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CPython Y= o]7]%= stal 7b & &= 3l Qle CE A E stold +H AU Aol M2E 752
HE Aq71AM A5 54 d U

Jython Python implemented in Java. This implementation can be used as a scripting language for Java applications,
or can be used to create applications using the Java class libraries. It is also often used to create tests for Java
libraries. More information can be found at the Jython website.

Python for NET ©] 7232 A A| Z = CPython 3 -& AF&3}A] 9h, W]\ X] = (managed) NET & =27

o] 1L .NET 2}o] B 2] 2] & A5 2y th. Bryan Lloyd 7} ¥H& Sls5 U thth. ©f ZkA & 7 B &= Python for
NET &5 0] 7] of| A A 5-F Ut



https://www.jython.org/
https://pythonnet.github.io/
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IronPython An alternate Python for .NET. Unlike Python.NET, this is a complete Python implementation that
generates IL, and compiles Python code directly to .NET assemblies. It was created by Jim Hugunin, the
original creator of Jython. For more information, see the IronPython website.

PyPy An implementation of Python written completely in Python. It supports several advanced features not found
in other implementations like stackless support and a Just in Time compiler. One of the goals of the project is
to encourage experimentation with the language itself by making it easier to modify the interpreter (since it is
written in Python). Additional information is available on the PyPy project’s home page.

7]__?_{540 o] A A AHEL oo} 2R 247 o2 ¥ 0 2 Yol AL, 5 sho] Al 2 A o) A
= W19 Y S AR ESS AU Th o] AHE Sl ol tiE ofH AS T Gotof
3}511 A7) YA E FA EE A FHE EAS Fx 2%07} A5t

o)) BAT BRe) 714 54 BNE £ E710S Ag AU o)A b3t 2 Ho ~etdS
A& YT

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

lc_letter = ar..."z"

A €2 name ©] 1c_letter 2 AL, glAL sfLt o] 9] 1c_letter Y HEO AWEE JEHI 2
AP B3 th 39 1c_letter & 'a' 9 'z Abolo] ExF st Utk (AHA o] F =
oA ol f et 2 W A H A A= olFEol HE F A A Th)

—

M FH2 o5 (5] A Fell CZ"B}% name) ¥ : := 2 A AU A2 ()= tdsS F2 ok
ARG UL o] 71O SAEA 7 7P W2 AR AU MR ()£ 2ol e 5ol A
o

AV 043 e 2 Sleh & U T HI RS, Bk ()5 8 W o) e £ sl Ak

AT Fol B2 BN A2 o) @ ¥ e S 4R pesins R, -
9+ QAL 29 A A AZRUTh SAEA7 Y EeUTh BoE Hojel® R o A48T
o AR AHTS g EE BN A NS B0l Bese SR ABHIG. 745
Y Ee BAPYUTh ool Be FHL ofe 52 2¥E 4= T, At S50l A2tz
A2 A B ek,

0151 | (3]0l 4 £ el 9f 2el) ol A, T 1A 27} el 2k AR F A1) e L 24 A A
ﬂzifaHMNOﬁzﬂﬂeaJ PEEi@d)mHAAwﬂfﬂ%ﬁ:aﬂﬂ%%ﬁ
2 A Ave e &

T AS .
#7190l A9 Zota strets, o3 oF 1 AH o Tholl= Akt 2Fo| 7F AUt o3 Fol =

of 7| FAbol] AL =W, 21 Fo = o3 EXV7 HEAJU = EEE50d F8E Utk U
3] & A (Lexical Analysis)”) ol A] Al-&% = 25 BNFE 03] Fo|duUt}; 2 o] =9 A= B

4 Chapter 1. 7| &
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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 §
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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



The Python Language Reference, = x| #] A 3.10.13

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
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e Other_ID_Continue - W} 27}
2E AP shA o] 95 NEKC 47758 4] 0 2 w85 31, 4 xpe] u] = NFKC of 719k Utk

FUIZE 419 SHkE A8 EA52] Bl A 552 HIML shd 2 A 2|3k &4 € https://www.
unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt o 4 & 4= dF Y

_g‘r

231 7|19 =

ThS APEAHE L of oFof, = Qloje] A1 S, 2 ALSH I, QA A A D 5 YU T o7

2ol Qe A3 A2 2A AHgH of oF Iy Tt

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

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

2.3.2 Soft Keywords

WA 3109 7}

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The identifiers mat ch,
case and __ can syntactically act as keywords in contexts related to the pattern matching statement, but this distinction
is done at the parser level, not when tokenizing.

As soft keywords, their use with pattern matching is possible while still preserving compatibility with existing code
that uses match, case and __ as identifier names.

23.3 487}e] ook o
I =gk B R) oW RFo) AEAE S S o))} Jruich o] RFe) AU A%} 2
s g e r FEFUch

_* Not imported by from module import *.

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

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

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

i olF _ 2 % = Al (internationalization) 2} # A F o] AH§F Ut o] #eH o A=

gettext BEY EAE IR A L.

It is also commonly used for unused variables.

—*__ AxE Ao ol 5, v g A A 0 2 “AT (dunden)” ©] Fol Bt H AT YT o] ol 552 AHZ
g9 2 FAEE ol B S 2 FUthol AFgUth dA Fojd A~d ol g2 55
A= ol 55 At 29 el A o gyt vhol e wE Mol M o W ASe] Ao
7bs/d ol FUth of | FHIA A, AR o AR ghEo) I AR S Helvbe 059
EEANEE, Baglol &4E 5 sy

_* 22 ol E. o] F7Y ol5 5= TS A Tl M AREsE H A JEj = AF g Tk
FE e ash A4 F 20} vl 57 (private)” o] E B FE THef ©] F TE= ¥ AE AU
AL (o] F) AR S BA S

2.3. A¥Hzlel 719 9
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24 =€l

gle d(literah) > RE WA IS AxH = AT 27 AU

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

I "fr" | "Fr" ‘ "fR" I "FR" | "rf" I "rF" I "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"!'
longstring = "rr'vw Jongstringitem* "'''" | '"wwtv Jjongstringitem* '"""'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq = "\" <any source character>
bytesliteral = bytesprefix (shortbytes | longbytes)
bytesprefix = "o" | "B"™ | "br" | "Br" | "bR" | "BR" | "rb" | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbhytesitem* '"'
longbytes = "rr'vn Jongbytesitem* "'''" | '"wwrv Jongbytesitem* '"""'
shortbytesitem = shortbyteschar | bytesescapeseq
longbytesitem = longbyteschar | bytesescapeseq
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar = <any ASCII character except "\">
bytesescapeseqg = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefixor bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section 91 7 & A1 &1,

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

HFo] E 4 (bytes) 2lEE2> F4 'b' U 'B' & ol 29U str 9] IAHA A bytes PO A
H2E syt L ASCH 2As 288 = 5 Uth ZEFo] 128H 0 AU 22 e WEA
o]~ o] P o g FHH ofof Frh

AL vl =G P BE ADHOR 1rr ol Lh 'Ry BAE o] £ 5 A5 oA BALS D

224 aw rings) °] 21 Sod, o SAAE NS B AR PUG AnA0 2, £ ool 2o

A, AL G T\U* 8\ o AF o =i B S Aes A gUth ol d 2x9] & RIS
o

e ol sho]d 3x} Th Al FAFUTH: A& LA, turt £8L Ad5 A g ch
WA 330 £7h: I ubel EQ B P brt 9 2L o7} 9l 1rbt AFol7k F7hE gy,

WA 3.300 F7F: sho]l W 2.x 8 3x oA FAlO AWt ZEE FAETE DedsHy] 93] o Aol
AEHE FUZE FHE (u'value') o] BHA =4S 5 U A48 A H = PEP 414 o Y34t

£ U E S TR e £AE FE ZW =AY 2lE a(formattedsmngllteml)%l‘41’/} =
A EHE g BAlR. £ = et FARE S AF U 5 1‘4 'o' U rut obe A9 4 }lsUTh
whebA] & 2 FAE L 75 sk Anh 29 vpe| E 2lE E 2 BT

i)
rlo
f
)=

m{m

10 Chapter 2. o3 24
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4% w8 3 9 2 E Dol A, Al 19 ol 27 o)W B A e AW B} wgE T} F et
AUTh. o9l & ol Al o] o] Ao B A B gk} al
dEEe et e A8s B &, b

95017}

e U R B R0] 7L A gk ol 4L A AT ulol = PE|do] £7HE o] 2Ao]x N AAE EEC
oA ALEE A W2 e 7 o2 A A U A48E ol Aol A s oIzt
ojAA o] AJF A | o 1] 2] AFRF
T<newline> T AN AT EAN EATT | ()
\\ g sHHA (D)
\' 225 3E ()
X SHEE ()
\a ASCII ¥ (BEL)
\b ASCII ¥ 2~ 3] o] 2~ (BS)
\f ASCII £ 5] = (FF)
\n ASCII 219l 5] = (LF)
\r ASCII 7§21 4] 2 € (CR)
\t ASCII 7} 2 = (TAB)
v ASCIT A = & (VT)
\ooo 8215 000 B A QH A} (2,4)
\xhh 1635 hh 2 A ZH &2} 3.4
TAHE FEH oA T AAE = o] AA o] Z A F A=
ojAAlo]Z Al A | o] 9] Arak
\N{name} U= dl o] ] W] o] 20| A name ©] 2l o] 5 & Z 22} | (5)
\UxXXXX 16-bit 16 5= xoxx 2 A A H &2} 6)
\UXXXKXKKX 32-bit 16 4 xxxxxxxx & A A = EX} @)

R A

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

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

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

The same result can be achieved using friple-quoted strings, or parentheses and string literal concatenation.
(2) B2 CuRAA R, A Al el 844571 52 Tk
(3) £F Cee 22, A3 F 7HY 16357 Al = of of ot

() Wl EQ E Ao A, 161159 8714 o] Ao m = A AW @] vlo|EE EAFYTE AL
FE el A, of ol aAe it A4 ghel fUmE 245 AP

B 33004 W 8R! Aol 27ke A o)

—~
N
~

6) B3l 4709 16345 2= FUTh

() o PO BE FUILEES ATY T 4 A5 UTh A2 8709 16747 B gt

EE O Do), ANH A S BE o] ado)m Ad AL B4 WA A e FEl= g FuTh
2,9 2 A7k Aol A Ut (o] BAL M AT W LB} A5 o] 2dle)m AP 2R
VYS9l W, A% Aol A FRE BES HA AN F Ygrvith) BAD e el u ol as =
o] 27 o] = £ R Rl 25344 L.

[e]
oz Al AT v E BlH Eo| X A4 H A o
2

=

B DeprecationWarning< Y54t}
AA 7} shol W 2] nl g HANAE SyntaxWarning®] ¥ 1 A= SyntaxError/F 2 ZAYY
o

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt
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G ol 2 T o Gol N2 ol Al U A w o el A7) 2
€ Sof,xr\vr & guke 2R dE YA, T ) £47 51905

\ "ol ob Uitk (2 BALEA T4 A A2 B
a%gammﬁﬂxJaaaa%auq SoA 2 2 5 QI THE Se A7 o
sololZ A7) WA h. o Ze A9}z Hol 2x AAEAL 2 Ao oh e
EERERINE R

FI

F
o
i)
rlr
mw

2.4.2 #2149 2 o] o] 0] 7]

ol 7He] EAL ol HiolE BlEE S
7 9t oo R el A} gk 7t ¢
'world' == "helloworld" 0(3H14E+

NS FolFU 2 24D B uhoh 7

T~
—_ OH
_In:
[o
i
s
Ach
:oL
>,
_EL
_VE
;‘z
ro
x
=°.=
_>|:
L
o
rr
P
o,
el
i)
Au)
K

oRE /\}&OHE L]D]—, e} A, "hello™

01r Fﬁh
v
N
=

g Bolk AR A5tk il B 5

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

)

o
o
M
mi

SEolA Ao s 1E AAW,
oo} & 0] 7] 93 A= *
9131 (2 BAHA T 4
G A H A oo 5 9

R

¥
i/
>

M
ﬂ)iofo fll
e <L

el
N
B
E i o
ftlo -
o

o H oo
I dlo 24
ul EH p2

e 1
RIS

s
oo
)
Jo
o
i)

o
i)

o ke
>
oft ofo o

KN

3 29 EAE fEd

T N
2
[0%)
Y
2
Bl
N

Mg
>
o M

i —‘3

)4_1_4

E] & (formatted string literal) === f-E 2L (f-string) 2 ' £!
g2 AR F=S xdTd s ode, T2E (1 22
-2 AP A 7ol A JQ%

—

T b
T2 5

ol M ¥
)
o

2l ox

1 > >4>

AU
R[>
2 [H
Mo >

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

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

f_expression = (conditional_expression | "*" or_expr)

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

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

FZ5 g FE2 At e HEAYE HAFH =, olF FZZ {{' WU "1 HH St B Y
At A Yyt st o= T ES (! % %"J‘:E Al ZFA 7] =, 3ho] A
AE Ut 275 234 E—’V\EQP—HD}%}%E%E Al }T’}]‘:’q(ﬂ‘ﬂﬂ"ﬂ T&&4rh,
TN\ E FME  Asynh =73 U 2 A &S, W 2 (conversion) F E7F H IS
szl 2] A 2} (format specifier) = ﬂ%%‘ & %%tﬂ,%% v Ei Al ZEUrh 28 de =
"} EEdyrth

N

Oi

T
o M2
oy Mo
>
e
)
o,
i)
1o
=
gl
1>
rlo
i
fol

i
i
v
=
ro
ne

r jig
2
o
ir‘:_‘l
o
2

U L
o, 1L
2
E
(et
1>
rlo
qr
i)
i)
N
52
K
[

Q

5
&
Q,

Q
i)
=
[t o
N gy

s
>

o =
=
tlo
£
(i
M
N
@
N
1%
rlo
F
i
[
-

>

0
-
rk
Sl
2,
K
o
ol
Hl
>,t1
Mo A
X
e =+
ACH
o
e
1o
=]
r U
1>
=
>
Q
g
Q
[
-y
EHl
el

>,
i)
Q
[6))
<
5
Q
.
(@]

N
fifo
kel
U (
o
rr
RS
[k
L)
2
r
rlo
Jo
kol
off
B
biA
30
oy
A
v
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=575 =1 o] AW, Eolt BAA gk, = W FIhE gho] TRFPUTh o= FZT (¢
#LE@@mn—u+4Amo¢%-s%%aﬂ%ﬂ%uqaﬂ%@zin5€£9ﬂﬂ@ﬂﬂﬂ%f}
FA4Y repr )& AFFUTH Zoo] AA W A3 1rr o] HAH A g 7| RA 0 4]
str<wﬂxk%%Lh4

WA 380 27 53 7%

% 2 (conversion) o] A A W, EA4) A7} o) Aol AP UL A 150 £ A str()
FTE33, "r' Lrepr() € 3EFT, ' a Lascii() &

Il g A3 format_ () H
*1‘: E X*‘;‘%WDP “““ A 2 A7} A 2] 2 A7 HF AL

s T

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

AL FgEE S oo d v AL, AF It oY elHE R 2R & syt

P
9 24D eE P ol 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

n

>>> precision = 4

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

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

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

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

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

>>> number = 1024

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

'0x400"'

>>> foo = "bar"

>>> f"{ foo " # preserves whitespace

" foo = 'bar'"

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

>>> f"/line "

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

>>> f"/line 20"

"line = The mill's closed "

>>> f"{1line 20"

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

QubA ol B4 BB Wt 22 BRS FROE 2O A% AE A F Do AEF = BAE] 29
A Bl E e e W 3ot S5 5HA] ekotof stk Ay th:

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

ER A0l o SIS ST 5 9L, ST b ey F U

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

o Sl ol xA ol 2T 23 e S, GA HFE BHEd FUTh
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>>> newline = ord('\n'")
>>> f'"newline: {newline}"
'newline: 10"

E9 24D AH DL S22 docstring) © 2 AHSE 5 G5 UTh TAA o) A8 GLEetE vhEAHA

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

>>> foo. doc_ is None
True

2o EAL B Fop0] e AL PEP 498 2 B2, HAR TA BAL WAUSE AT
str.format () & AHHE = Aol EH Yt}

24.4 57 2€]d

57 el E ol Al A 577 ATk A5, 44, 8
A58 858 A BEo AU th)

i
Iz
B>
5
i)
n
sy
m
rlo
Y
rlo
0
zly
Aw
v
I
B>
5
rr

57 elEl ol $5E THBA gk Aol FANF FUTH -1} 2L FEL A F A S ele Y
12 7Y 2R84 G,

245 A+ 2EHHE

drPHE2 a3 22 0% Bz 2dgYh:

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

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

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

nonzerodigit = mr,L.L"on

digit = "or..."9"

bindigit = "om | omiv

octdigit = "or...mm

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

7HEet v R elol] AgE o et EAR A g Dol AT gl

WEe e 24 g2 A4 8w 1E A ¢
ERI} It WEE A Aol 0x 2 2
Wl Shb AL 5 AU

A A
00l obd 1071571002 Al A& 4 ¢h-g] 9 o Tk 3.0 M o] 2] sho] Mol A ALS8C 28
Qo] 844 e E LT B & AL 7] HFA T
A4 PELe o8 50
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 0b_1110_0101

=

WA 36 W AH AN A5 15 AT BP0 L APk
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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

5ot A5RE 41028 02 S| B Hs o] Foslok gt & S}, 0776010 £ 2upE
FdolaL, 77e10 I 2L AE RFFY T A fHE Y sgE fe= FE AR AU A5
B HoA e A 2 2R AEY e UEes AR AdgE U

A gEd e 2 7HA o & FYth:
’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 AN LSS ALRA 009 BELE UE U, HaPE A5G L WA A0 A8+ T8 4
TE HUth 00] ofd A4 % %%i—’?% HEHE, A4S Hotd gUtTh A& S0, (3+47)
’514 I’JH%*PJ 2 72 o & 5 HDP.
’3.14j 10.5 107 .0015 11007 3.14e-107 3.14_15_933

2.5 & Xz}

e 2e E2EL AT

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

( ) [ ] { }

’ : . ; @ = ->

= = = /= /= %= -

&= |= ~e >>= <<= k=

}ﬂ*%]¢ﬂﬂTﬂHaﬂﬁ ST A5 UL Id5H A E A V= AR S 2 E (ellipsis
literal) ©] 2}+= & 3 4]ﬂmAQQH%Eiﬁﬂ%%ﬂ%ﬂfﬂ@@mmw%%mmwmmmaL
AR Ao 2= FRAR 7|53 AT FA O A4S =3 Th

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

’ $ ?
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CHAPTER 3

tlol 2dd

3.1 AA, 3, B

A A (Objects)+= B}Fo] A o] d] o] E] (data £ FA3}3l A (abstraction) Y U T} Tho]l W =2 7o B E ¢ 9]
B AR AR 7o) FAZ 2@F YTk (2 o9 (Von Neumann)-‘l] “xz 2 72 Y FA AFE (stored
program computer)” 2@ -& w2 17, &= I FAFo| A T= A A2 AP YT})

2E AA & ote] 2 E E (identity), 3 (type), 7k (value) = ZH5 U th A4 ofo]dlE B & & ¥ vHEo]
o= A A GHUh RN AR FAE ALME FHFULE i’ A= F 4
ofoldlE] E] & vl W Fth; id () J#t oo dIE|El & A2 RS S EFYUTH
CPython & HA|: CPython & 3%, id (x) £ x 7} A H W 28] FA YT

AA L] -2 AA 7} %1 date dAsS ZM L (& £, “FolE 2 Y2 2 F o] AR E] 7HA
9= 7}%}@ < A FUrh ¢ ype Tt AA Y P (o] 2 A AAthE FeF T ofeldl

E]E] ¢} vl 7R =, »1%191 3 (rype) G Al ‘ﬂ%‘ﬂ A FH Yt

o AAES F2HAT = AFUh S AF T 5 A= AAELS 7HH (mutable) o 2kl Tt 4tk
BEO R Fof S AT = = A ES %tﬁ_(mmmable) o]a}ﬁ st o) (7h Aol T8k 2=
A8t = W A o] g2 7MW A ghol Mg A E T B 5 dFUth AT AR
3t = AAEY FA ol i = o n g Aoy o As] Eolgta o AR Yt et B
LAl A BT B2 2 AT gE Y E‘r- 9 R “% th) A< 71 4 (mutability) -
a7 ol g AFF YL g 5o A AL %(tuple) Ed o] A gk, g A1 g (dictionary) <}

E]’*E(llst)“ 7Ha Utk

WA= 23 YA H o2 339 5 ] k5 U th; o] 25 A 95 ulf (unreachable) 7}H] 2] 4= 7 (garbage collect)
AUt 8 o] 7M1 A = AE A AA 7| ALk ofod] AeFst= Ao P Ut — ofF FxEH = AAES
FATA] = o] % 7HA AT H Ao R FTHEH A= FHY 4 A YU

CPython -& A} A|: CPython & 3 A =% 314> 7 A} (reference-counting) ¥} A1 S AFL-3l=t), (A 8 A}3Fo
2) Ao A4H 7 A 9 A @ ?l AAZFE7FE Yt ol o2 f RE AAE F27 A A
Ak A = FUTh SRR 8 Fx2 7T e THIAE Tﬂ‘ﬂ'i}‘“ e esdt <34
TR A ALY A ool BT HH = ge BE FAE FxSHE 1/]"4‘ == fﬁ%% E]-E Ao g =25}
1, CPython = WA= = JHUch F27M A AL v Z2H2 o 2 gho]d 2] A o] A (finalization) & &= 2 ojl
9] %—5]'7\] Totop FUthH(a el A 4 31 d s BAH R ”O]'—roi oF Y th).

oJE A RE AR, o)W Aol AA ) L WASE Ao As U AW LR AW o} 74 Az o]0} 2
omg gutA o7 o Azto] ofd Ut}

rl

1
%9l
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Hol Agshe F A UMY BAY AL 194 GOoH £AF 5 gt AT dopg w2
WE 5 918 0] FATNF FUITh E tryexceps BOE 98 FE A% AAE Ao}l UE 5
Szt
od AAES 4 spdojy F 2 “ﬂ—r(external)” AL S s F2E 23U o] AAHELS
AL 7181 718 W T 0l 7P| S AL R Ao ong, 18 ARES
L BAGE vl WA A Qv st xﬂ+fﬂ141:} HE close() WA 2218 S AT o=
J83 AAES G4 WA Z o2 Dolok(close) ST ‘try-finally B3 ‘with’ £ o8 A =

AT,

¥ AAES hE Ao th e 2T ZFHT YHUTh oA 252 AH o1 (conainer) 31 £ 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
9 v o]t 7} 7bd AR 2o 22 33 gthe, 2 /b A7k w4 v Ae o] ] ghe WA g o,
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
SFARe = [1; d = (] %o, c 9%t F A N2 Ex, S Aol 1, A2 BEoi Wl g 2E o]
B4EUh(c = d = (1 £ AL AAEcohad g gh)

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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* 7bsstd, 282 103 YU th
c 28R @] Fd 05 Al S, A 02 FAE A FuTh
© 2R A Fd 05 Al S, 3 02 FAE A FuuTh
s FEE At e W 2AE YT
sl M2 A, A, HasE FEdUS
numbers.Integral °|Zl52 FA A F H{(FH &)l F3k= L45< HehdUH

5 7R $5) 447 dareh
A4 (int) oA (FHH HE
(shift) 2} U}’\f’-(mask) Abe] BRI wj= o] X £H
(2’s complement) Z 3% ?ﬂﬂ B

29 (bool) o121 w23k A2 2 Y Th False 9 True § AA Y&
2 int g 9] wbtype)oln, A 4ol 2710301
A=

numbers .Real (float) ©| A5 7|4 %2 vl A % (double precision) F-5 A5 +E5 Ve

lﬁkaﬂﬂLﬂAEAQEH%EAHﬂwﬁﬂﬁhﬂiﬂﬂA

A A (¢} C W} At
Ao 2= kel @l t}. F}o] M- thA & (single precision) H5 i—’,\—?,ﬂ 2 295
syt ]A%% /\}35}‘; ol f7tH &= ZEA A} W R AL sto] oA AAE

g ST S0l ke W g3 st of WS AU Th T w2l F b FR B A5
S Qo] 2 BAs whsuha 7Hx 7} glg o

numbers.Complex (complex) ¢|ZAE2 7|A & MAE 5 24 s Hoz EagE vy
U BE 44 59 BAS EALL TRTUCL Bad s o A5Rel 43, 9]
AL JEYHE z.real & z.imag 2 Ad = ASF5Y T

AR2E 2o] o A4z 284 (indexing) D 5 9= 528 20]8] ¢4 9= ATL epieh U

3 len () 2 Al AXT 7}21 FEE9 7H—r% EHFUTH Al A2 do)7kn A of, Q192 (index)

AEE 270, 1, n 1€ TRFULL A2 a s 5 itali) 2 Ad9U0

NA2rE EFoAE NAFYTH ali:j] £i<=k<j S WF3e ZEFE LS AATYT

FAANA 8D 1, Sebol 2t 22 del AUt A2 AL 00]A A e £ F ohA

WS o AR o,

of @ A2 Al AR “2F (step)” AT E /\}QS}L “gF sl e xtended slicing)” = 24

Utk ali:j:k] Ex = 1 + n*k,n>=0,i<=x<j 5 UZ= REFE xS AT

/\l?ﬂé%%_*éoﬂ U’—PF/}—?‘—Eu‘JD}
Ea

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

o (Tuples) £:22) ¥ lol9] shold AA Gtk = /) o] 3] FHO 2 FATE &
2o Fuis Held B4 52 0% BE 5 ISt Sl FRos THH B2
(42 singleton) & EAA o F0}2 ol A BE 5 ASUHBER BAHL R 5
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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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HZA 37004 A7 gAY E]=3.6 o] 19 stol A WA NA 4] AE FASHA kst
CPython 3.6 4], 4t A1 7L A1 = A vE, L Al ol = Qo] B o] offet 73 A7 AL
o7 ZFeAsTh
Z ] E (Callable types) | AEL &+ 55 A4 HEE H
AHE A o] B AR B Y g A= T Y E Tl dEAF{UTH(E T Ao A ).
9] & A o 7) ¥ 4 (formal parameter) 553} 22 759 FES =

B202 555 olof guuk
£ 4= o] E 8] H E & (Special attributes):

JEIHE o

__doc__ s Auets AYE B+ §le 4 F None; Al B »7] 7V
AR AEHA S5y

__name__ 3ho o] 5. »7] 7Vs

__qualname_ o A ﬁﬂ—ﬂ D=3 »7] 7=
WA 3.3 Oﬂ Z7}.

__module__ 7 A H REY o] 5 E+ (fle 4 F) None 2 7] 7}5

__defaults__ AzLe] 712 g = (Yle AF) None &2 w013 7] 7V
=,

—_code_ A5h9E ] W ody) € RIS = A | 271k

__globals__ T A Wess 7R 9y eo tish 2 — | 97 J&
Tr7t A EE AG o)l5 F Z}(nameSpace)

__dict__ q o e A ERREE A °43P% o5 ¥k 271 7Vs

_ _closure_ None == ';‘}5,\— A} ¥ 4= (free variable) = ©f] of 3F Q7] A&
AZAE 7R A(cel) 5] FE. cell_contents
o= BEo] e AR E ol g HAAL

__annotations__ | A dict containing annotations of parameters. The keys of »7] 7=
the dict are the parameter names, and 'return' for the
return annotation, if provided. For more information on
working with this attribute, see annotations-howto.

kwdefaults__ | 19IE RHET AL A A A ANALE] NEFE | 27 715
7R dict.

“27) b5 A EAE BRSO 2P HEE S gol
%1

5 AAL 99 ol RES

(metadata) & 2 °]=H AH3E = JFUTh AJEREE AU & w= dubA A A J—}_?ﬂ‘ﬁ
(dot-notation) o] A& U Th @A FHL2 A AL AL ] w4 o ESRES A Aol
Foslof Utk W o) g o EFFHEE v Hol A dE = A5y

‘é 7“7<ﬂ +cell_contents 01 B HEE 7HAL Ut A e g2 Bk otys ke

e Ao 29 A AU T AR D D th okl oY 3
16 AN . A FL types REOIA A2 5 Y

ol ~El A W X = (Instance methods) A AE A HAEE= ZEA, ZgPANAEAG RE ZHE A
A

N

) (HE A2 A Aol 3k S Adrshy o)
57 97 AL AJEYRES: _self & FHaJA2"da AR, func_ & T A
__doc O U-“/\:Lt—:--o’] /guos' (_fUnC_._dOC_J,]—7]—/\]4];],) ___name___ %UﬂHEQ] o %
( fun .__name__ I} T module S HWAEJAYH BEQ o= AL}

1—_‘ 7§T None.
WAL 7 e BE B4 ol B HES
A3k b Th.

A= HEI AR B
Zejng el RES Y

o]
1

o

NES ADFUTHEA T 27 =

filo
b

Sl 0l 4= AR, A7} A9l WA E A S
DUl 1 Ze20] AAEAE B A,

)
—_&4
=2
2 N
%> T
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e
r
i
5
a
S
=]
=
=n
=
(¢}
=
=
<}
=
=
z
Q
[9))
N
In]
Q
Q.
)
H"
it
>
>,
ofo
=<IJL_I‘
>
o
1o
i)
rlr
b
5

A2"EAwAE AR 7S A2
AN utEolA o, _ self o]EZH
WY th A WA =2 _ func_ 9]

AxEx HAE AA 7L S} A2
2~

A, _self  AEHFEL ZFH2 A4l H A =7}
719 £ &5 AR d Yo

ArHAHAE AA7F S E2D ), 7[0S F+= 84 (__func_ ) 7 E&FH =4, AR E=9
of] ZE A AAEA (__self ) ZFAAFEULE dE Eol,c7t £ o Fo & 283}
EFWzolL, x e datadw, x.£(1) E2F= A2 C.f(x, 1) & TEFE
A ZE YT

A2V HAME AA7FEH AWM E AANZHE S, __self o AFH “FeaAdxdE
27 = AARE FHA A GYUTE T x.£(1) oY CLf(1) & TEF= A £(C, 1)
£ 3= AR ZFUTH(E &= 7R ey .

S A oA A A2E A A2 ML AAHAZHE AJEZHES ¢S ufjult) dojdo
Fodf ok guth ojH Ao, AEYHEE A W Y3y, 1 A HFE TE3)
+ ol a3A A HAsH7 FUt) 3, o] WEto] AR} A 9] ol ulsl] A vk ik o]
FsfoF Fuch o2 2 E A (28 FYEol ofd BE Aa) & WE gl g3k
SR A2 JEYREQ AR A S AT MM ER MBI A T A%
83U o] 2 Tt Fe A A EREY uf vk ojdth

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

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

UrMEE I5d o
coroutine function) il F-35 Lol8 B T &S FEE AN E SHE CAwait &
( Ji ) REUL o) dE 5 &5 IF ER= o t®
AAL ¥ £, async with async for 22 AR 4 QS5 Ut ZFE AA| (Coroutine
Objects) A& R3] A L.

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

ing async def and which uses the yie 1d statement is called a asynchronous generator function. Such
a function, when called, returns an asynchronous iterator object which can be used in an async for
statement to execute the body of the function.

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

W7 $4= (Built-in functions) W7g 3 A= C T4-5 S8 AL 9155 U Th(wrapper). W73 349

2+ len() Fmath.sin() (math & XFWF ZELYUH 7F A5 Ut A2 742}
P2 CFgol sl ZFFUTE 55 o7 A& oJEYRES: __doc__ & F59 AW 2
d e gles d$None §dYTh; _ _name_ 2 9] o] &Y self__E=None &2
s
— T

2 ych
AAE U AR S 355 EAA L) __module_ 2 @7 od B89 o] 5ol AL
1= 7% None Yot

]

| 4] = (Built-in methods) ©] 21-& A W4 k4
o] AR C ol AEH = AAE 2 Y
7} Y=, alist = 2| 2E AA YU TE o] F2of,
2 a9 AA =z A4E Ytk

o O 5 YUt oHell= FAI A =7}
ot WA HA =9 o2& alist.append ()
EF Q7 AL AJETHE _ self  =alist

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

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

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

__call () method in their class.
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25 (Modules) EE 2 o] o 71EAQ 2R3} o], import o]}, importlib.
import_module () & WA __import__ () FFE ITEHNA 5L 5 = YE2E A 2H o
o e Uth BE Al gAY AAZ FEH L o] F ¥ ZFUTH(e] 94U
A= gl A== drs __globals__ JEFHERZ FRIUTH. o E aHEszu

ol g ot 23] = HIAFH Uth o & £, m th._dict_["x"] g5t =2
AAE REe 27|kt AHEE ZE AAE 23 JA sUth(dd 27137 2 U™ *éﬁ
gomg)

AEIRE g ZEY olF 3¢ d9AYEE I UL A& ym.x = 1 2 m.

dict__["x"] = 13} ZFYrh

Predefined (writable) attributes:
__name__ The module’s name.
__doc__ The module’s documentation string, or None if unavailable.

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

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

597 AgJEFYHES: dict_ =YY R AL REY o2 YU}
CPython & /}A|: CPython ©] 2& HA V2| E u-¢-& iy wf&ol, M glofl gt Fx7} o}
AT e, BEo] 2328 Hojud B2 gAyel= B Uth o2& dsH W, g-| &
A AU 9AUE & A A o] &5t T2 RES Fobrolof Iyt

AH&A}F 7 o] Zefl A (Custom classes) AHE-2F 0] Fel2 52 HE e o] & vl Yth
(el o] Ad Fx). SdaE 9V R FEE o] F IS A5tk 2U2 oEYR
E Fzx< ‘”/ﬁlﬁﬂ‘f’ﬂ e x32 g Uk & o], c.x £ C.__dict_ ["x"] 2 W
gt (A v ﬂ—ﬂt‘ Eo HZshe thE WSS sl Eete of 8 7HA F (hook) ©] 5
oh). 7471011/‘1 ol E 2 H lEOl LA A Fod, OB HE AML2 FE ZY2So)A AL

. 1

Hyth o] 12 2 AL C3 YA E B4 £ A] (method resolution order) & AFS3F=4], t}5
o] 2 R FUAE Bolt Thol b BT (dmond) A% TR /b £ANE Sube A 52}
FtUth glo] o] ALg3k= C3 MROO #3F & o AAM g &2 23 v Z o] HEHE EA https
/ Iwww.python.org/download/releases/2.3/mro/ o] A Zto}-E 4= 2,1%1/] t}.

ZH2JEYRE F27H(EHac gt sixh) S mAME AAE AZE wf=, __self o
EPRETCR AAHANAE A AHA Uk A =R A28 W, 2vE A=
AR AT Qe AR HHH UG FR2RRE AL o RES}  dict o AFH
2T LA RS BEL g ol taa e E T aes] Ao veu.

:’EH/‘ AEHHE QYL ZHaY 9V E BAT 8, oJd A9 1 2o g EE

ce)A s gtk

:ﬂAﬂﬂLﬂm Qs

rm

~E BUFES(HIE HANL) 558 5 AFUTEE RAA

£ o] E 2] H E & (Special attributes):
__name___ The class name.
_ _module__ The name of the module in which the class was defined.
__dict__ The dictionary containing the class’s namespace.

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

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

kKl
N
ofls
X
ol
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__annotations___ A dictionary containing variable annotations collected during class body
execution. For best practices on working with __annotations__, please see annotations-
howto.

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

has a namespace implemented as a dictionary which is the first place in which attribute references are searched.
When an attribute is not found there, and the instance’s class has an attribute by that name, the search continues
with the class attributes. If a class attribute is found that is a user-defined function object, it is transformed
into an instance method object whose __self__ attribute is the instance. Static method and class method
objects are also transformed; see above under “Classes”. See section U] 2~ = ¥ E] 72 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.

ol 53l o] FEY WA EES 7HA Y, S 2 A" AE 522 Al A §3 1 24 stk
ST HAE o5 AAS HAAL
ST EYRES: _dict_ = EIRE MU YU __class__ £ J2T 2
Sluich

VO A (549 ARk 2% el A UTh 52 A £ e 5L e ek 5 AR E Bes
o 714 ‘:}é o] AFYt}: open ( 141%‘ 34> os.popen(), os.fdopen () I A7 AA 9]
makefile () WA E (281, otvt: E} REE AT thE T EIUHHAES).
sys.stdin, sys.stdout, sys.stderr = QA EHZZEH T&E Y, &9, g 2EHoZ 27|
39 3 AAEYUTh BF HAE RER A io.TextIOBase /4 Fef20l o3 Fod
e sl o] 4 2 w5 o,

U 3 (Internal types) 1E) 2] €] 7} o) 2.4 be @3 95 A AolA wEH U dY s

O &2 AHES

2B o] vl Aol A o] 59 A=A E
F & WA (Code objects) T & AA| = vlo]| EE A H (byte-compiled) 23 7}53F gfo| ¥ T &
et =, 2@ vte| E I = gt s REUth = AR 9 T4 A A 7}°ﬂ— RFol 7} A5
oh; 3 AA = Y A 3 TH(globals) (T 7]’ AYH BE)= BAHCRE FxsHa LA
vh = A= o™ 9 (context) & ZEAL A U TH I 7|2 AAgEE o] T A A
Ao AA T ZE AR o= EO%?)«Z] Ut (A A Al ALtE = gES YER 7]
= d U Th. u-)F 7—‘17‘“9}5 g9, 7= 7“iﬂ% Edola 7t AA Sl gk oW IR = (A H

S e A8 OJEEH#-E%: co_name 2 St O]%JQTJ—, co_argcount 9
A QAE AH AE AR RG] YE AAEE TFFUH ] B A5 AT
co_posonlyargcount & 1A A A5 (7124ke] I AAEE EFFUITHS A%
AUt} co_kwonlyargcount & 7| ¥ E AL AR= (7] 2 gho A %C 3 Yrh
Y M4dUth; co_nlocals &= 57 A 3HE= A Y Hiyrh o A«
Ut} co_varnames = A9 HE4 S0 o] 28 1 9 o]Zo] WA L}
FYth; co_cellvars = FHH g4So] 2= Ae FE=S
Ut}; co_freevars = Af WS (free variables) 9] o] &S 2311 Q) ; co_code
“ﬂ]E‘“:ﬁﬁAlbkewﬂﬂv‘ AQE ek co_consts = WOl = ] A8
ﬂEi"j;_;?ﬁf} EYUth co_names £ HFO|E I ET} AR Sh= =" L A= F
t}; co_fllename L Ayds J:’_E‘E Al F sk 3} o] o] & ‘?31413]—, co_firstlineno
o] A A % M5 9T} co_lnotab & HIO]E T =049 X & & WS 2 v 3}
Fade A7 GG IS S ez Ee) 44 9= 8 AN L)

size & BRI 28 I7|YUTh co_flags & AHZEH 9 of2] S} (flag)

lﬂ r
= -

N
Rafnse
. o rIr m
RO rg

o wfn Uov

af 2 pok

R

-y z2
n
Lo
i

i o
—r‘ :(m o
u{m = e
mQ
v

mln

S rfr e nfe
o ot 22
lo 4> —E

0
o
©

Q
v

< #tE°l co_flags & 914 XHQO% AsUth: 7t 7HE A A A=
o] 7] $13] AH2E = *arguments £ A}B—s}ﬂﬂ H|E 0x04 7} 1] HUth; 429
Q25 ol o] 7] Y3l AF§3FE= **keywords +H S AFE3H B E 0x08 ©] 19]
HIE 0x20 2 7 Ald ol 8 4wl A g Yt

o N T L
.40 Sme ol
BUR[ =AY
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F2 715 A (from _ future_ import division) B3I = AF7IEA 7|50 &
A3tE el A AL H A=A E UEH 7] 918l co_flags o HIEESS AT 5}/\7}
+ 4] division o] /331 el A Ao L= 0™ ¥ E 0x2000 o] A H YT ¥ E 0x10 7}

0x1000 & oA W9 FJrOMiOM AHEE s UTh
co_flags o] th2 HIESL WF AH&E fl6 o oF= o] A5t
Ry

49 2.5 AHI} B8 LHEIEFE, co_consts o) 3 1A 3
F A ¢¥o W None Y Th

o 49 EAGe AL 3

Z 7| A (Frame objects) Z 3| 2 A|= A8 = ] (execution frame) 2 VFEFY LT} E o] A
AR o =T 4 9 (o}E S E/\U\]_,_) % _2;_4@./\ T AgEych
E Q7 AR oEGRES: f_back 2 oA i?“ Zd 4 (ESANFeR)2 7He 71 A, ©]

Al ~E 9] H]—‘:LOIE]—Eﬂ None f_codeE=o] ZH YoA A3PE=FE AA|; f_locals =AY
A 238kt AR E = YAV 8] £_globals + A Wl AR YT f_builtins
+= WAE (intrinsic) o] EE° AFEFUYTH £_lasti &= &3 vlo] E T = 9 7 (instruction) &
AFFUTHEE A Y vto|E Z= FApL ol tf & ‘?_‘*‘é‘ﬂ‘%f)r)-

Accessing £_code raises an auditing event object.__getattr__ with arguments obj and

"f code".
S 27 7ts o]ERHEE: f_trace &, None o] ofU W, I = A8 F2o] ofgf oJHIER
) 555 G AUTHE M AN A AR UTH, BE oS 2 A A4 Fol A BT
UtTh- f_trace_linesE FalseZ AASIH o] AL v|&A3 S 4 95Ut
T3 f_trace_opcodesE TrueZ AAStE A0 2 Q@ AT = FF = (opcode) T o|HEE
S8 & T, 24 ol oIS W @ 27} A5 G2 ALY 4o
%2 oEzelH 53 FUd 5 2o F3loF gt
f_lineno & Z#YY A & HEJUt— EF o] 4= (f_trace) ol A ©] FL& 21 3T
22 AEGUTH(O A 1 ke ma QoA FS T Th. T AS £ lineno & 7] 3
Az Wy S FTAT 4 A5 THAEY Set Next Statement).
ZH < AA = A WA =S DY Th
frame.clear ()
ol HMEE ZH do] F2 A G HeEo the BE FRE A AU =38 vheF & ¢
o] Al &l o] ol &3, Al vl & o] ¥ 7} OJJ_%l/]DT—(ﬁnahze) O|AL =Y AA I A
e Rl E%% FUth (& , A& & FFobr EFo]am S 23 AES
A3l A7 o).

hoF g o] dA) A3 F o] RuntimeError o8] 7} T2y g o},
B & 3409 Z7}.

E o] Am) A (Traceback objects) E & o] ~ull AR = o €] o] A8] Efo]AE YERY LT Ed
ol Al A= o 9] 7} whAY & u) Eﬂ-%OJX]_T’_,types.TracebackTyp I EMA BAH LS
EESN XS
EAAo R w0l Efo]amol -, o9 X275 FrotA] A A8 HbS u), 7Hzt
= 7] A vt @A Eglo] aml o gkl Ed o] AR E YT o] Aol &
7, 28 Eo]Aag =2 a9 o] AFSE £ JIFUTh (ry & A X)) sys.exc_info ()
7V EHFE FEY A AR FEolu 3 o] __traceback__ OJEZRER AT
% %o
223300l 42 A2l 718 ABIA S A9, A8 Edo] sk BE oo AEY O (7]
ZA 2 ol) 9 Utk ok o8 2 e 87} 08B ol W, sys. Last_traceback O 2
A& Aol Al Al F- & o

~

£

YA RO 7 A Edo]Ame AL th_next O]EZHEE o]d A dAAsto] AA A
EfolaE A=A E 2R A2 EYo]al S e = A A 28 st
ST 7 A& JEGREE: th_frame & & A AA Y A3 2 dJYth; th_lineno
Lo st Zo HEE qu},tb lasti Z&stnlo]lE 3= HPS 7ty vhoF
Oﬂﬂ 7} except & O]L}ﬁnally o] Yl try wollA B, & HZ 9L Ed o] A o] upx] gt
™ & (last instruction) < Z & 2 XﬂJ M3 oE 5 dsUh
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Accessing tb_frame raises an auditing event object.__getattr__ with arguments obj and
"tb_frame".

EL 27 715 oJEGHE: tbh_next = A Ef o)A thS A (o 9] 7} A8 = Q)

WA 37004 W Edo] M AH & o)A sto] A G YA O R ALHAE BE 5
glom 7] & Q2T 2 th_next o EFRES WAY 5 dFUich

< }o] A A (Slice objects) Slice objects are used to represent slices for __getitem () methods.
They are also created by the built-in s1ice () function.

EF Q7] AL AEGHEE: start = 3}3F(lower bound) ¢ Y t}; stop < A3k (upper bound)
St step & <8 GAUIEE 4 S ek A9 None AT of o] Ee] HESE Qo]
Fol B 5 A&k

Sohols A= stk M= Al gy

slice.indices (self, length)
o] WA == ShLke] 4 917 length & WFolA] ko] 2 A 7k 7 o] length 9 A 2o
489 9L w1 Sefol 2o U & FRE AMFUTH A ) A4 THE FES S
HEUT: o) AEL 247 start £} stop AG 22}, step T== S 8Fo] 2~ 2] A E 2o E (stride)
Lol Utk Aok AAL BB oG AU AE L AuhAl Sefolas) e O
oh AU o,

2 €] €l m) A & 7 A (Static method objects) Static method objects provide a way of defeating the transfor-
mation of function objects to method objects described above. A static method object is a wrapper
around any other object, usually a user-defined method object. When a static method object is retrieved
from a class or a class instance, the object actually returned is the wrapped object, which is not subject
to any further transformation. Static method objects are also callable. Static method objects are created
by the built-in staticmethod () constructor.

Z#| & WA & 2 A (Class method objects) ~EJEl WA= A A H, FH 2 WA= 2A JA o=
AAE e, 22} S JAATAZ HE I AR E A= Ao HskE FYth
I 23] oA Fefa wiA = AR 7 52t A of] i A= 9 “AFSAF A Y wl A = (User-
defined methods)” ol Al AW A FUTH Fex wlA = AA &= W classmethod () AR
Tyt

33 E4 A= 0|25

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
method named ___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 _ () toNone, the class is not iterable, so calling itexr () on its instances will raise a TypeError
(without falling back to ___getitem () ).2

WdEdS Tl Ue FH2E FIETu, 292 B3}t QAo Lol 5= FF7HA T ?"?ﬂ = 2ol
Z8FYLE dE o, B AAAE=ENE FHEES AWE AToEZRE I 51T

E’}%F/}O]i% AWE A2 go] ¢+ E 5 Ads5Yth (o]d g7

NodeList QEH o]~ YUt}

I‘TF
=
(98]
@
1o
o
8
=1
5 "
[¢]
=2
o
& o
3
=
S}
& o
o

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.
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3.3.1 7|2 Aol #H AE]ulo]A o] A

object._ _new__ cls[ ]
SAhacs A A2HAE RE7] A SEHUT __new () £ SHE A=A YT (A
QA b o = S A9 YU A, A WA A2 g ok Andne) 27
Aggynh Uy A AL AA A 2d (EdH2 28)d AL2d ASdUth __new () 9
HEE 32 A A Aa" o]0l ok Y Th(EF s o] A" ).

Typical implementations create a new instance of the class by invoking the superclass’s ___new__ () method
using super () .__new__ (cls[, ...]) withappropriate arguments and then modifying the newly cre-

ated instance as necessary before returning it.

If _ _new__ () 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.

BOF new () 7hels 9 QARAE BUFA GO A QAHAY  init () & EEHA
gt
RE =]

__new__ () =52 2 (int, str, tuple 7} Z-2) O] A B FefATF A A
5 Q= St o AHg P U E3h A8 A A o) Wek Seh ol 4] Sl 4
915 A5 A-2H U,

object._init_(self[, ]

(__new__ () ol &J&) 2" 27} RS0 Nl geRs
AAEL FH2 B4R RHo 2 Add A= JUTh ek o]~ %EHC7P_init_ () =A
=2 23 ohe, 4B 2eA0_ inic () MAEL, JoHE, dad s A Wol s 2ot

ALEuto| =g

e
2 AxH o] 25}

d

AR o] 2rheA 2/15H82 G415 5] A5 WA AL B a2 Folof gk o
E9]:super () .__init__ ([args...]).
AAE D=l _new () & __init_ () ZFHYSAL JOBE (_new () € WEI,

‘_‘.CE_:
_init_() £ 2RE A2 ﬁ‘?}ol_‘ init () 7} None o919 gL Eg=wl A
3 A 7tof] TypeError & 4o 7 th

object.__del__ (self)

A" A7b 9k 5 7] Zdo] T3P Uth ol detol A e (FA 2 sH) sh Abehal & J Yt

Rhep o] & S AT del () WINEE ZEA QIvhH, Z} SWae __del () MAHEE,

gel = o o, OV*EV‘OH 1 Hl o] Ze A7t A ot HES A A SHA AAls7] #8, EA A

oz Ho]x FH2 HMEE TS o F U

(AR A = GARY) _del () MIAEEJ2H2 O 2L F2E THo2H A"

~9 93 & AAAZD 5 AL UL o] AL A B & olghn REUTH LB A 7} 93D )
_del__() o] FHAR £2BAL T whet hEUTH AR Pyhon FAL 28 & AT &

23

Ael=z2 7t S8l obF] ol AA Sl e __del () MM ES ZE0] EFH A

FEyoh

A3 del xE M x._del () & BEHA Gt — dol e AL x 9 A2 05

(reference count) & 3t} ZHAA 7130, Holl Q= AL x 9 Ax 347100 o &Y Tth

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

] B7):

gc 5O tha 2A.
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AF:  del () o] ZTEHE=E
A=, Al sys.stderr
e del
__del_
7] A&l T

_del ()2
A W (o
W2 olFol st &
Ut o] AL, Wk 1 Ao A
HAETL S5 = A1, ¢
AsY T

v

e o2,
fps Fe

HT N o

object.__repr__ (self)

repr () W3 ol & S&= o] A< “3 4] 4 <l (official)” &2}
AAg Ao Fold ) FhS = AAEMNZ
HEAAAY Hojof Fth 73R oid, <. . . £ R+ AH..> FH
ol gruth Wk Fefa7t  str ()
AYetgd,  repr. () & 1 ZF 2 AxE 2 “n ¥ A A <l (informal)” A}

Stk wksk gk WkeA] EApdo

|

o A2 5 d%h
o] 21t ol AHGH 7] wfjZoll, A o] FHIHH
object.__str__ (self)

GRS

=]

=

3T
ar

d= A

=y
Lis=

9l
N

i

814 QA sl Aol T L@

str (object) & W &4 format (), print () o & &5 o] AA| 2] “n] & A A <l (informal)”

T W17 EA A 7Hes AE £E S ALY T vke 2 9= Al F2E A A of oF P T}

ol HIMELE _ str. () o] 2vFE StolH A S EHE Aolgta 7 A =the HlA

object.__repr_ () 3 tbEUth: o] Agstal 2HAst 28 o] AMRE = dFUTH

WAE object ol A H 7| B AL object._ _repr_ () 2 3 &3k
object.__bytes__ (self)

bytes o] &3 T &5 o] A2 Hio|EE TS AT UTE BEEF k2 REEA] bytes A A of of

Tt

object.__format___ (self, format_spec)
format () W& &<, Eulstd, =9 x4 2 ¥ 2 (formatted string literals) 2] A AT} str.
format () WA )5 25 0, AR “ERE” BRI FAL W5 Ik formar_spec
e 275 E =W FAES 28 AL AU format_spec AR A2 format_ ()
S THSNE Fol TAYO, Y Fehat EHDS WFIEY bz A AL, 5D
E 54 B9 AT,
5 o) £y o) o3 A1 formatspec & F5HE Uit
9 ZHE WhE ) £ 2} o]of of gh o,
WA 34004 WA object 9 _ format WA E AL, Wl ExFFo] ofd AR AEgH W
TypeError 5 WA A A YT
WA 37004 M7 o]A] object._ format_ (x, '') = format (str(x), '') 7Folyzt
str(x) & E5TUG

object.__1t__ (self, other)

object le__ (self, other)

object.__eq__ (self, other)

object.__ne__ (self, other)

object.__gt___ (self, other)

object.__ge__ (self, other)
O] AEL 49 “F K3} H] L (rich comparison)” WA = Uth A4z} 7] Z 9} Hi A= o] & 71o] &
Ae e ZHUth x<y Ex.__1t_ (y) E3EPUh x<=y £ x._le_ (y) E3EF
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14‘3‘r,><—— __eq__(y) %iéa“%ﬂr x!=y
_gt_ (y z%iﬁ%t},xﬁ =x._ge_ (y)

Rk is H]JJ— | == Fo] A sk A AR A "H 2HE TSR] e ¢ &Y A (singleton)
NotImplemented 2 =HES 45 IS5y THAL AT A v H False U True & E8FUh
BHA] g, o] “ﬂ"‘]‘: = o™ 3o %)\’O]Zﬂ =HEF 013143]3131/\‘1 ‘ﬂ 0#*]—2]-7]-_‘1—_11] = # (Boolean
context)(@ﬂ S S if 7Y 27)oAA AREE H, Fho] M- A o] I AR S 5hetet ] 95l gholl o sh

bool () & T&FYth

7|2 A 07, object+ isE AFESA AL E ¥ WE 0 NotImplementedE WFEHoLE&
_eq_ ()& FEFYC: True if x is y else NotImplemented _ne ()9 ALE
NeEAHog  eq  ()o YL NotImplemented 7} ob et I 235 d%wt} H]
A4 712 4 2] thE dA ARl AAE s UTh A& £, (x<y or x==y) 7} ol
A x<=y 7} FE 8+ 5k 39 7]% AAte 2 RE thAadA A4k x}EO Pla=ast!

W& ¥, functools.total_ordering ()< HAA L.

AFEAF Y Bl AAAE AWt gAY E 712 AMSE S Qe S A s AAIE TtEs Ao
#t 2 7R Z e8] hash () o &ek Eto YUt
ol A EEo tg (FHY AR} A4S A D3R A L2 AT A LT uf] AHRFH =)
AR AL w2 %i%HEP; Aol 1 ()& gt () E AR HAAI Ayt
le. ()% __ge () =ARZYFAAANAAIYUSEH _eq ()& ne () AR FHFI
Axtduch; wef 5] AAR T M2 o2 FPolar, L EH I A4AL] Fo] A A I AR F o
ADAAJNAME Zejad, S 23 9 A4 F 73 Hdo] A7t =5yt 182 god
A A ALY H A =7 A7 =5 U 7S Al B Z el A (virtual subclassing) 2 312 5] A
Fsdth

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))

F3l: hash() & ﬁiﬂﬂ?ﬁ-ﬂf&ihash () MIAEZL S8 5= g& Py_ssize_t & 7|2
A& U th(truncate). ©] A2 B E 64-bit W o] A= §u} o] E 11, 32-bit ‘?zlEOH Al 4ufo] EJ U T
ghoF A Q] hash__ () 7“1& ChE VI E S7)8 25 W EE Afolo] A] §7) ALSH o] of Bheh,
EE AL UESAAY Z5 Al oF Ut o] F A st 412 W2 python —c "import
sys; print (sys .hash_info.width) "yt

If a class does not define an __eqg () method it should not define a __hash__ () operation either; if it
defines__eq () butnot___hash__ (), itsinstances will not be usable as items in hashable collections. If a
class defines mutable objects and implements an __eqg___ () method, it should not implement ___hash__ (),
since the implementation of hashable collections requires that a key’s hash value is immutable (if the object’s
hash value changes, it will be in the wrong hash bucket).

AR AR S A V|BHSR  eq () & __hash_ () WA
(A7) AR S AL 5ta) ZA ot vl wE 3, x._ hash_ ( =
Aduf x is y 2 hash(x) == hash(y) 7} Al AHET 4 A=EE g}

_eq () BRI __hash__ () ERZYA F=FWEe_ _hash () 7kNone O & 474
AUtk S22 _ hash. () WA E7}None o|H, 2 AAHAE 22O A FL= &
O] A= uf TypeError & €2 7|1, isinstance (obj, collections.abc.Hashable)
2 AAE o A b5 oA ebria Snke 2 Uk

HF__eq () EARYGE FULMRE FHALREE __nash () o 7R SLLA
o A Z B E oA BA AR o] A A A Fo]oFk gt} _ hash_ = <ParentClass>.
__hash___
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whef () EAReA b= FhaTt A AdS B Ao, Sel2 Fool __hash_
- No o Z3s)oF gtk AN hash () & B8 Fof] A F Typekrror & 07|
%‘—?—t isinstance (obj, collections.abc.Hashable) 3 %ol SHA] 7hsshrkar 25 14
Fuc
3] .

Fi: 718AHo g sudbytes AAEL] __hash () 2 A5 F fle drgoer EEY
(salted)” 5 UTh 718 slo] W 2 A 2 Yo A= WA e oz FAH n
Hog A ue 5T 5 A Btk

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.

S A e WAL Agke] ol el o] A Aol JFL FU T, Tho] WL o] Aol tja] ol BFE
1A QU T} (28] 3 55 32-bit 9} 64-bit = A}o] o] A = ThE U Th).

PYTHONHASHSEED & F L3 A &

WA 3304 |G Al d Bl 7| A o7 S YTt

object._ _bool__ (self)

=Y AAG WA At bool () FEE A £ EH Utk False U True & 85 oF FY T o]
MAZA A5 A G A%, AelRol YR 1en () o] EEF o], gko] 00] o HO2
A4 g Fefart len () I __bool () BF AHLIA gkevid, RE AA”HAE
Feow FHFEdh

2 JETHE AN A AAE ulo]A| o] A

Jdrdro] o £ RE B2 (97), Y87, x. name & AHA|57)) 2] o] vl 2 W57 98] ThS

erAESe 4oE & g5tk

object.__getattr__ (self, name)

7|2 o]EZ|HE WA A7) AttributeError E A& o & H Yt} (name ©] AEHA o]
EFRHE Tt self 9o FH2 Egof Y& oEFRET} obYetA _ _getattribute_ () 7}
AttributeError & %_1—97] Avk; name iiﬂ E]e] _ get_ () °] AttributeError & ¢oZ
o). o] A== (A4E) ol EE{E 32 Wkget At AttributeError 9915 A2 A of Pt

AN HAYES S Bl AEGYREVIEASE _ getattr () o] TEFH XA S 3l of

3“41‘/}(0131% __getattr__ () 3 __setattr_ () 7 g =FH v H JUTh. ol EA F+=
olfFE EEWEOV|E AL, AEA A FOoW _ getattr_ () 7FA2E A TIE oJEFH

2o] 2w B0l 1/ MEOIVE Gtk Aox A2ds Wesl A oW g ALHA

JEPHE § ’4 o] @ S om2H (Ao 2RSS & AAlo Y5 Uth S s Alof

ANT 2HT 5 AU o EH HE AALE LA = B4 225 el sl A ofefol
Q¥ _  getattribute__ () oA w4t}

object.__getattribute__ (self, name)

Sels Axgse oESRE AAAE TEA] AN 24 Qo] TP UL B 24
27} getattr_ () = @A FHI, () N EARCR TEIAY
AttributeError & YO 7| A &&= oA _getamrr = TETHA UHUTHE o] HAEE oE
g HES (A4H) k= =¥ F A AttributeError o9& oA f AUt} o] WA=
A 52k A 7 (infinite recursion) 7} F A sh= 21 #7] S8, FALS QA B2 o] ER{E
Aot fs 22 ol 59 Wlolx Fef2o WMA=EE TE8oF Ut oS £9], object.
__getattribute__ (self, name).

3 Qo] Bolu g Baol 3 BA A SE0] AN S5 WA EES FRiHe Aol
ol HIANEE AAA &S 5 AFUTE AT W& S5 vA = 23] oA BEYTH

Ol 2} obj, name & & ZrA} oWl E object._ getattr_ S HAA A YTH
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object.__setattr__ (self, name, value)
JEZRE o] A=d of E% Utk dubA W AUE (5 A" 2 g g ol ghe A
B 2) Aol o] Ao] 32 U name 2 S| ELHE o
AdY
__setattr_ () oA A" x o] ERE st S uf=, -2 o] 59 Hlo]& Fefae
HAEE SEF o gLt o & 5] object._ _setattr_ (self, name, value)

012} obj, name, value & A} o|HlE object._ setattr_ & TAA R YTH

object.__delattr__ (self, name)
__setattr() 3t HIZBAT A=A REE Y SHE Ao AA UL oIAE del ob.
name o] 2| o] |7} 9l ASol v 2 of oF FjTh

Ol 2} obj, name & & ZrA} oWl E object._ delattr_ S HAA A YTH

o rjd

object.__dir__ (self)
Aol dir () o) 359 W IFHY AQeE FAN I air0 £ FAE AWLE
gy

drEsMAD T 49T
BE o= R E A2 AL nto] Ao 4
49 o] § _getattr__ 3} _dir_ + BE o= HEd tfo 422 A8 A5 o A
8 = QU BE £F9 __getattr_ @4E 3119 AAE o= BES o] £ o}
) Al

A AME e =83 A Y AttributeError —% =l
__getattribute_ ())& M AEYFREN}EE A
Qo F7] Aol RE _ dict_ A _getattr_%
drE ety A04E EHFYth

_dir_ FFERJAAERA GAREANNHE ST
gt A8, o] e BEAN S EEdir () A
RE FHACIEYRE AA, Z2HE )< Bt Al sHA
o]Eg]|HE & types.ModuleType & A B S22 A

YA Ak U WA 23] (F object.
Ao A HAE R oW AttributeError &
AAUT wAS Y, o= HE o] B0 g 1

o

) =
—

9 o1 B2 ekl BAQS) A AAE B0}
s 4o g,

ALE A Ao sled, B8 AA _ class__
PR RN

import sys
from types import ModuleType

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

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

super () .__setattr__ (attr, wvalue)

sys.modules|[ name ]. class = VerboseModule

¢

3 E’_ﬂ‘f:_r_getattr_@ﬂﬂlﬁ%_class_’é@% HNEZHE AM2 FEE AR 3= 23 of|
3 Uth- 25 Ao thgt A7 A A2 (EE U ZEo st Ao AY BRES] AY
Avgel s F2E AX AW & GFEA] st

WA 35004 M7 o]Al __class_ BE olEZRET} 27| 7 th

WA 370 37} _getattr_ I} _ dir EE O EITHE.

] ¥7):

PEP 562 - 2& __getattr__ 3} __ dir__ 25| 3 __getattr__ ¥} __dir_ FFEAH

]IQ‘_',
°
o
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t2agE Td57]

g2 LEMAEE2 HAZE 7HA S 2 (429 1‘4/\3%151 (descriptor) 22 22) 9] QAAEHAT} 272}
(owner)iiﬂ/\oﬂ AT ASg U (HA2IaHE = AFA W2 9Vt I BR SHa F
At 0*41411401] oo FUTh). ofef ] ool A, “o E "‘4 HE” £ olgo] &AL FeH 29 _ dict_
o 7|2 AHEH AL Y= A EYFEE 7 A YT

object.__get___ (self, instance, owner=None)
A HAG UL AEARE AA2) b3 FA9 A2BA(A2TEL AERRE AA 2
o o HEE AsY D @) ZEY U AR owner AR 2fAF Feh AU W
instance = ) E B HE F27} ojutal = A2a' 2ol ALY, A E R E 7 owner & B3 M2~

== 7% None Y th
ol i = A4t o] ERRHE S E8F A YU AttributeError o9& g oA oF g Th

PEP 252 __get_ ()o] S} 5 19 9148 2 ZeEolebn AR Tk sl ApAle]
W4 DA E o AE AAFUTH D), AR AL EFel L F AT BE 275
Haage st 9 ¢ Uk stold A getattribute () FAS DA 9} BA
flol B4 ¥ AXE

object.__set___ (self, instance, value)
2FA FH;W 2] AXE X instance & AEYHEE M Frvalue 2 AZ S w] SEH Ut}

et__ ()0l _delete_ ()& F7b8td a3 HE f80] “dolH 23 HE (data
descriptor)” 2 18 A H o] 42| 514141 2. AHA 3 RS T] ~ A5 525712 B2 L.

object.__delete__ (self, instance)

2FA U 20 A" X instance &) A EEHEE AA S u] $&5F Yt
olEgHE _objclass_—‘:— inspect 2E| o3 o] AA 7 AW FHAE A A= A= 3
HFUTe] b2 A5 AR E A0 Fehs ol el Eo) AR A2k el= 2 el Gnospection) &
A9 AdsUTh. 29 E 4 3%, A WA YA AAtel], o)A F (e AE Y29 dxd 2T}
W5 7k 2782 7he A 5 95U THE) E Sof, CPython © C2 789 25 4| 952 1] A = (unbound
method) o ©] SJEZ|REES A FUT}.

Y23 Yy 3537

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

LS AL A8 AL AAS QLN ALANEE 52 22
o E Ea.x=a._ dict_ ['x'] oA A|ZEA type(a) . _dict_ ['x']
H e ZH2E AL S H|o] A F C‘%% AA 7= 4o 232 AP YTh
—_’—H‘/‘r,‘&@ﬁiﬂ:} o] gyAaHE WAL &3l AW, gho] WML 7B =2 Ao t] AT Y E
A1, 3 A B el ol 5 AN o1l o] Ao FLA L o1 ]z e
§)51 oW 402 525 Ao wet ohE U Th
272 A3 (binding) JUTH a.x. o] BA AAE o] 2FEH =4 = a o et tEY

2HA 8k A Y YT
£ AA type (a) 9

D}:

Y 5% P ADAAAE AL A 5
AU x.__get__(a)

AAEAAG A Adadro AW, a.x = od 3&FF HBAFHYUr: type(a).
_dict_ ['x'"].__get_ (a, type(a))

FP2 A A2 AFEHE Ax £ oW T2 H&F YT A.__dict_ ['x'].
__get__ (None, A).

AgAY BEAYATYE WSS A 52T

flo

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__).
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For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are defined.
A descriptor can define any combination of __get__ (), set_ () and __delete__ (). If it does not
define __get__ (), then accessing the attribute will return the descriptor object itself unless there is a value in
the object’s instance dictionary. If the descriptor defines __set__ () and/or __delete__ (), 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 () @4 tolE HAIPE 2 TRAP YT o] &, ABAE = 2 H € (property) 9| £
2 WA 5 QU

__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 AttributeError. If dynamic assignment of new
variables is desired, thenadd '__dict__ ' to the sequence of strings in the __slots__ declaration.

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

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

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

Sejrbol s Sehae] sos_of H ol ST 2L oY WEE _slois_ o AAATH,
Mo Zeh2rt Aol g Wt A AT S gl AR BTl A SHLTH T YHE
A4 28 e AL el 9T, o) AL Z2 I Folw A o AHE Bl A BTk vl el
o2 WA/ A% AN F74E AUk,

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

Any non-string iterable may be assigned to __slots__.
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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 ().

__class___ assignment works only if both classes have the same __slots__

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.

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 ZE A YA HAAEutolAlo] 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)

o MASE EFFE Feh2o AB ZAHL7 TS0 wuttk TS G U ds & A A H 2
2QUTh BHoF ARl AL HAER AR W, o] MAEE BAHOE SHA AR
CEE IS

A Zezel Fo43 71FE JAAEL FE FH29 _ init_ Subclass 2 Adg Y
—init_subclass__ S Mgt tE 2R T84S S, 2o TIHE dAES
A %ol e ASE Wol s 2z Aaot Futh olF AUk
class Philosopher:
def _ init_subclass__ (cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)
cls.default_name = default_name

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

2

718 79 object.__init_subclass__ = o}F 4% 31X AW QA7) £3HE o] T & T

9] & LA YT

Z3: vElZY 2 3 E metaclass & UM A & Aol )& 48|52, init_subclass__
2 AGE A F5Uch AA e 2 EH" (A A ”o 1 S1E th4lel) &= type (cls) & BA 2T
RNt

B A 3.60] &7}

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

object.__set_name__ (self, owner, name)

Automatically called at the time the owning class owner is created. The object has been assigned to name in
that class:

class A:
x = C{() # Automatically calls: x.__set_name__ (A, 'x'")

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

class A:
pass

(F= soTAT ol AS)
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(o1 sl o] A A A%)

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

H A R el A v

B A 3.60] &7}

mln

7l =

k)

P S Al 2.

L= 2= EaY

712 H o2, FeA = type () = AHEAA REEol A YT SEl29 vt &= A o] F FXtoll A Ass a1,
Ze 2 o] 52 type (name, bases, namespace) & ZAX}ol x]FH o7 AAH Yt}

ZHRrE e = AAH L ZYPA AY Zolmetaclass 7| YE AAE AGSHA L, 18 AAE E3HS] o] 1]
ZA5te S aE AsTozN AL 2E 4 A5 YT T2 oo A, MyClass & MySubclass
= B F Meta 9 dda"E A YT

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :

o2 AN A AFE BhE AN AAEE ot A AE & RE VT U2 AAEE AN
%mc@ﬂﬂg@%wHQ%qég A7t 4R U e

.qula].uﬂ];]_ A 7}737@%1,]1;}
. 2ol ol2 B7rol B P TH
- 2ol vk A E U
- 2ol AR BEA AU

el Folof et wloj~ FelA7)type o] A2E A7 obd F-, A 7oA __mro_entries_
HAEE AU 24, Ao vlojla FE22 SEF UL o] YA EE o] vlojA tAlo] ALEE
S FE2L EHFHFTUL FZ22 00 = AUtk o] 9 ¥ Hﬁﬂ ol FAFEYTH

] ¥

PEP 560 - typing 2 &7} Al & ol tf gt T o] X
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Zejs 4o AA e v el Ak e 2ol A4V
- Wlo] 29} A H 9l WEf Fe) 2T FA b A type () o ASBUTH
« WA et Ze) 27t A 31, 50 type () o] A2E2} ohIW, TRL vEk FH AR
g FU T

ctype) o AaUa NAL e a2 RelAA, Welast YR 0w, Y o

74 gho] HAIE vg 2ol Ak WAACR AN vE 2T AFE RE Wol A Zea
S Bet 22 (S, type (cls)) FoIA AP U 713 o] 34 vet S At o5 BF 9
X2 Ebe] Gubtype) A LI EF. TS ol = A o] A8 W5 RRchH, Zel2 A8l Typerrror £
A7 A g o

S o] F F3 Evlst]

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.

BHoF e} 2o 0] _prepare_ o= REZ QT ek o] F FUL W EA JE PO X
7189 Uk

o ®B7):
PEP 3115 - 5}o] 2 3000 o 4] o] w|e} Fej~ __prepare_ o] & ¥ FL =YWL U

Zoh s i) A

Ze 2 v = (W) exec (body, globals (), namespace) FZo] AP Ut} GutA <l exec ()
TEH FE Aol HE Z AU Y7 g W R oA o] R ol A wf o] 3] 2 337 (lexical scoping) ©] 22
W (RE HAEEE TRAA) 2 ol AAG} AN Lol b o S5 AEHEE A ATt
Adyct

AR, Ze2 A B RN A ol Fol W WA, Za YRl A A ANEEL Foho
AT ZAA ZYH o] FES B F YFUTh FHaHEEAdad A} FE A wA =Y A HA s
52 B AA2AAL O AN AR EAACET o) ARAD _class_ AxE Foo}
ok

Zef2 AA e

A A 7} metaclass (name,

Qe Feh s o] Frro] Fehs Wi AYFORA ANAW, s
¥ AL 27149 A9 E AEL

bases, namespace, **kwds) S =3 %01@141‘/]—(017101]/\1 d
__prepare__ o A2H A3 ZH5Yh.

o] Fef& AA = super () o AAE FA &= 4
HAEE = o] 6]-\4-3]-_:_ _class_ L} super
Z=2X4 (closure) Fz2AYth o] A2 A2 gl FENS super }
AR el=g Eal= —%HPEH] e T 9}5—3 FUh e o] S Z
S AwE 3 mA Al AZAA AR U

CPython -3 class_ A(cel) & Fefx o] E Z 09 _ classcell
AdEZZ ”ﬂ‘:/]' EH/\Oﬂ 7‘4‘;]’%‘4‘:]' ]'Okzxﬁa‘:]' o] AL FeNATEutEA 271315 7] 938l type.
__new__ ZZ7HA AEHA A3t of o Tt} O]E‘ﬂl BFA] 5-3hH 1o 4 3.8 o A= RuntimeError
Z olofd AYYth.

B
Y g
[\
ol
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When using the default metaclass type, or any metaclass that ultimately calls type.__new__, the following
additional customization steps are invoked after creating the class object:

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

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

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

Ze)x A} B0l Fol, Ze~ Bolo] £3E Zex vl Ze o Sl A (Urhe) el As AP
3,72 A%E 2 A7 A E £ A9 o] & Bl A AT,

type._new__ 2 A ZeATtBEol A, ol B0 AMSR AT E AL AR BE £4 de
w0 2 BATE 1, fee] A= w gk A AHES 217) A8 = ehA] (read-only proxy) 2 5 2] Are] =,
ol Aol Zeh~ A _dict_ olEelHE AU

] ¥7):
PEP 3135 - A} super S A &Sl _class_ 24 FZE Ad9syct

of

e S A0 &%
e} S el 29 Z‘XHZ*]OJ%EOH% SHAIZF Qs U k. B | 7HA] ofolt o S ol = enum, 273, Q1E{ | 0]

2 AL AH53HE 9 <) (automatic delegation), A5 315 = & 5 €] (properety) 23 4, = 2HA] (proxy), Z & 1
(framework), AF5 3} }-?ﬂ Z 7)/%5 7] 3} (automatic resource locking/synchronization) 5 ©] $1<5 1] Th.

3.3.4 Q2B A W A F|A AAF A AE ulol A o] A

S
oo
it

o

A2l 3 ol A

oS WA EEL isinstance () 2 issubclass () WA 459 71E 2
e

£ 3], W} 23~ abc.ABCMeta & F4F H| o] 2~ 2] 2 (Abstract Base Class, ABC) & T}2 ABCE =
Yole] Fel st (4B EFFIITh o “7H vl ol 2 el (virtual base clase)” = 712 4
el o A=ES TR

class.__instancecheck___ (self, instance)

instance 7} (A ] A ) A ZFR A S ) class &) AAEAZ AFE £ 9o
A= ¥, isinstance (instance, class) & T8/ 98 £=H

s
o

AA

=

re EeEy)

32
L
E‘ m

o

re

=

class.__subclasscheck___ (self, subclass)

siilas 7H (AT AN AT DA 02 cas 2] A FA2E A7 2 Ao B EATI
ek oW, issubclass (subclass, class) & A7 98 E&E Y
Al

ol MM ESLE Sl F (e Sel) oA 23 Atk Ao Fol 8 of duth. AAl Fl Lol A S~

AR Aold 5 Gt o] AL AxB i el TEH & ExMAEE] 239 Q84 AL T
o] AL AAE AL ZYA AA T}

o B

PEP 3119 - A Ho] A Ze|Ae] £9] _ instancecheck () & _ subclasscheck__ () & =3
isinstance () $issubclass () & 522 ALEuto]| AstE o 23 S 238514, 9]
7159 E71+= °d°1 off 24wl o]~ ZE| 2 (abec RES HAA Q) E Z713t14) 3H= o] QiU Th
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3.3.5 A= & Ful W7

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

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

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

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

classmethod object._ class_getitem_ _ (cls, key)
key ol & B Aol I @AY Zel 29 5558 el A& B2 F U

When defined on a class, class_getitem__ () is automatically a class method. As such, there is no
need for it to be decorated with @classmethod when it is defined.

The purpose of ___class_getitem__

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

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

Custom 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, 1if obj is a class and defines __class_getitem _,
# call obj.__class_getitem _ (x)
elif isclass(obj) and hasattr(obj, ' class_getitem__"):
return obj._ _class_getitem__ (x)

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

# 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:

>>> # 1list has class "type" as its metaclass, like most classes:
>>> type(list)
<class 'type'>

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

>>> # "list[int]" calls "list.__class_getitem__ (int)"

>>> list[int]

list[int]

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

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

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

>>> from enum import Enum

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

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ 1is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

o 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__ ()
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3.3.6 & A4A FU W]

object.__call__ (self[, args... ])
rEHAVL LA T2 0] TEH UL o] Ml E7 Ao H W, x(argl, arg2, ...)
HFtype(x) .__call_ (x, argl, ...)2HIgEYrh

rlr

3.3.7 Aoy 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
slice 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 11st 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)

WA Len () & 2387 Yo E2H U Th AAo] dolE Sei7 ok sh=t], >=009 F5 Ut}
T3 bool () MIAEE BOFIA 2 AA]  len () o]0 = FH =g EHAA

AR ez AgEU.
CPython & 4} A]: CPython ol A], Aol Htfl sys.maxsize G Zo] K FF Utk W 4o|7}
sys.maxsize BT W, o 7|55 (len() F Z2) & OverflowError & 4272 4 A5 Y
ok A A AA| A OverflowError 7F doiv= A& 7] Jafl, AA=__bool () EHY
s ok g o

object.__length_hint___ (self)
operator.length_hint () & Fd37] 98 E=FUth AA =44 4]
FUTH A Qol Wk 2AY 22 5 Asuth. ol > 09 F4ofof Tk
NotImplemented ¥ &% 921,  length_hint__ WA E7} ofof] &2A3}A =
g gyt o] “ﬂHE—ETT sHA H A5 35 Aolal A3 ErlE o] 875 A= 35y

B A 3.400 F7}.

it

Em}n
L
umgiﬂ
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o
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N
oo

%}J—_’.: %3} ]/E]%ﬁ&l] D} 01]]/]'01"/\{[ Uﬂ/R 01]_4—3]] L]q_

2 A9, v Fel = v A G th wk Sefhol A 52 3 None 0 2 A Ut

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

Fi: for FEZEAA2Y L SutE A7) A8, R E Ad 2o O3l IndexError 7}
dojd Aoz 73t YHuTh

ZF3: 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)
selflkey) 2B PR A3 ST, _gecicon () 3¢ 77 Aagye)
g o) Afoll=, AAZE 71l thall gkl A olu A} 719 715 =T B, Aldae] Are
Tl ﬂxﬂg F A LA o FUTh ZEH key 7S] A= getitem () A%}
Z2 A9 %‘274‘#‘3‘44.

object.__delitem__ (self, key)

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

object.__missing _ (self, key)
dict._ getitem_ () o] dict B Ze|2oA 7|17} Ao QLo self [key] & F3F}7]
93] BE Ik

object.__iter__ (self)
This method is called when an iterator is required for a container. This method should return a new iterator
object that can iterate over all the objects in the container. For mappings, it should iterate over the keys of the
container.

object.__reversed__ (self)
reversed() W& ‘7—7} o o] ¥] g o] A (reverse iteration) S T3 3}7] Y3 (Ythd) &3
Aol el A °‘ = AAES g oz GAst= A olH e ol B AAE S kYT

reversed__ () WA E7}F A2 A oW, reversed() LHZ]"@"/T\‘}E ANNEdxr Z2EF

( len_ 0 F _getiten ()& ALOL HEUUTh NALIZEZE AT AN
L reversed() 7FAIFZSt= ARG T 284 LHAS A2 5+ JS w9t reversed ()

£ A&l oF Futh
WA AAF AAAS (in I not in) & HE AH oY tf
Aol AA = 2 EAA TS S H L2 EFHAES
e BRE YUk
object.__contains__ (self, item)
WE A A A RS ) S ek ien o] self o Lo W 2, 18 oW AL L
S F oF Ut w3 AA S B9, 7]-3k o] obu et wi B 9] 717} a1 e = of oF g th
__contains__ () &4 eHA &= AA 9 A WA A= 9
OJME A ES T,  getitem () € &SHH2AlE o]H 01 ZEEZZAEFYT Ao
5 f 0] o] A FAFAAL

ol #o]d e

gk o] 4o
Sl Aled  dsUth ol A AA=
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3.3.8 =23 U W7l

A2 FH U7 A8 v 2e MAESS AT s Utk FEEE SHT FFY A
ofa A YH A gk ANE (A E £, ATVt obd KAEC HFH ¥ E A45) o St A EES
o)A ghe A= A FoloF 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 HIAEELZ o]F 4bs AME(+, -, %, 6, /., //, %, divmod(),pow() KR > 8, 0, D

|
T3] A SEFUTh A& %Oi,xﬂ_add_ () HIAEE 713 S8 a9 el ),
FAA x + v 9 g 73] 93 x._add_<y> 7} TEFYLh __divmod () WAEE
__floordiv__ () & __mod__ ()%%}+%4ﬂ%f oo gUTh _ truediv. () & AF
= A] oFotok gtk Ui mm0@$°”ﬂmﬂﬂﬂﬂﬂﬂﬁﬂﬁugpwfmﬂﬁzﬂ
A 4= Qe Al MA AAE LEE Ao o of ol o) of g th

ofr

ulok o] i =5 ZF Sttt AlFH QAo thE] A4S X QDFHA oW, NotImplemented &
Sanor .

object.__radd__ (self, other)
object.__rsub__ (self, other)

object.__rmul__ (self, other)
object.__rmatmul___ (self, other)
object.__rtruediv___ (self, other)
object.__rfloordiv___ (self, other)

object.__rmod___ (self, other)

object.__rdivmod__ (self, other)

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

object.__rlshift__ (self, other)

object.__rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor___ (self, other)

object.__ror__ (self, other)
o HMNESSF @ﬂALﬁﬂ—ﬂmﬂli e AME (+,-, %, @, /, //, %, divmod (), pow (),
s R RN A9 BRI o BhE e Ansl A9 0o A A
34 egm_* S N2 OhE AU W 5 2R UC ol 2 Sol, £ x - v 9l @2 T3

G ﬂ)ﬂh_meJ)a&t% e e

rpow__ () & TETH AL A LA ol FsoF Futh(2 g A st d 2

A1) Yol A% Al Yo A2 Fehol, 28 G2t
e FES AT, o] WA =7 4% Askate] F A A 2 A=
37N A DA deth £ FH AT 2 WA =S AR dAY, WA ETNot Implemented & £ E S R L EF
7412 718 oA E B ALBel i2hol AlEH £ % Sjel W WA =8 None 0% A 3A olok gt - 22 S AL
IR kS YA H o g FA S U 23 FUth
4 For operands of the same type, it is assumed that if the non-reflected method —suchas ___add__ () — fails then the overall operation is not
supported, which is why the reflected method is not called.
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WA SR o] $4e AE Fehat 2450 AAS ALY 5 =S Fu
object.__iadd__ (self, other)
object.__isub__ (self, other)
object.__imul__ (self, other)
object.__imatmul__ (self, other)
object.__itruediv___ (self, other)

object.__ifloordiv__ (self, other)
object.__imod__ (self, other)
object.__ipow__ (self, other[, modulo] )
object.__ilshift__ (self, other)
object.__irshift__ (self, other)
object.__iand__ (self, other)

object.__ixor__ (self, other)
object.__ior__ (self, other)
Ol MM ESL FEAE (4= -=, *=, 8=, /=, / /=, %=, **=, <<=, >>=, 6=, "=, | =) & T

A3 U ol WA E= 014‘_—% ﬂz}al"ﬂ/ﬂ (Self = /\7‘4 gl A) st=F Al =3l oF star, A3 (RE=
/\]1310156}—740 ot A Tkself 4~ AFUTHE HO]E?J"/]D} kel 54 WA =71 A 2 H A
dod, F 42 duthd HAEES ti4l /\F‘l@"/] th A& Sol,x7}__iadd () HIAEE
2= EEHQ-J ?liﬁéﬁ,x += yEx = x.__ladd__(y) S FeFYUCE 1¥8A FoW, x +
y o %= T A, x.__add__(y) $y.__radd_ (x) 7k A FUth ofd G A, T&
Y2 A A Bt o HE o]o] A % Y t}. (fag-augmented-assignment-tuple-error S = A} A] 9).
A T o] F &2 AL d o] B 2 E

o 4>
1o
4o
10
°
O

object.__neg__ (self)
object._ _pos__ (self)
object.__abs__ (self)
object.__invert__ (

d Fibe A+, abs 0, M= TAS] Ae =&F Ytk

object._ _complex__ (self)
object.__int__ (self)
object.__float__ (self)

LHXL‘G}—,— complex (), int (), float () & T @37 A3 TS Uth A2 9 & sHF oF
s o,

object.__index___ (self
operator.index ( 357 Y&l == 11, ol o] 7\—2]- AAE A AA =2 =4 Qo]
Hﬂﬂoﬁokﬂw—a}olmwm Fbin(), hex (), oct () BHEol A o] vhet 2 ek, o

M De) A At AR A B9 ol ) o ) A S B o S e

__int_ (), __float__ () R __complex__ ()7} A= YA koW, F g &4 int (),
float () ¥ complex () ¥ _ index_ ()& AF&3Yth

object.__round__ (self[, ndigits] )

object.__trunc__ (self)

object.__floor__ (self)

object.__ceil__ (self)
W& e round () &math &< trunc (), floor (),ceil () & F+H 37| Y5 = Yt} ndigits
7} _round_ () 2 ALHA] FESh o HAHEES EF Integral (B%F int) 2 Zd AA Y
H= =elF ok
The built-in function int () falls back to _ trunc__ () if neither _ _int__ () nor __index__ () is
defined.
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3.3.9 with & A€ 2~ E #2]z}

p

AE 2~ E & A} (context manager) = with 22 A8 uj] xp2] = A3 AH CE(Context) £ Aosl=

P

ARG BE B2o) AL A5, AUAE BelAe Aol AN A 2w AYT BES
AU ch AHAE BelAs BE wich F (i £ A0 ABFGUTH oz A% A8, 150

WAEE SEHA A8 AT S E YU

A AE Feinel dg A2l grole e S5l el A (gobal sale) & A S %75 A
#4418 27 (locking) 3431 912 7 (unlocking) 3= 7, 28 LS T A Sol ATk
E Y

A=l ) Aol th 3 B x}A| 3 A B = typecontextmanager ol U3 1] T}

object.__enter__ (self)

BN

[>

o] AR ARE AYAZ A2 Eo] AYFUTh with B as 2 AFE 4ol 9ot o]
A=) whel ghe A Ash Tk

object.__exit__ (self, exc_type, exc_value, traceback)
o AA\S A dd AYAL ANLEE SR oAU E L A a4 WMol e
oAl& & 7edth vk AE A ET} 9] glo] SR ITHA, Al A 257 None ©] Ut
kA2 7} A 2, MAZ 7} oS B4 N2 0 (3 S AL B eh ) H(rue) 2
SHF ok FUTH 287 ko o|9] = o] A=V FETE o AL X3P

_exit__ () HAEZFAEH o & thA] YO 7] A (reraise) FEE F ok U} o] A2 T &
A} (caller) ] A 4 P}
o B
PEP 343 - “with” & 3}o] % with &0l that 72, vj 4, <.

3.3.10 Customizing positional arguments in class pattern matching

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

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

For example, if MyClass.__match_args__is ("left", "center", "right") that meansthat case
MyClass (x, y) isequivalent to case MyClass (left=x, center=y). Note that the number of argu-
ments in the pattern must be smaller than or equal to the number of elements in __match_args__; if it is larger, the
pattern match attempt will raise a TypeError.

WA 3.100] F7}.
o B
PEP 634 - Structural Pattern Matching The specification for the Python mat ch statement.

3.3.11 E$ yA=E 23]

A2 o] FElao A, BAIFA S
gojx o] QS wivk utE A F Aol EFH UL o
AP th:

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

A
2
x
I
L
ol
e

>>> class C:
pass

>>> ¢ = C()

(F= seTAT ol AS)
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(o1 sl o] A A A%)

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

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

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

True

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

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

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

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

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

Bypassingthe getattribute () machinery in this fashion provides significant scope for speed optimisations
within the interpreter, at the cost of some flexibility in the handling of special methods (the special method must be
set on the class object itself in order to be consistently invoked by the interpreter).
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3.4 75 €l (Coroutines)

3.4.1 o]g)o]E]E 7} 4| (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 el ol Bl & & F oF FUth ol sl ol B E AAE F &) A5 AHEH o] of T} ol & S,
asyncio.Future £ await X847 355 7] 935 o] HIA=E LA}

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

B A 3.50] 37}
o X1
PEP 492 7} o} 9 o] ] & A Al of] tfj st o] ApA|$F A B E 233t 9l

fy

Y.

3.4.2 7 F¥] 7 A (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.

FFELE ol dgste vA=E =3 2 =), Ayl ol 8 (Al v el ol H-o] g e o] B A= &
HAAN L) S ASH @5t shAIvh Ay olBete 22, ZF Y2 olH ol ds AH AdstA=

%5 rth
WA 352004 HA: ZFEHE F W await 3 RuntimeError & 4o 7 Yrth

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 ()
2o A4 AL FRIES WY wor A o] IA Fx] Fold, o WA=
FAFE o] A FAEHEE o] H o]E 9 close () WAERZ JIFYUH A YAE=E 714
A9). 1™ thg YA A A Aol A GeneratorExit & WA 7| =], ZFH o] A M-S A g
SES R tA e 2 AREe) Ay FRHTT RAISHE, o} A HeA 2 A F3ke

e X

(o]
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FFE AA 7L ok 2 ol = 919 Z2A 20 met A5 o= @Y T (closed).

3.4.3 v]% 7] o]l ¥ o] €] (Asynchronous Iterators)

H] 5 7] o Bl o] 8 & A4S __anext_ WA ZX BV ZEE EET
H]5 7] olH el o] Bl async for &olA AHEE 5 A5 T
object.__aiter__ (self)

u) 5 7] o] e a0l e A & £ 7 o Tirh.
object.__anext__ (self)

olH ol ¥ tha %
StopAsyncIteration

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

)

et

HE 2 Eeidol Utk olgdolde] Euw

2 o
)
il
ne

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

WA 359 F7F

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

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

3.4.4 n)|E7]) AYAE A2}

v 5 7] AE A~ E B2 X} (asynchronous context manager) = __aenter_ 9} aexit_ WA ZA AgE
A FAE = = A2 E A2 Yot

M%) AEAE B AL async wich BN AEE 5 Syt

object.__aenter__ (self)

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

object.__aexit___ (self, exc_type, exc_value, traceback)
_exit_ () MAES M AL R AR, §A8 Ao BE of o] e & S F of Arhe A

Spel=s
H57) A A Bl 2e) 2 of:

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

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

WA 3.50] =7}
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Sk 2

13“ E“"E%M‘jr E‘r%ﬂé‘% Ascl BEZYYrh 2§, % —/FH}E] ’?41" o). Ustg ez gy =
ZAHEE5YUTh 23HE S} (ZFE d8< T dHZEHZ AFE = Loy de =2l Eol
HHY Az ARE D)2 ZEEFIYUT 2THE FH (-c oz dezeH g Pl A4
e ZE ESYUTE n AAE AHESte] B SollA A4S £E 2IHER (BE _main__
o) AYHE REE ZE E5JUT T T eval ) Fexec() Z ALH = AL dAE ZE
£t

FE 52 A 2 < (execution frame) A A AFFUTE e g2 2R A2 S AT AR (HW Aol A
SHUthE Z33ta, I = £52 A3 0] %‘&?Oﬂ olgA ol RA AP ALHT A 1% 24k

421 o|52 44

of w

i
2
i)
T
v

Mo

O] & (Names) & AAE 7+ AUtk o] 52 ol& &4 At wl
The following constructs bind names:
* formal parameters to functions,
e class definitions,
¢ function definitions,
* assignment expressions,
* targets that are identifiers if occurring in an assignment:
— for loop header,
— after as in a with statement, except clause or in the as-pattern in structural pattern matching,
— in a capture pattern in structural pattern matching

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

del Bol 2 th4k oA o] B Aol A2H A02 HEFUTHAA )7} o] B2 A2 AT
Aol 7 =),

Aol Qe B Fej Atk G5 A wjRo] AL & BE o) 54T 5 A3, BE SF @A
D5 E2)0)4 ST SE AEU Tk

gheF o] o] B vlol ] AW, nonlocal o]tk global £ AR A b o4, 1 B2 A W
FAUT Bop o] B0 BE £F04 A3 W, A% WUtk (B = B2 WEE Aol wA
AL Th) Bk W47k 32 BE ol A A5 A B, 77104 A2l 5] A QLW AHi W4 (free variable)

Zg2 I grE o 58 244 o] 52 thEoll e & o5 7 A (name resolution) 7f 2] of) w2} &7
5= o159 A2 (binding) < 7+ A T}

4.2.2 o]E 2] A A (resolution)

2T 2 (scope) v+ EF WA o] 59 7FAIA (visibility) & A FUTh A AT ESoA B H,
A 2F2E T EES 2L B Ao ¢ EF A o] F X, 23 EF o] 1 o] 59
g oh2 28-S HEX G o, 2T T = Ao = A o 2FH RE EE5 07 Figch
o]go] ZE EE Yo AME ul], 71 7l S8R e aF =z e e g YLh I =
ES50 B RE2TE JFTS EF9 &7 (environment) o121 -5 YT}

o]g o] Ao A= AR A ¢k O H NameError o & 7} A3 gy o) vhek AR AT 27} 34 AT 0]

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

If a name binding operation occurs anywhere within a code block, all uses of the name within the block are treated
as references to the current block. This can lead to errors when a name is used within a block before it is bound. This
rule is subtle. Python lacks declarations and allows name binding operations to occur anywhere within a code block.
The local variables of a code block can be determined by scanning the entire text of the block for name binding
operations. See the FAQ entry on UnboundLocalError for examples.

If the g1 obal 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.

259 o8 Ad A4} 2L 23 nE REYTH AF Wre] 39 A kel A
belobal ¥ EFRCHA, 1 A M A0 APk

1 71 747kol A 2 he S A3 2o A ojv] A dH o< 7tE Y=
| e @9 232z oy & it A9 A Aol syntaxError

o
lo
L
q

o

'~

Fol A YEED w) A5 O BB U 2aY=9] WA BELS G

Zeln o] B2 exec() Feval () E AYEH L A 58 o] F AN UL 2H U S
Holt o 88 AT T 5 A AW M5 d BT o] FREL APT A 4L A WSS
A o & 7ol A Ferhe e AL o5 A AA 74 S wFUh Fef~ el
o) f Be Fe2e e HE G FUh Feh A BSA Y H o] EF) ARE L S
EFoZ AP YULh MIANEEY ZE E50 % JuH A gsUth- ol A2 A=z A da A g ol H
28 2Pt ol A5 FF 2FZE ARHA FEH 7] WlEJUTE o] A2 th2 3 22 2]
A5 et E YLt

class A

a 42

list(a + 1 for i in range(10))
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4.2.3 builtins ¢} #|3+= A3

CPython & FA|: A-8A=__builtins__ & AEEA nLo}ok SHU T} o] AL 8 AN FEAFEF Y U Th
Wi ol 5 F7He] #E& HAsty A2 /\]-—Q-Z}“ builtins REE import O]——’ 79 olE8yJREE
A A5}A 4= A5 of 3 Tk

I B2 Ay dF Zo]lE ZE, A A o]E F 71 o]2  builtins

28 o 3
2 BAF T o] AL YA e} 25 o] of of T Th(E

O

=
=
Aol 29 250 e 7} ALEE U T,
Z|1BAoZ2, main EE YL ulE_ builtins_ 7F WA BE builtins o], THE E%Oﬂ
JS = builtins__ Ebuiltins BES A o] g a3y Yt

A Aol s o) & e A5k AlRel ohjet 2@ Aol o] FolPuth o AL ke 2L =
g 2 eThE A FFYh
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.

I 9] HAI X & Fho] M API YR 7} o U th I W82 Shol M) WHo] vt w) A3 glo] HAY
L, TE= o WA Bz HA A 5 = ZEE o Aol o E5HA] Fotok Futh

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

4.3. 92 51
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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 5 dwdn
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}

54 Chapter 5. QX E A|AH




The Python Language Reference, = x| #] A 3.10.13

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 55
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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 &
"y} o :EEQE F A NEAE AAER TS AFY

7(]"‘] °] A3 Y= TS ALEE, TR o] BRES 2S5 3

REETY J AANES d2HFGL EFUT- 8 JF EES

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 °l sys.path 28], Z22 25, W ZEES AR T 5 JA Yk
tholl ARl Ml B %2 sys.meta_path o] A} 3} T AAE F71et= WHOE 55T 5 U5
yrtt.

AXZE HJ 2 FL sys.path(FLpackage.__path_ ) A g F=Z, FAE F =2 F5S Tt Al F
TEHUS 2ol Ak e], dEE A& %2 sys.path_hooks 9| A Z2]ES F7Hote P2
5T 4 st

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=
W L K SIS ES R A & find_spec () 2= ol 59 vﬂﬁs%
&3l oftt st=dl, Al Y AAE wot 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 =

FadYch

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 A9 EEol 4% F HA A= None O] A ¥ A/ H R Fo|Lp A H 37
o) 3% % WA A R A% _path_ o= RE galve A ALY _parn_ol=2
HEE A28 4 9loW ModuleNotFoundError & oy th Al AR QA= oju] &2A|3t= &
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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of i3l mpf.find_spec("foo" None, None) & TE3A JAY dZEE =33} foo 7}
AdXE H o, He} AR E ‘ﬂﬂﬂ Bt A foo.bar & X E 6]——Tiﬂ, mpf find_spec ("foo.
bar", foo._ _path__, None) & E%ﬂ’q o} 4t foo.bar 7F X E FH W, npA g &ML qpf,
find_spec("foo.bar.baz", foo.bar._ _path_ , None) & Z&34 Tl

ofH et AR RIS A H A JZET ALF UL o] JXEEL F HA AAE None ©]
obd Zlo] &1 &4 None & 554 Ytk

sho] o] 7% sys.meta_path & Al 719 e} A% HAHE 21 YUtk shhe WA RES d2E
FENe PA, P TRE RES ARESE S L, S A¥E A2 A BES QEENE

We GUTHE A= 7] sl ).

HA 3400 M A et A= 5}AH Y find_spec () MM E7F o)A HIAE find_module () & HAIF
Yt B glo|x 5237 1A A2 E A= 9 E 7} find_spec () & FAFA] G S wj vt
find_module () & AR YT

WA 3.109 A W7 : Use of find_module () by the import system now raises ImportWarning.

5.4 24 (loading)

B sso] AN Y, JEE AL RES 2T ) T2 (1A 0] 4 2T %) S ATtk of 7]
QuEe] 29 3174 5% dojih dof @ thekA el 1o ggvith:

module = None

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

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

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

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

che T 22 AR Aol Fol3of g
o T FofFl o] 59 BEO| sys.modules o YT, X EL olu] 24 8 E AUt

s ZE7FEES AYSY] Aol EEL sys.modules o A&
DRALR) A S JdEE T 5 A7 B2 d
22 F ot Aol Al g $l= A7 (recursion) & A 5H3L, H A9 Aol of 2 W EHE =
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c 2o Asfstd, A RE(L A A3 RETH L sys.modules oA AAFH YT sys.

=
modules 7jAlel] o]n] Ql= REFH R4 AR 4FAor 29 RES2 Al Holilol
ofRt eyt o= A} RE XA sys.modules o oA H = 2 thHlF Yt
C RFo] BEOAA T, ok ABE /] Ao, 59 44 o)A R oFE| Ko, JEE AL YEE B
55 oEHESS AGYUTHS S oA TE o o] A “_init_module. attrs”).
CRE AR 2l REY o F B0 ANAL AAA €2k 4GS AHoE 2o
A=, 2671 od Zo] oA A A oF sh=A 24 th
C 25 F IS0l A) T exec_module) T AT & REL JE | Bl MBI E Ao obd & A
ek,
A 340 A EE NLG0l A B I 201 A9 B DG AL WA
importlib.abc.Loader.load_module () HAZ oA =35 <51 th
541 2t
25 2ov 2499 24AY 7S AFF UL EE A3, 9XE FX= st JZ]'E
importlib.abc.Loader.exec_module () HIAEE S &35t A3 2 F AA 7 A2E Yo

exec_module () °] B8 F+= 72 "‘?—7‘]9‘4‘;}-
FHEUSHA L 87 2AES S ok gy

‘l.ol: 1=

FREo] Sto|M BRE(MF RECU TH2E 295 o] ofeh oW, 2+ EEY
FEE BEY AY o] & T (module.__dict_ )olA A3l of st}
e W EHIIRES AYEA KoY, ImportError § €2 Aok ) stA] Ttexec_module ()
For A EE T2 o9 Aug Yt
B2 Ao, e 2o 22 AA YU 18 BF find_spec () WA EE 27t self 2 A4
9 29de E85 YT
2 E 2T+ create_module () WA= Aoz H 293 5¢ EE AAE vt dof 7
4 4 dFYTh Y OW} 2E i’“ S ol 29 T ALY BE AAE S5 UL
create_module () < & AA 9 Oﬁ ﬂ‘:’EE AART e+ glsyth ek WA =7F None &

E3Y, dxTE Aa= /\H RES AAE w5t
WA 340 7} 289 create_module () HAIE.

3 3 (boilerplate) o] th3F A S Ut}

ojul EAsts 2 EH TS A, YEE FAE load_module () WA =T EA3taL
exec_module () & FH3}A] koW load_module () & AT 31X 9 load_module ()
HAFH AFYTH 26+ Al exec_module () & F3 3 oF gk
load_module () WA EE RES A= A 9o oA AdF3 nE
T ofut S th e A oS o] B E AL ‘;1:1], Z7lA 0] AES Roln

-ﬂ%@mmmmmsﬂﬁﬂﬂﬂ%ﬂiﬁﬁﬂﬂwWHéw} ,2EE A 1 AR S AL
245

flo!

oL
o

oft

(boilerplate) 29 7%

tlo

rE

o Ut (¥R o, importlib reload () ©] 2vlE 53 s1A] &A HUth) Wk sys.
modules ©f] Fo]Z o]E2] REo] oW, EHE= /‘H EEAAE WS sys.modules o F7}3)
oF g .

o Ak gle AAd A8 W 2HEH = A2 WAEH] S8, EE7FEE ZEE A7) Holl ZEo

sys .modules o fo?TH oF Ftt.
o Uk Z Qo] Afsld, 2T = sys.modules o A =
AAN ST, 2T 7 I RES HH AR o 2EF
? impordib 782 9he ghE A A AL&8A) Shsrdth B4, sys.modules ol 2F prEE
9 2

o HR A A B YEEEE BEO| sys.modules 9 & A S HFE 5
JJ'OVH TFEAA FATRAL BAAE A ks uth

7%511 ofstetl, A RE v
oF
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B A 3504 HA: exec_module() ©] BT A T create_module() ©o] AYFH A ¢y
DeprecationWarning o] @A}
HA 3604 HA: exec_module() ©] AT YA create_module() ©o] Ao R oy
ImportError 5 4o 7Yt}
B A 3.100 A W7 : Use of Load_module () will raise ImportWarning.
542 A¥B 2%
ol HAYSo=ZE (JE £, 'mportlib APIE, import Y import-from &, W&
import_ () ABR EEo Z=dEH ], B &2 7“%1]3./] AAL By BEO o]E F 7o o] F o

AYth o9& 9, 7] A spam 9] /\']EE’_'&f 7}A ™, spam. foo & YEZE 3 Fof & spam ©]
An gl A4 =Ll HE foo & 2 HUITh HE3 28 e el 722 5lof fohy ATk
spam/

__init Py

foo.py

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'>

gpojple] st o5 AZ F A B uf oo ARr Hd £ JFUH AT AAzE d2E
Aladle] 2244 7lsdunh. 23 F3& o]gds Utk W sys.modules [’ Spam TJrsyS-
modules['spam.foo'] 7k Yhd (A2 YEE o] %] Fej7} Zejdyth, Al e AL HEEA]
kol Sl= A2 foo o E Elt'EﬂﬂO% of gyt

L= by
543 &5 ~9
UXE FAEYXE A 4 BE S thdst AR ES AT 53] 29 ol thRE FE &
REREY FEOIth BRE 2 BEAL2 0] JXE A FHE REEE Qo8 AYUth
YEE FA 2T S ALESHH e 7 QZE A2HY I 24582 AdE S UL A& Sl BE
2dS e = 3RIH e 22S APste 2Y o). 7HE T3 AL, dEE BT RHY FF ALt
(boilerplate operation) & 3 & 4 YL = st= A YUtk BE 29 0] gilttd 2H 7 ZE A dS A7
Fuoh
= .

pEe) 29 E AAe _spec_ oSeBER wERUG. LE 259 gl o e A% ARS
ModuleSpec = H A 2.

WA 3409 F7}

5.4. 24 (loading) 59
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% 2Est RES QYY) Aol RE 2H AxNA 2 BE AA o]

The__n ame___ attribute must be set to the fully qualified name of the module. This name is used to uniquely
identify the module in the import system.

__loader__
__loader_ OJEYHEEREL 2] YT E A7} AL E EH AR &2 AA = o] of .
o] Z1& FE QI E Z 2 A (introspection) & ﬂ%??_ Zol AR, F7HAQ 2o %3tH Vs = A%
Zol71= Uth ol & 5o et 23t ol HE = Aol %%qﬂ‘r

__package___

259 __package__ EZRFEE BtEA] AAH oo FUrh 32 FAE o] of of sf=1],
name__ 7} 2L Y % Utk w50 9714 o, __package_ L _name__ O
dAE oo Tt EEol 7] A 7t obd wf, H /A4S RECIHE W EAEE AAE I, A H ZE]

B R 729 o] &0 A o of Ttk o AA| & &L PEP 366 & F25HA L.

PEP 366 o] A 2|5 o] gl%o], vl ZEoA WA A Al dZEE ANT ), __name_ th4l, ]
ANEZHEZFAEHULE __spec__.parent 3} 22 A A= 7vg Ytk

H3.60014 W7 __package__ 9] ghol __spec__.parent 3} & Zo2 7|ty Yt

—Spec__

>

47 ¥ o] oF g Th __spec__

__spec_ VEPREEEES YZTE TS AL RE AFHOZ M
S A A3 AR AL Az E I} EE = S 275 = RES R upisA 2 A g5 Y
th SH7EA] o2& __main_ A, oJE ol __spec__ o] o] Z-of None &= A A H LT}

o)
__package__ 7} A=A ¢kod, thA|
B & 3409 &7}
WA 3604 HA: _ package_ 7} HFHA oW, A EE _ spec_ .parent 7} AFEH
[Bh=

—path__
BEO 7| AE (HF EE o5 57, BE A9 __path_ oJEFREZIREEA] DA = ofof
o # °1E1€i%°l°1°lc?'f}%tﬂ,_path_ ZhelE Yuri e ¥ o HEEYd 5 syt
weF  path_ 7RO Qx| gopd, @S uf] EALE S AlFsloF Utk __path_ 9] 9w
23t ApA g W -2 of el of] YU Th

N7 A7k obd 5L __path_ o]EZ|FET} glojoF Ut

file

cached
_file e AeFE £ gtk wek AR W, o o EelHES ke BALololof FULh YEE
A 2L 7 §lg o (& £ HlOlEMl ojroXN BEEH BE)_ file. & HZHW %
s gl
Wb file o] AW, cached_ A AAstE Zo] AW % e, mEe) AR
HA(AE 0, vlolE A3 dE 9t S 7He 7]+ E"‘\/ID} o] JEEREE AA57] S5l
stdo] B ZAS ok T DR gpUith AR e Bed] A AW sHdo] Yolok B RE el D %

_file ol A9 GE s, _coched 24k A0l 4485 ke A,
d

AEFUT 1A 20 A AN REE 2
delmd Ave] e 7t AdE 5 sy
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5.4.5 module.___path__

AHolo| W2 W, BE9| _ path_ oJEFHEI} oW o] REL 97| X YUt}
171 7] _path__olEelHEE AH 7S 2w S JZE AR el A, JEESE
BARES ANT AANES] B2 AFATHE Fol A sys.path 9 2L 7)5L gtk AT
__path. = HE sys.path BT} Ak 24 9] 15%—/‘;141;]__

_path__ &= AL g HE AT v JE& = AFYUTE sys.path I 22 F 3 o] 7 7] 2] ]
_path__ o= A&, 7|22 __path__ & B3 &< sys.path_hooks (oFefoll A At
thol Al 9 A& 25Ut

7] A __init_ .py Y2 WA _path_ AEYUFHEE AAFAUYHEAT 5 AL, o] A 9
PEP 420 o] A of| o] & F2 7| X & F+H3t= PP 22 A H S5 U Th PEP 420 9 C?J o= 23, o] &
FZH A7t _path_ ZF AT TG X FD }% _init__.py FLS AT o7} oA HF UL
PXE A7 A o2 o] 5 T 97| A& 93 __path_ & AUk

]

5.4.6 5 & repr
NeHog, RE TES AETDepr S 27 AUt FAT A9 = REST v E 2]
St ASol mef, wE AR repr & % €l BAACE Ao)F 5 Yich
BEO 28 (_spec_ )S 7AW, dEXE A TACEZ R repr & HEHIL AEFTYTh 179
é:lﬁﬂ'ff}ﬂur/\-’“ ol glod, AZE NAHL R EA A FEHE= AER 7] E repr = A Y Th module.
_ name__,module.__ file_ ,module._ loader__ Srepr? YHO 7 AL&38] 1 A|=35F=d], u
A AR 7| EFo = AHF U
AHEE A Y= A 22 o]EE Ut

« 2Fo| _spec__ o EelWEE AAH, 20] Y= AHE repr & A4 T T “name”, “loader”,

“origin”, “has_location” o] E 2] HE & o] Al-&F Ut}
e BE0]_ file OEPREE 7IXW, ZE repr o ¢H = AHEHUTH
e TEO]_ file olE a]v £ 27 %A W None ©] obd __loader_ & 7FAW, 2T repr ©]

J—EA repr 2] 4EZ A2 ]
o 2% ko, repr o]l EES __name__ & AHEFUTH

WA 3494 HA: loader.module_repr () & AL o] H A= QI o]A] 2E repr & W= =T
Ao] o5 25 27 o] A5 U o).

vlo]l W 3.332] A T3A-S 5, oA Ay
module_repr () WAEE TEHA BE repr < W5

ol 3
i=4

—_‘-‘4

kel

E

2 A7) Ao, et AojE o] Yow, 2rje)
Yok sHA T, 2 s A = 325 5 U o

WA 3.100 A ¥ 7 : Calling module_repr () now occurs after trying to use a module’s __spec___ attribute
but before falling back on __file__ . Use of module_repr () is slated to stop in Python 3.12.

5.4.7 7| A E nlo]lE I & 23

k&‘

2T317]) Ao, AA 7 H Al A JAR] & py L
EF ARz ol 272 )4 5L S whE o) 3 A
g2 A A 5ol AZH v e o] B] & A0 HE}

oM o] .pyc FLZHE A H Hlo]E ZEE
MR /IR A 02, o] e 229 HE 5%
B4 o AL AT AHA T, QEE A

tlol el et th28to] 7|A] 9o} Rad S AAEU o

ghol {& gk “sf Al 719 AN A] B APkt A 5 D2 W dl o] tiAlel] A 5hd o] WE
HAE AZFU T A 7R pyc o= F 7HA ¥ A5 UTh: HAY (checked) 3 ] A ALY
(unchecked). A s A 718k .pyc 3L 9] B¢, sto]l2 2 3D S Al skl A} A S 7HA] 3L 9]
S A9} Bl s sto] AT 3} €] B ée AU T AARG s A 719 A shd o] R SHA] e o=
H Y, gho] W2 Al S ThA] AL M 22 FAAFE B Al 71 A A 5SS wEE U o v A AR
S Al 719F .pyc 3] A, stol W2 s Al st eo] 2T A RS ZFYF U th S A
719k .pyc 99 #2743 A5 AL -—check-hash-based-pycs S 1& B2l E ¢ Y5 UTh

mO

of
£
o

:T
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7914 W7: A A pyc AL FAYE U ol Ao, sho] AL v = BE A )

oA A7 3=l stol 4—8— o] 7|2 vet A2 S-S 23 JFyth °] F stuys, d= 7]
Iy (PathFlnde )2 e, A2 dE 2o HEES HA e dxE 2 EA44%UT &

Az A= RES 2 22 Py

= A=
AR 79 Sl E APl e B7hE QEEsE ol el e ke Aol YUt e, 2t A= =g
A, 22 A A2 dEYE ThRE WL ok A2 dEe slrg FAA AU
Aw d=e glre) 718 A% S ANaglol ) BES v e BE A PR, vl
B 42 5E(py FAE), ol HRo|E TE (.pyc FUE), B4 2ol 12 (o & 5o .50 HAD)
o2 S dddse ATt ZEeol B2 zipimport R EY] APS Lo, 7|2 A=
A= AL o] BE FHA(FH 2ol B2 AND AS) S aip HAETHE 2P
A2 A7} 9L A28l 922 A Dot uh URLO U Hlo Bul o] 231} 2 Aid =
AA4D 4 Qe oW A= A g
AR I FAHE AN 15T AR AEL ] F3 S APL ALE Tl 2 5 YEF F *M
3} 22 eSS AFTUL oS Sol, ES I URLS F2 =82 A5k Actd, §lo4 25
S HTIP 42 785K 52 34 4 4510 o % ()2 ool 4o 2z ey
xl%}t Az A= shele & gdFed, 99 Qe 2EL AR 2rE Qe b ALHYT
29 Z: o] MM} o] e AEL BE sl iebi o5 Aok, WE A sheld 9 4=

IEE] ghole] g g0 & ALg el A TREULE o) F 57 AL A > fAA SR 2RSS
A AT AL E Dol A W2 F A 0% A5 Th A v o] A5 o] m B thEThs A2 7]
= Aol 23 Uch £3), HE A2 s AT E Ao Ao MYst=tl, sys.meta_path
EEED RN
Hhdel], 42 dE sddE F2 7w gpdn e TEA AA A, Al F 2 78 919 H 7} sys.

pul 0
meta_path Z R E A ASE, F&2 A= A /ig 2 48 TEH A k54

.51

55.1 Z 2 JdEz v}y

A =
1 IhQIE = ol 4] R find_spec () ZREEZS
ol YJEE A= 011/\1 oA LAH L ZEH A= AxE vpo| 23t AHE

Al*EM ch.

A2 7l 3oy = A A W E /\}%—%J'b] t}, sys.path, sys.path_hooks, sys.

path_importer_cache. 7] A 2 A 2] _pa oJEgHE E3 AL HL}. o|ASL AT E
UAE An ool =g 5 S o] B E A E e
sys.path & REH} 7] 9 A X & AFsh= BALY 552 LTt PYTHONPATH 37

=
W} o 2 7}11 Aot 7+d 54 7122 FH 273 Yk
Al 2"l 9] qah-jﬂg]_zip gd g 78] 7] 3, 2t A A o7 R E
EEe Hehe 7kel 2 5 S, URLol Y gl ol Hul o]~ 23] 2
3} ko) = vt glof ok Ptk ThE BE F& T AP Uk vho]=
=l o3l 24 gk

A 7 shele & vl e 42 sholr o 7] Wl ol A AW WFol YEE AR AR 7% sl v
find_spec() MMEE EE3t= o2 92 E J= gA42 AR find_ spec () o Al FH =
oatn A BATEAE AL oAk 5 714 ol A YEE ST A7 parh
o]EZRE. path A7} None ©|H, 39 YEXLEE 53kl sys.path 7t AHEFH YT

The path based finder iterates over every entry in the search path, and for each of these, looks for an appropriate
path entry finder (PathEntryFinder) for the path entry. Because this can be an expensive operation (e.g. there

=
sys.path o = AEZE2 3+
=

A AFLE £ Q=P A E"(site

& AEQUTh sys.path o & 24
Qo) dnge AY A= dee sy
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may be stat () call overheads for this search), the path based finder maintains a cache mapping path entries to path
entry finders. This cache is maintained in sys.path_importer_cache (despite the name, this cache actually
stores finder objects rather than being limited to importer objects). In this way, the expensive search for a particular
path entry location’s path entry finder need only be done once. User code is free to remove cache entries from
sys.path_importer_cache forcing the path based finder to perform the path entry search again®.

Az e 7}t A ¢ god, Og 719k 9918 & sys.path_hooks o & ZE :’81‘:'%
O, o] B2 7 Az olEg &L AN A dEg oz} 3 AE AL T2
A% AT S OhE & e A% At e elE] £ BAFAY, portrrror £ BAND + A8
TnportError & 4% 7% SelEl ol @ Fol Foldl A Alsel § A% 4w =L sele §
S 998 Fols ol AT o] = FAH L YEE 42 BAL AST UL, L B
v E S 71t sl of ol H}O]Eoﬂ/] AFGL ZFo] ZASA(E Eol, L A" A31H
UTF-8 o]} 7 ¥}o] T} 2 A Y 4= 95U}, whek S 037938 4 ¢l o ImportError &
Aok ek

A

£ tlo
S ufy upt

oz
< i ot

Hro

mzﬁiri
o £ T n%

WF sys.path_hooks &AM o] o7 F = =g el & 254 Xotd, 42 7|49 512t 9
find_spec () WA E+ sys.path_importer_cache o] None 2 A F3}1 (o] A2 dETE ¢33}
ol 7 c,g;%% 7}e] 71 7] 9130), None & S8 F A o] Wl A= 319l 7 RES 23S 4 gloS € Yth
WheF sys.path_hooks o] JJ= o= 3] A2 e & FHEo] A= dE Il & 2854,
IRIF 25 295 2 0}7] Al ol ee Z2EF| ARRHULL EE 292 RES 2T

EPE N

A 2] o] @ ¥ 2] (current working directory) — ¥l EX1g 2 EH AT - & sys.path o] Y+ =
EfEd FgEA HAFF Uk AAE, I F dAH 7 SRR o] HAHH sys.

path_importer_cache ol &= o} ® Z & A 75 7‘] ?%Q‘/]"/}- =AE, dA4 A g = 4 2E
Z 3] wjuic} ohA] EolF Utk AAE, sys.path_importer_cache o AFRE = F 29} importlib.
machinery.PathFinder.find_spec() 7} B85+ F2 =W ExFo] ole} A A &) 24 ¢

B 27t gyt

)

552 A2 JEZ el Zz2EF

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

find_spec () & F 7/} AAE Wt PUth: 2 E & 259 &3] A3Hd o] 5 (B 73

B2l &, find_spec () & ko] &3] AP ZEL 29 EelF Ut o] 232 34 “loader” 7t
AARFYT(EHIA] A2 7F A5 Y.

2dHo] o] F FH x4 & HJSTE A Y2 E DA &7 Y8, FE dEF FJAdYg+=
“submodule_search_locations” & A& L& st= 2208 AA3 T}

WA 34004 HA: find_spec() ©] find_loader () & find_module () & tA|st=d], & t} o] Al
H A= 5T find_spec () ©] Y A] ko o] A& A Th

oA A= ?‘_]Eﬂ QB &= find_spec () tAlef o] 7 74 HAHA HAMEES FHT 5 5T
o) M EEL2 A T34 ufFoll ofF = A Ut 8FA T find_spec () ©] A& NEE 3}l T o
THE, Oﬂx4 HAEES FAFH YT

find_loader () + 3ty AAE BolEYdUtTh YXEHE= ZES .
find_loader () t2Fee edFed, A WA FE2 2rjolil & WA 52 o5 w3 24§

gt

—

IZE ZZEZFY D‘r% THASHY A TFYEZ A, B2 A2 JEY FAYE2 WE A& 312 H
7k A A sk 7‘# Y7 AEAQ find_module () FIAE 3 At} A v A7 o E g golg
find_module () I EE Z2F path AR SE2HA F5HUTG (AL A2 F Jx o= A2

457 ARE ASAE A0s A8,
A2 AEe A9l Find module ) MAEE AR AT FAH7} o2 2 A7 A o] ZHOZ
oJulA|BHe A2 B ekakA] 9] Wel A5 95Utk weF A% A=) 9ol H o] £ind_loader () 9

3 01] A FEo A, sys.path_importer_cache ol A] lmp NullImporter & A2EAE 2= o] 753Ut T =7 g4l
None & AHE3tE % WA 212 AU ch o 2bA| e vl-§- portingpythoncode & ZH2 314 2
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find_module () ©] 2% &4
=Yk

WA 31004 H7: Calls to find_module () and find_loader () by the import system will raise
ImportWarning.

i

==

3, ¢

=4

H

E AlaH

rlo

A} find_module () Al find_loader () =

— = — -
5.6 & AXE AAH I H|5}7]

QEE A2wl AAZ TAT] AE AR A4 A AAUEL sys.neca_pach & 1 EFES BT
AAst L, E HE e AR FE2 A= AdUth

ThoF A E AIAEZ AN ASHE= THE APIE | 92 A ¢, A JXE 79 530S HANE
Fod, W __import_ () FE AAS= ACE FET FE JFUTh o] 7P 5 EE Yol
Aol JEE Fol 5AVE WAGEE RE saolA 488 2 A

HE FEo FZof = T ojH RE JEES HHA O sto W (FE JEE AN 2T S AT
v &A1 3}51+= A, find_spec () oA None € E8]F+= JAl, ModuleNotFoundError & 427+
Ao ® FEFUTHL A= vt A2 AAZ AL oF shrhe A& A Aot WHH, o) & 07 H S A

package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage2/
__init__ .py
moduleZ.py

moduleA.py

rlo
Jo
fol
ol
%,
=
o,
£l
[t
ro

subpackagel/moduleX.pyY subpackagel/__init__.py B2FlA, o2

Ytk

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

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

Ay X EE import <> EE from <> import <> EHE AL ¢ AL AU JXLEE F HA
AW AR 5 A5 L ol

import XXX.YYY.ZZZ

7FXXX . YYY. 2228 AHEE 5 = BHA 02 = E A B .moduleY &= A S 8 4 o] ol 7] i & ¢

et
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5.8 _ main__ o] tjjst 533 1 ¥

n__ REL slolAe] AdxE X AH oA

_ S A-guth ofE ol A dF3xel, _main
sys & builtins X3 A= ] A2 0f A%

A7 27159 Utk AW, o] F Ajele th=A,
AUSA NG RER AFHA GHUTE 0| AL __main__ o] 27|35 & Alo] A= H S
ARG ) S S 19 e A GG wy) Pk

5.8.1 _ _main__. spec__

_main__ o] oj@A 27| FH =X wal,_ _main_ ._ spec_ 2 A A3 HAAE 7% 5}1 None & &2
AAH 7= gy

Folpo] -mFHe R A ZSH,  spec_ MGt RECIY 7| AL BRE 2o ® AAFH U
ES__spec__ & __main__ BEEC YAH Yzp oy thE sys.path AEZE APt 7

zezrdu I g APk

OPAT A9 ol _main_.__spec__ ol B4 None o] Fol ok Tt AL 1 o] g Ao

P QI D5 golE TR _main_ ol SH1E 2 dEl|o]H /L B e SEbE n a9 A 5

A&l oF T

ES__main_ °] YEE Zt5st REO| EEH I, _main__ . spec__ ©] A3 A= T} 5}

e, o] EL A3 2 REZ HFH FYsor gt o] AL if _ name_ == "_ _main_ ":
BE°_main_ olF FES AT AT, A d2E ufj= A3

Are A £
A

SOl BE
H A et A gyt

O

. St o] T o] oF7he] Al H ALE} o]
2 4 Q== Folgl s,

sys.meta_path & & #7248 PEP 302 o] 1, F o] & &322 PEP 420 YUt}
PEP 420 & slo]A 33 o o] 5 &7t 9714 & =ddAHY

find_loader () ZE2EZ A =35t
PEP 366 2 ] ZE|A 2 BAH A A YEEES 93 _ package_ OJEFHEL] Z7}o| #a)
A s Qg

PEP 328 2 Ao} A A 4 JZES =9
MAE 2719 __name_ S Z A| 35T}

S

131 PEP 366 ©] 2= _ package_ & A ASA H+=

PEP338 & RES AT HERE APst= A2 A3}t

PEP 451 2 29 AAo] BREE JdXE FEE 2okl A2 71 Uth 29 &0 FoFd iR E9]
FTE I AJYEES YEZTE FAAZ V7= AF UL o] AL X E A2H ] o 3 APl 52 3 A 3
TE WHEQY, Felg e} 20 | HAEES F7H8H7E A5 Y

5.8. __main__ o] tjgt 53t ¥ 65
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6.2.1 2E 7} (o] F)

alf

Aok AEARE o YU T o3 B ol A £ A8} 7|9 = AAL, o B AR

I} A2 (binding) A4S BA L.

Aol A2E wf, ob=2 k= 7ok AA 7 s uth o] 5ol AZ2H A ke o], k= Foke AL
ameError o2 7} & ol gt}

81870 o] 1417 (private name mangling): 2 ¥ 2~ % ¢l o] 5334 A 84T AL 1 oG] WEE
AL, T AL o] o] W 2 EUhA) 90 W, 1 2o 2] a8 o] B (private name) ©. % 245 Fru k.
HEA OB 1 ES A8 A=A wEIA /] Ao] B 1 FEI = ATF Uk o] AHS T o] 5 o
o2 0|28 ARlatt], 2e2 o B0 ALl ok BE WSS AAD T, shhe] WL FHEh L.
o & Eol, Ham o 2 0|89 Fe20] 48} span o] 5B, Ham__spam © = W T
o] MEE AMAI G & FHA Falo] FEITh AH o] Fo] TRHO R AWURSSART
Aw), FAo] A3 Geh 717 A 5 QEUTh Fehs o Fol WERT TS} gow, AL
Qoj i) epg o,

= O

1=
st

6.2.2 2] (Literals)
ol FAE I nto| E BH E 3 o] 7HA] A el HE S A9y

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 H YL B9 vo) e Yol o257 wlol, A9 ol e E = gt Bt Y FRFUTH 2L 3
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
frbetal A4 DA sk QEFE O] Ao A 2 A= A T AdYh

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] "]"

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
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6.2.6 F3 tlaEe 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 dasdols Al 7hd At AAE e, 2 W82 234 Aday Fzeddor A FH
Yok 9EE P9 RAA BE0| 43P W, 1 2ASL AR LEXOE gho] LA, AF
Ao B AU Az A AT o), AL Az MO BB AL 245 TP,
9 YRS () 02 wEold £ glwrdth ol dEge W gMdelE BEY

6.2.7 YA AT o]

gAy e fgaEd ol 52X (curly braces) 2 = 2 A1 71/t o] B] 2] Y Qe vlol e 5 A5 uth:
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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(zily) ko] .33 e} (22 A 0] €124 12710 A e, el /18 A sox Aol sl ol el
E RHAL2 SA] ghol Tl A, 27 s T4 O]"C‘ ol e+ A AA gho] A= AH o] okt
A o e ERA o] BoH A AN FAFULL. 5% for 3 7Pg A% for 49 BE B 272,
7 A& olH B E W 7hA & kel FE}EPD‘BPE¢ 210 g S 2T A F7HE 5 st
& £ (x*vy for x in range(10) for y in range(x, x+10)).

=

M= ZEE AT F AU AAT HE2 2= A2 A 8.

<
ﬂdﬂﬂﬁ»ﬁ@lﬂﬂ el 517 97) 9o, BA Ao m Aejw Aua o) E ol A

7] A
vield &tyield from ZHAL FA &

Adole] A Ao async for oY await BH AL 23H3tE v 5 7] Al d ol XA A (asyn-
chronous generator expression) ©|2t3l B H U T v 5 7] Alvd olE 322 Al ¥]5 7] AlVd olH AAE
EF = o] AL v% 7] oy ol g J YT (8] 57| o § & o] B] (Asynchronous Iterators) S ZZ A ).
WA 3.600 271 w574 Al el 8 284 o] 9= AdHuch

WA 3704 WA go] M 3.7 o] A=, H]Z 7] Al ol E] B3 A 0] async der Z=Eloful LJERS 4
2% U th 37REE, BE Rl a5 714 Al ol e ERA L A8 5 T

W7 3804 M yield 9tyield from& FAF O R FHA ATz A 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
SelAe anzo g3 R840z 3, yicla AL Azl AUH A el o] E BB TS
EREEEENE FEE PEPEEEE PR P!
MR8l A W A= AL AmeAAT A o] EANES TR E B ST BAR o
SEEECET R

A el o B B 2o A AU T Wl uE 7] Al alold Bt 5] Aol e g4
A A e 2 A8t

When a generator function is called, it returns an iterator known as a generator. That generator then controls
the execution of the generator function. The execution starts when one of the generator’s methods is called. At
that time, the execution proceeds to the first yield expression, where it is suspended again, returning the value of
expression_1list to the generator’s caller, or None if expression_1list is omitted. By suspended, we
mean that all local state is retained, including the current bindings of local variables, the instruction pointer, the in-
ternal evaluation stack, and the state of any exception handling. When the execution is resumed by calling one of the
generator’s methods, the function can proceed exactly as if the yield expression were just another external call. The
value of the yield expression after resuming depends on the method which resumed the execution. If __next__ ()
is used (typically via either a for or the next () builtin) then the result is None. Otherwise, if send () is used,
then the result will be the value passed in to that method.

o] BE A5 Aol S TP ofF vl TE Ut o2 | S e A, st o] 4]
A A2 gt gloem, Aol dA] FAE 5 J5Uth KL Aol H2 Az ol 4+ yield
Tk ol A o] ool A A&F ojok SF=AE Xﬂoﬁ%—? e AUt Al = 4 Al @l o1 5 ¢
TEAE AEgUTh

|
=]
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= y 72EY YA gyt Al o7t (xR 357 00] H A 7H) A
TAE 2 EH) gho]deto] = (finalize) = 7] Aol A= A ko, Al o]g-o]H #H o] 2] close ()
HAE7tZEH o], 7] 59l finally o] APHEF gt

yield from <expr> o] AbE2 ulf, AlFH FH A2 ojg g Eolojok Ut 1 oJHES oH |
OE A BAAE = BES AA xﬂﬁ"—ﬂ ol A= TEAA 2 AEg Uth send() 2 AGH
BE T throw() 2 AGH BE o &&= Lol 9= (underlying) o] E # o] B} 7} | F Wl =& ZH31 Qlth

i
L

Haxoz AT Yl 28] 43, send () = AttributeError Y TypeError & 4O 7] A9,
throw() + A2H A2 & A o7th
Yol Q= oly#FolE 7 452 uf, FAY3}+= Stoplteration O]AHAJ value OJEEHEE 4=

E3d24 9] gto]l §Ut) stopIlteration & 4o u] YA F o7 AAHE AL, A B O]EiHIO]EU}ZﬂLﬂ
o8 g A9E AHs o2 o] F A YT (AME A o E] 7} 3hS = (return) 5 2 2 H).

91334 A : AE o] OHZ Ao] 5L Y Ydl= yield from <expr> & F7}

PEP 255 - 2vhgk AV glo]g] sfol o Al q e o] B} yield F& F7Foke Al ¢k

PEP 342 h 48 AV olel & BB FR A ol el) AP}
BT S YLD BEE A

PEP 380 - A8 A g o]e] 2 ¢ A s}= 1 The proposal to introduce the yield_from syntax, making del-
egation to subgenerators easy.

PEP 525 - 035 7] A& ole] T FE 5o Alvid ol 7]5& 5713lo] PEP 492-& 273t A ¢t

Al el E-ol el o] B WA=
glolE olH el ol B A ESS A dUTh Al ey o 23S Ao st

=]
A e o)l 7} o
o) sl of 3
generator.__next__ ()
Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed witha ___next___ () method, the current yield expression always evaluates to None. The
execution then continues to the next yield expression, where the generator is suspended again, and the value
of the expression_1list isreturned to _ next__ ()’s caller. If the generator exits without yielding
another value, a StopIteration exception is raised.

o) HHEE HE FAFoZ SEFHYLH A& 59, for FZ U WA next () Foll o3
generator.send (value)

AP AME AvlE ol 8 TFEE FHS “B WU TH(send)”. value A A= A = T3 A9 Zho)

AUt send() WA E+E Xﬂﬁ Eﬂ o] ¥] 7} yield 3t+= tha 32 AW, Al dl ol g7 o gh=

yield 3}X] 911 £ 83} Stoplteration & oA YT} send() 7ZFA Y ol E & A FA 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_

n) AP S o ofgfjo]] Y= HANEES TE3H ValueError 98 & € o7]= A9

i
*=

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 compatibility, 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 Bl 7L Al A A8 A Ao A GeneratorExit & e Utk 2™ th-2 Al & ol § —?7}
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. A olg 7t the oo & o7, SEAE JVQQD} XﬂLﬂ gdolE 7t Hd S5 E s
ol FRHATH, close () & 0}—‘?—% A& oA syt

A1 ol

of 7)ol A el ol Bl ek Al o] B 2] 22 Ald sk e o 7 Qs Ut

rr

>>> 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]E 7] A ole g

async def & A U WA EA dE 3] EAl= 2 FFE H 57 AV oy g2
oo

Hl5 7] AV d ol 47 EE25 W, vl5 7] Alvid o8 AA 2 & v57] o5 o HE sH 5T
28 048 2 AR A A o 6] B59] AL AT wE A Aielole] AAE HE 2TE gl
moync for ol A AAEE Lo, AV # o] E AA 7 ror Eol A ALEE = WA § A T

Calling one of the asynchronous generator’s methods returns an awaitable object, and the execution starts when this
object is awaited on. At that time, the execution proceeds to the first yield expression, where it is suspended again,
returning the value of expression_11ist tothe awaiting coroutine. As with a generator, suspension means that all
local state is retained, including the current bindings of local variables, the instruction pointer, the internal evaluation
stack, and the state of any exception handling. When the execution is resumed by awaiting on the next object returned
by the asynchronous generator’s methods, the function can proceed exactly as if the yield expression were just another
external call. The value of the yield expression after resuming depends on the method which resumed the execution.
If  anext__ () isused then the result is None. Otherwise, if asend () is used, then the result will be the value
passed in to that method.

If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other exceptions,
the generator’s async cleanup code will run and possibly raise exceptions or access context variables in an unexpected
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context—perhaps after the lifetime of tasks it depends, or during the event loop shutdown when the async-generator
garbage collection hook is called. To prevent this, the caller must explicitly close the async generator by calling
aclose () method to finalize the generator and ultimately detach it from the event loop.

HE 7] Avdlole gpolA, A= BHAZ try T2 ot oA 7 & g Yth stA g, vl 5 7] Al g
olH 7} (Fx Sl 7H00] H Ak 7] A] = A F 2 2 4)) 3o]d 2ho] = (finalize) ] 7] A o] A 7| = #] ek o,
try 722 ol d=E @2 7] $4 finally A2 APst= bl AT 5 A5 Utk o] B9,
HlE 7] Al ol-olH o8 9] aclose () & 01, 2 AARE &= IFH AAE AW A, 7]
< finally o] AP HEF ot= A YL, v]57] Al e o] HE A& Sf= o]l E T 2 (event loop) Lt

2 A% 2 (scheduler) ol Al 9151 th.

To take care of finalization upon event loop termination, an event loop should define a finalizer function which takes
an asynchronous generator-iterator and presumably calls aclose () and executes the coroutine. This finalizer may
be registered by calling sys.set_asyncgen_hooks (). When first iterated over, an asynchronous generator-
iterator will store the registered finalizer to be called upon finalization. For a reference example of a finalizer method
see the implementation of asyncio.Loop.shutdown_asyncgens in Lib/asyncio/base_events.py.

EHA] yield from <expr> & H|F 7| AV d ol Sho A ALRSE= A2 5 o 2}

)5 7] Al el o] El-o]Ej | o] B] | A =

o] JEAM L2 HE7] Al elH ol ol o] Ml =5 A stetl], Al olH o] A Alofst

£ AgE U,

coroutine agen.__anext__ ()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it at the last
executed yield expression. When an asynchronous generator function is resumed with an ___anext__ ()
method, the current yield expression always evaluates to None in the returned awaitable, which when run will
continue to the next yield expression. The value of the expression_1list of the yield expression is the
value of the StopIteration exception raised by the completing coroutine. If the asynchronous genera-
tor exits without yielding another value, the awaitable instead raises a StopAsyncIteration exception,
signalling that the asynchronous iteration has completed.

o) A EE G async for FZo| o FAIH 2 SEFH T

coroutine agen.asend (value)
oflolHES EHF v, Adstd vl 57 Alvdele e A3 AUt A olE 9
send () MIAE HH, o] A2 = v57] AlYd o8l 2 “Hf (send)” 1L, value ) AF= & Af
d= 249 A7 H U asend () M EZ S F = ool B &2 AW &l ] B 7}yield dh=
T} ZHS WA 7] Stoplteration o e 52l 571}, w5 7] Al d o] B 7} ThE 7k yield
SHA] 9431 £ 8351 StopAsynclteration & €O Ut H|E 7] AlYdoEHE A A 7| EE
asend() 7} T2 ull, & WS = H3 o] gloBE QRS None &2 T &3 oF FUth.

coroutine agen.athrow (value)

coroutine agen.athrow (type[, value[, tmceback] ])
offolHES T, vlE 7] Al ol Bl 7t A SAT AR el type B o9& L],
Al &l o) 8 S 7yield 3 th k= LA 8= StopIteration 999 e g2 EejFUth v]E 7]
Al ) o] Bl 7} th-2 t= yield 3FA] ¢kal S8 8HH, of Sl o] Bl E-oll & 3fl StopAsyncIteration o 9]
7h Aol Al ol g7t A o 9] & 7 A R AW THE o9 S d o, offlolHES
AP uf 72 o2 7t ol o] H &2 Al Al HA YT

coroutine agen.aclose ()
ddolHES B, AWsE, W57 Aoy B4t A AAF AHow
GeneratorExit & @AYtk ¥oF I o] Fof u]-F7] Ald el &7} 9otk (gracefully)
Z83tAY, ol B2 AY, (2 9 E FA XSO0 ZH) GeneratorExit & o7 W, EH &
o] o]Bl£& stopIteration 9o & o Uth o]oj A= HlF7] Al e ol T&°] 28T =
F71e] ool HE5 2 stopAsyncIteration &S oyt whef ulF 7] Al ol E 7}
< yield 3t o9l o] Bl &l 9] 3| RuntimeError 7} A&t} ghek vlE 7] Alv o]l 7} 1
T o el 9 & 4o 7|, offlelHEY T EAE P Uth wheFu]E 7] Ay gl o] B 7} o 9] Lt
A4 52 ol FEIOW, ¢ oJoJA & aclose () &L FF AT A e odlolHES

=HEUoh
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primary = atom | attributeref | subscription | slicing | call
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attributeref = primary "." identifier

setelv et e T W o= HE F2E AU Fo| AA 7} vhelof v, R AR

o] Aol s FFULE o] AA|= T olF2 AEAR St A EFES YA EE 2 3UF YT ©]
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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 FPolE BEPO] YU EAY SRAY HolE AT L BE Ghols RR 02 Holle
A, S A o] ool 0 S A o I B E T A B oA, o] 2
A B3P o 53t Ao] Seho] 2= o A5k Aol Sk Zé-‘ﬂ%} 74OEOHUHTTW

o

AAFUT (0] =< € StubE ZoskA] ofe Ay Th.
Sl el ofe) e o33} Uik etel e 7L (AN HH 2SR A3 g
SZHE

= __ge
S e} o Selel s 550wt dEol AL /e AT e, Aol HEol fojm
Shijel AE AT, Ale Sotels §RE WAL TP FEAUTH 297 oul el
P& el §gto] 719 ‘4‘3} Efﬁ —1 A Eghola o M I xHA YT {5 & eho] 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 & Fo]Z x4 o] 17, w3 4 5L None & & A Th

Ry

etitem_ () HIAE

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,

Zeelviele] e 7 FeAE AN (A B UE B B U ANEA A, T2 A,
Zes QL2 WAL, _call () WAEE ZE TE A7 FAE AU 7 oot Tk
B RHAEE SEE NS Al ol PAG UG B4 AN BRE EHe 2 4o
AAe Fasta gk
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719 = A2 o, WA thE 3} Zo] 914 AAR AEH Ut WA A v SE] YA A 9
X259 B0 vt YUTh N 7j9] 1% QAEo] ATHd, SN 7H4 S| ”"W‘/} vk, 7
719 = A Atut}, A B A7 O -§ 8k €32 A5 ol A E Ut (A %Z}ﬂ AR A ol 7)o
olEy o, N A £FL AR E I, ol Aoz ALIYTH. £F0] o|n AY AL H, TypeError
el g doych 18A o 1 AR g EF A WsUth(FE A4 o] None o] gt &R g,
EXZ A FYUTh. BE A7 A H S o, o} APAA 2 ExX52 T BYZHRE &

g-$3te 7 EREZ AUtk V1 EFES T/ B W AT FE T JW‘% T A, Bl*E‘Jr
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FRYUTH BE ol A 432 33 oF T LY th) B /)@ ghol A4 4] 4, obA % Hloj gl SR ol
SR Tymenrror 8 AT 184 Sho A4 & £ol £ 5ol 350l 14 B0
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CPython 7-& AHA|: 782 9] X] u] 7| =7} o] 5-& ZHA] FolA], AL EAIS}e] B2 0 2 o] Fo] BojF T}
SH R, 719ER F3E 4 9= WH 558 A2 5 J5 U CPython o A, AAIE S 514 617
3l PyArg_ParseTuple () & AHE3=CE +dH Fg5E0] o] YUt
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Y4 s SRR BE A7) AAE0) o9, videntifior THE G YA UL}
914 ke @, TypeError o9& Ao AUTh o A%, 1 A WAL dE X AAES TR
RES ATVHUTHEE dE 94 AAE0] glod ¥l §3),

7Y AX 7L A AR o] Fofl thg3kA) SO, *xidenti Fier £E AHESHE WA WA AS}
SIA 9 o, Typetrror o191 & Aotk o 49, 1 YA N ASE dE AR AL 2
£ gAY, gt X7 AAE o] gow W () SV e S A,

T *expression ©] & T E || 545, expression & g2 o|H £ o] H oo gt} o] o]
HEY 8452, A5 F7H A AA=QA AAH AFHYUTE T= £(x1, x2, *y, x3, x4)
o B,y e T AES I, e, yM 0] 2T, o] A2 M4 § 2] AR5 x, 12, y1, -, yM,
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o] 2 013t A3l A A} *expression B o] WA Z ol 7Y QA o UL S 9ok, 7|9 = oz}
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>>> 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
22 S EA 7] A= °1X}9¥*expressmn EHE BF AR S A2 dubF o] #] ok 7] ] Eof], A A =

If the syntax * *expression appears in the function call, expression must evaluate to a mapping, the contents
of which are treated as additional keyword arguments. If a parameter matching a key has already been given a value
(by an explicit keyword argument, or from another unpacking), a TypeError exception is raised.

When **expression is used, each key in this mapping must be a string. Each value from the mapping is assigned
to the first formal parameter eligible for keyword assignment whose name is equal to the key. A key need not be a
Python identifier (e.g. "max—temp °F" is acceptable, although it will not match any formal parameter that could
be declared). If there is no match to a formal parameter the key-value pair is collected by the * * parameter, if there
is one, or if there is not, a TypeError exception is raised.

£ *identifier ol rridentifier & AHg 3 WA MANSEL 9% AA &R} AYE
Az} olgE R A4S 5 gEUTh
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A7 () Aol & 5 9, AAE AR G A A7 () Aol & 5 AU Th H 22 PEP 448
ol A] A k5] G155 U] e

522 o9 8 A0Y|A % o, 34 oW g BAF U None U 5 YFUTh o ghol oA A4
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funcs & H A 8.

Fela AAA: 2 Feao A AxE A7 Rk YT

FexJd2adAAaEA: 3ote AR B BTt S EE e, 2 A2Eg A7 A AA AR =
shuberE o 7 014%%01 AgE Ut

Zejx QA8 A I FHYPAE _ call | =E AefsloF gtk FeavHETSE
H+ 2% 25 Yrch

6.4 ol9o]= EHA

ofslol B oA 78 o YL YA FAGUE 04 257 T AT 5 A5

await_expr = "await" primary

WA 3.50] &7}

AFAF A4ae 279 %ol 2+ 9 3 A4t o ZsHA AU 229 L 250 2= ¢
3 AR ok okl 2R Th BHL ol 35Ut
power = (await_expr | primary) ["**" u_expr]

A, B3 e AFATH @ F AR A @20l A, Al Abs LEFNA AF 07 gro] P 3]
Utk (el Aol 31 A date] g ‘}%f ME AleFst= A2 obdUth: —1%*2 2 -1 o] HYth
ASAF A2 W pow () 577 4] AR 59 wof 22 w7t YSUth 9% AAE
SEXR AANF AFAFT %k »lu‘r. S A= HA 35 Yo7 WS, Ao 2 Y Yyh
int 9] A4EAEE] 79, F WA JAA7F ST} obd o] A= A AMAEH 22 Fe AU F UA
AA7F E49, ZE QA= float® W= 4, float 2347 A2 Ut A& 0], 1072 £ =9
FAT, 10**-2£0.01 & 585 YTh

rlr
(@]
(@)

0.0 8 42 AFAIF3H ZerobDivisionError & o Uth S48 B2 AFAFsIH Bas
(complex) 7} Y3 Yth (A B Ao A= valueError & o A4S YTTH)
This operation can be customized using the special __pow___ () method.
= 2
6.6 ¢ & A= nE Azl
BE UG AeTHE AARE 2L SHEAE 2EUT
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
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defined as — (x+1). It only applies to integral numbers or to custom objects that override the __invert__ ()
special method.

A 7HA] B B, QA 28EE W2 2 A =T, TypeError o9 7 AU o

6.7 o] & 4t

o] F Al AAARE B A SHEAE DHUTE o] AAF e 3wl 2 FolE H g of
Z ol of gtk AFAF AWASGE WA, 24 F 744 529 v, shis FAY A5l 1,
?5]—14——‘2 E—]}\—ﬂb‘i oq J. ]_‘_‘__i_o 141—/]_
m_expr = u_expr | m expr "*" u_expr | m_expr "Q@" m_expr |
m expr "//" u_expr | m_expr "/" u_expr |
m_expr "$" u_expr
a_expr = m_expr | a_expr "+" m _expr | a_expr "-" m_expr

(FA) AAAE ARE FL FUT AAEL BT SAAY, 8 AL 241 T2 AR A2
ook . 2ol Fool, £AEL FF Jo= WA F FAAULE FAL) 9, A2l o]
SAFUTH &0 ¥ e wl A ALE BT

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

€ ) At FE FAOl AR SE = A AUtk stolde WAYE o n AE o ANAtE FHARA

%5 rth

WA 359 F7F

/ (A /7 (B YA, floor division) A4MAFS S 1 QIAFS S E(quotient) oy Z\JE} XA} AR}

WA FEYo WHH U 55 x4l A4S v
Y= FUth 2 23 734 QA Al o 243 “floor @45 Z—.%& %Mi‘r OOE UrT—t— A

ZeroDivisionError °1]ﬂ g o 7t}

This operation can be customized using the special __truediv__ () and __floordiv__ () methods.

5 (_:_%E modulo) A ALR= X HA] QXS F HA] AAE Vs UHAE ESYTh A AXEL HA &

o7 W3tg Urth L EZ QX700 ZeroDivisionError o2& d oA Yth AAEL A4r =

£ £509],3.14%0.7=0.34 2 25 UTH(3.14 7F4%0.7 + 0.34 8 Z2onZ2)EER

PE w5 A AAsh 28 R 5 E 2 dBE FUDHEL 01U Th; 23 2ogke F

\o

2"

)

;g
(v
o
g

N
>
N
F.,>L o_?‘_‘,

kL=

o>,

A

©
i)
pau)
)
f
ui
L)
fy
A
£

oX o ErR —{) 091',

Ao
™

:g,

ko

il

fru

re

2

X

rr

AU

lles

[

(L)

lo

ot

o[
>,

H R

Ho] JdFUth x == (x//y)*y + (x%y).
o YTt divmod (x, y) == (x//y,

x
o\
<
oL
Mr
oz B
i)
o
iy
fu
rr
=
o
ek
o
Q.
'_l
<
=
O
[oR
2]
fri |o

AAHS F33tE= Ao Hdl, 5 AR oA 2Eld ] BAE v (QAEEd| 9]
SFUh S 3317 93 X4 AA o o3 Al )P Ut BAE v " 9
28] g5 d29] Al A old-string-formatting o A A = g o},

1)

rlo S
e
)
© 1
2
|z 3o

M 2 My
o O

—
=
o

L

modulo operation can be customized using the special __mod__ () method.

A4 A QA BER Q4R divmod () B4 Badol Bal At Al of 94 sgith A,
A AT, abs () F45 AHESIA] A2 WIS A 2.
(G QAL 1 IS B U AAES £ TR & T 2E Yol AT oloh B
e_rsq A9, 245 WA FEYoE W 3, ¢ £o

x%y) < abs (y) ©] #8802 = Fo] A1t floatd] 7 --oll= A7 A& (roundoff) Wi o] =% 8 o 2 Fo] o} d
& Sof, 5to] A float 7} IEEE 754 i A &= =219 ZHEZS 71 A3 ), -1e 100 % 1e100 7]—1e1005’—]— go H 7]
HEH 71] A 754% —1e 100 + 1elOO oy, &=xHoz = 1e1004}7§ﬁ6 2 kYt &4 math. fmod () & B 3E 7} A
HA A2 H5of st AIE F7] w29, ©] B -1e-100 & %E%—?‘%DP. 01‘“1 %3:“:”01 Eﬂ AARA = & ZEIH
2 dFUch
Zx7byd] A& Ao} ofF 7h7he- |, 22 9 (rounding) WOl x//y £ (x-x%y) //y Boh1 2 d5 Utk 18 3L,
divmod (x,y) [0] * y + x % y7bx g} o} 7P@5%%X1ﬂ7lw°—l'aﬁ,ﬁ+ol“4° 9 235 Ed 5 HD‘r

mln
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g,
This operation can be customized using the special __add__ () and __radd__ () methods.
(@) AAAE 2 AAEL) AE FUDL £A AAEL WA FEYo 2 AHF UG
This operation can be customized using the special __sub___ () method.

6.8 X|ZE A4t

NZE Qe e AitEch e $ A% E 2yt
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o) QFEL AFES AR WolE U Th 3 A AAE F WA AR Fo) 7 W= SuhE AZ ol
L EZ o 2 Y] t}(shift).

This operation can be customized using the special __1shift__ () and __rshift__ () methods.
L Eﬁoin‘:‘lE A ZE 3= A2 pow (2,n) &2 ZF YAt 402 APt 9Z o0& pHE
A|ZE 3= 22 pow(2,n) & Fot= 222 Fog Ut

6.9 o3 n|E A4t

A Ao vl E ke 77 ThE S A9 2 25T

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|

Cele ""ﬂ ol oA BE vl A4He B2 AT E 2o, b, AZHE N E AdSET
Utk E=sh Co=28,a < b < c & 22 FHA o] oo Ao} 22 Al o ' s A g Ut
comparison = or_expr (comp_operator or_expr)*
comp operator se= P I nsn | n__m ‘ ns—n I ne—m | np=mn
o | "iS" ["not"] I ["not"] "in"

Comparisons yield boolean values: True or False. Custom rich comparison methods may return non-boolean
values. In this case Python will call bool () on such value in boolean contexts.

s ARHA 928 + dedh I 5ol x < y <
Aol ey o e 4 AT FATH: AU ThEHA

‘|ﬂ I
—|o
-|r1
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T2 sy Th.

YAAOZ q,bc v,y 7t E
opN z = ZF ZHA Y Fh= M
y OopN zi}%‘é%‘ﬂr/‘r.

a opl b op2 c7ltac7te] o] &9 H] = AR 7 Wi Fell, A& E0],x <y > z 9]
P31 (ol o] mx] = 9he] o) 2 TR Ao 7215 oF U .

& Al o] a1, opl, op2, -+, opN 7} Bl AAMAFH, a opl b op2 ¢ ... y
ol it FLolrl= FS Al dtal=a opl b and b op2 c and

E)

o
-
o
-

ol

1_,
=

S ARl e WA AASo] 2L Y Bat fALUTh

A= ol (B otolHEl El o] Tal) gh= Zr=thal Watal L5t sho] s oA A )<
o} A & E0, 7“74]-4 Zkoll th 3k 8 A ¢l (canonical)
E’_?J: o]—/}ﬂ](o:ﬂ =0, 2 & ] 11’3 01E %EE;*&E}%ZJ\ Q_E‘_’F-/\él}a
o} B A4 AA 9] ol F A A of o
ol AR Aot A4 5

R
A
N
Il
i
Vv
i
AN
i

ot
o)
lo

RLEN

NS

2
o, r

o
10 ox

==/
% dL
ro
r O,

=
=

=
=

2

Mo e R
AN
9

2o 2
o tr

R

R oy

i <. g

[ E>~4
L -
Z o oot

| W 2o, 152 object & RE 7|2 ¥

22 FH 8} H] 37 Vﬂ HE( rich comparison methods) S -3 3l A
oA o] A ol A A H YTt

ok A, 2 O]'O]H]E]E]‘é Zt=

\—i%— ) FF HlAE e Y

=x == y% FAFUTH o =5

2 2
_TN; it
b2y
&
I
flo
ri
i)
»
|o
fru
N
O
o
l
0]
Q
a
o
>
|z
ofl
o

N

1o glo

El og

ne
i
oflt
il
rlo
|
=
.
:9
il
rl
1
r
Lk

AR ool el 7
3, 0HE ool WIE] € § 2

rE —ﬁxﬂ ]—HP/\PG (reflexive) (&, x is vy

Iy of

T,

o o —|—'
°

£l‘
N[y By

o ﬂ‘
ol )
0
1o
N,
rie
offt
0
rlo

ol
=
El
rr
M
1:1[0
N m]o

il

S Cro o Mok fa
ot 1o,
_'N_J
o I -
offt
N

NN
ol r
ok

rlr

Io
-
hiAs
A
e

e

)£ 4§ A kU Th A =5 TypeError & Yoy
o B B e A 5 A Ak A9

N
o
o K
N
- P
rh:E
oft T,
ﬁE
o O
Q..
Q
(@]
Q
=
o}
£
z
5
?
\/
A
un
V
II

£ 7 7_1'4
Shof] th 3t L} 2] Ao E MR FEo] Q7 FF= AP A hE £ Y5k 19
- 927 97, A Be W el 24 sk Ao
S

o Y& 522} 8 ((typesnumeric)) ¥} & 2lo] B 2]g] & fractions.Fraction ¥decimal.Decimal
o &5 AL, B o4 0 WS A DA Gk Al A G M 1, 2 e BT
] vl 7t 7Hs Uk S 52 3 ol A, AL &4 glo] et F oz (¢uyE
Hoz) guhed] va g

NaN(not-a-number) Zf= float ('NaN') ¥} decimal. Dec1mal ('Na .

ZFe} NaN 74e] vl = AR Yy}, vt a‘&ﬁ o7 X3 Qs AL, NaN o] ZA T} 27 gkrh
AUtk o9& E0],x = float ('NaN'),3 < x,x < 3% x ==

x= 31U o 42 [BEE 7548 F4- 8 ok

* None3} NotImplementedt JZEYYTh PEP 8§ AZFE tistnjuE= 4 55 A=A
(equality operator) 7} o}'d isl} is not &2 433 ot} ?ﬂ%‘;‘}‘% t}.
o Hlolg] Al F2E (bytes Ybytearray & A2EHAE)2 J S AV A4S v|2E ¢+ dS5UT

ﬂag%ﬁisATwﬂgu%ﬂﬂnﬁqzzmm%mmw>ME@uw

e TAEE (str 9 A2HAE) S FAEY FUIE FE 22 E (Unicode code points) (W7 4~
ord() o A E AHESIA AP A e & v Y] u}ﬁ

PHUTE BE E (code points) (9] & 501, U+0041) &} 3=} &R} (abstract characters) (91& 5 ©, “LATIN CAPITAL
LETTER A”) & 2 Ut FUZ= Y= HFE2Y A4 EA5] & Z] St ZE XJEWO R A A, 1R 3L
o|Ate] T E FQAE ANAAE X3HH 4 Y= —XT—M' E2}E 0] Wol 01/\\/]\:]’ o= ZAF B2} “LATIN CAPITAL LETTER
C WITH CEDILLA” & 3= ] X] U+00C7 o 9J+= 3t 7] o] &3} & 2} (precomposed character) U F & 9 %] U+0043 (LATIN CAPITAL
LETTER C) ol §l¥& 7] & ¥ A} (base character) &+ FWE = T = £ 2] U+0327 (COMBINING CEDILLA) ©f| 31+ 23 & X} (combining
character) 2] /\]'?jéi 28€E 4 95Ut
T ] vl Ak A= %‘45"—5 FE ZJE FEAA vl gyt o] A
u00C7" == "\u0043\u0327" = AAYYLH HA} F Exdo] & 34+
£ xdIAgE 28 FYTH
TALE FA A A v asH W (F, AHol A AFA A WP S ), unicodedata.normalize () & ARSI AL L.

rlo
R
|r
bl
.

o Aol W AR Y 5 gtk A Sof, M\
A} “LATIN CAPITAL LETTER C WITH CEDILLA”
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TAFE I ulol v g Al g aE AR BT 5 gls Y

e N]PAE (tuple, list, range 9 A~ o
58 AN GEUTH A2 HE T 19 55
H] & TypeError 5 €2 7Yt}

ANBae U3 84 7 A& AFSSIA AR H o2 vja gt W AE o= it o
2 5 Y 3h(identical) 2] A 7} AFAl 2 ﬂv}i (equal) 7} Ut} o] & B3l 5 L3 AAo st 554
(equality) AALS $3]5to] A5 NS U EHAS FA T TH

Y Z2a A5 ALA A vl 2 v} o] o] Foj Yt}

- F A Ao iy vl uH 7| A e, 22 Folar, do|7t 2o, "l S5he 2452 7 #o)
2o vas oo Utk (& 501, [1,2] == (1,2) € ARAH, Fol 27 il £ J Y]
.

- AR E NG E 2AAES A HAZ U2 845 22 A4S FUY (A& E99,
[1,2,x] <= [1,2,y] £x <= y & Z2 FHgdUh. dS= 847+ A% 0 g2
Ao At PG Yok (& 01, [1,2] < [1,2,3] 2FYYTh

¢ Mappings (instances of dict) compare equal if and only if they have equal (key, value) pairs. Equality
comparison of the keys and values enforces reflexivity.

4 v I (<, >, <=, >=) = TypeError & 42 7t}

e R3S (set o] frozenset & A2EHAE)L 22 FJETA AMZ OFE 3 E 719 v E 4 J5

Ut

O

ol A 23 3 (subset) I} 449 A & (superset) & 53t AR AMAES U o]
HA = A = A (total ordering) & B 2] &1A] AFUTH(ANE =, = A (1,2} EHZ 3teEg=ad
A&, 37 thE g 2R Fol A &, &t thE sk %%%‘Jﬂol Zl¢ kU Th. mhebA,
A A0 g Edts §4Y AR E AT syt (A& & ymax (), sorted () °l
A= HFe EléEE Agstd Ho= 2] 2 A3 ZHE})

Ao vnE I 24E WA S A T o

C R T WP ES W T WA EES FRA 7] w718 v w54 ASY
z =

rr

S HlALE HEALA (reflexive) o] o] of U Th. ThE TE R @61, ofo| B Bl 7} 22 AA| = Zrha
H] a5 of of gt
x is y¥Hx == y T}
= WA A (symmetric) o] o] of It T} T2 TE T, b5} 22 XA 22 298

al
Folof ghch:

x <= yoy >= x
* M]3 0] A (transitive) ©] o] oF FU Th thE (B A 81A] 3-2) ol S0 o] AL oS dUth:
x>y and y > z®¥x > zT}

x <y and y <= zW¥x < zT}

c oW el A RA o Hojok gt T 2R RAGY, 03 BAA S 2L RS Folof
Fuch:

x == y&not x !=y
x < y@not x >= y(A LAY EAH)

x > y&not x <= y(A A9 A

3 Al
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A= AL A A A Ao ALAYUTHO S o], Al A0l = AL E A uh, A et} v o
3F A 95 UThH. total_ordering () HIZH ] 15 HAA S
e

AlstA] FE Ut AFE NaN g5 ©] 7F A& W24 o= oA duth

6.10.2 S AL A4t

A4A}F in 3 not in < WA S AARUTH x
False & Ut} x not in s2x in s 9 —‘?~7§§
F AT P Eo] o] AL APst=tl, g9 H -+
list, tuple, set, frozenset, dict, collections.deque 2} 2=
e or x == e for e in y) &5 Yrh

E—X]—oé-ﬂ]-ﬂ} ]Eoﬂ 6‘34 O_l__ % in y ‘_)C7]'y4 —{,_—‘E—X]— substring) J_ %»lﬂﬂ‘?‘ L 7‘_;‘%
True YUtk 558 AAEy. find(x) != -1 JUth Wl 2L P44 b2 ALY BE 2
22 HAFH7 U’H‘E‘ﬂ], "" in "abc" 2 True & ¥ HFYTH

contains () MANES ZYst= AR A S 29 H9,x in yEy._ _contains__ (x) 7}
Ew True &, 2134 oW False € EHF Y-

_contains__() B AISA AW _iter__() B AT S A9 229 %,y B ol
HolETd w] ¥4 x is z or x == z & Fo|HA = oH Fhz 7l 5 AW x in y = True
%*4ﬂmd%%%ﬂﬂﬂmﬂﬂﬂlnﬂlﬂﬂemﬁﬂﬁﬂiﬂﬁgwq

THAEe R, S EABD (Oldsyle) ol HH o] 2RSS AR LT __getitem () &
Beetd, x in y £ x is y[i] or x == y[i ]%“&ﬁﬂ%gol obd A e & i 7F E A5k,
Snv e mE 45 U ASe sl Indexkrror o9 S A 0717 S A9, 1)1 24 1 Aew
True 7 HUth (2 5Fe] o7 2t ino] T o2& 4o Aoz HFHUh

A2 not in& ind =gH EAH o R FoFH Ut

sEx7ts o A uf True &, 184 42 uj
S I e
in o] YA elo] Fo17l 7|7} 9l

Holvuyd &9 A%, A x in y Eany(x is

™ rulo

nN'

6.10.3 olo]wlE €] u]
Q4R 159} is not & AA S ol MEEHE AARUTHx is yixy7}ololdEE 2L AR
o, 2e)3 2.4 1 49w FAuTh AR ol MEEEid() #4E AEAH AFHYUTh 2 is not

y &= A B gL s

6.11 3=2] <1 %F(Boolean operations)

or_test = and_test | or_test "or" and_test

and_test = not_test | and_test "and" not_test

not_test = comparison | "not" not_test
=g el BdloA, 287 B3 Ao Alo] 2R (control flow statements) o] A A2 o, Th5 FHE2
AR o7 4 FHUrh: False, None, BE B 20, ¥l EAE T HH oY (TZ}%, g 82E, 9
A2, e, £ A T rozense) 52 ERPLLh. k9] BE ghe o s 4g ULk A8 A
ARNEL _ _bool_ () HIANEE Al FMA 249 =8| Zk(truth value) S A A Ejulo] 2 & 4= &t

AR} not & 1 AR AR o] True &, 18 X koW False & FU T

284 x and y = WA x 9 e FEUhx 7 AR I g2 S UTh 2¥8A ey o 2
5ol 2 AIE EHF U
]_E

F

4 2}% 7}u] A]-4= A (automatic garbage-collection) 2} A} &2 (free lists) 7 T] 2 = & €] (descriptor) & 52 2l 42 wfj&ol, is A4
FOanaddsEolt dons Mate 0o 53T A0 A4S W, A02 WH o145 AU S
SUTH O A S AR 159 BAE SN
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¥4 x or yEHA Y FE FEUTHx 7ol I e ESS UL 23X Fody o ge

Sol 2 235 s2FUth

andﬁ} or ol 2% W&t grojy 1 %%False o} True 2 A|HSHA] ¢Far, thAl wpA|upof] gho] -3
A2HE E ol FAMoFFUTh o AL w2 ER7F AFUHh A€ 5 s7}—r7<}°ﬂ°]"’ Hlo] gl

4
oL

=

R
g

il
7]£%k°iﬂ11ﬂﬂ0101ﬂh:‘ruL@*—l s or 'foo' £ W3t FHE AFTHULE not & A FHE W=
ofstm 2, 11 2 %}9] tﬂJJrJJrﬁ]o‘O]—“5-3]7L(boolea1nvalue)E Eﬂ,ﬂql‘/]-(aﬂa Eo],not 'foo'&E"''7
oluztFalse & THEUTH)

-

I:I

6.12 ti ¢ =2

assignment_expression = [identifier ":="] expression

An assignment expression (sometimes also called a “named expression” or “walrus”) assigns an expression to an
identifier, while also returning the value of the expression.

AEA QA ARG AH F stube A sk A Al A e Yt

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

EE AR I 2EFS A

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

Assignment expressions must be surrounded by parentheses when used as sub-expressions in slicing, conditional,
lambda, keyword-argument, and comprehension-if expressions and in assert and with statements. In all other
places where they can be used, parentheses are not required, including in i f and while statements.

W7 3.8 F7: HY) EAA o thak o A48 1) -2 PEP 5728 234 L.

6.13 X7 %3 2] (Conditional expressions)

conditional_expression = or_test ["1if" or_test "else" expression]
expression = conditional_expression | lambda_expr
Z2A 52942 (W 2“4 & A 4FA} (ternary operator)” 2t B H U TH & Fho] JAate| A 7R3 e -4
<& ZAsUh
FdA x if C else y=HAxAl 24 CY F2 UL C7F Fold, x 9] o] F3 AL 1
e EdEUth 284 oW,y 3te F3 Fo| 2 ARE SHFUTH
Z7A Ao o3l t] AFA 3 YRS PEP 308 & 22314 2.

6.14 g t}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
Pt EAA L () 2 Fo} 4] (lambda forms) o] 21 B U Th o] flt F4E wEE ol AHSH U
¥4 lambda parameters: expression = & AAE FUYTE o] o] g AA= o2 A A9
A 345 AR A Y Tk

3 Al

m
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def <lambda> (parameters) :
return expression

A B0 FHE T Ao AAZ BA L. Frh R84 0 ' w5 ol X T+ 7% (statements) ©] L}
o] &= H] o] A (annotations) & Z 33 4= gl-&-ofl =3l oF Ttk

6.15 332 B= (Expression lists)

expression_list = expression ("," expression)* [","]

starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item u= assignment_expression | "*" or_expr

JrER AR ULl IRAWE AL F T, A2 St HES TP FAY B FES
FUth 529 ol B2 g B4 AUtk EAEL AR 2 2Z 02 gho] 737

Jeh.

ol 2~ €] 8] 2 (asterisk) * = o] €] 2] & A 3 A (iterable unpacking) IJ-E]-%}HD]- 3] & A zF= vlE A] o] E
25 olojok AUt 1 o]H e Eo] FHEY A ALE FAE oA, A | AH
Aol =g Yt

B A 3.50] 37h: BEA B2 0] 49 o] 62 & 77, PEP 448 o] 4] 2 2 = A 9h¥] Sl o,

2o 2+ 9xE G FZ (single tuple) (29, 4 2E (singleton)) & W5 Wl B Uth ohE RE A
o= AT+ deUth Bol B AE} s B BAH S FES wEA by, 1 BAAY kS
FUCL (N FES 05, W 25 AL AEFAL: ())

sho] A& g%e) ) @ EX 02 BWA ) ghe THUCL YY) e T Bk, S go] Aunch
WA ol ol 755 A2
2SO, BAAL 259 B £ A5 SATE gol T

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4d = exprl, expr2

6.17 AR S

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).

H, WA R AL okl B E AAME S B 2SS 4498 2 v Ado A AYE AA Y 9%
N 22%0 2 o]0} o] 7 chaining) 3 7S LT,
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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], | AB 2T YA, EelolA, TF, JJEZHE X

X (arguments...),x.attribute

await x ool E 4

* % 7{5}"15

+X, =X, ~X %, 2, 1| 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, 1is,1is not, <, <=,>,>=, =

A5, WO AT ot A e e AAE

o}

B

not x =2 NOT
and =32 AND
or =7 OR
if—else ZAzdA
lambda 2o 234
= oo 24
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
ERA B Y BAAY 5 ) BFA B2 g THYT

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

87
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" Y& WA s UTh),

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 n= identifier

| "(" [target_list] ")"
"[" [target_list] "]"

|
| attributeref
| subscription
| slicing
| "*" target
(attributeref, subscription, slicing 2] &% A 2o+& Zzlo|njg] A S HAA L)
HYRE LU RS (0] A0 hpol TR S, AL2 FolR S5 S5 P, FA A5
FEo] wEojdts s 718t Al L) & #t= FotaL, dFoA LEE SR, 5] 23 AAE B
22 9] zh7bo] B A gL Th.
WY B (B2)9 Fejol ek AAH oz B F UL BHZle] 7hd AR AR (= HE B2
G A BTG Aol Sekel ) W, bd AR HEH O R o) 4SS s)ofuk 3, T 0] uHER
obdAE AR, tdo] Wolso] A = gled Ao s o stk bdgFd F o] FAS=
FAST Y AT 1 AA G BN FolAnh(EEF A5 AL BAA L),
ANE BN B%, BEUABEE SR ¢ Qe AT 5 AH U o HYshe AL the 3} 2ol
A7 Aoz Aol
- B BEo] (HEHoR B Fojgl) Autat 4E7t g St Bl | AR e glo
HdEY
e Else

- B BE o] o] ~E 8] 2 (asterisk) S ol £l B}, “A~E}E (starred)” EF Al o] 2 B H U},
s Z3std: AR e Ho)E B B0 Yo & B9 ¢HE}6MX‘° Mo} s
A F-3h o] el e Bolofof itk o|ejej el g FREL, U ﬁﬂHOEﬁoz»¢w
512 2ol o 5 %lwﬂgwﬂowﬁ%ﬂﬂﬂﬂ%%%% = 8 Sol e
224 201]"41&%145} olE &2 Yy A &5 2EE 5}7101]\'41%]5‘145}
(ol El2E= o 3lS 5 AFUh.

_laﬂmmm_aﬂ%ﬂ
Bolojobsti, FEEL, dFoNM LE8F5 08, Y53}

el BFl et A9 o 9L the T} 2ol A7 Ao FeoH
. 0] AR (0] 2) B

érrﬂm

Pﬂ
m]n
—p
ox
)
L)
[>
[t
_|\L

2 AF 3 o8 Y

- dolEo]¥dA T EE0 Q= global Ynonlocal Tl SF5HR] G o: 1 0|52 A
219 o] 5 FIHAlA AA o AZF Utk
- a2gA o 2 o5 A7 A o] F FXFelv nonlocal o Y3 2HEHE 7 ol 5
FZHo| A ARl AZFE Y
o)) o] A8} glowl AAAF UL I AL Az A A5 9 AR A A5
ol HEE wHEo A, AA 7} F-fsld W E 2] 7} vhdE 37 313 X} (destructor) (23 JITH) 7 S EFH
=205 5 Ay
« BHAlo] B RHE Fxw: Fxo] metolme] A4 g YL o] ALt T o
EYHEE 71X AAE Folof &t=dl, 2184 2 2W TypeError 7} gojguth 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

(RCH L )

l>~

Lo

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,

(> [k
1e ro =
lo J“

AR AR ARG A5 AR AR __setitem () FIAETL

» E}7o] Lot ol W: Fxe] mefolme AN ghe Y (2
7 ystor STk a1 = AA S 28 g9l AW Aok T T8 Hhe, SR sk
Feb Q49 ke PRI Th 71 B3k 03 A A0 Dojrt. Ak A47) ¥ of .
ot A1 §47h e, 20 2ol HRUTE 297 Ao AAGES
Jo1} 1 Abo] o] S0} b ghol =% AU shA oz A2 ARof] Seho] ~E thYE =
Aoz WASES 8 AT B A DA} S ke, Lefol 29 Dol o)

o9} ke 5 A& YT

CPython 78 AHAl: @A) 7#ol A, BAle] 2L AN 2A §A9 1, 329 £HL 15 44
WA A AR 7 Wl o & WIAA 7 D A A = ArE i Yrch

I

ALt el %«lﬂﬁ I ko] F A o] 5 A4 (simultaneous)’ ¥& (& S°],a, b = b, aE€F
AEE 23U TH dAEIE, s = HaEY 24 MY FHL AFoA L2F 02 dojut
A s E5E 45 e A%E FEUTh ol 8 ol the B gL =YL (0, 2) T AT
X [0, 11

i=20

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

print (x)

] B7]:

PEP 3132 - &7 o5 ] & A |7 *target 7|5 &k 4

72, YYFE 89



https://www.python.org/dev/peps/pep-3132

The Python Language Reference, = X] #] A 3.10.13

7.21 ZE v ¢ F (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 = ny—mn ‘ w__m | Wx_—n | n@:" ‘ ll/:" | n//:" | no—mn ‘ Wk kM
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

] .
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]

ol thA] ZUt}
Ste] BN 527015 B0 2 Ul Yok AL o9 2 ok, S8 o) 2ol o 3 o) - ko<l
ey HUt) npR7A 2, A A 5 2] b5 AL o 9 = B, S5 ol ol o] 5w =

annotated_assignment_stmt = augtarget ":" expression
["=" (starred_expression | yield expression)]

The difference from normal tj] ] is that only a single target is allowed.

Uel B B o 28 2k A, Zelar BE ATxo] Jow, o e 4e gto] T
=g 2ela} REY o] EHE _ annotations_ o AW, o] o 22 HEL (woFul 2w
A4 WS o B2 olH oMo o tleAl7E G AT o] jEelHEE 277}
sete 2, 2oy BEe] AW AR ) o icH o] Ho] A ow WA W o FY T

W) HACE RRAL £, o ieHlo] A ZeAY BE ATz gl AN Y gho] TaAAA W AR
=42 ekt

S aFzoA o H O EFW, o] o]2 L 7 ATz XA (local) YU T T AT Lol A

Bl o] 2 ghol ol A A vk A A= A efs Tk

Fulch B4 A A $He] 2ASHA @O, e mele B Ae] e Foheul, v
__setitem_ () o]y} __setattr_ () TS =g}
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A& typing ZES F7F5t= A<k

H A 3.89]| A ¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assign-
ments. Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert ¥

assert -2 Z 2 713 of] t] ¥ 7] o] A} A (debugging assertion) = 4} §] sh= A 2] g W QY o}

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)

SA 52 __debug__ FAssertionError 7} 2 o] 59 WA HELEL 7| 7ivk e b Sy o)
TFAANA, W Wb __debug_ 2 WA ARHol| A True o], H A37F 2 FH = ol (BB
_ =

o) False §Juith. AAle] T= A7) A5 Aol H A3 8
LR LR REEFELE L REFPINEISE L
Edol2o A% FEH Tk

__debug__ ol gt 42 S = A stk o U W) g2 AB =z B Al ) 24 H Ytk

A

rlo r2 o ok 0,
il 2 2L ol

[>
19 =

7.4 pass &+

pass_stmt = "pass"
pass it d(nul) AU Th— Q8D 1), o}7 @ % oA b Th AR Be] D sl
AT G AL g2, el AL SR 2RI AET) ol & Eof
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
ARl = il o] Aol WA I of v EkA A A o' B Utk JA AR AHES UE sk A,
o] 7] 2 744 JlEZF 5y th
B B20) AAL 4 HAL A% 22X 0w A7 Ao w AR T
o] 59 MAl= 2 ZE EF9 = global &oll I o] Fo] T whet A G ol A o] F
FZHoA o] 58 AZS AAZUTE o] Fo] Ao JYA o™, NameError o & 7} dof gt

EelRE %2, Auaagy, Sehol 4o AL BaE zelolme] Ax e AE Uk Seol4el
AAle bR o g 9 PO Wl SetolaE St AR FEAUTH (AR o] AxAF St H =

A=
i

~
(3]
o}
0

—
1

©
rg
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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 ¥ 93
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>>> try:
print (1 / 0)
. except:
raise RuntimeError ("Something bad happened")

Traceback

from None

(most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened
o o) of th gt o] @2 A HE o o] MMM TAT 4= AL, oA &) E A st Aol e R =y & M|
sl ek
WA 3304 WA o]A raise X from Y oAl Y & None ©] & &g Ut}
WA 330 7} o 2] 9 (exception context) 2] A5 £ H S A3t 4~ J= _ suppress_context_
SEEEES
7.9 break ¥+
break_stmt = "break"
break £ BWAOE ror thuhile 2xol AT ol A vk Lhebd = gl Utk AR 1 2.2 oke] B
U Sl a Zoo FHH A= st
74 kel A SR Y R EZE E2 830, 1 F X else B2 280 QIohA 745 U th(skip).
for #Z7} break 2 FRH W, F2 Ao g2l A FS FAF U
break 7t finally B 7} try oA A7 ol UE & wte = 39, FLEREH JIAE Yl o1}
Ao 1 finally o] A3 Yt}
7.10 continue &+
continue_stmt = "continue"
continue ¥ TWAH LR for WY while Fxo FHE AT YERE 5= 5 UTH SHARE 2 F 32 ¢HY
st = Ea 7@401] FHH A= EsUTE 7P 7H7bol A SR AL e F 2T TS Aol 2 E dol vt

=% sy

continue 7} finally g 78 try ®olA Ao 7 Ml UEF vtE= A9, th2 FE Alo] 22 A&
317 Ao 1 finally & 9] P J3y g Ut
711 YEE (import) &
import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])’
| "from" relative _module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifie:
("," identifier ["as" identifier])* [","] ")"
| "from" relative_module "import" "*"
module = (identifier ".")* identifier
relative_module = "."* module | "."+
(from Aol §l) 718 QJEE & ¥ oAz AdgYch

94
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2
ol (HRE FEE) o8 e AS 2k, vpx] ZF do] ME 9 JEE Fof o6 &
_‘T-_

T Auir M e 2 o,

The details of the first step, finding and loading modules, are described in greater detail in the section on the import
system, which also describes the various types of packages and modules that can be imported, as well as all the hooks
that can be used to customize the import system. Note that failures in this step may indicate either that the module
could not be located, or that an error occurred while initializing the module, which includes execution of the module’
s code.

238 RE HFHOR Yol TAAW, A /A F F YW OE A9 o F Fel 2P Utk
» 2F o] E Fol as 7} 9W,as o] 2+ o]0l JEEY wE| 47 AF Pk
PO ARAN U0 JEEDAL 0ol A9 2 EY, 2 E o) 5ol JLES 2 E
et FE2 A o] & Fl AP U
Qs g Eol 240 mEe] ok 6, 1 D EYSHE A4S 7149 8ol 49
37 Aol et 22 Ao o] & Tl AAB UL JEER BELS A A0l 7 HrbE $R3)
#7319 ©] % (full qualified name) & 530 %4 2= 5] of of gt

Fron@e of7h ol HAHE AAE AT

I JEEE RE 1o gY o ERHEE AHEA AAT T
2. oW, 1012 AL RES JEEFE AS AEF TS JZED BEOIA T ojERRE
2 ohAl AR
3. oJERRHEZITAE A ko™ ImportError & 4o Uth
4. 27 ko™, I gholl tf 3k I 27t A o o] F F Xl AT =1, as Fo] A A7 A
ARE o] F& AHEtaL, 218 A 9o o] ERRE o5& AHEFUTH
AH-g- o :
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 BHS 2 () 2 uW, RE FE BE B oS50 inport Fol 54V A3z

o >
N
R
e

1< o] & &7t AAg Uth

EEo| A=A Z7 o) E (public names) < _l_g./] olZ Z7rol A __all_ olgh= o] 2o W2 AXfal Al
ARAE U Ao Jvhd, 2R 9 A ofof s, I BE ]7‘4-/]3]'7%‘/]’%5"— St ol 5= 9 Y
th__all_ oA AR O)EESEFF H HAFHLREA] A FFUTE __all_ o] AojH A
gow, 59 o]F FxtollA ‘:”'743% ol T BE A () E AASA %= —‘?—E o5l FMN=E
AwdUrh _all_ =3I/ APIA ']—‘%:E“;‘Z,%HO}:‘GH/]D]— o] 7ol B& L ol x| ¢kA| API °1‘:'7]—0]-14
FEES =20t A BASE AUt (718 2 RE0] YEESHIL ARS S ghel B e BE

Yz EQ] A=t FE —from module import * — & BEE FFoA W g U %Eﬁi‘/]’
o Ao ol A A el = Al =& SyntaxError & 42 Yt

AZEL BRE5S ALl 252 dof o] & (absolute name) = A| < 28 = glg Utk 5ol 3717}
z ¥

thE 5717 grol £ W, 22 A9 A A AL T 714 o] B AFT B glo] AT JEE
(relative import) & & % 914U Tk, £romFo) A4 & 547] AL} BE 9o ol Ho =, B o] 2L
AR A s BA AN A ASE Auht AL el Sehrtop sk A A F 5 dFUh ke AL of

711. Y E (import) ¥ 95
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A% ERUTH T A e 3 A7 4
AUtk 2 A pkg 7] Aol Y= EENA from

Ut} pkg.subpkgl °P°ﬂ/ﬂ from ..subpkg?2
2250 B itk Ao QE ol ek 742 7] 4

= 7ed ke

rlr HN

_411_,
[“H EﬂL

ErId REES AT ARG = SR 2 IRES A WU3}7] Y3 importlib. import_module ()

o] &g tt.

912} module, filename, sys.path, sys.meta_path, sys.path_hooksZ ZIA} oW E import&

ERREASIE

7111 =3 &2

F A F (future statement)-= A3t L2l 7t SZ T R52 ST T NE S A8 A ALt =
THE = 2] Al of (directive) A Hl], L 7] 52 v| o] S| &= po| oA F0] H+= AUt
FA Y HHL Aol 2= A Ao E4E v WAL TolHo g FAV= AS GA B+
AT 1/ 50] 0] K& T ol o] BE B2 A 753 AT+ AES BEL
future_stmt = "from" "__ future__ " "import" feature ["as" identifier]
("," feature ["as" identifier])™*
| "from" "__ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™M)"
feature = identifier

A4 2 2E AL Aol velo duth 4 & &l U= = A= €52

e BF =2 E F (docstring) (1 THH),
. 24
L = A= )

F2] EE AHgaf okt G493 7] 52 annotations YU THPEP 5638 FR A A L2).
[e]

=

A FH T2 T3l F4FHY 7 52 A3 ol 3 g dAFH UL o] F
Z o &= absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes ¥ with_statement 7} ZH Ut} o|AEL2 doJE2y &
423, 4 AA TS A FAHIL A7 WEAUTh

A T2 AR E = Aot Al A4 H I F AUtk A FAEEY o v thEt
S IF=AEE M FEFEUTE A 750l T8H A b= (AEL o oA H) 2R =
1524 p5 R, o] A9 WAL RES B2 HAT 4 YrUch 18 AL A A4
2093 % gy,

RUE

i, Astde e o) | 7% o) B5 0] Aol YeA LI, wok FA Bo] A Eoe AL
Egetn Jow A AA oleE dodurt

AHHA AP NH AL ohe JEE RE} EUTh BE EE_ future, ol AR U
o913, FA Eol A& Aol YubA Pyo JEEFH L)

Fol2e AW AR AYEL F4 Bl o5 B4 = FARA 7)5E0 D AH T

ol @l Aol ol A% S8 & 2 o] glgol o3 of gt

import __ future__ [as name]

o)A FA Fol bt o} e S Aot E A A ko] Gl WU B YEE T B
o = =

hl k=4 -
E3eteE RE M SAstE WE T exec() 9}compile 0 €T
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AAZ Aold = AFUT— AAT W2 2 359 BAE BAA L.
"413"}53 AejzelE ZFZEA JHd 2l

N Z B 7L -1, AP ATHE o] Fo] AP UL, FALZ A&, 1
ﬁt}s]—?j,ii%Eﬂ- AdE o] Fo A AE = 3P A= 23S FAGY T

] ¥
PEP 236 - W) 2 ©] _ future__ _ future__ W AU =] t 3t ) 2 2] A<

7.12 global +

global_stmt = "global" identifier ("," identifier)™*

global ¥2 @A) = 25 Aol 485 = AAYUTE YA AEAF] 40 545 ofof g
= Q). global Ml 0] A WFo] A& 7hel 2 5 9171k SHA T glopal glol A9 Wol
&E AT A B

global Fo] A o] BEL 2L TE B2 0|4 global ¥ ol 54T 4 slavth

Names listed in a global statement must not be defined as formal parameters, or as targets in with statements
or except clauses, or in a for target list, c1lass definition, function definition, import statement, or variable
annotation.

CPython & ZFA|: dA) L& o] o] A5 YRS ZAIEHA] BA W Z2IHL o] {5 F&3HA]

ook sh=d], vjef o] FHL 2RSS FASIAY Z2 a9 oujE oL glo] AT 7 W&

Ytk

Zz e e 3] A global & A o = A Al A (directive) YU Th global £3} 22 Al o

AR Feotl ARHUh 53, Y exec () B4 FRHE FALolL} 2= Axo] E£3hE
T oL TE S0 L A 23, 18 BALo] 2FE = A

o & global Eoll &= LA EFUTh eval () Fcompile () FFEE

l

7.13 nonlocal ¥

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

nonlocal #:& AE AUAEe) A2 A3 713 77kl A EelAe ARzo|A ofv] AAd W
£ 71E 71 =% WL 0| 42 Fa sk, Ade) 7|2 F2to] A9 o] F1S WA PAFHE Z o]

fﬂ1—‘jr‘i11413‘r ol e e ZEAY (BRE) 2Tz Yo AG 27z vk eS| AAZAT 5

%% ik

nonlocal ol ygdH o] 5§52, global o UEd AL
ozt 3 A ~F = o W5

AAESL shel Aokel gtk () Aol of | 23z

oh.

nonlocal o YT = o]|E 5L X9 ATz o]n] 2R 5t= AABET FH X A ook gyt
© B7]:

PEP 3104 - u}Z A3 2 0] Q1= o] 55 gt YA A nonlocal w9 14
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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

| match_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite = stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
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statement = stmt_1list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]
&S0l ¥ NEWLINE © 2 £ U3l DEDENT 7} 21 F & W& & Aol =5 o gyt =3, =
e a é%ﬂ@%%%%lﬂﬂé*ﬁLﬂﬂtiﬂﬁﬂﬂﬂfﬂ R o] grke A% F2
SHAl & (Ftol Mol = FHE if Fol EA27 HE AS 87T EN ‘w2 (dangling) e1se’ A&
| A3 oh.
BHYL A5 ool £ AEIA et B FHES 4 2L 95 o ¥ 22 2o
81 if *
iFRe 2AR AR ASFUTH
if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

MR REAEY = ohud AethE e A g g

=] A Ak (Boolean operations) A A2 B A 2); 18 t}

W REE AP A gho] Fa A A sy Th. %ELQ%ﬂﬂﬁq
A

o]
else Ao A9 E7} (T AW H Y.

while T2 EAA 0] el T AP Wkt v AHEH U

while_stmt = "while" assignment_expression ":" suite
["else" ":" suite]
o5& “iméﬂoiﬁ4ﬂ¢ ol 3 mwAa BT BB A A
\=] Ei v
x

A AU brcas B8 etoe A& AT 2 FHE SR 2 WA 2912
continue L AQE U] EEBS Ay T A9 AAE Eolzhyth

For B (£AY, FE, PAE 2L) AAA U THE ol HelE AR 2452 o] gel skt AL

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

EPA 552 AR gro] Fei AUy o8 # & AA 7F 2ok U th expression_list o A3E
olH @ ol H 7} et ol AUttt 19 th= o] H ¥ °l Bl 7} Al g sk @5t ol E o7t EH e <A
W2, 29 =7k 3 W AP Uk Eooie 2 Bl il £F 72 (U E S HAL) 08 B2
2o U the, 29 EZ AP Utk FB50] £35 9L wf (o] # 0|8 7} stopIteration
S dod wjrt Wl AJF 2 F9= SA AU, the else O A EZH(ATHE) A ¥
2rgFagdUc
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A HA 2 ENM AP = break B2 else @S APFA G FZE ZFTEFYLE 3 A 29 E
AN APE £ continue B A2HEL YA BES AV I oS FEHOZ Jo 7l 7L, Tt 59|
9o else FE ZHth
for-F 2= B3 BE5 A
AU FES EFE

2
=
~ 12
i)
A
Ay
c
-[m
[
Lo
[
Ho
|m
é
>
o
4
i
>
il
k
R

A, 1 Aol

for i in range(10):

print (1)

i=25 # this will not affect the for-loop
# because i will be overwritten with the next
# index in the range

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have
been assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of
integers. For instance, iterating range (3) successively yields 0, 1, and then 2.

84 try &

fry B A 250 thd o9 M el B (cleanup) LE E 1 E BES X Qe o ALY

try_stmt = tryl_stmt | try2_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ 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 A % o] = AT o2} v A5 A Fow, 9] A2l AL SN FE} 5E Ao A AL
Uk

thoF except 22 S0 Sl XA ke 7w o9 7F TASE, Def] Ae)s] AAE Aa¥ T
=R FES T 2" A Aol tiel] AAZEAIRE U (cry & AA7F 2l E 2o AL
A=Hyh.

7 2] = = except A o] WAH W, o 2] = L except 7<4"ﬂ % s 719 E (7F b)) F ol A4 2 g2l o <)
ﬂj’_ except 2 9] i—?z]Eﬂé:lS“%b]D]—. £ except 22 A 7}%{5_ B2S 7Aookt BEE9 Zo
=25, uy & A9 Hol4 2aaa dadol A% SRR PSR R
Z1317]7P AL, ol 9] 7} b 21 2] 719 ry Hofl A A A, H}@ A 71 A9 E A2 kA A Atk

ol gdth)
97} as target & AMEEHA tHYE uf, except & Zoll Al AHAIH UTh o] AL 13|

except E as N:
foo

7ol @A WakE = A 25U

I ThE o9 8 dot rinally Aol 9A FL B At 5F Adow AFUTh 1A el el 2L gholueA
wHEU o
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except E as N:
try:
foo
finally:
del N

o] 21 except A Fof] FFx 5}

T ol Ut} o9 2 A At o] &k,
FABNA T 7He A A7} Do 1))

g
2
o
i
Sl
rlu
s
ol
=2
=
o
%
o
filo ok

Before an except clause’s suite is executed, details about the exception are stored in the sys module and can be
accessed via sys.exc_info (). sys.exc_info () returns a 3-tuple consisting of the exception class, the
exception instance and a traceback object (see section 3£ <3 7| 5) identifying the point in the program where the
exception occurred. The details about the exception accessed via sys.exc_info () are restored to their previous
values when leaving an exception handler:

>>> print (sys.exc_info())
(None, None, None)
>>> try:
raise TypeError
except:
print (sys.exc_info())
try:
raise ValueError
except:
print (sys.exc_info())
print (sys.exc_info())

(<class 'TypeError'>, TypeError(), <traceback object at 0x10efad080>)
(<class 'ValueError'>, ValueError (), <traceback object at 0x10efad040>)
(<class 'TypeError'>, TypeError(), <traceback object at 0x10efad080>)
>>> print (sys.exc_info())

(None, None, None)

Ak 7153 else 2L Alo] 380 try 2AYEES WA U7, o &) 7 AR AL, return,
continue B break wo| A=A o AFFUrh else AoA FAsHE &&= el Y}
T except oA A A stk

finally 7F 1.2 H, ‘A & (cleanup)’ A 8] 7] & A AT YT}, except & else BS XA, HA try
Aol AgFrth o] A5 ool A &7 Doy, &= YAl AFFHYth finally do] A8
Huoh wheF AGH A2 7F L2, finally 2o EolA ThA] A ZITh finally Ho] ThE o9&
Aoy, A AH o 2= A o 2] o] AYAE (context) & A AH YT} finally o] return, break T+
continue & AP, A4H o o= Wy Uth

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally A& Aot 5o AR = 2 T Al35 A 5T

try-finally 9 try 2 EA return, break, continue Eo] A&dA uf|, finally 2% ‘ Y7}
£ 2ol A9

D40 W G vhAT) AW rorurn EOow AAFUTH finally Aol B4 W5 A mEel,
finally oA A3H = return o] I vpA| 2ol A== Z o] Ut}

102 Chapter 8. &-¢}%(Compound statements)




The Python Language Reference, = x| #] A 3.10.13

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o 9lof] A3t F ko] BH = of 2] AMA FHE L, A E o717 A8 raise F& AHE St 2ol
et BE = raise = A NA FHE 5 JFYTH

WA 38014 WA slo] M 3.8 o] Aol continue Bo] F& BAZ A3 finally BoA FEA
kst

SE F A (with & A AE A2| A A g BAR) 7 AR A EER

aARe g AR YT o) AL E9 tryexcept e finally A RS He A A 5 A5
T = 3}
= B9

with_stmt = "with" ( " (" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item = expression ["as" target]

Bhike] “tem” & AMg B wich o 8L The) ol AAH Utk

1. The context expression (the expression given in the with_1item) is evaluated to obtain a context manager.

2 gl A8 Sla) AElAE Bt _enter_ () 7F REFUTE
3. UFol AHg3H7] f8l AEAE AR _exit_ () ZFREFHYTH
4. AYAE HIAY _enter__ () IHNEE TEFUT
5. with o )7l o] £SO, TR _ _enter_ () & 93 ZHE A d o}
ZF31: The with statement guarantees that if the __enter__ () method returns without an error, then

__exit__ () will always be called. Thus, if an error occurs during the assignment to the target list, it will
be treated the same as an error occurring within the suite would be. See step 7 below.

6. ~91E7} AP L)

7. AE2E FE ALY __exit_ () HINZEE TS d 7t 29 EE FRHES THEUTY,
A9 g, 3h Edo]lao] _ exit_ () 9 A2 AEdH Utk 23] ko™ Al 712 None ©]
AAE FHH YT

A9 ETL A9 W Eofl FEFH I,
ot} ¥kE gho] Fold, o & A2, with & Fo L= EFoz AYPS A&

2 ETLAQ o9 o] f 2 FEHW,  exit_ () YNl gL EAFHL, AT FR FH
gr 9 2o A A S ALt

with EXPRESSION as TARGET:
SUITE

ongoz the 55 gtk
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manager = (EXPRESSION)

enter = type (manager) .__enter_
exit = type (manager) .__exit_
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not exit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
exit (manager, None, None, None)

b MU e BHS FH, AAE B AL wich Bo] W8 AN T AW Pk

with A() as a, B() as b:
SUITE

oo vt s dUh

with A() as a:
with B() as b:
SUITE

You can also write multi-item context managers in multiple lines if the items are surrounded by parentheses. For
example:

with (
A() as a,
B() as b,
)t
SUITE

A 3104 A s AE2E 2849 A

¥ A 3.100] A ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
o ®B7):

PEP 343 - “with” & I}o|® with &2 74, w7, 9.

8.6 The match statement

WA 3109 57}

The match statement is used for pattern matching. Syntax:

match_stmt = 'match' subject_expr ":" NEWLINE INDENT case_block+ DEDENT
subject_expr = star_named_expression "," star_named_expressions?
| named_expression

case_block 'case' patterns [guard] ":" block

ZF31: This section uses single quotes to denote soff keywords.
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Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern
(which may contain subpatterns) is matched against the subject value. The outcomes are:

* A match success or failure (also termed a pattern success or failure).

¢ Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o B

* PEP 634 — Structural Pattern Matching: Specification

¢ PEP 636 — Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject
expression contains a comma, a tuple is constructed using the standard rules.

2. Each pattern in a case_block is attempted to match with the subject value. The specific rules for success
or failure are described below. The match attempt can also bind some or all of the standalone names within
the pattern. The precise pattern binding rules vary per pattern type and are specified below. Name bindings
made during a successful pattern match outlive the executed block and can be used after the match
statement.

Z}31: During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being
made for a failed match. Conversely, do not rely on variables remaining unchanged after a failed
match. The exact behavior is dependent on implementation and may vary. This is an intentional
decision made to allow different implementations to add optimizations.

3. If the pattern succeeds, the corresponding guard (if present) is evaluated. In this case all name bindings are
guaranteed to have happened.

* If the guard evaluates as true or is missing, the block inside case_block is executed.
* Otherwise, the next case_block is attempted as described above.

« If there are no further case blocks, the match statement is completed.

Z+31: Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2")
case (100, y): # Matches and binds y to 200
print (f'Case 3, y: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!"')

Case 3, y: 200

In this case, 1f flagis a guard. Read more about that in the next section.
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8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form:
1 £ followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the
next case block is checked.

2. If the pattern succeeded, evaluate the guard.
¢ If the guard condition evaluates as true, the case block is selected.
* If the guard condition evaluates as false, the case block is not selected.
« If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the
last case block, one at a time, skipping case blocks whose pattern(s) don’t all succeed. (I.e., guard evaluation must
happen in order.) Guard evaluation must stop once a case block is selected.

8.6.3 Irrefutable Case Blocks
An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block,
and it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

 AS Patterns whose left-hand side is irrefutable

* OR Patterns containing at least one irrefutable pattern
* Capture Patterns

» Wildcard Patterns

* parenthesized irrefutable patterns

8.6.4 Patterns

Z+31: This section uses grammar notations beyond standard EBNF:
¢ the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

* the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern as_pattern | or_pattern
closed_pattern literal_ pattern

|
| capture_pattern
| wildcard_pattern
| value_pattern
| group_pattern
| sequence_pattern
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| mapping_pattern
| class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes
(credits to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions
are purely for illustration purposes and may not reflect the underlying implementation. Furthermore, they do not
cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed _pattern+

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is
then considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 P2 | ... willtry to match P1, if it fails it will try to match P2, succeeding immediately
if any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the as keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of
the as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most literals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule st rings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. 3= "1 =2} < 2] €| & are not supported.

The forms signed_number '+' NUMBERand signed_number '-' NUMBER are for expressing complex
numbers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 47.

In simple terms, LITERAL will succeed only if <subject> == LITERAL. For the singletons None, True and
False, the is operator is used.

8.6. The match statement 107



The Python Language Reference, = X] #] A 3.10.13

Capture Patterns

A capture pattern binds the subject value to a name. Syntax:

capture_pattern = ' ' NAME
A single underscore _ is not a capture pattern (this is what !'_' expresses). It is instead treated as a
wildcard _pattern.
In a given pattern, a given name can only be bound once. E.g. case x, x: ... isinvalid while case [x] |

x: ... isallowed.

Capture patterns always succeed. The binding follows scoping rules established by the assignment expression operator
in PEP 572; the name becomes a local variable in the closest containing function scope unless there’s an applicable
global or nonlocal statement.

In simple terms NAME will always succeed and it will set NAME = <subject>.
Wildcard Patterns

A wildcard pattern always succeeds (matches anything) and binds no name. Syntax:

wildcard_pattern = v

_ is a soft keyword within any pattern, but only within patterns. It is an identifier, as usual, even within mat ch subject
expressions, guards, and case blocks.

In simple terms, _ will always succeed.

Value Patterns

A value pattern represents a named value in Python. Syntax:

value_pattern = attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

The dotted name in the pattern is looked up using standard Python name resolution rules. The pattern succeeds if the
value found compares equal to the subject value (using the == equality operator).

In simple terms NAME1 . NAME2 will succeed only if <subject> == NAME1.NAME2

ZF31: If the same value occurs multiple times in the same match statement, the interpreter may cache the first value
found and reuse it rather than repeat the same lookup. This cache is strictly tied to a given execution of a given match
statement.
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Group Patterns

A group pattern allows users to add parentheses around patterns to emphasize the intended grouping. Otherwise, it
has no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to
the unpacking of a list or tuple.

sequence_pattern = "[" [maybe_sequence_pattern] "]1"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ", ".maybe_star_patternt ","?
maybe_star_pattern = star_pattern | pattern
star_pattern = "*" (capture_pattern | wildcard_pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]).
ZF31: A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4))is a group pattern. While

a single pattern enclosed in square brackets (e.g. [3 | 41]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no
star subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length

sequence pattern.
The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence”, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:
1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject sequence
from left to right. Matching stops as soon as a subpattern fails. If all subpatterns succeed in matching

2 In pattern matching, a sequence is defined as one of the following:

¢ a class that inherits from collections.abc.Sequence
« a Python class that has been registered as collections.abc.Sequence
 a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
* aclass that inherits from any of the above

The following standard library classes are sequences:
e array.array
e collections.deque
e list
e memoryview
* range
e tuple

L
f

¢ Subject values of type str, bytes, and bytearray do not match sequence patterns.
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their corresponding item, the sequence pattern succeeds.
Otherwise, if the sequence pattern is variable-length:

1. If the length of the subject sequence is less than the number of non-star subpatterns, the sequence pattern
fails.

2. The leading non-star subpatterns are matched to their corresponding items as for fixed-length sequences.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining subject items,
excluding the remaining items corresponding to non-star subpatterns following the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a fixed-length
sequence.

ZF31: The length of the subject sequence is obtained via 1en () (i.e. viathe __len__ () protocol). This
length may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, -+, P<N>] matches only if all the following happens:
¢ check <subject> is a sequence
* len(subject) == <N>
e P1 matches <subject>[0] (note that this match can also bind names)
e P2 matches <subject>[1] (note that this match can also bind names)

* --- and so on for the corresponding pattern/element.

Mapping Patterns

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a dictionary.
Syntax:

mapping_pattern u=  "{" [items_pattern] "}"
items_pattern = ",".key_value_pattern+ ","?
key_value_pattern = (literal_pattern | value_pattern) ":" pattern

| double_star_pattern
"*xW capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in
the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys
that otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping®,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError is
raised for duplicate literal values; or a ValueError for named keys of the same value.

3 In pattern matching, a mapping is defined as one of the following:
¢ a class that inherits from collections.abc.Mapping
¢ a Python class that has been registered as collections.abc.Mapping
 a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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3

Key-value pairs are matched using the two-argument form of the mapping subject’s get () method.

Matched key-value pairs must already be present in the mapping, and not created on-the-fly via __missing__ ()

or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2,
¢ check <subject> is a mapping

* KEY1l in <subject>

} matches only if all the following happens:

e P1 matches <subject>[KEY1]

* --- and so on for the corresponding KEY/pattern pair.

Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern
pattern_arguments

positional_patterns
keyword_patterns
keyword_pattern

name_or_attr " (" [pattern_arguments ","?] ")"
positional_patterns ["," keyword_ patterns]

| keyword_patterns

", ".pattern+t

", ".keyword_pattern+

NAME "=" pattern

The same keyword should not be repeated in class patterns.

The following is the logical flow for matching a class pattern against a subject value:

1. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance ()), the class pattern

fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match
the entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.

« If this raises an exception other than Att ributeError, the exception bubbles up.

e If this raises AttributeError, the class pattern has failed.

* Else, the subpattern associated with the keyword pattern is matched against the subject’s attribute value.
If this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.

II. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the __match_args_
attribute on the class name_or_attr before matching:

I. The equivalent of getattr (cls,

"__match_args__ ", ()) iscalled.

« If this raises an exception, the exception bubbles up.

* If the returned value is not a tuple, the conversion fails and TypeError is raised.

* If there are more positional patterns than len (cls.___match_args

raised.

), TypeErroris

8.6. The match statement
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e Otherwise, positional pattern 1 is converted to a keyword pattern using
__match_args__[i] as the keyword. _ _match_args__[i] must be a string;
if not TypeError is raised.

« If there are duplicate keywords, TypeError is raised.
o ®B7]:
Customizing positional arguments in class pattern matching

I1. Once all positional patterns have been converted to keyword patterns, the match proceeds as if there
were only keyword patterns.

For the following built-in types the handling of positional subpatterns is different:

¢ bool

* bytearray
* bytes

e dict

e float

e frozenset
e int

e list

* set

e str

e tuple

These classes accept a single positional argument, and the pattern there is matched against the whole object
rather than an attribute. For example int (0| 1) matches the value 0, but not the value 0. 0.

In simple terms CLS (P1, attr=P2) matches only if the following happens:
* isinstance (<subject>, CLS)
 convert P1 to a keyword pattern using CLS.__match_args__
* For each keyword argument attr=P2:
— hasattr (<subject>, "attr")
— P2 matches <subject>.attr
* --- and so on for the corresponding keyword argument/pattern pair.
o 17
e PEP 634 — Structural Pattern Matching: Specification
e PEP 636 — Structural Pattern Matching: Tutorial
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8.7 g+ A2

B4 Ao SR A0 By AA (22 AS AN BAR) B AT

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators u= 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
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname RES identifier

I Aol AP 5 Qe BFIUh A3 AA) A9 o] & Fhe T o2& T4 AA (B

Ae 7h5 3 TS Sl o ) (wiappen). o F5 AR A2 o] B e F2E EFhE),

g5t 52E o Y o) & FVo= ALF Tk

4 Aol B4l v e AW FHUTh F47 359 o APk

B Aol e s 1 oo b weolE BAA R 2R £ gtk dazolE BdALe B

7} Aol B w), B4 el g TPHE 2azol A S THU T Avke FeBololof s, I

AA RS ARE A A FEH Tk 08 gho] T4 AA A F49) o] ol AAF YTk o2 7))

u}

tzdeld s SHEE

Qfl (arg)
Qf2
def func(): pass

o en S5

def func(): pass
func = fl(arg) (£2 (func))

Aeje] F47k QA2 o] func o AAH A gk A ohEU T

H A 3.99] A ¥ 7 : Functions may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

St 2 o) AR wl) 7l X 5= & O] parameter = expression B S 7} W], St <) B w A g
o Egyh 712 gke] A= i B9, a2 d W v Soke A S AT 5 9l

o] 712 3kol AF Utk i 7 7| 252 7HA, o kA DR E wE s B v
7123ke 7HA R U — o] A2 Y A A BHH A obE EHA AUt

Default parameter values are evaluated from left to right when the function definition is executed. This means
that the expression is evaluated once, when the function is defined, and that the same “pre-computed” value is used
for each call. This is especially important to understand when a default parameter value is a mutable object, such as
a list or a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter
value is in effect modified. This is generally not what was intended. A way around this is to use None as the default,
and explicitly test for it in the body of the function, e.g.:

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []

(Th& sl A ol A%)

S5 e R A BRo e ST BAY OE YRS 359 _doc_ o ELHER W8] 42 S2E o Huth
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(o1 sl o] A A A%)

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.

WAAHFEEL 7/ HG o] & Flol £+ “: expression” JEH|Y o H o] HES 71 = JHYTth ZE
A H = ol H ol AS 71 4= Q= *identifier Y **identifier FEAX A 2TFF Yt &
T UH7H‘E5‘/|\‘ 2 E o] 2= “—> expression” FE|Y W3 (“return”) o] E| o] A S 7 4 U5 Y
o] o H| o] 52 SHtE Tho|H @A o] ofWd Zojd E  UFUth o =H oY EAE FTY
o) & w24 ghgrUth o mBlo] A 5L ¥4 AR _annotations o E2HECA v
9] ol5= 712 st= 9A Y e gt 2 AlFFE Ytk __future_ °lA] annotations & YEXEBIH,
A AE F7H7F &A3tE o] o] . H| o] A2 A A Tkl TX}‘“E HEaFPUch 284 ¢gkod g A7t
A8 W F7AA Uk o] A9 o mHol AL 24 FEo] et £A9 ThE A2 B/ 4 gy
A4 2 LB A0, o5 G B (B AATA e B E B A% AT
AL BT EAHE NS, Sl (Lanbday) el ARG 20 BB B g5
A E S = B AYA ?%‘: = Ao FYBHA 8 “der” EF oA B H T+ B £F
Hoz Aold F5AY AR A} b2 ol 2ol YD + Ak o Ao £ 2se 2%
o] Bl o) 4 & B 2k517] W0, "ot Fe) 7} A B 2 e FI T
Z2 I {2 A e HAE FE A (first-class) A T $H 9] ol A A 3§ﬂ = “def” B2
EHFAGALE £ =AY ?:—’F% HEMD} F3E oA AHRE = AT HEE2 Ldef &
EPoE P50 A WEEL ANAT 5 A5 Uth o AMT BEL o £} 22 (binding) A&
BASL.
] 17
PEP 3107 - 5= o] o] A 4 o] :cH o] M9 H X% 4
PEP 484- 3 QE ol :elo] o) tf g 7 o] Jo|: J JE,
PEP 526 - 4 o icEo] d B Sela Wi B dadas M4s et U4 Ade] ¥ 9ES 5 4
e 7%
PEP 563 - o -6l 0] A 2] 2| A H F7} A F7bete thAl A A b o] o] AL EAFA HA o= W
230 of im0l A el o] 2 F2E A AT}
8.8 e~ Ao
ZH2FY = FHa AA (Y AT AN BAL)E AP oh:
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" largument_1list] ")"
classname = identifier
S By = A 7t A YUt AlS (inheritance) 552 BE Wo]A FHRAEY E5S AT
st (B g A&l sl v et el & HAR), 559 4 FEL2 g2 72 A8 ZHd=
st 22 AR 7 of ok Gtk A% BFo] g Sehat, /1 RAO R, Wol s e object

EAsIU 23 A
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class Foo:
pass

£ e B5EUG

class Foo (object) :

pass
Foj ool SAEE S Dol A o & Sk Aol Ao I FUL ABIE ) A9 2ol
(0155} A2 (binding) & A L)NA ABFUTE (BF, A9 =L 52§45 I 52 3G
e 20 A9V A vhAE, Ad mA QL AL, T Ao o] & =
T e, AS BB Wo A FUAER, HED A o] T B o= RE GA U Z A3 A A
Zela ARE BTk 2e29 ol gL Aeel A% o8 BIA o Felx AR} A 2R U Th
Sl vhe)ol A o 2R HEA B & AL, A A2 dict o BEFULE o] 32 St
whs o1zl A Fol, Ao B & A8 A Ao T 2ol aSol e A2 T 4+ gtk Ao 728l of g o}

I

Sef s g4 et Sel s B AGHA A AzE o 28 5 &

:a]A oI X :v';q]o]ra]ﬂ;q];qa Eﬂ:{gﬂo] ié %%qp}’

=

i

mlm

1
‘l‘

il
o

l

Qfl (arg)
Qf2
class Foo: pass

£ ok S5 e

class Foo: pass
Foo = f1(arg) (f2 (Foo))

Hlaeole B4 e Foke F AL 4l B o g9 BaUh. 18 T4 1 AT} e~ o] 2o
AR}

WA 3904 ¥ 7 : Classes may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.
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89 I F¢¥l

WA 350 27}

8.9.1 Z7d g A9

async_funcdef = [decorators] "async" "def" funcname " (" [parameter_ list]
["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). awa it expressions,
async forand async with can only be used in the body of a coroutine function.

async def wHoE FoH T4+ T4 IZFH T4, await Yasync 7|HEE 23R G+
AT 2185 HD}

T8 T vir] Qtoll A yield from @ A& AHESh= 22 SyntaxError YU th
FE e o

Rk

async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

WA 3794 HA: await and async are now keywords; previously they were only treated as such inside the
body of a coroutine function.

8.9.2 async for &

async_for_stmt = "async" for_stmt

Hl5 7] olHelE & ulE 7] olE e ol H & A WBshe __aiter WA EE AF 3L, BE 7] o B E|
OlE]= 2}A1 9] anext WA EA HEY ZEE T2 4 95Ut

async for &< HlE 7| o] &0l tf st A 3t o] B o] A& 3=} Th
g e I=E:

=

async for TARGET in ITER:
SUITE

else:
SUITEZ2

oo v s dUTh

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

try:
TARGET = await type(iter).__anext__ (iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2

Seealso_ _aiter () and___anext__ () for details.
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FEE 9] viy Hholl A asyne for & AR SFE AL SyntaxError YU Th

8.9.3 async with &

async_with_stmt = "async" with_stmt
H]5 7] AE 2E Fef 2l = enter 2} exit WA E0A A2 DA SAZ 5 e A 2E A2z dyrh

SR U A TS

async with EXPRESSION as TARGET:
SUITE

oJu o2 eIt FEFUh

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)

Seealso  aenter () and _aexit () for details.
FE2E 349 vl Hhof| A async with & AR SFE= Z2& syntaxError Y Yth
o B

PEP 492 - async ¢} await & AH-83t= L7 Y ZFES sholdoll A 48T SHAA NFo 2 s
3, B8 AYS Fhe A o

89. 3¢l 117
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9.3 sty dH

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

Y.

The notation is a mixture of EBNF and PEG. In particular, & followed by a symbol, token or parenthesized group
indicates a positive lookahead (i.e., is required to match but not consumed), while ! indicates a negative lookahead
(i.e., is required not to match). We use the | separator to mean PEG’s “ordered choice” (written as / in traditional
PEG grammars). See PEP 617 for more details on the grammar’s syntax.

# PEG grammar for Python

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: ' (' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# type_expressions allow */** but ignore them
type_expressions:

', '".expressiont+ ',' '*' expression ',' '"**' expression
', '.expressiont ',' '*' expression
', '.expression+ ',' '**' expression

\
|
\
| '"*' expression ',' '"**' expression
| '"*' expression
| "**' expression
| ','.expression+
statements: statement+
statement: compound_stmt | simple_stmts
statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER
simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
| ';"'.simple_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment

(Th& sl AT ol AS)
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(o] A o] A el A Al)

# will throw a SyntaxError.
simple_stmt:
| assignment
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt
compound_stmt :
| function_def
| if_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# NOTE: annotated_rhs may start with 'yield'; yield _expr must start with 'yield'
assignment:
| NAME ':' expression ['=' annotated_rhs ]
[ ("('" single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)

augassign:
| Tyt

t<<="
1>>=1
Tokk—1

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

(B sl ol Aol A1)
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import_from:

| "from' ('.' | '...

| "from' ('.' | '...")+
import_from_targets:

[ '"('" import_from_as_name

| import_from_as_names !'

I Tk Y
import_from_as_names:

[ ', '.import_from_as_name
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

'Y * dotted_name
'import'

'import' import_from_targets
import_from_targets
s l)l

', ']

+

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME
if_stmt:

| '"if' named_expression ':' block elif_stmt

| "if' named_expression ':' block [else_block]
elif_stmt:

| 'elif' named_expression ':' block elif_stmt

| 'elif' named_expression ':' block [else_block]
else_block:

| 'else' ':' block
while_stmt:

| 'while' named_expression ':' block [else_block]
for_stmt:

| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_

—block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block.
—[else_block]

with_stmt:

| 'with' ' (' ','.with_item+ ','? ")' ':' block

| 'with' ','.with_item+ ':' [TYPE_COMMENT] block

| ASYNC 'with' '(' ','.with_item+ ','? ')' ':' block

| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block
with_item:

| expression 'as' star_target &(',' | ")'" | ':")

| expression
try_stmt:

| 'try' ':' block finally_block

| 'try' ':' block except_block+ [else_block] [finally_block]
except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
finally_block:

| 'finally' ':' block

match_stmt:
| "match"
subject_expr:
| star_named_expression '
| named_expression

subject_expr ':

' NEWLINE INDENT case_block+ DEDENT

, ' star_named_expressions?
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case_block:
| "case" patterns guard? ':' block
guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern
pattern:
| as_pattern
| or_pattern
as_pattern:
| or_pattern 'as' pattern_capture_target
or_pattern:
| '"|'.closed_pattern+

closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number !'('+' | '=-")
| complex_number
| strings
| '"None'
| 'True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '=-")
| complex_number
| strings
| '"None'
| 'True'
| 'False'

complex_number:
| signed_real_number '+' imaginary_number
| signed_real_number '-' imaginary_number

signed_number:
| NUMBER
| '-'" NUMBER

signed_real_number:
| real_number
| '"=-'" real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER
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capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !ll n NAME !(l.l ‘ l(l ‘ l:l)

wildcard_pattern:

‘ non

value_pattern:

[ attr (. [ (] =)
attr:

| name_or_attr '.' NAME
name_or_attr:

| attr

| NAME

group_pattern:
[ "('" pattern ")'

sequence_pattern:

| '['" maybe_sequence_pattern? ']’

| '(' open_sequence_pattern? ')'
open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?
maybe_sequence_pattern:

| ','.maybe_star_pattern+ ','?
maybe_star_pattern:

| star_pattern

| pattern

star_pattern:
| '"*' pattern_capture_target
| '"*' wildcard_pattern

mapping_pattern:

Ly

| '"{' double_star_pattern ','? '}'

| '"{'" items_pattern ', ' double_star_pattern ','? '}'

[ '"{'" items_pattern ','? '}’
items_pattern:

| ','".key_value_pattern+
key_value_pattern:

| (literal_expr | attr) ':' pattern
double_star_pattern:

| '"**' pattern_capture_target

class_pattern:
| name_or_attr '(' ")'
| name_or_attr '(' positional_patterns ','? ')'
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')'
positional_patterns:
[ ', '".pattern+
keyword_patterns:
| '","'.keyword_pattern+
keyword_pattern:
| NAME '=' pattern

return_stmt:
| 'return' [star_expressions]
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raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

function_def:
| decorators function_def raw

| function_def_raw

function_def_ raw:

| 'def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment]._
—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.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?
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| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression
default: '=' expression
decorators: ('Q@' named_expression NEWLINE )+

class_def:
| decorators class_def_raw
| class_def_raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ] ':' block

block:
| NEWLINE INDENT statements DEDENT
| simple_stmts

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| '"*'" bitwise_or
| expression

star_named_expressions: ','.star_named_expression+ [',']
star_named_expression:

| "' bitwise_or

| named_expression

assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression

| expression !':='
annotated_rhs: yield_expr | star_expressions
expressions:

| expression (',' expression )+ [',']

| expression ','
| expression
expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect

(B sl ol Aol A1)

127




The Python Language Reference, & A] #{ 4 3.10.13

(o] A o] A el A Al)

# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param _no_default+ lambda_param _with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',
| lambda_param_no_default+ '/' &':"'
lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ '*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:
| 'nmot' inversion
| comparison
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
compare_op_bitwise_or_pair:
| eq_bitwise_or
| noteqg _bitwise_or
| lte_bitwise_or
| lt_bitwise_or
| gte_bitwise_or
| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or
| isnot_bitwise_or
| is_bitwise_or
eq_bitwise_or: '==' bitwise_or
noteq_bitwise_or:
| ('!='" ) bitwise_or
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lte_bitwise_or: '<=' bitwise_or
lt_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"~' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

sum:
| sum '+' term
| sum '—-' term
| term
term:
term '*' factor
term '/' factor
term '//' factor
term '%' factor
term 'Q' factor
factor

| '+' factor

| '-' factor

| '"~' factor

| power
power:

| await_primary '**' factor

| await_primary
await_primary:

| AWAIT primary

| primary
primary:
| primary '.' NAME
| primary genexp
| primary ' (' [arguments] ')'
| primary '[' slices ']'
| atom
slices:
| slice !',"!
| ', ".slice+ [',"']
slice:
| [expression] ':' [expression]
| named_expression
atom:
| NAME
| '"True'

:' [expression] ]
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| 'False'

| '"None'

| strings

| NUMBER

| (tuple group | genexp)

[ (list | listcomp)

| (dict | set | dictcomp | setcomp)
\

strings: STRING+
list:

| '['" [star_named_expressions] ']'
listcomp:

| '"[' named_expression for_if_clauses ']'

tuple:

| '"(' [star_named_expression ',' [star_named_expressions] 1 ")
group:

[ '"('" (yield_expr | named_expression) ')'
genexp:

[ "('" ( assignment_expression | expression !':=') for_if clauses ')'
set: '{' star_named_expressions '}'
setcomp:

| '"{' named_expression for_if_clauses '}'
dict:

'{'" [double_starred_kvpairs] '}'

dictcomp:

| '"{'" kvpair for_if_clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_if_clauses:
| for_if clause+
for_1if_ 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 | ( assignment_expression | expression !':=') !'=")+_,
—['," kwargs ]
| kwargs
kwargs:
| ', '".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+

| '",'.kwarg_or_double_starred+
starred_expression:

| '*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

(Th& sl AT ol AS)

130 Chapter 10. AA &4 +23




The Python Language Reference, & 4] 1] 3.10.13

(o] A o] A el A Al)

| "**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !','

| star_target (',' star_target )* [',']
star_targets_list_seq: ','.star_target+ [',']
star_targets_tuple_seq:

| star_target (',' star_target )+ [',']

| star_target ','
star_target:
[ "*' (!'*'" star_target)
| target_with_star_atom
target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom
star_atom:

(" target_with_star_atom '")'
'('" [star_targets_tuple_seq] '")'
[ [star_targets_list_seqg] ']'

single_target:

| single_subscript_attribute_target

| NAME

| '(' single_target ')'
single_subscript_attribute_target:

| t_primary '.' NAME !t_lookahead

| t_primary '[' slices ']' !t_lookahead

del_targets: ','.del_target+ [',']
del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| del_t_atom
del_t_atom:
| NAME
[ "('" del_target ')'
[ '"('" [del_targets] ")'
[ '"['" [del_targets] ']'

t_primary:

| t_primary '.' NAME &t_lookahead

| t_primary '[' slices ']' &t_lookahead

| t_primary genexp &t_lookahead

| t_primary '(' [arguments] ')' &t_lookahead
| atom &t_lookahead

t_lookahead: ' (" | '"[" | '.'
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attribute (6] E 2] H-E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by 21 & 2} 2} 7] 9] =
for example using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted
expression, and would instead need to be retrieved with getattr ().
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borrowed reference In Python’s C API, a borrowed reference is a reference to an object, where the code using the
object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a
garbage collection can remove the last srong reference to the object and so destroy it.
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Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.
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callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call_ ()
method is also a callable.
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HUth defe Aol sl I (19 AFHE w3 AdH, $F s i, TN =
JZ %71FUth Sto]lf & T2 7IH S 25 HEASE 7|2 ALFUL d5RE 5 JuAE
oA 271 Uth & 01, 3+13. math BE] H4 4 W o] 83, cmathE AHE T
E450 829 £F L $A 759Ut o5ttt w72 ZEthE, A9 FA 3] FA|
A FH5uTh
context manager (YA~ E #2|A}) __enter_ () 2F__exit_ () MIANEZE AT 2N with 2l

A Holx 84S Ao]st= M. PEP 34322 % 9l 95t

) A 2Eo w2t & 3t 7HE 5 e Wi o
7 AYe-24 AF48) v

g2E7F e 5 den A
A

Ut} contextvars

context variable (A&l A E ¥
Hol sl oh 2 B
F3ll, etuhe] A3 A =0
H5 7] Bl a3 A A& S 3= =

contiguous (%) W= 23] C-A <5 (C-contiguous) ©) A} ZE & A% (Fortran contiguous) d ™ <5 0]
g AAZ UL Y WA= CASoHA TES ALY A oA, F5
A &2l JIF B, 00| A Al &ets L 52k Qa2 AT 2 v & 2] o] vl x| =] of oF gt} thAtd
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o

e

C-AFZ mgAAM, R 2 TAHUZ FESS YT uf vpA = AE A7} 712wk ¥ gy

- 3 /\ a

o] o ¥vtstE FefdUch HEZEL 3 2 Fo A At o2

E] & o] E‘rE A oA A Y } 2233, AN = JAFUTh o] A

T &Yt PEP 4925 H A 8.

coroutine function (T3¢ ¢+4) I 78 AR E S5+ g4, TFE T+ async def 222 F 9
as

g
2 49, awaltﬂ- ync forQtasync with7|¥PEE 23 4 5 Yt) o] 2452 PEP 492

SEEECEDEsieN

CPython 3}o| % EEJEH W Ao - H A & ], python.orgol| A ¥ 225 Yt o] 328 -& Jython ©] L}
IronPython 3} 22 t}& 4 ‘% FEH £ o] “CPython” ©] A& Yt}

A =:) 7
AN =2 22 =2
decorator (] Z &l o]B]) thE IS EFt T A, 25 ewrapper 22 AHET T Wt e
AgH Ut v 2 o) E 2] £31 o= classmethod () -»]-statlcmethod AUt
A

ol e B vA A BHY LYYk B2 F T4 A= v o= FEFIh

(n

def f (arqg):
f éééticmethod(f)
@staticmethod
def f (arg):
e Aol Zel 2ol EASHA B, @ A 2tk vl e o] gol o o] <A S g o
Qo] oh 2o~ Ao) o] AHAE BE HTh
AT

Il

descriptor ( FgeE]) A= _ _get_ () o]V} __set_ () o]} __delete_ () E Ao 3= AA.
S JEYREIHATHE G o, EGHE 23| = 583 A4 A8 eyt BE,
a.bs A A, 2 AW, AA S AHE S o, o] S Mol A b et o] 5 293 AAE
syt ‘G}X]U}bﬂ'ﬂ’\i%ﬂ , M Fshe AT HE A= EE2F Ut 23 gHE
O]’ﬂ"ﬂ'— 22 stol Ao Wﬂl}% °]°H94 g4, &, mAE, 22 EH, A HAE, 28 E
HAE, 75 A FR 5 B2 7|59 7|2E o F 2 Y7 WEdUTh

wzzwu WAESO g A N EL t AT e e AT HE AL Al
R

dictionary (A 2]) 9492 7] & gholl 24 7] o vl A (associative array). 7]= __hash__ () &}
_eq () MINEE ZE BE QA7 E § dF Utk oA siA et R5 Ut

dictionary comprehension (€ AU 2] AZ2]3A) olE|g] & Q= 24 AA U LR E A sty 2=
2 d g E HFEstE 2% W, results = {n: n ** 2 for n in range (10)}<
G wr 200 9B 7 ng EUE DA R ARG, 222, A3 A 22 o] 220
(display)& F23BAH A2

]m

—

dictionary view (54 2] H) dict.keys(),dict.values(),dict.items () WA E7} E&F+= 2
As=9Mve Rt F5Uch ]Z‘i%—?: gy e FEEo st 54 _%%Zﬂ*#—tﬂ, —1/4
qel7h WA o, 71 o WMEhE etk =yt S Y E SR dAER nRY
list (dictview) & A}23t9 %1%1‘4- dict-viewsZ B A 2

docstring (52 E %) 2o, 84, REA A WA 2R 02 Jehje 249 2HY. 29 =7) A3

Bujs PAE A, At eol o3 A of EHA S, B, BEY __doc__fEYHER
FIPU QER2ABAL EA ST S Jon, ARl YAE AR FEA FLAUTh

duck-typing (9 E}o]rﬂ) SulE A E o] A5 VHH A ISt AAe] ¥ BA gz oy
2B Al D] A S o ERRETLS %ﬂ A AREE YT (2 BWE* Holxn e 2AH

A, 122 02T SAT Y oAl ABH o] A8 FEFoRM, T AAE REE O

AAAGLZ s ATz n FALS HAE 5 AF Utk § Bl F L type () ©|Hisinstance ()
= M3 AR ST (SHAIRE Y Erolsg o] o]~ ZH s = E% T A5l el sl of
gych) iAo, hasattr () AP EAFP 22 842 £F Ut
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EAFP 32 H )= 845 +317] 7} 4 o} (Basier to ask for forgiveness than permission). ©] &3] &
st T AEAL, SHE | o 2P HES] EAE AR5 D, 1 AR o] ST o9
Uttt o] Zgstar kg A8 2 W2 tryftexcept #2 EAZ SZA AU o] HAY
S} 7+ O} = ure o] o) A AF= /\}ﬁﬂ LBYL 2~} 3} o v] g Y T},

expression (23 2)) ojd zgko g L& & 4 9l
o1 %, oSS HE BA 2, AR, FHE
e ge Ao Ao, BE o]
OZ AL & g B Eo] 95y

R

l
im
lo x%

2

0,

N

e

:L

f

mE

f

L
fifo T

v
N
rlr

Bl

r 4
t; Ex
et -
o
ol
o
o -
(L J
)'ji rlO
<
v

o ;Hi m
g M
j il
o
-l
>,
o
Y,
rlo
o
o ol
<
£
)
;\.
~
)
gEE
El
gl
1>

ol
o
o
or

AT Lo

il

extension module (&3 2 &) C 1} C++2 ZHA]
FEo} A4S 283y

f-string (f-Z2}g) '£' U 'F' E Yo ¢ Bz
TAE 2lEE 9 YTt PEP 498 2 H A

file object (3} A AY]) sh5 Aol tsl] 3L A& A APl(read () Ywrite () T2 WA=
LﬂﬂwéﬂﬂH@ﬂW%ﬂ@a1%%1qAau44mqqqgﬂﬂoﬂ
(A& =0, 2= 459, J-v2eg Wy, &7, gpolx, T5) ol it ANAE FAT
3 AR = 5D F A A (file-like objects) } 2~E H (streams) ozt = EFHth

AA 2= A F72 51 AR E o] A5 YT & (raw) vho] ] 2] 5, W 3 = (buffered) HFo 1] 2] 3}
grE J}°'~ o] 59 B H o] AE io BEANA BYFUTH Tt AAE HE+= FHA A 2
open () ¥4E 2+ AdYrh

td
iy
rO
)
_;l
o
r.u
o
@)
>
s~
[}
i
>
o
:onl_",
>
%

>,
-9
<
2:

o
by

[t

-y _; ﬂllﬂ

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (5}91t]) JEED RES 9T =1] B A= ke A4,

o
glolM 33. o]TZ 2, F &2 7 g5t} s s meta _path &} &7 AME-3t= W EF A=
3+ 2} sys.path_hooks 3 A AHg3tE 4= dEg] 5hl .

o A3 Y22 PEP 302, PEP 420, PEP 451 o] 1&gt}
floor division (5= VA 7HE 77k A2 W sk $84 vl A Al dakAte // oh
AE Eol, BAA 11 // 49 F2 27t HAW AF Y2 2,758 EHFUh (-11) // 4
72,752 W a & -30] ol 3o ok Flc). PEP 2382
function (5~) T =214 01?1 HE YT gd BHE. S +
o, vhe) o] Aol ALEE 5 AUk v u S o A = 9 g Ao AME B
function annotation (34> 01.‘3:51] o] d) < v Zh R ¥k gho of Lo o] A
T4 olpoldLe gutdow 3 JE 2 AZFUTH: o E o), o] F5E F /Y int AXE
HlolsQ Aoz 7|ts 31, B Ao int 9H8 S = A H

>4>“
r[r
)

XN

AR 5 9
AL,

rlr

def sum_two_numbers(a: int, b: int) -> int:
return a + b

‘o‘]—/\o} E-]]o]/q!i_ _8_7:531— ﬂ/] zlq]ﬁﬂuﬂﬁ-q;}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.
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__future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, '"alpha', 0), 8192)

garbage collection (7}0] 2] 4:7) o A8 A ok vl 2 2] & whdale A Hho AL
Bz <BS AANT 2 5 e w8 PR 2772 Ba AN A A5 ATk A
77 ge BES ARal A Aol 4 AT

generator (A U@ o]E]) Al o]E oE|#olE] & B8 F
£ HEEyield RHA S X7
F2 2 ol L A 5 9)
HEF Aoy 48 71 7] X
3t o w7} B EehA) e 7

generator iterator (A U] #] o] €] o]E]#]| o]¥]) A1z o] E T7}
ZVyielde A Ao R A& e, TYXY RG A
AW A E 713 Uch A ol g ole ol e 7F A A
M A 2R g4sh o ul B U T,

generator expression (A U@ o]E] 8 2]) o|HHoHE S F= XA, Tz Hy9)
for A3} A 1T ie ol Hol BE AN EWA A A

A9 5L BT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

i)

generic function (AU 2 §4) & AMS /\ii the Ao g3 TR ol Bz TAY B4 55
o o] L] AFRE A=t AR & .

AF Y2z £013 &5} functools.singledispatch () BT o] E 2} PEP 4435 H A 2.,

O
J
ACh
i
=
Lo
o
it
o,
funil}
i
o

generic type (A U] 2 &) 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 olg=zgg = & HAQ

global interpreter lock (A9 Qle]Z2]E] &) 3l Hof| 2 & s} Ad =7 go|H Hiol|E T & & AP35}
=% 1437) 98] CPyhon AE 22 B 7 AHBSHE WA U S, (dicts) 22 FRB YIS =
Uk A7) 2ol S22 5 ool tis| LSS el A Chython 788 Be5) ]
THEUTh e Z gy AAE F 1= AL °1Ei g HE thEsad ester] A Be= t4l, oE

Z 2N A 7 A7 AR W e o] wke BEo 5 aFh T

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0.

A Y m A SHA F | o) Bl & A1) “AE| =0l A 22 (free-threaded)” QI H Z 2 H & BhE

S A el 5 o) 1 BB, £ e e A5 A A 9

Urth o] A5 o]FE FE3= A2 FEE A B sl FA vjgol o 592 A
SEEER ENE

hash-based pyc (3] X] 718t pye) FEA4 S

A2 3H= Hlol E T E A A] 5. 7] A H ulo]

o e K
bz 24

re
gl:'
>,
fr

A 42 9] HE 57 A7) o}
Al Z3A 8.
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hashable (39 7 A7 &8 71 Gol WA FE NN EE 2T (_posn () AHE7 23
th, £ AR vl S glow ARES DT, A A et G
Chan o155 A s 8 AR S A AL 2Holof e
HA HsA e AAE GV A Age] W ST 5 A S, o] AR TR0

BA Oz S AGE LB w Ut

R bl o] B WA AAEL A 7He o (BI2EU HAM U E] 22) 7 AE oS
ag Z] FEUTH (%ET Z o] frozenset Z-2) 2% HHJUES 259 8450 Al 7 uf ot
A 7S Utk AR A B Fe 2] A2’ A AR S 7 BA R A ZHsF YT (RH]
A g Algetils) B 20 v E AL, A g2 id () 2 R E BEol YT

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable () 148 g 2t AA. 28 AA = x4 €AY, 7Ee 23U old =
WAL QG g ARl E A AAE e olok ek e ehis o kel siofof
st StollA T2 4TS FYth A& =], dM e 7.

= il

rh

7]

import path (JEE A7) 4% 7|0 5lH] 7} JEE & BES 27 A9 AT a5 (EE A%
A=e)) o] BB, QEE e 5, o FaEe] B2 sys.path 258 g th A% A2
7 A9 A9 FE A7 A _path__ ol REZRE & 55 A5

250 shold IE/ ThE BES) o] =M AL E & YES e A

lmportel‘(“*LE]) T 7= st 2E 7| = st AA|; FAlOl ol o)Ak = AA ot

2 2l ZEE ZFZEA B4 2H
A& 01324 %L,é% AgH A5 B 5 AAE}%%— OWO*Ol T4 pythong A8 s}
*ﬂL( EH ol Mda“%}% A% 7bs A ofolt] o] = AAE AL RE T}
H7| A& SR & vl 2 4y MDHhelp(x)%ﬂ%* SHA| ).

interpreted (V€22 E)=) vho] = 315 shAelo] £ ohio] 2 ol A7) 7) = S, ol
© A5t dof 7k ohet A= H Ao Auith o] AL PAH o2 4 AL BEA G,

3
e vﬂro] [©) ;<17<4 /\1511%1-_/': 9}1;]_

A

*

importing (Y32 €)) 3

.
31__

e
30
y
Ay
K

interpreter shutdown(c’]E'] 2 $8) S5 83 DS ul, sto|H AE =z B 53 Al 7]
AYgst=d, & _w_E ojuf o 7]'1] T8I YR F2EHN LS EETFTH AYES HAZ R vt
S =3 7 A A7) oy H EE U h AR A F 9 33 ARt weakref F W of] Q)=
FESY A AAANZ = 5T TR A7) 5 A = T g =2 e 5
A Ltﬂ a710] &3t AL EC H 75 A FE 5 A7 B G UTH(EE ol & gl B g

Folu 41 ZASYUh.
°1EiEElE TR FH YA AYHE_main_ REINUAIHEZIAY S 2 A4k
= O

__ 25
o st S E 5 e AAl. olHEEY 2 EE(llst str,
3

tuple Qi) Alﬂé o%, dict ZL2 2E W A A2 FE, 9d A S, _iter_ () Y AAA
Age FASE _getiten () MAEE AN Ao RE Se20) AAE 1°‘%\4E}.
Ol EL for FZ AHEE 5 %l; NB2E Z2= 3= o2 B2 X (zip(), map (), =)
of At = dH Utk olEHHE A WA T iter () o AXZ AL, I AA Y o
FoleHE =8 F UL © maﬂo]a #FE AL AW AxE T FETUL o HHES
AHEE W, HE 2 iter () € SE3HAW olHE ol AAE A thE 28+ gl YT for 22
OJAESZ Y ES Al HH 5oz dFEd, F2E T T4 o HE O HE FHolE ol & e
HEE Bt o] g0 E, Al A, Al d o B = BAlS

iterator (o] E]#| o] ¥]) Hlo]Eo] AEYHZ Fd = A o]HHo]EH Y __next__ () MIAEEHHEH S
2 SEdH(EEWF T next () EALGIIH) 2EHI JE=FEES X}Eﬂ‘lﬂiiﬁ Utt. H
o] A¢] Hl ol H 7} = wf= Al stopIteration o8& o guth o] A/ A A, o] ¥ & o] E] 7
A= A2RAEIT,0]lZT E_ next_ () HIAE i%fj StopIteration 99 & tiA] 427 7]‘?_1-
k. o5 d o] Bl = o] El gl o] E A ZH‘_] S EHFE_iter_ () MINEE 7HE A o] 8457
ufj Zof], ol B &l o] H = o] Bl 2] & o] 7| &= 3t ThE o H A E 5 WotE ol t 29 XellA A2
T AFUTh S8 o9l e o Mo ojFH o] d& AEshE Z= YTk (1ist 22) ZH o]
7“?<ﬂ Titer() 42 ADFAY for Fz o AL wjulth A o] E H o] HE T UTH o™
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2l olgd o] B ol thsli A =3 sk 1 sk, A o] Bl #| o] ol AFgE ol W] &30 o|F o] &
S A, Rl AE o]y A Kol A vyt

typeiter of] B ZpA| 3F W& 0] Q5 th

CPython -3 A}A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

key function (7] 34) 7] 34 == =) o] A (collation) 4= A & (sorting) ©] L} ¥l & (ordering) o] A=
€ #e =T SUEd Y AlE §0], locale.strxfrm() & ZAL SA Y4 W=
AE 718 =& o ARSE YT

ol M W2 =7t 8 4 F0] o]BA A A oA AL Fol=AE A7) A 7] T whop
EJUth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] Y5 Yth

7] 8 HEE e oy B ol d5Uth dlE S0, str. lower () HIAEE Aol F
AU 9% 7] B A8E 5 Ytk AH0E, 7] Gt lanbds RAA LR S
=, o] AYYt}: lambda r: (r[0], r[2]). E3L operator RE-Z A 7§19 7]
AAAAE AlFgYth: attrgetter (), itemgetter (), methodcaller (). 7] &4+E&
A& 3= ol th3k o 2 Sorting HOW TO £ H A 2.

keyword argument (7] 9] & 21 x}) 2%} & H A Q.

lambda (Fth SE2 ) gro] 7l A= 3ttt 294 02 FAH ol F gl ek &5 2o F4E
NEX= EHO Jambda [parameters]: expression YUYt}

(ol

oot <y 22

1

bl

)

A
A5 AAGUTE o] 2BHQL EAFP A3 ohul = 3, B 1 Fe] EAE 5
sd| = B0l A, LBYL 2 & “1 7179k “H 7] tholl 34 2748 A B gl 3
5], 5]
¥ © 7} keyE mapping) A A AR A5G 5 A% Uh o o] Ft % o] L} EAFP
ggozdAAD + ABUrh

locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

rl
%
o
>,

On Windows, it is the ANSI code page (ex: cpl1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (R]2E) W spo] AJd s T o] 5ol & 278131, ol thak AA27F0(1) o] 7] w2, A2
2 E (linked list) 2 T} T}2 o] o] v G o} S A Tt

list comprehension (2] AE A= 23 AH) A P29 245 AR = dRE Ay 1 249 gER
=8 FE FES W, result = ['{:#04x}'.format (x) for x in range(256) if x
% 2 == 0] =004 255 Afolof] Q= B4E9 1675 (0x.) 5= 23 TAEY B2EE
WEUD i L S 4 U A, range (256) o 9 BE 2471 AeH U

loader (2¢]) RE2 ZE3t+ AAl. load_module () o2k o] 59 WA ZE BY ok FUTh 2+
BE slolt 7t S8 & Utk A48 U8-L PEP 302 2, 24 8 o]~ 2~ = importlib.abe.

Loader & HA| 8.
magic method (s 4 B A=) 55 o] 4= o] 8] 2429l w52 2,
mapping (7)) 429 7] 23 & A W3St Mapping ©] U MutableMapping &4+ Hl o]~ Z 2

of AAH HAHEES FAS= AH oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & & Y5 T

meta path finder (W€} 22 5916)) sys.meta_path o] A46] EelF i shol o, vk A= vln =
AEdEe] 3hQlH of FHAE o] Q7= AT thE U T
el A2 st g7t +Het= WA EE A= importlib.abc.MetaPathFinder & X3
Huyrh
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metaclass (W} F| ) Fe2o FHa FHA A= Fex o5, 2
o BEL U Uth vE Felat o] Al AAE WolA] FEAaE U=
AR ANFY =22 0*0%‘: > 7| FHS Xﬂ*iMD}. g}o]
HE SHYAE DE S 9 AGUch & AP A Al = o] =77 A 8 AT, 287t
A4 o, vEer Z r’ﬂ/‘L 7”5"}1 TO}?&‘BH"S 1 “414 oJEZHE AA 29 Z 7] (logging),

method (W A &) Z 2 vt "Joﬂ/ﬂ A 2] H
I YAEE A AA A (EF self
27z EHAL

method resolution order (M A& ZA &) WA E 24 A= 2335
FHAEY =AY U 23 AR EH Fhol Al Qe Z 2 H
Python 2.3 Method Resolution Order& X2 Yt}

module (2&) Jto|A =9 243 &9 & o= A4 REL 499 Fto| AAES & ol 5
FE AU B2 Y2 FAapol o) ghojxo® 2 =g Ut
72 = HA L.

module spec (R E A29) RES 23l A= 92E B8 ARES 2 Y= o5 7L
1mportllb.mach1nery.ModuleSpec./] AAE A,

MRO w4 = 274 4 & HA 8.

mutable (7}¥) 7bH A& gho]l A& 4 AR id () & @A SHA FAZUTE EW = HA Q.

named tuple (V] Y & 5Z) “named tuple(V| Y & FZ) 0| 2h= §oj= FEZoA AESHaL o] & B2 oJE
PREE AR AL T ¢ Y= QA AN T F A= RET O]L}gﬂioﬂ ALFH YT

RO} Tzl & OHE /15 E 92 4 Ak

time.localtime () ¥ os.stat () 7} WF3H3} ZHS 28310, of 8] A3 o] VI = EZ Q)
T O} & o= sys.float_infoYyt}:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

A2 UL FEL A o) Gt T upleol A} 484 o5 $2 AR A5l ohs
Ast e O 2 MU FES UE 5 YUtk AT TeASE 40 A AL Br
collections.namedtuple () 2 W& F IS5 Ytth Tx19] 71HL A H ZASGFAVY YA Y I =
FEOAE 28 5 9E B A LA E F51E

namespace (o] 7)) W47 ARH & A4, o2 T AU TAF UL ARl FHE o2
FZH(HAE A A) Bt otyet A, A, W ol5 F3He] dFUTh o5 T2 olE FTE=
LA RESS AU A& 9], ¥4 builtins.open Fos. open() 2 159 ol &
F7bo] oo TAF T E3, o B FHE o] H BEo] Bos TAFLAT B oA BEo] A
M543 5 A B4 =S FUTE ol & £9, random. seed () £+ itertools.islice ()

Y21

2} 2W 1 350 Z47F random Fitertools EE O o3 ?@ﬂ Aol Hesl ATt

namespace package (¢] = Z 7t 37]x]) 22 A H 37| X 52 AH o] LﬂEUP 715 }‘— PEP 420 3 7] =],
ol I WA= E
7] 4] 9= ohE U o,
RE T RASR.

nested scope (ZHH A7 Z) S/ HooA] H4LE FxdE= 58, 9
BER e e ﬂth$%%§i§$%%qq
7}h%“3‘3, AL HA Fethes Ao FHf ok % .
% A7 2, e W5 EL 19 o B T4 91 U non!

= AL FeEU L
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new-style class (+ 2Bl ZEl2) A F2 2E Fdl2 AA N AT A= S22 ALY o A 9
5. 2719 spolH 3{2401] e, 23 w2agd FHaT  slots , UATHEH, THEH,
__getattribute_ (), U2 WA ZE, 2HE A} 22 sto|A] AFI gt 75

TAEE 4 ARSI

object (AA) e (1= HEL gh) B 23 54 (WA E) o] JoH BE HolH. £, BE J et

Zo) o FEH e Wol~ 2~

package (3]] 7] X]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module witha __path___ attribute.

At 71 A & o]l 5 F A = HAL.
parameter (W 7] ) oH (B WA E) B ool A g7t ke £ 9}
A B et ol & %% ﬂﬂﬂ oA 72 w7 "r7} A4
o 9 2)-7) 9 E (positional-or- keyword) HAA A2 Y 7=
Yt o] Ao 7]%63‘5]1-4 =AUt & o] th

A} (e oW 3% AAE)

ﬂr

A = AL 5 QI ARE AR Y
<o
=4

A foo 2} bar:

’def func (foo, bar=None) :

—

A8 ARG Th A2 A8 v

o Y X-A & (positional-only): $| X 29+ A 52 4 -
o Bole 5 lzruth o & ol o}

B4 A9l v BBe] ) £AE £
ol| A posonlyl =} posonly2:

RNe]
T

a

(¢}
r

k30

41

def func(posonlyl, posonly2, /, positional_or_keyword) :

* 71 =-A8 (keyword-only): 7| | =2 W Al &2 = Sl AAE AR FUTh 719 =-8 w7l
A o Aol o] vzl S50l A ol shute] Zha-9 4] w7+ E T = 23l A
B 5 s Uth oS 5o, vl A kw_onlyl S} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

» 7HA-4 A (var-positional): (CH2 TR AWSE o] 9| A] o] u] WrobEo} A 915 AXHE B
AFE 5 gl 9A AAE] Qoo ND2E AAFYTh ol A AW vl A o] Bol
& %ol 2ol A 492 5 YLUth ol & o) theol A args:

’def func (*args, **kwargs):

¢ ZHH-7191 (varkepwordy (6 W7} 855l 9814 o] o] WolSof 4 71912 2ol Hi3)
ABE 5 Qe Q99 A% AN AAEL ARG o]z A EEE v o] Sof
x B o) 2ol A D 5 %Itk o T Sol 912 ool A knargs.
ARG A IS AT AR opU 2k Ml A o) Ak A ARES ARR 5 U
e,
Ol ol 3 &, 2z} v 7 H4=2] X}o]of] L} 2 =FAQ A&, inspect .Parameter S|, TH<

o] A, PEP 3625 H A 8.

pathentry (A2 JE]) 4= 7|9 510 7 AZE F RESS 27 Y8 Fusts A2 E 42 A9
shitol 4.

path entry finder (7 & 1 E 2] .L},]I:-]) sys.path_hooks Z ] E
= 9ol Y], FoAA A2 dER Z2 RES ZEYHE ST AdF5YTH
Az dED gl E] L= HAEE L importlib.abe.PathEntryFinder o] Y34t}

path entry hook (2 QIEE] F) sys.path_hook BJAE Q= Fe]ERIH], 54 4= E oA B
E2 WS YUY A2 dED 39H & EHFYUH

path based finder (7 2 7|4} 5}Q1t]) 7] v e} 4 = 3}l H = F shukld], ¢
SuUrth

path-like object (B2 F AA|) 314 A 2~d A2 5 Uetl+= AA. A2F AA+= A2 E YEPH & str

Y bytes AA| o] Al os.PathLike T2 EEZ S T st= AAYYrL} os.Pathlike ZT2EF
S AYde AA £ os. fspath () 55 T2 A str thbytes I A28 A2 2 Wghd -

=

PM
o
R

E Q7oA RE
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PEP

J5 Ut} Al os. fsdecode () & os.fsencode () & Z+Zt str Y bytes 2345 B3 3=1
AHEE 4 A5 UTH PEPSI9E =45 iUt

glo] A 7R A b PEP+= 3to| 2 AFUE o ZEE AFFA Y Spo| M B s T Z2M A EE 3
o et M2 752 AYsts= AA EA YUtk PEP+= A ¢HH 7] 5ol tf st 7+ 23 7] Al 2
ZAE AlFs oF T

PEP= £ 8 MEL 75 Al st FA ol thst AFUE 82 -3t FolH o S0t A A
2ARL TARE UE7] A 712 A YS AUt PEP 2 A= AFUE WA & 5312
W) o) 72 EA3 T A elo] T

PEP 1 Z23HA 2.

portion () PEP 420 ol A 2 & AAH, o] F 32t 3| 7] A o] o]uA] st shute] Y e g 2ol S0l9l=

shl S 9] 43t (zip Aol ARE = AT A5FU T,

positional argument (9] X] Q1 &} <A} & H A 2.

provisional API (73 API) # A API= & glo|HEg|9 I A T34 HF oz HE AZ3] A9
AUt A o]~ 2 Wz} oq]ﬂﬂx]‘— AT, A A ol gkl A H = §h o] 7| dRbE o]
g g etrhar Ay Zhstrt i &}74 TGOl FAHA e WAl dojd = AdFUth A HALS EE
gt o R JojuA= ¢S AUt — APIE Ef&ﬁﬂ Aol 54 ot 2242 43 o]
ul A5 A2 of uk o) o] U A o] L] T}
B APINAZRAE, A T8Ol FASHA e HAF2“FTY s o=z AAYYY - BE
AHE FAEN ] JA S/ E FAF=AHE Fedde REAEMAIFE YT

provisional package (A 3] 7] A]) &7 API & B A
Python 3000 (s}o] % 3000) s}o] 1 3.x w) = ghole] ¥ (A
Y

A2t 2 ol Be g7 LW A T AR
TS Ut o 2 A S YL PEP 4112 B Py

Elﬂo

Eolz ol Folth) 1 21& “Py3k” & o] 27 %

Pythonic (s}o] ATh2) Th& Ao} 5o 4 AWAQ A EE 83N LES FAshE T4, sholdl o
ool 4 713 A7 A5 & o]t 95 L kel W2t ofelr]ol i} BE 22 o€ Sol, vhel Uo]
A A 2 E olH Y2 for & *F‘“H/ﬂ oElEl £ BRE 24% 335+ AYUTh o B2
Aofol i o] &l FFHY AR YouE, spol o] J%5A) e AFEL hAlo A AL HE
AH&8H7] = g ok
for i in range(len(food)):
print (food[i])
§ 23, sholatke e ol gyt
for piece in food:
print (piece)
qualified name (g 43} ©] &) o] A A~FZX BE AYH Zeh, 4, wA =0 o2 =«A

2E gold H olEE
27 HojFE Aor 7234 o] 5. PEP 3155 ol A Ao g Ytk H S ot 229 -5,
ek ol 52 7%‘21]4 ol&d ZFUth:

>>> class C:

class D:
def meth (self):
pass
>>> C._ qgualname_
YC’
>>> C.D.__qgqualname___
'C.D'
>>> C.D.meth._qgualname_
'C.D.meth'
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RES 7y AHLE u), As] A —Ffﬁrﬂ o) & (fully qualified name)>- 25 F- 2 7| X &&
23 A RER J= 732& g o] 5L o ugyt) o & 9], email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (%‘i ?& ) 7—1,4;?1] o that Fzol 4. AAY Fx 357002 "ol x| ¥, v 7 e 7} bk
0 To =& A= kA CP)tlmn 23] A
2 $ = getrefcount () & AFogth

mwmmwaﬂﬁ%ﬂﬂﬂt_mﬁ_ﬁwﬂ%%iﬂﬂ%Hﬂﬂﬂﬂé%@%@ﬂﬂﬂ%
o2 ENAANA £ BAL.

_slots_ e o Adlold, AxEx o= RESS 9% 31
g AAGO A W2 S st E3E FU 7] 9

SRS
A89717 % k2 e HolehA, v Zelo] Nzke -8 2219

599 A9% dF ek A0 R

sequence (A]F2) _ getitem_ () SF WA EE B3 A4 AY2E ARSSH Bﬂ} L4 ANAE Y
3tal, Al A dolE S+ __len. () WAEE A= olHYE. 2 WF A HAXES
U4 2, 1ist, str, tuple,bytes 7} d5Y Tt} dict =3 getltem () I len ()

7}

= A Gt A T 23] of] 4 thAl 4] 29 718 AFSS7] wiell Ald AT oYt g oz H
R Ao 7ol ok gk
collections.abc.Sequence FA HlolA Fdl A= _ getitem () & __len ()=
oA & FHSE Qg o] ~E AHY }%Eﬂ, count (), index (), _ contains__ ()
__reversed_ ()& F7IgYth o] &44H AHH)AE LA FE register () E A3
AN A B g

set comprehension (J & AZe]A) olE &0 J& 84 AAY SR E At 235 G2 AFTS
v sl = 714 3sH C}B‘ results = {c for c in 'abracadabra' if ¢ not in 'abc'}

EEAYN AT (', 'a g AT A, 18, DA 29l o2 S o) (dilay) S F
2N 2

single dispatch (A2 t]A s x]) & o] 3tL}e] ARl Fof| 7|2 A RS = A|v g 35 v A%<

slice (&2}o] &) H-5 A~ 9 € $§—Ef§’3}% AR Eetol A MEATHE H7|HS AHSHA T
Ut variable_name[1:3:5] A&, [] ¢FollAl oA 7Y 25 222 Ut 2%
MNBE234E) Z7|H2 WREHo Esl ice AAE AHEF YT

special method (55 W] 4 =) o] X 01 Fol o A4k, QA 22, AP uf EAF o2 SEFH =
A=, oA HAMEE F Y Al Zetal 2y o5& 2 Utk S5 HAEE 55

Ll
HAE o5& ol BAE B
statement (£7) -2 29 E (=] “E5 (block)”) & FA3= FEAULL &%
7IHNES AHRote o8 7HA 2= 59 sty 748 if, while, for.
strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code

holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

flo
EH
ol
1>
o
Y
AW

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (2] 2 E ¢157.9J) 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”.
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text file (A 5}e)) str A E 93 2 4 Qe 72 A4, £5, AAE HQE A7) 25 uho = %
ol HAER g A2 GAE Q150 & AF QAT DA 309 o 2t HAE R
('r'EE'w) 2 G99 99Y, sys.stdin, sys.stdout,i0.StringI0 & A2AHAE E 5 US5

Y
SOl EAR A B 93 L 5 9 5D AR AL Hhol e 51 = FE A L.
3 0}gE

2ol B

2 T
triple-quoted string (&5 HEARD) g2z ) YA O) A AE SR 2XY. 13
Qo 9
=

08 S A EAD Qe 752 ABIAL AT, e} 7HA ol Fol A Lr 7} 9]
SUT olaAlo) T A e AenEEY 2YLEE BAY oo £F 5 YIS o1, AF
2AE 27 F1E e 2o A 5 eu, S2EDS 20 58 SR U

type (3)) Tho| % AA 2] FL 170 ojW
AA 9] Y _ class__ oEFH

type alias (3 ol de|o]2) 3= AH At o ) sto] B0 A

g o Qelolat g F=E desste o S8 T o S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o 2ol o ¢7] A ke 4 sy th

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass
o] 7|%5& A9 typing} PEP 4842 F =z 314 2.
type hint (3 F) W5, 2o o Bl HE D S5 v/ MS vk gre) Aus & 3 AT o] =
B o] A.

2 HE2 A9 ‘}1, A9 W, ZH2 AJEHRE 2 59 § SlEL typing.
get_type_hints () & AF&3to] AM 2 4= 95
o] 71%& AWl typingT} PEP 4842 2314 2.

=
universal newlines (U A & 397) t23 22 A58 =
A== KLY WY FAFEH '\n', A== A '\r\n', ALY v 7] E;q 2
Z 714 9l AFgof] B3|A = bytes.splitlines () ¥k ol 2} PEP 278 &} PEP 3116 = E/ﬂ]_u_
variable annotation (H4* o] o] A) WL = A o] EHE o] - H o] Al

W4 e 2o ol e g e o el o] de B ojge Ad Ag Uk

l

= Z9o Zog 9Ad: HAE /\Ea] o

class C:
field: 'annotation'

MEomElo]de QAo o A= AR UTH: o Fol, o] WPt int FE AL AOR

7l g Ut

count: int = 0

HE o] mH| o] B2 A A of - o] EE U] ]+ (Annotated assignment statements) o\ A 4 3 gt}

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 37) 3}o] % A2k} §8& T2 0], T2 A AH oA A E = ThE 3}
N SE 22 aWEY T2 JFE FA oA, golH v 2 7| A E& A XA F 18 0]

o —

= o AS A5 e, Ag oz Y 4g 2.
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O

L

SRS

AolH AFH. sto| WY 7H4} 71 A= vlol E

venv & HA L.

virtual machine (7}4 71 A4) £
], 210 2 o] 3 3131 AFR B U] 20

g7t st vlo]lE =5 A
Zen of Python (5}o]A A1) sho] 4 t]xhel Ye) e} BatSe] B2 o)
HUth o] 2E 2 U3} ZEZE oA “import this” & YHsH EJch
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APPENDIX B

o] A Aol &3}

o] A A= reStructuredText 20| A TEE 0] A1 o2 ) gfo] A A E 93 53| A=t
¢l Sphinx & AH&- @5 U T

Agx el o] & 913 24 QA Nk slo] M A 2} I 2 A A 02 AP F AR =8 Yyt 7] o 3}
2 AT, o] # ol th$F 7 B += reporting-bugs 3| o] A| & IS Al 2. A 22 A B AR AA Y
g gy ol

& RS/ Be A8 =5y

RUNNE

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

W2 At sholad Aof, shold - ghol B Yl sfol AR Aol 7] F st 7o) Ake] R A <
EE22 glo] A £ v Z 7] Misc/ACKS & FR I AL
spolxlo] o] B A
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appeENDIX C

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

o [¢) H

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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gttt GPL €3 glo] Al 9lo] W3 GPL 3ol Y d T2 2z EF o] & 2¢s 4= oA & o2
A2 194 5t

Guido®] 2| £ 5}ol o] W EE 7H5 317 BE BL 9% AARAAF oA A= F T

C.2 shol el A 25kA v} 4H&3t7] 913 0|8 o

lo] A 4z E g o] @} A A= PSF License Agreement o W} gho] Al 7F R ol FH )

glo] W 3.8.6 7 F, AW A9 oA, 225 Y 7]} T == PSF License Agreement 2} Zero-Clause BSD license©l|
e} o] F gho] Al A 7F Hof gt

sto] Mol F3E R Az EY ool = thE gholAlart A8 Ut gholdlas S gho] Al 8 Fst
= IZES A dEFEYTh o] H 3t golAl A ERAT HE52 25 Az EQ oo tf g gho] Al Y
S UE FRFAA L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.10.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.10.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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

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

agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOC-
UMENTATION

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

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 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
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<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 £} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/*****************************************‘k**********************
*
* 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.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

%
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(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
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc 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.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.

%
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APPENDIX D

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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Non-alphabetical

., 133

ellipsis literal, 18
T

string literal, 10
. (dot)

attribute reference,75

in numeric literal, 14
! (exclamation)

in formatted string literal, 12
— (minus)

binary operator, 80

unary operator, 78
' (single quote)

string literal, 10
! patterns, 106
" (double quote)

string literal, 10
mwmwn

string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

A4E=}, 79

o\
Il

augmented assignment, 90

& (ampersand)
A4kt 80

&:
augmented assignment, 90

() (parentheses)
call, 76
class definition, 114
function definition, 113
generator expression, 70
in assignment target list, 88
tuple display, 68

* (asterisk)
function definition, 114
import statement, 95
in assignment target list, 88
in expression lists,85

in function calls,77

A 2k2t, 79

* *
function definition, 114
in dictionary displays, 70
in function calls,77
A Ak}, 78

* k=

augmented assignment, 90
* =

augmented assignment, 90
+ (plus)
binary operator, 79
unary operator, 78
+=
augmented assignment, 90
, (comma), 68
argument list,76
expression list, 69,70, 85,91, 114
identifier 1list,97
import statement, 94
in dictionary displays, 70
in target list, 88
parameter list, 113
slicing, 76
with statement, 103
/ (slash)
function definition, 114
A Ak}, 79
//
A4 79
//=

augmented assignment, 90

augmented assignment, 90
0b

integer literal, 14
0o

integer literal, 14
0x

integer literal, 14
2to03,133
: (colon)

annotated variable, 90
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compound statement, 100, 101, 103, 104,
113,114
function annotations, 114
in dictionary expressions, 70
in formatted string literal, 12
lambda expression, 84
slicing, 76
: = (colon equals), 84
; (semicolon), 99

< (less)
1 4k2t, 80
<<
Ak}, 80
<<=
augmented assignment, 90
<=
1 4k2t, 80
! p—
Ak}, 80

augmented assignment, 90

= (equals)
assignment statement, 88
class definition, 35
for help in debugging using

string literals, 12

function definition, 113
in function calls, 76

A 2kAE 80

function annotations, 114
> (greater)
A4FA}, 80
>=
o Ak=}, 80
>>
A Ak}, 80
>>=
augmented assignment, 90
>>> 133
@ (at)
class definition, 115
function definition, 113
A A2}, 79
[1 (square brackets)
in assignment target list, 88
list expression, 69
subscription, 75

\ (backslash)

escape sequence, 11
\N

escape
\n

escape
\r

escape
\t

escape
\U

escape
\u

escape
\v

escape
\x

escape sequence, 11
~ (caret)

A4k2L, 80

sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11

sequence, 11

AN—

augmented assignment, 90
_ (underscore)

in numeric literal, 14
_, ldentifiers,9
__, identifiers,9

__abs__ () (object WA =), 43
__add__ () (object M| =), 42
__aenter__ () (object A =), 47
__aexit__ () (object WA =), 47
__aiter_ () (object M|M =), 47

__all__ (optional module attribute), 95
__and__ () (object A =), 42
__anext__ () (agen A E), 74
__anext__ () (object \|A =), 47
__annotations__ (class attribute), 23
__annotations__ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object M| A &), 46
__bases__ (class attribute), 23
__bool__ () (object method), 40
__bool__ () (object WA =), 30
__bytes__ () (object M| A =), 28
___cached__, 60

__call__ () (object method), 78
__call__ () (object A=), 40
__cause___ (exception attribute), 93
__ceil__ () (object MM E), 43

__class__ (instance attribute), 24
__class__ (method cell), 36
__class___ (module attribute), 31

escape sequence, 11 __class_getitem__ () (object®] S WAL,
AN\ 38
escape sequence, 11 __classcell__ (class namespace entry), 36
\a __closure__ (function attribute), 21
escape sequence, 11 ___code___ (function attribute), 21
\b __complex__ () (object WA E), 43
escape sequence, |1 __contains__ () (object M|X =), 41
\f __context__ (exception attribute), 93
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__debug__, 91 __itruediv__ () (object A E), 43
__ defaults__ (function attribute), 21 __ixor__ () (object WA =), 43
__del_ () (object WA =), 27 __kwdefaults__ (function attribute), 21
__delattr__ () (object M| A =), 31 __le_ () (object WA =), 28
__delete__ () (object MIA =), 32 __len__ () (mapping object method), 30
__delitem__ () (object M| =), 41 __len__ () (object Wl A =), 40
__dict__ (class attribute), 23 __length_hint__ () (object Wl A=), 40
__dict__ (function attribute), 21 _ loader_ ,60
__dict__ (instance attribute), 24 __1shift__ () (object WX =), 42
__dict__ (module attribute), 23 __1t__ () (object M| A =), 28
_ dir__ (module attribute), 31 __main___
__dir__ () (object ¥l =), 31 2E, 50,119
__divmod__ () (object Wl A ), 42 __matmul__ () (object Wl A=), 42
__doc__ (class attribute), 23 __missing__ () (object H| A=), 41
__doc___ (function attribute), 21 __mod__ () (object W] A =), 42
__doc__ (method attribute), 21 __module__ (class attribute), 23
__doc__ (module attribute), 23 __module___ (function attribute), 21
__enter__ () (object M| A &), 44 __module__ (method attribute), 21
__eq__ () (object | A =), 28 _mul__ () (object Wl A=), 42
__exit__ () (object ¥| A =), 44 __name__,60
__file_ ,60 __name___(class attribute), 23
_ file_  (module attribute), 23 __name___ (function attribute), 21
__float__ () (object M|A =), 43 __name___ (method attribute), 21
__floor__ () (object M|X =), 43 __name___ (module attribute), 23
__floordiv__ () (object M| =), 42 __ne__ () (object \l| A =), 28
__format__ () (object | X =), 28 __neg__ () (object WA =), 43
__func___ (method attribute), 21 __new__() (object | =), 27
___future_ , 138 _ next__ () (generator M| =), 72
future statement, 96 __or__ () (object Wl A=), 42
__ge__ () (object | A =), 28 __package__, 60
__get__ () (object W] A =), 32 _ _path_ ,60
__getattr__ (module attribute), 31 __pos__ () (object WA =), 43
__getattr__ () (object W|A =), 30 __pow__() (object A =), 42
__getattribute__ () (object WA E), 30 __prepare__ (metaclass method), 36
__getitem__ () (mapping object method), 26 __radd__ () (object Y| A =), 42
__getitem__ () (object M| A &), 40 __rand__ () (object Y| A =), 42
__globals__ (function attribute), 21 __rdivmod__ () (object M| A =), 42
__gt__ () (object W] A =), 28 __repr__ () (object ] =), 28
__hash__ () (object | A £), 29 __reversed__ () (object A E), 41
__iadd__ () (object M| A &), 43 __rfloordiv__ () (object M|A =), 42
__iand__ () (object M| A &), 43 __rlshift_ () (object A =), 42
_ _ifloordiv__ () (object M| A E), 43 __rmatmul__ () (object H| A=), 42
__ilshift__ () (object A =), 43 __rmod__ () (object | =), 42
__imatmul__ () (object M|X =), 43 _rmul__ () (object W] A=), 42
__imod__ () (object W] A &), 43 __ror__ () (object | A=), 42
__imul__ () (object | A &), 43 __round__ () (object M| A=), 43
__index__ () (object |X =), 43 __rpow__ () (object W] A =), 42
__init__ () (object Ml A &), 27 __rrshift_ () (object M|A =), 42
__init_subclass__ () (object®] S~ E), _ rshift__ () (object M| A E), 42
34 __rsub__ () (object Wl A=), 42
__instancecheck__ () (class WA &), 37 __rtruediv__ () (object M| A =), 42
__int__ () (object WA =), 43 __rxor__ () (object Y| A =), 42
__invert__ () (object WA =), 43 __self__ (method attribute), 21
__ior__ () (object WA =), 43 __set__ () (object Wl A =), 32
__ipow__ () (object F]AE), 43 __set_name__ () (object M| A =), 34
__irshift_ () (object M|X =), 43 __setattr__ () (object WA =), 30
__isub__ () (object M| A &), 43 __setitem__ () (object M=), 41
__iter_ () (object Wl A E), 41 __slots_ , 144
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_ _spec__,60

__str__ () (object Wl =), 28

__sub__ () (object H| A =), 42
__subclasscheck__ () (class M| A =), 37
__traceback___ (exception attribute), 93
__truediv__ () (object M| A =), 42
__trunc__ () (object ] A =), 43

_ xor__ () (object f| A =), 42

{ '} (curly brackets)

dictionary expression, 70
in formatted string literal, 12
set expression, 70

| (vertical bar)

A 4kAE 80

augmented assignment, 90

~ (tilde)

273

fd

A5, 78

asynchronous—generator, 74
Boolean, 19

built-in function, 22,78
built-in method, 22, 78
callable, 21,76

class, 23,78, 114

class instance, 23, 24,78
complex, 19

dictionary, 20, 23, 29, 70, 75, 89
Ellipsis, I8

floating point, 19

frame, 25

frozenset, 20

function, 21,22,77,78, 113
generator, 24, 70, 72
immutable, 19

immutable sequence, 19
instance, 23, 24,78

integer, 19

list, 20, 69,75, 76, 89

mapping, 20, 24, 75, 89

method, 21, 22, 78

module, 23, 75

mutable, 20, 88, 89

mutable sequence, 20

None, 18, 87

NotImplemented, 18
numeric, 18, 24

sequence, 19, 24,75, 76, 83, 89, 100
set, 20, 70

set type, 20

slice, 40

string, 75,76

traceback, 25, 93, 102

tuple, 19, 75, 76, 85
user—-defined function,?2l1,77,113
user—-defined method, 21

assert, 91

async def, 116
async for, 116
async with, 117
break, 94, 100, 102
class, 114
continue, 94, 100, 102
def, 113

del, 27,91

for, 94, 100
global, 91,97
if, 100

import, 23, 94
match, 104
nonlocal, 97
pass, 91

raise, 93
return, 92, 102
try, 25,101
while, 94, 100
with, 44,103
yield, 92

A4}

pud

o] ]

% (percent), 79
& (ampersand), 80
* (asterisk), 79
*% 78

/ (slash), 79
/7,79

< (less), 80
<<, 80

<=, 80

1=, 80

==, 80

> (greater), 80
>=, 80

>>. 80

@ (at), 79

~ (caret), 80

| (vertical bar), 80
~ (tilde), 78
and, 83

in, 83

is, 83

is not, 83
not, 83

not in, 83
or, 83

AssertionError, 91
AttributeError, 75
GeneratorExit, 73,74
ImportError, 94
NameError, 68
StopAsyncIteration, 74
StopIteration, 72,92
TypeError, 79
ValueError, 80
ZeroDivisionError, 79
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A

abs
W7 g, 43
abstract base class (54 Hlo]x &
133
aclose () (agen WA &), 74
addition, 79
and
bitwise, 80
A 43 83
annotated
assignment, 90
annotation (o] H| o] A), 133
annotations
function, 114
anonymous
function, 84
argument
call semantics, 76
function, 21
function definition, 113
argument (%12}, 133
arithmetic
conversion, 67
operation,binary, 79
operation, unary, 78
array
25,20
as
except clause, 101
import statement, 95
match statement, 104
with statement, 103
719 =, 94, 101, 103, 104
AS pattern, OR pattern, capture
pattern, wildcard pattern,
106
ASCII,4, 10
asend () (agen WA =), 74
assert
=,91
AssertionkError
ol 9], 91
assertions
debugging, 91
assignment
annotated, 90
attribute, 88
augmented, 90
class attribute, 23
class instance attribute, 24
slicing, 89
statement, 20, 88
subscription, 89
target list, 88
assignment expression, 84
async
7195, 116

async def
=,116

async for
in comprehensions, 69
=, 116

async with

=, 117

asynchronous context manager (8% 7]

BE el A, 134
asynchronous generator
asynchronous iterator,?22
function, 22

asynchronous generator (H]% 7] Ay & o]

H), 134

asynchronous generator iterator (H]%7]

Ay el el8 ol g2 o] §), 134

asynchronous iterable (H]% 7] ©] g & &),

134

asynchronous iterator (8|5 7] o & & o] H),

134
asynchronous—generator
A, 74
athrow () (agen WA &), 74
atom, 67
attribute, 18
assignment, 88
assignment, class, 23
assignment, class instance, 24
class, 23
class instance, 24
deletion, 91
generic special, 18
reference, 75
special, 18
attribute (S]EZHE), 134
AttributeError
o &, 75
augmented
assignment, 90
await
in comprehensions, 69
719 5,78, 116
awaitable (o]0l &), 134

B
b'
bytes literal, 10
b"
bytes literal, 10
backslash character, 6
BDFL, 134
binary
arithmetic operation, 79
bitwise operation, 80
binary file (H}o]\ g 9}4), 134
binary literal, 14
binding
global name, 97
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name, 49, 88, 94, 95, 113, 114
bitwise
and, 80
operation,binary, 80
operation, unary, 78
or, 80
xor, 80
blank line,7
block, 49
code, 49
BNF, 4, 67
Boolean
operation, 83
AA, 19
borrowed reference, 134
break
=, 94, 100, 102
built-in
method, 22
built-in function
call, 78
AA, 22,78
built-in method
call, 78
244, 22,78
builtins
2E,119
byte, 20
bytearray, 20
bytecode, 24
bytecode (M} E T X&), 135
bytes, 20
Wg g, 28
bytes literal, 10
bytes—like object (B}o]EEH AA), 135

C

c, 11
language, 18, 19, 22, 80
call, 76
built-in function, 78
built-in method, 78
class instance, 78
class object, 23,78
function, 21,77,78
instance, 40, 78
method, 78
procedure, 87
user—-defined function, 77
callable, 135

comparisons, 80

exception, 93
character, 19,75
chr

W g4, 19
class

attribute, 23

attribute assignment, 23

body, 36

constructor, 27

definition, 92, 114

instance, 24

name, 114

MR, 23,78, 114

=, 114
class (E# ), 135
class instance

attribute, 24

attribute assignment, 24

call, 78

AA, 23,24,78
class object

call, 23,78
class variable (F#|2 WS, 135
clause, 99
clear () (frame WA &), 25
close () (coroutine M| A E), 46
close () (generator M| A &), 73
co_argcount (code object attribute), 24
co_cellvars (code object attribute), 24
co_code (code object attribute), 24
co_consts (code object attribute), 24
co_filename (code object attribute), 24
co_firstlineno (code object attribute), 24
co_flags (code object attribute), 24
co_freevars (code object attribute), 24
co_kwonlyargcount (code object attribute), 24
co_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, 49
code object, 24
coercion (Zo]A), 135
comma, 68

trailing, 85

AR, 21,76 command line, 119
callback (E%), 135 comment, 6
case comparison, 80
match, 104 comparisons, 28
719 &, 104 chaining, 80
case block, 106 compile
C-contiguous, 135 =t sk, 97
chaining complex
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number, 19

AA, 19

W g4, 43
complex literal, 14
complex number (E4F), 135
compound

statement, 99
comprehensions, 69

dictionary, 70

list, 69

set, 70
Conditional

expression, 83
conditional

expression, 84
constant, 10
constructor

class, 27
container, 18, 23
context manager, 44
context manager (AEAE #E| A}, 135
context variable (AYAE W), 135
contiguous (<), 135
continue

=, 94, 100, 102
conversion

arithmetic, 67

string, 28, 87
coroutine, 45,71

function, 22
coroutine (ZFH), 136
coroutine function (ZFHE &), 136
CPython, 136

D
dangling
else, 100
data, 17
type, 18
type, immutable, 68
datum, 70
dbm.gnu
2E,20
dbm.ndbm
25,20
debugging
assertions, 91
decimal literal, 14
decorator (¢ Zd| o] ), 136
DEDENT token, 7, 100
def
=, 113
default
parameter value, 113
definition
class, 92,114
function, 92,113
del

=, 27,91
deletion

attribute, 91

target, 91

target list, 91
delimiters, 15
descriptor (TJ2= HEH), 136
destructor, 27, 88
dictionary

comprehensions, 70

display, 70

A, 20, 23, 29, 70, 75, 89
dictionary (844 8), 136
dictionary comprehension (YA A=z

glad), 136

dictionary view (8448 H), 136
display

dictionary, 70

list, 69

set, 70
division, 79
divmod

W e, 42
docstring, 114
docstring (52~E#), 136
documentation string, 25
duck-typing (5 E}o]H), 136

E

e
in numeric literal, 14
EAFP, 137
elif
Z1¥ =, 100
Ellipsis
A, 18
else
conditional expression, 84
dangling, 100
719 &, 94, 100102
empty
list, 69
tuple, 19, 68

encoding declarations (source file), 6
environment, 50
error handling, 5l
errors, 51
escape sequence, 11
eval
= sk, 97, 120
evaluation
order, 85
exc_info (in module sys), 25
except
719 =, 101
exception, 51,93
chaining, 93
handler, 25
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raising, 93
exception handler, 51
exclusive

or, 80
exec

Wg g, 97
execution

frame, 49, 114

restricted, 51

stack, 25
execution model, 49
expression, 67

Conditional, 83

conditional, 84

generator, 70

lambda, 84, 114

list, 85, 87

statement, 87

yield, 71
expression (E34]), 137
extension

module, 18
extension module (% E§), 137

F
f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (F2AY), 137
f_back (frame attribute), 25
f_builtins (frame attribute), 25
f__code (frame attribute), 25
f_globals (frame attribute), 25
f_lasti (frame attribute), 25
f_lineno (frame attribute), 25
f_locals (frame attribute), 25
f_trace (frame attribute), 25
f_trace_lines (frame attribute), 25
f_trace_opcodes (frame attribute), 25
False, 19
file object (< AXA), 137
file-like object (FLF AA), 137
filesystem encoding and error

handler, 137

finalizer, 27
finally

719 =, 92,94, 101, 102
find_spec

finder, 56
finder, 56

floating point literal, 14
floor division (A4 Y4, 137
for
in comprehensions, 69
=, 9%, 100
form
lambda, 84
format () (built-in function)
__str__ () (object method), 28
formatted string literal, 12
Fortran contiguous, 135
frame
execution, 49, 114
A, 25
free
variable, 50
from
import statement, 49,95
719 &, 71,94
yield from expression,72
frozenset
A, 20
fstring, 12
f-string, 12
function
annotations, 114
anonymous, 84
argument, 21
call,21,77,78
call,user—-defined, 77
definition, 92,113
generator, 71,92
name, 113
user—-defined, 21
AA, 21,22,77,78, 113
function (&), 137
function annotation (&4 o]k H|o]A), 137
future
statement, 96

G

garbage collection, 17
garbage collection (7}H] A 7)), 138
generator, 138
expression, 70
function, 22,71, 92
iterator, 22,92
A A, 24,70, 72
generator (A1 ¥ o] H), 138
generator expression, 138
generator expression (AU @ ol Z &4,

find_spec, 56 138
finder (3}Q19), 137 generator iterator (AU d o]E o] g & o]E]),
float 138
Ul &+ sk, 43 GeneratorExit
floating point o 2], 73, 74
number, 19 generic
AA], 19 special attribute, 18
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generic function (AW g ), 138
generic type (AUH &), 138
GIL, 138
global
name binding, 97
namespace, 21
=,91,97
global interpreter lock (A Q¥ =g H
=), 138
grammar, 4
grouping, 7
guard, 106

F{

handle an exception,5l
handler

exception, 25
hash

W &, 29
hash character,6
hash-based pyc (S| A] 714} pyc), 138
hashable, 70
hashable (]A] 7}%), 139
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 56

meta, 56

path, 56

I
id
W g, 17
identifier, 8, 68
identity
test, 83
identity of an object, 17
IDLE, 139
if
conditional expression, 84
in comprehensions, 69
=, 100
719 =, 104
imaginary literal, 14
immutable
data type, 68
object, 68,70
A, 19
immutable (£4), 139
immutable object, 17
immutable sequence
A, 19
immutable types
subclassing, 27

import
hooks, 56
=, 23,94

import hooks, 56
import machinery, 53
import path(YXE F=),139
importer (¥ X¥), 139
ImportError

o]l 9], 94
importing (Y *H), 139
in

A4kt 83

19 &, 100
inclusive

or, 80
INDENT token,7
indentation, 7
index operation, 19
indices () (slice /] 4] £), 26
inheritance, 114
input, 120
instance

call, 40,78

class, 24

MA, 23, 24,78
int

Wg &, 43
integer, 19

representation, 19

A4, 19
integer literal, 14
interactive (th33), 139
interactive mode, 119
internal type, 24
interpolated string literal, 12
interpreted (I ZE E), 139
interpreter, 119
interpreter shutdown (AEZZEH £7),139
inversion, 78
invocation, 21
io

25,24
irrefutable case block, 106
is

A AL=}, 83
is not

A ARAL, 83
item

sequence, 75

string, 75
item selection, 19
iterable

unpacking, 85
iterable (°]HEHE), 139
iterator (°] € d o] ¥), 139

J

in numeric literal, 15
Java

language, 19

9]

177



The Python Language Reference, = X] #] A 3.10.13

K 2,104
key, 70 matrix multiplication, 79
key function (7] <), 140 mempbership
key/datum pair,70 test, 83
keyword, 9 meta
keyword argument (7| X 214}, 140 hooks, 56
meta hooks, 56

L meta path finder (WE} 3 Z 1}29), 140
lambda metaclass, 35

expression, 84, 114 metaclass (W EF ), 141

form, 84 T metaclass hint, 36

’ hod

lambda (&}, 140 met
languaée‘j Tq—) built-in, 22

c, 18,19, 22, 80 cal},78

Java, 19 magic, 140
last_traceback (in module sys), 25 special, 1.44
LBYL, 140 user—-defined, 21

9 n -
leading whitespace,7 A, 21,22,78
len method (WA &), 141

W 3=, 19, 20, 40 method resolution order (WA= AA £A]),

[o2 = ) b b}
lexical analysis,5 . 141
minus, 78

lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 88
comprehensions, 69
deletion target, 91
display, 69
empty, 69
expression, 85, 87
target, 88, 100
A, 20, 69, 75, 76, 89 mutable
list (B]AE), 140 A, 20, 88, 89
list comprehension (B|2E Az 3 A), 140 mutable (7“‘3)’ 141
literal, 10, 68 mutable object, 17
mutable sequence

module
extension, 18
importing, 94
namespace, 23
A7, 23,75
module (E&), 141
module spec, 56
module spec (&E 23), 141
modulo, 79
MRO, 141
multiplication, 79

loader, 56 A7 20
loader (Z49), 140 A,
locale encoding, 140 N
logical line,5
loop name, 8,49, 68

statement, 94, 100 binding, 49, 88,94, 95, 113, 114
loop control binding, global, 97

target, 94 class, 114

function, 113

M mangling, 68
magic rebinding, 88

method, 140 unbinding, 91

i : d expression, 84
magic method (W] & WA =), 140 name on, 84

1 E

makefile () (socket method), 24 named tuple (V9= F2), 141
mangling NameError

name, 68 o 2], 68 o .
mapping NameError (built-in exception), 50

A A, 20,24, 75, 89 names
mapping (W] 33), 140 private, 68
match namespace, 49

case, 104 global, 21
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module, 23

package, 55
namespace (0] & &7, 141
namespace package (°]& &7+ 3 7] A]), 141
negation, 78
nested scope (FFH 27T xZ), 141
new-style class (FF2EY S 2), 142
NEWLINE token,5, 100
None

A, 18, 87
nonlocal

=,97
not

A 47}, 83
not in

A 43 83
notation,4
NotImplemented

A, 18
null

operation, 91
number, 14

complex, 19

floating point, 19
numeric

AA, 18,24
numeric literal, 14

O

object, 17
code, 24
immutable, 68, 70
object (AA), 142
object._ match_args__ (W3 ¥4), 44
object._ _slots__ (WA HF),33
octal literal, 14
open
W e, 24
operation
binary arithmetic, 79
binary bitwise, 80
Boolean, 83
null, 91
power, 78
shifting, 80
unary arithmetic, 78
unary bitwise, 78
operator
— (minus), 78, 80
+ (plus), 78, 79
overloading, 26
precedence, 85
ternary, 84
operators, 15
or
bitwise, 80
exclusive, 80
inclusive, 80

i
oX
d
4
)

order
evaluation, 85

output, 87
standard, 87

overloading
operator, 26

P

package, 54
namespace, 55
portion, 55
regular, 54
package (3] 7] A]), 142
parameter
call semantics, 76
function definition, 112
value, default, 113
parameter (W 7] H), 142
parenthesized form, 68
parser, 5
pass
=,91
path
hooks, 56
path based finder, 62
path based finder (A= 7|9t 1}olH), 142
path entry (4 E dE=z]), 142
path entry finder (AZ dET 5} H), 142
path entry hook (A& dE=z £), 142
path hooks, 56
path-like object (AZF A, 142
pattern matching, 104
PEP, 143
physical line,5,6,11
plus, 78
popen () (in module os), 24
portion
package, 55
portion (EA), 143
positional argument (§ %] ¢1A}), 143
pow
W e, 42
power
operation, 78
precedence
operator, 85
primary, 75
print
W7 g, 28
print () (built-in function)
__str__ () (object method), 28
private
names, 68
procedure
call, 87
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program, 119

provisional API (7 API), 143
provisional package (FA 3 7] X)), 143
python 3000 (3+o] & 3000), 143
PYTHONHASHSEED, 30

Pythonic (Z}o] A ThY), 143
PYTHONPATH, 62

Q

qualified name (774 ©]5), 143

R

r'

raw string literal, 10
r"

raw string literal, 10
raise

=,93
raise an exception,5l
raising

exception, 93
range

w7 g4, 101
raw string, 10
rebinding

name, 88
reference

attribute, 75
reference count (ZX 34, 144
reference counting, 17
regular

package, 54
regular package (B3 3 7] A]), 144
relative

import, 95
repr

W7 g, 87
repr () (built-in function)

__repr___ () (object method), 28
representation

integer, 19
reserved word, 9
restricted

execution, 51
return

=,92,102
round

W g4 43

S

scope, 49, 50
send () (coroutine ¥ X1 £.), 46

comprehensions, 70
display, 70
A=, 20, 70
set comprehension (& A=A A), 144
set type
A, 20
shifting
operation, 80
simple
statement, 87
single dispatch (AZ Y29 X)), 144
singleton
tuple, 19
slice, 76
AA, 40
g g, 26
slice (£&}o]2), 144
slicing, 19,20, 76
assignment, 89
soft keyword,9
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method, 144
special method (E4 WA E), 144
stack
execution, 25

trace, 25
standard
output, 87

Standard C, 11
standard input, 119
start (slice object attribute), 26, 76
statement
assignment, 20, 88
assignment, annotated, 90
assignment, augmented, 90
compound, 99
expression, 87
future, 96
loop, 94, 100
simple, 87
statement (%), 144
statement grouping,7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 26, 76
stop (slice object attribute), 26, 76

cend () (generator WA =), 72 St opoz%;yr;ilteratlon
sequletnce75 StopIteration

1 'em7 0:“9’] 5 72’ 92

A A, 19, 24,75, 76, 83, 89, 100 string

AlA A

sequence (A @), 144 __format__ () (object method), 28
set
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__str__ () (object method), 28
conversion, 28, 87
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 75
A A, 75,76
string literal, 10
strong reference, 144
subclassing
immutable types, 27
subscription, 19, 20, 75
assignment, 89
subtraction, 80

suite, 99
syntax, 4
sys

25,102,119
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 56
sys.modules, 55
sys.path, 62
sys.path_hooks, 62
sys.path_importer_cache, 62
sys.stderr, 24
sys.stdin, 24
sys.stdout, 24
SystemExit (built-in exception), 51

T

tab, 7
target, 88
deletion, 91
list, 88, 100
list assignment, 88
list,deletion, 91
loop control, 94
tb_ frame (traceback attribute), 25
tb_lasti (traceback attribute), 25
tb_1lineno (traceback attribute), 25
tb_next (traceback attribute), 26
termination model, 51
ternary
operator, 84
test
identity, 83
membership, 83
text encoding (HIAE Q13 1), 144
text file (AIAE 1Y), 145
throw () (coroutine M| X1 &), 46
throw () (generator WA =), 72
token, 5
trace
stack, 25
traceback
A, 25,93, 102
trailing

comma, 85
triple—-quoted string (A= W
4), 145
triple-quoted string, 10
True, 19

try
=, 25,101
tuple
empty, 19, 68

singleton, 19
A, 19,75, 76, 85
type, 18
data, 18
hierarchy, 18
immutable data, 68
W3 &4, 17, 35
type (3), 145
type alias (& o|LElo]), 145
type hint (8 3l E), 145
type of an object, 17
TypeError
o]l 9], 79
types, internal,?24

U

u
string literal, 10
u"
string literal, 10
unary
arithmetic operation, 78
bitwise operation, 78
unbinding
name, 91
UnboundLocalError, 50
Unicode, 19
Unicode Consortium, 10

2

2

universal newlines (FUBAd & d7), 145

UNIX, 119
unpacking
dictionary, 70
in function calls,77
iterable, 85
unreachable object, 17

unrecognized escape sequence, 11

user—-defined
function, 21
functioncall, 77
method, 21

user—-defined function
AA, 21,77, 113

user—-defined method
A, 21

\Y

value
default parameter, 113
value of an object, 17
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ValueError async, 116
o 2], 80 await, 78,116
values case, 104
writing, 87 elif, 100
variable else, 94, 100102
free, 50 except, 101
variable annotation (M4 o] E|o]A), 145 finally, 92, 94, 101, 102
virtual environment (7} &7), 145 from, 71, 94
virtual machine (7} 7] A), 146 if, 104
in, 100
W yield, 71
walrus operator, 84 s}o] # A} A ok
while PEP 1, 143
=, 94,100 PEP 8,81
Windows, 119 PEP 236,97
with PEP 238, 137
=Z, 44,103 PEP 252,32
writing PEP 255,72
values, 87 PEP 278, 145
PEP 302,53, 65, 137, 140
X PEP 308, 84
W3 a4 PEP 318,115
abs, 43 PEP 328,65
bytes, 28 PEP 338,065
chr, 19 PEP 342,72
compile, 97 PEP 343,44, 104, 135
complex, 43 PEP 362,134, 142
divmod, 42 PEP 366, 60, 65
eval, 97, 120 PEP 380,72
exec, 97 PEP 411, 143
float,43 PEP 414,10
hash, 29 PEP 420, 53,55,61, 65,137, 141, 143
id, 17 PEP 443,138
int, 43 PEP 448,70,77,85
len, 19, 20, 40 PEP 451,65, 137
open, 24 PEP 483,138
ord, 19 PEP 484, 38,90, 114, 133, 137, 138, 145
pow, 42 PEP 492,46,72,117,134, 136
print, 28 PEP 498, 14, 137
range, 101 PEP 5109, 143
repr, 87 PEP 525,72,134
round, 43 PEP 526,90, 114, 133, 145
slice, 26 PEP 530, 69
type, 17, 35 PEP 560, 35, 39
25 PEP 562,31
main__, 50,119 PEP 563,96, 114
;ray, 2? PEP 570,114
builtins, 119 PEP 572,70, 84, 108
dbm. gnu, 20 PEP 585, 138
dbm. ndbm, 20 PEP 614,113,115
io, 24 PEP 617,121
sys, 102, 119 PEP 634,44,105,112
Xor PEP 636, 105,112
bitwise, 80 PEP 3104,97
PEP 3107, 114
Y PEP 3115,36,115
e RS PEP 3116, 145
as, 94, 101, 103, 104 PEP 3119,37
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PEP 3120,5

PEP 3129, 115
PEP 3131,8

PEP 3132,89
PEP 3135,37
PEP 3147, 60
PEP 3155, 143

PYTHONHASHSEED, 30
yield

examples, 73

expression, 71

=,92

719 5,71

Z

Zen of Python (Fo]# A), 146
ZeroDivisionError

ol £, 79
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