTHEAO] & EALA e ol A
U3 Fol BAde] e oo 2 B gy

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

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

conversion = "s" | "r" | "a"

format_spec = (literal_char | NULL | replacement_field)™*
literal_char u= <any code point except "{", "}" or NULL>
TEZ M RS I AHEAY AFE e, ol F Uy tdsst e dY SRR
Agdd s Ak JUrh she] o= 2T (! % li‘rﬂta Al ZFA 7] =T, 3hol 3 A 4] o]
Auguch 71 3 2d4 dAES Y g 2F BAS A (N Z) F8FUTh, A4 Hol
TECNEFNE S AsUTE =48 U 2 A &Sk, W& (conversion) BET HAWE  JFUTH
Z W A A 2} (format specifier) & S84 4 vdl, T2 ' LCEAAFYLE AT BE=EE=FEE
'R Edyh

ZH FAE 2E P R4S BT E YA GubAQ ol @A 02 HFH =], 2 7HA o9
7Stk W @A S A @1, lambda®t Q] A =2 B YA A D2 F Aok
dUth A 2@ AL NFZAE TFE ¢ o (& S0, s max d 24D FAS XTS5
AUt Zr2d42 29 Z2E 2lH o] 4T AH Y FHo A AFoA e B8Z o= AMF YTt
WA 37004 WA Shol A 37 o] el =, T8 BAIZ A3 ZW BAL e e D] AL A avair £
A%} async for B TP Are AL FENA GUH U

T2 7T =0l AlFHY, 2Holl= A4 HAE, = W FUHE Fo] TFFHUTE o= FEFZ ('
H, 284 Y, = JY aFolas B S APV 72 Forw, =1 & TR AT} Gl &
FHAY repr () S AFFUTE T o] ARFEH HE " 1r' o] HAH A =37 EA R RFA 9

)

HA 38 71 55 7|5 '=".
1 2} (conversion) o] A=, A4 9] 437} JUHF/] Ao Mgyt

SES, ' r' Lrepr() S 3EST, ' a’ Lasciil()

12 Chapter 2. o]3 24
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A= format () TREEZE 2P YT W A H 2= A o) AR A format_ () H|
A= 2 AGdguch =9 G A7 A eks E ql FApd o] A a%“% oAl LUl AUt HF RGO

g

A4 TR AAL TR AG =SS T 2 94U o) FUD I=EL 25 A0 0
colm ARAE TR 5 YA, 20 M AR FEEL @R 4 AU TU ALA

Z_PO] Aol str. format () WA =X AHEH = A2 25 Uth

TR ZAE HHEZ o] EY T+ JARL A BTt o gHEE 2L o+ flsdyth

9 BAG elel e o & B

>>> 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’

>>> numpber = 1024

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

'0x400"'

>>> foo = "bar"

>>> £"/ 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" '

durA #Ad PHPH 22 Y-S F R AR A9 ARE B FEo AMEEE BAS] Y

2 e d g AL - E sk FE5A oto} Brhe ATk

f"abc {a["x"]} def" # error: outer string literal ended prematurely

f'abec {a['x'] def" # workaround: use different quoting

£ BAANE & SHNE ST 5 93, A5 o el b B

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

q S A olaA ol B3 Fhs TFEH Y, YA WS wEd gt
>>> newline = ord('\n")

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

'newline: 10"

E=W 2A4E 2 E 2 52 EF (docstring) & 2 AFEE 5

Yok,

A4 0] A8 GEl et nhEHA

fy
°
=
£
e

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

(Th& sl AT ol AS)

24. €Y 13
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(o1 sl o] A A A%)

>>> foo. doc_ is None

True

EY 4D 2P F7ho] hek AL PEP 498 & 23T, HAH £ £AD HAUSES S
str.format () E A4 HE Zo] 5t}

2.4.4 57} 2]y

S PR Dol A b $R7E st A A B Rad e e e g (Rad

A%5t 9148 HalAl BE o )

A elE o] B35 2 9hshA] b Aol F s of Futh -1 3 22 722 4 F AabA - B HE
12 7" BEA

i
=]
:

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

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

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

nonzerodigit = A

digit = "om..."o"

bindigit = "om | ominv

octdigit = "or...mn

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

7hgst v R Elo A3 E 4 A= AR A5 2 e E e ol Al g5yt

Ve BE Yo 24 ke 2R B0 weH A Ytk ARAL xol7]) A8 £AEL

72 A
227} Q5 Ut BE L S22} Abolut 0x 9F 22 4 A A A} (base specifier) T of] & 4= 9l=4
mﬂﬂ%“& g 5 stk
0 0] obd 107022 A e
4o 84 B HE A E5H = 2

Ao elE e A =H:

= lo
ol &

el FeIBok ek 30 94 o1 e shol ol 4 A3 C 2

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

WA 3600 A WA E Lol A 2RSS 1L BARF B A2 WEL Sy,

14 Chapter 2. o3 24



https://www.python.org/dev/peps/pep-0498

The Python Language Reference, = ] 8|4 3.9.18

A% BB L thest 22 ol Fol g B Uh

floatnumber = pointfloat | exponentfloat
[digitpart] fraction | digitpart

pointfloat

exponentfloat = (digitpart | pointfloat) exponent

digitpart = digit (["_"] digit)™*

fraction = "." digitpart

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

ARl A5 RE F4 10203 02 4B ks Aol Fe s oF gtk o] & Sof, 077010 & SHpE
FdolaL, 77e10 I 2L AE REFY T A fHE Y sgd fe= FE AR AU A5
g oA VA 2 EE RAEY Fee UEE A= AYE Y-

A gEd Y 2 7HA o & FUth:
’3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93

ok
B[
iy
|o
fru
ne
N
o
ok
o
%
T
v

WA 3604 M7 APl %45 152 B

2.4.7 32 2E]d
F4 B HYS 0o 2L o3 Aoz BAF U

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

AF ANSL ALRA 009 BELE UE U, HaPE A5G LU A0 A8+ T8 4
42 BHHUL 00 opd A5 E A5 B2 E BEAY, A58 ToE Fth o § Fo, (3+49)
’314 I’JH%*PJ 2 712 of| & St
’3.14j 10.5 107 .0015 11007 3.14e-107 3.14_15_933

2.5 & Xz}

e 2e E2EL AT

. - * * / // % d
<< >> & | ~ ~ —
< > <= >= == | =

( ) [ ] { }

, : . ; @ = ->

4= = = /= /= %= -

&= | = A= >>= <<= *ok =

}ﬂ*%]¢ﬂﬂTﬂHaﬂﬁ AT AdFUTE A5H v FE Al = AR S 2 E E (ellipsis
literal) ©] 2}+= & 3 4]ﬂmAQQH%%iﬁﬂ%%ﬂ%ﬂfﬂ@@mmw%%mmwmmmaL
oA O R = FREAR 7|5 A T FA o A4S 3ot

25. A=} 15
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2] A== ASCIL FAHE &

7)ol 52w g o)

3t 9

gul7k A, 1FA FO W o] B4

# \

Sl A e

29 4
g A

ASCH -ﬁz} sfol g of A AR-g-= A
A RE ol 14 o

[o) B
e

Yok 249 e @ 34 o9 9 oA

’ $ ?

Chapter 2. o]3 24
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CHAPTER 3

tlol 2dd

3.1 AA, 3, B

A A (Objects)= 5}o] % o] H] o] €] (data)% ZFAF3}1 8k 7l (abstraction) YU T}, Fo] W = Z T3] B E ¢ o]
= AU AA 7] #AAZ 2dH Y (£ = o]9H(Von Neumann)-‘l] “xz 2 72 Y FA AFE (stored

program computer)” 2 &S wh= 11, e HAAGAN ZE GA] AAZ TG YT

2= AR = oFol Wl E ¥ (identity), 3 (type), 7k (Vallle)% FEUth AA Y ool HIE E = $F ¥ ks
Sol=HAHA FHuth vREE A AA Y FAZ AN E FFUTE is” A= i
ololdE B & vl Ut id() F5& oto|dEHE xg Z RIEFFES EHF U

CPython implementation detail: CPython 9] 7%, id (x) = x 7} AZH 229 FaYdYr}

AA ] B2 AA 7k 7‘]%@ AdES Y3t (A& S0, “ZolE 2 J2”) 1 3 AA|Eo] 712
T A= 7}—3}%} = YUt type () T+ AA F (o)A A AAHS =8 FUth ofolwl

Cle15] o1 2, AR (e A 5 e

o A S gL WAT 5 LTk e WAT S At ANE-S /A (mutable) ©) 23 Ty ok Ak
BEol 4 Fo e MAT 5 it AN ES B ¥ (immutable) ©) 231 Fich. (7hd AR 3t G2 E
AASha gl B9 A o V9] he 7hel Ao gro] Wam M ATk B £ % &tk A v A
S e AR el Aol vkl S gons Ae ol ol sl dulolvha of At el e
QUL W7 BASE 2 2E AE EUL E 8 VEFUT) AA 2 7ha A (mutability) &
29 Go s} ATk o) & ol 22, EAL, FE (uple) & 29 o] A ¥, 54 v 2] (dictionary) 9}

FAE (list) = 7 A Y

AAE 23 HA Ao g 5t A eksUth B 25 A 942 w (unreachable) 7}H] A] 47 (garbage collect)
Fuyth. 780l 7R $AE A DA AL ofoll Aeehe A0] S BH U — o} F F2EE AN EL
S8R 9 o)k 7hH Al 5717} of Wl Aoz TAR AL TAY EA AU
CPython implementation detail: CPython 2 & 2| 3} % 3]l 7| 4k (reference-counting) W41 & A8
(HE Ao w) ¢BH o A dH A A dE g 17}%7}9 Hr ol e = \’41%-1% 2
7F A AR A AL A = Qg U sHAl T =2 F2 T A= 7HAlE Tﬂ‘ﬂr/}‘“ T dsuh
S84 A 742 Alojo] B AR = ge BE EAS F2oE itk e FAEL OE Jog
Z #3137, CPython & A E = AH5ULh 27 A AE uf Z2H2 0 7 v}o|d 2] A| o] A (finalization) & &=
o] 9| 2514 2o Fith (el A 4 7S WA A2 2 Dol ol of Fhuich,

ol@ AFE 2 A0 2, olw Aol Ax P WAL Aol T Th AT R O AW o} F A AR o]o] A
ooz kAo g 2o A 7o] obgd ).

£

r_&

&3 -
is]
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Hol AFoHE FAolLt M7 B LSS 18A FOW £AT & Yt ANES Lol w2
WE 4 9 Sl 2ok T T E R Loy except’ BOE 9B FE A% AN Aol A TE +
S
od AAES 4 spdojy F 2 “ﬂT(eXternal)” AL S s F2E 23U o] AAHELS
A7 7] S8 W LD I AT, ) AL A s Ao b2k I8 A
EAAS hgshs BAIA QA Wy T3l Zﬂ—“ﬂqﬁ} HE close() MINET Z2 WS AT uf=
J83 AAES G4 WA Z o2 Dolok(close) ST ‘try-finally B3 ‘with’ £ o8 A =

Az g,

o f AREL T2 AAo| e FEE LT YU ol & 25 AE o U (container) T F-F
Utk 52, P25, gA U e 5ol Arelue] oAUtk of FREL Aro|ve] kel AR th
2o, 927 AoV g = uli, Solglt AR S ofolWEl e ek ke mgyth A,
e o] 9] 7pu Aol Tial] =3 Wl A 74 AAE) ofe] MEE TS mUTh 21e)A, (FE 2L
20 Ae o]V 7 74 AR o] H2E St ATk, 2 /b A7 WA s B AE o] v o] g WA g U
Yo Aol BE Zue| A AA7 545 o] G Fuh AR ololHE )} 2 F oA 2R
S ofdl Mo At G BHUTH BUPY A9, A g BEL A4S AA 2 o]u] EA s A
N 22 G g 2t A2 BE 5 AFUTh Bo] AW AR AL o2 Aol 5 A
Yok o Eola - 1 b - LR a b R 1% AL L AN LT G, o £= Slg
SATe = [1; d = [ o, c9de A AR 2, SaHe|m, 2 wEold vl el 2=l
BAFUTh(c = d = (] £ AL AAE cohd ol Y gvich)

oleol stolAo] WAH FE B5o] &Ltk (PR et C v ApulLh ThE Qojx 44 H) B
BESL F7h WS AW 4 A5 urh shol el ule HA oA G AZol B BT 4 g (12
Sol, Rel4, BEAOR A%E A4 WA 55, £ FolHe S 5o 2718 b4l § A7)E

.

obgfoll o= P ol that A2 ‘55 o] E 2] F E (special attribute)’ & Yot = 24Ut
O AEL FH HT WS AT, IRk A AHEE 1% Aol o Utk Fo=dew WA=

i)

.o e ZE s AA V2T Y o] AAlol= WA
ZHA AZe A gy FAE del= o AHEF Ut o & 9,

Sho) vk g Yok —‘Elﬂ%}o 74;(]?:?1/]‘3]'-

NotImplemented ©] 32 3}1}2] ZHokS Zr<5uth o] kS 2He shute] A 7 AU T} o] A o
= &= o] Not Implement ed & 53 =gt 5\\— A} o /H T (numeric method).ﬂ- H] I (rich
comparison) W A == Al FH 3 A A 3
(T2 AE ‘ﬂﬂ = Aabztel whet 5 4 31 Asbol,
of| A 3 7} A] ¢kofof g Th
t] ZLA] 8k U] 82 implementing-the-arithmetic-operations 2.

HA 3904 AF: =2 A FH oM Not ImplementedS B 7Fohe 212 AAHAFUH. AAl+=
Z+o 7 H7}=] X vk DeprecationWarningES W&l % v A 2] glo] W o A= TypeError
S YA AUt
Ellipsis ©] 32 3}uhe] ghobs ZE5Uth o] k& Zhe 3ty AA 7 =AU o] AAlo &= gEHE
Loy W ]%Ellipsis%%ﬁﬂ Ao ia]ﬂo Ak

numbers .Number ©]Z &2 A} B ol 93] TtEo A1, At A4 W b F4E0] A2

5"4 Uth <4 AAl= EH YU g9 gho]l Bh=o A ™ xé‘;ﬁ WHSHA] sy th gho] % o) 2
T8 AN AEH LHSHA BRSO JFUTH AT HFEHY A A G A
\:ﬂ-“r 9l

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

« S AR Ad W Al A S 7 AAE Bk FET A 2 EE YT

)
=2
=
S
re
2
o
ra
:L
é
g
O
>,
krl
$L
L
)
m{
Au)
Q,
1
=4

o
oy
k]
ofr
o
>
>,
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« Zhsetd, 282 10Y dYth
© 25 e TD 0& A Sk, A 0 FAH A dFYTh
« &5 9 ED 0E A Sk, 0L ZAH A dFYTh
c FEEAL e wR EAE YO
sl A, A, BHaeE FRIUS
= s 0

= 44 $59) B4k ek
A4 (int) oA (FHH HE
(shift) 2} U}’\f’-(mask) Abe] BRI wj= o] X £H
(2’s complement) Z 3% ?ﬂﬂ B

Ed (bool) °| 22 =2 f AR I FES Uebd Ut False & True F AA N 29 § AA 9
Uik 22 32 in 9] A4 2 (ubtype) o] L, ThE ARl A 271 03+ A 525 of
o2 BExEE H3y = ALy, 247 —v—Z]—Oﬂ "False" & "True" 7} WrEE Ut}

numbers.Real (float) | A &2 7| A 452 v] A = (double precision) 5 243 +=& YEMY

LEL S el 9919 2 e A2lol ol AL SR S AL A (9] C A 7

A)oll 2= o] gyt 3ho] W& T & (single precision) —.—% 5\_—’,\—7q 2 29357

AsUTH ol AES AHE S o7t He ZE2AASG H R Y A7 5t

AT o) 183} 4405 of vlola A e 2 uel £ 1 B
F2 A0l RO BT .

numbers .Complex (complex) ¢| A& 7|4 ¢ 9= o=z H =
U BE 44 59 BAS EALL TRTUCL Bad s o A5Rel 43, 9]
AL AJEYHE z.real & z.imag 2 A = ASF5Y T}

I=]
AA2E ol e 2184 (indexing) D 4 Q= F-3 Aojo] w4 e AFS VeI Y3
B4 len() 2 AW 712 GRS A% B UTH AR 28] Dol 7hn o @, o8 A (index)

qee ZPo,l,-,nl FFFULL A A2 o] FEi
ANA2E SO ADFUTH alisi]
FHA A AR wf, SEtolas 2 P AA2 YUt Ad 2 e 004

Ho AR Yo

o1 A2 Al WA 28l (step)” VAN W78 AF-8-3} “ 2 S 2 o] A (extended slicing)” = #] 9

FUTH alitj:k]l Ex = 1 + n*k,n>=0,i<=x<j & LE53= EEFE L E AT

Aze 2w el oot 2R U

WAL BEADS PO AR QU W)W T WAE 4+ gL (ReF e Ax 2
Ak LR BRI B LU AL SRR

E 214 (Strings) EALE 2 FUFZE FE ¥ 2l E (Unicode code point) 52 X & 3l= 7HE9 A
A2YUTE U+0000 — U+I10FFFF HA Y EEFE IJESLS FAEE 28E + 3l
F U vhel el = char ¥ o] %‘,\%‘4"4 talo] EAGe Qe 2 FE XAEE do] 1
A A AA=Z = %HD} Wd Fdrord() v ZE ZJAEE AL F A4 0 -
10FFFF HH Y BT & E‘i%ﬂ‘%\“/},chr () 290 - 10FFFF 9 A4S s sl 4 o]
19 22E AA = A UTh str.encode () & FAN G2E JAAY S A3 A str
& bytes & W&}, bytes.decode () £ 1 W) S £33t

& (Tuples) F=2] 52 o9 sfo]d AAAUTE F /) o] FHor2 FAHE 7
=2 FUE T\’J% E?‘;Q‘A E508 ths # AdsUth stue FEor FA4H /7
("3 =" singleton) & A A o] F0FE 2o A WhE F AFUH(ZEE 2@AS /e T
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e Y

oh OMappings) oI AEE 291) A » Yo ® A 951 AR §27

AoerE FAA WO ERFES UEA GFUTH. I FE2 AN 252 THE 5
AFYTH
Hlo] E 4 (Bytes) H}o] E & (bytes) A= &% wj 8-H|E nlo] EQld], 0 <= x

()] o

H -
PR b AR el e A D e g
2-) 3% LHZL bytes () A ZF(constructor) & AF-&8 4= Q)5 Ut T3l ulo|EY AA =
decode () HIAE ‘__,_%—ﬂ Brdz ragd 4 9a

s I B i | /\]'ﬂ’\“ Eo1Z Fol HAE 5 5y th A B A3 YA (subscription) 7 & 2}
o] Y ET del (AHAD) £ &2 AHE 5 st
AR F e W 7 AldAaF o] 5T
2| AE (Lists) 2]|AEQ] 52 999 sto]H A YUth g|2E= FulE 28dH THAS
23 Qo] Yol vhE 4= A5 Uth (Zo] 0019 B|AEE RE=d M E 9| 4 3 ¢]

22 glsdh)

ulo] E vl & (Byte Arrays) vl o] E ulf & (bytearray) A A= ZFH wiEd U WA
bytearray () BAAE Wt Yt Zh¥olgt:= A(2#HA ;A B7Fsstth+=
Z)& ALk, vlol E v €2 B Hlo]EF (bytes) AA &} 22 AEH o] 29} 75
A& T
G BF array © 771 7 A A2 & Akt collections BE A A] upz7HA]
Ak
3 (Set types) o] 2152 T5 gl BEWH AAEY <A gl -?r?f?_ AR YERE YT 01‘11.*3@
T s Uth st ol HH O EF 4 Qa1 W T len() 2 FHF doll = FEEY A
% 5| Yt Agte] dubA ¢l 25 = w2 WA 7 AR (fast membershlp testing), /\]-‘ﬂ/\oﬂ A %%Q

& A A, 23 (intersection), 37 T (union), X}7 g} (difference), o A X} 5] & (symmetric difference)

RSN S Pyt
AFe LTl gAY A9 22 By T AgPUTh 4 B9 A9 57w we
2 2 820) A g ATks Aol 03] oF v Wok S Seah 2ek Wl W (] & Fel, 1

71.0), 2% Shbuk Aol So 2 4 s th
A = M A A o] Ut}

13 (Sets) 0] A2 7 Age vebdUth W set 0 AAE BE 5 QAL add () 22 1
NESE ALHA UZFo £33 4 95 Yth
£ ¥ (Frozen sets) o] 2152 £¥ S YebdUth Wi frozenset () AHAARE WE +
A5y B3 3¢ (frozenset) & W o)L 3] 4] 7hs st R, v A ] Ao, 9M ]9
712 AH8E s yth

©ll 2~ 3% 7] ¥ (subscript notation) a [k] = "] a oA k 2 Q€A T X el
ZdAN A2 5 3, O Y ]‘Jr del 749 iAol @ 5 d5Uth W &4 len() <
g o] 28 55 MEE 85 Yh

AR 3] g vlg B ol gls T

©] 41 2] (Dictionaries) ©] A5 79| gojo] AgA Yoz AgAs = AAE] G} AFS
UeERE U 7] 2 A e?%%ﬁ%%ﬂiﬂwJﬁﬁm*ZQAﬂﬂ@?ﬂHQMﬂﬂﬂ
Zhorde gho g s = ASE AU 9Avee] B85 7o), 719f sAgtel =gl

WA A 3 A% 2L g 952 2oty g/ MR 72 S = 5
g9 B9 57 vl awo % o] 285 Utk Bof T 52} b H ] W (o &

S0, 1%1.0), & 22 gAY e FES AP sk=d AH8E 5 dsyth

gAE e A €4S FAZUS 717t gAY el SR F7HE A% 22 AR
AdES Sdd 712 718 ﬂiﬂ%HE A= AR R AT, 7S A AR A A Y
st o] A Y A& FA St thal 2ol 7t
gAadeE 7ha U (... E7IR S

7<1—;,—y__ 2,—]_/\1 ;\] 2).

r
il
4
30,
ol
<
i)
i
=X
=<
v
E
>
i
)
o
=
i
o

2 25 dom.ndbm ¥} dbm.gnu & F7}9] ] S A F3}=0|, collections BE G A]

w}R7A 2 U o,
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M 37004 WA gAY 2]=3.6 o] o] shold WA A 4 £A1E A8 Fks U T
CPython 3.6l A1, A 9} =4 7F A1 5 QA vE, L Al oll= lo] HFo] ozt 734 A& AL
o8 st dsyrh
E 7] & (Callable types) °| =2 & S5 A== 1:1
A& A o] g ARgAE A 9] F AR A A5 Fel el Ay (3h Ao A ).
2l @4 7l W< (formal parameter) 553} 22 7o) FHS =
E507 gE5ojof Fyrh

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

dm 4

JEFRE 579)

__doc__ s gt TAYE B+ Yl 4 F None; Al B 27| 75
Zeaz 455 A 2.

~name F2o] ol TS

__qualname__ o A+3He o] . 7] 75
WA 339 F7}.

_ module_ ST Ao H BEY o]5 B+ (Yl 4-F) None »7] 75

__defaults__ o12e] 7| HZF = (= A $) None &2 2H5 o] A > 7] s
TE.

__code__ AstdH 59 vh (body) & YEHH = ZE A4 7| 7h5

__globals__ St A HEES 7H 9 v ol o e 3R — 97 A&
7 Ao H BEO A Y o] & & ZH(namespace)

_ dict__ olojo] gt ol EE|HEE A Ydl= o] & &7k 2»7] 7

__closure___ None X = g+4=9] X} ¥ 4= (free variable) = ©l] tf 3+ I EE
AAE 7HA A(cel) 2] F2. cell_contents
=) o] e AR E ok g HAA L.

__annotations__ | WIS o] =H o] AL 74 dict. dicte] 7] = 27 7V
uf 7 =2 o] F-Qldl, WkE Ft o] :mH| o] A o] JdTid
'return' 2 7| & A&t

__kwdefaults__ | 7|9 E JEHIZWt A 7hsst i =52 7| 23S | &27] 75
7FA dict.

“27) 75" o BAE YRR o Bl FES S ghol B 1)
P4 AR o9 =S AT

(metadata) & & °] =t AHS2 Y
(dot-notation) ©] A 2FH Uttt AR F+&HL
Fols ok FUTE W Boe] B4 o=
Al AA| = cell_contents 9] EF
ARt vE A = s
T Ajo] B 271He AR E BE AR 2R A& 5 it obelol] hes U B
Nee FAAA 2. A F2 types EENA AA 2T 5 gl

9]l AEl A W A] & (Instance methods) I A~E A HAEE FFfA, S AnE ARG REZHE A
Al (K5 A2 9 )< 28Ut
ST A7 A AERRES: _self & FWH2JA2EHA AR, _ func_ + &5 AA;
__doc__2HAE9 A (_ func_ ._ doc__ I} ZHEYTH;__name_ 2 HAEQ o]E
(__func__.__name__ ¥ ZHFYH; __module_ 2 WANZ=7} ZoJH BES o] 5o A

9= A4S None.

HE 3} =5 A= AR A, AFEA A o] M= A A=
S EZREE oS u] HEo A 5 AF Ut (otulx 2 29 AAEAE FIA).

T = Seao AR A T AAE P
2ol3, WA= AA|= 2 (bound) 3H th L

32. 2 A3 21
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Tk A Ml =9 _ func_ AJEPREL o] 5 AA YU

ArdA e AA|7F S} 2B AT HE Sl S AAE Q202 H s
Auf, self  AEFFEEZFH2 AA0lL, _ func AJEFFEL P2 vAET}
7S = g AA T

A A= A7 sEE o, 7| vkE F =5
PP odrEdA (self ) 7FAYH S0, c 7 =
grolal, x 7hc o AdaElAd w, x. £ (1) & TE3+= Zi%c.f(x, 1) =3

NS =

Ea s PG =i b g = fﬂ%vﬂﬂcﬂzﬂiiﬁiiﬂ self off A1FH “Ze 2 ddxadE
AAZE P2 A DY 2 x.£(1) oW C.£(1) = 3= 22 £(C, 1)
% 3hE A ZHEUTH(E & 7 %’ME})

¢ AAAA Aot A2 BB AemiE EYES Y
ok Tt ol A2ol, o E e REF A Mol fAS 1, 1 A
o) B el 257 Gt ol kel A8 5] Borel oo
c|ofoF Fck; B #2224 (183 FelRol o) BE AA) < AT G
2 QAE2Y) OS2 REQ AR A Gt AT VAR B A 2
52T o) WE 7k Bl o E R HED w Y ol ik
A & o] ¥] 4= (Generator functions) yj_eld 2 (yield % A F2) S AL 3= g5 v A &8 Ay
# o] 1 el (genemtor function) B+1 B2t} o] H 342 T E3HH 34 o] B] ) ] E] (iterator)
AAE T, &9 vit (body) £ A 3 5h+= tll AHE-H YT} ©] E1 'L‘ﬂ o]E]¢] iterator.
_next_ ) AN =8 &3 yield £ 2 Ale& w71A] &7 AJF Yt g7}
return !\f:% AP A Y o] =l StopIteration & Yo7, ol olH =
HH8she s o =23A g Uth

¥l g (Coroutine functions) async def & /\}%aﬂ A ARG =g UmAsE I8 T
(coroutine function) 2t11 F-5 Ut} oA St4E s E5tH #

42 ¥ £, async w1th3]-async for & AR
Objects) A A& ZZ AL

—

o,
o
_|
|'—h
N
LN
¥ fol
i
kﬂ
rlr
;
o,
5y

o

)

i m[u

]>’ ::meél}

¢

T l> rO e
rlr

sy 42 4’ for
oft

[e]

o

e

=y

i
o foh 9,
2

=13

o i\ o
L9 3

il N rlr N ook

é‘é 1o,
u}

rlr o
L
bt

I‘ll‘—‘

e

H) 57] A &) o] E1 3}~ (Asynchronous generator functlons) async def & AFESA Ao & &
G 7t yield & AFR3HA v¥)= 7] Al gl o] ¥] &4 (asynchronous generator function) 2F1 25
Urtt o] ¥ dE 553519 A H] %5 7] o] B €] ©] ¥ (asynchronous iterator) 2 A & =2 F=4|,
9] vkt (body) S A 34 75}7] -'4 o async for FoA AHEFHUTH

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

A 84 (Built-in functions) W % ﬂff— AA|=C ﬂ—’,\—‘é %Ei A1 Q5 Y o (wrapper). W&+ SF
2+ len() Fmath.sin( (math = EZE WA EEAYTH 7F s AR 7HT9}
F2Cgr Oﬂ o8 2FF Ut 55 87 A& AJERREES: _doc__ 25 AW A
g = ¢glE A4S None YUt} name_% o o) FYUTH __self E=None &%
AREUG G T O F5S HA A L), __module_ 247 FYH g9 o] 5o A
N+ 4% None Yt

W o] A = (Built-in methods) ©] 21-2 AHA W7 gh49] th 2 BH YUt ool FAH QA 7}
o] AR C ol ALH &= AAE 2 91%‘4

t}. LHZ]'H']]/H 9 o ZE=alist.append()
7]—9)\‘—t1] alist = 2E AR YUTE o] AL, E4 A7) AL AJEZHE _ self  Ealist

= ndd A= 445U

Z2l| 2~ (Classes) Classes are callable. These objects normally act as factories for new instances of themselves,
but variations are possible for class types that override __new___ (). The arguments of the call are passed
to___new__ () and, in the typical case,to __init__ () to initialize the new instance.

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

25 (Modules) EE2 gtol# T2 7|EAQA 2R3 P o]l, import oY, importlib.
import_module () & W& __import_ () ¥FE T 75T 5 v Y2E A|~H o

22 Chapter 3. tlojg] nd
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2182} A o] Fall 2 (Custom classes) A-8-2F A o] S 3

=

osf Ryt g AA= 9y AAE 73 = olF w3he Zsunh (el 9M 1 E
AA £ Egolld Fo= = d-E9 __globals_ OEIRER IFx2FHUH). JJERE Fx+
ol gAqelo e 232 AAF U o & S0, m.x m.__dict_ ["x"] &} ZFYTh BE
AANE RES 27|38t AHSEE = AAE 23 QA dsUth(dd 27137t 2ud 22
PARCRERY
EZRHE Y2 g o5 3 gMUHAE BAFYH o€ S, m.x = 1 2 m.
dict__["x"] = 1} ZFUTh
mg old (7] 753 JJEYHEE:  name 2 REY o]EYUrH _doc_ S REY
Ar 2AE £ e 4F None YU Th (RS +5 9lE) _annotations_ & ZEY HlHE
AgstaA £8 W ol eE o]l §e H2 MU JUTh__file 2 EEo| ZEH 31U
AzgYdYrt dejzelHo AHoz AdD CEEFN ZL B FH REENAE_ file
OlEFHET AT A st &f 2ho] B2 2 (shared library) 2 58 F4 02 295 & 2%
250 A 3 eholBelg o] Aol AUt
55 847 A4 of

EYREE: __dict_ = HAYHR ZdHE= EE5Y o5 FUdYTH
2]

CPython implementation detail: CPython ©] 25 Y] 2] & 8]+ vy w2, 94 gl st
Fx7hFoldlbets, 5o 232 5 HlojUd 25 gA Vg = v Ut o] A st 4,
gMveg g BEAEA U gAY E A J o] &5te 5 BES Fobrolof

(Zo) Ao A BZ) Zre P TAR
E Bzt o 9ol tat 28 = WakE Ut
S U (B AT o] E g HEo] Aale e

= 8] 714 2 (hook) ©] 91
th). A7]o|Aq o EZHE o] Zo] BAH A Lo, of yo

Mo B FEAsoA AL

o] Hm ZejA AML C3 WA= AA %A (method resolution order) & AM&3t=t|, t}&
J&o] 2 HE FHAE Rol ‘Tho] of & & (diamond)’” Al +27F SAHE SHLEA &2
gyt gho] o] ARt C3 MROO| &3t & © Ak gk W82 2.3 vz o] HEH ZA] https:
/ I'www.python.org/download/releases/2.3/mro/ o] A Zto}E 4= 9l th

e o= HE B2/ (Fac BT S 22 S AN A D W, _selr_ of
EeREIC A dAHA WAL AAE ARPYTh AHE WA= ADE w, 2E e v A=
AL GAD Gt ANZ AU FHLZEE AL oEdRES _dict_ o 459

biAil)
B
o)

-
2

FA FHAEE e+ thE o] t AT HE L] AM ] vg Ut

2 ERE QYL Fe2d] gAY E BT B, old o5 BB Zeao gAY E
Az gA e sy

2 AR e SHLJ2H2E EHFEF (M E EAANL) 35 7 A5 UHEE AN
Q).

ESolEHEE: name_ 2 Z#29 o]EY YT _ _module_ 2 ZEjAVt HojH BEY
olE YUtk __dict_ & ZF;2Y o5 TS A g H YU _bases_ £ R E
FH2ES A FEJULH £ R Fel2 550 et S48 FAZUTH _doc__ 2
Fefao A FAE o) A FoH A ¢ko W None U TH (1= 4 9l+) _annotations__ &
Zeiao] vit) & AP AA S H WG o eH o d E& 2 gAY Th

2 91 AE A (Class instances) A class instance is created by calling a class object (see above). A class instance

has a namespace implemented as a dictionary which is the first place in which attribute references are searched.
When an attribute is not found there, and the instance’s class has an attribute by that name, the search continues
with the class attributes. If a class attribute is found that is a user-defined function object, it is transformed
into an instance method object whose __self___ attribute is the instance. Static method and class method
objects are also transformed; see above under “Classes”. See section U] 2~ = ¥ €] 7 & 5} 7] for another way
in which attributes of a class retrieved via its instances may differ from the objects actually stored in the class’
s __dict__. If no class attribute is found, and the object’s class hasa ___getattr__ () method, that is
called to satisfy the lookup.

Attribute assignments and deletions update the instance’s dictionary, never a class’s dictionary. If the class has

a__setattr__ () or__delattr__ () method, this is called instead of updating the instance dictionary
directly.

kKl
N
ofls
X
ol

23
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o'l 53| FEY HAEES 7MW, FHl 2 JAaH 2= A} Al 1332 H& 4 st
ST A= olgE AAE HAAL

ST OEYRES: _dict_ = OEIRE MU YU _class__ £ J2W 2 I
quye,

VO A3 (14 AR FAA ST 59 2] £ G AL S G S Y A E v
o8 744 r)ro o] AFUT}: open ( 141% 34, os.popen (), os.fdopen () I 27 AA 9
makefile ( ]/HE (zﬂi, olnte A B EEo] A= TUE FLSo| L HAEE).
sys.stdin, sys.stdout, sys stderr = A EHEZYEY BE YUY, =8, 08l 2EZOoE X7
3td otd AAEYUTH 7 H2E RER A3 A io.TextI0Base 374 S0l ol F o=

e

QE o] 2 wE LT,
% (Internal types) < E] = 2] 87} R A2 8o B8 F5L 4870l =S P Ag =

ﬂEJA‘JlBHHV*Oﬂ/H oz A= wAdE ¢

(A% AT e 98] o] 714 AR e T

o)
A

F.E A (Code objects) T = A= vlo]|E R 7 5t H (byte-compiled) A 3 7153k slo] W Z =&
5

Ve, 2@ blolE 9= gta s BEULL 75 AR 9 T4 7“11] Zrll& Aol 74 Y5
o B4 A4 E B9 1% B2k (globale) (57 49T 25) & WAH O B2 94
DS A oA G comen) £ 2T 37 LTk 2718 AT §2 AN
A= o] YA A= AR FFUTH (A Al T AlAlE = ES UERY T
WU h. B9 AASHE B, 55 AR B WMol 1 b AdlEel e ol® B2 (44
Fe BEAeRE) 23 94 shauth

S5 97 A& oJEFREES: co_name & 59 ¢
| QAE G A QA ARGl S AAE
co_posonlyargcount &= ¢ 2] A{ ARE (7] E7ko]
YUYt} co_kwonlyargcount += 7| ¥ E AL QAAE (
9 =YYt} co_nlocals & 3‘—’%7}/\“{5}— A A
Uth co_varnames = A HE4 S o]l E& T 9=
2Uth; co_cellvars = EHH 4S5 o] IARoHE= A
Ut}; co_freevars = A-H ‘?ﬂ—r(free variables) £ 9] o] & &
THlE I E Y P A A2E YW= FAE YUtk co_consts &
HEHE S 2= FE2YYUTH co_names £ HIO|E I ETHAE = o]l ES B AEF
ZAYtl; co_filename < A= :’EE AZ35d9 o] &Y Yrt}; co_firstlineno
£ 959 3 WA E WS AU co_lnotab & Mol = TECIA ] A F We 2 B
9e EAdE ARG @AV A I EL Arzelee) £ s g ARIAA L)
o_stacksize = H Q3 ~Eo F7|YYUT} co_flags & AEZ B E O o8 &2 I (flag)
A%z ATDT g,

1= o] co_flags 2 93] Aolw o] Yauth: <7} 4 A4 95 X2
M85 = *arguments EHE AFR S B E 0x04 7} 1o] HU ) 999
= t'c of= 0] 7] 93l AH-§ k= **keywords ¥ H-& AHEBHH HIE 0x08 o] 19]

;HIE 0x20 < 7AYol 5 Y v A F Yth

Fx 715 A (from __future__ import division) £ Z= AR 7} EH 7|5 &
318 Al A ASHUT A=A E 7] 9 co_flags o) M EEE AS T T B4t
A division o] -/ 319 Aefoll A FH oA E o ¥ E 0x2000 o] AAFYth v E 0x10 3%
0x1000 & oAl W 2] spoj ol A AHES 5t

co_flags & & M| EE2 WF ARE-S 915 o o5 o] Jl5uTh
ek = AR 7} F4E JERATHYA, co_consts 9] A AR FE
T 2] 9k © ™ None YU Th

Y 7} 2]l (Frame objects) & 9 A2= A3 = l Xecutionframe)E L}E}»@qu}_ Ego] 2
Aol S 5 YT OFNE AN Q) 52 24 grE A2

ExQ7 AL oJERHES: f back L oA Eﬂ AL (EEAYFOR)S 7He] 7] AL o]
74] Aﬁu E|R=3 A=) None f_code £ o] ZH YoM AYP= = F= AA|; £_locals &= A
Mg 23] ohoH A8 H = HA U el £ globals &= A M S YT £ builtins
+= W74 (intrinsic) ] & E ol AF& % Utk £_last 23t vho] E I = W ¥ (instruction) <
Py
29

ABFUCGHEE AR vho = 7= ALl ‘H"i
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Accessing £_code raises an auditing event object.__getattr__ with arguments obj and
"f code".

7l 7Vs A EEHES: £ _trace +, None ] o}YH A =90 o] o]|HERZ

2355 G5 AU AN A A HUTH. B olMl =L 2 A4 £ ol A B
f_trace_lines& FalseZ A A3 o] AL v| A 4+ 5t

lmHJ

>I‘IF [r

fol [

trace_opcodesS True® AATIE A0 E QT E 33T X (opcode) G O|HIEE

LTk 24 3ol 213 8 9 o9/ £ AT P WAL S EBER

2olE] B2 §0E 5 Qg0 FelaloF Tk,
el H

4
B

flo ofo rett L 8L )y
> |H’

(o, mo(' r[O

§2 41 o
o,

f_lineno & Z TYUT — Ed o] T (ftrace) ol A o] g 2w s
Z2 Az tH (R 7HF vt =8 QoA o 7h5 3y th. U A= f lineno & 2 7] 98
A= gee 7a

4
T 5 95U TH(AY Set Next Statement).
=
=

[kl
)
1o
=
i—“;
rr
ol
N
N
)
=
>
[r

frame.clear ()

ol AELE Y o] F2 A ApSol et BE F2E A AFUTE =9 vk z g ¢
o) ARIEA G349 AV SI0IE17} 3509 i) o 2 2719 417
B2 <82 AL U E82 FUDGEIE Sol, oI9S FobH Salol2Ne FF AES
ol A3 o).

ok 2 g Qo] A A Fo]H RuntimeError o] 7} A3 gy o}

W 340 F7}

E g o] Au 7 A (Traceback objects) E & o] AWl A7 = of 2] 9] A8 Edo]AE UEFH U T EF)
ol AH) AL o 9] 7} A E uf) vkE o] A "’,types.TracebackType%ﬁ%ﬁﬂjﬂ BAI AL
2 v +E gt
EAHoR BEol Edol 2] F2, o9 Al AE Hobd A% 29 e, 77}
= 27) DA vt @A) Ed o] 2 o ghof| Eg o]~ AXE AT YU TE o9 A2l 7]ol o
7}13-];)&5_11' Eeﬂo]i\_é _ng_auo] }\]-_9_51-/\ 01/\1/]1;} (t,) = xﬂ/‘\j 2}z ) sys.exc_info ()
tEdse 729 A HA FFolu F3 |98 __traceback  OEFRFEER QAT
% Rz,
zgaHo] A 7| S A Z3A = A, A8 EFolAatFR oY AEYO R (KT
Z7) U o}) Z9F Y Bk Az B g7t 3} d o)W, sys.last_traceback & &
A& 2l Al Al F T

HAIH o2 A Edolame] A, th_next OJEFHEE o]EA AAsto] AA 2~
Edlo] 28 Yok A S AR AL Eelo|aue BE FAloA 2 Y&
S+ 97 AL AEYREE: th_frame < &d WA A A3 = A YUYt tb_lineno
L7 2 S E HD},tb lasti A& ol T = WL 7l 7y o) whek
o] £] 7} except & °1Urﬁnally o] Y= try oA é 5, & WS 9} Eglojamo] bzt
™ & (last instruction) < Z & J A XﬂJ E U39 oE 5 UAsUTh

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

=4 27) 7b5 S| EYHE: th next £ 28 Edlo]2e] th 9 (o9 7h B 2 Q)

4o 2) 0] 71} 18 T 7} g1 8 None U o,
WA 37004 W7 =8 o] 2 A = o)Al shol A
9ow /)% Q2H A9 th next o EPRES MAT 4 A5tk

< }o] A 7 A) (Slice objects) Slice objects are used to represent slices for __getitem () methods.
They are also created by the built-in s1ice () function.
E4 Q7 AL oJEBHES: start & 3}SH(lower bound) Y U t}; stop 2 A+ 3k (upper bound)
QUITh; step & 2 QLT 2 S A 2FE B None AT o o S e HEEE 99l
ol B % glx Uk

setol & A= st WA =& A AT

kKl
N
ofls
X
ol

25
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slice.indices (self, length)
o WA == Bbe] A4 <A} length B oA L2kl A A7} Do) lengih ) A 2o
ALH A W T Eefol2o ths AHEE AAFUTHE Al e A= FAE FES =
HEF Ut} o) AEL 247 start & stop A B 29}, step == S o] 20 A E 2)o] & (stride)
ZolgUth A= A AU B E Hlojd A A5 dubHl Sefolasgt 2o g
oh A Uk,

2 e g W A = 7 X (Static method objects) AEfE] ¥l A = A A= Ao A A3 AAE WA=
AA = Heet= H= ELZ] 0}: S AT US 28 E HAE AA = oE dole] AA,
HE AR Ao MEE ‘Q"/]r/} 2HE HAET Sy S s A b Az Y
o1 of A A 7} /\]Zﬂiiﬁ—rx_ A2 Ao Jd AA Y, e olE HEE AR5
O}O FE AU S8 AAle 2P E s, 28 E WA= AA A= F2 2ol obd Ytk
QEHE—% WA= A= W staticmethod () AR WY Th

ZFH~ Uﬂ/ﬂ‘: 78 ] (Class method objects) 2~EJ €]l WA= AR A H, S WA= AA IA] =
AANE eI, Fda SN JAHAERE I AAE AW+ Ao W3E FuUth
a2 23| oA Fes WA= AR 7} F A et A of] tiaiA = 9 “ARE A Y “ﬂ/ﬂE(User-
defined methods)” ol Al AW AFUTH SN wAE AA = W classmethod () FAEAE
=i h=

33 B4 WA= |85

A class can implement certain operations that are invoked by special syntax (such as arithmetic operations or sub-
scripting and slicing) by defining methods with special names. This is Python’s approach to operator overloading,
allowing classes to define their own behavior with respect to language operators. For instance, if a class defines a
methodnamed ___getitem_ _ (), and x is an instance of this class, then x [ i ] is roughly equivalent to t ype (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no
appropriate method is defined (typically AttributeError or TypeError).

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

e F e Fe2g TH ), 2L waste AA o) ol 5 $27HA W T35 Ao
oYU o8 Sol, o AAAE AN FRES AL AVOZE T F4T 5 BT A
W Elol 25 AYE A2 To] ot E 4 g5 Yth (o] ¥ d71A] ol = W3C 2] Document Object Model ]

3.3.1 7|2 A 2l AAE]u}o]A o] A

object._ _new__ cls[ ]
Slxcs o A J2d2E 7] A8 2EH HD} _new__ () & 2HE HMAEJ YT (A
AAskA] ot Hl = 58 F-AUth A, A A A HEH 3 e dada STt
AU U °1X}%3 AA AR 2R (R 2ol AL ASdUth __new () 9
Whe g2 A A A A" o] of of Ut (HF s 2 °J¢Edé).

AREA %Lfﬂ < super() ._new__(cls[, ...]) ol AEIFAASS A= PHOE 75
FH2Y _ new () EZEFHA A JAEHAE ‘i% ?foﬂ E#—rﬂ o a3t A4S 71t
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.

ek new. () 7hes Y JA2HAE EHFA GO, A AA-HAY] . init ()

Easagieg

2The __hash__ (), _iter (), _reversed__ (),and ___contains__ () methods have special handling for this; others will
still raise a TypeError, but may do so by relying on the behavior that None is not callable.

TEHA

rlr
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__new__ ()= —,—E% W3 (int, str, tuple T} Z-2) o] JH Fef A7 A2E A FAAS AXAEupo| =S
S % S ol LB U 3 ALS A 42 Hep 2o 2ol A 2o AL A2 e vfol 23]
S19) A= A8 H U ek
object._init_(self[, ]
(__new__() o o&f) A2t 5013 Fof], A W TE A A EF7] Ao SEFH T
AAEL Zejn AAA Ao ATH ASYUTh wobwlo] s ZehAsh_inic () WA
4

EE R dTE, B ZP2e  inic. () WIAEE, Jvd, < o o A Wl o] Zef7t

AR e B ro| Srh=Al 27382 S48 57 A5 BA AL 520l of Ttk of &
=9]:super().__init_ ([args...]).
AAE Hesd __new () & init () ZFFHES}AL JLBR (_new () € W,
__init_ () & 37L& A2Eulo] =3 init__ () 7}None ]9 9] gt& T A
YA kol TypeError & Yo th

object.__del_ (self)
Q1 2TE Aot sk ) 7] A Aol EEH L) sholdetol 4 i (A A3 sl ek B Yok
ghek ol ZFE ATt del () HINEE ZA JTid } ZeYP20  del () HIAELE,
Qo % o] ST, QA B o] A o] & Zef 7] A A o 2 e A AelA Al e 7] S1al, BAI A
O g2 ol FH Y HAEE TS oF T

(AR A = FAH) _del () MIAEE Axd ol i 2 F2
2ol HAE AN D £ ATk AT AA 2@ et w7
_del__()°l FWAR TE2DAE A wE oF U @A CP

S
Az B7t T8 of obF golfle AAEAN tHalAs __del () WA EY TF0] HAFHA
AFUTH
F3: del x E AP x._del_ () EZTEFX z 34

o}
1o
(reference count) = 3Lt A 7122, FHoll Y= AL x 9 3

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 X7

Bil: _del () o] ZEHE BAAT AZ
BAE I, Ao sys.stderr 2 A7t EEE Y

. ()2 (Y «M 2 EA) dojeo] T AYE = S TEE 5 AF UL
del () O] H& Aol AUYTE E2 AYS TS, del () S AY3}
71 98] S HE Z=7F AL o] AA Y-S - oz WA e o whd 4= QU Tth
e del ()2 QdHzHEZETu AP sk AAH o2 AN G oF 3}

A AE(E BE ) ol 5] 23 7 one 0.2 445 31E & A1, Sho)
e ol go) site] WER Aol Ao AR e A AN SR BA AADE B
TPt ol AL, vhoF 1 Ao AR So) 07 ohE B2 A A QT

WA SR 4o, AEE D BEEo) Gorln s 45l st 6w gl B 4
94T
object.__repr__ (self)
repr () W @40l ool B2 o] AR 9] 842 9l (official)” A D EHE A Th woF
ST, ol A e B (AT B o] Fol A u)) e e AAE AL BE 5 It LUE ol
A BAAAY Rolof Ut FsohA errhe, <. . . 2R Ao Jele) EALE B2 of

3.3.

4 A= o5 27
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Guth W ghe RtEA] EA olojof Funh W AT st () Qo] __repr () W
A a2} “H] A A < (informal)” EAE 2 H 0] 272

object.__str__ (self)
str(object ) 2 &+
T H7]EA AH P

ol MINEx __str_ () °] ukE stolA E?ﬂ*—‘.%%ﬂﬂ% 2 0]

object. _repr () I} HFUTh ¥ A5t

W43 object ol A 7| FAL object. _repr_ () & TEFYTH
object.__bytes__ (self)

bytes o] 23 T E= o] AA 2 vlo|EE FHE A4ty th RS g2 WtE A bytes 2 A o] of

Syt

object.__format__ (self, format_spec)
format () W& &<, st

= o] A A 2] “u) 3 A A 9 (informal)”
KN

e 2] B A 27 o of g,
27 7o) E A ke AoA

k
r:i
rsﬁ
==
re
o
>
Oko
mkﬂ
>
30
fy
v
i)

2 B4 2 ¥ E (formatted string literals) ] A4+ str.
7—’1ﬂ]ﬂ “ZHE” FAE 28-S s H YT format_spec Q1

A o PHE £ §ASE waal £ UTh formaspec AFS] AL rormar ()
o Teale Ro] o], GRE Do As EuHe FRES] b 9 AHA L}, vl
=9 g4 e AT

£ vl ol i8] Al = formatspec £ F16HH U T

HHE gEe WhE A F 7 o] of of BT,

WA 34004 HA: object o _format__ WA= ZAZ, W1 FAHo] obd AA7 AL
TypeError S WA A ZA U Th

WA 3704 M7 o]A] object._ format_ (x, '') = format (str(x), '') 7FolYz}t
str(x) &5

object.__1t__ (self, other)
object.__le__ (self, other)
object.__eq__ (self, other)
object.__ne__ (self, other)
object.__gt__ (self, other)

object.__ge__ (self, other)
O AEL A9 “FTHT tﬂﬂ(rich comparison)” WA = Uth AA2}F 715} vl E o] & kel &

Ae =3 25yt X<y Lt (y) EEE¥Uh <=y = x._le_ (v) EZEY
Yt X::y Tx._eq _(y) = i%zﬁ‘% th x!l=y £ x._ne_ (y) EZEFYT x>y + x
_gt__(y) EE=Y T/}, Zy% .__ge__(y) EEZEFYrhH

Kkl “]JL A EE 5 32 QAR Al ’H% ALbS FHEHA] b= -7 &Y A} (singleton)
NotImplemented & eiﬂ %‘%D} Fed AT A v wd False Y True E EHF YT
BHA T, o] Ml E= o F 2 7L°]ﬁ HE T 9}%14 o}, 2 A vl A 4R 3= 2] B9 (Boolean

context) (4] & E0] if 7 2A) oA AL, go] W2 Aol I AR S upetal 7] §138) gholl vish
bool () & T&FYth

7| B A0 7 objectE isE AMREA ARCE B WE uwf NotImplementedES I3l
_eqg ()& F8gdUrt: True if x is y else NotImplemented. _ ne_ ()9 A%+,
Z|BAOoR  eq | 9] 913} NotImplemented 7} obUetd 2 23E HAS UL v
AR} 712 8 7He] thE A ARl BAl= flsUThH ol E E9l, (x<y or x==y) 7} FelgL
A x<=y 7} FL 2+ Y5 Uth Y 7]% AAtC 2 HE AaAA A4S A5 o2 vhEo
W& 9, functools.total_ordering () < RAAlL

AHEAF A O] vl A4S A Dt gAY E 7 &2 AR Zlo

F Y=l 7bs AAE e
<
=]

7] 2
A E A F2F Wl __hash () o BT Ee v
o] =S "41'5&(%%4 122 Aibe A DeHA] A, e &8 A7 AL wf AFREH =

AR WAL w2 ¢l 145} Aol 1t () 3}_gt_() %HEJ HAHE Argyrt;
_le ()% _ge () =AZRYHAAS AU ()% _ne_ () EARYHFS

rl

o
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Ad Ut wek 3 AAR T AR oE Folal, 23 3 ALY 3 o) %lij ¥ A 4kzFe] F 9
ANHAAME Zead, S 28 FALAte] FHH 8 Mol AT 7 w5Uth 18X ko
A A2 A =T AT 7 =5yt 7 A E Z e A (virtual subclassmg)—% SR
5 th

1w u

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

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

Z3: hash() = AA7F Bt _hash__ () HAEZFEEHF 2 Py_ssize_t 9 AV =2
ZFS U th (truncate). ©] AL H & 64-bit Y E o Al = 8H}o] E 11, 32- b1t ‘1“501] A= 480l E QL] Tk
WOE AN hach_ () 7} AR OE BIE 2718 24 AEE Afolol A g A& ofof Sk,
BE AN LS A Z& 23 oF T o] 7 S A€ UL python —c "import
sys; print (sys.hash_info.width)" g4tk

R Fe Tt eq () B ASA F2W  hash () AA B 8EA] wopok k. whek
() EABYSA__hash__() & B A od=ri, 229 AAb A= oH/«l 7]'? Z-:‘_“‘%“

g4tk ULOk’a]/\ﬂﬂtﬂfﬂ ANE AT Q3 eq )&7a PD?

T AR Fotof st A ks AHAEL] FA <] 719 S A] 7‘01 EHo=

E A rherer Ao s Al gho] MskE, &2 H Al ¥ Z (hash bucket) ol 1A %

uw>
ANEA Y Felas NEACRE  eq () & __hash_ () MIAEE ZHEULH BE A=
(7] A S Al ekar) ZA el v H A, x._hash_ () € AR S EYFolLx ==y
duf x is y 2 hash(x) == hash(y) 7} SA AHT 5+ J== g

() EAABBIAL__hash__ () EBYSHA = F WL+ __hash_ () 7kNone O & /27
5‘14@ SHAS _ hash () WA E7FNone o|H, FEAY JIABHAE 22 O] S|AIFES &
S A= uf TypeError & €273, isinstance (obj, collections.abc.Hashable)
= AARE @ Al 55 Sheha ke 24 U o

wrop ()8 AR GE FUAA RE FULLRE _ nash_ () 9 TAL BelwT A
oy Oh’ﬂ ﬂﬁ"ﬂ A WA AR o]BA XA FoJoF T _ _hash_ = <ParentClass>.
hash

WOF_cq () B ABESA gk Zehask oA AN S W How, Fehs Belol _hash_

~ Nome & TS ok Fuith AN hach () & A9 Fol A4 Typebrror § Q07T
7A$+isinstance (obj, collections.abc.Hashable) Z&0°]3|A] 7}55tcha 25 Q4]

3o,

A3 ARAoZ suFbbyles AAEL]  hash () LA 5 Qe ISR O 2 S ET
(salted)” 91U Tk 7 o] A =2 A~ Yo AE WelR) R ghow 945 y
Moz AWl o 23 5 Q7 FUTh

This is intended to provide protection against a denial-of-service caused by carefully-chosen inputs that ex-
ploit the worst case performance of a dict insertion, O(n?) complexity. See http://www.ocert.org/advisories/
ocert-2011-003.html for details.

A e WA Qe olE ol £ Ao AT FUT), Fo WL o] Aol e oW BAE
1A 9k U Th (2] 3 H5 32-bit 9} 64-bit W= AFo] o A THE U ),

PYTHONHASHSEED & #1134 Al L.

H A 3304 WA A Ee B V2 A o' B Yo

33. S HAEolFE 29
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object.__bool__ (self)
=27k AAS W A4t bool () FE S A T=H Utk False U True & S8 F oF T, o]
HAE7E A E A ke A7 7&4301 AT len () o]l ZEFHo, Fhol0 o] ofyd Feo g
AAFUTE Bk e 27t len () F__bool () BT A5A Gerhe, BE dadar
Fow AR

3.3.2 o]ETFE AN A AX2EHlo|A o] A

Ze)n Qrbng =P BE B2 (97, Y57, 2. name  AA 5] 9 018 W AH) 93 ke
32 MASEo] 398 5 AUk

object.__getattr__ (self, name)
71H o]EBHE AN A7 AttributeError E AT u] & YT (name ©] A2EH A o
ERE Ex self o S Eglo = olERETVLoFYBA _ getattribute () 7F
AttributeError & %_127] AL}; name :Li-ﬂ El9] _ get_ () o] AttributeError & goZ
). o] I =& (A4HE) ol EE| R E 3k 938l A U AttributeError o 9§ Yo A of ghth

ARAJA M AUES S T3l ol EREF DA getattr () o] LEFH A k5ol F s oF
FUTh ()AL __getattr () F__setattr () ko] =" A YUTh. o] FA sh=
ol & W&ol 3}1,1&‘74] StA| koW getattr () 7} ?_C‘?‘li-/] e o=
Eo] H2@ ol g7l WjEol 7= Utk AHojx A" M 7“—?— ojE P& drda
oJEZIHE gMg] ¥ ‘{’%Sﬁié’ﬂ (thAlell ZAES th& AA o d5Uth S48 Al 0] <
AAYE 25T 5 dsUth o ELFE A S A2 &4 s 23k ‘ﬂhﬁoﬂ el Al = ofef o
U= _ getattribute__ () oA &Yt}

object.__getattribute___ (self, name)

2o Adrdae ofERRE N2 FARY) 5 27 glo]l TEF
27V getattr () & A FHSIE, _ getattribute_ () 7} WA A
AttributeError & YO 7| A Y= o)A _geatr = TEF
2 HES (Ad") %kg %E%TﬂurAttrlbuteError e & 4
Al 73k A7 (infinite recursion) 7} HAYsh= 22 27 A 8l, +H L
qael7] 98] 22 ol 5ol Mol 2 Zel29] WASE 529 oF gtk o E S, object.
__getattribute__ (self, name).

E)i

lru

i Ao} Eol g g4

Bl A SN AL S0l A2 S AN G2 PPl
o) MAEE AXA & 5 ATk A4

Ql2} obj, name & & ZFAL oMl E object._ getattr_ & HAAZAYTH
object.__setattr__ (self, name, value)

AEZRE Yol A2 uf TSP Utk ¢AA W AYUYZ (S dad2x g9 g & A

ot 2) Al o] Z o] ZEFH Uth name 2 A/ EBFHE o] 50|41, value = 17 th Y stel =

Fue.

_ setattr () oA AABEANEFRE YYIH T Tu, T2 o]2 9] Hlo]A FE A9

HAEE SEd ok gt o] & Eo] object._ setattr_ (self, name, value)

212} obj, name, value 2 AL o|MlE object.__setattr_ & TAAAUTH
object.__delattr__ (self, name)

__setattr__ () J}H]A‘S}X]L]— gHEE

name o] 21] 2|6l 7} Sl S0l 5 7 @ o] of g,

212} obj, name & &2 ZFA} oMl E object._ delattr_ < @A UTH
object.__dir__ (self)

AA dir() o] TSI u] SEF YT AlE2E S8 FHFEYTE dir() L EHEAEE

grER wadt & Ad gyt
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B2E A EHE JA A A 2B uto]A o] A

4% 0% _getattr_ 3} _dir ¥ BE JEHES e A2 A8A Ao s ul A
8 S5 YSULh BE £F9 _getattr_ @4t 3119 AAR ofEeHES o 5L Wol
A AR e B 57 AttributeError & WA Aok FUTh WA 23 (5 object.

_getattrlbute NE EF JEZHHEVEE AA oA AT A ¢¢oW, AttributeError &
©7]7] Mol BE __dict__ oA __getattr__ & AL FAHY, JEGHE o]Fo0=7 1

G2 sEon AFE Eeg

_dir_ 3+ °1X}E WE2) k31 RENA HE T 4 e ol5& HEHE ALY A - A E S8 F oF

Uk EA18t, o] g RE S EE dir () ANS AFYFYh

2E 5 (E E]‘ﬁ]‘E AA, Z2E 5)& B} A 3151'7“ A2 AJoste W, 2 E AAL] _ class_

oJE2]REE types.ModuleType 9 A B FeAE AT 5 dFUTh A& %%.

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

FH3: 25 getattr_ AL EE_ class_ A2 AEFHE AN FTEFE AR = 23] o
AEFS v HYUTH-2E AGol tigt I H A AN AN(RE U T 23t AN 0] AY ZEL A
gAygef tist 2 & AX A E LA G5yt

WA 3504 MA: oAl __class_ BE AJEFHFET27] 7MY Th
W& 370 7} _getattr_ I _ dir REEZHE,
o B

PEP 562 - & _ getattr__ 3} _ dir__ 2Eo| tt__getattr_ 3} _ dir FFE AW

d
-
o

U

Yazge Tdsy

_4

Hgel £ HES L WA E A Foh () A3 Y descriior) S 2) ) 2B AT 45
(owner) 2e) 220 52T vk ASAUCHHAZAE £ 244 2 mAJQAﬁa41T¢EwAZ
SLC1S] ST ol Shofof TLIEh), oIeS] o] A, o] 2 o] E & ol £el AR A FAAG aior
o 712 AHEH 3 Yt o ED RES A LT

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

AR A2 (FUL B RE A 2) 1} 2 Feh o] AR (ALHL O EYRE 4 2)
o o= REg Asteln @ w £ R A9E owner ARFE 254 e 2Py ok wreo
instance = AE S| HE Z2 7} dojual gl Adx"d a0 AL, A E- R E 7 owner & 53 AN~
== 4% None U th.
ol YA EE= AE AJEZHE S S35 AV AttributeError 98 & 4O F of T}
PEP 252 get_ ()°] st F 71 QRS 2t= S8 Bolgtn A ATt} o] 249
W3 O2Ige = o] BAE AQFU T T}, AR A RO = F A4S BRE @ FalE
Hdaa g7t de 5 Asyth stold A8 getattribute () T B R FHA 9 HA
glol B4 ¥ QA8 BT Atk
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object.__set__ (self, instance, value)

LA S22 A" instance 2] AJEBHEE A Fhvalue 2 A F S w) SE&FH Utk

__set__()oly __delete_ ()& F7IotH Y2 HY K o] “HolE 23 HH (data

descriptor)” 2 W 7 B o 2] 541 Al 2. A FE Y82 0]~ 5 E] 52672 BRI L
object.__delete__ (self, instance)

AL Z ;A ALY X instance 2] O] ERREE AAI S o SESF U
object.__set_name__ (self, owner, name)

22 Z ;L owner 7k HEOIA wf TEH YT o] HAIHE 7Fname ol Y= A5t

ZP: _ set_name ()L type AR dEE BAAOZUTEEH B E, 7] AA o5

HaIge 7t S o] 271 ol 22 3 v 7| E‘i—ri HARor 523 Bt e

class A:

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

o AR WL Sl AR BET] S FAFAL.

WA 3.600 F7}

o]EZ|HE _ objclass__ = inspect EEl &3l o] AA 7t Aod S 2E A5t Z o= 3|
AJ%qq_(o]%}\-o AR AA }‘?ﬂ% ol Zg A JEFHEY /\1674}\]7]- O]Ei/\ {\i(lntrospecnon)e
AP %GHD}) 2829 32, 3 WA A2 ARell, 7o} R F(EE A B FeH2)9) AAEATL
g A 278 E 22 5 Atk s o, CPython & CZ 7@ 145 A 232 v A = (unbound
method) o] ©] o] E EEEE A h.

Y23 gy 3237

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

AEZFE HA 29 7]%53}0 ﬂXﬂJ gy oA JEBREE ¢, 3’—, A= AdUh
& Eo]a.xEa.__dict_ ['x'] A A|Z3HA type(a) .__dict_ ['x'] & AA type(a) 9
H e S AE AL S| V\:' i%%ﬂﬁ 7He €99 iﬁi:ﬁ"ég‘%‘:}-

a8y, Bk 23 % gho]l AT HE HAEE TS AA Y, o] HS 72 S Al AT H

HAEE i%f’e‘? AFULE AT B52] o= Ao A o]d do] dojy=AE oJH AT HE

WA E7L HolE o] Qi ojW Al o 7 T &5 =2 utel thE U th

23 PH 329 A1&- S 23 (binding) YU T a. x. B A AAFE o] 2FE =X+ a o wet o5 Y

t}:

AR & /P AIAANE PG E AR = 32 AFEA] ZEVYUATHH YA E A H &2
AU x.__get_ (a)

JN2HAZAE AA Adaxdro] AW, a.x £ old S22 AP YUT: type(a).
_dict_ ['x'].__get_ (a, type(a)).

ZHP2ZAY ZH 2o 2 HE Ax £ oW T2 AP Y A.__dict_ ['x'].
__get__ (None, A).

Super ZA g} If aisaninstance of super, then the binding super (B, obj) .m() searchesobj._ _class__
__mro___ for the base class A immediately following B and then invokes the descriptor with the call: A.
_dict__ ['m'].__get_ (obj, obj.__class__).

For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are defined.
A descriptor can define any combination of ___get_ set () and __delete (). If it does not

32 Chapter 3. tlojg] nd



The Python Language Reference, = ] 8|4 3.9.18

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

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

property () @5t HlolE taa ez FAYYTH of Wi, d8it 22 5 (property) 9] 5
42 WAT S AL

__slots___

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

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

object.__slots__
This class variable can be assigned a string, iterable, or sequence of strings with variable names used by in-
stances. __slots__reserves space for the declared variables and prevents the automatic creationof __dict___
and __weakref__ for each instance.

__slots__ A}gof #3t - E

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

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

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

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

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

STt ol FE 2] _slors_ ol AoH o] 53 T2 o] 5o WEE _slors__ o] A AT,
o] FEf A7 Z Yt e AN AT = Qe dH7E Ul ola S22 RE 2T gHE
A 23)e= A= dQdh. o)A 22 WS A A k2 A2 R A Utk vl o=,
o] & WA 37 98 AAE =71 AY Yt

int, bytes, tupled} Z+2 “7}¥H Z o] (valiable-length)” 2] W &35S A% 35t
QW slots__ T A FE YT

Any non-string iterable may be assigned to __slots__.

97

Z el 2ol A

rlr
rlr

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

e __ class__ assignment works only if both classes have the same __slots__.
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¢ Multiple inheritance with multiple slotted parent classes can be used, but only one parent is allowed to have
attributes created by slots (the other bases must have empty slot layouts) - violations raise TypeError.

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

3.3.3 Za|A A H2E ulo]A o] A

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

classmethod object.__init_subclass__ (cls)
ol A =L T Ze 20 AH Fejart BEold it B % Uth cs = A A B S
AUt vtk JulA ol Sl AEHA WA TR HoFH W, o] gAEE BEXFoR ZPYA HAER
HEE Yt
AN Ze 2o FoJA 71YPE AAEL BE Fe)29 _ init_subclass. 2 AT Yt
__init_subclass__ & AI23tE 02 ZY 2539 TS 6, 223 7)Y E AAES
A Fofl th2 AL w0l Fej Az Ags ok Ttk oA A Itk

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

m

7152 38 object.__init_subclass__ + o}F 4% 3}A] YA QA7 2EE o] & W

o 9] £ LA YT

Z: vEZY 2 3 E metaclass & YA & Aol 9 48|51, init_subclass__
2 AL A FFuch AA wE F ﬂV\ (uﬂ/\]ﬂo SIE tfAlef]) & type (cls) & HM AT £
Ao

WA 3.60 F7}

H el Sef A

Z1RAHo R, FEAe type () = AMSSA REEAHUTE S22 vt & A o] & F el A AgE
Z e~ o]EL type (name, bases, namespace) & ZAx}ol x| FH o2 AAE )

A E UEEAF L2 ZFHA A Emetaclass 7| HE JAAE WD A Y, 18 JAAE 233 o] 1]
Ao ZHAE ASTOEZN ALEtol2E $ YFUTH TS ool A], MyClass 9 MySubclass
= EF Meta 9 ‘_iﬁi‘ﬂqﬁ}.

class Meta (type):
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

S AYoAM AFE e 719 E AAEL ool A A= RE e S22 ddsE dEgg
S A7 29D o, 53 2L DAV H Y th
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+ MRO %] 249Utk
R LT EET PR LS

MRO @5 24317

Z 2 Ao e Wo]a A7 type o] AAaBEI AT ofbd AR, A7 A __mro_entries_
HAZE AATULh BAEE, gl wlo]la FE22 TEH U o] WA =& o] WojA il ALgE
Ze a9 %%%%F}]HOFQQD} FE22 v e = AdFUth o] A A wlolxaes FAFH YL

o ®B7):

PEP 560 - typing &3} AW 2] & ol v 3t Zof A

Sejs Bolo 4Ae e e 2t T 2ol A4
.« Wlo] 29} A Ol el AT FA e BS type ) o AFBUTH
« WA Het Fe 27t A T, 500 type () o A2E2T} oW, AL ek FA AR
g FUTh

s type () & 2" ATF YA HE S AR Fo{ A AL W] A7 o F glew, 7HE wol

7V gho] SHUE vEh Fel 2t YAAOR AAE e S (AT Y BE W& Fe s
£ e} 2o 25 (F, type (cls)) FAA A= Utk 713 o] SHYE et Feh 2t ol E BT 9
A3 E) (subtype) 9 LI Tk WHeF o] 1 S1E o 2AE WEFA FeATI, Fe2 Ho) - Typebrror &
A1 7] A5 g ek,

Feh2 o] & B2 25

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

utoF Wi} Fel2of] _ prepare OEFREZIQUH, S olE F2 N A Y= FHoz 2

718 Yt
o B
PEP 3115 - 5}o] % 3000 of| A 2] v} F&| 2 _ prepare_ ol &%

tlo
A
o)
ofy
i
i)
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Ze)2 whe) A3
ZHY 2 vt = (=) exec (body, globals (), namespace) o] A

(U

dalE Ytk ddbE 2l exec ()
T=3 —rﬂ Aol L FaAa Ao 7t T U Fol A o] Fo] A ulf o 3] A 33 (lexical scoping) ©] e
v (EEYAEES 284 = SP@FL AR} ] AT 2o Qe O] FES FRIEE FF i

Ik

el Yook B ol d ol 2ot MRS, Selo ol d BeE g
25 QuUrh 2a2 We e dadag 2 WA= R
2 A A A e AN A BAA SR R Am e ciace | 4

o,

pats

(

SF &

d

se 2o
W ol
%2 S of

=

I

I

= AA e

l

Aok Fe 2 o & Brbe] Zehs ul]E AR Fo A ANAY, Fe)2 A
RSO U Th(I 7)ol A A ke = 27hH Q) A9 = AAES

bases, namespace, **kwds) 2 =3

__prepare__ o AZH AEH ZHYLH
o] ;A A= super () o AAE FA = A F2H = AU __class__ + FH 2 vt Y
HAEE S o= 6P1)rﬂ¥+ class__ U super  F2T 3¢ A odelof] o shso] A= FA A
2 A (closure) FZ YUt o] A2 A2 gl= FE S super () 7F o3 233 7|Hte g S| Y=
e FHAE ZntEA ZE = JEE Fuch vbdof dA T2 AFSE S AU A2 A+ A

E2agd 3 A AR 71254 ARE .

CPython implementation detail: CPython 3.6 ©] oA, _ class__ Al (cel) 2
__classcell  JdE&Z WE S AUl ek Z)8cid, o] A
2713}5 7] 93 type._ new_ 3E7MA AL A AxE o oF g ). ] A s
o| ] .= RuntimeError & o]o] & A Jch

712 ve FH; A type S AT WL th 2 e S A7 A type.__new_ £ ZET W, FH
AN E e Fof, th-23 22 F719] A e upo]Alo] A ©A 7} A3 vt

e AME, type._ _new___+=_ set_name__ () S ARAYS=ZFH A~ olE F Y EEUAIAHEHE
2 g

« EAE, o|¥A +HH EE __set_name__ & S &3], AoH I Y& FH; 2 AT HE
Fo]R o] F2 QAR A3}

« Ao g, wAE A e wet P 77k RO el init _subclass_ () FolTE

g,

S AA 7 o)A Fofl, S Aol 23d S HZ A ol H S0 A (AHhd) FAE AL
AL, 2 ddE Sdart Ao H e A Y olF w3t dd gyt

type.__new__ A ZH ATV EA W, o] F FX iU A FEH = AA= MR e A Y=
vf g o2 BEAE A1, Yo ARl = WP Ytk A AHES 81 7] A -§ = 2HA] (read-only proxy) 2 & 2 Rto] =4,
o] Aol FehA AR _ dict_ oJEFHEZFY

o B

PEP 3135 - A super A2 01 _ class S 24 ZZ2E 29yt

-

ot
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e A &5

Her S 20 FA A G o= AV s U TH &4 | E 7HA] ofolt] o] Foll = enum, £ 7], QA E]F| 0]
2 AL AF53HE 9] 9 (automatic delegation), A-%53}5 3z 2 5 €] (properety) A A, 2Z 2HA] (proxy), Z & &<
(framework), 215318 21 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $1<5 1 th

3.3.4 QlAElA W Y F A AAF A AE ufo]A| o] A

U= Ml ES2 isinstance () 2 issubclass () W& F5E2 712 5232 A4 o 8t= o AHE-H
g,

E3], WEl 282 abc.ABCMeta = 4w o] 2 Z &) 2~ (Abstract Base Class, ABC) & T2 ABCE X &3t
ool Zday FUNAFE S £33 th ol “71AF Bl o] 2 E &l 2 (virtual base class)” 2 37} 4= A
s A Uﬂ"ﬂEé = ?@Q‘/Iﬂr-

class.__instancecheck___ (self, instance)

instance 7} (21 3 A o] A} 7HH A 0 2) class ] OlAE%/\EﬂqT;L 290w
AolE ™, isinstance (instance, class) & 73317 Y3 & Uk

class.__subclasscheck___ (self, subclass)
subclass 7} (| A o] A} ZAH A0 2) class 2] B S22 HFE + 0od Fe EHF5 U
whoF A ojw ¥, issubclass (subclass, class) & 73357 Y8 &g Ytk

o) HMMESE e F(HE S ) M 23] Ak Aol Fo s of FUth A e oA S

WAER BoE 5 gk o 2 JABAd o) E2H & S A= B 239 A9 At

o) A% ArTAL 2o A

o B

PEP 3119 - A Hlo]l A Ze|Ae] ©9] _ instancecheck () & _ subclasscheck =3
isinstance () 2 issubclass() & T2 A2Eulo] A= o] B Q3 HFoFS _—‘,T_ﬂ??]-#tﬂ o]

7159 571 dojoll 4 wlol=~ iﬂé (abc ZE8S ZAAL)E F7bstarAt oh= vl Y5 Ut

3.3.5 A= & Ful W7

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

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

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

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

classmethod object._ class_getitem_ _ (cls, key)

key ol S % Aol 92 AV 2o 29 5532 vehie AAE S

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

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

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

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

__class_getitem__ versus __getitem _

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

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

from inspect import isclass

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

class_of_obj = type (obj)

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

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

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

In Python, all classes are themselves instances of other classes. The class of a class is known as that class’s
metaclass, and most classes have the type class as their metaclass. type does not define _ _getitem (),
meaning that expressions such as 1ist [int],dict [str, float] and tuple[str, bytes] all resultin
__class_getitem__ () being called:

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

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

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

>>> list[int]

list[int]

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

>>> type(list[int])
<class 'types.GenericAlias'>
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However, if a class has a custom metaclass that defines __getitem_ _ (), subscribing the class may result in
different behaviour. An example of this can be found in the enum module:

>>> from enum import Enum

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

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

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

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

S

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

__getitem__ ()

3.3.6 ZE AA U W7

object.__call__ (self[, args... ])
A EA} FEAD 52D 0] 32HUTH o WA= B, x (argl, arg2, ...)
ek type (x) .__call_ (x, argl, ...)2HId"5yrh

rr

3.3.7 ZElold Fu 7]

The following methods can be defined to implement container objects. Containers usually are sequences (such as
lists or tuples) or mappings (like dictionaries), but can represent other containers as well. The first
set of methods is used either to emulate a sequence or to emulate a mapping; the difference is that for a sequence,
the allowable keys should be the integers k for which 0 <= k < N where N is the length of the sequence, or
s1ice objects, which define a range of items. It is also recommended that mappings provide the methods keys (),
values (),items (),get (),clear (), setdefault (),pop (),popitem (), copy (),andupdate ()
behaving similar to those for Python’s standard dictionary objects. The collections.abc module pro-
vides a Mut ableMapping abstract base class to help create those methods from a base setof __getitem (),
__setitem__ (),__delitem _ (), and keys (). Mutable sequences should provide methods append (),
count (), index (), extend (), insert (), pop (), remove (), reverse () and sort (), like Python
standard 11ist objects. Finally, sequence types should implement addition (meaning concatenation) and multipli-
cation (meaning repetition) by defining the methods ___add__ (), radd__ (),__iadd__ (), ul (),
__rmul__ () and __imul__ () described below; they should not define other numerical operators. It is recom-
mended that both mappings and sequences implement the __contains__ () method to allow efficient use of the
in operator; for mappings, in should search the mapping’s keys; for sequences, it should search through the values.
It is further recommended that both mappings and sequences implementthe ___iter__ () method to allow efficient
iteration through the container; for mappings, __ iter__ () should iterate through the object’s keys; for sequences,
it should iterate through the values.

object.__len__ self)
WARS len () B 7837 A8 2R YU AR Dol g SedF o sk, =09 AU
=3 bool () HAES AostA & AAY __len () o] 0= S FHE =] £ lA
ARez AU
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CPython implementation detail: CPython ol A, Zol=H ] sys.maxsize G Ao] FFH U} vk

Zo)7l sys.maxsize Rt} 3, o]JH 7|5 E (len() F Z22)& OverflowError Edod ¢
AsUth F AR A A overflowError 7} ojubeE 215 2H7] 94, 7—’.‘ﬂ]%_bool_ ()&
% o) af of gu k.

object.__length_hint___ (self)
operator.length_hint () & F3d3}7] Y =3
S ThAA ol Rtk 2AG 42 & Uy
NotImplemented ¥ &% ow,

2F U} o] A= L w55 2 A5E 59 Aol 2
WA 340 27}

H
[0)]
=}
Q
g
o
[y
F
=}
=1
R = o o

2ulgo] 2 PH AL Shg U

.\_4

i seolsd

Aoz thgoll o= Al M=ol ol 3 g Ut

rlo

’a[l 2] = b
A
’a[slice(l, 2, None)] = Db

2 Wl 1, O FEE v A7 AU th WAl Seto) & $2-2 B4 None .2 A4 T,

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

Fa: for FEZE AA2Y 25 SHEE A 57 98, AR E Q4 2o thd) IndexError 7}
dojd Ao 7t s Th

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

of __getitem__ (). See _ class_getitem__ versus __getitem__ for more details.
object.__setitem__ (self, key, value)

self [key] 2 S FH7 A S Uth __getitem () I ‘% Zzo7 8 02;}141;}

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

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

object.__delitem__ (self, key)

getitem__ () °ﬂ*1ﬂ-

selfxey) o A% T A5 SEAYL _getiten () F e £} L2}
g o] Ffols, AA 7L 719 AHAlE S S Fp, Ald L %‘T% FEol Alda2 R Al AL
T A= ﬂf&%l‘?ﬂﬂo%olt Ut Zxd key # A= __getitem () X} 22 A E
do Aok gyt

object.__missing__ (self, key)
dict.  getitem () o] dict A B Fef2oA Z]7F Ao YO self[key] & FE3}7]
A9 B2

object._ _iter__ (self)
Aol ojedlo| el 7l B uf o] W=7t 52 P h o WA == 74Eﬂ ool x3d RE
AAE olH e ol ED & Q& olHH o8 AAE el oF Fth wiZ e 4%, Aelolv e 71&

o] ¥} o o] £.3] of ] k.
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oleldloE] AR A o MiNEE FA A7} AF Tk A7) AL B F oF FUh ol El
o] &l A Aol o gk F7}2] A K = typeiter ol ()55 Th

object.__reversed__ (self)
reversed () W& & 7]— o o] B] @] o] A (reverse iteration) & & 317 3 (YthH) =3}
ZAd ol el A= AA == °—“| o &2 gt A g oy AAE Eel5] oF T

__reversed () MIAEZ AFZEHA &od, reversed() UAZATSFE= AAL Z2EE
(_len_ () Jf]'igetitem ()= < EHO]'OE }\]—_Q.T)‘j-qq_ ]Eﬂ EEE;% X]'E]_S]"— 7“Xﬂ
SE2 reversed() 7HAFSt= ART B AN TS ATE F IS W __reversed ()
£ Az alok gk
AW A AA A2BAE (in T not in) & BHE A o] of
Afeld AR B EEA TAL eI 2L B WA EE
ol EYd 2% ¢S5 Yrh
object.__contains__ (self, item)
W] Ak AR AR S B2 T iiem o] self o 910 W FE, 1A o AL
sejg ok gtk vl A4S B, 715t o] okuie} vl el 717} melE of o ok,
__contains__ () & BoSHA e AA e A, WHA A= HA __iter () 25T IHE
OJAZAIET &,  getitem () EETHZADXoHH N ZEEZS AIE?
821 20) o 4% FRIAAAI L

e deR TadUn, H,
9 AF 5 AUk o :

3.3.8 54 3§ Ful 7]

A Ee F4U U7 A8l o= JJr”O HAESS AT+ Ad5Unh 7= SHT FTFY =24
Skl Z] ‘Hﬂxl U ANE (& £, A7 obd AE M E Adiks) ol dhSste MAEES

o5 A ok A= dA ol of gk,

object.__add__ (self, other)

object.__sub___ (self, other)

object.__mul__ (self, other)

object.__matmul__ (self, other)

object.__truediv__ (self, other)

object.__floordiv___ (self, other)

object.__mod___ (self, other)

object.__divmod___ (self, other)

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

object.__lshift__ (self, other)

object.__rshift__ (self, other)

object.__and___ (self, other)

object.__xor__ (self, other)

object.__oxr__ (self, other)
ol HIMEEL o] 2bs AXE(+, -, *, @, /, //, %, divmod (), pow (), **, <<, >>, &, ~, )&
Ta7) 98l EEE U A€ Sol,x7h_add () WIAEE 7HA 229 A" o),
E2A4 x + vy 9 ge 737l %UH, X-_add_(y) 7} =Yt divmod () WIMNEE

__floordiv__ () & _mod () & AFE3l+= Z=dorgdUrt;,  truediv. () & AF

= 2] gkotoF ek WA pow ( U"“J A& HV* o] Xhﬂlﬂ 71 M=, __pow_ () WIMET}
Ak 5 Qe Al iR AAE E‘%EE %43 °1°]E ool =] 3 oF gt}

ghef o] M =S F st Algd ARl s AArES A AshA] k2|, Not Implemented &
Shaeraan,

object.__radd__ (self, other)

object.__rsub___ (self, other)

object.__rmul__ (self, other)
object._ _rmatmul__ (self, other)
object.__rtruediv___ (self, other)

object.__rfloordiv___ (self, other)
object.__rmod___ (self, other)
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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 HNEEL AR F A A=l el o] & ke AAE(+, -, 5,6, /, /
<G >> 8,0, e RS AE ZEE U o] e 4F9] v AT e At Al

‘S}Z] ‘3%3’—} 40441}—0] ANz g2 gddaqusESgUch! & o], 2d4 x - vy g& 73
duedu,y7t_ _rsub_ () & ZtE F 29 AdArEH A0, x._ sub__ (y) 7} Notlmplemented
EEdFHy.__rsub_ (%) 7P§%%141‘4-

(@]
s
rr
g
O
s
m{m
nﬂN'
ol
)
kKl
>
bt

/,%,divmod (), pow (),

347 ghg ol o shoF U Th(2EA S =

A1) ol 9% AR Yo AE Fehaol 3, 1A E Fef At
= £ 4

37 e vAE

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] HINEEL ZH A& I (+=, —=, *=, 0=, /=, //=, %=, **=, <<=, >>=, &=, "=, | =) & F AT}V
A8 TP UL o] A EE A= Xilx}ﬂ of| A (felf = ?Xé S Al) S = Al 8l oF 3tar, A (k=
A SR} S 2 oA helf S 4 Sl P el ok T eh. o 53 A =7 ol A
Fod, ST UYL A Uﬂ’HE‘é = A AAEFUTH A& S50l x 7 __iadd () FINEE
e FHa JAaEHaW, x 4= yEx = x. iadd_(y) ot FFEUL 238A ‘E%Efd,x N
vy @ T2 A™E, x.__add__(y) ®y.__radd__(x) 7} aZ#HUch o|H “ﬂ"ﬂ/ﬂ
2 AR Fok o 2] 2 o] o] A 4 A5 Y T} (fag-augmented-assignment-tuple-error S & 4] /\] J_)
SR o] B2 AL o] e 2ule] ARguith,

P xk= ﬂiﬁﬁ/ﬂ HAYUZY HIz A3, ipow ()5 HYY3A T NotImplementedS
Hhgels FelAE x.__pow_(y) 9y.__rpow__ (x) 2 &9 %] gHUTh o] W1E hol R

3.1000 4 =45 % ‘4‘“/}

object.__neg__ (self)
object.__pos__ (self)
object.__abs__ (self)
object __invert__ (self)
d g ik A4, + abs (), )= TS Aol @=H Ut
3 o] 7] A “x) D3R WLE} =ZY27t a8 AEE 2R A Y, WA E7FNot Implemented & E8&S S84t 2

72 7308 WA EE ALE A o o] A EH £ % G2l 7 B A =8 vone 2.2 B3R Lofof gt - 124 5
SR HRe BAH R FA e ) E7E F 4o

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

supported, which is why the reflected method is not called.
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object.__complex__ (self)
object.__int__ (self)
object.__float__ (self)
W& &4 complex (), int (), float () & T&37] 98 2P UTh A A3 A9 e SeiF of

Fuh

object.__index__ (self)
operator.index () & Fd3}7] 98 &= 17, sto| W o] A AAE A5 AAZ £4 Qo
i ghsl oF & uff (g 2kol ol v A bin (), hex (), oct ( f&—’?—‘éﬂ]*iﬁ‘rﬂol)ﬂ}r/}i 9141:} o]
M ES &A= A AA 7L E B A g Jhel Ay e mt/«] s ejF ok ).

__int__ (),__float__ () B __complex__ ()7} Y= A od, T W &< int (),
float () YW complex ()= __ index_ ()& A&Urch

object.__round__ (self[, ndigits] )
object.__trunc__ (self)
object.__floor__ (self)
object.__ceil__ (self)
Lﬂﬂ }4 round () @math < trunc (), floor (), ceil () = FA3}7] Y3 == YTt ndigits
7} _round_ () 2 AGHA] G=3L o] YA EEL EFI ntegral (BE% int) 2 28 249

ke Bl H ok gth.

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

3.3.9 with & ZA8~ & )}

AL~ E B2 A} (context manager) = with 22 A3 o] ] = A3 AL~ (context) = R
ANJUTH ZE E52 AP S A8, A9 2E A2t o= APA N AHA2ER A} E&
AUt AY2E AAE BE with & (with & A A A EUTH 22 A& Al la"]
HAEE SEHA AH AT 5 5T

AE~E B2t A Al L o= thkst 220 A A e (global state) & K A3 B3l = A,
24 -& 2 7] (locking) 331 ‘?ii%‘( nlocking) 3h= 71, €8 3 L-& &+ 2 5] dFUTh
AdAE a2} th 3 6 2}A| 3F A H = typecontextmanager ©f VF-& 1] T}

object.__enter__ (self)
o A7 2} QT AWA 2 A AEo] AYFUTh wich BL as A2 AAH th4bo] grta, o
A =2 vkgt gr= A4 Th

object.__exit__ (self, exc_type, exc_value, traceback)
o AAS AFE AW AGAEE SRPUT v Ee AUAEA A Rolrp) BE
ALY E 7Tt v AERET} o8] glo] TR, Al AR} 27 None o] YT
of ol & 7F A3 AL, | A =7} o 9] & S A 7] AL Ao (S FAbeke A e ) F(true) =
SHFFdUTE 23R Fod A o] MINETERT T AL PP Ut

__exit_ () MINEZL AEE o] & thA] o)A (reraise) FE==F T3 oF FTh; o] AL T
A} (caller) o] A 9 Ut

o ®7]:
PEP 343 - “with”? & S}o| W with 2o )t 734, vl 4, <.
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3.3.10 S vAE 23

A2 o] FEfj o] AL,
o=l S wuk gnf=
AAddUth:

2AA E5 WAL 5L AR AxE A HA 27} obd Ao Hol
A S2ol BAR UL o]d 2L o3} 2L FEs o9 s o]

>>> class C:
pass
>>> ¢ = C()
>>> c.__len_ = lambda: 5
>>> len (c)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: object of type 'C' has no len()

The rationale behind this behaviour lies with a number of special methods suchas ___hash__ () and__repr__ ()
that are implemented by all objects, including type objects. If the implicit lookup of these methods used the conven-
tional lookup process, they would fail when invoked on the type object itself:

>>> 1 ._ hash__ () == hash(1l)
True
>>> int._hash_ () == hash(int)

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

S A4 A G MAEE TS = old A9 HEH A Ev TF ‘W E 22 &2 (metaclass
confusion)’ ©|2}iL £2] 1, S5 MM EE 23D wf A2EHAE It Yoz AT £ g5yt

m

=

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

True

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

In addition to bypassing any instance attributes in the interest of correctness, implicit special method lookup generally
also bypasses the ___getattribute__ () method even of the object’s metaclass:

>>> class Meta (type):
def _ getattribute__ (*args):
print ("Metaclass getattribute invoked")
return type.__getattribute__ (*args)

>>> class C(object, metaclass=Meta):
def _ len_ (self):
return 10
def __getattribute__ (*args):
print ("Class getattribute invoked")

return object.__getattribute__ (*args)
>>> ¢ = C()
>>> c.__len__ () # Explicit lookup via instance
Class getattribute invoked
10
>>> type(c).__len__ (c) # Explicit lookup via type
Metaclass getattribute invoked
10
>>> len(c) # Implicit lookup
10

Bypassingthe __getattribute__ () machinery in this fashion provides significant scope for speed optimisations
within the interpreter, at the cost of some flexibility in the handling of special methods (the special method must be
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set on the class object itself in order to be consistently invoked by the interpreter).

3.4 75 €l (Coroutines)

3.4.1 o] g o]e]lE 7 A (Awaitable Objects)

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

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

object.__await__ (self)
olel# ol B & EelF ok FUth o9 olEl & AAE LS| S8 AHEH o] oF FUTh ol & 91,
asyncio.Future £ await 2847 35 7] 935 o] HIA=E LA}

WA 3500 F7}
o B
PEP 492 7} o} 9] o] 5] & A A of] gt o] AA| et B E 2 Fstar gl

oy

U,

3.4.2 3 3] 7| (Coroutine Objects)

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

FFEL taol dste MA=E =3 223 gled], Ay el ol 8 (A v & o] El-o Bl & o B] WA = &
HAA )9 A d@dksmUth stA R, Al olH ok 28], ZF L2 ol H el olde A H Al dstA =

k5 th
B A 3.520A4 ¥HA: IFEHL F H await 5F'H RuntimeError & 4 ° Zth

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

coroutine.throw (value)

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

coroutine.close ()
TFFEO] A S B otil TEEF WUt Tt IR H o] A FA] Fo|H, o] HAE= HA
IFHo] A FAHES S oEH# o]E 9 close () HINER JAFYUTHIH HIMNEE 7HA &=
A9, 18 o Al SA A F A GeneratorExit § HAYA| 7| =, ZFH o] SA] A4l A
SIEE Ut i g o g IR o) A TR HUTHL A 8=, o} A Z3HA| 2 AF ok
o = 1ok
2%

a
g AA 7t 2k 2wl £ 9 9] A 2of mhet Abs o 2 23 Y T (closed).
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3.4.3 1] 7] o]g| o] €| (Asynchronous lterators)

HlE 7] o @l ol E] = AHA9] _anext__ WA =N HEs] RES 52 4 d5UTh
H]5 7] olHE o] Bl async for oA AR = 5T
object.__aiter__ (self)

u)5 7] ol el o] ¥ Ax| 2 S oF FLiuh.

object.__anext__ (self)
olH#H I HY S #HS FE AdHE & EHFHF FUth olH#Ho Mol Eyd
StopAsyncIteration o & 4o .

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

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

B A 3.50]] &7},

WA 379 A ¥ 7 : Prior to Python 3.7, __aiter__ () could return an awaitable that would resolve to an asyn-
chronous iterator.

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

3.4.4 )57 AYAE Ba) A}

v % 7] AE A~ E A2 X} (asynchronous context manager) = __aenter_ 2} aexit_ WA ZA AgS

A FAE = A= AE2E H A Juth

H &7 B 2E #E| A= asyne with oA AHEE 5 AF U

object.__aenter__ (self)
__enter__ () WA =8} u]F o2 FASHH], L3 AFo] F2 of gl ol Bl & & E& F of dth=
AUk

object.__aexit__ (self, exc_type, exc_value, traceback

)
__exit_ () MAES S n o E SAR, AT Ao L ojgloEHE & BeH ok Brh: A
gyt

W57 A aE el A 2 Al o

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

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

B A 359 F7F
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cHAPTER 4

Sholl Z2 1YL FE B2 02 Eo PUTh B2 (block) S & Y Z AYE| = A 229 shold 2
=9

T H2EQUTh g 2 AEol ES YUt BE, g5 v, 2 Ao dislg ez g =
2t E2 B5YUTh 23 HE 3 (FF 492 3 JHZYEHE AFHE Lo Az 2 E o
HHY Az ARE D)2 ZEEFIYUT 2THE FH (-c oz dezeH g Pl A4
)2 A= BEEQUTh —n AAE AME St B EollA A o 2TYER (RE __main
o) AYHE REE ZE E5JUT T T eval ) Fexec() Z ALH = AL dAE ZE
5494t

FE B52 AP = Y (execution frame) A AFPUth =l d2 22 He|E 3 FH (A ol AF
SHYUhE 23811, I = E59 Ago] 2 Fof ot A o B A Y-S ALT AJNAE 2H AT

o1 (Names) & A3 & 742 ATk, o §-2 ol & A7 A4k ul 2ol wHEolH T,

e} 28 ATl ol B AR B4z AT FA WARSE, import B, S5 B4 42
(IABS U2 B o 58 A2)3 2 S Bool AATTh, 123 T} 22 ATl 5
AR YAE: Y, for FZ 39, with Eo| v except B9 as H. from ... import * FE|Y
import B2 X EFH = EEY HH BRE S AAT YL UEZ A F3lE= o] EE5E2 99 J YT
o) e g SOl T AT 5 A

del ol Y&t gA] o] ERA AZdE Zloz HEFUth(AA Yu)7t o] &S AZ A=
Aol 7l %)

Zrf ol JdxE F2 FHaU T AY ufFoll Ao+ EF ol 58 4 I3, BE T FH S
I BEE)JA ST 5 J5UTh

9o o] ol B Wel A @AW, nonlocal ol global 2 AU A G 0|4, T BF Ao
YT U B0l B SEAN AIA, A BLAT) (25 IE F 3| UE A0l
AV ) BHoF A7 = ol A AL S X, A 710141 915 A 9o B A% WA (fre variable)
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S22 ool Y2+ o]& 7 (name resolution) 1 & of] whe} 24

4.2.2 o]5 2]

oY,

A1 (resolution)

3z (scope)

Sy Ry
KU
[k
i e
g, H e
i e
X
o (i

Wa) 2

G4 B2 A o] R0l AW, 2F A B2o] T o] Fo

J, 225t ol Ba gl 2 ol £3HE BE 2202 Frhgyoh
U

KTJ
I
ot
> L
; <
R o
[ 2
12
X
o
S

M o < 4[>
fu o

(T e

[*]

o tr %

o O
rr 4
=
ol %
[» =+
>
(koo T
i
e
N
o}
N
E}‘i_,
X
il
i)
>
Kl
30,
"
[>
HU
[k
=2
0,
fr
pa)
[o
Hu
jshV)
=
ik}

L L)
3

2 i Ry

)

F A 9o W NameError 9| 2] 7} A s T}, wkek x| 2~
o = A F ol o} & A A R k2 29 W4 UnboundLocalError o 9] 7} &A1 &
t}. UnboundLocalError + NameError & AH Zd 2Pt}
u}
&

-2
=
o}:ol,ﬂ
‘\ﬂ‘ 1)
r

Y

L
1
(o]

ol A7 A4kl TE BF o] ojtiel A A Yol urhe, T BE Yol 4 1 o] 9 BE ALGS
A7 B22 A7 7)e Aor AFAUT o AL AQH ) Ao B2 A A8 o] o H 2 o]o]d
9tk o] 72 B gtk kol Ao+ 419l (declaration) ° §131, o] F A2 A4ko] L= BE 1]
ol At Yo 4 YES HSFUTh TE B2 Ao Wrt B2e] AAE HA A o] F A7
A4+ otk 248 5 AF U

If the g1obal statement occurs within a block, all uses of the names specified in the statement refer to the bindings
of those names in the top-level namespace. Names are resolved in the top-level namespace by searching the global
namespace, i.e. the namespace of the module containing the code block, and the builtins namespace, the namespace
of the module builtins. The global namespace is searched first. If the names are not found there, the builtins
namespace is searched. The global statement must precede all uses of the listed names.

Global BS R BB o] & A7 4T 2L AT nE AHUTE A% Wee] A8 AR kol A
bohel, 2 g Me s Aoz AFEUrh

iy
A
=
r]

[>
Ky
[k
N
qa,
@]

on
=
Bl
o
ke
t
ol

1501 7V 717kol A S8t @ 2320 A oju] 1 olF2 7HE7| =
of Folzl o] Fol S Me T &F 2 oyl = glrpd A9k Al ol syntaxError

= gE U
g goyrh
BE o]F T REC AL YEED ) AFOE BEJF Uk 2P W BEL G4

Zele Qo) BETexec () Heval () 2 AL L b S8 o2 P4 Rul g gt Foa
B o8 e A BT 5 Uk A8 Fs R EFYUT o] FREL ADH A FS A WS E
Ao o] FAA Fvhe S AL}TE o] & A DA FHS wFULh Fejx Fe)
olF ¥ U2 A ERRE gAYt UTh FHl2 EFA AYgH o559 2F =z FYx
gEoz ARPUthHAEEe) 3= 8BS0 Arf5 A ghrith- o] AL Az Az} A el o) E)
Z2AS 2okt o] AEC] FF 2F2E AR A FEH I WEJ U o] AL o2 2L Aol
A gt U
class A

a = 42

b = list(a + 1 for 1 in range(10))
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4.2.3 builtins 2} A|3t= 213}

CPython implementation detail: A2 A}= _ builtins__ & A= 2] A @o}of UH/W/} o] AL Fd Al
FARGUSE W ol 5 37 F= WA St A& AME A= builtins B ES import 8Fal 1719
AEZREE AA A +3 80 oF Futh

I B AYF AdAd W ol —'7‘_} y AP Ao o] 5 374 ©o]F __builtins. & X Qﬁt}i
2 AR o] A2 AV el L} 2 E oo of G TtHF AL 4% wES] €427t A4S th
ZIBEAHAOo 2, main REY YSwlE_ builtins_ 7} WA B E builtins o], TFE 259
S wE_ builtins_ Ebuiltins ZEQ g o] that @AYt

A Aol s o) & e A5k AlRel ohjet 2@ Aol o] FolPuth o AL ke 2L =
g FH e AL FFUY
i =10
def f():

print (1)
i 42
£0
eval () Ztexec() T+ o5 AAS A AT Ao izt FZAo] lsUTh ol F2 TEAHY
A7 A% o] & Bl A AT 5 AUk A5 MEE 7P Aol B2l o) F7ko] ofu 2t A o
o] 2 F7bol 4 AAPULE! exec () Feval () BolE AT Ao o] 2 51+ AR T 45 Y= A

a

7H53 A7t AU T B A B ol B B3

4.3 &) 9]

Syt ol 7t

S A 8 =
7 2 o g 7} Ay

71;‘]54 R Ao A o 94"‘2; A © A Y t(raised); =& 2+
25 B8 ST of8 TS FAND A Aol8 F U5
X 3ﬂ A Eé‘

r‘?ﬂ [ﬂ
H

[

e

t

o

By

lo -{>

'Ef }oll A flnallY?‘ @ﬂ(cleanup) F&=E
A T A o9 7 B AE A 1R A AU

H
_4-0] ne 01] 2] x] 2] o “% 2 (termination)” &S AFE3HU T} o] €] A 2] 7]
wﬂ@ﬂlH“%éﬁ*ﬂ*L“ﬂ%ﬂﬂAﬂ”°ﬂﬂ@?ﬂ
SUTHEAS S5 228 A8 5 tha] A7) AL o191 9 th),
OM 7h oy A= A rﬂﬂ A0 ore ), A ZelEE 2o AP 28 ALY, sty wo ==
EolUYt F A BT, 997} systemExit ¢ AFE A LS, 28 EF ol
Exceptions are identified by class instances. The except clause is selected depending on the class of the instance:

it must reference the class of the instance or a non-virtual base class thereof. The instance can be received by the
handler and can carry additional information about the exceptional condition.

T o9 WA A= gFol A API D E 7} o d ok

T2 shol W) mdo] whd w A glol WA Y
93, TEE of e WA A meleol ) AW 4 9

£ =L o Aol o E81A) olof Tt

2

AN ry T oA try B, raise & AN A raise Fo st A o] AlFH YTt

Vo] gl o] AXE wj o] s+ =7t REo] AodH

rlr
L

Aol EAHA k7] WEduih
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CHAPTER D

o] xx
)T E A A
T o g ol ZEE Jud olghs ZRAAE 5o O BEO e =S dF (2
AL ALY} import 2L AZE A2 o= 7bF £ o)A uh § A3 WL obd YT
importlib.import_module () 2 a4} U import_ () & YT E AXE Jdo =g AL
2 % A
A A

A 2329 oo AT import 54 AW AR AAF AANER _ import_ () T4
5231 702 BRIt _inport__() o W& L inport £ o] E A A4 £AS L o
AHEF YT o] o] A7 Axte] FET A }@ﬂﬂﬂﬁ%ﬂmwt%%img_

import_ () 9 AHITEL RES Y, HAITE, RES e AAHS 3P Y RE
712 E AZES AL o8] 7| A (sys.modules & LTI THE PBAlst= A 2L B4R FHE 0]
ol d £ A7)+ AR, £F inport Fuho] o] A7 AN S ATk
import wo]l A ], = U __import_ () ZFEEF Ut X E A 2H S T &3 T2 1 7
YF (importlib.import_module () Z&)& __import () & AH&3HA &l YXE AEE 737
at7) 913 APl ) hE e A8 S Qg o
BEo| Ay dEE D uf, ol 4L BES N5, BN, BE AN E v, 2713 g ok
Ukok 7 o] 29 R EL W AT 4 9 tHH, ModuleNotFoundError ?:_125{;141:} Jlo]W 2 AxE A
A7t 520 o) o] & BolQ RES 2 Uy Aeke FATIG. o] AHEL 0E AHelA Qe
ofe 717 52§ £45 3 B3D = Junt
W 33004 WA JEE A 2Ge PEP 3029 A T 283 FRIAES A AH g5t oA

FAAQAUEE ;‘(—;‘-7‘]'% SlsUth- AA 2 E A 2H o] Sys meta_path 2 S8 =& Yt} o] 79
ﬂf’ﬂ; L‘ﬂ OIE]E(native) SIE=3 %’—Z_]‘zﬂ]?]l]_/] 2] QYo FLHH g HD]-(PEP 420 & _‘i]_ ‘“.8.)

I types.ModuleType & HA£.
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5.1 importlib

3}
importlib.import_module () + YZE FA&E L 53t+= o] 1H7§'_1mport () ol vsl A%

importlib & YEZE A|A®HI A4S 283517 93t S 73 APIE Al Ut & 9,
| 2 T
H 3, ] 7+t APIE Al YT o AA S Y82 importlib 2ol B 2] AHAME FRIAAIL

5.2 3} 7] x] (package)

SelUe T SRABE AN 43w, 2 E @ EE wEol Fol el Cf 29 e ol
oz FAR LAY gl ol FYUTh BELS 2B o3 o] & AZTEE AT A,
shol & 7] 4] ehe A 2 Uk

N A2 5k A 2do] gl DA e e en A4E 5 AAW, A7 A9 BEe] AN AWORRE &
ARt glonE o w8 R £ 102 o 4514 wotol gtk of A} 244, Tl ele] 2o} 52l
olght W] §8 ST AYYTE Y A2" DA AL, WA AL AZ Ao 248w, 974 =
HE BER oot A A AE 238 5 A5

EAA LA AL ] A0he Ao SRA Y, AW 2T 2 Fel A1 e e
e Aoz BAsY, WAL 59 R BEQUT FARL _oEdyEE xR

e REREL WA AZ ATHIC

All modules have a name. Subpackage names are separated from their parent package name by a dot, akin to Python’
s standard attribute access syntax. Thus you might have a package called emai 1, which in turn has a subpackage
called email .mime and a module within that subpackage called email .mime.text.

5.2.1 A+t =7] A

spo] & 7 7hA T/ 71 AS A FTh At ol 7] 4] 9k o] 5 &2k o 7] AL At ) A £ spe]
3.29410124011 Zxﬂs} zi%aﬂ JH?W%MW At A7IAE BE __init__.py S 7H Tl
°l _init__.py 9ol FAH o AP, 27 0]

nit__.py %42 & 2550

Ed ),
ol st 7“}1]501 Jﬂf’] ]94 ol & 37&-4 olFEE dZg Ytk __ini
A5 Qe AT 2L ol fl TEE 234 9T, ol A JEED uf Lol ¥ /X o ERES
71T
AL 5o, a3t 22 FAA LR v A= 249 parent 3|7] A & Al 7} 2] A B 37121 & A g th:
parent/
__init__ .py
one/
__init__ .py
two/
__init__.py
three/
__init__ .py

parent.one & Y F E S parent/__init_ .py I} parent/one/__init_ .py = BA|ZF o7

APt Fo]L parent.two 9»]— parent.three & X E = Z+7Z}parent/two/__init__ .py
@} parent/three/__init__.py & A3}
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B g} 7] 2] 2] A B 3] 7] A & o] v}
=2 zip Y o] L Y E] T 1} 9po] 4 o]
o) 71 A &= s AI 2" ] A ) &)

AFEt P M REY SR

30 Mo T 0
H
\1

W ooz H Sl

T m
O
ox
r
rH
i)
¥
39
o
+
oy
39,
K
[
o,
By
&
o
4
oy
39,
oy
i
L
o
E

o}

371 A= __path_ oEZRER UWbEQ 2| AEE AFSSHA] k5 U T thAleo] 583t o E
= ARk, 2 7)Ao Tt JZE AR 3 7] A (== 2 JH7]Z]4
ys.path) & AEZ7F AP O 7] 2] T Mo th3k A A A5 o= -’Pﬁg'&]ﬂ] Hyth
| 7] A1 2] A, parent/__init__.py 3] JF . E AN Zotoly] 7)o
ent JAEH 7L HAL 5 3, 2+ A2 & = ol & 3j xﬂ—g’—%u}r/}, LA pafent/@ne
Z‘ﬂ,oiparent/twooﬂoﬂﬁﬂﬁ}ﬂ LS 4 9l . O] A, Fol WL A4 = A H T 7] R

[ 6‘]—1/]—7]— ol E Q [Lﬁul_q__q/ﬂ-_'% parent _LH Z]‘%—ﬂtﬂ' o]% %Z}Yﬂ]?]x] = E,l_x: b]l‘/}
ZF )71 A 2] F 4L PEP 420 & FZ 34 2.

0]

o2 o WO

o
Q
s od

ol

<
i
>,
>
1o
kel

(m

E

o ofNrfo
o
I

ol

5.

w
oY,
>

A2 A A3} A3, ol AL JEET BE ()74, AT o] =9 4] Aol H L F 8347 G
o 845 4545 oI5 & D22 . o] ol &L dnport L2 ATH o1ef A, smportlin.

import_module () Y}__import_ () T2 ALH wj7jHs FH Sy
o] o] J:TL—E A2 o g ‘?_]'74]"1]’3 /\]'&54%3‘“, ANH BE=E 7]'L Aoeg 739 424 5+
FUth ol & S°] foo.bar.baz. o] Ffol, 3ol M WA foo &, 3-‘:]'1301] foo.bar &, u}x] 2}t

©ZF foo.bar.baz & YEZEIHL /\]EEQ}IJD]—_ Tok F JAZETL o] stvtet e At
ModuleNotFoundError 7} 2AI Y o}

sys.modules
A7 A .
JEEGE £ BE o F8 sys.modules o A 21, whek Yrkd A ol YEEE BEFE 2
olx, ZZ A 2= A4xmHYth A2 ZEo] None o] ¥, ModuleNotFoundError & 92 7t} whoF
2 ol Fo] YUY, ol A e R E A4S A% AR

2=
sys.modules 2 2 7|7} SEH UL} 7| & AAG T sl G R ELS 3 5FA = LA WH(THE R EE o] ofF
I REA e FRE FASHL S T U2BE), T o] 59 EE 1’413} NAE F23e) A, th
ALED o] MO 5ol F 1 L EL ThA] ZES WE UL 7)ol & vone & AT £ P, BhE
ol Z E uf] ModuleNotFoundError 7} o] =& w5t}

2 f

l

r
[ or

2E A7)0 o) A28 §ADIY, sys.modules o] AN FRE P2 FF A JEEFUF R
£ A7 22 Aol o7 Fol Fola|of gtk wHel importlib.reload() £ 2& BE AME
AAG AL, S BE S HEE thA ABHA RES] g2 thA] 278 g ek,

53. H 53
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5.3.2 u}elt](finder) 2} 2t (loader)

E’_‘fai'ol sys.modules oA QAT R oy RES ZofA 2 &
Hyrtt o EEEQE F A NEAE AAER TS AFY

7(]"‘] °] G Qe DS AR, FoAR o5 RES FE 5 3

BEFEE Y J AANES JdxHPSL EFEUGY- 84T RES

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

gtol A2 of 2] 7kA] 7| 2 QI E A2 EES 23 YlFUth A WA A2 W REEY AAE
e 9, F A AL 222 25 (frozen module) & 1A 22 5 3, A WA A2 RES YEE
Az oA AAdUTH dxE A2 £ I A" AR uyzip 3td S Ve 7l AAEY HE5YYTh
IS URLE A¥E A= ASAH, AA7AAE = de Adse A== 232 + dsyth
YEZE Zate B 7Fsol A, 28 A2 1S sty A A skddE F71ed + A5y
SRIHE AAE RES 255 A= dFUth T o] 59 EES Fod YXEG A AR ES
8 o3 B 23 (module spec) & EH T, QXE A RES 29T 0 o] A& AHESHA Ut
O AAd2 A H e 290 =2 EF thal & T A8 Asted, dxE EAE 2sH7] 96
oBA MEL ASS WS THGFE=AE TFFYTH

WA 3404 A o] W] ste] oA, RIE 7 26 & A S FAA olAl= 2HE X3eta
Av BE 29SS EHFUN §2E &5 2H7F o AHEH 7= oA R 2 J &2 S4H AU
5.3.3 9 *E Z(import hooks)

Y2E A= 4L =S AASEUSU dAA A v AUS2 dEE F(import hook) YUt F
QX E Zo| Q5T W El Z (meta hook) & Y EZE 7 2 = (import path hook).

HE 52 AXE A9 AFol|, sys.modules A 23] & A2 3t thE X E A gl 50] A ZE 7] Aol
T Yth o] A2 1 °] sys.path 28], 222 25, YA BEES AAYE 4+ A FUch
thZoll et ol, MEF F-2 sys.meta_path o A} 3}l AA|E F718t= WHOE 55T 5 U5F
e,

AXLE FAZ T2 sys.path(ZTLpackage._ _path_ ) A2 dEZ, FHH FAZ 5 b= A A9
TEHUS 2ol Ak e], dEE A& %2 sys.path_hooks 9| A Z2]ES F7Hote P2
TEE T AFYLH

5.3.4 e} 7 2 (meta path)

ZFo]R o]E9 EEE sys.modules oA & 2 sys.meta_path & AAs=4),
HE A& 3y AA =9 552 233 d5UT o] Iy Eo] FoX o] 52 BES A=
S 9 A SAFES A g & find_spec() 2k °1 59 Uﬂ/ﬂEé
T oFgt k=, Ml Y AAE wo} A=Z, (A ek 7153 EFA (target) &
HEe F2 3o & TR o] 59 52 AT 5 J=A A7) sl o deFol A }‘]"Q“ﬂ/\
AF T

,,
° o
4>
0
o
q
)
X

wor e} A 2 HIE /h Fol 4 o B2 REL A2 She HE Arhy, A7 AAE SAF UG, 28 4 9
T} None & 8 FUth ek sys.meta_path A7} 23& 2 F2 K3tal 559 o =234,
ModuleNotFoundError & 4o Uth WASE=E o2 &5 1 F4A] 7] 1, 01:1“”5 =g ﬂ =

gy

HEF AE 3} 69 find_spec () HINEE F YA e AR & 145} ““‘H 12k
GR35 A3 o] E (fully qualified name) ]\/]D}, o & E9] foo.bar.baz. F ‘ﬂﬂﬂ A= 25
AT AR “]E"J?J‘J")r HAH BEol 4% F A AR = None o] A ¥h A B BFo|Lp A H off 7
o) 3% % WA A R A% _path_ o= RE galve A ALY _parn_ol=2
HEE %23 4 92 ModuleNotFoundError = 4o U th A A QA= o]n] 2Asl= 2 &
A le), HAA 2D o] FUTh AEE A2 WS hAl 2. (reload) & W VA S A2 LI

He F2= 3 HY Jd2E Ao tisl o2 W B E 5 s Uth oE =0, W%F_%%O] ofF
AZ A = A O},\):D]- st ufl, foo.bar.baz & YXE 318 ¥, WA ZF el A2 A H (mpf) &

i rlr

Y b
12

N2 1o

o

4
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o 8] mpf.find_spec ("foo" None, None) & Z&3A A YdZEE 3 FYth foo 7}t
AXE ¥ Zof, et A2 E HMH G A foo.bar & YEE 6P—Hl, mpf find_spec("foo.
bar", foo.__path__, None) & E%@'H th 4t foo.bar 7} YEXE HH, whA 2k T2 mpf.
find_spec("foo.bar.baz", foo.bar._ _path_ , None) & Z&34 Tl

oE WEl A2 AN ES 24 B4 QES W A AT o] d YTEELS T WA AAE vone o
old Ao] 2 A None & Eﬁ Yt

spo] 29 7] 2 sys.meta_path+= Al 71 W EF 2 5}l H & 211
S ¢, Y222 RES YZESE= NS &, 3t
0 QHIhE 2% /]2 sel o)

WA 34004 WA vle A& 3469 find_spec () WA E7} o)Al FAH £ind_module () < WA
Utk ¥ 7 glol® 5247 = a4 uh d 2 E A= 59t 7} find_spec () & T 3A 9FokS wfj vt
find_module () & AHE-EHTh

5.4 =4 (loading)

2§ 290 HAR Y, JEE AAe nEE 2P L 2AGA) AD 2EE) & AU o171
Qe 29 34 Fo Yo b Jol B hFAA 1ol AHU 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]

T8 7} 2 A5 AFaol] Fof af of g
« whoF Z0]7l o] 29] BEo| sys.modules of QIThH, JEEL ofn 18 Bei % AU

e ZE/IRES AE Y] Aol EEL sys.modules o A}
(AHA o PR 7) x}/\li PYZE T 5 Q7w+

w d
2 2 o19] 3ol AT gl A (recursion) & B 3131, A 419 A3 1 W 2 =

e 2)o] Ay, A3 RE (32 A3 ZETH) L sys.modules A AAF YUt} sys.
ZAFAHOR 2HYH REEL F|A] 9 Folglo]
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otk gyt o= A LEX A} sys.modules o oA H & 2| =W thul g Y th

* B B HA, obF AR 7] Ao, 7 o] A oA =Kol Y E Aae JxE #d
EEERRESS A TUTHH 9 A ZE o o A “_init_module_attrs”).

c REAYLS 2HYoN Z59 o]F ol MYPA= 2RA AU AP 2 AR 2HI
A 9E =, 2878 A o] o] B A A A oF sh=A] 73‘“&?&“43}

* 29 F ¢ RS o] A Al exec_module() 2 ALH = REL Y2 EQ ol W= = Aol obd = A5
Yo

WA 34N WA QEE 2ol /2 BA HE 2He YL 51
importlib.abc.Loader.load_module () WA Z oA 3= 5}

541 =t

A8 dxE A %'GPUM A2 =

2EE BEE 299 ZAAA V&=L ;q]_:«ah,]r/} 5 o)
=g sasten, 498 2 E A4/ AR UL

importlib.abc.Loader.exec_module () WA
exec_module () o] EHFE= S FAIE ‘4‘:]'

2HE e 2e 87 245 BE ok P Th
- WP BEO] Shold RE(WF RECIU FH0E 2Y5 Lt o] oheh o, ZH: BES

o}
FE=EREY AY o]F FZHmodule.  dict_ )i Ads)of ).
o Bk R E 7L RES A3 EA £, ImportError 2 Y2 Aok Ut} &AW exec_module ()
Sol WS thE o9 % s
e 9ol 5hlE 9 2t 2 AR UTH 18 9 find_spec () MASE 267 sels 2 47
H 293 E8FYth
2 E ET0%E create_module() HAEE FaAToEZH EYS= A0 2E A E W= o 7
AT & Y5Uh F4 AR, BE AH, 2 YopEoln 280 F AR E AANE EFUC
create_module () & 2 & 7“7<ﬂ-/] AEHRESE A48T 28+ g5tk @ A =7} None &

;:._aq_,_uq O]_LE ;G;q_‘_—. /\H _,__ga AAE U]"—qr%
WA 340 71 269 create_module () HA E.

WA 34004 HA: load_module () A E+x exec_module () & AIE T, IZTE Fx7F 29
% 3 X (boilerplate) o] th 3+ 2 o8 ).

ojw] EAse RHEHY 3&S A, dEXE A+ load module() HIA =7 A8},
exec_module () & P33R ¢S W load _module () = AT YTh 3FX T load_module ()
HAH Q5 26 E A exec_module () & F& & oF )

r{o

load_module () M EE RE= %]3”3]' A ol Yol A AF3 ZE F5 (boilerplate) 21 7] 5
T A5 ofrt ?J‘/]D} L2 A Fsol B 7‘4*0“5]?[1], F7HAN AW S 2olEd:
* WoF sys.modules °f -7—01{] o] 59| 25 AA| 7} o] EAY8HH, 2= WEEA] I A A S AR

A 3]
oFstUth (18X &S W, importlib.reload () o] 24}
moduios o ol o) el BB o] GO, £u Al 2
oF FI .
« At gle AL oAH W 2HEHE A WASH] S8, 267 EE ZE=E A6 Hofl ZEl
sys.modules o] £X| oH of gt}

o Thek 2 o] A, 2+ = sys. modules o] 4¢3t &
AAsMFsaL, 2H7F I RES AF YA H LR 223

pal

[e)
2 SASHA] ofAl |y th) W sys.
AE e sys.modules o 3713

S Al AN ok sl=H], AT RETS
ol ek el of gl

WA 3594 HA: exec_module() ©] Y H YA T create_module() o] FFH A o
DeprecationWarning ©] 23 g T}

=
=
3

2 importlib 73 -& Lﬂ T A AMgeA g5yt tiAlel, sys.modules oA BE o] &2 23] 34
AP AL AR YEXEHEEE °] sys.modules o A= A& vhE & dtke &‘%“4‘4. ol A 3
gho] M FA A FF f'f_DP AR gsTh
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B A 3.60A WHA: exec_module() ©] BT A T create_module() ©o] AoFH A ¢y
ImportError & 4o zYyrt}

(el & E o], importlib APIE, import Y import-from &, W&
TE Y, MR EE AR AZ S BR BEY o5 &t o] F 9

spam ©| A/ B B & foo & 7}A| W, spam.foo & YZE 3} ZT o= spam 9]
= =)

= H

Ut} te 3 22 HaEe 22 ¥ o) duka gtk

and spam/__init__ .py has the following line in it:

from .foo import Foo

then executing the following puts name bindings for foo and Foo in the spam module:

>>> import spam

>>> spam. foo

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

<class 'spam.foo.Foo'>

gto] M o] =3t o] 5 A oA B uf oo AE HY & JdFUTH AR AHAANEE X E
Al2a"e] ZEZAHQ 7| 5dYth & F32 o]g t}: 9HoF sys.modules['spam'] I sys.
modules['spam.foo'] 7} W (F19] X E o|F 9 Aej 7t 1 gFUh, FAoll A= A2 HEEA|
ol A= A9 foo A EFFE 7L H o of it

= =
543 & ~9
UZTE A= YZE S 4 25 U oS AR ES ALY, £33 29 Aojl. gl E AR =
HEREY FEO EE 2 X2 o] AXE A JHE HEHE 8 %= AYYth
PZE FA 2GS AEEH LB 7 QEE A AR A 8 4ASE AGE S UdFUTL A E S0l 28
2895 HE = gdE e} IS APt 2 2. Mg 5838 A2, A2 E AV R Y FF ALt
(boilerplate operation) & 3 & = JEF 3t= A YUtk EE 23] glotd 267t BE IS A A
Hdyth
BREY ~H2 BE AAY _ spec_ JEFRERZ =ZF UL BE A3 Y Lo tf st A3 AL

ModuleSpec 2 H A 8.
¥ A 3.40] Z7}.

% 2H7t RES W) Aol BEY 2do] AxHN 4 BE AR o

__name__ oJEREE BE 93] A3 (fully-qualified) o] Z 0 2
Q34| (uniquely) A8 81= o] AF-2F U Th

AR oo U ©]

OB AXE A ~H] RES

__loader__
__loader_ OEYHEEREL ZET U JEE BAIAE T 2T AA 2 A ofof ),
o] e F= AET 7 A (introspection) S $] 3 A o] A vk, 24A ¢l 2rjo] F3d 7] 5EL 9%

20712 FuUth ol & 50l 2T et 23 Hl ol H

it

At Aol YgUTh
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__package___
259 _ package_ O|EHEL e AR ojof Gtk e EArdolofof v,
_name__ %} Z& Y F ds5Uth BEo H7 AL UH,_package S _name_ O F
‘A7 olof Atk 25 o] sf7| A 7} o d wl, 2 9] s old Hl —rx}‘ﬁi dAH A, A E EEo
W RE 37128 o] Fo® dAH o] of huth T A & W82 PEP 366 & 7‘26}*114-
PEP 366 o 95 o] gl50], ¥ 9l BEA JA A A4th JEEE ALE W, _nane__th4, o]
OEZREZFAEH UL __spec__.parent 3} 22 F A Ao 7tfg Yt

WA 3.6004 HA:_ package_ 9] 3to] _ _spec_ .parent F} ZE Z o2 g Yt

__Spec__
__spec_ AEFREEEREES YZE T ALIRE A O Z AT oo Tt _ spec_
S A3 AAS= ALz B} F5E = S 275l = RES o upER A 2 A g5 Y
D}. SE7EA] ol €)= __main_ A, ofE o __spec__ o] ojH %‘%OﬂNoneﬁi A3E YTl

o]
_ package_ 7} ALY EH A o™, A
WA 340 F7}.

W 3.6004 M : __package_ 7} B H A koW, A EE _ spec_ .parent 7} A&
Yt

_path

Eol H7I AW (B = ol ¥, BE 7“24]-4 __path__ AJEZHREZIEA A= oo}

?:MT% #ZolHHE OIQOFG}% A, _path__ 7} &= 9u7tgled vl o HHEY 5 A5 h
‘?}%_path_ 7} vlo] Q12| ¢FThd, ©A S HH TAE S AFslok Ut __path__ 9 &u]
st ZpA g &2 of el of] vy EP-
7| A7t obd REL __path_ o]ERFE7} glofoF Tt

__file__

__cached__

H\
o
H
)

lo
ox

i
i}

30,

v
-,

2
i

o

i)
E

ol AAEERES g gagolojol Ty T AxE
NEZEd BE

A|l~EHe REEH RE)  file S AAASA LS
& 9%t
wheb_file_ o] AAHW,_cached_ 9 AR sE Ao] AR 4 e, ZE| Aot
HA(AE 50, vtolE AL 3td) & 7Hel 7= AEJ UL o] JEZFEES A 37 930
stdo] & 2o T B8+ %i%‘/l"/h d2 = ool HAodH stdo] ojor & X Vel 5
IS5 LU THPEP 3147 € EA|R)

__file_ o] HAAHA S W%, cached & AFIE Aol AT 5 AF ULt stA W, 1
Ayl ol A FYJULE $ZFHOZE, ZH 7} file ©|Y}_ _cached_ ZE2EFRFE
AB T, el 20 Y RS 2ER S AT FULRE 4 ZEV 4 ALY

ol 5] 4 Q) Al kel 27} 4 et 5 95

5.4.5 module.__path__

Ao w2, 5ol __path_ JEZREZI oW, o] RE-2 7] A Jth

7] X2 __path_ AEFHEE=AEA7AE 2GS o] ARETUTH AZE AR YA, 2 ES}
FUHRES AT AAEY BEES ATt HoA sys.path & 2L 7|52 25U §H4
__path_ = X F sys.path B0t Al F 2 A o] w5 th

__path__ £ ZAEY olg g Eo]A R vl S 5 AFUTE sys.path I -2 5 o] 57] 2| 9
_path__ o= AL, H 7] A9 __path_ & 5= 5 sys.path_hooks (ool A A3t
tholAl A4S DQ‘/]"/}

7] A9 __init_ .py FYZ 7| XY _path_ AJEREE
PEP 420 o] A of| o] & ¥+ 7| A& ‘7‘64'5]"‘ el OE /\]'*0‘%1 1/][_4'
FZF 7R 7} __path_ RZ E

UYEZE AR AFOE o5 F

o

o}
= e
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7R AHoR, RE BES AE S WShrepr 2 ZE AFUTH AT A9 AEREESH Z5 29
A= ASo| upeh, BE AA O repr & & T WA HO 7 A& 4 dHUTh

BEo 29 (_spec_ )= 7HA Y, YXE AA= A ERH repr & I AIEF YT 17
AstAY AHo] glod, AT EANAHL BENA AFHE AEE 7| Erepr 2 A F Ut module.
_ name__,module._ file_ ,module._ loader__ Srepr? Yo7 A}R38] 1 A= 5t+=d], w

AARZRE 712Gz A Uch
AHEE T Q= ABEE 2L olDL YT

« 2E50] __spec_ oEFYHES A, A5 o] 9lE FHZ repr = A4 Tt} “name”, “loader”,
“origin”, “has_location” o] E 2] H E & o] A2 Ut}
5]

* 2F0l__file COEIFEE /AW, & repr o A2 AHSH U

* EO]__file OEFFEE ZA GFA U None o] okd __loader_ S 7FAW, 2T <] repr ©]

EE repr o 7= AHEH U TH
« 287 ko repr o] RES _ name_ 2 AMEFUTH

WA 34004 M7 loader.module_repr () & Abgo] H A= QI oA & repr & FFE=T
Aol ofsf) g5 2 o] AL gH Yt

gk % 33342 3 A iﬁw S 93, 9] o] A AW s

o
module_repr () WAEE & A ZF repr% o}

o] x
v

i—‘;

Hl

E

N E37] o], whef Fols o] glow, 2
S}A 7, 2 W A = 9 A5 gl oh,

5.4.7 NA € vlolE = 253}

go)Mo] .pyc AR HE A H ulo]|E TS 2T 17] Ad], WA 7L H A W AAR] A py LT
Ut 7|2 Ao w, glo| W 220 HF s B zet 375 A S vE o 3 A%
A o] e s IUTH AFPAITbol|, YEZE A2/ L FRA] shd ol A wl e H o] B & 420 W E

tl ol el et th28to] 7|4 B o) Fad S AAEY O
shol & a5 Al 71 A A] 5L A D Al &
A E AZFUTE BIAl 719 cpye FFL o= F 7HA] WE o] sy Th: A AFE (checked) 7 H] A ALY
(unchecked). A9 31 719 . pyc o] 39, shol e s A A S A AN Z A)A) 3t
A9k vl wate] A TFle] 5L AATUTH AAE FA] A8 A A 5L o] LEER] ke Ao
FHEH, sto] W2 A S A 843 HAAH S A 718 AAA] 3Fd & v U o Bl A AL
Al 718k cpyc 3HA o] AL, sto] WL Thed] A Gt o] 2T A FETIL 7HA T T B A]
719t .pye Y 34 AAF 5 &2 ——check-hash-based-pycs S22 A A E 4 Jd5Yh
=]

WA 37004 W7 A A1 pye AL RS UL o] Ao, Sho] A& ol & 1= A A9 B
28l 7] R e A AW S o

52 v g ol thAloll & 519

55 A= 7]k shelt]

oA AF Aol fo
g}ol | (PathFinder)

A2 o7 712 vet 32 FAHES 23 Y%tk o
e, 42 A=e] 59 252 P g YEE 3

I.(U_/

A AEERES 2 22 AU

AR A SR E A4S WS QR E S Yol A E ok Aol AUt oA, 2 32 AEe)E
GASA, 222 TAR A2 A= S THEE WL ol Aw A= shelv sl BAN DU
Az Aee HIH 7|8 AT A ALol ] BES Fd DLW BE AYL TASE, o]
2 42 TE (py HAE), sl 4 vhe] & T E (.pyc HAE), B eholHele) (o1 F Fol so HIE)
9 22 54 PSS APk TEeol B9 zipimport REY AUS WOH, /B B =
A=el Sl u o] BE A (F§ ol B S AN A5) S p ISR E 2T Fh

A2 A= 7k 5 A 2de 9A2 ARE B2 gtk URLe G Hl ol Hulo] 23] 24 d e
A3 % gl ol | S A = Zbs g

5.5. 72 7|4l 5}y 59
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o

o L c ;[0
o
fdr 1 o flo o
ot
M
rJ)
il
rIo

AR WA E A s P2
TR AFYIL AL S

=2

[t

(m =

e 38 Ho 1o

21 [y
o, o
o
5 R
(m

=~
g

ool AYe eEEe
SR E N

-

A A e o &

=

Al 2 o) AMT o] e ASE v fl, o5 32 ol o} 4w
e o] 1910 B G0l B AHESHA PR Rk NP PN T
A RS QEE DA %S P 0 7 ST SA T ol ATo] v RoA ke AL 7
S ol oAU 53, vEk A2 AT AEE B39l Aol AL, sys.neta_path
58 5o Sol gtk

Hol|, 22 dEz Qo= A2 7|9k 3o 738 AAQdd, At F&E 7|9 31A 5 7} sys.
meta_path 2 FE A AT Y, A2 dE .

|

o
RS
e
b —
i)

ofo
o
i
>

r]r °¥0

Fu
ro
An)
kY

r[°

(Eodl ok
1

i)
rO
o,
lo
=
juio
flo
ne
i)
}o{[
e
iu
X,
5§
r:[> o
L
_Q

i

A= ) shel = A EAD A2 A 2 A4E stol i RER YA E 23 2EshE AU

AUtk BEe A2 A s 3 A28 A2 e ANA W, o] Aow #4E Dot ey

Wk A ShelE 2 A, 3 74 5ol T £ 9ol A9 Find_spec ) ZREFE FURT AU
Fo| JEE A= o4 oA BAH L 2EH A& AnF vho| 2abet] A8 E 4 Yk 2o £L

xﬂ S

A=z 714 gy = A MY HeE ALY, sys.path, sys.path_hooks, sys.
path_importer_cache. 3 7] A A < _path_ OJEFHE ES AL HTLE o]AEL 9%
QAL ALE ROl 28 4 gl 77k BHE AT

sys.path = RED 7|4 A4 938 AT EAL)
wsolofe 74 4A 9 78 54 1RGSR RE 2759 Y
A9l T E RIS} dp A & 71e1 713, ko] A Ao 2 @
252 1) S 71e] D 4 Y], URLO| L dl o Ej o]~ 23] 2
Fulo] EQw Qlojop itk The BE §e FAP Uth ulol=
S0l o) 249k

lut

“ﬂ”—\iJ&n

7‘4/\“ 01] AHeE £ 9= “X]'/\‘E‘”(Slte

sys.path o= A4
270E A= dE 3y

AE 71Nl & UﬂE} A2 9kl E o] 7] ufFof], Gl A A Kol AXE A= FE 7|9 54l 9
find_spec() WAEE SE3= 202 AdXE F& AAE A 11'51\4 t}. find_spec () o A FZEH =
oatn AL BATEAE A oA |k 5 714 ol A YEE ST A parh
oJE2]RE. path Q1A}7} None o] W, H A9 YEZEE 531 sys.path 7FAHSFH Y th

Az A sne 44 Ane] RE d=eg 9, A Ae vt 489 4w e sl
(PathEntryFinder) & Zr5Uth o] 22 H|§o] Wo] E= AY = JonZ2 (o & £0, o] AN
o) sa) 552 AL BT AE 5 ArTh, 42 0 ST 42 AEAE A2 AEe) B2
o2 v sk= A E Fe] @Ytk o] HA & sys.path_importer_cache o] FAH YT (o] Fol =

E731aL, o] A= d2E AAZE AT A k3 AAZE A AAE AZFTULH. o]d HHo g,
=4 4w e A A dse fold 9w AAe oA 3w sAR UL A8 RS
sys.path_importer_cache & 7JA] AEZE AA A A& 71wt FJo g7l 2 A2 AdEZE thA
A e e 2 ol Ao HetE Ty,

A2 A7 A flod, F= 710 9FQI B = sys.path_hooks o] Y= BE EHEE= FATY
th ol H5o A4 e dEe] %2 AN Pz dE] A T HE AFRHA EESH U o] EHE2
2R AEZE D}%—’F%\h%‘i Aeg = "J‘ﬂ%%ﬁﬂ—ﬂ‘)ﬁ ImportError 5 4AIZ & syt
ImportError &= ZAZ 7|93} {7l ofH So] Fo]A AR A EZ E YN A2 dE Il ELFAT
T ee e vl AU o dlfle FAFHL dxE AE A ASE YT F2 EAL ol
HolE D& 713115110]”?143}, Ho]Ed Y] Q139 Fg ol

do

AF QL Fo] AAFIA(NE S0, L A"
UTF-8 o1} 7 9h9] b2 9 4 5] oh, Bhet o] o142 Ol ma e 4+ glo

A oF .

WHoF sys.path_hooks ®A o] o} F = dEg] 3 & A ZotH
find_spec () WA E+ sys.path_importer_cache o None 2 A] &3} (9]

W ImportError &

3 °ﬂ A iCOﬂ/\'] sys.path_importer_cache oA imp NullImporter & AAAEAE 2H= 7o) 7153y
None & AHE3LE 5 M AT 21 AU th v AHA & W] 82 portingpythoncode & F2 344 2
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G 7t §la& 7e 717 ﬁoﬂ) None & EE|FHA o] Wle} J = shlH] 7t RES 3L+ 915S &Pk
TeFsys.path_hooks o = o= st AR <lER % g Eo] A= dER] 99H & =374,
slEo] BE A3 ﬂa}ﬂ Aol thgoll e s 22 Ego] ASgUTh RE A S RES 2HE

uf AH-8- ‘4"/}-

A 2+ ] & € g (current workmg directory) - ¥1 EAg 2 T AT} - = sys.path o] Y= th2 <
=olEa b ved ARt A, B4 A OAn et £ASA ol BATE ays.
path_importer_cache Oﬂ% obrE = AFEA syt EAE, A A dHE = 4 BE
zZ 3] vt} A} EFG Utk AAZ, sys.path_importer_cache 9 /\}_&Q &2 importlib.

machinery.PathFinder.find_spec() 7} E8FE F2E ¥ EXgo] ol AA| &A] 2y ¢ =

B2z gyt

[‘

55.2 A2 e sl Zz2EF

9 27134 71 A 8] X EE A YAl o] F FH Al 7] A o] ZH S E olupA|E17] 95, A= AN E g
_er?_]I:i = find_spec ( Uﬂ/ﬂEE T+ oF Tt
find_spec () & F 719 AAE DolEdUTh: A2 E & RE9 &3] A3t o] 54 (A= 7He3h
3 AR flnd_SpeC( ) 2 ko]l A3 AN ZEY 295 EHF UL o] 292 A “loader” 7}

AARFYUTHEHEA 9] 7F dF U Th.
s o8 F1He) = ok
“submodule_search_locations
WA 34004 HA: find_spec() ©] find_loader () & find_module () & thA|st=d], E t} o] A
H A= PS5 UTH find_spec () ©] AYHA] oW o] AES AR Y]

89 A= AEF AT find_spec() B4l o F A AN MHESS FAT 4 A5 T
ol N EEL2 A T8 wf o ofA = AFEFH YT AT find_spec () ©] AE AE 32T o
T, A-d A EES FAFUTH
find_loader () + 342 O]XPE ol YU, dXEHE BFE .
find_loader () t2Fee edFed, A WA FE2 2rjoli & WA 52 o5 w3 24§

gk,

KGR
i

e s d2E dao &7 6, 4= JdE Fdd=
%3 1793

JTE 22 EZFO] D}% ka EJJr«l HA TR ES A8, B2 A JE AHE2 v A= 3HdY
7 A dete A 23 AF A find_module () HIAE EE?} AQayrct A9 A2 dEz 5oy
find_module () AN =& éipath ¢l Z]'EEZEQX] ASUG(AAE2 FEZY Hx S0 13

St A2 AHE 71 e AR 7|t Yrh.

A2 AEF 3AHY find_module () HIANEE A2 AdEZ A7t o] 5 7| Ao o=
o) utA BH= AL 5 2HalA] ¢F 7] wj o) 3 A H 04%141;]— vteF A2 Qe g skol o find_loader () &
flnd_module() o] RE: 2R3, YZE A 2=-L& A find module () THAl find loader () &

sz

l

5.6 E A AH FA 6}

=3
N
ukcs
Hel

Qe A28 AAE AR A2 P AR 9 WAUZE sys.meta_path 9] 7| FES BF
A, A2 BHE AR SER A9 A

RhoF QX E A A'S AN LS T2 APIS O] 93-S F4 3L, &A 9EE £ #8402 s =
Eo09, WA __import_ () ¥FE AAFEALE FET S5 JAFYULE o] 7IH2 5FH ZE Yol
A9 O‘JE T FANE HANEE BE FFA F8E = JdFUTh

HEl 2o & Q= Fo A ojH BEY YZESAHEHFH 0T o HH(RE YXE A|2H S A3
H| 84 3} 31= thAl), find_spec () °A] None & 525+ t)4l, ModuleNotFoundError & 42 7|+
AL 2 FRFUTE AR = v e A= QA S A&l oF stk 22 A A8k HHH, 2] & o 7]1d S 4]
FTEARYTH

56. £F Y= E A28 ZA5}7] 61
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AR WA A2 s
package/
__init___.py
subpackagel/
__init__ .py
moduleX.py
moduleY.py
subpackage?2/
__init__.py
moduleZ.py
moduleA.py

rlo
ol
ol
X
4
sl
b
[t
8

subpackagel/moduleX.pyY subpackagel/__init__ .py BFoA], t}&

Y}

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

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

AU dZEE import <> EE from <> import <> EHS AL ¢ AL AT I E
FAW BT 5 ATk L o) fE

rlr
n
rE
=)

import XXX.YYY.ZZZ

7} XXX .YYY. 2225 AFRE 5 Qe B A 08 =Z61A 9 moduleY = 7 &3 T3 A o] o} 7] i &

k.

)

5.8 _ main__ o tj3t 5t

_nain_ BEE OIS AL NAYolH SAY FEYUIT) 012 ol AFAK],_main_
REL2 sys & builtins AE A=z A Z o) A4 2713 Yt AT, o] T 9= 24,
O] AL AUFA WG EERZ AFHA 5UTh 0] 22 __main__ o] 273 F & Aol JIHZEHE
AFT o F= SR ke FHEN J g W) o= J Yot

5.8.1 _ _main__. spec__

_main__ o] oj@A 27| FH =X wa},__main_ ._ spec_ 2 AAH3] AAE 7% 5}1 None &2
PEEEER IS

Folpo] -mFHOe R A ZSH,  spec_ M= RECIY 7| AL BRE 2o ® AAFH U
3 spec_ 2 __main__ EEo| JHH e }zip Loy thE sys.path AEE AFPsh= L1

cduf 2 Wgo] AAAF Y
UMz Aol __main_ . spec_ 2None 22 AAH <+, main_ S A¢Ed AMREH I=

A QEE b5 BEol 44 oS etA g W2

s 3y =E2E
—c¥A
s EEYHoR Y
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« AaggolbulolE TE Bt R RLE 23 A3

upA 2 ol __main_ . spec__ ©] &/ None goll Fsof Futh AA I stdo] Ve H o R
REZJZEH ST 2FFUTH __main_ o] 28IE ZE vlElg olE7F 22T -n A A S
AH&-f oF g T}

ES__main__ ©] YEE 753t U%"ﬂ 3=, __main__._ spec__ o] A3 A= T} 5}
g5, o] 2 A3 thE REE HAFH o =3 F?JHD} O]Z2if _ name_ == "__main_ ":
AANZ YA EF 0] BE _main_ ol T A wivt Ay I, kA dEZE = A

Zolm
B A et AR ol Ed Yok

XXX Ex7F oW A=A}

XXX * (import_machinery.rst) 2 &3} 3] 7] 2] 2] o] E g
2l b so) Ao gl ¥ FEES &A8HA

XXX 2ho] 52 2] 47 A 9] runpy. pkgutil 55 A 9 EE
2 ojoput G,

XXX __main__ o] 27]3FH et W E T A2 9 2o of shp?
XXX __main__ o] 7ttt E g/ gl th 3k A H S F7FekAF (5 PEP 395 o] AR

|

510 Iy +¢

QEE AL st A 237 RH 4F3| AAFE U EAE Y ol Fofl k] A FAGo]
A5 971 A A2l 5714 7 obd 18 5 A elsls e

PEP420t§JroW 339 o5 w7974 E =EUAF
find_loader () TE2EF IA| =YPS5Uth

PEP 366 -2 M 1 5o Ae] HAAQA A JXEE 918 __package__ ] EFFHEL] F7}of &af
Asial 5yt

t}. PEP 4202 find_module () & tj¢to g

PEP 328 2 Ao} PA A ) AZEES = Y8taL PEP 366 ©] 2= __package__ & AAA H+=
N3L %70 _name  ©FZ A ¢S U T

PEP338 2 RES A2THER Ad3+= Z1S ATyt

PEP 451 & 23] A7)0l 25 QEE AEE R oF5he AL 2AAFH T 20 50| ol AW o e
FE I AYEL QEE AR §77IE AL Uh o] WAL JEE 2D o2l APLES 548}
£= UEAL, BTt 2riol A MAEES FAG/E AT

59. dd olxv & 63


https://www.python.org/dev/peps/pep-0395
https://www.python.org/doc/essays/packages/
https://www.python.org/dev/peps/pep-0302
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6.2.1 2E 7} (o] F)

ot A A o5 Y Uth o3 Ao tisi A= A Ao} 7] 9= A, o] 53 AZ o
o] 23} A A (binding) A4S HA L.

1ol AAlel A2 2 o, o}F9] g2 F3Hd AA 7 Syt o] 5ol AAH A %= o, = 73t
5} NameError |2 7} o gy th

0] 7 ©]& ¥ 41 7] (private name mangling): Z 2 A 2j o 533 A AL F AU T o)At HER
A &AL, F AU 2 oo WER ZuUR] ko, 7 FEj A9 vF I o] & (private name) ©. 2 T T
HF N o]l 52 2 S A T =7 X 7] Aol ¥ 71 Fef2 WP ) o] fgh2 1 o] 59 ¢
2 o] 5 AYsted, Fela o5 A L= EEUES A AT T, 3t UES S o
o & £0, Ham o] 2k o] 52 S0l ABA __spam ©] S5, _Ham__spam &2 WH Uk
o] M3t A EATL AFEE = A EWe FAFUTH HEE o] Fo] FHH o F A (2552 R T
4w), o] FYst Zep 7| 72T 5= AFUTE S 2 o] Fol REEZ T FAH] o, HES
doj A o5 Th

= O

6.2.2 2] (Literals)

gpo] W2 A vio]| ED B H E 3 o 7HA] kAL Bl RS A d Yt

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

JHEY g 7Y Fold YRAD, vhol =@, A5, A%, BAS)F T A g e AM I U
Utk A5et Base F9E 247D & dguth A4 HEL elE D MG BAS.

BE e e 20 ol e gl B8ty wiEel, AA o) chol e e gk Hrh € F P Th 2L g
ee ol ] WE A 02 ghe TohH (2P HAE 22 Fao] QAL THE Foo S uf) 2L
AAE QL FE YA, 2L g THE AR E AL S E JE T}

parenth_form = "(" [starred_expression] ")"
ZF o] YL BHY BFL, £o0]A L RPA B0 ek Aol Uk BFo] Holx shie)
HAEE XS, Tl FUth 28X o RHA FEE AT EY d 4ol HUTh

B 2 g N BE ARE BEUL 52 By wj o] ey R 2 FH o] A8
& TR FE2ZE2AAL o5 J0 A &S T 5 YdFUTh.
F2o) 23] 95 WEoI A= Aol ohizh, 4 E AAL) A wlE ol ke Aol Fel s of gtk o9
LNl 52, 237t B FgUT — AN BF & “9lS (nothing)” & et AL RS TS
et A4 DA sk QEFE O] Ao A 2 A= A T A YTk

3 Al
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6.24 A E, J3L, Al tyAaEH o] (display)
2B, [ gAY & T3] A6, Fol M2 “t] A~E | o] (displays)’ Bl 2+ 5E 3
= 2etd 2 Al g
« oS gL BAA O GasAL,
Ao 2zl e F AAES 55 AAE =, A= A A (comprehension) ©] 21l B H Ut}

AzeAdY F £Y L2452 olFunh

r{m
m{o
3
N,

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" or_test [comp_iter]

d=eldde shiel BRAT 1 9E a0 S for 23§ olE ) for wx s
Az PARUT. o] 4%, A Ao e 8258 7 for T if o] AXo|N LEHOE 544
B52 0|23, 7P el Qi SR04 EBAY e FalA wEolW AT AU

AW, 71 A% for Aol Y= o HHE RAAL AL S e, AZANL T4 49
szzo) A AP Uch ol F7 A target_list oA thYH & o] Fo] SelAe ATz “Rp

H A EE gyt

71 459 for Ao olHHE AL, EeiR= 2Tz A H F7HE o3, FAIACE FHE
27z AR Aggynh A2 for A3 7PF 9% for X*«] REEH 2L, 7HF 9% olH

B4 &2 gl w}a} detd ¢ Qleng S 2T FHE 5 gl A& 9, [x*y

for x in range(10) for y in range(x, x+10)].

AZARL B ALY I QAL ek, AR U 2m 2o yield Syiela

s}o ]M136‘:’E1,async def ol A=, v
A5UrLh async def &5of Q= Az
4901, 719 for Yasync for o] &

o] async for oY await T H 4
EHUTh ¥E7] FzdAdE T4 0
530 & FxsA L

W7 3600 271 v57] Az Ao E= A5

7] olE ol & gA37] Y&l async for € AT 5
A2 Aol he+=xdA Foll for Yrasyne for dol &
_/'\_ A S }\]._9_‘0‘]—/\ 01/\14\:]. 74_1_17/]5]]/\1

Ly

)
2
l‘ﬁ I“H

3} (asynchronous comprehension) ©] €Fal
e el gao] AAL AN £ A2 5 Atk PEP

6.2.5 g AE T]AZ o]

g A E t2Fd o]= t 23 (square brackets) 2 & & ARl & A1 o] L At v]oJ l& & AFUTh:

list_display = "[" [starred_list

comprehension] "1"

BAE gagyole
O]"\l,]q_ -r]_u.i_‘_
I EAUE 2 2E AR of 4 d%ﬂﬂ. z
O/\Ei?./\-]gqq

i ﬂ
km
el
O ‘l>~
lo
I
h
o,
[kl 2

6.2. o}% (Atoms) 67
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6.2.6 Y3 JaF o

A gaZd o]+ F23 (curly braces) 2 EA|H 11, 7] &} k2 & 2] 5t T2 (colon) o] gl 202 YA
del tazdols T2E 5 gy

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

A ool A 7 JF AAE v, 2 W& A Ada U A=A d e g2 A4 F
Yok 9EE P9 RAA BE0| 43P W, 1 2ASL AR LEXOE gho] LA, AF
Al e AUt Azl AlgE wf, JF2 Az AR 5o A= R 4ASE AP YT
WS () 22 vEold 5 glsUth; o] gl E2 Wl gAY & v Yth

6.2.7 9A4e] t]AEd o]

gAYy e gaE&d ole S &3 (curly braces) & &2 A2l 7]/d] o] B] o] LA ) vl o] & 5 AF U th
dict_display = "{" [key_datum_list | dict_comprehension] "}"
key_datum_list = key_datum ("," key_datum)* [","]

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

dict_comprehension expression expression comp_for

gxde gagdels Al 9Md e A€ vsyth

QEe 28 Aol g e Ndart Fold o), TASL A% L 2R Fro] Tal AL YAY
2o =2 5L Ao Th: 2 7] AR G ol TS5 ol ol B & A Ae vl 7= g8 YT
AL AL BB L A8 ol W AAT S drh Eold, 279 S ST L npx ol

Folzl Aol Yt

= 7}9] of A 2] A = (asterisk) ** = B 2] A I 7 (dictionary unpacking) = LEFH U T 3] A A xp=
o} oo ofel Bhuic. 2 vh ) =S A DA o] E/RE U Tk $ o) @& gt o] e] 71/ ol e Aol i}
kol g e A A Wi Rl AFE RES wAFYTh

W7 3.50]] 7} PEP 448 o A A& Al ke g e tagddol2e] o o 7.

YA FZAAL, 2 2= Qg F el Ao ohu)sI A, AN 9 “for” 9} i A Yo FEOZ
elf oo 8R4 Dew PUth Azeldde] AR u, ol At A9 gk LaFe] BEolA]
£ #AE G4Vl 48Ut

7gke] Goll that A ke e A EEY AF of A Utk @t 2 92 5 ks
slof v, BE 7bd AR Sol AP UTh) FEH 29 A5 A Sai: 2014 6]
el A S A (A B o15] A B 9 e A o

W 3804 WA 3ho] 38 o] Aol dMve] A=A, 718 3o B7E A7 & B Y= o
9] 2] okt th. cpythonoﬂ/q Zro] 71Xt} WA = . , PEP 5729] A ¢tof u}z}
7)1 7} FrE vk WA 7 Vo

6.2.8 A7 o]E] =32 (Generator expressions)

Addeols 842 Z35E SR A Aoy 27 dth
generator_expression = "(" expression comp_for ")"
Avdely A2 A AV ole AAE UL EH2HZ3USZI A 235 E S8t

Ak A o) ohd Az el A AT 25U,
Aveol e ERAA o) A8 L WSS AU AA __nexe_ () WAL 5ED o] =257

>
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(aaity) o] 75 (D A 9112 oA 9 eh. 2 b8 889 for o] gl ol

E R@AL2 SA] ghol oA, 2R ) BASt= ol H= A WA ghe] AAH = A A

A o e ERA o] BoH A AN FAFULL. 5% for 3 7Pg A% for 49 BE B 272,
4 9% ole e Bel 4 7hA & groll wheb ekl 4 Yo SeAt Anme A B4 4 glgyt
o] & E0]: (x*y for x in range(10) for y in range (x, x+10)).

w7 shupe] olAul gk

o
A ole &4 AA L ]EHE]% A 4k
yield @ yield from E&AA]

r]r
l

A+ d5Uth AT &2 22 Ade 2A L.

W37 ¢27) Y, BA A7 Aol H Al g o] e o A

I L l-o{[
HHN'
r{o
n[J
ﬁ r

lo

A& ole &8 A 0] async for Zojt} await A S £ 3]'?‘1 157] Ay g el e 284 (asyn-
chronous generator expression) ©|2t3l B H U T v 5 7] Alvd olE 322 Al ¥]5 7] AlVd olH AAE
EFEd o)A H% 7] o)g#olE Jut)(H] 5 7] o g & o] (As;nchronous Iterators) & ZZ23HH K).
WA 3.600 F7F: b5 714 Al g ole 28 A o] = AF T

WA 3704 WA go] M 3.7 o] A=, H]Z 7] Al ol E] B3 A 0] async der Z=Eloful LJERS 4
AAFUTE 3TR-E =, BE 57t 31571*] Aol 84S AT 5 AdFYtTh

WA 380 A WA yield ¥ yield from2 BA|AOZ Z=HH A2FZ oA FAH Yt
6.2.9 Jd = 32 (Yield expressions)

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

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

def gen(): # defines a generator function

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

yield 123
SR 27T U RA4EOR s, yield BAAL AxAAT Ao BRAL THE
EREEEENE FEE PEPEEEE PR P!
SASSNN E: U HALL FARIA A AN LU E FAFE A 48 & HA Ao
EEPCER R
Ad e ol e thaolA A dyeh Rvidol s 7] Alda oy & vls 7] Alve ol H &
Ao g Ay
Aol gzt o 2d wf, Ay elHz 43 olHelolgE syttt 28 I Al 7t
A old & —?«l AR S Ayt A olge MiNES F syt 259 w A3 o] AlFg Yt

T A A, A A AR Q= BAA A A3 B T, A 01]/\1 CHA] D A] 5 A (suspend) 3} A &
o] E14 FEA oAl expression_list & 32 EHFUCH YA SAHT= AL, BE A AE7
HEHATE= Eo]tﬂ, A HF-ES A A2 E, ‘3333 3 ¢l B (instruction pomter) B ?j/ﬂ- 2~ ® (internal
evaluation stack), =& o €] A 2] ] 7t g Ut Aol HAESE 5 3ttE SEA Ao
ANE o, e U}i] dE A A E st R T2 AAH Z‘lf%*@’\ AFUTH ZH7HQ 601]
dE 5849 2 Ay S ANt F vE wA =] EH 5 UTH (B for Ynext () W= &3l)
__next__ () 7t AHEH AT A= None YUTH ZHA] 431, send () 7F AR S’ir/} A, 2%= 1
HAEE AgE Iy

o] BE A5 Aol S TP ofF vl TE Ut o2 | S e A, st o] 4]
A AH= ol AA TAE + AUtk FL3 Aol AlYdl ol B T+ yield
o Sof Ay ] 011‘401]/3 A< o] of SR B Aol T 4 Grke AT Aol F4 AL el o] E Y
TEAE AEgUTh
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z 29 oA A S UTh A ole 7} (22 47} 00] ¥ A1} 7hu A
2} o] = (finalize) =) 7] Aol A 7| 2] k0w, Al el o] el-o] El & o] €] 9] close ()
AT 52 o) e ] 22 £ty o) AR E B e o,

yield from <expr> o] AbE2 ulf, AlFH FH A2 ojg g Eolojok Ut 1 oJHES oH |
oE A BAH = HES A AV ol A=Y TEAo A utE AGP Uth send() 2 AZH
BE#}F throw() 2 AEH BE o9+ 2ol 9l (underlying) o] H & o] E 7} | & wl A =& 21 Qloh
Haxoz AT Yl 28] 43, send () = AttributeError Y TypeError & 4O 7] A9,
throw() + A2H << A %sﬂﬂ—

Woj 9= ol do]E 7 A5 H ulf, T S}= StopIteration A2EH A9 value JEZHEE JE
FHAY ZFo]l Yt} stopIteration & 4o o HA| Aoz AL AL A B o]g d o] E] 7} Al Y
HolE Y F-FE s 2 & o] FHUTH(A B AV H o B 7} ghZ =8 (return) & 2 ).

offt

=

]
AT}

WA 33004 MG HE ol olHZ Ao} 5L Y YsE=yield from <expr> & 7}
FFYrh

dE Z@Aol hY 2 ol 2 vhertd 23 E AT 5 s Utk

t] B7]

PEP 255 - b3t AUl o]g] stoj o] AlF el o8} yield &= F7Fshe Al

3
HPMZHﬁ%ﬂﬂﬂMHE £33 A A ol ] APL)
AT Jdr 2ol = xﬂ

PH%%-HHﬂﬁﬂﬂHi%ﬂﬂ%Eﬂ3dd¢imm%%%EﬂﬁHwﬁﬂﬂdﬂﬂﬁiﬂ%ﬁ
47 B Ao

PEP 525 - v]57] Aldelolg] ZFH <of Alvd oy 75

filo

% 7}3}o] PEP 4928 8431 A o}

Al el E-ol el o] B WA=

o] AEAHE A& e olele ol Ele] WA =5S AW Th A e o8 T4 AW Aof sl

A o)l 7} o)u] A = u ofefo] o= WAHEES 355 H valueError o2 2 o 7= Ad
T2 3l of g th.

generator.__next__ ()
AuE el g S A st AV rpAsez Addd de 24 ‘01]*1 AAFFU T A ) o] E
7t next () IAEZ ANE wf, A 4= AL FA None g2 et AP
e A= 3 A7}A] o]0 A=, 23 A AV ol El= thA] DA %—Z]E]_T’_ expression_list
o = __next__ () Y ZEAANA EHFUTE Al o e #=yield 344 4l S EH
StopIteration o2 7} WA YTt

o) HAMEE BHF FAZFCRE 2Pt A& 9, for FZ U WA next () 5ol 3H.
generator.send (value)

APZ AN A ol T2 Fhe “E U thsend)”. value A= AR A= FH A9 Fhol

HUrth send() HIXEE Xﬂﬁ Eﬂ o] ¥ 7} yield 3t T 3t2 ES1F AW, Al dl o8 7 b2 #h=

yield 3} 2] 931 £ 8 3}™ Stoplteration & € AUt} send () 7FAVH OJHE A A 7| =&

E% u;H %}1\—0 B]—O O]I: _u.ﬁﬂ/klo]cﬂoui O]x]_ib B].I:/\]None Z-]d— o]:‘i;j—],]q_

_VE
<
N
lru

generator.throw (value)

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

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

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

generator.close ()
Az ol el 7 Al A A8 A AHo| A GeneratorExit & o Uth 2@ t}-2 Al ol g7 }
F-obstA (gracefully) F 58t A U o] @H AU, (L o9& FA 2 S EH) GeneratorExit &
40 7] close= TEAE Fobu th Al &l o] Bl 7} gt yield OI—fﬂ RuntimeError 7} WA &y
th Al elg 7t 2 oo & 4o H, TEAE 7 ;S QD} Xﬂ HalolH 7ty Zd S5 = s
ol FRHATH, close () & 0}—‘?—% A& oA syt

)

PR
o 710l Al o] Bl 2 Al &l o] H 9 522 Al A sk b o 7 s Ttk
>>> 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 & AF&3}F= ol &=, “What’s New in Python.” ©f] 91+ pep-380 & R A &

H]57] Al el ol gl g4

async def A T mlAEA dE RHA Y EAe I 4E 7] Aol T4
CEL s
H5 71 Al ol 8 &7 S 25 H, vl 7] Ald ol 8 AA = &2 vE 7] olHeolHE 8 E Yt

28 o 2 AR £ Ao E @59 AW Ao gk vE ) AW o e AR HE e el
movne for S0l R AHBE U, AL B OBl A7) ror Eoll A AL A3 F A

H 57 Ay elg e HAEE 5 e T2 ool HE AAE 851, o] AAE await T uf
Aol AlZg Ut 1 /\]ﬂ"ﬂ, Age A 1A d= A 7A] AYGsE &, AT oA thA] LA FA
(suspend) 3} 11 await 5 Q1 T2 Rl of| A expression_list o] g2 S8 F Utk ﬂ g oo A A5, dA]
SAEGE AL, RE A A7 EEE o= 559, A9 W2 A AZ4E, ¥ 5 2 < E (instruction
pointer), Y} &1 AF 2~ & (internal evaluation stack), & o| 2] #] 2] A e 7} =3 Ut} H]57] Al g o]l ]9
HAE7LE8E ths AA & await iA] A3 o] A71E of, 3= vhx] G = F 8 A o] A & 3hte] o) 7
TEA AAE AP T 4 JdFUTh A/HE Foll 4= 2dA 9 F2 AP S ANMFES THE WA=
G AdFUTh __anext_ () 7FAMEE T ﬁJ}tNone duch 1&‘ 2| 931, asend () 7} AHEE] 91
od, 2= 2 AEE A9E gy

H5 7] Al e o8] ol H, QE 2 4L try 22 oYM A s 2Hg U AR vl 7] Ay 2l
olE 7} (3= 347 00] H 741% 7HA A =7 2. 2 4) v}o] d 2} o] = (finalize) F 7] A of] A7) = A] oF 2.,
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try 7aE Ue 4= FAAL ) U rinally A& WL T AAE S Ygich o) Ao,
v]-5 7] A 011:4 o] E d| 1‘514 aclose () & :QE‘O]'—L-, I ANE 2= IZFY AAE AWM A, th7]
%<l finally o] AYHEEF ot H Y2, vl5 7] AV o8 E Aot o]l E F = (event loop) L+
2~ A =& (scheduler) ] A 01’\1/]1’/}

stolde| Al o] d-& A 2] 3l7] A3l oWl E FL= vhoj o

14 (finalizer) 45 793} oF SH=v] ¥]57]
Al & o] E]-0] E] | o] E] & Yol A] o}l aclose () & 2&3t 1 A

98 AAFY ). of o] 92
et | . 19w, ¥ 7] A
dolEl-olHd o Bl &= Fto| dejAl o]l £EE SFH Ftoldetol A & A AdUth steoldetol A
H A =9 FZEEst o &= Lib/asyncio/base_events.py o] 1= asyncio.Loop.shutdown_asyncgens
THE HAL

84 yield from <expr> & 7] AU e o 8 Fol A ALl AL 2 o).

H157] Al e o] e)-ol el el o] ¥] vl A =
o] A AL vE 7] A d o8 ol e elo|ee] WA =S AFshew), Av e ol e g4 AYS Alojs
ol ALgg U e,

coroutine agen.__anext__ ()
SRR RE % B, A3 )= 7] Al o)y T A3 A ZSA Y v E o 7 A

A d= A oA AN UTE v]E 7] Al d ol E & —?7]'_anext_ () ”ﬂfﬂci ZH7H9 EH
Hkke o9 ]H oA EA Y] Y= XA A2 B4 None gt 2201 WESHE ofgJlolHES Al
e dr AR ol FUTLH A= A expression_list & e }—EH]——E E] o]
do 7l Stoplteration & ZrYYth v]57] A& ol g7} thE kL yield O}x] %3 FTREH,

o
H5 7] Ao 285 4] 7] Y3l ool B o] Al StopAsyncIteration 98] E do Ut}
T HE async for Fxo 93] BEAlF o7 & TH

coroutine agen.asend (value)
ofdlelH=< S, 435 a7 Auv#HolE e A3 AAFUch A olE
send () MIAE A&, o] A gh< v57] Al dolE -’FE “E‘J}(Send)”i' value 2+ & A)
d= FH4 9 @47}91/]1:} asend() MIMEZL =8 gl ol Bl E-2 Al &l o] ] 7} yield oF+=
oS 7S WA A 7] Stoplteration & o2 E8F 7% U, bl 5 7] Al ‘4 g o] ] 7} th& 32 yield
SHA] 9431 £ 8351 StopAsynclteration & €oUth v|E 7] AlYd o EHE A A 7| ==
asend() 7t ZE2 W, g& 02 4= HHA 0 %‘AQE—E-_ QIS None & & S &3) oF .

coroutine agen.athrow (value)

coroutine agen.athrow (type[, value[, traceback] ])
olflolH &S sl T, vE 7] Al a o8 7t A SA Aol type B A E Do
A & o] Bl g7} yield 8 T3 gk-2 YA Sh+= StopIteration o9 Y o2 ZEF Hﬂ‘r 31571
Aol H 7t o e yield O}Z] 1 253, oY ol Eof 9 & StopAsyncIteration 92
Zhdolguth Al e ol ot Aed A9 S A AU e Y9 S 4o d, odolHES
A ) 72 o) 9] 7k of o ol Bl 2-2] & Aol A W ek

coroutine agen. aclose()

oldlelHES ST, A, vE7 Addely @57t A FAT AGdew
GeneratorExit = ﬂ@‘%‘:‘r RkeF 71 o] Fof ¥ F 7] Al el ol B 7} 5o} 5k (gracefully)

AW, olv] @R AW (T A9 S A A5 S ZH) GeneratorExit & YOV H, B E
01%1] OB £ StopIteration 918 A0 AUt o|oi & HE 7] A do] 6 BE o] Se 7t

F719] o9l o] E{ EE-2 StopAsyncIteration d2] & ot whek u|E 7] Alvi# o ¥ 7t
< yield 3t o9l o] B} &l 9] 3| RuntimeError 7} A&t} ket vlE 7] Alv o]l 7} 1

9] B2 A9l E Do, offl ol HE TEAR Ayt wheF ulE 7] A o] § 7} o 9]t
@%‘ T3 = o)y %Ef‘iﬂﬁ , O o]0 A= aclose () EEL o} AE &4 gk ol9olHES

sz
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6.3 xzz}o]mz

mebol W2t Aojol A 7hg ok At A4S S EhEUTh 2L o2&k

primary = atom | attributeref | subscription | slicing | call

=P HE B2 v E (period) 9} o] Fo] o] £ mefolmelch:

attributeref = primary "." identifier

zetolmel gre PAL W o= HE B2 At Fo AA L hohof stew), SRR AR 7}

o] A&l Bt o AA= -t o) Eg AAR Sl JEHES ANIIES 2 AWH T, of

m]ru

AL getattr () WMINEES A3 i AxHupol= & 4 F YT ©] olE EH:%E 7 e,
AttributeError & ¢ 2 7‘1/]1:} I8x gow AAE 7ﬂx1]4 634 e o AA ey o) 2AHE YTk

2o oo HE Bxel g cle W waku 47 BE AR 7k 2ol d = A5 Th

6.3.2 x| B~ 373 A (Subscriptions)

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

subscription = primary "[" expression_list "]"

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

The primary must evaluate to an object that supports subscription. An object may support subscription through
defining one or both of __getitem () and _ _class_getitem_ _ (). When the primary is subscripted,
the evaluated result of the expression list will be passed to one of these methods. For more details on when
_ class_getitem__ iscalled instead of _ _getitem__,see _ class_getitem__ versus __gefitem__

If the expression list contains at least one comma, it will evaluate to a t uple containing the items of the expression
list. Otherwise, the expression list will evaluate to the value of the list’s sole member.

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

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

2. Sequences. If the primary is a sequence, the expression list must evaluate to an int ora s1lice (as discussed
in the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.

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

A string is a special kind of sequence whose items are characters. A character is not a separate data type but a
string of exactly one character.
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6.3.3 &3g}o] A (Slicings)

Sl A2 A AL AA (1 501, BAE FF g 2E) oA ofdE U9 FEE< APt S2fol
B B@A U] B Rlol v del Foll AHEE = 5 UTh SEtol Y £ o] F sy th
slicing = primary "[" slice_list "]"

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

slice_item = expression | proper_slice

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

upper_bound = expression

stride i= expression

o 94 ol BEPO] YU EAY SRAG Bl AT L 0E Ghols RR 02 Holle
A, S A o] ool 0 S A o I B E T A B oA, o] 2
A B3P Ao R 33t Ao] o] 2= o A5k Aol Sk Zé-‘ﬂ%} 740&011‘3116“’

o

AAFUT (0] A=< St 23ekA] o2 w .

AE}O]”A gule oA ZsUth 2epo|HE 7 (WA B AT HATR L getitem () HIAE
2 ALEAA) o7 dol Letol s BE oz HE Sl AL 72 AU AT LT Zebo] s B Ro] Hoj®
Sijel AE AT, Ale gotels §RE MAS TP FEUUTH 297 oul el
FE 5hLte] W Eto) 7]?3‘4‘3} %9 —1 A &gl g5 @%%JE&J*—"?J‘JE} -3k < 2] 2 (proper
slice) o] 3L &alolA AN (MAHA 253 A= 2 Heh e, start, stop, step olE gl HE 7} z+7}+
lower_bound, upper_bound, stride & F0]Z @A o] 7, w2 X 2] 5& None & & A& 1/11‘/}

Ry

6.34 &
522 2B AA (g Bo), ¥ & W 55 Yt 04 B B2og 3L
call n= 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 i= assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_item)
("," "*" expression | "," keyword_ item)*
keywords_arguments = (keyword_item | "**" expression)
("," keyword_item | "," "**" expression)*
keyword_item n= identifier "=" expression

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

zetow o] b THW BB AM (LA B9 B, WG B, W AA S WA=, Se s A,
WA, coil () MATE 2E wE 4% &3 Th 7 oot ek

)
ms ﬂx}ﬁfﬁﬁ%gié%ﬂiﬁwl%ﬂ°ﬂ7‘01 FHAPYUE FA v BEe 2L @5 4o

rHHJ

AL QA 910, A €125k o) 912 2Ahe WA th A B4 AANEES) AAAA e
AR AR NN L T N R R
ZSE Qapub), A HAT} O S SHe SE2 AR o AHEH U T (DAATE A A B4 v ]
OB} 2o, A WA SEL ARH I, o)A Aoz AL Teh. S| ol ul A A SH, TypeError
o9 2 dourh 184 gowl 1 A% g Rol A $5UTHE R o] None ol 2 FA 2},
S£2 ASA FUh. BE At A 92w, ok ANAA B SEES FF AR RE 2

B ARGER AT N EGEL Dt A E o) 80w g2 TRk e A, 2 e}
9AU e ARAASe] NGz AW AT SRel ARG AFHA e BE TE ol A

74 Chapter 6. 34

") n



The Python Language Reference, = ] 8|4 3.9.18

1;]. HE o]a-] /J—D:lo ,q—ﬂo]:?ﬂ— o]tﬂq;}) u]-Ok 7]£7Lo] ] 7<4_E.,];<] %—_Tr_, o].z]t: u] [ R=N L\_Eo]

A 2 A

U
OHd, TypeError &) 7b Y Th 282 ko dl, A &£ F] BEo] & AR EEo=w
U

> al of
oo 2 o
oifl 3O oift

@

s

=

=

S

s
—\1

implementation detail: 32 9] 2] W7 A7 o] 52 ZEA] FobA], DAL EAEY HAo®
A4 e erE, A T - WA BrEe ATE 4 95U Cpyton of A,
3}4317] 98l PyArg_ParseTuple () € AFE3=CE +dE g4E50] o] 3
\5:': SEERT B 9 x| A5 0] 9O ‘?j, *identifier <&
TypeError °4]ﬂ S dogytt; o] A%, 2 P A vii T
%14‘3}(5‘55 g HZ] AAE o] glod 7l %é
7FFA w7 S o] Sof| TSR] kO, **identifier B S AME B 34 v /f W
s} TypeError ALdE douth; o] Fp, L A i Ee s A X
MY, g A7 ‘ﬂx}‘:‘)] A Rl (/‘H) gAY E Ayt
*expression o] Sk G & 533, expression & 72 | E ZE o] Ho]of T}, o] o]F]
o 8452, A5 71 AA OH}C AAAH AFUH =& £ (x1, x2, *y, x3, x4)
ol B,y %}\% T uf Al yl, e, yM 0] 2T, o] 212 M+4 71 9] 91 2] AAFE x1, 22, y1, -+, YM,
x3, x4 2 3&3t= A 553
o) 918 ATk A} rexpression EHol BA A A A4 Hol g St Yol AN E 1%
(18]l BE **expression AAE - ot & Heh) Ao Aejdth= AdUth 2eiA:

ro o,
o,
HI[O m,{u:

T

==

7

Iyl MO&g
= rlo &
—|~ mXL rSL‘

r[o rE

(3o N 4030 ogh
52

e ok o XS X > XMool

oiﬂﬂﬂ

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

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

12

ZE 5EoA 719 E A7} *expression EH = BT ARE S 212 dubH o] 2] ob7] wj 7o, AA| =
ol &7l GojuhA] F5Th

=X **exPressmn o] g T E ol T4, expression o gh2 i o] FHojof Tt} 1 W&ol
F7Fe] 71 = AR AA H 43%‘4‘3} 71N E7HRBAI AR 719 = Q2 thE ) s 7 e 2 7 E) o] v]
ZA St TypeError o€ 7} A3 gy o)

] *identifier ojuf **identifier & ARG St F A MIAUF S A AR XY 7=
AA}olFE2 AHEE 5 flsuTh

H A 3501]/‘1 W T TEL Y N *and *x A H A S WopE o)L, 94 RS ] o|EHHE
AshA () FAoll & 5 AL, 719 = AAZE AT E A A (<) Fol & 5 AFUTh H X Z PEP 448
oA A = A5 Th

TELAYE oA g T T oW S EHF U None & 5 A5y th o] 3ol o2 A ALt
He=Ae 2HE AA 9 Fel S As U

gkoF 17 0] —

AL F o] e A BEES AGefA T4 ZE E5o] A9

6.3. Zg}lo|rg] 75
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dae call () WAEE Asor gk 2 EFe 1 wA

m
}o1|
i

olglol BB A T2 o MY YA FAFUT 28 T2 P AT ST 5 YUt
await_expr = "await" primary

WA 3.50] 27}

ABAE AL 279 Amo] B o F QAR oA ARBUE 1A 2 2% B Y
F AR ke s AP 2L ol FE Utk

primary) ["**" u_expr]

o]
(¢]
)
0]
[}

1

M
)
QL
b
~+
&

T
N

e P AbARe] Al 2o A, AMAbE L RO dF 07 Fro] A
Utk (el zlol 3403*&2}94 %kg??%% A& Al Fshs A2 0}‘414‘3}) -1**2 2 -1 °] §Yth

ARG 20T, 2 AL B 55 Hon mAn . Ao 2 B

int 3 A22LS] A, F HA QAR ST obd o] A Adbs I A4 ET 2 S ZE5 U F AR
AA7F S, BE AR floatZ M EE 3, float 237 A2 Ut ol & 9], 10**2 =100 & &Y
FAWH 10**-2=0.01 & =HEFYTH

0.0 & 52 AxAFad
(complex) 7} U= U Th. (o] A

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

- N

eroDivisionError & 4o Yttt S48 B2 AFAFIE B4
WA= vValueError 5 42

e
o

= <
A g Al

i)
=
[
e
2

5 )
BEE d @ deRnE A 22 S E 2y
u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr

The unary — (minus) operator yields the negation of its numeric argument; the operation can be overridden with the
__neg___ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden with the
___pos___ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion of x is
defined as — (x+1). It only applies to integral numbers or to custom objects that override the _ invert_ ()
special method.

Al 742 -5 257, AA7E 28EE B2 A =T, TypeError o 9] 7 A gy o

3 Al
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6.7 o]F & 4

o9 2h4 AL BEA AL E CE:
ZosoF FUth AFAF QAR BAZ, £ 8 F A 520 e, shhs §AE xSl
b 9AY ARSI o

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 I= m_expr | a_expr "+" m_expr | a_expr

n_mn

m_expr

F(FA) QA ARES] FL FU AAES BF ALY, @ A F50 BE A Ads
ook gtk U9 Aol £AEL TF FOor AHY F FAAUL TR A9, A2 o]
FHPUTH S W2 ke Wl AD2E BE UL

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

@ (at) A4bat= FE FAlO AME et = AdUth Folx e WAAHE ol A E o] AAAE A BHA
FEUth

B A 3.5 7}

/ (A=A /7 (34 YA, floor division) HARAFE 2 1 A AE 2] Fx(quotient) & F U Th A QA AMS
2 WA FEFoz AP UL AL S U2 AdeE vte =0, A5 AF xS Ax
FHe FULH 2 23 £33 A YAl At floor 45 FES AYUTh 022 Yre A2

ZeroDivisionError o9& 4o 7Yt}

This operation can be customized using the special ___truediv__ () and __floordiv__ () methods.

% (EE%, modulo) 4= A HA] AAE F HA AAZE Ue UHAE ST A JAES WA 35
oz AZFHYTh LEZ AA7100| M zZeroDivisionError & oYt QAE2 A7 2
£ gsUth & 50,3.14%0.750.34 9 2S5 UTH(3.14 7} 4%0.7 + 0.34 8} Zonmg )y nER
AR A F A g Asbxiel 2o BGE Zh= A0S SUT(EE= 09U, 23] 2Ugte =
A ) Aabzte] AAgrE o 25y,

AU AFREER A4 =05 22 5402 A4H A JdFUTH x == (x//y) *y + (x%y).
A xS 252+ WA &4 divmod () &= AZ2F o dH YT divmod (x, y) == (x//y,
x%y) .2

AL 3] REE A4S £33 2 gdl, ¢ A4tAbe Al A 2E Y Y EXE 2ufE (AEZF 9]
Aolgtax ¢ A JdFsUthS F4st7] sl 22 AAoll & thA] FoF Utk 2 Zujg 9
T2 ghol A grolH 8] 3 H 29 A old-string-formatting o] A A ¥ Fu T}

The modulo operation can be customized using the special __mod___ () method.

A% U QA BER Q4R divmod () B4 Badel tal At Aol of 94 sbgith ThA,
A AT, abs () G55 AHEIIA] A2 MESHA A 2.

+ (A A= 2 AAEY e FYUHh AAEL2 E S AA L, E 0 T2

I AP, AL WA FEIOR AHE 7, A FAAUTE FA A9 AAx
=t

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

(7)) AR T AAEY AE FUH £ AAEL WA FFFoL WBF U

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

Uabs (x%y) < abs(y) o] 880 2% Fo| Ak, float2] H-ofl & 443 25 (roundoft) W&o =x] 2 o 7 o] ofd

£ S0, 5}o| # float 7} IEEE 754 Wi A = = X}Ql ZNEZLS 71 A& v, -1e-100 $ 1e100 7} 1100} 2L BT E 7

95, AAtE A= -1e-100 + 1e100 4], =X HoZ = 12100 I 3] 2L YUYtk &4 math. fmod () = 237}

WAl ARt BFo B A AHE 27 W R, o] AL -1e-100 S EHF YT of® Ao B A AN =2 & 22T
e dsuh

2x7byo] A Ao} ok 5 779, 22 H (rounding) W el x//y £ (x-x3y) //y Boh1 2

S gUh 3% 49,
divmod(x,y) [0] * y + x % y7kx 9o} AGER #1517 ), el e el A% FeAF U

6.7. o]3 A& A%l 77
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NZE A2He 1h QAR T e $4¢9 8 2T,
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o ANEL ALEES AAR WOLE UL A WA AAEF WA QA2 FoI W 0 20T Aol
L E& o 2 Yl t}(shift).

This operation can be customized using the special ___1shift__ () and ___rshift__ () methods.

LEZOZpH|E AIZE & 212 pow(2,n) 2 A UAstE 202 APyt dF o2 nulE
A|ZE st= AL pow(2,n) § #ote A2 E AP Yt

6.9 o]g v E 4t

AN M E date 77 e S A9 S eyt
and_expr = shift_expr | and_expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

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

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

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

6.10 v|

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

Ytk E3L Coke= e, a < b

comparison = or_expr (comp_operator or_expr)*
comp operator - P L D I D L I Pl N N L
| "is" ["not"] | ["not"] "in"

Comparisons yield boolean values: True or False. Custom rich comparison methods may return non-boolean
values. In this case Python will call bool () on such value in boolean contexts.

Hxe A4 A28 F dF5Uth dlE 59, x <y <=zt x <y and y <= z 2 553,
2oy o 2 A AT ettt AYUT GHAREF A 25 x < y 7F AR olH z 9 g2
oA kU Th.

%Q&]‘.O_E,a,b,c, "'r}’;Zﬂ'iﬁL—@@;O]—T—’;OPLOPZ, ,0pN7}H] ‘_}\]'X]- ya Opl b Op2 c ... Yy
opN z & Zt A4 g J o e vk Fslth= A5 A9 stil+a opl b and b op2 ¢ and

y opN z 2} &5 ch

a opl b op2 c7ta$tc ke oAH FF HAE GAIBA 7l W&, A& 9], x <y > z 9]
P B (ofol o] mA) = hElh) G2 ke Ao F o Fich

in)
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o
)
-k
)
R
Ed

AL <, >, ==, >=, <=, 1= F AA Y g vagdUnh AA 50 22 Fd 2o+ flsyth

AA, 7k @ A2 AA Sl (F3H oboldEl o Hal) gt= 2=tk Wokal 5y th shol oA A1) 2
F2 F F4AA NI QU ol Eof, A2 gholl th sk 7+ A 2 (canonical) N A 2~ WHH 2 gl5 U Th
T3 AA Y gho] S8 A (S 5ol, EE U olE o ERRER FAH = )22 FAHoF Stk
LF AR flssyth vl Asbzabs AR gheo] FAJgA ] e 5T TR IS FEAFUTH
AAY eI E T3 HHH o2 sty A4 = E5YTh

EEF23FFA F&THALE) object 9 A H Fol7] wjFoll, 152 object & FH 7]& vl
FASASTULE J52 1t () & 22 FHS ¥ WA = (rich comparison methods) S -3 3| Al
ZH1 9] vl AL FAE ALEute| =28 4 L], 7] A Rl A EHupo] A o] A oA A g Y Th

FE YL (== %} =) 9 7] T2 A A 9 ofolHE]Elof] 7]¥ba FUth LA, Z2 ol R E & ZHe
AXRA Y FF5 vl e T, UE olo|dEHEE Z2he Ad2H2 1Y 55 Hlas e FY
th o] 712 &2 F7l€ B AA 7 vAHA (reflexive) (5, x is vy € x == y & GAIFYD o] ==
SR ke &P Ut

7] o 4 H] 3L (order comparison) (<, >, <=, >=) &+ A|FH A FUTH A|=8W TypeError & 4231
th o] 712 FA9 B TS T A &5 #A 7 itk A g Yth

o U 52 ¥ ((typesnumeric)) 7 35 gFo] B 28] & fractions.Fraction ¥ decimal .Decimal
o] £3l= HAEL, BAF VA A E A WA Gt A F AT IE, ZAYGE FE
7] vl 7t Zhs ek #EE 52 A ol A, AT e 4l glo] fEtF oz (LS
H02) gt A M a g

NaN(not-a-number) Zt= float ('NaN') I} decimal.Decimal ('NaN') & EH3ht} &
A}2}NaN 7b9] Bl AR YLk 0 ABA L2 E T Y AL, NaN o A4} 27 ey
AJUrth & E0],x = float ('NaN'),3 < x,x < 3@ x ==

< B UTh o] 42 [EEE 7548 25 o,

e NoneZ} NotImplemented= AZFE YUt PEP 8& AZFE o3t
(equality operator) 7} o}d ist}is not & & 83 ofsttt A st}

o Hiolu 2] A]FAE (bytes U bytearray o A2®HAE) S F S AV AZ vud = Jds5yth
O|AEL 8459 A g2 AF&-3| A AFA A 2 2 (lexicographically) B] 2l ] T},

e BAEE (str 9 A2HAE) L EXEL] FUFE FE Z 9 E (Unicode code points) (W] 73 =
ord () o A3 E AFEHA AL A o2 vl

A3 wree] A AL AR 2T 4 9

e Al P2E (tuple, list, range & ¢l

H] 1= TypeError & 4o 7Yt}

A2 985k 2.4 709 0|8 AHHA AR A0 v mR T U A8 o A
2 % A3k (identical) 2 A 7 A4 3} 2TFL (equal) -8 AU T o] 2 3 5 5
(cquality) AAHE S350 4% A3 U3 BAAS AT ok
3/UIE 2L FE ZQE (code points) (S 0], U+0041) &} A 2 X} (abstract characters) (o] S S o], “LATIN CAPITAL
LETTER A") & 728tk FUT o] g thRie 24 £a50] 22 she] 5= FAEWO S EAR AW, 7712 o
oY IE ZAE ) ° , &4 B2} “LATIN CAPITAL LETTER
C WITH CEDILLA” & Z.= 9] %] U+00C7 9| )& 3§t 7N 2] B3 & R} (precomposed character) V& T = 9] %] U+0043 (LATIN CAPITAL
LETTER C) ¢l $\+& 7] &R} (base character) 2} F W2+ T = 9] %] U+0327 (COMBINING CEDILLA) ¢l 81+ 23 & A (combining
character) 2] N1 AA~Z 28 E 5 JdHF U
BRI AAE FUTE D= FAE £EoA Wz FgI T oA
u00C7" == "\u0043\u0327" & A YUTH At F FAard o] 22 F4
£ RATAYE 285
TALE FA EA FEAA v E (5, Al A AAA A WP 2 2), unicodedata.normalize () & ARSI A L.

o
>
=)
[>
fru
=
2t
i)
4>
30
rlr
o
oy
Hd
X
il
58
o
pacA
ofy
°
=
2,
il
il

2 Aol W A AA Y 5 JEUTh o & Fof, M\
2} “LATIN CAPITAL LETTER C WITH CEDILLA”
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=
o

R N T )
v
Rl g
=
El
M
2
1)
%
AW
v
2
uli
ll
2
F .
N
Il
Il

it

- B
R

K

il

N

o

o,

rlr

iy

@,

X[

A A

Il rlo

.
=

—=

~

B Elo

dict 9 <l ‘ﬂii) 2 e
|

=

nzmkﬂ
A
_E
Y
k&
§3}L
L
olﬂ

7
v
A
|
v
|
=
v
o)
10)
=
=
s
o
5
et
e,
|o
i)
A

(set o]y frozenset & A2HAE) 2 Z2 JEHANZE OE FE 7Hof vl E 5 AF

il

Om 8

)

H 3] g} (subset) 2+ AH9] A 8 (superset) 2 =5+ o 48| O‘j/‘\_;(]-%% @9/] Fyct. o

A (total ordering) & H 314 5 UTH (€ 9], F I3 {1, 2} 3}

]— Z o] REA o)A 5, o ohE 0}‘/]'-4 e J@"’V\]E ?a}ﬁ th). whehA]

Z3l= 49 QxR = AR S5 UTH (A E £, min (), max (), sorted () °

o Y AEE AFotH A A 2 AHE FUh.

8459 WA S ZA T

A E2 0L AN EES FHSHA] 7] i Zel, 71 & va F2E AU
5} T

g Re SUAES bt 2 kA B FHE F

e
2 rlo

Ny o
_%g

|

Py L%
T

My
DAY

],

=2

FN

lo
rlr ESL‘

[ & B o)

Dodr oo n
o fr 1o
Nz
o

—.~§.=LI
of

o]z

% =,
LK
o ol S my 20 Pkl

H] 2= WA (reflexive) o] o] oF g T, th2 2E 3, ofol I E] E] 7} 22 A A= Zrha
o o] oF T}
x is y¥x == yTh

= W3 A (symmetric) o] o] of Ut} th-& 2 & @S, b5 2
of 3}

x == y %y == x

R
£l ofn

flo
=3
r U
1>
flo
L)
flo
il
o
it

N
2 R

x 1= y8&y I=x

<y&y > x

<= y%oy >= x

o] A (transitive) o] o] of T} Th-3 (B A 5HA] ¢k-2) ol 5] o] A= S Fth:
>yandy > zWdx > 2z}

z
El
o= x

X

x <y andy <= z®¥x < zT}
C o Mt oA Ao Hlojof Uk BE BE A, 0 A
ook
x == y&not x !=y
x < y&not x >= y(A <A A)
x > y&not x <= y(A A H)
At F 2 WA A A 2Edo] AEFUTH(AE ol Al A2l = ASH A, v B2
382 k5 Y. total_ordering () HZHOlHE A L.
* hash() 234+ TS 4B S FAMFFUTE 22 AASLS 22 HAIS AU Al
E7Fs o2 A A of of Pt
Shol 42 o] ATA FHE S ZAA B2 UTh A NaN ZHES o 74 A gt o U

>
e
L
My
rlo
Bl
o
a"
9
o

3 Al

ki
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6.10.2 ¥n 4 AL A4

i

A4} in T ot inS WAAS AATUCE x in s xrbs o WH Y 0 True 5, 227 2L 0]
False £ FUTH x not in s x in Sﬂ—‘?—@ §L41:} g4 e ““U*O}‘/]E}E%W%

2 9 A5l ol A& ANsET], SR A in ol Gv ] Tl A7 sl
list, tuple, set, frozenset, dict, collections.deque 2} Z+-2 ol JEE A%, A x in vy ~‘,f any(x is
e or x == e for e in y) &5 Yrh

TAEH vl EE PO B9, x in yEx 7ty o F& A (substring) Q1 -9, 1
True YU S5 AA=y.find(x) != -1 YUtk ¥l FAEL2 4 & 44
A7 HFH 7| &, "" in "abc" 2 True & EHF Ytk

_ _contains__ () MIAEE A= A2 A Ao 29 FF,x in yE=vy._ _contains__ (x) 7}
S 2w True &, 2184 Yo ralse & S F YL

contains () B ALHA AW _iter () B ANSE A8 A2 S A%,y B olH
goled o] & ?ﬂ_’i,x is z or x == z 2 Fo| HA = oW Zz 7} HE| AW x in y = True
AUt BAEE= S0 7S H ino] 2 deE ol Aow FHIFHULH
vhARto 2, $E ekl (oldsyle) O E o ZREEE NEGUTh FAAN  geriten () &
R SHW, x in yEx is y(i) or x = y[i] & BEIE Lol oy B4 Adai 7} EAHIL,
IR A2 RE AS AE Ao th3l IndexError 9] & ?407]X] Fede, 28 ey O AFASH
True ZFHUth (2 5o A7 @St E ino] D Q& o7 AR HFHYTh
AR} not in& ind EelA RAHo T FojH )

X m]o

6.10.3 o}o]slElE] vl
AA 159 is not & AR ol WEE]E AAFUTH x is yEx9y7}oloREE 7} 2L AR Y

wl, 723 94 7 49w ek Al ol AEEEid() B4 AN 4Bt x is not
ye s 84 e Fun

6.11 =] <d4l(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
=2 AAle] B A, 18 11 E 3 Al o] Alo] &E & (control flow statements) of| 4] AF2-F off, T} k&L
AR o Z S|4 F Uth: False, None, BE B9 210, Wl #2437 AH oW (A, FF, 2l2E, ¢
AV, A5, 89 A rozensen 5& LRI Th. 7 ve) RE e o siagyrh A8 Bl
AREES bool () WIAEE AN A48 =2 T (uuth value) & A E vFol = & 5 Sk,

AAXR} not 2 1 QA 7F AR o)W True &, 18X O False & ST}
HAA x and y v WA x Y = FFUhx 7 ARolE 2 ghe selsUth 23 o™y o g
T 3o 1 A9E EHEFYH

Al x or yEHA XY FS FHYUThx 7ol I ke FHFUTE 238 A oy g 73t
2 A%E BB,
and 9} or oJ Z1 &= Wk} ghoL} 1 Y lse 9‘rTrue 2 A gkstA] %}l, o4l wpz] kol gho] -3 7

S Fa 1
Az B F FYdoFFULh o] A2 w2 LR7FIAF UL & E0] s 7 EAE Olj H] o] 9}23
S Or _‘é_

=

712 Z 0 2 thA| = o] oF shrhd, £ 4] 'fOO = °J’3P = xﬂ—-—tg}\/]r/} not & A} 3t 9k
ok stm g2, 71 QX9 &3} A ¢l o] =2] gk (boolean value) S E#HEZUTH(o S S0],not 'foo'="''7}
olyztralse & Wsyth)

4 2% 7} X]-4> A (automatic garbage-collection) &} Z}-& & = (free lists) I} T] 2 = ¥ E] (descriptor) & £ & ¢l A A w) &0, is A
g JA2"dA HAEE U ATES H]-T’Lﬁ]"‘ A 2 ERZ A2 AL uf, 2o 17101] ]’3’@ FAE AT
AFUTE O AA S H R = 25 FAE FAAAIL.

6.11. =32] <4 (Boolean operations) 81
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6.12 o 34

assignment_expression = [identifier ":="] expression

o 9] & & 4] (assignment expression, W] 2= “™ W H 3% & 4] (named expression)” o] U “d}t} 3 7] €] (walrus)”
g s FUth L expressiong identifierd] Y= SAl, expression?] 3h& WEY T

QubA o AHg Abe] F Shbs AR S A FAL A g w gk

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

Te A3z od ~2=ES AT u):

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

WA 380 F7k: Tl EAA O sk o] AA| 8 W8-S PEP 5728 2 A 2.

6.13 =7 3 Al (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
21 2d4L (W2 4 & AR} (ternary operator)” ZHaL & H U TH RE o] A4koll A 7H w2 -4
292 25Un
EAA x if C else y>HAxh A 270 C Y s FFUT C 7 Fold, x 9] gho] Fafj A2 21
HesEsUth 28A ded, y o S 7 o 2 AFAE SHFUTH
27 2840 g o 2pA| g Y82 PEP 308 & X 3HAH 8.

6.14 Zt}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
g} 23 AL (] 2 gt} 3 A (lambda forms) o] 2+ 2P Ut} O] 5 e 9 E e o A Yh
234 lambda parameters: expression = S AAE t} o] o] E gl AA|= oA A
o gh4 AR A% F Ao

def <lambda> (parameters) :
return expression

AT E5o FHE O Ao AAE BHAS. g xd A0 g e 3 &4+ 7 (statements) ©] L}
o] ;= #]] o] A (annotations) & Z 33k = Q1 2-of] o] 5 oF it}

3 Al

m

82 Chapter 6

¢
d



https://www.python.org/dev/peps/pep-0572
https://www.python.org/dev/peps/pep-0308

The Python Language Reference, = ] 8|4 3.9.18

6.15 32 5% (Expression lists)

expression_list = expression ("," expression)* [","]

14
starred_list = starred_item ("," starred_ item)* [","]
starred_expression = expression | (starred _item ",")* [starred_ item]
starred_item = assignment_expression | "*" or_expr
grEg T ULl IRAE AT, H2d St 4ES TP FAY B FES
FUh 529 Zolt 550 Qe BA4) ¢t RAAEL ARA 2 2F 02 gho] 2H

Ut
o) 2~ ¥ 8] 2~ F (asterisk) * = o] E] 2] & A 3| Z (iterable unpacking) <
g E ojojor Ut T olE B FEEY A ALE FAH o)A,
Aol =9 Uk,

WA 3500 F7h: RHA B2 A o]H L A 77, PEP 448 o Al H 2 2 A ok A5 th
ol 2 d3= & 72 (single tuple) (&9, 2 -E (singleton)) & s W ALY E BE A
TOH%/%‘ het 5 gl o, Oﬂ Pr R/ e DY BAAS REL UEA O, 1 BN R

sfol e AZ N LEZO 2 EHAY g FHUTH YY) G o 5o, 2 go] Hunrh
WA T3 G0l FE AN .
S EEolN, BAAL 159 Bl £ A5 SAHE go] FAAYTH

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

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

6.17 QA3 S 429

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

Hla, WA AAL ofol B B] AAbE 2 BF 22 $AEAE 2 v Ao ARt AAH A%
M 2EZ 07 o]o] & o]7] (chaining) 3H= 715 25T
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G T3
(expressions...), A3 (binding) == 235 2 94, gl 2E g2
[expressions...], {key: value...}, | do], 94z tyaZd o], A3 t]x2=d o]
{expressions...}
x [index], x[index:index], | AB2THA, £eto|A, &, oJESHE X
X (arguments...),x.attribute
await x ool E 4
*x A5 Al
+x, —X, ~X °F, 2, H E NOT
Q,/,//,% A, 3E FA, IxA, A5 A, Uy A°
+, — Al 2}l Al
<<, >> A|ZE
& H] E AND
~ B E XOR
| H]E OR
in,not in,is,is not,<,<=,>,>=, |= == v, A A AALe) ololdlEl E] AAS Z 33
o}

not x =2 NOT
and =32 AND
or =7 OR
if—else ZAzdA
lambda ) 138 4

- ERERE

SARAF AR +* = 2 B2F 0] L& Aol HIE I F AR oFslA AT &, 2%%-1 £ 0.5 YU Th

65 AiAte EAG ZuHo = AP U 22 $4¢9 7 A4g Utk
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CHAPTER /

k<= (Simple statements)

ol e deERol AlvEEL R FEH o] shite] £

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

FHA B2 g AL YA (BF) ZE A A (procedure) (2] V] i A5 B8 FE & 9
oo A ZEAIA = None = =HFUHE 2517 A (NFE H}F o z) AHgH U 284
2o DE AR St L w2 287k A&

expression_stmt = starred_expression
YA B G BAA YL S d) A4 B e U

N3}y E=of A, gko] None ©] ofU®, W& repr () &4E AHR 2AE 2 S , T8A U2
EAEdE HEY S ZF =802 HYYUTH (2P 7 None ¥ uljl+= 28X ¢FolA, ZZA A TEL2
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2
r&
i
1%
bt
rl:l
i
N
o]

Shueh),

BAE ol 52 gol (M) AAFT A AR 9 o =L HEVY FEES ST

assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target RES identifier

| "(" [target_list] ™)"
| "[" [target_list] "1"
| attributeref

| subscription

| slicing

| "*" target

(attributeref, subscription, slicing 2] T A9+ Z glo| v ] AA
214 55 (9] A0] Shpel 54 5 X
Aok A 7198 Al 2) 9] k= 3L, d&oA L85
o<l g o

o o] we A7 Aoz gel P g
o1t <ol 4) @, 7 A7} HE A2 o)
7, o] wohEe] A 4 glow 92 2o
St o952 1 AA F ool Fol Rtk (2EF

55, 2oudEes syad ¢ oled AFE = sy o
3

d rlo
f
ol
Bl
fu

dr o
Ach
(i
l

N

I

10 o Huo
éirﬂ,

o

0 e O
N

Kul

[z rlo
[>
ooy U Y

e
o

Zlo] 7k A Ao X (01 gHE IFx
& A oF B3, A0l ZUIEA
A5yt kel YEo] FA gk
A

o fmdngd
R

M
A2 T
o
o o
o o, ot
ok

-

[o

fru

o

(e}

it

> O
T

Mo o) Sol9dt) Autet 4E7 gt shbel ehol | A& e

- B BE o] o] ~E 8] 2 (asterisk) S ol £l B}, “A~E}E (starred)” EF Al o] 2 B H U},
SUE Zstd: Ade o= gl %% L+ BAY ¢HE} st A2 o] FEE
AF 3 ol Bolojok LY. o9 B9) A g FRELS Aol 28T o2 Aeis
B g0l e %aaglmﬁﬂwqoma%ﬂwﬂQ@%gg = B H o] e
Bl S g Uth ol HHEY U A 5 2B E 5}7101]"41?:]5‘145}
(o] JEE= s 5 AFYTh.

a9 o AR B B ot BAe) 49 22 59 P
Hololo} 3, FEEL, AZo| N S EZ o2, o) 33}

shubel Bl tia AR o] )L e} o) AR Aoz Ao E)
- B} 7o) 4R (o] 2) ®

érrﬂm

m
m]n
—p
ox
)
L)
[>
[t
_|\L

2 AF 3 o8 Y

- J oo ¥R ZE EZ9 I global Ynonlocal ¥l S33HA ¢tow: 1 o] &2 dx|
A o] F T2l A Aol AZF Utk
- agA o I o2 4 A o] F Folv nonlocal o o8 AAH = o F o] F
FZE A AA o A28 Y
0] go] o)u] AR o) Yo AAAF UL o AL A& AAH o] A AA B2 AR50
o) S5 % W ol 4], 2717} 05348 W % 2] 7 kel 3 3 A destructon) (23 ATHA) 7} 5 2]

£ us 5 5t
s B}Zlo] olEPHE F2u: Fxo] mefolne BAA) e FHUTL o AL U A5 o
S HES 713 AAE Folof shwl, 134 O Typerror 7t Yol gtk 1o 1 A
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Aol FARN AEHRER AAE HWYst=F YU

AttributeError oJX| % & 218 I Q

T A AA7E S A" so]al o] E 7

% (right-hand side) 4], a.x = A2HA o] E Ev(Qlx

HJEZHEE M2 5 5t FH (left-hand side) EFZ a
1=

class Cls:

x = 3 # class variable
inst = Cls{()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

ko
rlr

3 gxo] b zebolmel AN ¢S FHULL (FAE 22) Ahi
(AU 22) 1 AA 7 etoF Gtk 17 ohe, B Aage 2849 g

42>l o
Rl PA)

ol 7 (B AE Z2) 7hH AJAA AAE, HE 2T E% A7 bk gy th S,
4 Z 017}31511731414 AFH2 A DY dojRT) 22 Jo] opd Agofof 31a1, Al A0

£ 7H 5o AAE i Ystetr £ 3 01‘“’\7}‘@—&% B oj U, IndexError
‘14‘;}(/‘12 23 PE G A D20 e gL grEo A FES F7E 5 sUTh.
zZetolH e 7H (A E 22) g AW, AR AT HEE 39| 7] Y3 S35 & Folojok
3ta, ol 1 B AT PEE AA o v F = Z)/H ol H S HEEE 2 T ojuf T2
AgE 2= 712 N/F RS AT 5 A, (B2 3 717 EA A e A A A1/E S
Aee % 9 =T,

(RCH L )

l>~

(> [k
1e ro =
lo J“

AR o] AA L] A=, AAS QAR setitem () WAEZISEZHY

« B} 7l0] Zefoldolw: Fxo] metelue ERAY e FHUTH (FAE 22) 49 AAx A
7} ukshol gk s & AR 2 G AR AR ok Gtk 18 thg, AT Saka
ok 24 0] Ee PRI Th 7B 07 Al A~ Dot AAEE A5}

it Aold §57h e n, A dAs] Aol A 19 210 AAgs
o1} 2 Abe]o] ol 7h grol =S AFUTh A Bro 2 A A2 A o Seho] A% T =

A2z BAGES 2 AT B2 A2} Sl 2eehE, ol 29 Zole o

dolg thE 4 %

CPython implementation detail: A 3 A, B} 219 FH2 234 2A FA =L, &5E 852
= [e])]
. )

oy

o [

>

N

mN

FE A A NA AR 7] o 2ol ol 2] mA A7 A A= e T s U Tt

A 2] )7k )69 2k 571 e] 51 (simultancous) & (1€ £0],a, b = b, a it
W42 ZHIUH GANE, st ASE AAA ol Me] FHL AXo N LEZOE Yo}
AR 25T 5 Jde 2FE FHUTE dE S0, R 22 =222 [0, 2] & AHFUh:

X [0, 11

i=0

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

print (x)

o ¥7):

PEP 3132 - &7 o5 ] & A |7 *target 7|5 &k 4

72, YYFE 87
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7.21 =12 ¢ ¥ (Augmented assignment statements)

SEAAES T EFNA olF AT A= FA= AUtk

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|="

FE YL B (A Y E 94 & 79, B
5 42 Abo} i 919) ol B o] % A4re £, Ao BHdle] 1 AnE Y P ch AL
24 3wk gro] PRk

= 1R IEUYET2x = x + LAY A & 5 A=, B3] 22 a3h= opA vl
x 9 g2 A At U 3L 7@, A A A2 Al A
P e, A AAE e 2AS B A7 Ens, dd AAE + A=

Rt a= 2o, T g2 FHY 7S 757 ol Aol A s FEYTE A& £, ali] +=
f(x) = AT ali] &R, £ (x) o S 731, GBS =Pk, vtA e E 7 S ali]

H
St EolN F 2 ThE AR U ehe AL ol 92 ShH, S v Bl B v Auk Tl
e o A gurh B 2, ARte] $49 b o9 2 s, F 8 o el s =
o4 ake A o] A A 4ka) ATk

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_expression | yield expression) ]

1/

M
i)
1o
)
o
o

© 27 shije] BpAl w3 R the A9t
A2 22U RE 2750 9lod, gl dL gho %
HE  annotations_ o AAE =4, o] o]EHEX (Tt u 2
A GOz hgA 7 GAUe WA PYTh o] ofEFEL 27
Hlo] Mol FAow A

o BE AFzof e AXT gl FHAA T A%

o =
iy W9
v
N
)
3
ul(i
fifo

A (s (B
rr Mo pok
o ¥
2 o
il
ErR
Iy =+
o
by
2 2
© e
>
oL
o
>
)
%
R=)
ay <

o

A2 ghol A AV A A okF Ut

o] 243, o H o EH Y2 (FAE3 oA ol =H o] A g F3t7] Aol AA Y-S
Stk A BAe] A S 2AA o, dE = e e L B A g Fehie, vk n
__setitem () o)W __ setattr () ==L A=}

o R fromr XNxo ok pE o (L

P 2

o 17

PEP 526 - 4 o] xcrlo] 8 £ 412 53 BAsIE o4, A5 (Fels We Aads is 239
B2 o o] E Bhe TS 75 Al

PEP 484- 9 91E 34 £4 79 DEA AL§F 5 9t & ol wrlo] o] that B2 £92 A5
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A3l typing BE

o
3814 8 o)A ool =9 B 98 A Y5t vk 2 S 2e HAAS S
th o] Ao, (B Yt FEEVAF L) AR FAANA 2 ol E b RS

£ o

7.3 assert ¥

assert &2 = 2 13 of] tj ] 7] o] A] A (debugging assertion) & 4 ¢ 5h+= H 2] 8k W o Yt

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)

SAELS debug I} AssertionError 7} & o] 29 YA HSES 7187tk 7}7§ s o).
T A, W W __debug_ = YREA ”ﬂ"ﬂ/ﬂ True ©| 3, H A3V S HEH QS o (B3P
~0) False YUTh AAS) L= A4 7 A5 Aol AR5} 2 4% W asent £2 9B e g

e =g
GEUTH A HA A AN G EAAY £ ES EFT BRI G0l FHIAIL; 17

Edo]ag dE 2P,
__debug__ofl e T Q) et A ghuith o] WA M) ke Qe m e} A4 E W AR E e,

A

flo (2 oo rek ©,
il 2 2L ol

[>
_1%~

7.4 pass &+

pass_stmt = "pass"

pass & 9 (ml) Q4G UT— D uf, o7 A= dojubA) ebgith EHH LR Ee] B s e
FAW G AL Y2, AL B AL FER LA AS

Urth o & E01:
def f(arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)

7.5 del &
del_stmt "del" target_list

N
A
o
[t}

)
L
1>
i)

AR = A3 ob = vl st A A Aoz AUt AA AR AHFES ddste A,
o171 2 7kA A E7} 91% o}

BA B2 AAL 2 BAS AZA A 2 EZ O A7 A0 AA gt

o] MAE 2 ZE E5 Y& global ol O] 50 S&steA ol wel Aoy A o] F
FZEo A o] 58 A AAZ YT o] Fo] AAH ] AA eggﬂ,NameError of| &) 7} o o
NEZRE Ix, AB2I YA, Setol Y e d-dd Zetoln ] AAE AGg Utk S2to]l 49
AAle bR o g 9 Fo Wl SefolaE Wi sk AR TS (SAI R O]Zi}_x} ghold 5+

A=
i

~
(3]
Q.
0

=
1

2]
©
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A7) 7 Bk o,
B 32004 WA ool ol o] FHE BEoIA AF Me S8
AR B Aol 32k A gk

rr
oY,
o
>
12
o
alf
o
I
=2
>

7.6 return &

return_stmt = "return" [expression_list]
return & 2YUA L Feha Helo] F U A9} oz, 4 ool v F AT o] vehd & 5y o,

T8 RF0) 28 RE 22, T3 Yo Anone 22 AV

H
0]
o
-
=
5
rlo
=]
‘

1>
B[
SR
ﬁ
rIr
=
O
o]
f.D,
tlo
g
riot
gi
O
fru
S
X
(e
2
o
ﬂ?‘l

o, I'Ol‘
i
filo
Rn
It
<
O

return©] finally @< 7} try —v—Oﬂlﬂ Z1]017]—H-1011,]— Eulc Ao sz HE ARZ Hol)]

Aol 2 tinally ol A8 ek
A& o) E] oA, return F2 AU ol Bl 7 228 718 7] 2, StopIteration A& do Y
t}. return £ol] Al 25 = ZH-2 (A THA) StopIteratlon./] A A A o] Q1AL Z A YT o] StopIlteration.
value o EZHE7}I H Ut

g7 Add el deolM, W return & HlE 7] AU HY 2Was <&E AL
StopAsyncIteration @ﬂﬂ E doAYth v Z7] AlYd ol &5oA, o] YA ¥ return &

W oolH o

7.7 yield ¥

yield_stmt :u= yield expression

vield w2 yield 3% ¢4 3 Zr-2 o u] 7} Q55U 55 Shyield 2 A oA 22 2 3= 25 & A7)
A& yield &= AHE- U T A& S, yield &

yield <expr>
yield from <expr>

L g 2L yield 3 4] 2FET}

oft

Sgun

(yield <expr>)
(yield from <expr>)

yield £9 43} #7424V el o] 6 $48 A G vk A= 3, A A ol 8§ whe] o) A e AL
Hych w5 497 A B oA AV Aol E B8 BEES S ol yiedE Aol Aves
FEFUT

vield Q] Eof ot AA A AMFEL L= 38 2] (Yield expressions) A A& F3hd H ).
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7.8 raise %

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

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

g2 o, raise & A9 AA =, A HA A4 g2 F YT BaseException o AH ZA
GoaE ool gUTh 2UAH, o9 daBAt AR T 0] A% glo] FeAY AsHAE “P—OW

ARG Ut
of| 2] 9] & (rype)2 8] ATV Fe| A0, Fh(value) = A2~H A 24 Yook

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback___ attribute, which is writable. You can create an exception and set your own traceback in one
step using the with_traceback () exception method (which returns the same exception instance, with its trace-
back set to its argument), like so:

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class
or instance. If the second expression is an exception instance, it will be attached to the raised exception as the
__cause___ attribute (which is writable). If the expression is an exception class, the class will be instantiated and
the resulting exception instance will be attached to the raised exception as the ___cause___ attribute. If the raised
exception is not handled, both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous
exception is then attached as the new exception’s __context___ attribute:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ol &) A= from Aol None & AN A PA Ao 2 SAAZD 5 JFUTH:

7.8. raise ¥ 91
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>>> try:
print (1 / 0)
. except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o 9ol T3 o B2 B HE oo AMA AT 5 Y, )9S A2 3he Hol the B iy &AM
91Utk

B & 3304 WA oA raise X from Y oA Y & None ©] & 2-g U th

WA 330 7} o 2] 9 (exception context) 2] A5 £ H S A3t 4~ J= _ suppress_context_

SERELS

7.9 break ¥

break_stmt = "break"
break = BHACZ for Yy while F3
U2 Ao SRR = s
A AN EEAT A FEE 5 2
for $Z7h break 2 SR W, 22 Alo] BAL AA%S FATI T

%
break 7} finally S b try FAA Aol R UES REL A9, 2z iy AR Hol L}
A I finally @o] AdH r}.

[kl
N
D

'_l
n

D

i)
o
P
=2
;o
:L
rﬁ
i
hint)
v
=
ay
2

7.10 continue ¥

continue_stmt = "continue"
continue £ ¥HALE for Ywhile Tz FHE AT UES = JFUTE SHA T 1 F = Qb9
st = Ea 7@401] FHH A= EsUTE 7P 7H7bol A SR AL e F 2T TS Aol 2 E dol vt
£ wE U
continue 7} finally A& 7F try wollA Alo7F Bl UE | BE = 49, ths FE Alo]F5 A2
8l7] Ao 1 finally do] A Urh
711 Y E E (import) ¥
import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])”
| "from" relative _module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as"
("," identifier ["as" identifier])* [","] "™)"
| "from" relative_module "import" "*"
module = (identifier ".")* identifier
relative_module = "."* module | "."+

(from Aol g) 718 JEE $& F Az AYFUh
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Ol 5o AAHA 43, X ELF =T FO| HAS REo|H, &
22 A o] w7t AZF Urh

L REo a
Ha FxE Ao o] & 3] A
AN

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

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

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

from foo import attr # foo imported and foo.attr bound as attr

o B AE(+n) 2 WY, RE] 42 H RE B} o BEC] import o] 57

ol &7t dAg Utk

)= F 7N o] (public names) = 252 o] 5 TN _all__ ok o] 59 M4E AAFA

o} o= o] T, TAFE Y Al Aok St L EE 0] BYSAU YEES= ol &

all__ oA ARG EFES EF INEHFTHILTIEA EAS ok FUTh __all o] BYHZA

, BEY o5 FA TAHE= o F T, BE

Th_all_ & 87} APl A1 £ 5ok Tk o] A9 $1-2 952 A AP AR} obd
Sh A2 YA AT (7 F ol ALg okt gholuele] R E),

HE] — from module import * — & BE F£EATFSF ULt Ed24

A&+ SyntaxError & 4o 7Yt}

o 1>
N U
Y
il

X,

<

[>

R

<l

12

o, i
ot 2
Lo

B

oo,

_,d
ot ot
u
il
r
o
51
Fl
[

o M i el (g,
b
i

o 1wy

210
20
> |
ofo 3

10 w0 ofh A 5O Ty o
>

Hl

vl

nll

:%m

N o o o ©

>
o, M
o
N,
o
ok
2
[
N ﬂ.ﬂﬂ
lo
i)
2
o,
alf
B
g
=t
(¢}
g
8
S
fifo
N,
o,
ok
)
ko
fr
i
oy
™ T
v
|
iy
2
AW
o
N
X,
N

bofl 23 ulf, 22 A9 H 7R Yol e L A7) A o] F& AF3
(relative import) & & 5 A5 UTH fromF ol AFE = |7 AU BE Sl £
AR HA ks A 57
YEZEE 3= BEO EA13}
AL

A2 =ahg. Al 79

1o 24l
&
N
X,
et
>
ot
<
=
4
X
lo
™
rlo
o
éﬂ,{
AY
Y
4
AN
tlo
3
|y
i)
filo
k)
N
rr
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import mod A5, pkg.mod & YZESHA H Ut} pkg.subpkgl QA from . .subpkg?2
import mod-& *ebﬁ 51 pkg. subpkg2.mod & YZESHA F Ut 4] JEZEf th g 4 3l 7] A
At el E Aol Eo] 95Ut

Im m{m

ErdREES SHOZ AAG= 2R 22 7HES X Y5}7] Y8l importlib. import_module ()
o A1 ZH Utk
91 &} module, filename, sys.path, sys.meta_path, sys.path_hooksZ ZIA} o] E import&
5P A T o,

7111 FH &

A & (futre statement) > At L7 S RES 5 ERH Y NI S AHEEIA AstdstE S
THE & A Al o] (directive) Q1El], 2L 7]5-& vl o]l EAH = o] Mol A HFo] H= AYUTh
FA Y HH L Aol 3 A = Aol =YE v A ghojHo R FAVE AS HA BEE
AQUth 2750 FFol He vz o|do RE A E A 75 S AET 5 UAEE E%‘JD}
future_stmt = "from" "__ future__ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™)"
feature = identifier
FA T2 E2EY AY Aol vtk FUch FA4 & doll 2 5 e 552
e 25 =2 E ¥ (docstring) (1 THH),
Qe
- - =
- T FA EE

Fx] BE AL o st Y8 7] 58 annotations YUt (PEP 563 I XA 2).
1

=
BAC FH EL B3 BHHHY 155 A3 ol A 34 g5 ANPU o B
£ ol & absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TIH UL} o] AEL JoJEQY &

dBEEH A, 2 AA TS A AL A7 E AU

FA R PAACRE PhY AR AN 3 AUtk B4 THRE Jvle] A WAL FF
£ 35 AL B3 FARUL A 7150 SBHA Gt (22 o Pl A A2 L EUS £k
A¥ZA 5B, o] A9E ANAe)} RES A BAT 5 Uuich 18 A ES AW AAL

EMANTmuuq

2 AP AHY M EL FA4 woll gsf @43te = FAAA 7 ssol 28 A5yt
o) &l Bl o} E A% 583k Ro] ghgol 3 3ok Firh
import future [as name]
)AL FA) 2ol ohd Uty opr A 583 Aol YA Aol e FU QEE EL Bk
FA TZ X2 RE MO 5= W 4 exec() Sa‘rcompllew E3EMA AStLE = AT,
7NBAL 2, FA4 Fol AR s A FHA N E S AR th o] 21& compile () ol & A 75
AAZ AolE 5 et — AA T UES T Fol EAZ AN
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el e zely 2F 2o 98E 74 £ AdHZ 2 H AAY] 2 7|7 aRE A AU
AE| 7} -1, YT 2T HE o] Fo] ALgyth FHo= *]Z‘ﬁ}i,liﬂ% A 2

Setd, 2T HEVL A E o] Fof A& E = ey A AddAE B8 AU
o ®17):
PEP 236 - ¥ & ©] __ future__ _ future__ W] #H U Z o] ol 2 %X 2] A<k

7.12 global ¥

global_stmt = "global" identifier ("," identifier)*

global B& @A HE B2 AA o] A g5 £ AAYUh 1A BT ] A 02 45 of of 3t}
£ S Th global 491 glo] A% W Eol AL el 4 9171 AW, global glol AL Mo
ghe st 2e Bobs g ok

global T YEH o] EE2 22 7= BEE9 X global ¥ &l 53 5= g5 Ut

global &l Ugd o552 FA W/ s U for F2 Alo] 83, Fex(class) B, T 49,

YEE (import) &, A o mE| o] o2 HoJF A ¢ °]’°]ﬁ 4y

CPython implementation detail: &2 - & o] o] A|tE9] YHE A SHA] A g, =2 T
B otA] ook st e o FHL IAES BASFAYG Z22H Y] E o1 gl

217] &= Ayt

Z2a#m e F9 AFF: glob ThA o] & A A A} (directive) Y U T global &3 22 Al

s E = el Z*%%HE} , W exec () T2 FFHE ALY ZE Ao £

global 2 1% >3 }§ FT BE2o= S =2 941, 18 Exdo] 23E F& A

TS TS of 8+ global #oll YF= ‘%’%Z] FsUrth eval () Fcompile () TTEE

o} 2717 gy o,

A5

S
ol A

>

rE o

7.13 nonlocal &+

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

nonlocal B2 AR AWAT] AAL A S 1Y 77kl Fel we 2atzol ol vl AA 9
2 771 RS By h o) AL S o s, A7) 7R S2o] A o] F B WA FAs= Aol

WL o] £ AR ES A (0 F) 27w o] A9 235 ge WEEe] 4D T 5

9% 2 Ty
nonlocal o] Yydg =

AZES 7He A FUTH (A dZo] o &
oh.

nonlocal ol W = o552 A 2320 ojn] EAjste A= G A A ehotoF gy
o ®B7]:
PEP 3104 - u}Z A3 32 o] QU= o] F 5ol g HA XA nonlocal #2 54,

7.13. nonlocal ¥ 95
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CHAPTER 8

£ %2 (Compound statements)

BRSO E EZE(Y IF5S)S =TT Uth ol oz I o2 5] Ao 42 FAY
AolguUrch 7t A 2 o, QA BFES I 2 &5 7= A v gulg o g IR oy
Zo Z2HYh

if, while, for #3L AFHA Alo] 35 72 E TP UG EFEL 25 Ud)] try &= dlg A
271 H el (cleanup) TE F+= 1 5 B5FE AAQSE= W, with B2 I BEE5 FHOE 27|39}
sloldg|Alo]d ZEE AYPT = JA=E FUTh Tt Fela Fo w3 FHAH o2 BEYUTH
BER2 s 2 o) A2 FAH AL A TS} A E (suite) & FAAP U §A 532
AIHEL EF 22 527 £ Z25Uth Z At SHEA s & 7|92 A&t
FE20o7 ZYUth AYEE Ho g5 AlojH = EAEY IF5JYULE A2 EEFHY Z2 FHolA
2o o MuZRor Bald sl 2 ol TR Y = s Uth B O3 Eo ST H
Sty 2 ol EHEY = dsUth 24 S22 e FHE BEFdES 28 5 IdFUnh
23 22 AL gntEx o, A2 AuEs= clse Zol Jthd oW i r Hoj| 3l=%] Y &35HA

’if testl: if test2: print (x)

£ o] EH oA AlplEE ol ZEE Y et Ael A, k3 22 ool A, print () TEEL EF

A A} o] = ShhE A 4] b ths 2o Fo)8 o gt

’if x <y < z: print(x); print(y); print(z)

8 oFsh:

compound_stmt = i1f stmt
| while_stmt

| for_stmt

| try_stmt

| with_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite n= stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1list NEWLINE | compound_stmt

97
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stmt_list = simple_stmt (";" simple_stmt)* [";"]

T4 E°] §/ NEWLINE © & 131 DEDENT 7} 1 § & g 5 ol =5 oF Yot =3, A=
Fod el AEo) §4 2L NANL F G AAER A 457 e, 25 glrhe A€ 75
S & (Fol Mo THE if 7ol E27] HE AL 7o 2 A ‘v 22 (dangling) else’ A&
3} Agich

B P oheol 2k AN ot B A5 24 AL ¥Ee) Eo 52 Eojg sk

if & 2AF A AE YT
if_stmt = "if" assignment_expression ":" suite

("elif" assignment_expression ":" suite)*

["else" ":" suite]
Zol 9 & e WA w) A BAAS) S ShbA Aelvi= T A st 29 =S AeF
Utk (3t AR A= =2 A4k(Boolean operations) A4S BA| 2); 18 th5 1 29 EE APt
(2E 3t ir B T2 oW REE AP Av} gho] THAA Fuith. BE EANE] AZlolW
else Ao} 29 =7k (gleka) AFH ok

while &2 @A o] 4 FAd AP vl v AHEH Ut

while_stmt = "while" assignment_expression ":" suite
["else" ":" suite]

o] 2L THAZ NHEH o7 HAbetal, Fol|, A MAl A9 EE AP 2d A o] ARl (A
B ARNY $E HUh else Ao A ES () AAH L F2E FaTT
A WA S E A AR & break B else AL AW 41 FE FEIUCH 3 WA 29=
oA AT = continue FL A EQ Unx HES AV T34 AALR Eol7tYt}

)=
83 for U
for ‘{':‘19: (EAE, 75, B 2E Z22) Al AA Y o olHEE A9 2452 oJH A Es=H A

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

A 552 g Ank gto] F A UL ol Bl el 8 AR 7F Uhebok U T expression_list o AFE
olH#lolE 7} tEo AUtk 18 tha olH & o] § 7} Al F Sk A uit), ol HE ol H 7 EH T <A
U=, AR E7 G A AP, SRk 2 gEol tgel 2 42 (19 F & WAL 02 B
EE HAdE the, 2 EVFAGE UL FESO] 235 S o (o]E # °]H 7} StopIteration
olelE Ao uli} §l AUzsel Aei A AT, the else A8 29 =7} (AckH) AR 7
22gFagduUch

A AR 2 EONA AP = break B2 else B2 APoHA F1 F2E FEIUTH 3 A 29 E
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A AR L cont inue B 242 PR A RES AU T IS FEOT Hol A, T F5o]
o else E 7T

12
>
)
o
)
2
il
o
td
—r
£\
2t
ff
i
u

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 229 o] 25 L 27t SR 0 A A QA v A A2} vl o ek, Fxol o5 A v o]
Lol upA] g2 % 95Utk AE: YF B4 range () £ 229 for i := a to b dod EFHE
FUl =t A4 Z2 olgEHolHE 85U ol & S0, list (range (3)) £ FX2E [0, 1,

i AA27h o) oo 2 4F wh m e Fo] YIth(el AL 94 7ha A8 20 A gk dof ]
o), 718 Bl 2 E), hgol o @ FE o] AEHA T A s R AL E 7} ALEE 3L, 2} ol el el o] Ay
F7T o o] F-2 Bl 7 Al A Aolo] EESE $271 FRA T o] AL Wt A ES A AL A
WA (£ 1 0 A0)) FE A S, g 22 AW A ek EdU (g F5o] o)1) B2
WA B AALE 2 7] WE T, A2, 2927 A B go & ol B8
AR5, A DB 220 03 ¢ Bol A A T o W 0 kR A A Hic o] AL ek w1
58 S QL Al X 1) Sehel S A B B0 o8 2ol oh A % B

w

=

for x in a[:]:
if x < 0: a.remove (X)

84 try +

try 22 2% 2woll tha ole] A2 71v A 2 (cleanup) T = = 11 5 EFE At o AHEE U

try_stmt = tryl _stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no
exception handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started.
This search inspects the except clauses in turn until one is found that matches the exception. An expression-less except
clause, if present, must be last; it matches any exception. For an except clause with an expression, that expression is
evaluated, and the clause matches the exception if the resulting object is “compatible” with the exception. An object
is compatible with an exception if the object is the class or a non-virtual base class of the exception object, or a tuple
containing an item that is the class or a non-virtual base class of the exception object.

except 4 % o = ZE o) 9} vh A5 A oW, o9 A7 AL FR DE9) BE 2de|A] ALY
Yok

B} except 9] ST gl HAAS ghe 7@ wf o) 9 4 WS, Ao A/ AL A
L ERELEEE L PN ERRE ER R E R ES NG R P O

I TLE 98 9ok rinally Aol 94 e Bol9t 5F 2oz YT 1A 9t lae] A Golu A
BTk

Hx
o=

ES
2

—

84. try ¥ 99
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Aq9UTh.
v} 215 except o] A W, 021 L except Aol 9 as 7151 = (7 SThe) T ol A3 0] o)
FA of gtk B2 0] Zof

%] 11, except A o] 2 ET} AYF T mE except A2 1‘ e ERS 7

SR, uy £ AR A QubAol Ago] A%H I (o] AL 22 ol 9] ol 3l F EEETE
2] 7] 7F 9L, o 9] 7 <& A 2] 7] 9 try ol A LA HTH, HH’E‘ A2l 7] = Clel & A elstA] b Erke
ol ®uth)

9] 7}as target & ARESIA tI Y2 ull, except B Zo| A AAIE Uth. o]

m

2 nhx)

except E as N:
foo

7ol g WEE & A% 2

L)

Yot

except E as N:
try:
foo
finally:
del N

o1& except 2 ol B5hel W o918 T o) Bl Bl 93]} ek Sl o3l & A A s ol
Ao HE ] S 6 18], o o) s 0L 33 L A A Ao
A71A 2 ZA Y BE A WrEL ol mEdUTh

219
except B AQJEZF AYE 7] Ao, 2] ] A W&ol sys BEO AZE =0, sys.exc_info() &
Fol AN 2T 5 JFUTE sys.exc_info () & 99 ?41/\ of| 9] AAHE A, o] 7} L2 T3 9] ofr]
of| A ‘E‘a“é‘éll%zl% G F= Ed ol A (E%fﬁ A EHAL) = OITOJﬂ FHEES EHEYL
sys.exc_info () gE-& o9& A2 T2 HH %ﬂ%‘ﬂﬂ oA oz HrFYrh
=&

TE
A b5 else A Aol 380 oy SAHER WAL, A9 F RATA SR, rocun,
contlnue T break Bo] APFH A ko APHUTE else ZoA] FAT = o= oo e
= except & Oﬂ/“] x]ﬂE]X] %}GWE]'-

finally 7F 12, ‘A g (cleanup)’ ] 2] 7] & A AUt} except 2 else S £ A, HA try
Aol Aggrh °] AEY oy A @ﬂﬂﬂ O‘O%‘/‘r‘?i, ool &= AA AFF UL finally Zo] 43
U WoF AR A2k GO, finally 2 ZolA oA AN tinally o CHE 92
do 7|, AAE o 2= A o] 2] ﬁE—“,iE(conteXt) Z AAHY YL} finally @o] return, break &
continue g Ay, AFH o= Ptk

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally & AgPdt= Tt oo AR = 22 T30 Ala% A ekt

try-finally %9 try 2 ENA return, break, continue o] AP ul], finally A% ‘L}7}

£ 29 498

g40] Whek ghe ol A vho] AR recurn £O2 AFPULh finally Ao BAF AW 7] oo,
finally Z oﬂ/\i /\15115] = return—,—o] 6‘]—/\]- U}-X] U]—oﬂ E]‘ Q 7—]0] 5]1/]1’/}

>>> def foo():
try:
return 'try'
finally:
return 'finally'

(Th5 ol A el A%)
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(o1 sl o] A A A%)

>>> foo ()
'finally'
of o of] & F 7] FH = ol 2] Ao A ZE = Y3, o E D7 7] Al raise T AHESHe 2ol

B9 Bt paise F A A 2S5 AU

WA 3804 WA gto] M 38 o] Ao, continue Fo] & EAR A3 rinally BoA FEA
& SkE U T

8.5 with ¥

with B B2 AYS AYAE Bel 2} (with & AL AE #e] 2 A4S HAR) 7L Jo i HESE
ZAe B ALE R YT o) A B8 tryexcept - finally AL HEE HelahA AAE T 2 QlE=
AE3HE 5 =2 T

with_stmt = "with" with_item ("," with_item)* ":" suite

with_item = expression ["as" target]

shte] “item” & AFE Sk with B9 A thg 2ol AP H th:
1. AGAE Fef25 A7) A8 AY2E T84 (with_item o o] 7 expression) o Fh= T T
. UEo| AR 8 AEAE BE|Re]  enter () 7ZFREE=HUTH
- WSl AR s Sl AEAE FHelAke]  exit () ZFREFYT
__enter__ () MAEE TEF T
cwith 2ol BZlo] 2= lod, T __enter () o RE& = WA F U ok

<

wh B~ W N
L
o,
S
m
)
K
5y
Lo
D

B: with®e __enter_ () MAEZbold glo) Solghe wl, _exic_ () A 5ET
BT 224, B 2ol TS 3hs B ok o2l 7L AT SHE, 291 ghell A of el 7 g e 213} 2
Uk obehe] 6L A S B A2

Q.

O o

AA=Z FwH U

S2REZFA S 2ol FEE YA, exit () HIA =] Wk Fho]
Ot} vk gho] Fold, A9 & AF2a, with 2 ol L& 22
el

SAEFL o9 o9 ol §2 FRHW, exit () o NB G FAHDL, AP SR S
e 9 A oA Aa e AT o,

e Re mEE:

it

with EXPRESSION as TARGET:
SUITE

gulgo s hew EEFh

manager = (EXPRESSION)

enter = type(manager) .__enter_
exit = type (manager) .__exit__
value = enter (manager)

hit_except = False

(g STeTA o 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)

S o $Be 24U, AdaE FRe wich ol FHE 2

_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

HA3 1A WA o5 AEAE
o B
PEP 343 - “with” & I}o| N with 29 2, vl 7, 9.

Bl
el

SRR

B Ao AEA ) 5 AR (EFD AF AAS BAL) 2 FY Pk

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators = decorator+

decorator = "Q@" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)* "," "/" ["," [paramete
| parameter_list_no_posonly

parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_1ist_:s
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" paramete
| "Wk kN parameter [n,n]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname = identifier

F4 AL ART 5 e EFAUh AP BA A o] BN FA% o] 5L TS AA (e

A T =2 F el o) (wappen). o B AR B og 200 UG B2 2 T,

G547t 22D u) A o & FUHoE ALE »M.

B4 ol Fe) nhr g AWYSA gdth A4 55 o AP YR

B4 Hol e shph 7 o) Ake) o e ol AL 07 A £ U Hl el ole R4 L TS

ZhARE ), T A E XFohE AT T A FE FEUTE T AHE= FHEolofof e, T

AA RS AAZ AR A & F Uth vk gro] g AR Al 9 o] 5ol A2 F
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dZeolee FHE s Az H8gUnt & S0, e 22 2=

Qfl (arg)
@f2
def func(): pass

e EETn

def func(): pass
func = fl(arg) (£2 (func))

Aehe] 47 YA E o) % func o AQH A eherhe v ThEvTh

WA 3904 MG o
ol dellE, ol A A7

£ #3273 assignment_expression® E H I oE E 5

o] A5 U th; AHAI g -8 PEP 6145 2 Al &

Sk 2 o) AFS] Tl ) o| parameter = expression FEE 7H of, 7«72 n i

ok By 7] gkol o] B, T2 v Sete A E AHTE 9}—7’—,1%*

o) 7] 2 ghol A8 g Ut Wk mi AT 71 RS 7Aoo 7kA] 2 F S wEE 2 vl
NEGS FA ok itk — ol AL B4 Mol A Hels A G 2H A Xil%*%lblv}.

{a

30,
ofy
AW
vl

o e

%

2 o

[
4r 20
b e

yo 1>

22

St Ao AP E uf), 7| B mi A H S ZHe AFo| A L EF 0 2 Zo] T3 Ut} o] AL B H A o] g
7} %4.49 wj gk ¥ gro] e A1 %U o} 22 “ul ] A4bE” 3ol AR v %%@‘4‘4- ol A=
ols 3t A2 53] 713kl Bli g E e 2 7hA AR Y of ek wek T
AAE FA3E (71, BlaEd G5 F7HEth, 1 43 7|2 gke]l = FH Yth l AL Atz oz
o3t Q= Aol ofyth o -rﬂl%ﬁﬂ ke W2 7| 232 & None & ARS-31aL, $H4 BET] o A
YA H oz GAAEHE AP Uth oAl &

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 pa-
rameters 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.

HAHFEL 7S o] 5 FHo] 2E=“: expression” G| o] H o] AES 7 F AdHFUTH BE
A= o H ol HS 71 4= =, *identifier Y **identifier FEAR A THF YT &

=S B2 FHo] LE=“—> expression” FE|Y B1E(“return”) o] = EH| o] A S 71 = A S ]
o] o] . H o] HEL 2ulE Tho| M A A oW oj® Aol A T 2 95Ut o] g o] EA = FHgo
oJul g v A sy th o eH o) FTELS T4 AAS __annotations_ JER|FEA w7 HS

o
[

182 7% o= 9N o2 AR YT _ future_ ol A annotations £ Y EE &,
B717 g8 of ol eelolde AN Ao E4ew BEP T 297 o 94 o))
BAFUL, o A9 ol =Hol 4 A2 T =0 1o & £ A5 E 24 B7hE 4

A 2 18317 9190, o B gl B4 (o] ol AAH A B T E WE
%848 B S, D Lanbday AN ST, B S A

Aol A A ethe A o 8HH 8 “der” A A Aol H 9
A AYE AL e o 2o 918 & g% oe Ao B Ay
o7 W g, “det” GEI 7 M T 2E T,

F: e HALE Fel(firstclass) AA| Th T A 9] Sholl A

SLER e
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classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" [argument_1list] ")"
classname n= identifier
RPN ;gg]% A3 7he e EA YUtk Al (inheritance) 5 52 HE wl o]~ FHAEY BEES AT
st (B g Aol disiA = mEt el & HAR), 55 4 FF2 g2 7T i A8 ZHS
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class Foo:
pass

soes EsRUY

class Foo (object) :

pass

Foj ool 29EE AT B0 A o § $03% Aol A% oI BUL A4S A A 2
(15 A2 (mdmg) HA2)oA AFF Ut (B5, 2 E= diE T+ =2 =2
Feho0) 297k A0S AR, A0 2AYL HANAD, A9 A ol BaL wEFhch
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Q£2

class Foo: pass

£ o S5

class Foo: pass
Foo = f1(arg) (f2 (Foo))
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8.8.1 ZFH g A 9
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_ list]
["->" expression] ":" suite
ghoj W IR AP L o A HANA LA FAHAUANE F AFUH(EFE & HAR). ZFE

10 A it 5 aoynie A AL A A B I AT ) A, ooy fon
async with T8 W) A ST 5 YFUTh

async def #HOE FoH I+ F4 ZFH T, await Yasync 7|9 EE 3844 &
Ao 224yt

F8 9] vy oA yield from A& AFR 8= 212 SyntaxError YU th
FE e 9

rlr

HJ

RU

async def func (paraml, param?2):
do_stuff ()
await some_coroutine ()

8.8.2 async for &+

async_for_stmt = "async" for_stmt

H]57] o] B2 & & Hl57] o|H ol & A F HP@W}—_ iter_ WAEE AlFstaL, 5 7] o H &
o] H & A4l ¢ _anext H A = o] A H]%ﬂ FeE 3233 9gsyrh
async for -2 HlE7] oJE & st At o] E H o] dS &gt

Herge 2Es:

async for TARGET in ITER:
SUITE
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else:
SUITE2

ooz eIt FEFh

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:
try:
TARGET = await type(iter).__anext__ (iter)
except StopAsynclteration:
running = False
else:
SUITE

o AASGWEL  aiter ()5 anext_ () R FYrth

FFE g2 viy el A asyne for &AM S A2

n
=
=]
5
)
X
=
R
R
o)
R
A
°

8.8.3 async with &

async_with_stmt = "async" with_stmt
B 5 7] Al AE Be] 2 = enter & exit Bl Z oA AL A =R 2= Q= A~ Fe) 2} ok

O3 g 75

async with EXPRESSION as TARGET:
SUITE

oo vt s dUh

manager = (EXPRESSION)

aenter = type (manager) .__aenter_
aexit = type (manager).__aexit___
value = await aenter (manager)

hit_except = False

try:
TARGET = value
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 AN W RS aenter () &} aexit_ () ERWH P YT
FEE 9] vir] "ol A asyne with & AF&8F= AL syntaxError YU th
o B

PEP 492 - async £} await &H-& A}83= ZFE IFEHE oA AE3 SHAA Moz e
3, BH AYE F 713 Al ok
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B3P o)A Qe b 2 B 78S AT

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

FH39) EFES U3 R W 25 2 F ok Foll fdsf o Fuich shA7F 98 o] & A 8=
o] 23t

32 95 eval () o] AHEFEUTH o] 2= TS ZAFUT eval () o 2L A=
7} -2 42 A3 of g ok

eval_input = expression_list NEWLINE*
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cHAPTER 10

o1 212 CPython 7 4718 A4 81 o 1851 F ol 4] 2 3108, 47 31018 £ 5 435}
(Grammar/python gram & FESAA L), o] AL TE Y45} o] B7eh BAR AL JHE J3Y
Y},

F71¥ 2 EBNFS} PEGY £ Ut £39], & Holl 7|5, EE2 £ = 5 E 29 ZE% FAA < v
B 7] (positive lookahead, =, & X] &]| oF 3} A ¥k 48] H A &= =) 5 e Y, | = 2 A v g] B 7] (negative
oo 2 D511 Lol Ty S Aer e, | S e a1 oo PGS 6o 91 119 oo
choice)” (-84 A PEG ZHAA = /Z 7| FFYUth < X3 th

—

# PEG grammar for Python

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: ' (' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# type_expressions allow */** but ignore them
type_expressions:

', '".expressiont+ ',' '*' expression ',' '"**' expression
', '.expressiont ',' '*' expression
'*' expression ',' '**' expression

\
|
| ','".expression+ ',' '**' expression
\
| '"*' expression
| "**' expression
| ','.expression+
statements: statement+
statement: compound_stmt | simple_stmt
statement_newline:
| compound_stmt NEWLINE
| simple_stmt
| NEWLINE
| ENDMARKER
simple_stmt:
| small_stmt !';' NEWLINE # Not needed, there for speedup
[ '";'".small_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment

(Th& sl AT ol AS)
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# will throw a SyntaxError.
small_stmt:

| assignment
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt

| nonlocal_stmt
compound_stmt :

| function_def
if_stmt
class_def
with_stmt
for_stmt
try_stmt
while_stmt

# NOTE: annotated_rhs may start with 'yield'; yield expr must start with 'yield'
assignment:
| NAME ':' expression ['=' annotated_rhs ]
[ ("('" single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)

augassign:

LT

v//:v

global_stmt: 'global' ', ' .NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

yield_stmt: yield_expr

assert_stmt: 'assert' expression [',' expression ]
del_stmt:
| 'del' del_targets &(';' | NEWLINE)
import_stmt: import_name | import_from
import_name: 'import' dotted_as_names
# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS

import_from:

(B sl ol Aol A1)
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| '"from' ('.' | '...')* dotted_name 'import' import_from_targets
[ "from' ('.' | '...")+ 'import' import_from_ targets
import_from_targets:
| '"('" import_from_as_names [','] ")’
| import_from_as_names !',"'
[
import_from_as_names:
[ ', '".import_from_as_name+
import_from_as_name:
| NAME ['as' NAME ]
dotted_as_names:
| ','".dotted_as_name+
dotted_as_name:
| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME
if stmt:

| '"if' named_expression ':' block elif_stmt

| '"if' named_expression ':' block [else_block]
elif stmt:

| 'elif' named_expression ':' block elif_stmt

| 'elif' named_expression ':' block [else_block]
else_block: 'else' ':' block

while_stmt:
| 'while' named_expression ':' block [else_block]

for_stmt:

| "for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—Dblock]

| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block.
— [else_block]

with_stmt:

| 'with' ' (' ','.with_item+ ','? ")' ':' block

| 'with' ','.with_item+ ':' [TYPE_COMMENT] block

| ASYNC 'with' '(' ','.with_item+ ','? ")' ':' block

| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block
with_item:

| expression 'as' star_target &(',' | ")'" | ':")

| expression
try_stmt:

| 'try' ':' block finally_block

| 'try' ':' block except_block+ [else_block] [finally_block]
except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
finally_block: 'finally' ':' block

return_stmt:
| 'return' [star_expressions]

raise_stmt:
i expression expression
| 'raise' ['from' ]
| 'raise'

function_def:
| decorators function_def_raw

(B sl ol Aol A1)
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| function_def raw

function_def_raw:

| 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—block
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

params:
| parameters

parameters:

| slash_no_default param_no_default* param_with_default* [star_etc]
slash_with_default param with_default* [star_etc]
param_no_default+ param_with_default* [star_etc]
param_with_default+ [star_etc]

star_etc
# Some duplication here because we can't write (',' | &')"'),
# which is because we don't support empty alternatives (yet).
#
slash_no_default:
| param_no_default+ '/' ',

| param_no_default+ '/' &")'

slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &")'

star_etc:
| '"*' param_no_default param_maybe_default* [kwds]
[ "*' ', ' param_maybe_default+ [kwds]
| kwds

kwds '**' param_no_default

One parameter. This *includes* a following comma and type comment.

There are three styles:
— No default

- With default

- Maybe with default

There are two alternative forms of each, to deal with type comments:
- Ends in a comma followed by an optional type comment

- No comma, optional type comment, must be followed by close paren
The latter form is for a final parameter without trailing comma.

¥ H R R R R R R %R W Hh

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression

(B sl ol Aol A1)
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default: '=' expression
decorators: ('Q@' named_expression NEWLINE )+

class_def:
| decorators class_def_raw
| class_def_ raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ] ':' block

block:
| NEWLINE INDENT statements DEDENT
| simple_stmt

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| "' bitwise_or
| expression

star_named_expressions: ','.star_named_expression+ [',"']
star_named_expression:

| "' bitwise_or

| named_expression
named_expression:

| NAME ':=' ~ expression

| expression !':="

annotated_rhs: yield_expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ',"
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param _with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',

(B sl ol Aol A1)
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| lambda_param_no_default+ '/' &':"'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ '*r ', ' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds: '"**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

disjunction:
| conjunction ('or' conjunction )+
| conjunction
conjunction:
| inversion ('and' inversion )+
| inversion
inversion:
| '"mot' inversion
| comparison
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
compare_op_bitwise_or_pair:
| eq_bitwise_or
| noteqg _bitwise_or
| lte_bitwise_or
| 1lt_bitwise_or
| gte_bitwise_or
| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or
| isnot_bitwise_or
| is_bitwise_or
eq_bitwise_or: '==' bitwise_or
noteq_bitwise_or:
| ('!='" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
1t_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

(B sl ol Aol A1)
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bitwise_xor:
| bitwise_xor
| bitwise_and
bitwise_and:
| bitwise_and
| shift_expr
shift_expr:
| shift_expr
| shift_expr

A

e

Tt
TSt

sum
sum
| sum

sum:
'+' term

| sum
'-'" term

| sum '-—
| term

T %0
l/l
V//l
term '$'
l@l

| factor
factor:

‘ l+l

‘ T_1

factor

factor
factor

factor

term factor

factor
factor
| '~'" factor
| power
power:
| await_primary
| await_primary

Tk k!

await_primary:
| AWAIT primary
| primary
primary:
primary
| primary
| primary
\
|

', ' NAME
genexp

'('" [arguments]
primary '[' slices ']'
atom

| slice !',"

[ ', '".slice+ [',"]
| [expression] ':'
| expression

| NAME

| '"True'

| 'False'
| '"None'

| '__peg parser__'
| strings
| NUMBER

| (tuple |
[ (list |
[ (dict |
\

v v

group | genexp)
listcomp)

set | dictcomp |

strings: STRING+

list:

[expression]

bitwise_and

shift_expr

factor

v)v

[v:v

[expression] ]

setcomp)

(Th& sl AT ol AS)
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| '['" [star_named_expressions] ']'

listcomp:
| '"[' named_expression ~ for_if_ clauses ']'
tuple:
[ "(' [star_named_expression ',' [star_named_expressions] 1 ")
group:
[ '"('" (yield_expr | named_expression) ')'
genexp:
[ '"(' named_expression ~ for_if_clauses ')'
set: '{' star_named_expressions '}'
setcomp:
| '"{' named_expression ~ for_if_clauses '}'
dict:
| '"{'" [double_starred_kvpairs] '}'
dictcomp:
| '{' kvpair for_if_clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_if_clauses:
| for_if clause+
for_if_clause:
| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| "for' star_targets 'in' ~ disjunction ('if' disjunction )*

yield_expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

arguments:
| args [','] &")'
args:
| ','.(starred_expression | named_expression !'=")+ [',' kwargs ]
| kwargs
kwargs:
| ','".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+

| ', '".kwarg_or_double_starred+
starred_expression:

| '"*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

| '"**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !',!

| star_target (',' star_target )* [',']
star_targets_list_seqg: ','.star_target+ [',']
star_targets_tuple_seq:

| star_target (',' star_target )+ [',"']

| star_target ','
star_target:

[ "*' (!'*' star_target)

| target_with_star_atom
target_with_star_atom:

(B sl ol Aol A1)
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star_atom:

single_target:
single_subscript_attribute_target

del_targets:
del_target:

|
del_t
|
|
\
|

t_primary:
| t_primary
| t_primary
| t_primary genexp &t_lookahead
| t_primary
atom &t_lookahead
t_lookahead:

target_with_star_atom
[star_targets_tuple_seq]
[star_targets_list_seq]

single_target
single_subscript_attribute_target:
't_lookahead
't_lookahead

','.del_target+ [',']
t_primary
del_t_atom
NAME

del_target

[del_targets]
[del_targets]

[arguments]

't _lookahead
't_lookahead

v)v
v]v

't_lookahead
't_lookahead

NAME &t_lookahead
&t_lookahead

&t _lookahead
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e Ellipsis W& A<,

2t03 Bl H 2x TEE Thol 4 3x TEE MBI A e EFAE], AT PR B TR LA
EelE SASA AA T 5 gl R W TS thE Y Th

2t03 = & golB g oA 1ib2to3 E AFHYTH =9
Tools/scripts/2to3 2 Al Z Utk 2to3-reference 2 H A 2.

abstract base class (—",‘—/Q'HIOV_\%EH’\) ZFA ol E A= hasattr () 2
A v BEHA ZXE (& , W2 w2 AR, AEH o] A~E oSt
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYsted, A E ﬂﬁ‘}x] ?%2‘5/\1
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
), &

o~
[o
fru
>
@
4
30
rlr
[>
1
hiad)
[
rr

C X
qE}: e 2z

26 (importlib.abc EE|A]). abc BES AME-3)| A Z} b] ABCE W& —’FE 9&%14 D}.
annotation (o] =H|o]H) F5of whe} & SlE 2 AMEEH E Wy, FU 2 dEYRE T S s
U ukek gl A 49 ol 8yt
H o] -2 A A Zhol] AMATE ¢ QAT A W, Feja S E 49 o=
E, F 2, 49 _ _annotations_ S5 oJEFRE AFH YT

7)
AR st W o = H o], o o] :=H]| o] A, PEP 484, PEP 5262 =X 5HA] 8.

m

T 212} (keyword argument): S &2 W “tﬂ?ﬂ-ﬂ- °]’°ﬂ 22 (9 E %Oﬁ,name=) Tr=
rx Qo B 9 E R 7@“3 = A2k A& 59, 33 22 complex () E&oA 3 3
55 2F 7195 Adxd Ytk

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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2] AR} (positional argument): 7] = A AF7} o 1}
LAY olHHE o ol » & 2o AL AF YT o
45 EF A AR Y

- 9]
U

complex (3, 5)
complex (* (3, 5))

AAE= By 9 o] & 22 A
4L EH] L EHACE, od
q] C\’J% Yot
Sl v FE3FAQ A7 Ak} v /¥ 5=9] A}o] £} PEP 362 WA 8.
asynchronous context manager (W5 7] ¥ AE fA2|z})  aenter () & aexit () HIANEER
St Aol o= AA. PEP 4928 = {15 9@%‘43}-
F=

ol gt ol vy

S
d4old A%z A8 4

o]

=
2L
ar

o 485+ 73Sl thah A
g1y h 721 gkol A<

)& o BN async with oA Hol= 374

asynchronous generator (]2 7] Al @ o]€]) v]5 7] Al @ o] E olE# ol & 34
def 2 AoH &= IFH A Kol async for FZL7} /\F‘“" T d+= %‘_%-‘4 rE<
vt = yleld“‘?"ﬂ@.‘%g’:"z o= F o] oYt
BE v57] Alvd ey & 7 71 A0 o E £ ]/ﬂt Hl5 7] Al g ol el o] HolH &
AU o £ okt 907} B B2 A9, BAT BolE AN TETE AAUTh
v S 7 Alvd oy &4+ avait BAAI asyne for 3} async with & TS ¢+ J5
ek,

asynchronous generator iterator (¥]-5-7] | U #| o] €] o]E]#|o]¥]) u]5 7] A& o] &7} vk=

% 7] o]gl @ o]E] QY| __anext_ () & SE3H ogJlo|HE AAE S 3, oA
vicld BAA 744 0157 AT dl ol §e] Bl AW o

_/'\_
],

7 yiclat ANAL R Ae) g TR, 1 HA (A AT 7] 5 uy-EES T o)
A AHE 71 9F Yk b5 7] Ad e ol g olE#olE 7t __anext_ () 7t =¥ F+ E 3
olgfolEEZ A/ME W, §ut o2 B3} PEP 4929} PEP 5255 H A 2.

asynchronous iterable (8] £ 7] o]e]&] &) async for EoA At24E —,— i’)\ AA. _ aiter () HA

=157 olHHolH & S8 F ok ¥ UL PEP 492 E =9 g5 Uth

asynchronous iterator (8] 57| oJe]&|o|¥]) _ _aiter () & _ anext_ () WA EE FHs= AA.
__anext__ = o olHE AAE e FHoF Yt} async forE StopAsyncIteration o9
7} A3 w74 2] b]E 7] ol H# o) E 8] __anext_ () MIANEZF EE T odlolHEL FUTh
PEP 4922 = 5 95Ut}

attribute (G EZ]|HE) AXHA S AL oo A2 = AA} A g A E £
OJEZHE aE 7IA W, 00X Y FRPYTH

awaitable(OJTJIOIEiﬂ await AN AGT ¢ Q= AR FFH oY __await_ () HAEE 71X
AA 7D 4 J5Uth PEP 4928 H A 2.

BDFL *}H] 2-¢ £ Al = 2 X} (Benevolent Dictator For Life), 2 Guido van Rossum, 3} o] %1 2] ZX] 2}

binary file (80|12 5}e) Vol =5 2] 5 9T & 5 9l 942 24 wpol 2] se] o 2 vilol
g BE ('rb', 'wbh' EE 'rb+') 2 98 9}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO & gzip.GzipFile & JAAHAE & 4 Y5 Uth
1PN

str AAE Q1 £ 5 YE Y AAol HslME g aE 91d = FraA .

bytes-like object (B} o] E Q& 7 A)]) bufferobjects & A Y5t C-A%5 M E AAFTE T 5
5% memoryview 7“ AAEL EE0|1 bytes bytearray, array.array AAE
WOl E 95 A 52 vho] U ) olo| e &t ol 2] 74A AabEol 4T
whol U7 U2 A9, 242 B9 A 2L ASo] AU,

o AtE2 vtelv g HolH 7L 7t A Y 87 st o]d Ao ABAE T35 “gal-
» 7| Hlo| EQ R AA" gt EAF YT 71 W9 AA|Y o &= bytearray 9 bytearray 9
memoryview 7} Q&5 Uth ThE QAFE L vloj g dlolEl 7} B AA (“ 7] AL Hlo|EE R
AR o AAYEE Q@ FYTH o]d AEY 2= bytes® bytes A A9 memoryview 7]-
e,

, A7 07}

gl

w
30,
)y
A
T
27
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bytecode (H}o]E T.&) T}o]H A~ F == nlo]E F =7 FAulUE =1, CPython ¢ B Z 2] E] o] A] u}o] A
22 I YR FHFYUTH vl E =+ .pyc 3ol A Hof, B2 32 7 A AP o
o @22 A U TH(A 20 A HRol E I ER Y AT LS 3 5 AFUTh. o] “FH A" =
Zhutol E A= o th-goh= 71 AE A ote 7H 717 ol AfE ki TR th HlolE I ==
A& T2 stol A 71 71 Al A 2 E A2 7SR =, sho] A i & Tholl b A o] A &= ghrh=
2ol 2] 3l oF Fh.
HlolE I E ol 552 dis EE A A U3yt

callback (F1) QA2 A== vlef o] o] Aol A AYd A8 2d 3

cdass (Fe2) AR AL AANESS UHEZ| AT Y. FH2 Y= B FH JArdAE At R
At HIAE Y=

class variable (] A ¥HS) 29
Aot =A==

A~
T .
coercion (Z.o] ) 2 P9 F

filo
[» M
L
L
v
o

N ALl 1 Feh s 5 F (5, Fehag A2TL A 7E ok 2 of

AAE $ubete Asto] dolube 5L P drbaS e Fo
SAA s st A ol & 59, int (3.15) £ AFE A 382 WAL ShA|wh 344.5
oAlA, ZF QA= th ¥ o] AL (Shub int, TFE SHb= float), &2 H87] Mol 2 P o= W& of
Utk 284 Fod TypeErrors doYrth Fojd glole, T8H = P52 2217

H7F 22 P o= AfslelFolof Ptk ol § £, 1 3+4.5 3 thAl float (3) +4.5
complex number (5257 953 A Al~E 9 Y, RE RAVL AFF o s For 2
HUth slef e Aol 34 @9 (19 AlE DS w3 A, TF sl M i, T3l =
J2 713Ut sl a9 R71WE 28 BA5S 7R AP e E 5 HrAE
2ol Z713Ut, ol & 501, 3+17. math 2E] Has wHo] 831, cmathE AMS Ut
Bage] 282 W £F 22 294 7s Ut 288t =712 R3ohy, A o] s A

context manager (AY2E A2 _ enter () 2} __exit () NEE ZYTOo2ZHN with Tl
N A|. PEP 34322 == 5
=)

2
)
context variable (AE) A E W) AEAE wpe} b2 3 7H 5 s W 9]
= 2YE-28 AL vls
o o2 ATLET 9 g - Aer] AT
FA3E AYYL contextvarss FZR3AAA L.
C

2

contiguous (A<%) W 3= 4 23| C-A < (C-contiguous) °) 7| 1} ZE & A5 (Fortran contiguous) 2 ol <5
g A AR YT A W C-AdKoluA TEG ASAUT. A4 v dolA, FHEL
A 7o) A-EFIL, 00 A A Zete @ b olul Aol A )& v 2 ]l v %] = o] of Ttk thA
C-A% o) A, v e) F 20 SR FERES YLD ) kA 2 e 27} b e A,
A EE ek A< wl Ao A, A WA Qu Ak A4 e W o

coroutine (Z%¢)) L5 He AuFeiel o duisih Fe| gtk AuFEL & A Qo] A sk e
AN EEgUch ZFEH2 o2 A A, &5k, AN 2= gdSUch o] A
E& async def #0282 78T 4 JHFUTH PEP 4925 B A Q.

coroutine function (Z2 €l 34) T 28 A E Se3= g2 F2E 4= async der 202 A9
g+, await async fo =
CELESEREE

CPython 3ol 2% Aoje] 58 A 1 & QA Hl, python.orgol| A ¥ 25 Yt} o] &3 Jython o]}

§-©] “CPython” ] ARg-F Ut}

s @urapper B & AHE T T wiGtow

) ¥ staticmethod () YUt}

dmdole 23S 94 Wl 2 YUk TS F §5 A v go R F5FUG

fre

BT pEL
Q
93}
<
S
Q
S
M.
5
gy
N
o

i)
i
e
o
Ir e
ko
N
30
o
z 2

o~
ofo
A}
<
=
fin)
R
ec)
%)
nj
(]
ot
)
2
rlr
Q
—r
QO
[0)]
[0)]
5
(0]
oy
(@]
Q.

def f (arqg):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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=

(o1 sl o] A A A%)

def f (arg)
22 hgol SefaclE A A, & A5 2 qunh v Z ol H ol tha B AA T 82 o
Aol of Zejs Ao o AWAE HE FuTh

descriptor (C]23HE]) WME _ get () o]} __set_ () OlUrideletei ()& Aelst= AA.
ZH 2 oEYRETHaagdHd uf, o EYRE 23] &= EHG A2 LS dofyrth BE
abs AAY, 2AY, A S AFS S, a0 FEa ﬂﬁLﬂrﬂOﬂH betal ol & B9 AAE
ZrEUTh ﬂﬂ“&lﬂ}VJiiﬂﬂ ,AMFete daagy viA=E 7t s2g Utk 23 9EHE
o] &} &t 22 F}o W"ﬂ ﬂ%ﬂ e OloH«l g4 ld], &, mAE, LRI E, FHA wAE, 2B E
HA = 4%4 ”?ﬂJ x5 gL 75 712E o7 Y7 wEd Yk

EEERERE R %1W@ﬂﬂ@ﬂ%%ﬂiiﬂﬂ¥§ﬂﬂ%ﬂéiﬂﬂ&%ﬁ%Wﬂﬂ
e

dictionary (54 2]) 9499 71E ol SA 71+ A& vl & (associative array). 7] hash_ () <}
_eq () MINEE Zt= EE QA7 E 5 dsUTh oA siA st BEE Ut

dictionary comprehension (G A v)g] A= 3N AH) o]E &0 = 24 AAY AR E AYsty 2=
2 g E HFEstE 2% W, results = {n: n ** 2 for n in range(10)}<
@n w20l 9B 7 ng TRAE DAY S AT, P2, AT, DAV ele) O aE o]
(display)S ZFZ S Al &

dictionary view (5 A4 2] H) dict.keys(),dict.values(),dict.ite
AES DA Hebn REUD o] 252 94U e FE S ofal
Helsk 898 a4} ol sk et Et Sl

list (dictview) S AF23FH FYth dict-viewsES H A &

docstring (S 2E®) S, o<, EEolA A WA 2402 vehe £2HE BlH . 29 E7 A Y
B )L B A5 A, Ao el ol oo Olzlﬂo%aawﬂav B4, B8O __doc_ OoEFRER
AdEUth JEZAAAE S AT donR, A AYAE AT FHAA Faduh

duck-typing (5] E}o]3) &ulE QA EH o)A & 7HH =X st AAY F& HA =z Ty
2 Y A, s WA EY o ERRE 7]'§%Q AU A E YT AE Holal LA |
HAdod, 132 9—3113]’”) —.7§§_ g o Alof A o] ~E 7LZU"°§5’% ZAAE F=E= g
A XS ST ZN FALS 7 /L‘:’—l'ff‘ A5 UTE 9 Bl 82 type ( °]L}1s1nstance 0
= AHSSE AARE 9 Yt (s}x]tl]__) =] Efo]sg o] F=A4F wf| o] ~ ﬁﬁHAEE% A=l Fo8f oF
ghutt) thAlel], hasattr () AANEAFP 22 1819 & ch

ms () WA= E2j5e 7
Ml WE A gaied], 9A
AR B AE R upY T

=
o

=
=

EAFP 32 H = 845 F317]7F 4t} (Basier to ask for forgiveness than permission). ©] &3] & 4 =
sholal 318 2Eh 2, Sk F)u} o B el HES] 2AS /e, 1 2ol BelE ol E P
Ut o] Z2Zstn 2 AedL WL try8) except B 2R 2 EA R H YT} o] HlZY L C
o} 2o T} e 2Aofol A A AL = LBYL 2 ek of vl k.

expression (X3 A)) o]jH oz LA ¢~ = EHAN 27 g2 w7 135 H, 842 2 HE,

O %, ol EFHE WAL, AR, BB 2L P EAFE BA 2452 Aol 22 AT

e g2 doeldizzd oz, E% ?_101 TFRES QA A2 opdUth whilexH, 84
o2 A8 4 Gt £ Fo] AFITh v Ee B Ao, £ o) o uir)

extension module (23 25) C U C++= 238 RE I, 5to] 9] C APIE A3l Al 3 4] o] 1} AHE-A}

FEL AT AT
f-string (f-EA}g) '£' U 'F 2 Qo] B ExF
F214d gl g o 29w Ul PEP 498 2 H A 2.

file object (3} 2} A) '<5P P%"ﬂ i3l 3t A A API(read () Ywrite() Z2HIAES)E &9
= A4 Bt R e whet, 3t AA = AA a3 A ghd oy thE A AU B4 A
(Oﬂa a‘ﬂ,i‘—ifozﬁ A-ml = W3, &7, gtolz, S5) o st AMNAE FAT 5 ¢
3 AA = 3L F AA (file-like objects)\} 2~E F (streams) |2t = & T}

AR A 550 51 AR o] D5 Th draw) vho] v 2] 52, 93 = (buffered) w0 2] 5},
g 519 o] 59 B el At 1o BEIA AU 3 AM S BE s Aol S
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open () B2 2= AYUTH
file-like object (3} 5 AA)) 3} 21 4] o w23 @
finder (3}t]) §2EE RE5S A% = & e

G

o] W 33, o]% 8, F FTH AT 5T s
u}ol ] ¢} sys.path_hooks 3} A A& 3l= H =
o ZHA| 3F W22 PEP 302, PEP 420, PEP 451 o) U8t}

floor division (B4 UA) 7173 71712 A4 =2 14]3 5l 228t A A, A2 YA oA xt= // th
ol E So], ®AA 11 // 49y 227t FHAR A YA 2,758 FHFYh (-11) // 4
7k -2. 75214W3P 3019011v4ﬂ°1“§1%£‘r PEP 238

o
function (3V52) TE Ao A o] W S SR 39 EAE. ¢ !
o, el o] Asol A8 5 Tk vl 9 vl A= 9} g4 4o ANE B

function annotation (4> o] - E] o] ) 4= uff 7] H 4=} 93 7he] of - E| o] A,

P oo 4 AMAOE B U= 2 ASFUTH F Sof, o F4E F A int A4E
Wol5d o 7thE 3, 5 Aol int W g F Ao /|

sys.meta_path 9 A At&3t= v|E A=
AEz] 5l .

r l

7 AgE 5 9
S

rr

def sum_two_numbers(a: int, b: int) -> int:
return a + b

P4 ol mElo] 4 B G4 Aol FolA Ak
o] 715< AH st W o] = H o] 4 3} PEP 4845 FZ 1A 8.
_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The

__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __future_

>>> _ future_ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}H] 2] 7)) ©] A5 #] b= Wl R 2| & g slE A} slo] e I=x Sl A3}

Bx e Be AL B 5 UL €8 A £A715 B A £AE SR UL A
A7 ge RES AHEHA Aol 5 dE U

generator (A2l o]E}) A1 #o] €] o) €] ol E] & EeFE B4 A A-A Y Holxv, A b
S RMEL yicld R4 L ZRETIE Fol hEUTh o] ZHEL for-F 22 AH§ 3 A U next ()

S 2
= -
ez @ wel Sk Al £ A

BE AV e o8 §48 el A,
sk ol )7k B EsA) ke 7

oy

| E o 4= AL

& o]g] olE @ olE & 7tg]l Py Yth 9=

& @l

LAY g0l 2 WA BE TS QAT

generator iterator (A 1] o] €] o]E]& o] ¥]) Az o] g 7} A

wheha, 29139 (o MAE T 7] 52 y-
M=,

N 2

]

o
T

Ztyielde QNAHLRE A& F o] try-2 5 T3l
A3 AEE 71Utk AldalelE olHalolE 7 AAE Y, vt o2 B (& E vttt
A A& G ok o E U T,

generator expression (AUl o|E] £H ) o E#|o|E| 2 St BHA. £3 W4el ¥ Ao
for AT A 45T if Aol Fo] & AN HHY AW HYUTh AR HAAL TR A2
A HES dEdyh
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A Y] & $+4) T

&g kil
o] o} T o] AHGFE A= HasfA] dag]Fel o8 A E Y
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Atz €018 %3} functools.singledispatch () Bl Z 2| 0B 2} PEP 4435 H A Q.

generic type (AU &) A rype that can be parameterized; typically a container class suchas 1ist or dict. Used
for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A9 9E =2 =& & HASL

global interpreter lock (A< ¢le| Ze]E] &) 3 Hoj| 2 F d}o] Ad =7} gfo| ] vfolE T &=
= E X A3s7] 93l CPython QB = aaﬂ4ﬁqumﬂq .(dicto} e =23
gtole) A Rl o] ZAH 02 FA] A o] sl QHASEE 7S o] A] CPython 3
eUth dEzZHH AAE FaE A AdHZHE g adEsiely] g4A B
ZZAA 7| A7 Algste HE e B2 FES I EYTh
SHA|TH ojW &4 B 552, T oY AR B, shS ol s A 22 A4 oFF 2l
ol = GIL-& H}‘E;’Ob——' AAE IS YU =35, I/OE o= 34 GILS
(22 9 v A &5 gl ol H & F1+) “a# = A 2 -2 (free-threaded)” Q1 B 2 2]
sk 4ﬂ4ha°“ﬁ4kﬂ%ﬁwﬂﬂ@dmigmﬁﬁoqﬂuﬂaﬂg
Urth o] A5 ol E FEI= A2 +dE A BEZA e FA HLol ¥ &
o AR a1 01’\‘41’/}

hash-based pyc (3] ] 7]} pyc) .,9,_ g /\é < 3}
AHE- B Hho] E I A

>
o%

o ;.:
o o I
r 094‘.'4 mlm
N il
tlo

&

>
Lok

ofN b i ot

r]r

o

L)
A
o
+
)
]

~— g

PR U=
[o Mo R
b 22 X

2 S gy

ru\l\l

#
e,
=
>,
i
o ol
EE
=
by &b
fn
11 oft
ol >
[>
o
e,
N Lo
Y
of\
4
o
>,
M
o
)
r
__o&
>,
it

hashable (31 4] 745) 21717k A4 72 gko] WakA) ke A S 23 (_hash () WA= DR 3Y
o, ot AA e Hlad 5 Yol (_eq () WIAEZEUh, A Zhestokal o &
Chi v W £ A 75 AAE ] A S Cotok itk
AN A AAE GG A Qe Wz A8 e 5 9l s, o Ar F2E]
YR m AAI e A8 w2l o,
Ol sl me) B R AAEL HA AT (RAE} YA e 22 7 Aeo]1] B S
ag7 syt (v—olurfrozenset Z2) =W AHoYEL 289 84 °] Al 7w
AN AU A Ao Sejae] ARBA ANEL RAOT Al s HUTh (7]
A4S AL ST B e o v @ 1, A 1d () 2 R S o) Py ok

IDLE 3}o]#-& 9%t 53t 7|2k 37 (Integrated Development Environment). IDLE2 3i}o] 4 2] 32 & ) 32 3|

wet e = 712 A AR 7|e A Z e E A JTh

immutable (8%¥) 1789 1S 2+ A4 29 AA = =4, 2A4E, FES 2FFULh o)d AA 2
HAE 5 dFUh Al & At A A& s ofoF Futh W3R ¢k s Al gho] lofof
Sk ol A F 8% &S FUT ol & S0, 9x v Y 7).

import path (Y2 E 3 2) 4= 7|9 39t 7 dXE T RE5E 7] 98] A= Fas (B 4=
AED) Y EF. AXZE o= 5 o] FAEY BHFL2 HE sys.path ZFH YT} A T A B
7|20 A B2 71X __path_ o]EPHEZRE & % JHUth

9 stolH FETHTHE REY volX FZEA AMEE & AEF sk F A
importer (JXE]) REL 275 81 2 E 8175 3= AA; T Ao el o] 2} =] Az Y th

interactive ()3} 8) o] & t)318 QA = 2 g Loz ZE2mEoA B %3

N
42 Q98 4 93, 57 47 Slths S UTh A7 §lo] w4 pythond A

importing (U2 ¥) 3

¢

J
o of
) :
(b

|
i
T
4y ]

AL (BFEY S FollA ﬂ‘ﬂE—.“ 5= A S 7He @ 4 A5 UTh. A ofolt o & AAMI AU REF
71 A& St & v 23 3 d Ut (help (x) € 719 3HA 8).

interpreted (QIE]Z 2] E]=) HlolE I = Aot # Y EX) - Foll 2 F+-&o] 33 A]7]= sHA gk, sho| A
< At A7t oty Az ElE dojduUth o] A YA H o2 A8 51dS THEA] G5,
/\’\ LS AP AR A= YUt T 220 F ¢ A8 A 7= 3HA T, QU H
Z g QO%L H Aot dojRB o g2 g 3 F71& 25Ut tistsE & BA 8.

interpreter shutdown (21e]Z2Je] £8) £ E535letE R4S w2 ul, glo| A A E Z &= EH S A 7] ¢
Q) 3t=l, —w—% ol oy 7HA] T2 YR LZXEHA L2 RETGH AL ES dAFOZ |
Stk =3k 7 A A7 & oy H St AR A G 9] 51 ALt weakref 9 of] 9=
F=E9Y ”3“ ° AIZIAZ = AE5UTE 28 A7 5o A3EE FE=Odeh g &2 vhd 5=
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SO 2 < 7l Wl AU T (R Al = Bhel B g

o
oL 'N
Y

o,

{0

i TN
ok

rlr

B

)

nj

N

MR

ofN Rl
o

(e}
o
[k

2o FH oA HYE = main_ BEINYUATHEIAYS ZU= AP Yth
A =S 5 de AA. oJHHYEY d 2= ZE (1ist, str,
5, dict T2 2E B A DA FE, 0t AA 5, __iter () Y AAL
e getitem () MIAEZ KA HO3 BE Ze Ao AR Eo] Y&UTH
for x| ALRE £ ;JI'_ A28 Q= 3+ o2 B2 X (zip (), map ()
T dsUth olHHE AAZF W T4 1 () ol AAZ AL, 7 HA
=8FUth o 1E131101E1L%k 9 % f}é‘%ﬁ&ﬂd AAE T FETYC olH Y
s ( = pal 8—“5

iterable (o] €]

it}
\;v
)

N,
L
o o

e gy
2 rlo miz

rlo

of A}
o o]

oo

>
fo

o> 5 of
fr rlo o 1,

e o 5, it gig
kT
of
rlo
-

k-
D
B
}o{,
i
o
i
;,
£
_WL
g
1o
vl
}‘j
il =9, n:°|
[»
i
£
o
O
B
20, Mo rulm o

e it ok T,
n e
Ay
A
o
=
>
:oll_r“
2 q
gi
m
O
HU
gel)
.l
rr
o o
_l
[
] _]
b 2
rr o
of 4
=
9
)

=y om‘f?ﬂ SEMEES xwaﬂ m cnAe,

iterator (o] El&|o]E]) tlo]E o 2EHS FH3I= A o|E & °]EH Y __nex ) HIANEE WHEA S
ESESHA (B LHZoL ;:x‘l_neXt () 2AGsH) 2EH Y= FEFES X}Efﬂtﬁiiﬁ Utk o
o]/Fe] HlolE 7} ¢l Wi+ q]/ﬂ. StOpIteratiOH el & ot o] A A, o]E H o E] A
AEs 231 0]—;—-/] __next__ () WA= i%f’_ StopIteration 9|2 & TA] 42 7] 7]1,3}
. °]E1‘3ﬂ°]E1“ °]E13101E1 A Z]'\_E sHFE_ iter () HAZE 7IE Z o] JL:rLQﬂ
wj2oll, o] Bl &l o] Bl &= o] Bl ¥ £ o] 7| = s}l thE O]Eiﬂa‘éa HholZ o] = tf F2 9] Lol A AHE
T AFULE T8 A& o] HY oJHH o] AE AEstE ZEYYTh (1ist Z2) ﬁE“O]Li
7“2411_ iter () R AL AY for FZo| AT ufuith A o]Ef o] EH & THE YT} o™
AZ olE & o] E ol hi A S stef a1 311, X o] E] o] o] AFE-H o] m] AFH O]Eieﬂo]‘ﬂ%
= A, H AE o)A H HolA vhE ‘/]D}

typeiter of] B ZpA| 3F Y& 0] g5 Th

key function (7] $+5*) 7] g == Z & o] A (collation) $F4+= A & (sorting) ©] L Bl & (ordering) o] AF-&-F]
T #= EYHFEE H?JWD]-. o —‘é—oi,locale.strxfrm() 2 @AY EA RS EE
48 7] & W=+ o ARSE Y

22

(_r_

ol MY W EF7F 84 F0] oA A Ao AL Fol=AE Aojstr] Al 7] FE whop
EYYth old A& +=min(), max (), sorted(), llst.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] Y5 ch

7] @5 HEE e o] P ol dsUth & 501, str.lower () HIAEE AolA & gle
AU U7 B2 A8+ AT HRASL, 7] Bt lanvas THAO2 BE S5
Jedl, old AYdytt: lambda r: (r[0], r[2]). =3} operator &2 Al 719 7] &<
AAAAE AFZgYTh: attrgetter (), itemgetter (), methodcaller (). 7] 4+ E HET

AH& 3= ¥ ol T &k o] & Sorting HOW TO & H Al &
keyword argument (7] ¥ & 21z} 2z} & H A Q.
lambda (Feh) 523 o] gro] THA L shte] Hel4 o AW o)F gl And W wf pd
U= EHE lambda [parameters]: expression Y4t}
LBYL % 7] Aol X 2} (Look before you leap). ©] T AU L T Zo| L} 23] £ 3517] Hol A H o &2 AFA
= AAU T o] 28 Y2 EAFP HW A tiul = 2, B ir 7o EAE S AP Uth
Z 2H = A Oﬂ/ﬂ LBYL HIH 2 “H7"e}“H7]” Tholl A 202 WEA 2 Aol A5
of o], ZE if key in mapping: return mapplng[key] HAAF Z 9, 32 7 23]
2.7} ke mappingol A A S AT = 515 o] o] 4 2ol L} EAFP
tozx i dE & A5yt
list (B]2E) WA stol A A~ T o]Fol|lE B3, i) gk AA27E00) o] 7] wiZell, A2
2 E (linked list) 2. the tf 2 Ao 9] D3} f- AR Y )
list comprehension (2] AE A |3 A) A|F29 A5 AR == JdBE AT
ZHFE 7HZ3 . result = ['{:#04x}'.format (x) f

i
o
S
-
% &
u°“ =

A éﬂr— ZYrER

% 2 == 0] = 004 255 Afo]o] = A4EY 163 (0x.) 5= EF3 %—Erx %94 GESRR=
nEYth ir AL S 4 95Utk AEFEE, range (256) of] Y= BE 247 X9}
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aoF gt mrie

importlib.abc.

rlr L

| zE A
HE 519 ﬂ EABI, KB B PEF 303 £ 2 ol 51
Loader & HA| Q.

magic method (W] 3] | A =) 5= v A = 9] v]-52] A Q1 v =8 .
mapping (W]3) ¢ 9] 7] 23 & AW Mapping ©] U MutableMapping 574 Hl o]~ Fe 2

off AAAH HAHMEEES FASt= AH oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & 4 95Ut

meta path finder (W€} 2 3}Q1t]) sys.meta_path & Mol EejF 3hlH. Alg A2 9t
AR dEg 3 H 2 AHAE o Q7]+ AT thE YTt
et 2 37 F = WA EEo a4l = importlib.abc.MetaPathFinder & &
HYth

7

metaclass (W e} Fe| ) Sef2o Feja. A A= FH2 o5, F:H2 dA Y, Hlolx FelaE
o BEE& BHFYTh ‘JﬂE} s o] Ml AALE oA F "/H/\é = IS AUtk g FEEY
AN Ay 223 Adoj52 7|2 TS AT UTh gho|H & S B A2 AxE
HEg FHAE TE S Y= A ?J‘Jr/]t & ARE APl Al = o] =7 AE 28 AT, 287}
A o), vE 2 2e et ol sl e Aledy o 01 E]-ﬁ'— MM 29 &2 7] (logging),
2HE SRAA L 7 AA A 4, AZE LA w2 g2 G AEHS U
H e ZE 2 A o AAT S-S 2SS A5yt

method (WM A=) S~ H]-I‘J Stof A Aolsl= . I e A2rH A oJERHERZA TE2FH,
I HAEE R HA A} (EF self gt EADH 2 2"l A A E H5 U T4 o 534

AFZ EHAS.

method resolution order (M A& 2 £4]) WA= 2 A= 23] 3= 59
FHAEY TA YU 23 AR E gho| A ?_]Ei g AHEH G e 5 M S W& The
Python 2.3 Method Resolution OrderZ X ¥ F Ut}

module (25) ko4l T=9] 243 99 & FIoHe AR, wEL 090 spol W AA S-S T o] 2
T2 ZAEUTh BRE2 2w Aol o stojxor 2EH Ut
712 = BA L.

module spec (R & A2¥) R ES ZE3EH AT E 92ZE B ARES F11 = o5 F7L
importlib.machinery.ModuleSpec & AAE A,

MRO " A= 274 A & HA Q.

mutable (7}¥) 7bH A= ghol A& 4 QAR id () & SASHA FAGUTE ¥ = HAQ
named tuple (V] J & %Z) “named tuple(V] Y= FZ) 0|2t Roj= FZoA] A&dlal o] 2L o]
ZHEE ARSI A2 T £ QsS40 AT = BE oy ZHad F8g Ut

Folu ZH o= e 7T e s T dsUTh
time.localtime () @ os.stat () 7} 9F&3} 2F2 Z85t0], oJ 8] YA o] v dt FZ 9 th
I T} E o= sys.float_infoYYyt}:

>>> sys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
QRIS FEL g% (919 o) JUTh Ei, tuples] 4 A3 o] 8 £ S ook
A Zel s Ao WS FES BE > Uitk )2l @ Telas A4 ASAY A G
collections.namedtuple () & W5 4 JF5UTH 219 7|HE A H AAASFAY WF UYL=
FEoAAE 2e 5 8le 27 FIHAAEE F7be 7 = iy o

namespace (°] 5 537H) BT/t AREH = FA o5 S YAV E FEFUS AR FHE ol &
FHEIAE oA Erk oyt 2|, A, WA o] 5 F7ke] 5UTh o5 32 o5 TE=
BAA RERE ALFULE & 50], 5 builtins.open Zos.open() = 159 o5
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F21) 95 PEFUTE £, oS UL oW RE| PHE FAIEAE BRI BEoIA
7]—5*44,}7?(]&’\/‘4 | =& Sttt 9| & £9¢], random. seed () = itertools.islice ()

I~

gt »H 184S0 ZHz

=

ZF random I} itertools g 93 £d=E 2o HEE A Y
namespace package (¢]5 32 7] A]) @2 A B 3} 7] X529 AEH o]V Z R 75 8= PEP 420 3 7] A].
ol I AN A= = H *‘wliﬂﬂ' RS TE Q3 55 __init_ .py Yol glem® A4t
3 7] 2] ek= thE Ut
EE X HASL.
nested scope (Z2HH 27.2) S Ho oA H4E F2eE= 5.
g g utg 4o e HEES FRT S A5 YT
7}~?§f,ﬂ1ﬁ%ﬂz]% 2 -X
FUTH vA7HA 2, A e A o] F Tl A $1al UL nonlocal & ¥ A3 o
2E A2 g
new-style class (- A€} S ») A F
T 2719 gto]x WA A=
_ _getattribute__ (), Z# 2 H
= A ST
object (AA]) Fel (AEREU ) & 22 Z (WA E) o] FoJd e dolg. &3l BE 7ot
ZHis o HF A Woja FeA Jl/]"/]'-
package (F| 7] A]) ME EEE| U, AAZLSZ B A7 AES ZTAT F A= TolH BE. 7|€H o7,
7|2 __path__ AJEZFEZ} I+ gold REYJUTH
At 71 A & o] F FH A = HA L.
parameter (W7 52) T (B WA E) Yol A 7t e = A& AR (EE oJH A AAE) &
A Q8= o] 5 ‘?lE]E] oA F 79 w7 A5 Y
o 1 A-7191 = (positional-or-keyword): <] = A A} 1} 7] 9] =
Uth o] Zlo] 712 Fej e miZi AT ol & 501 o

oA AT Gk B
:ﬂ]/\‘ﬂ' slots E]

QA = AYD 5 e A4S ARG

L

def func(foo, bar=None):

» A A]-A-& (positional-only): A A =X AFd 7 Sl AAE AL FUTE AA A8 viids=
4 Hojol v Hg BEe ) BAE 23et 1 FH o AT 4 21;14&} qE 5 th=

°ﬂ /\1 posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

P 9SS ooy AN =S ATE £ SLE AAE ALY AN A o)
AE G4 A9 9 AU B ol A ol ko] 7ha-91 X AR S 8 ok 3 A
A F % Y5tk A o], thE oA kw_onlyl S} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

» 7FA-94 2] (var-positional): (FHE Wi 7} 5ol o] s A o] ] ol5 o X 2] AAEof HaH)
AZE 5 A= A A4S Qele] ABAE ARG LT ol 2l v A E = v A M o] 2o
g ool BolA Ao F 5 A&tk o & Sof th2 ol A args:

def func(*args, **kwargs):

o 7FH-71 ¥ = (var-keyword): (T2 ul) 7] H 4= 01] ol&| A o] m] WrolS o] A 7] = QAo B3]

AZD % Yt A9 A% ANE AAEL A AT ol e v RS =
ol 294 HoE = d5Uth A& %01 9] o o) A kwargs.

ARG AE A QRS A9 7 E R oh g AE Ao A B ARES AAT 5 U

g},

X}i’uoi A g2, Az} w49 Afolof] L2 =FAQ AR, inspect .Parameter Z#| &, T
Ao 4, PEP 362_,_ HAS.

**E'-
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pathentry (2 dE2]) F= 7|09t 7 J2E F 552 27 A Faste d2E 2 A

shtel g4

Lo

path entry finder (7 2 N E 2] 7}21T)) sys.path_hooks o] Y B (F, = A=z ) o B3
=3l ol 2] A 4= dEe 2 RES FEES 47 A5 Y

AR dEZ Ay Eo] FHI}E HAEEL importlib.abe.PathEntryFinder o Y34t}

path entry hook (2 QlE 2] &) sys.path_hook | AE Y= ZFe]EQH, EA A2 AdEZ oA B
ES =S T Y 42 JdED Iy E EHF U

path based finder (4 2 7]9F 5}lt]) 7|2 v el 4 2 50lt]|S & shutely], Q2 E A2 oA RES
U,

path-like object (2 F AA|) 3t A" A2 5 Uetll+= AA. A2F A+ A2 E YEPH & str
U bytes AA| o] At} os.PathLike ZTEEZ S FHs= AA YUtk os.PathLike Z2EEF
S A YPsE= AA = os. fspath() T4 E T2 A str Ubytes FA A28 A7 HeE 5
AdHUD; Al os. fsdecode () &} os.fsencode () & Z+Z str Y bytes 2345 B AAst=1)
AHEE = 5 UTh PEPSI9E =15 5 U th

e

PEP 5ol 7141 A] ¢k PEP= 3fol ARy Elol] 318 AF 37 sfol gl i 3 m2 A EE 87
o g M= e 7]5e Aasls A £AAUTh PEPE A HE 750 o2k 1A S 76 AL Y

272 Ag ok gt

PEPE= FQ NZ & 7|5 %

A 9Fsh L EA o THek AR U E 482 55510 sho] Aol Sojzk A7
242 BAR WS 93 7R o AYZIUTE PEP S AL AR U e Rol A 32l & T35
uith 9 A £A3 @ Aol Y th

PEP 1 %34 8.

portion (S£4) PEP 420 o 4] 42| 3 AA %, o] 57+ 37| Aol o] upA sl sj}e] vl el e 2] o] Sof g
s Ee) A% @ip ol AAH £ A= 745 3]

positional argument (9] X] ¢1zp) <12} & B A Q.

provisional API (27 API) 74 API= %3 glolHejgle] B A 34 HA o HE AE3 AlH A
°‘Hv‘r AE s o] 2 0] 2 W37} ol 4= A= AT A A o] gt HAE & g o] | EAE ]
2ottty Ao JJrﬂ STEA Ol FAHA = WA ol dold + AFUth 2 WAL 32
g3 Ao g dojuA = S AYUTt— APIE 233817] Aol 2 Fojetn 2R A Q) Aol
LA Ao v dojd A YUt
TR APINAZ A, A TG0 FAFHA b= WAL “HFY o2 AAJ UL - B E
A FAS del A T8 S A= S o BE AI=ZFAYFE U
Ol Aabe 2 gholBef g7 LW A AR E AA SRl HE Fo A F HAT F AEF

o=t} o 2HA 3 U2 PEP 411 E‘?‘J Fyth

provisional package (Z+A = 7] x]) &4 API & B A L.

Python 3000 (z}0] %1 3000) 3}o]d 3.x vl 2kelo] Er (WA 3] w271 W w2l e} o]op7] & AJ o Wt
Sl o] Felt}) o] Z& “Py3k” 2 & 27| Ptk

Pythonic (s}o] M T}-2) THE o] Sol A YubAl AISL Agal A =S TR 4], Fol 4 o
SOl A 714 A5 ALeE £ oA S Aol m ko
W A 2 o T AL for B AFEANA o] E e ol
Aojol i o] & F7o] FAZ] Qlem R, Fo] o o
A3 7] = 3

for i in range(len(food)):
print (food[i])

o 2443 sto| Mty W & o] "G5 Yt

for piece in food:
print (piece)
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qualified name (J}3} 5 0] 2) RE A9 ATz BRE HH ]| o2&
E"E HoFE gog TR o]Z, PEP 3155 oA AP Uth A A 4o Za29 A5,
A o] 2 AA 9 o] 25yt

>>> class C:
class D:
def meth (self):

pass
>>> C.__ _gqualname_
YC’
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth._gqualname_
'C.D.meth'’
s te]7lov Ad w, A8 Bt ehd o5 (fully qualified name)> 22 F2 A7 A S-S
X3S RERE 7= 792E 49 o] 52 YuFYrth o & £9], email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (= 3142) AA o thet Fxo] 7. A FR 3471002 “*OW , Wl 22 7F vk
HEUTh Fx A5 FH 2 IRIA 0T Foj FEof = EH A& AT CP)ﬂwn T3 A
L4aY9UHh sys 5L 54 AA Y F=x 3l4E 85 £ getrefcount () & o dYth

regular package (F3F 9|7 X)) __init__ .py UL &=t e 2L A5 A 1) 7] 4.
|5 #5714 = HA L.

Slots Ze2 i Ay, dad 2 JERESS 8 F2HS
AAGe 2 v e S Ashe Z3ks FU A7) 9
717h & 7heh2 2 ol 2hA, e ol WIze S8 22 Ol
B2 @At Aol FFUH

sequence (| @2) _getiten () S5 HMAEES 53 45 AHAE AR ME 224 o
3L, Al A dolE 285 len () MIANEE Y3t olHHE. 22 WH
Ugsl B, 1ist, str, tuple, bytes 7} AE5YTH dict =3t getitem () I ___len_ ()
= Xlzo}ﬂ AF, 23] o] 4 thAl 49 29 75 AFSSHY] wiE ol Ald AT oYt w2 H
SETE Ao T2l o o

collections.abc.Sequence F4 Hlolx FdlaE _ getitem () I __len ()=
Qola W XS Qe HolaE AH3E=d, count (), index (), _ contains__ (),
__reversed_ ()& F7FgUh o] 4" JdE I o]2E FAT P& register () & AHES]
ABARe s 5234 dah

- =
g A) ey Bl Qe 84 AAV IFE Agetr A& F2 A=
. results = {c for c in 'abracadabra' if ¢ not in 'abc'}

Y, drE AT BlaE, A9 ga v el e taEd ol (display)e

[«

o] g /\4016]-_7_ Oli Fap =P

s 1

ﬂmﬂd_h
mEOkDE
e/

I

[k

set comprehension (33} A
vkgtel= 7+ sk W
£ EAA T

ZIAA L.
single dispatch (4 2 t] 23] x]) & o] aFte] Aze] Fof| 7| 2 A= & Alv = T4 T2 X9
slice (E2to]2) B AT~ o] AR E 283t AA|. Sefo]lae AE AT HE R7|HS AFSEIA Ths
Ut} variable_name[1:3:5] A E, [] ¢l o 7l A& Z2822 FEdUnh 2%
(ME2THE) Z7|H2 R A= slice AAE A+ Th

sPecialmethod(#—r W‘:) g}o W o] ol oW A4kE, A 22, AP uf] FA
AE. ol o 5

T

(a1

FIE (FEQ] “B5 (block)”) & T3 FRJUh B3 £84 o] AL
H 7HA] 2 E S stttk 71 if, while, for.
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text encoding () 2 E Q1 7.9J) A string in Python is a sequence of Unicode code points (in range U+0000—
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text fle (28 542 s ATNE A2 & 4 9= A2 A7), 35 922 AL Dz o= AT

ol AEZHE AN AT HAE O] L 25 AUt HAE Yo g2 =dAE R T
('r'EE'w) 2 9 99, sys. Stdll’l, sys.stdout, 1o.Str1ngIO«] AAEAE S £ IS
U,
el AR A4 & 9312 5 9 o ARlel Bl AL vt el 5kl = Bkl L.
triple-quoted string (3% er%.:i:. HEAD) g () AR O) A AR AR #AE. 1
W Stbe oA Sl S S-S AFAL GA, 018 A ol ol 221 9
GUTh o) 2Ao] 2 54 S AW H LSS EE EAY ho) TFT 5 YEE 5, A
BAE 2A F% o Fo 22 5 Qb SAEYLS L0 53 28 dHU
type () Shol W AA o) W& 2A 0] oW F5o] AAAXE ARAFUTH BE AR & Fo] dath
AR P& __class__ AJEYFER AT 5 QAU type (ob)) 2 DL 5 AFYTH
type alias (g ol de]o]x) 32 AR} th P ote] s A= F 9 Foof.
P ol dejojat B =S deFeie 483U o8 51
def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass
bt 2ol ¥ 971 44 BE 5 gk
Color = tuplel[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass
o] 71%5< A3l typingd} PEP 4845 2 3HA| 2
type hint (3 31 &) W5, Se|2 o ELRE F T v/l H s Lp RESE L] 7| E &= &2 A Q5 o =
g o] A
d A= A Aol W stol Mol A AAH AL Utk AT AA B A 270 F850

IDE®] = ¢h4 9 2l Az g F4
A} WMaE AR A WS, s JdEARE W B4 § FEL typing
get_type_hints () & AF&3to] AN 2T 4= 9F U
0] 7]1%5S A Yal typingT} PEP 4845 F 234 &
universal newlines (f-UH 4 & J7) = J,]— 2o AESL RE Zo] Zog oAsls HAE AEYS
A= BT S YA RS B2 B \n', ELR B \r\n', o A w7l 5,\] S o
F 748 QA Ag-oll A3 A= bytes. splitlines () ¥l o}l 2} PEP 278 2} PEP 3116 &= X A 8.
variable annotation (15~ o] o] ) W5 = Z A oJEGHEY o] - H o] A,

MaEE Fes olm REo ol wHo| 4 Y the A8 Ay T

class C:
field: 'annotation'
W olmgo]lde dut o § dER AGHUTH o o), o] Met int g AL Ao
7l Yo
count: int = 0
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4
I-

Hae o] pH o] A FH-2 Al A o] | o] EH U] ]+ (Annotated assignment statements) 9| A A T8 g t}.
i
o

| o] A, PEP 484 & PEP 5262 ZZ3}AM| 2

4 %}%Tﬂ%ﬂﬂﬁAﬂmﬂ+ﬂﬂﬂeaéﬂdﬂ4ﬁlﬂﬂ
Sale AL s o, Be Aoz AelE A 3.

venv & HA| 8.

virtual machine (7} 7| A]) £2ZEojuto R JojH AFH. sto|R o] 7143 7] A
27t EgstE vlolE =8 AU h

Zen of Python (3}o] % A) s}o]x Tz}l Yt a9 HE2ld],
Huth o] BEE2 Y5ld ZEZE A “dmport this” & ¢

ulo]= 312 A5t

%)

rr

Q1012 ol s} 3131 AHg 5 B =g ol
1=

3hd ot
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oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}

O] A= ol FH A AAEAE AFSES 5838 AP v 22 YTt Zope Corporation-&
PSF9] &9 3 dYdUth

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234
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A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

09.0~12 | 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

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.18

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.18 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.9.18 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.9.18 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.9.18.

4. PSF is making Python 3.9.18 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.9.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.9.18, 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
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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%

)

138 Appendix C. & x}¢} glo] A A




The Python Language Reference, = ] 8|4 3.9.18

(o1 sl o] A A A%)

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.18 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

socket BEL getaddrinfo () & getnameinfo () T4+ 5 AFR YTl o] 5-& WIDE Project, http:
/fwww.wide.ad.jp/, AN & HE A2 FUdZ FQFH AH YT}

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 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

%
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C.34 F7| &=

http.cookies REL T} 28 59 A3 TR Th:

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.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

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 YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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 9] 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. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AsUT A7)l = thF 3 22 W&o 2FH o] s

<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} 219 71o] H3S 93 C T4 dtoa &} strtod S A|-Z 5= <Y Python/dtoa.c = X
http://www.netlib.org/fp/ ol A A& 4= 9J+= David M. Gay 2] 7‘0 o] £ 9] 3} Y oj| A] A 95t} 2009
W3d16¢o e Y& gdfl =t 22 Asd ¢ lﬂ'ol/‘ﬂé FA7F 23E o] JF YT

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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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
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L R

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 B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

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 @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

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

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i
i
N
S
B>
[>

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|Hko 2 St}

[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

(Th& sl AT ol A%
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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

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H| 2 E A9 E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

(TF& sl A ol A%)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

%
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sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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! (exclamation)
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binary operator,77

unary operator, 76
' (single quote)

string literal,9
" (double quote)

string literal,9
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string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

A2, 77
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augmented assignment, 88

& (ampersand)
A AR}, 78
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augmented assignment, 88
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call, 74
class definition, 104
function definition, 102
generator expression, 68
in assignment target list, 86
tuple display, 66
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function definition, 103
import statement, 93
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in expression lists, 83
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in function calls,75
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augmented assignment, 88

augmented assignment, 88
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function annotations, 103

in dictionary expressions, 68
in formatted string literal, 12
lambda expression, 82

slicing, 74
; (semicolon), 97
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A4k, 78
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A4kt 78
<<=

augmented assignment, 88
<=

A4kt 78
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A AR}, 78

augmented assignment, 88
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assignment statement, 86
class definition, 34

for help in debugging using

string literals, 12

function definition, 103

in function calls, 74

4, 78
—>
function annotations, 103
> (greater)
A AL}, 78
>=
A4}, 78
>>
A Ak=}, 78
>>=

augmented assignment, 88

>>> 119

@ (ar)
class definition, 104
function definition, 102
A2}, 77

[1 (square brackets)
in assignment target list, 86
list expression, 67
subscription, 73

\ (backslash)

\n

escape sequence, 10
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escape sequence, 10
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escape sequence, 10
\U

escape sequence, 10
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escape sequence, 10
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escape sequence, 10
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escape sequence, 10
~ (caret)

A4k 78

A—

augmented assignment, 88
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__abs__ () (object A =), 42
__add__ () (object | A =), 41
__aenter__ () (object M| A &), 46
__aexit__ () (object M| A=), 46
__aiter__ () (object | A=), 46
__all__ (optional module attribute), 93
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__anext__ () (agen M|A ), 72
__anext__ () (object M| A &), 46

__annotations__ (class attribute), 23
__annotations___ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object A=), 45
__bases__ (class attribute), 23
__bool__ () (object method), 39
__bool__ () (object | =), 29
__bytes__ () (object Wl A=), 28
__cached_ , 58

__call__ () (object method), 76
__call__() (object A=), 39
__cause___(exception attribute), 91
__ceil__ () (object M|A =), 43

__class___ (instance attribute), 24
__class__ (method cell), 36
__class___(module attribute), 31

escape sequence, 10 _ class_getitem__ () (object®] S| WA =),
\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 M|H =), 42
escape sequence, 10 __contains__ () (object Pl A =), 41
\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), 30
__delitem__ () (object | X =), 40 __len__ () (object WA =), 39
__dict__ (class attribute), 23 __length_hint__ () (object WA =), 40
__dict__ (function attribute), 21 __loader_ ,57
__dict__ (instance attribute), 24 __1shift__ () (object M|AX =), 41
__dict__ (module attribute), 23 _1t_ () (object WA =), 28
_ dir__ (module attribute), 31 _ _main___
_dir_ () (object FIAE), 30 BE, 48,107
__divmod__ () (object MIX =), 41 __matmul__ () (object HIX =), 41
__doc__ (class attribute), 23 _ missing__ () (object W] A &), 40
__doc__ (function attribute), 21 __mod__ () (object H| A=), 41
__doc__ (method attribute), 21 _ _module__ (class attribute), 23
_doc__ (module attribute), 23 __module__ (function attribute), 21
__enter__ () (object |X =), 43 _ _module__ (method attribute), 21
__eq__() (object Ml A =), 28 _mul__ () (object Wl A =), 41
__exit__ () (object WA &), 43 __name__, 57
_ file_ ,58 __name___ (class attribute), 23
_ file_  (module attribute), 23 __name___(function attribute), 21
_ _float__ () (object M| A &), 42 __name___ (method attribute), 21
__floor__ () (object M| A =), 43 __name__ (module attribute), 23
__floordiv__ () (object M|AZE), 41 __ne__ () (object A =), 28
_ format__ () (object W] A &), 28 __neg__() (object | A ), 42
__func__ (method attribute), 21 __new__ () (object | A =), 26
_ future_ ,123 __next__ () (generator M| =), 70
future statement, 94 __or__() (object M| =), 41
__ge__ () (object W] A =), 28 _ package_ ,57
__get__ () (object Wl A =), 31 __path__,58
__getattr__ (module attribute), 31 __pos__ () (object Wl A =), 42
__getattr__ () (object WA =), 30 __pow__ () (object | A =), 41
__getattribute__ () (object WA =), 30 __prepare__ (metaclass method), 35
__getitem__ () (mapping object method), 26 __radd__ () (object | =), 41
__getitem__ () (object M| X =), 40 __rand__ () (object W] A =), 41
__globals__ (function attribute), 21 __rdivmod__ () (object M| E), 41
__gt__ () (object {l| A =), 28 __repr__ () (object M| A &), 27
__hash__ () (object ¥| A =), 29 __reversed__ () (object M| =), 41
__iadd__ () (object FlA =), 42 _ rfloordiv__ () (object M| A &), 41
__iand__ () (object M|A =), 42 __rlshift_ () (object A =), 4l
__ifloordiv__ () (object M| X =), 42 __rmatmul__ () (object WX ), 41
__ilshift_ () (object M| X =), 42 __rmod__ () (object | A &), 41
__imatmul__ () (object WX =), 42 __rmul__ () (object WA =), 41
__imod__ () (object Wl A E), 42 __ror__ () (object Wl A E), 41
__imul__ () (object M|A =), 42 __round__ () (object M| X =), 43
__index__ () (object F]AE), 43 __rpow__ () (object Wl A =), 41
__init__ () (object M| A &), 27 __rrshift_ () (object WA XE), 41
__init_subclass__ () (object®] S:W2MWAZ), _ rshift_ () (object M| A=), 41
34 __rsub__ () (object W] A =), 41
__instancecheck__ () (class W] X &), 37 __rtruediv__ () (object FlA =), 41
__int__ () (object M|A =), 42 __rxor__ () (object |- =), 41
__invert__ () (object M| A &), 42 __self__ (method attribute), 21
__ior__ () (object M| A=), 42 __set__ () (object M| A=), 31
__ipow__ () (object W] A =), 42 __set_name__ () (object M| A=), 32
__irshift_ () (object M|H =), 42 __setattr__ () (object M| A =), 30
__isub__ () (object Wl A=), 42 __setitem__ () (object M| A =), 40
__iter__ () (object Wl A=), 40 _ slots_ ,129
__itruediv__ () (object W] A=), 42 __spec__,58
__ixor__ () (object Y| A =), 42 __str__ () (object W] =), 28
__kwdefaults__ (function attribute), 21 _ _sub__ () (object Wl A E), 41
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_ subclasscheck__ () (class Wl A &), 37 break, 92,98, 100
__traceback___ (exception attribute), 91 class, 104
__truediv__ () (object MM =), 41 continue, 92,98, 100
__trunc__ () (object WA =), 43 def, 102
_ xor__ () (object W] A &), 41 del, 27, 89
{} (curly brackets) for, 92, 98
dictionary expression, 68 global, 89, 95
in formatted string literal, 12 if, 98
set expression, 68 import, 22, 92
| (vertical bar) nonlocal, 95
A A=}, 78 pass, 89
| = raise, 91
augmented assignment, 88 return, 90, 100
~ (tilde) try, 25,99
A AF2}, 76 while, 92, 98
A A with, 43, 101
asynchronous—generator, 72 yield, 90
Boolean, 19 o ALz}
built-in function, 22,75 % (percent), 77
built-in method, 22,75 & (ampersand), 78
callable, 21,74 * (asterisk), 77
class, 23,75, 104 ** 76
class instance, 23,75 / (slash), 77
complex, 19 //, 77
dictionary, 20, 23, 29, 68, 73, 87 < (less), 78
Ellipsis, I8 <<, 78
floating point, 19 <=,78
frame, 24 =78
frozenset, 20 ==,78
function, 21, 22,75, 102 > (greater), 78
generator, 24, 68, 70 >=,78
immutable, 19 >> 78
immutable sequence, 19 @ (at), 77
instance, 23,75 ~ (caret), 78
integer, 19 | (vertical bar), 78
list, 20, 67,73,74,87 ~ (tilde), 76
mapping, 20, 23, 73, 87 and, 81
method, 21, 22, 75 in, 81
module, 22,73 is, 81
mutable, 20, 86, 87 is not, 81
mutable sequence, 20 not, 81
None, 18, 85 not in, 81
NotImplemented, 18 or, 81
numeric, 18,23 o]l 2]
sequence, 19, 23, 73, 74, 81, 87, 98 AssertionError, 89
set, 20, 68 AttributeError, 73
set type, 20 GeneratorExit, 71,72
slice, 40 ImportError, 92
string, 73,74 NameError, 66
traceback, 25, 91, 100 StopAsyncIteration, 72
tuple, 19, 73, 74, 83 StopIteration, 70, 90
user—-defined function, 21,75, 102 TypeError, 76
user—-defined method, 21 ValueError, 78
= ZeroDivisionError, 77
assert, 89
async def, 105 A
async for, 105 abs
async with, 106 & sk, 42
158 0]



The Python Language Reference, = ] 8|4 3.9.18

abstract base class (A H| o]~ Z# ), asynchronous context manager (B|%7] #A
119 g A E g A}, 120
aclose () (agen WA =), 72 asynchronous generator
addition, 77 asynchronous iterator,?22
and function, 22
bitwise, 78 asynchronous generator (8% 7] A g o]
o Ak}, 81 B]), 120
annotated asynchronous generator iterator (H]Z7]
assignment, 88 A e o] el o] E & o] E), 120
annotation (o] x=H| o] A), 119 asynchronous iterable (¥]%F 7] ©]E & &),
annotations 120
function, 103 asynchronous iterator (8]% 7] o] & o] H),
anonymous 120
function, 82 asynchronous—generator
argument AA, 72
call semantics,74 athrow () (agen WA &), 72
function, 21 atom, 65
function definition, 103 attribute, 18
argument (Q12}), 119 assignment, 86
arithmetic assignment, class, 23
conversion, 65 assignment, class instance, 23
operation, binary, 77 class, 23
operation, unary, 76 class instance, 23
array deletion, 89
25,20 generic special, 18
as reference, 73
except clause, 100 special, 18
import statement, 93 attribute (MJEZHE), 120
with statement, 101 AttributeError
719 =, 92,99, 101 o 9], 73
ASCII,4,9 augmented
asend () (agen WA =), 72 assignment, 88
assert await
=, 89 in comprehensions, 67
AssertionError 719 &, 76, 105
o 9], 89 awaitable (o] 9ol € &), 120
assertions
debugging, 89 B
assignment b!
annotated, 88 bytes literal, 10
attribute, 86 b
augmented, 838 bytes literal, 10
class attribute, 23 backslash character,6
class instance attribute, 23 BDFL, 120
slicing, 87 binary
statement, 20, 86 arithmetic operation, 77
subscription, 87 bitwise operation, 78
target list, 86 binary file (8}e]\ g 3}Y), 120
async binary literal, 14
719 =, 105 binding
async def global name, 95
=, 105 name, 47, 86, 92, 93, 102, 104
async for bitwise
in comprehensions, 67 and, 78
=, 105 operation,binary, 78
async with operation, unary, 76
=, 106 or, 78

xor, 78

=
ro,
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blank line,7
block, 47
code, 47
BNF, 4, 65
Boolean
operation, 81
AA, 19
break
=,92,98, 100
built-in
method, 22
built-in function
call, 75
MA, 22,75
built-in method
call, 75
MR, 22,75
builtins
2=, 107
byte, 20
bytearray, 20
bytecode, 24
bytecode (H}o]E T X&), 121
bytes, 20
w7 g, 28
bytes literal,9

bytes-like object (H}o]|EAF 2 A)), 120

C

c, 10
language, 18, 19, 22,78
call, 74
built-in function, 75
built-in method, 75
class instance, 75
class object, 23,75
function, 21,75
instance, 39, 76
method, 75
procedure, 85
user—-defined function, 75
callable
AR, 21,74
callback (M), 121
C-contiguous, 121
chaining
comparisons, 78
exception, 91
character, 19, 73
chr
W2 g, 19
class
attribute, 23
attribute assignment, 23
body, 36
constructor, 27
definition, 90, 104
instance, 23

name, 104
AA, 23,75, 104
=, 104

class (E32), 121

class instance
attribute, 23
attribute assignment, 23
call, 75
A, 23,75

class object
call, 23,75

class variable (E3 2 HS), 121

clause, 97

clear () (frame WA &), 25
close () (coroutine V| A ), 45
close () (generator M| A &), 71

co_argcount (code object attribute), 24
co_cellvars (code object attribute), 24

co_code (code object attribute), 24
co_consts (code object attribute), 24

co_filename (code object attribute), 24
co_firstlineno (code object attribute), 24

co_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), 121
comma, 66

trailing, 83
command line, 107
comment, 6
comparison, 78
comparisons, 28

chaining, 78

compile
W g, 95
complex
number, 19
A4, 19

g g, 43
complex literal, 14
complex number (B4, 121
compound

statement, 97
comprehensions, 67

dictionary, 68

list, 67

set, 68
Conditional
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expression, 81
conditional
expression, 82
constant, 9
constructor
class, 27
container, 18, 23
context manager,43
context manager (AYAE g2}, 121
context variable (AHI2AE W), 121
contiguous (¥%), 121
continue
=,92, 98, 100
conversion
arithmetic, 65
string, 28, 85
coroutine, 45, 69
function, 22
coroutine (ZFH), 121
coroutine function (ZFHE &%), 121
CPython, 121

D
dangling
else, 98
data, 17
type, 18
type, immutable, 66
datum, 68
dbm.gnu
2E,20
dbm.ndbm
2E,20
debugging
assertions, 89
decimal literal, 14
decorator (d]Zd o] §), 121
DEDENT token, 7, 98
def
=, 102
default
parameter value, 103
definition
class, 90, 104
function, 90, 102
del
=,27,89
deletion
attribute, 89
target, 89
target list, 89
delimiters, 15
descriptor (23 HH), 122
destructor, 27, 86
dictionary
comprehensions, 68
display, 68
A, 20, 23, 29, 68, 73, 87

dictionary (944 %), 122
dictionary comprehension (948 A=z
), 122

dictionary view (844 g H), 122
display

dictionary, 68

list, 67

set, 68
division, 77
divmod

W7t 3, 41, 42
docstring, 104
docstring (E2AEH), 122
documentation string, 24
duck-typing (§ E}o] ), 122

E

e
in numeric literal, 14
EAFP, 122
elif
719 &, 08
Ellipsis
AA, 18
else
conditional expression,§2
dangling, 98
719 =, 92, 98100
empty
list, 67
tuple, 19, 66

encoding declarations (source file), 6
environment, 48
error handling, 49
errors, 49
escape sequence, 10
eval
W3 &4, 95, 108
evaluation
order, 83
exc_info (in module sys), 25
except
719 &, 99
exception, 49,91
chaining, 91
handler, 25
raising, 91
exception handler, 49
exclusive
or, 78
exec
W7 4, 95
execution
frame, 47, 104
restricted, 49
stack, 25
execution model, 47
expression, 65
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Conditional, 81
conditional, 82
generator, 68
lambda, 82, 103
list, 83,85
statement, 85
yield, 69
expression (X 4]), 122
extension
module, 18
extension module (% 2 E), 122

F
f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (FEX}9), 122
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_1lineno (frame attribute), 25
f_locals (frame attribute), 24
f_trace (frame attribute), 25
f_trace_1lines (frame attribute), 25
f_trace_opcodes (frame attribute), 25
False, 19
file object (¥ AA), 122
file-like object (FLF AA), 123
finalizer, 27
finally

7191 =, 90, 92, 99, 100
find_spec

finder, 54
finder, 54

find_spec, 54
finder (3}¢14), 123
float

W g4 43
floating point

number, 19

AAL 19
floating point literal, 14
floor division (HF4 U4, 123
for

in comprehensions, 67

free
variable, 47
from
import statement, 47,93
719 &, 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
AA,21,22,75,102
function (&%), 123
function annotation (&4 o] H|o]A), 123
future
statement, 94

G

garbage collection, 17
garbage collection (7}F8]A] =4), 123
generator, 123

expression, 68

function, 22, 69, 90

iterator, 22, 90

M, 24, 68, 70
generator (AU d °]§), 123
generator expression, 123
generator expression (AU @ o] E &H A,

123
generator iterator (AU d o]E o]gd o]H),
123

GeneratorExit

o 9], 71,72
generic

special attribute, 18
generic function (AU g4), 123
generic type (AUH &), 124
GIL, 124
global

=, 92, 98 name binding, 95
form namespace, 21
lambda, 82 =, 89,95
format () (built-in function) global interpreter lock (A9 Q¥ =& H
__str__ () (object method), 28 ), 124
formatted string literal, 12 grammar, 4
Fortran contiguous, 121 grouping, 7
frame
execution, 47, 104 H
A, 24 handle an exception, 49
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handler
exception, 25
hash
w7 g, 29
hash character,6

hash-based pyc (S| A] 714k pyc), 124

hashable, 68
hashable (] A] 7}%), 124
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 54

meta, 54

path, 54

|
id
W &, 17
identifier, 8, 66
identity
test, 81
identity of an object, 17
IDLE, 124
if

conditional expression, 82

in comprehensions, 67
=,98
imaginary literal, 14
immutable
data type, 66
object, 66, 68
AA, 19
immutable (£4), 124
immutable object, 17
immutable sequence
AA, 19
immutable types
subclassing, 26

import
hooks, 54
=,22,92

import hooks, 54
import machinery, 51
import path(YXE F =), 124
importer (Y X H), 124
ImportError

of €], 92
importing (Y2H4), 124
in

A AkAE, 81

719 &, 98
inclusive

or, 78
INDENT token,7
indentation, 7
index operation, 19
indices () (slice M| A &), 25

inheritance, 104
input, 108
instance

call, 39,76

class, 23

A A, 23,75
int

0 4, 43
integer, 19

representation, 19

AA, 19
integer literal, 14
interactive (39), 124
interactive mode, 107
internal type, 24
interpolated string literal, 12
interpreted (A ZZE E), 124
interpreter, 107
interpreter shutdown (QEHZE|H £7),124
inversion, 76
invocation, 21

io
25,24
is
A4kAE 81
is not
A AkAE, 81
item
sequence, 73
string, 73
item selection, 19
iterable

unpacking, 83
iterable (o] E 8] &), 125
iterator (°]E & o] ¥), 125

J

in numeric literal, 15
Java

language, 19

K

key, 68

key function (7] &), 125
key/datum pair, 68

keyword, 9

keyword argument (Z7]¥E QA}), 125

L

lambda
expression, 82, 103
form, 82
lambda (&1}, 125
language
c, 18,19, 22,78
Java, 19
last_traceback (in module sys), 25

9]
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LBYL, 125
leading whitespace, 7
len
W& s+, 19, 20, 39
lexical analysis,5S
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 86
comprehensions, 67
deletion target, 89
display, 67
empty, 67
expression, 83, 85
target, 86, 98
M, 20, 67,73, 74, 87
list (B]2E), 125
list comprehension (E|2E AZ |3 A), 125
literal, 9, 66
loader, 54
loader (249), 126
logical line,5
loop
over mutable sequence, 99
statement, 92, 98
loop control
target, 92

M
magic

method, 126
magic method (7] 3 WA =), 126
makefile () (socket method), 24
mangling

name, 66
mapping

A, 20, 23,73, 87
mapping (W§33), 126
matrix multiplication, 77
membership

test, 81
meta

hooks, 54
meta hooks, 54
meta path finder (WE FZ 3} H), 126
metaclass, 34
metaclass (WE Z ), 126
metaclass hint, 35
method

built-in, 22

call,75

magic, 126

special, 129

user—-defined, 21

AA, 21,22,75
method (WA &), 126

method resolution order (WAE ZAA £A]),
126
minus, 76
module
extension, 18
importing, 92
namespace, 23
AA, 22,73
module (&), 126
module spec, 54
module spec (RE 23 126
modulo, 77
MRO, 126
multiplication, 77
mutable
A A, 20, 86, 87
mutable (7}9), 126
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 (MYE =) 126

NameError

ol 2], 66
NameError (built-in exception), 48
names

private, 66
namespace, 47

global, 21

module, 23

package, 53

namespace (0] 5 &7}, 126
namespace package (0|5 &7t 9] 7] A)), 127
negation, 76
nested scope (FHA 237 x), 127
new-style class (FF2EFY S82), 127
NEWLINE token,5, 98
None
AA, 18, 85
nonlocal
=, 95
not
A4kt 81
not in
A AR}, 81
notation, 4
NotImplemented
A3, 18
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null
operation, 89
number, 14
complex, 19
floating point, 19
numeric
A, 18,23
numeric literal, 14

O

object, 17
code, 24
immutable, 66, 68
object (AA), 127

object.__slots__ (W3 H4),33

octal literal, 14
open
Wog g, 24
operation
binary arithmetic, 77
binary bitwise, 78
Boolean, 81
null, 89
power, 76
shifting, 78
unary arithmetic, 76
unary bitwise, 76
operator
— (minus), 76, 77
+ (plus), 76, 77
overloading, 26
precedence, 83
ternary, 82
operators, 15
or
bitwise, 78
exclusive, 78
inclusive, 78
A AkA}, 81
ord
W g, 19
order
evaluation, 83
output, 85
standard, 85
overloading
operator, 26

P

package, 52

namespace, 53

portion, 53

regular, 52
package (3] 7] A)), 127
parameter

call semantics, 74

function definition, 102

value, default, 103

parameter (W] 7)), 127
parenthesized form, 66
parser, 5
pass

=, 89
path

hooks, 54
path based finder, 59
path based finder (AZ 7|9l 5}Qlt]), 128
path entry (HZ AE=Z), 128
path entry finder (AE JEg 512 H), 128
path entry hook (F=Z JdE=ZF %), 128
path hooks, 54
path-like object (FEF ZAA)), 128
PEP, 128
physical line,5,6,10
plus, 76
popen () (in module o0s), 24
portion

package, 53
portion (EA), 128
positional argument (%] %] ¢1%}), 128
pow

WA g 41, 42
power

operation, 76
precedence

operator, 83
primary, 73
print

W7 g, 28
print () (built-in function)

__str__ () (object method), 28
private

names, 66
procedure

call, 85
program, 107
provisional API (7% API), 128
provisional package (ZA 9 7] X)), 128
Python 3000 (3}o] % 3000), 128
PYTHONHASHSEED, 29
Pythonic (Z}o] M Th), 128
PYTHONPATH, 60

Q

qualified name (F4+34 ©]F), 129

R

r'

raw string literal, 10
r"

raw string literal, 10
raise

=91
raise an exception,49
raising

exception, 91
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range
g g, 99
raw string, 10
rebinding
name, 86
reference
attribute, 73
reference count (ZZ 34, 129
reference counting, 17
regular
package, 52
regular package (A5 3 7] A]), 129
relative
import, 93
repr
W7g &, 85
repr () (built-in function)
__repr___ () (object method), 27
representation
integer, 19
reserved word, 9
restricted
execution, 49
return
=, 90, 100
round
g g, 43

S

scope, 47, 48
send () (coroutine W] A E), 45
send () (generator M| A =), 70
sequence
item, 73
AA, 19,23, 73,74, 81, 87, 98
sequence (A]@2), 129
set
comprehensions, 68
display, 68
A A, 20, 68
set comprehension (& A= 23 A), 129
set type
A, 20
shifting
operation, 78
simple
statement, 85
single dispatch (A& Y29 x), 129
singleton
tuple, 19
slice, 74
A A, 40
W g, 25
slice (£8}o]2), 129
slicing, 19,20, 74
assignment, 87
source character set,6
space, 7

special
attribute, 18
attribute, generic, 18
method, 129
special method (E4 WA E), 129
stack
execution, 25

trace, 25
standard
output, 85

Standard C, 10
standard input, 107
start (slice object attribute), 25, 74
statement
assignment, 20, 86
assignment, annotated, 88
assignment, augmented, 88
compound, 97
expression, 85
future, 94
loop, 92,98
simple, 85
statement (£7%), 129
statement grouping,7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 25, 74
stop (slice object attribute), 25, 74
StopAsynclteration
of 9], 72
StopIlteration
o] 2], 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
AA, 73,74
string literal,9
subclassing
immutable types, 26
subscription, 19,20, 73
assignment, 87
subtraction, 77

suite, 97
syntax, 4
sys

R &, 100, 107
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 54
sys.modules, 53
sys.path, 60
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sys.path_hooks, 60

sys.path_importer_cache, 60

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_lineno (traceback attribute), 25

tb_next (traceback attribute), 25
termination model, 49
ternary
operator, 82
test
identity, 81
membership, 81

text encoding (HlAE 2137 1), 130

text file (HIAE 3+Y), 130
throw () (coroutine Wl A &), 45
throw () (generator W] A £), 70
token, 5

trace

stack, 25
traceback

A=A, 25,91, 100
trailing

comma, 83

triple-quoted string (% W23%

&), 130
triple—-quoted string, 10
True, 19

try

=,25,99
tuple

empty, 19, 66

singleton, 19

AA, 19,73, 74, 83
type, 18

data, 18

hierarchy, 18

immutable data, 66

W& sk 17, 34
type (8), 130

type alias (& o €glo]2), 130

type hint (¥ 31 E), 130
type of an object, 17
TypeError

o ], 76
types, internal,?24

d

2

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®¥Ad = 3d7), 130
UNIX, 107
unpacking
dictionary, 68
in function calls, 75
iterable, 83
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
AA, 21

Vv

value

default parameter, 103
value of an object, 17
ValueError

ol 2], 78
values

writing, 85
variable

free, 47
variable annotation (4 o] E|o]A), 130
virtual environment (7} 373), 131
virtual machine (7} 7] A), 131

W

while
=,92,98
Windows, 107
with
=, 43,101
writing

values, 85

X

RS
abs, 42
bytes, 28
chr, 19
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compile, 95 PEP 366, 58, 63
complex, 43 PEP 380,70
divmod, 41, 42 PEP 395,63
eval, 95, 108 PEP 411,128
exec, 95 PEP 414,10
float,43 PEP 420,51, 53,58,63,123, 127, 128
hash, 29 PEP 443,124
id, 17 PEP 448,68, 75,83
int, 43 PEP 451,63,123
len, 19, 20, 39 PEP 483,124
open, 24 PEP 484,37,88,104, 119, 123, 124, 130, 131
ord, 19 PEP 492,45,70, 106, 120, 121
pow, 41,42 PEP 498, 14,122
print, 28 PEP 5109, 128
range, 99 PEP 525,70, 120
repr, 85 PEP 526, 88,104, 119, 131
round, 43 PEP 530, 67
slice, 25 PEP 560, 35, 39
type, 17, 34 PEP 562,31
2= PEP 563,94, 104
_ main_ ,48, 107 PEP 570, 103
array, 20 PEP 572,68, 82
builtins, 107 PEP 585,124
dbm.gnu, 20 PEP 614,103,105
dbm. ndbm, 20 PEP 3104,95
io, 24 PEP 3107, 104
sys, 100, 107 PEP 3115, 35,105
XOr PEP 3116,130
bitwise, 78 PEP 31109, 37
PEP 3120,5
Y PEP 3129, 105
719 = PEP 3131,8
as, 92,99, 101 PEP 3132,87
async, 105 PEP 3135, 36
await, 76, 105 PEP 3147, 58
elif, 98 PEP 3155,129
else, 92, 98100 23 i
except, 99 PYTHONHASHSEED, 29
finally, 90,92, 99, 100 yield
from, 69, 92 examples, 71
in, 98 expression, 69
yield, 69 =,90
alo] W B Al <t 719 =, 69
PEP 1,128
PEP 8,79 Z
PEP 236,95 Zen of Python (Fto]# Al), 131
PEP 238,123 ZeroDivisionError
PEP 252,31 o 9], 77
PEP 255,70
PEP 278,130
PEP 302,51, 63,123,126
PEP 308, 82
PEP 318,105
PEP 328,63
PEP 338,63
PEP 342,70

PEP 343,43,102,121
PEP 362,120, 127
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