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CHAPTER 1

e
o s A AW AL Thol 8 m2 Y Aol AW Th ASHE BEZ 513 97 T,
7H53 3 AR T e G Shn YA T, P o} F 4 o)) BE Aot Y4 FARTE Aol
AU o] delo] FFAY EAE0) EAE E ol Lol R HEA W, FAo] 255 b5
A BHE U Th B34 0 2, §HoF ol gt o] 310l A a1 o EA RO 2 sho] AL thA] A5l 1 3hdl
obube of ] 74A & WA oF @ Fo] 1 A% Bo] THE dojE wEE 202 2 AYUTh W,
of &) o] o)L ALg 3k 913 Aol o] S ool v & BEe 7 7ol vhal F a5 Slrkel Ael
45 o) RN FE 22 & UFUTh F o FAAE JE B3 AT, opukE of e 2 AIZHS
7185 Mol 5L — 184 oW 22 /1 AS B HAY )
FEEAN IR B FH AR ATS & AL AFFUL TEL MAD Aol 1 2 Aofe e
THE E T A 02 54T 4 A5 UTh W] (9 T do] WA AXEE Folha 97 kAT
CPython £ 714 9 2] ALg & shol 7@ o] 1, 14 S8% 49 S uj= A7 47k &k,
TR0l 27he] A kS WEST It ASE B8 TEF U DA, AE FUF0 FL T R E
A Holher A€ B 2 APtk
2E shol A PHO| & B g BF BES ] ek Ut o] 25 L library-index of /1% o YLtk
Aol Fojo] 2EF B PAoT BAY ¢ R P BESL thw AgH Uk

ol A 92 A8 £ shold TR0l £ AW, 5T BAAE AR HAENA ThEL
7HA o 2t FEE o] EA Y Th

A FESS

CPython

|

C2 A48 shold FAYUTH dol9 M2 /5L 1S

rlr

Az o)/ % Bhu 7pg 2 Bl s 7 g
o] 71| A A& S

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
o] +d-2 A A| £+ CPython &5 AR&-3HA T, 1 U 2] = (managed) .NET 3-8 Z 2 13 o] 11 NET



https://www.jython.org/
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gto] B 2] 8] & A|-Z gt} Bryan Lloyd 7} T+5 955 U thtt. ©f #HA| 3 A H = Python for NET & 7 o]
2] ol A A B8 U .

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 AL ol AYAoIA AT = dofst 234 27 hE WY 2 Holuh AL, EE shol ) EA oA
SR SR AREE AT AR B B0l 5 elo] ] o AL o oot
S sl AL 7 e ABH L EAE 22T e dauth

1.2 ®E7|H

The descriptions of lexical analysis and syntax use a modified Backus—Naur form (BNF) grammar notation. This
uses the following style of definition:

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

lc_letter = "ar.,.."z"
A £ name ©] 1c_letter B AJZSHL, YA St o] 4] 1c_letter Y B Eo] FE= JHE
APt B TE 89 1c_letter = 'a' 9 'z' Abolo] B} 3hhg] UL (AFA o] FH L o] A

REEPESEE PR PR EET L RN

A8 722 0] 8 (9] o) 545H name) 3 1 1= 2 A ATk AZTT ()& S-S Felshe o

AR U o] E71H01A £ 44917 714 s AU Th WE () & Gl e 5] Aok A

U@ o] g S Glehe o u Utk WSS, BSH] (D& @ W o 4 e £ QAT A

S5 Qe Foli, fEE ()2 B A2 Ho) 99 g 4 913, A2 b sithe . -

G AR AR S AGA B AR S AL A% 5 BEE ool = B o A58

Hok AU E R HEEE AT SHe B g Vel 3 2o g 722
: o

N
i
)
Y
fu -
=
=
fu

e FAL oY 22 AT 4% Qid, Aupes
A5 A g o
SEEDICERES l%QﬂNWﬂa%ﬂﬂ$ﬂgﬂﬂﬂ%ﬂwﬂ~rﬂ4ﬂﬁatﬂﬂﬂﬂA

Aoz Hago] 9 on =o
O, ESAEE (<. .>) &

Fo 3 A Ao fx}’ £ dysted A & %‘«%HD}

AHEE = E7IR o] A9 Zrhal el b, o] 3] & B 2ol Atks Aol 7 AU Tth: 03] B =
A9 NE FAe] A8H =9, 2 B = o3 £V e U= EE250 48 Uk o
ZF (“o] 3] B A (Lexical Analysis)”) ol /] A} 5 = 2E BNF= o]3] Ao dUrt); 2 o] 59 Foja= &
A dyth
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CHAPTER 2

2
o
MHT

x

spol W 2 12 I (parser) ol o3l S YT THA Y JH L oF —Er/ﬂ. 7 (lexical analyzer) 7P =
A= EE (token) £ 2EH YU Th o] FollA &= o] 3] £47]7} of 2
Avd g oh

sfol A 22 AP HAEE FUIE FEFOZ YJFUTH AL 31Y A7 P2 AFYP AAE 53
xv&#au 7] 27k UTF-8 Y Ut} ZHA 3 U &-2 PEP 3120 o] Y2 Uth &2 398 gayddd 4

< W= SyntaxError 7} @AY o}

2.1 & X (Line structure)

ol =2 232 o MY =2 & Ql & (logical lines) £ = g U th

2|4 ¢l £9] T2 NEWLINE E20 2 R Uth Bl 3 etstA] gE o4 (A& o] BIE
Fe Abol) 2L = A & 0 BAE TFRAE S AsUTh =28 &2 YAIH AU FA A
= %‘(lmejommg)%ﬂ off whe} skt o] ] E2l A <l %(physical lines) E2 T4 Ut}

E829 22 29 24 YU AE2AR 2UEs FAEY APEAYUT 22 3 Y3 EA G &
PEEY BEFE E TS ANFD2E BF AMEE £ 2lF5Uth- ASCILLF (7] 3 PrZH S A f Y2 9,
ASCII A] 82~ CRLE(FH 2] A] 81| thof] & & 73 £ & AHE3h= 9= &, ASCII CR(FH g1 #] 2] °
S S-S A Wi EA . o] FHEL FHEY TR BA] 556}711 A& S Qs Th
do B2 v B H A £ FAH FAA AT JHE‘r

ol NG UWZT s, 22 T BRI MEA F T8 A 25 C ZY(ASCHLFE £ 3h+= \n
Bz Zol 22U THS AL A to]# APIZ A 2g] o] of %“4"/}-
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213 F=A
FA2 A elH Holl 24F A = A AHH) = A FStAL =28 A A 2] 2ol 29Ut FA14
A& AT Fol FasHA b2 ol FAL =AU E2 TEAAUT F42 £ ol FASUH

HA) S0 &= T4 0] 4] coding[=:]\s* [—\w.]+>TJrUHi151
Jelg Utk o] A4l A HAl 152 AL FE —4"‘4 A3 o
Zl@““%q SEAZ Aol T2 yoboF gyt ek F Wik Zolehd, A HA = JA] F z”“*
ofoF gt <l F el F AL shue

[# —*- coding: <encoding-name> —*- ]

sroll g o) 3 A
z X%

o]j_AJO olFY Mo

¢lt] GNU Emacs o] A & <12 Ut} o2 dhvpe=

[# vim:fileencoding=<encoding-name>

1 ¢ Bram Moolenaar 2] VIM ol A] 121 Ut}

If no encoding declaration is found, the default encoding is UTF-8. If the implicit or explicit encoding of a file is
UTF-8, an initial UTF-8 byte-order mark (b’ xefxbbxbf” ) is ignored rather than being a syntax error.

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 FAIHl § 2t

Eolgel BeHo 22 o SN EAN)E ASHA 4
Zo] B4 elE ol 49 AR} ol o LA EAR U, o
AAD A=, B BEAA L Dt £ 4 Z FHAAU oI Eol:

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

—{11

A SN B 2 FA0) 2o £ etk o 2dl A 2AL Adern) BT o SHAlE
29 A HEL AT fH E2E ARHA FFUGHE, F4D 25 E o]9] 9] ofdl E2E o &7
AE A F Fol Lol 7158 5 QAU Th). £AD EE o] St o 27 Gl A AF
A o] 9] 9] ol 545 AL ol o Ttk

A
Z5(0)),NZS([1), EZSUNIAEH =BT d S Qo= 8 7o Bl F A 22 Y=s 5
[} Y .
=] .

month_names = ['Januari', 'Februari', 'Maart', # These are the
'April"', 'Mei', 'Juni’', # Dutch names
'Juli', 'Augustus', 'September', # for the months
'Oktober', 'November', 'December'] # of the year

dE s A5y 010121% ZE59 Sdnv)e 2234 F5Y
| 5 Z}Oﬂ%N WLINE & 20| TS 0] %] %]
5%

SUTh A A0 E oo x 55 Fok 5= Q=) (obel = 12,
Aer w40 239 4 QLU
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21.7 8l =

23| o], B, F 3] E (formfeed) 2} A WO ZE LA H =8 % 2 &2 FAIH YT} (5 NEWLINE E£ 0]
TS0 2 2] HUth) tistg oz FA4o] Jaﬂ%i%ﬂl%‘ﬂéﬂ 2] 7} REPL # & of| whe} getd 4
AS5Uh = U318 A Z oA =, dA3] W S (S Moy FAZA Qe ) 5 3 EH4S

FEAAU

)29 2] A o] £ B (3]0 29 ) B Foj27] £EL ALSE H ST L, o]
S0l %22 AA4she ol A8 A gt

P (BN LEEOR) 1849 25o] AR WEE L, ABD F9] F Avo]x B4 57 8¢
ﬂ?ﬂﬂiéﬂ%wﬂ.vﬁ—ﬂﬂ&ﬁﬂ FHol BreE AYUTh) A WA B B 22 oo
2+ FNY 557159 Sol2/|E AP Fol2/E o SAAE AEHA oA F A B2 A
R -ﬁ@ﬂﬂ%ﬂﬂﬂﬁﬂ%“ﬂ%@ﬁ

>z
O
&.ﬂ

o

>

3
_E'_l,

o
o
RN

£ 9= FAE= £ A2 %ﬁl*ﬂ*ﬁt—‘?—/\l%\%v‘r. s o] A]
G 22 ol ol Jo] Sl A BAHA F2 BAE & 5 AT U1, 2502 740
o8 27134 5 J5UTh.

ALE £ 27 FEL, 282 AHSSI A, th 3 22 W © 2 INDENT 9} DEDENT E 25 TE&
ol AH8-H Ytk

el 3 &2 7] o] 03hLHS 2 Efel] 451 (push); 1%%%@*177%11% (pop) Aol Yt 8o
SE A2 G 2" opefol M Az St o T SRS 4 =2 Hdd £9 A5olA 2 59
7] 50| 299 7 9o Yt @3 W wHUTh 2T bR A Aojuir] °“HDP o 2od

1 & ~H o Y 51}e] INDENT E%é or=U o) o 2y o] Zhe A Elo] 9l gk = hubo] ot
Ut o] gEo 2 ZE 280 ghE2 AW i (pop), AW S hE DEDENT & 2.8 f&g\%v‘r. 599
2ol A, 280 ol gt 03T} 2 gho] /)4 uh2 DEDENT £22 g o,

7)o (EdAHT A BtE) SHtaA 027 d sfojd = 27 5 yth

def perm(l) :
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
£ = [
for i in range(len(l)):
s = 1[:41] + 1[i+1:]
p = perm(s)
for x in p:
r.append(l[i:1i+1] + x)
return r

U= ol o8] 7HA] S o277 A E BHoFUth

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

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

2.1. & P X(Line structure) 7
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(AH, 22 Al A 9] ol e TpA17h AU T TR wh) et of 2 vk o] 3] #4477 A1 G T — return
r o] Soj27)7} 28] gl gt LA HA AU Th)

71 = (keyword), B €1 B (literal), A 2F A} (operator), 75 A} (delimiter). (Zol| A AHE & F 8 0|2 9]) &1
BEAEL EZo] ol el EES BEstE 9SS ddgucth 2
o], shte] EEL U2 1 7Fsek sk ) dolo] ExE 7 LA H

2.3 AlHXIQ} 7| E

A2} (0] F (name) ©]2Fil= FUTH 2 T3} 22 o8] Jol = 7|leg

ghol o A AR FH S FUIE RF FE54] UAX-31 o 719k F=d], o 7] o] Q& o] A} v
W82 ofefol A gyt & o A W82 PEP 3131 ol A 22 5 Sl Yt

ASCIL #9) (U+0001..U+007F) v ol 4, &u}2 482} £ sho] A 2x o ZaUth: a o A 2 09
WA} 2R, WE |, A BAE A9 53, 540 A 9,

g}o] A 3.0-& ASCII 9] ¥te] EAE5S =93t} (PEP 3131 ZX). o] EAFE9 A%, unicodedata
25 23dE WA FUZE FAFd o] H| o] 20 whe} ERFH YT

A 2= o] o] Algko] glal, Al o] 2 (case) = T H Y th

identifier = x1id_start xid_continue*

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

HAelA A U= 7HE| e Z=E2] v o] F5 Ut
o Lu - uppercase letters
o LI - lowercase letters
o Lt - titlecase letters
o Lm - modifier letters
o Lo - other letters
o NI - letter numbers
e Mn - nonspacing marks
e Mc - spacing combining marks
e Nd - decimal numbers
 Pc - connector punctuations

o Other_ID_Start - explicit list of characters in PropList.txt to support backwards compatibility

8 Chapter 2. 01§ 24
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e Other_ID_Continue - U} 2F7}4]
2E AP shA ol s NEKC 47751 3410 2 8] 31, 4 2pe] u] i NFKC o 715k Utk

A non-normative HTML file listing all valid identifier characters for Unicode 14.0.0 can be found at https://www.
unicode.org/Public/14.0.0/ucd/DerivedCoreProperties.txt

231 7|} E

TS A EAE L o ofo], i ol 9] A=, 2 LSS T, AubA 9l ARt A8 5 gyt o)
2o Q= A 25| 2| ARGH of oF Ttk

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 Algxte| 02t F

(AQ Sk WAR) oW R RO ABAEL 5B 07 A5 UTh of F7 ABAEL A 23 2ol
WEEAvdos 2Rk
*

Not imported by from module import *.

In a 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 built ins 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.

3. o5 _ 2 ¥%F = A 3} (internationalization) & # & = o] ALSFH Uth o] A o A A=
gettext REY EAZ FX3AHAL

It is also commonly used for unused variables.

A28 A9l o1 % ¥ 0 2 - anden” o] ol ok el
9} 1 7R (EF 2ol Hele) & 2akghrhol Aol 3 A

o] EE MM 1 919 oA =2 F Utk sho]ae) ]
o) Stk R F Ao A, A o5 A o1 A8 S A

A ol 42 = YF U

&E
Erﬁ,

2.3. AHXIQ} [ 9
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*
SU2-HSA ol F. o] F72 o] S 55 S Ao ol ARS8 F 419 FEl = gk
B2 Ze)ash A4 Fel ol N B (privae)” ol Z2)HE el ol & FEE 5] AT,
A7} (0] 8) HHE BA L
=%
24 2|EH&H
2l (literal) = E2 W F =9 F=its S 271H dUh
241 E2X€n} HIO|EY 2|EH
2Ad e P e B2t 22 o] 3] Fel = /&R Yk
stringliteral = [stringprefix] (shortstring | longstring)
Stringprefix ::: "r" ‘ llu" | "R" ‘ "U" | |lf" | IIF"
| "fr" | "Fr" ‘ "fR" | "FR" | "rf" I "rF" | "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rv'v o Jongstringitem* "'''" | '"""w' Jongstringitem* '"""'
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 = "b" ‘ "B" | "br" | "Br" | "bR" | "BR" ‘ "rb" | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbhytesitem* '"'
longbytes = mrvarmn loﬂgbytesltem* mrvrmn ‘ rmwmwnma longbytesltem* rTmwmwma
shortbytesitem = shortbyteschar | bytesescapeseqg
longbytesitem = longbyteschar | bytesescapeseq
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar = <any ASCII character except "\">
bytesescapeseq = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefixor bytesprefixand 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 ¢1 5 & A1 <1,

F= 22 A, F /A Bl E 2 e A2 a () 2SR 2 SsHNd ¢ sy B3,
ST o A Ax AemeEY 2Ny SHAY 2% Yo (] ASS HE A= feE B
A ot = HUTH. o S WA\ BAE 2 20 ST 07} 9= EASE oA F D
o) AHEE =, A2 I S ;A AR, mhsE E A7 2 AU o

HFO] E & (bytes) BlHE2 &4 'b' Y 'B' & ol 9
HAE vhEUTh 22 ASCIL #AFS T 288 5= 955
oA o] o7 FHF ofof ).
G Aol EE BlHE EF AdEA R rr oju 'R FAE ol 24 AUtk olF #AF
'S E AL (raw strings) ©]2Fal Sh=H|, o €A E FH A AR AJEMD} AFA o=, -fz}og_
oA, & EAd ol A '\U' & "\u' o]aA oz SESHA HelH A gksyth 3holA 2.x
FUZE 2B Eo] gl 3x8t thaA AT UTE A2 LA, 'ur' FH2 ADHA &

WA 3300 27k ko] 29 2 E Y tbrt 9 22 7 9t rbt AT o7 F b gLtk

10 Chapter 2. 01§ 24
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ol 8 2.x 5k 3.x oA B A9 Aok TEFS 2 BAE BB A3 Ao A Y fUmE

ZHE (u'value') o] A EYE AFUTH XA S A H = PEP 414 of] U3 U T

fr U R B TR 2 BAE Y P2 2 B2 Y 2 H & (formatted string literal) 9 U T}; f-strings
SHEHAL. £ = FEAFE S AFUG AT, b Y ut o A%E 5 glsyth mEkA @
2 FAE L 7hs st A v 2 vlo] EG HlEHE 2 BV U

e g 138401]/\1 Al 74 €] o] 2~A o] F = A] -2 JH el FAFe} uhE 7 s = Ytk (18] AL { A
HUth. o= st E0 Al Y o]aA o] F H A w7 e+ Add, BHEE FEA A YT
(“‘2x” = gHE & AFS=d AFE S FAY YL &, v

Escape sequences

TR HE0I A e o), BAE T uho| =Y e Pl 318 o] 2 o) A
oAA AHEE AT 058 FHow P Uk A4 & ol s o= Al AL o FHYTH

O|AFO|= AEA  2|O| 7o AtE
\<newline> o A AW A7 FAFE YT (1)
\\ g &HA ()

iy oo E (")

|0 ZE (M)

\a ASCII ¥ (BEL)

\b ASCII ¥} A~ 5] o] ~ (BS)

\f ASCII Z 3 = (FF)

\n ASCII g}¢] 5] = (LF)

\r ASCII 7] 2] #] 2] 8 (CR)

\t ASCII 7} 2 = (TAB)

\v ASCII A 2 €] (VT)

\ooo 8R4 000 & A A H EA} 2.4)
\xhh 1634 hh & XA E B2} 3,4

24D B Dol A v A4 & o] 27 o AP A

O|AFHO|= AR 2|O| S| AtE

\N{name} FUZE dl o] wl o] 20| A name ] 2tal o] F 2 Z 2 (5)

\UXXXX 16-bit 16 A= xxxx 2 A A H A} 6)

\UXXXXXXXX 32-bit 16 A xxxxovox B A A H EX} 7N
TEPE

(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 triple-quoted strings, or parentheses and string literal concatenation.
2) ZECHMAMAZE, A Al 7§e] 8K 47} 3] & Y th

B A 3.11 9 A ¥ 7 : Octal escapes with value larger than 00377 produce a DeprecationWarning. In
a future Python version they will be a SyntaxWarning and eventually a SyntaxError.

(3) E= Cebe 2o, &3] F 719 16357} Al g5 of oF Tyt

() Hrel = S E el A, 163159} 8214 o] 27 12L A g vpolES 2 F YTk £AL
gE oA g, o] ol2AolZ = A e FUZE EAS AT H

24. 2lE{™ 11
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(5) WA 3304 A AA! 21 Yo] 27E PS5 Ut
6) A3l 4719 16752 B2 = Frh

(M) ol WYox BEAUICE AnYT 4 Agvth B85 8719 16047 Ba g ch

£2 Cohe 99, A4 P BE J2A 0= DAL BA L] 93 A B FH2 A HLh

=, 9 227 Aol A BUTh (o] AL OW AT w) 2B} Y5uch ol sAlol= A AT} AR
29 A k) £ e e w A4 =

°§ﬂ%%ﬂLAZﬁQWH§A B 4 A
= R o FEAA L

L
>,
)
>
rlr
lw)
[0]

3.600 M A AAF A oh o] 2FA o precationWarning< YUtk AA 7}
o] vl WA o A= syntaxWarning ] 53 A= SyntaxError’Z} 2 ZAYYth

AHEH GERE o SN T 02 AOIZ G AT o A7) G 1 90
i\ SRHE A BE e, A B S vtk o Se)AS 2ug
WHE B E Qo] b (4 EALZA B4 o SN2 B g Uth). £
IR, & g e shiol o Gele 2Y 5 G SCE LR L
N7 71 W e, o S aAs W flol o AREAL £ Al ohi]
Aol B A2 Q48 ol s oF g o,

L ee
(o
1o ¢

[ of < Mt v O/

o
%
iuf
rlr
At [kl

Ao

fr
‘[inm
2

— =

ﬂl}o

21 &
é

2
[
= rIr |

242 EXIE 2lE{E 0|0{E0]|7|

S (FHez B oy N AFMA JE3te Aol g,
ZtelH o] A& o8 % E AHSEl = g Uth ZefA], "hello"
world‘ = "helloworld‘ o} ==3hrt} o] 7| 5L el 2

_'Z_

SUAE AU 2 BAY B vhc)

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

)

o] 715l BH oA BE = YA, At AlHA TP Fs oF Tk A& A kel
EAE L o] 9] 7] A= P AAAFE ARGl oF Ut 2B E o]ojZo] 7|7 A A E T2
RS AT S A (FFAESAF MR FAEE ool 2ol AxA ZFe U Th, 29 FAE
HHES BE EAE aaeur ojo] B A o ol Foal oF Pt
2.4.3 f-strings
WA 3.690 E7F
Eﬂ%ﬂdﬂﬁa%WMMWWMWD TE=fLBAY (fstring) 2 "' U 'FE Yo £ XY 2] H
dAdUTh o] FAE2 A/ LS xFT e, T2IE () EAEHE ZEAYYLE o2 A E
SR go] B AR TS RAT, U BAL 5 2L AN Th) AT £ BAA Y )
oj2Alo)Z AR aE A FAY A DAY R YR CGAlol F EAL FE o9 Yy
H3d Fol EAGY gL thest 2 22 gyt
f_string = (literal_char | "{{" | "}}" | replacement_field)*
replacement_field = "{" f expression ["="] ["!" conversion] [":" format_spec]
f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r"™ | "a"
format_spec = (literal_char | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>

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

12 Chapter 2. 01§ 24
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TZ3 g RE A gHEAE AFH U, ole s ZZ {{' Y "1} tHSI e HY T EER
AFA = Aok g dUct el o= 5235 {1 = X3 F=E A FA 7| =], Fol AW T3 4 o]
FAuSUth 73 234 g s g2 25 BAEHE (U Aol f&3huth, 234 ol 5%
CUEANE RIS & gt =P E 2 A A8k, W B (conversion) BEVEF W 4 Ut
29 A A A} (format specifier) = W2 = J+d, T2 ':' CEAZFFYULE AF d=eE=FE= TS
"} 2 Egych

2 EAE HEHEY 2342 ESE EYAA 9t FojH FdA 07 HFEH =, 2 /1A ¢
7F Utk Wl 23842 S gE A 4, lambdadt Q] B =2 BF PAIHA ZE 2 FHHof
FUTh A 2dJ4 2 MPEAE ZTS F o (& 9, 45 02x °H EAYD) FAHL 28T ¢
AUtk Zx2dAe 2 EXE 2lE o] ST A H B E A 22X Z AAF YT
WA 3704 A gl M 3.7 o] Ao, T EAZ A3 2l FAE 2lH P RH M await B
A3} asynce for S X3 AZ AL FE3A] FdHUTh

TE7E r=rol AlFEHW, 2= BHA HAE, = 9 F7HE o] 2P YL A= FEE {’
FH, 244, =" Fo ado]las BFE SH| AP YLh 7[EF R, =12 29 AT gl S
FHAY repr () S AFFUTE 2ol AFHH HB i o] AAFA] gh= 7| BA 0T HHA 9
str() o] AHEFUTH

HA 38 F7h 55 7]&E =",

H 2 (conversion) ©] A Q= H, A A ] A7t 2o g] ol HEFH Uk W3 ' 1s' = A str() &
FTE8al, ' r' S repr() £ EE3%, 'la' Lascii() EEZEFYL

The result is then formatted using the format () protocol. The format specifier is passed to the ___format__ ()
method of the expression or conversion result. An empty string is passed when the format specifier is omitted. The
formatted result is then included in the final value of the whole string.

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 str. format () method.

EW EAL FHE S o2 d e AL AF FdEuVH oY lHE 2 270 & syt

==
=R 2AY e Ee g 50

>>> name = "Fred"

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

"He said his name is 'Fred'."

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

>>> width = 10

>>> precision = 4

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

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

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

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

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

>>> number = 1024

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

>>> foo = "bar"

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

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

>>> f"{line "

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

>>> f"{line 20"

"line = The mill's closed "

>>> f"{line 20"

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

24. 2|EE 13
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ANk 9 B B e A 2o RS FRIE 2O R AG AP NP Do ALGH & BApE] 29
4G P S A g E s 554 Shotof trhe Atk

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

f'abe {al'x'] def" # workaround: use different quoting

Z FAANE o SUAE ST 5 93, A o @b T Tk

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

o Al ojaA ol 27t AR 3 PE TetH Y, dAI TS = gtk

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

T E21Y 2 H P2 52 E F (docstring) & 2 A2 4= g5 U T

Bl

B4 23] gl ehe vha AU o

>>> def fool():

f"Not a docstring"

>>> foo. doc  is None
True

29 EAL 28D 2o e AL PEP 495 2 A2, BAR EA BAL WAUSE 4B
str.format () = AR E= Zlo] 5T

244 X} 2|E{&H

SAh e ol Al K 557 9

M55 3H5E HslA BEol AU Th)

)3
A
v
o
:{>
>
:{>
)
b
Iz
P>
B
)
i)
)
M
rlo
Y,
rlo
ze,
oy
<
v
Iz
B>
b
rr

57t eElgo] RIS ZYSA o Aol RSk FUTh -1} 2L PR AF AWK FelH
eV EEL PR

245 2 2lHE

A5 BEHEe 0e 2L 0% Aoz m@R YT

integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"] digit)* | "O0"+ (["_"] "O")~*
bininteger = "0" ("b" | "B") (["_"] bindigit)+

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

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

nonzerodigit = mrLLLumon

digit = "om..."9o"

bindigit = "om | omn

octdigit = "or...mn

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

7HEE v ol AE ¢ deA ks HNE A e e Aol Ald glauth

U2 gHEY <A 32 23T uf 157 ?%QHD} 7H=3E =7l 8 A ES FE A
L5271 dH5Uth BE2 A Abol L 0x 9F 22 Z 4= X A A} (base specifier) Thg-oll & 4= 9=, gt
Hol| it AR E 5 JdF YT

00 o} 107147} 002 Al 2 4§12 9 3 oF Y Th. 3.0 M o] 2] sho] ol A AL & C 2B
Qo) 8714 e Y} EEHE AL

E=)
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%Aﬂaaqﬂﬁ_
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef

100_000_000_000

0b_1110_0101

WA 36014 WA e A 245 1F

é%§§§gi¢§%xl EEIﬂ%;é%

o

3, = Eagieg

=

24.6 A 2lEE
A elHEd S R 22 o3 Aoz sdgch
floatnumber = pointfloat | exponentfloat
pointfloat = [digitpart] fraction | digitpart "."
exponentfloat = (digitpart | pointfloat) exponent
digitpart = digit (["_"] digit)™*
fraction = "." digitpart
exponent = ("e"™ | "E") ["+" | "-"] digitpart
e AeRte G 103H o s 4dvhE Ao FsoF gt o€ 591, 077010 & HE
FHo|3, 7710 3} 2L A4S EAFUTH A5 e 2] FLR WYL T AR AFYYh A5
e HoA e A 2 B2 8 AEY e UEes A AdFE U
A% 2Ed @7k o & Futh
[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93

o

WA 360 A W A ol A S 1ES BAR BH O WES YA

digitpart) ("j"

24.7 5|% 2B ™
sl B HES b 22 o3 AR @ Yth
imagnumber = (floatnumber |

34 PlE e 445710091 5
$2 EAFUT 00] ofd AR5 2E Bad

34 HH P 2 AR o2 FUth
[3.14j 10.7 107 .00175 1e100j 3.14e-107 3.14_15_933
2.5 LR}

e 2 e E2EL AU

+ - & &5 / // % @

<< >> & | ~ = =

< > <= >= == 1=

15
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’ : 2
e — * = f= = = @=
&= |= A= >>= <<= * k=

A E A M= AEES g5 e (elllpSIS

5 50 55 e oA 53
A2} (augmented assignment operator) S

S g A%
literal) o] 2k= EXH s 9 v 7} U5 q- 22 Fulo] =28 o9
o] Hoz = —",L_x}i 7]—3}}] 1} = Ao o ES

Thg9] Q43 & ASCI £AE S ThE E2E AR A
71el %ol vl F ek

R J
Thgo] Q4hE & ASCI #4452 sho] o] A AHG= A ehUiTh #4492l e @3} 54 o] 9] 9] Fof A
AgHE AL 27 g olel gtk

C—— |

r& rﬂ

3l 7k AL, TRA oW ofF ¥4

ofo tlo
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CHAPTER 3

Hjole &

3.1 A, gt o

A A (Objects) = ko] % o] d] o] ¥ (data) & F=/33} 3+ Z (abstraction) Y U Th. Tho]H =2 7)o BE ¢ o
B AA v AA 7+ BAZ BIAFH YL (E =] % (Von Neumann)-‘ll “xz g Rt ’ A 3= ¥] (stored
program computer)” 2 @S w2, &= T FH A T JA| A2 2P YrL})

Every object has an identity, a type and a value. An object’ s identity never changes once it has been created; you
may think of it as the object’ s address in memory. The i s operator compares the identity of two objects; the 1d ()
function returns an integer representing its identity.

CPython & 7}A]: CPython ] -7, id (x) € x 7FAZA vlZe o FadYnt

A7 e) e A7} A Ao AU S B (o & Bol, 2ol & 23 YUT) 2P| AR ol A2
4 E e @ES YU cype () T4k A B (0] 2 A AAH L S F UL ofoldl

EJE| 9 uhR kAl 2, A9 B (pe) @A W AH A e ok

ofm AA S gte WAL ALt @S WAL S 9l AAS S 7 (nurable) o) 23 T ), Ak

WEol A Fol gHe WA Yt AAE-S W mmuable) 0|2k Ttk (FH AR of hE 22
Jo]\ o] gte 7l ARe] gho] Wt v MART D 8 4 Jeuth A A%

o Aol vt 4= glon g Ae oju o A3 BEWolgta A A YL wpebs] B2
= 2 AdE s Utk £ vEdynh) AR 9 7HA A (mutability)

1744 6301]4*ﬂ ARG U g 59 2L ©AY, 72 (tuple) = £ 1 o] x| 1, & A 1 2] (dictionary) <}

Z A E (list) = 7PA g Y th

AAE 23 BA Ao g oA H A gk uth ¥ 25 A ¢k uf (unreachable) 7}4] 2] 5~ 7 (garbage collect)

AUtk Fdo] 7h A S AE AAA 7] At ofell kst Zlo] g g Ut — obF] FxE = AAES

FABA = o] 7HAl A ?747}01% Ao T A= FEY 4 FAAYTH

CPython -& A} A|: CPython & & A = 314~ A 4} (reference-counting) W42 AF2- 3=, (A8 AFEFO
2)cddoz A4% 7 A1 A A= LZV} VA R=Rh= ) H“‘”OEEH“%ﬂXﬂ 27} A A
AL = AT 4= QJQEFUTh AT 8 FRTF = VHIAES FASTE B2 gl &34

ﬂﬂﬂTHAHQﬂﬂﬂﬂwchEg%Heﬂ]ﬂﬁﬁﬂﬂ-GE ‘E%G%ﬂﬁi%&ﬂ
3, CPython = 39 = dH5 Ut F27H A AL u] S22 0 2 v}o]d 2] A o] A (finalization) 5 = Z] o]
o] E5kA] Tolof itk (LehA T L& HA A7 doproof Fth).

Note that the use of the implementation’ s tracing or debugging facilities may keep objects alive that would normally
be collectable. Also note that catching an exception with a t ry---except statement may keep objects alive.

Loj| A gtel 27102, o @ 9o ARS Y& WHSHE Aol b5 FriTh AW LE AW o} 7 4o AR o]0 A
Foonz duAor L Azte] ot

17
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Some objects contain references to “external” resources such as open files or windows. It is understood that these
resources are freed when the object is garbage-collected, but since garbage collection is not guaranteed to happen,
such objects also provide an explicit way to release the external resource, usually a close () method. Programs
are strongly recommended to explicitly close such objects. The t ry--- finally statement and the wi t h statement
provide convenient ways to do this.

ofE AAEL ohE A st FRE 233t JdFUTE ol AES AH )Y (container) Bt F5
Utk £Z, gl2E, d- Y 5ol A oYY o dyth o] F2EL AH o o] 4R Juth o #
B, g7t A" ol #e = uls, S0 AAE2 ololdlE g Hife e W Yth A,
Aelolye] 7 A ds] =& wle I 743 AAE2 ofolvl gl gl vk W Ut A, (& 2L
Ed Agolyrt 7 AA 2o A2 E &3 Juid, 2 7pA AX 7 A A= A oy e grE A E Utk
P2 79 BE SdoA AA 7L F&s= o ¢S FUh AA Y ololdEI Y7} 2t T 2AAZAL
T ojH Ho A JFS AHUth EHFY A, A e BE+ A4k AA| =2 o)u] &R 5= A A
FoA 22 T e 2= AL E8E 5 JdSunh e b AA A= o)™ A o] 8 A U
Uth o & Eol,a = 1; b = 159,a%bE# 12 2= 22 AALd 5 91, old 5 JdF Ut
ATt = [1; d = [1 T, cddEFAY AR GED, SHH o, A2 B 7l g2 EQ] o]
BFEULh (c = d = [ =42 AAEcotdol dFdh)

[t
Ho
i)
=
kol
o ook
o
[o
fru
N
o
(i
o
>
=
1
ol
o\][}
B
N
i)
)
s
i)
E A
frt
ol
:oj__t"
eI
N
)

£ Shpe] ke REUT o] S 2 shte] AR ZAFUT o] AR el )
L 42 742 AF A ghe] RAE Fel = ol ALHUTH o2 Sol, BA Aoz UE
2 obe o] Wk AU el gte AR,

3.2.2 Notimplemented

This type has a single value. There is a single object with this value. This object is accessed through the built-in
name Not Implemented. Numeric methods and rich comparison methods should return this value if they do not
implement the operation for the operands provided. (The interpreter will then try the reflected operation, or some
other fallback, depending on the operator.) It should not be evaluated in a boolean context.

] 2}A] gk W82 implementing-the-arithmetic-operations & 31 514 Al 2.

WA 3.9 4 WM 7 Evaluating Not Implemented in a boolean context is deprecated. While it currently evaluates
as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of Python.
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3.2.3 Ellipsis

o] B-& shLje] ghhe AU o 7

WdH o] 5 Ellipsis 2 &3l %

2 shupe) AR E EAG UL o] AAolE dHE ... o}
o weghe FYdch

o

3.2.4 numbers.Number

NAEE 7t e E o] o3 BB A I, A A4 NG S BoEo] A BHFUL 24 A
2 AU 3 ol BEol A A MekA) Utk ol A FAs] £ 9 2AET
WG A o] A& S ARE ] $4 BB A kS W Y5 T

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

A g2 7 AAE AE s RS A ElHE Utk

e 7bE5tY, &
o 257 4 TY 02 AL star, AW 0 FAIE A 5
o 253 F Y g 0 A9 Etal, T3 02 ZAH A ks Th
c RS RA ST L i 2AH U

gpo]l W& A, AP, BAFE FEFYTH

e (int)
o1 A2 (1) vl m el 7t st @ Ao Qi W9 A4S AT AL E shif) 9 ka3
(mask) Aitol HEAR A wj= o] & o] 7HEH A, S5+ €59 29 B4 (2° s complement) 2 F &
Hed, FEHEZTAF R 733 49 AR 22 a9E FUt

£ (bool)

o] AL =B ARG e UrE}‘iﬁ‘%DP False & True 7 AW EA & Ax YUt £ F2int
3 o] 2141 ¥ (subtype) ©] 2, THE-E 3ol A 2+7] 031 A 8 S 23] 9= B g s Wity =
A5-<ddl, 2t7] B2 "False" 9} "True" 7} ¥k Ut

numbers .Real (float)

O] AEL 7174 %< vl A = (double precision) 5 A5 £ ety Ut &= zho M &
‘ﬂ#i/] A2 J)WHH sH 71 Al o] AA (8} C LPZ}HP??ﬂ)Oﬂ FﬂrE = bl flsyth ghol
@7 & (single precision) F--5 25 5 A YoHA] UL o] A= AHE St o] F 7 H = ZEA A9
w22 o] e atoly oA A& /\}&GP—EH Sol7he= vl83 AiE of mimsi Ayt 2 w2l F
M 7Y £ A $ 2 Ao E et A e d 7 7 fls vt
32. EFE AS 19
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numbers .Complex (complex)

NATL A FE WAL BF 257 59 O R Ba5E UeiUTh 25 254 59 @A 24
SRS RS SRS e i W I e e
Q<.

325 A|AAE

These represent finite ordered sets indexed by non-negative numbers. The built-in function 1en () returns the num-
ber of items of a sequence. When the length of a sequence is n, the index set contains the numbers 0, 1, ---, n-1. Item
i of sequence a is selected by a [1]. Some sequences, including built-in sequences, interpret negative subscripts by
adding the sequence length. For example, a [-2] equals a [n—21], the second to last item of sequence a with length
n.

Sequences also support slicing: a[i: 73] selects all items with index k such that i <= k < j. When used as an
expression, a slice is a sequence of the same type. The comment above about negative indexes also applies to negative
slice positions.

of @ AALE Aﬂ A7 227 (step)” V) 7HA 5 AL 81 < 2ho] 4 (extended slicing)” = #] 9 g )
ali:j:kl=x =1 + n*k,n>=0,i<=x<j§?l——:,—o}%_‘?_%fg— x & Melshy

NA2E Bl nhet 2 Rg U

2 A=A

EUAEA Y AA =L TSI S = A4 = JdF5Uth (G o2 ARz A2 E 2314,
e A0 5 S 3 ok S B A S FAH AR 8 A
H7Ad = esyth)

O3 22 g2 B AgaYg Yt

£ 214 (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 - 1O0FFFF 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.

FE F2L 999 shold AR YUk F A ol 49 FBOoE TN FEL Fuiw Hod
FUAY BEOR WHE & HUth ] FBOE PHY FE (Y2 singleton) & T A4 o
Fohg RolA 95 5 U5t @oE RANS B2 4 90nE, B No Rt RES UEA
FHUTH. 1l FES B4 W BE2 BE 5 dEUT

"l o] E & (Bytes)
Hlo] E 4 (bytes) A A= 29 wiEJUct &
HdH UL vlolE 7“7<ﬂa = e E
(constructor) & A28 4= 9l & ) S vlo]

98 5 U

22 g8 HE Hlo]EQH,0<=x<256 B2 A-=
d g d((b'abe’ & 22) F WA bytes () AR}
Ed AA = decode () WM EE T3l FAEE UZ
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7HH A EA

TP AR~ E 1%01 A Zo W AE = dF5UTh A E2=T YA (subscription) 7 & 2lo] AL o) 3} de 1
(2HA) 2o thdo g AHgE 5 Qs yTh

Z3: The collections and array module provide additional examples of mutable sequence types.

AR F N Ul 7 Al g o] sy th
2] A E (Lists)

gaE0] Fue geolel stojd AN YU PAEs Fute RelE EUAL B E ool ol A
B 5 9auth (Aol 00119 | AES vE ) WEe 3] 92 glgurh)

vlo] E vl & (Byte Arrays)

Hpo] E Hﬂw(bytearray) 7“Xﬂ = 7P @I Utk W bytearray () AEAZ wrsol Yk 7H
olghe A (A A BV stk 2) & A8k, vio] E s d-2 B Hlo] E (bytes) A A2}
22 AE S o] 28} 75 S AlFF

3.2.6 gt HE(Set types)

JJAEL FH Q=

EH A 59 ’\/H Sl F3s s
ol o] E ¢ A, W T4 len () 2 AT ol I=F
L5 =wE WA AA(fast membershlp testlng) ANB2A &=

&} (union), 24 & (difference), o % 2} 7] & (symmetric difference) 2} 22

A dasoe= gAY e 7|9 22 B F32 o] HE8H
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ElA{L42|(Dictionaries)

oJAEL A9 do s Ao s dHYHE AN AT AFS HEHEUT V= AR 5
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3.2.8 Z2{=(Callable types)

ALESALEel &

A& Ao S AAl= T Y E F wEoAA T (3 Ao Al Fan). T 4 iz
(formal parameter) 553} Z+-2 7} 9] 353 E 35l QA (argument) 550 F S5 of o gt}

Special read-only attributes

OEEZ|RE o|0o|

A reference to the dictionary that holds the
function’ s global variables - the global namespace of
the module in which the function was defined.

None or a tuple of cells that contain bindings for the
function’ s free variables.

A AA)=cell contents JEZHEE 71X
DUt A9 %L 9L Bk opizh e 44
s dl= A8 5 YEy

function._ _globals_

function.___closure

Special writable attributes

Most of these attributes check the type of the assigned value:
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olEZ|EE o|o|

_ The function’ s documentation string, or None if un-
function.__doc__ available. Not inherited by subclasses.

' The function’ s name. See also: __ _name_
function.__ _name_ attributes.

' The function’s qualified name. See also:
function.__qualname __qualname__ attributes.

WA 330 7}
7t od 82 o] F EE (Y€ 4F) None
function.___module_

A tuple containing default parameter values for those
parameters that have defaults, or None if no parame-
ters have a default value.

The code object representing the compiled function
function.___code___ body.

function.__defaults___

The namespace supporting arbitrary function attributes.
function.__dict__ Seealso: dict  attributes.
A dictionary containing annotations of parame-
ters. The keys of the dictionary are the parameter
names, and 'return' for the return annotation, if
provided. See also: annotations-howto.
A dictionary containing defaults for keyword-only
parameters.

function.__annotations___

function.__kwdefaults_

Function objects also support getting and setting arbitrary attributes, which can be used, for example, to attach
metadata to functions. Regular attribute dot-notation is used to get and set such attributes.

CPython -3 %}A]|: CPython’ s current implementation only supports function attributes on user-defined functions.
Function attributes on built-in functions may be supported in the future.

Additional information about a function’ s definition can be retrieved from its code object (accessible via the
__code___ attribute).

OIAEA 0| M E (Instance methods)

dedavrEs 2o, 2o dadagnE

i

HE AA (BE AHSA A )2 Ao

Special read-only attributes:
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Refers to the class instance object to which the method
method.__self N

Refers to the original function object
method.__ _func___

The method’ s documentation (same as method.
__func__.__doc__). A string if the original
function had a docstring, else None.

The name of the method (same as method.
___func__.__name__)

method.__doc___

method._ _name_

The name of the module the method was defined in, or
method.__module__ None if unavailable.

Methods also support accessing (but not setting) the arbitrary function attributes on the underlying function object.

User-defined method objects may be created when getting an attribute of a class (perhaps via an instance of that
class), if that attribute is a user-defined function object or a classmethod object.

When an instance method object is created by retrieving a user-defined function object from a class via one of its
instances, its ___self___ attribute is the instance, and the method object is said to be bound. The new method’ s
__func___ attribute is the original function object.

When an instance method object is created by retrieving a classmethod object from a class or instance, its
___self _ attributeisthe classitself, andits___ func___ attribute is the function object underlying the class method.

When an instance method object is called, the underlying function (__ func__) is called, inserting the class instance
(__self )infront of the argument list. For instance, when C is a class which contains a definition for a function
f (), and x is an instance of C, calling x. f (1) is equivalent to calling C. f (x, 1).

When an instance method object is derived from a c1as smethod object, the “class instance” storedin ___self
will actually be the class itself, so that calling either x. £ (1) or C. £ (1) is equivalent to calling £ (C, 1) where £
is the underlying function.

Note that the transformation from function object to instance method object happens each time the attribute is re-
trieved from the instance. In some cases, a fruitful optimization is to assign the attribute to a local variable and call
that local variable. Also notice that this transformation only happens for user-defined functions; other callable ob-
jects (and all non-callable objects) are retrieved without transformation. It is also important to note that user-defined
functions which are attributes of a class instance are not converted to bound methods; this only happens when the
function is an attribute of the class.

o4 Chapter 3. C|O|E{ 2 &
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M2 0|E] &4 (Generator functions)

A function or method which uses the yie1d statement (see section yield <) is called a generator function. Such a
function, when called, always returns an iterator 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.

I 2 E| &4~ (Coroutine functions)

async def &AM HoE = LU WA EE TFE 4 (coroutine function) BH3l F5 U th o] #
FrE e A5 AAE SHF U avait —;‘—i?ﬂﬂ% |23}, async with®async for <
AFEEE = S5 Yttt 78 A A (Coroutine Objects) A A FFZ 3 Al L.

H|S 7| M|LH2l|0|E{ &4 (Asynchronous generator functions)

A function or method which is defined using async def and which uses the yield statement is called a asyn-
chronous generator function. Such a function, when called, returns an asynchronous iterator object which can be used
inan 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.

LH & &t4(Built-in functions)

A built-in function object is a wrapper around a C function. Examples of built-in functions are 1en () and math.
sin () (math is a standard built-in module). The number and type of the arguments are determined by the C
function. Special read-only attributes:

e __ doc___is the function’ s documentation string, or None if unavailable. See function.__doc___
e _ name___is the function’ s name. See function.___name_
e _ self__ issettoNone (but see the next item).

e _ module__ is the name of the module the function was defined in or None if unavailable. See
function.__module

L2} 0| A E (Built-in methods)

This is really a different disguise of a built-in function, this time containing an object passed to the C function as an
implicit extra argument. An example of a built-in method is alist . append (), assuming alist is a list object. In
this case, the special read-only attribute __self__ is set to the object denoted by alist. (The attribute has the same
semantics as it does with ot her instance methods.)
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EelA(Classes)

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

ZzHA 2IAEIA(Class Instances)

Instances of arbitrary classes can be made callable by defininga ___call__ () method in their class.

3.2.9 2 =(Modules)

Modules are a basic organizational unit of Python code, and are created by the import system as invoked ei-
ther by the import statement, or by calling functions such as importlib.import_module () and built-in
__import__ (). A module object has a namespace implemented by a dictionary object (this is the dic-
tionary referenced by the ___globals___ attribute of functions defined in the module). Attribute references are
translated to lookups in this dictionary, e.g., m. x is equivalent tom.__dict__ ["x"]. A module object does not
contain the code object used to initialize the module (since it isn’ t needed once the initialization is done).

SEFHE QAL BES) o] 2B YAl 2 AAFUTE G E Sol,m.x - 1Sm._dict_ ["x"]
1B pHUT

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.

54 971 4§ AEIHES: dict & YAUIE BEH L BEY 0§ FUYUh
CPython -8 A: CPython ] 5 & AL 2] & ¥]-9-32 w3 e o], & A 2lo] v 271 ob gl

gE, 2Eol ~2FZE Yoy 2E YA E= 0¥ A YL o] AL ¥3leld, gAY EE BAFSFA L
JAelE A4 o8 }hEa% 258 7ol ol of S,

3.2.10 A2 X} M2| E2A (Custom classes)

APEAL A P A FES RE ZUAFY uE EAARAUT (Z 2~ Ao AA F=x). Z
Qﬁﬁﬁli:ﬁaﬂ olF FE AFUTE FH 2 EYRE IR E ol g ol tist 23] = WS
th o & £}, C.x=C.__dict_ ["x"] 2 HIAHYT}( Xl‘ioi g RE HZoh= o U
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When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an instance
method object whose __self  attribute is C. When it would yield a staticmethod object, it is transformed
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into the object wrapped by the static method object. See section T] 2~ = 3 E| 5> & 5} 7] for another way in which
attributes retrieved from a class may differ from those actually contained inits __dict___
FH2AEYRE QY ZH2Y GAYEE AT, i = ER ZH2] gAY E IS
g 2= g5yt

WA AA € 22 2 AE EHFEF(COHIE 2AAL) 222 F AFUHE S EAAL).

E = o] E 8] 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.

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

3.2.11 ZciA 2IAE A (Class instances)

A class instance is created by calling a class object (see above). A class instance has a namespace implemented as a
dictionary which is the first place in which attribute references are searched. When an attribute is not found there, and
the instance’ s class has an attribute by that name, the search continues with the class attributes. If a class attribute
is found that is a user-defined function object, it is transformed into an instance method object whose __self
attribute is the instance. Static method and class method objects are also transformed; see above under “Classes” .
See section U] 2~ = 7 E| 531 3} 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 has
a__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.

oW 5 o] S5 WA EEL AW, Bes AnAAE S, AD2, HFA T 5 Y&t 55
MAL ol B E A4S HAAS

ETEYRES: _dict_ v oERFE YMYYUTh __class__ = JA2E A S YU Th

3.2.12 1/0 Z4A| (ulY HA2tDE LA JASLIcH

190 91 £ 98 g PENT, Sl A% UEE o8 1 Sl g open ) 1%
& os. popen() os.fdopen () I A7 AA 2 makefile () WA= (28 1, o}vlx & L EE 9]
AFstes e Fersol Ut HMAAES)

sys.stdin, sys.stdout, sys.stderr = QA EZZEHO T&E JH, &9, o8] 2EHoE 2734
I AAEYUTh EF HAE R R "éﬂﬂ/ﬂ io.Text TOBase FFZH 2o g5 Y H AdE o]~
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3.2.13 LHE & (Internal types)

Aejze B 7t i H oz Abgsts B F52 AR =g Utk A z2 5] wel B oA
olg9 Aoe WA E 5 A, FHAE A8l o714 dFFUTh
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Special read-only attributes

The function name
codeobject.co_name

The fully qualified function name
codeobject.co_qualname B A 3110 27}

The total number of positional parameters (including
positional-only parameters and parameters with default
values) that the function has

The number of positional-only parameters (including
arguments with default values) that the function has

codeobject.co_argcount

codeobject.co_posonlyargcount

. The number of keyword-only parameters (including ar-
codeobject.co_kwonlyargcount guments with default values) that the function has
. The number of local variables used by the function (in-
codeobject.co_nlocals cluding parameters)
. A tuple containing the names of the local variables
codeobject.co_varnames in the function (starting with the parameter names)
. A tuple containing the names of local variables that
codeobject.co_cellvars are referenced by nested functions inside the function
A tuple containing the names of free variables in the
codeobject.co_freevars ErnaEm
. A string representing the sequence of byfecode instruc-
codeobject.co_code tions in the function
A tuple containing the literals used by the byrecode
codeobject.co_consts S e e e
A tuple containing the names used by the byrecode in
codeobject.co_names the function

The name of the file from which the code was compiled
codeobject.co_filename

The line number of the first line of the function
codeobject.co_£firstlineno

A string encoding the mapping from byrecode offsets to
line numbers. For details, see the source code of the
interpreter.

The required stack size of the code object

codeobject.co_lnotab

codeobject.co_stacksize

An integer encoding a number of flags for the inter-

codeobject.co_flags preter.

The following flag bits are defined for co_ f1ags: bit 0x04 is set if the function uses the *argument s syntax to
accept an arbitrary number of positional arguments; bit 0x 08 is set if the function uses the * *keywords syntax to
accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator. See inspect-module-co-flags for
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details on the semantics of each flags that might be present.

Future feature declarations (from __ future_  import division)alsouse bitsin co_f1ags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2 000 is set if the function was compiled
with future division enabled; bits 0x10 and 0x1000 were used in earlier versions of Python.

Other bits in co_ f1ags are reserved for internal use.

If a code object represents a function, the first item in co_const s is the documentation string of the function, or
None if undefined.

Methods on code objects

codeobject.co_positions ()

Returns an iterable over the source code positions of each bytecode instruction in the code object.

The iterator returns tuples containing the (start_line, end_line, start_column,
end_column). The i-th tuple corresponds to the position of the source code that compiled to the
i-th code unit. Column information is 0-indexed utf-8 byte offsets on the given source line.

This positional information can be missing. A non-exhaustive lists of cases where this may happen:

o Running the interpreter with -X no_debug_ranges.

» Loading a pyc file compiled while using -X no_debug_ranges.

« Position tuples corresponding to artificial instructions.

 Line and column numbers that can’ t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

WA 3110 =7}

Z+31: This feature requires storing column positions in code objects which may result in a small increase
of disk usage of compiled Python files or interpreter memory usage. To avoid storing the extra information
and/or deactivate printing the extra traceback information, the —X no_debug_ranges command line flag
or the PYTHONNODEBUGRANGES environment variable can be used.

codeobject.co_lines ()

Returns an iterator that yields information about successive ranges of byfecodes. Each item yielded is a
(start, end, lineno) tuple:

e start (an int) represents the offset (inclusive) of the start of the bytecode range
¢ end (an int) represents the offset (exclusive) of the end of the byrecode range

e linenoisan int representing the line number of the bytecode range, or None if the bytecodes in the
given range have no line number

The items yielded will have the following properties:
o The first range yielded will have a start of 0.

e The (start, end) ranges will be non-decreasing and consecutive. That is, for any pair of tuples,
the start of the second will be equal to the end of the first.

» No range will be backwards: end >= start for all triples.
o The last tuple yielded will have end equal to the size of the bytecode.

Zero-width ranges, where start == end, are allowed. Zero-width ranges are used for lines that are present
in the source code, but have been eliminated by the bytecode compiler.

WA 3.100] 7.
o ®B7):
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PEP 626 - Precise line numbers for debugging and other tools.
The PEP that introduced the co_lines () method.

codeobject . replace (**kwargs)
Return a copy of the code object with new values for the specified fields.

WA 3.8 =7}

2| ZHx|(Frame objects)

Frame objects represent execution frames. They may occur in fraceback objects, and are also passed to registered
trace functions.

Special read-only attributes

Points to the previous stack frame (towards the caller),
frame.f_back or None if this is the bottom stack frame
The code object being executed in this frame.

frame.£f_code Accessing this attribute raises an auditing event

object.__getattr__ with arguments obj and

"f_code".

The dictionary used by the frame to look up local vari-
frame.f_locals alillas

The dictionary used by the frame to look up global vari-
frame.f_globals ables
L The dictionary used by the frame to look up built-in (in-
frame.f builtins trinsic) names
The “precise instruction” of the frame object (this is an

frame.f lasti index into the bytecode string of the code object)

Special writable attributes

If not None, this is a function called for various events
during code execution (this is used by debuggers). Nor-
mally an event is triggered for each new source line (see
f trace lines).

Set this attribute to False to disable triggering a trac-
ing event for each source line.

frame.f_ trace

frame.f_trace_lines

Set this attribute to True to allow per-opcode events
to be requested. Note that this may lead to undefined
interpreter behaviour if exceptions raised by the trace
function escape to the function being traced.

The current line number of the frame - writing to this
from within a trace function jumps to the given line
(only for the bottom-most frame). A debugger can im-
plement a Jump command (aka Set Next Statement) by
writing to this attribute.

frame.f_trace_opcodes

frame.f_lineno
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Frame object methods

z28 d AA = A A EE Ao
frame.clear ()

This method clears all references to local variables held by the frame. Also, if the frame belonged to a generator,
the generator is finalized. This helps break reference cycles involving frame objects (for example when catching
an exception and storing its fraceback for later use).

nhok g o] AA| A8 F oW RuntimeError ol &) 7} WHA g}

WA 340 27}

Eg|o|AEH ZHR|(Traceback objects)

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created when an ex-
ception occurs, and may also be explicitly created by calling t ypes . TracebackType.

WA 3.7 A ¥ 7 : Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack, at each
unwound level a traceback object is inserted in front of the current traceback. When an exception handler is entered,
the stack trace is made available to the program. (See section #ry <=.) It is accessible as the third item of the tuple
returned by sys.exc_info (),and asthe __ traceback___ attribute of the caught exception.

When the program contains no suitable handler, the stack trace is written (nicely formatted) to the standard error
stream; if the interpreter is interactive, it is also made available to the user as sys.last_traceback.

For explicitly created tracebacks, it is up to the creator of the traceback to determine how the tb_next attributes
should be linked to form a full stack trace.

Special read-only attributes:

Points to the execution frame of the current level.
Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"tb_frame".

Gives the line number where the exception occurred

traceback.tb_frame

traceback.tb_lineno

Indicates the “precise instruction” .
traceback.tb_lasti

The line number and last instruction in the traceback may differ from the line number of its frame object if the
exception occurred in a t ry statement with no matching except clause or with a finally clause.

traceback.tb_next

The special writable attribute tb_next is the next level in the stack trace (towards the frame where the
exception occurred), or None if there is no next level.

v A 3.7 A] ¥ 73 : This attribute is now writable
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&2}0|A ZHR|(Slice objects)

Slice objects are used to represent slices for ___getitem _ () methods. They are also created by the built-in
slice () function.

E4 Q7] AL oJEEHEE: start += 3}8F(lower bound) Y U t}; stop = 4F3H(upper bound) Y t};
step & 28 AUtk 2} ke A2FE A None AUt o] S| 2 REES 918l o] Wo] B 4 YTk
setol 2 A= st WA =& A AT
slice.indices (self, length)
o] MlX == shuke] B4 Q1 A} length & REokA] Sehol s AA| 7F A o] length 1 Al A 20 -85 3
o 7 Egfol o) st A HE ALY THE Al Y ATE FAAE FES S5 UH: oA
7} start &k stop G 29}, step T = S 2Fo] 29 AE gho] E (stride) 4 o] YU Th A =FE A H S
ol QIEAEE AW Eofol A%} 22 P o2 b,

x o
=2

i N jo

AEHE] H| A= Z4A]|(Static method objects)

Static method objects provide a way of defeating the transformation 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.

oA HAE 23| (Class method objects)

A class method object, like a static method object, is a wrapper around another object that alters the way in which
that object is retrieved from classes and class instances. The behaviour of class method objects upon such retrieval
is described above, under “instance methods”. Class method objects are created by the built-in classmethod ()
constructor.

33 S+ HME OIF=

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

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

T 54Y 5 A A u

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|2X2l 3{AE{OIO|N|O|M

object.__new__ (cls[ ])
el s A AR B A0 SR _nen_ () oo d WA= @2
A8 Qobe & S AU AL JuTh e, A WA A2 EA o Al 2ol
AUt Y42 A2 AA B4R B (FH2TE) o Agd ASdUth _new_ () 9
ek 2 A AA Qa2 o]ojof FrU Tk (W s O] 1A' R,

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.

o rot

o [

If __new__ () is invoked during object construction and it returns an instance of cls, then the new instance’
s__init__ () method will be invoked like __init__ (self[, ...]),whereselfisthe new instance
and the remaining arguments are the same as were passed to the object constructor.

ek new () Zbas & A2EHAE EHFA] Fow A Ad2E20]  init. () EIEFHA

Easasiag

__new__ () 52 EWY(int, str, tuple I} T-2) Y M B FE AT AAHA B ES ALEHupo| 2T
T YQEE o= ol AREF U T 8 AR F o HEF Fej oA FE A S AXEupo] =26
A3 A A Ut

object._init_(self[, ]
(_new__ () o 93l) AxEA7} 5] Fof, 314 ”P % Aol Al 2 7] Ao EEH YT
oA EL ZY A AR EFHoZ A =<dYrch w H'ﬂo‘l./_\.‘—':_-j‘aﬁj\ﬂ'ilnlti() H A
gz AD}“? MNE FH2 _ init_ () UﬂHEt, 9)&}‘5 Jé‘ﬂ off A wlo] A~ Fef A7t
XV] OPb Fol ZvtaA 27|38 S 439 o17] fsl HAIF o2 SEs|FoloF Pyt A&
=9°]: super().__init_ ([args...]).
ANE W=Ed _ new () & __init_ () 7} YL YJOBEZ (_new_ () © TE
__init__ () ¥ A& A2Huto| 2@ YY), __init_ () 7k None 0|99 F= =¥ FH A
YA 7kol| TypeError & Yo Yth

object.__del__ (self)

A2EA7}F 5 5 7] 2 - o] EEF Yt sto]defol A = (R4 FeHA) st 2petar 8 YU T
ek Wola ZFE AT del () MIAEE 2t QQuhd, A4 Sl del () HIMEE
Aels o] QthH, AAaE Ao 1 o) Ze AT} A ks Fde A A s A S A3, B A A
S Z ol Fea HAEE SEdoF Tt

(BA3A = GATH) _ del () MIAEEAAH ) Y A2 F2E HFozH Ad~H
29 3 & A AAZ £ JdFULH o] RS AA & ojgtan RFH YT F&3 AA 7} 917 2 o)
_del_ () ol F AR SEH A= T wet s Uth @A CPython +3-2 24 SRS &

.
QBT E 7 BB o o} FolQle AA SO el e __del () WA= FE0] B
orrUTh

2~
s

>, o

Fi: del x = AR x._del () EFE5A gFUt — gl A= A2 x 9
(reference count) & 3} TFAA]7]41, Fl ol &= A2 xY FR2 7100 D uf T EF Y

SLUZ‘J

CPython =& 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.

o B
gc BEof tist &A.
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A __del_ () o] ZEHE EOAT A3 o)

A= 2, Ao sys.stderr 2 A17F<S3F Y

o del () 2 (Y99 2HEgA) 4o ZEVIAAHE T ETEE 5 AdFU
_del__ () o] B& dojofk AL HE EEF] A 5

o5

799 298 Tk 492 o] A3

o

o del () LQEHZIAHESEZETu] A

A W (o2 BE 23 71 o] AHA = 2 .

M o]Fo] st BEE A &sh= A A7 e A9 AR SE T HA A g S
U o] AL, ek 21 A AR S o &

i)
N
39
N
o
o 0%

X
T
=z

O

3

D

[

i
o
i
paa
o
4=
30,
of>
°
o

&L ok

HT oMo

WAMEZ FE5 = AH, YEEH RES0] FolYEE FA3] ot o] =20 &
AsY T
object._ repr_ _ (self)
repr () WA ol 9 A o]« 2] A 2 (official)” FAFE F - AU wHeF 7}
Saheha, o 21 e ( e 2HLE shel A

443 Y Holof FUT 7HF
S T whE e HhE

Bojstrre,
25 a5

o] A2 T A oll A& 7] wl

oAb

object.__str__ (self)

str (object) & W% I
w27 $7 Q4 b

o MAEE _str () o] ukE shold EHA

o, 2] FHFFHEHE FI LS54 ¢ st= 2ol F

} 34 format (

P <
82 ALY vk gk

~
| EAF oJof o Fruth Wk Fej ATt str () §lol __repr. () W
repr () & 2 Z# 2 AdxE 2] “nE 4] A <l (informal)” &

ko
s
A
ui

A A 2 “n] 3 41 A <l (informal)”
WEA] E2FE A A o oF T

< =€ Aol 7IdH A etk FHolA

),

object. _repr_ () HotEYth B AL 1A Bde] AT 5 AFUTh

WA object o] Ao H 7| LA object.__repr_ () & EE&3YTh

object._ bytes__ (self)
bytes o] 23l T &= o AA vlo]|EE FHES A4t WHE gk ME A bytes 2 A of of
ok

object._ format_  (self, format_spec)

format () W& &<, T B4 2 © E (formatted string literals) & A AF3} str.
format () WA Z o3 T &= o, AAY “2WHH” FAE & oW U format_spec 91
= 8 FEHE 2 A 283 EAME QYT format_spec AAS] A format ()
& FAsE Aol Feou, uy 2eat TP HFAEY Stz A det A, s
T gA S AT
#£F 2 g 25l ts) A= formatspec & F31ed P uoh
W g2 whEA] B o] o] of g o,
W2 340041 WA: object o _forma_ WA= AL, W EALe] obd At Ags
TypeError & A4 A U T}
WA 37004 W A: o]A| object._ format_ (x, '') = format (str(x), '') 7FolYz}t
str(x) &F55FUTh

object.__1t__ (self, other)

object.__le_  (self, other)

object.__eq  (self, other)

object.__ne__ (self, other)

object.__gt__ (self, other)
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object.__ge__ (self, other)

Ol AEL &9 “FH B ] A (rich comparison)” H A = Ut AR} 7] S 2 WA = o]

A k23 ZH U X<y_ 1t (y) S ZEqY x<=y = x._]
Uth x==y £ x._eq_(yv) & E%?}b}l‘/} l=y Ex._ne__(y) € EEFYHh x>y £ x
_gt__(y) EZEFUthx>=yEx._ge__(y) EZTEFUH

A rich comparison method may return the singleton Not Implemented if it does not implement the opera-
tion for a given pair of arguments. By convention, False and True are returned for a successful comparison.
However, these methods can return any value, so if the comparison operator is used in a Boolean context (e.g.,
in the condition of an i f statement), Python will call bool () on the value to determine if the result is true
or false.

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

AgA A o) v ANAE A At G e 7] AR

g 4 Qe A s AR S BEE Ao
B R A F 2 G0l hash_ () o B Erbol] 1}g

Ut
There are no swapped-argument versions of these methods (to be used when the left argument does not support
the operation but the right argument does); rather, 1t () and __gt__ () are each other’ s reflection,
__le () and _ _ge__ () are each other’ s reflection, and _ _eq () and _ _ne__ () are their own
reflection. If the operands are of different types, and the right operand’ s type is a direct or indirect subclass
of the left operand’ s type, the reflected method of the right operand has priority, otherwise the left operand’
s method has priority. Virtual subclassing is not considered.

When no appropriate method returns any value other than Not Implemented, the == and ! = operators will
fall back to is and is not, respectively.

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))

Zr37: hash() = AA7F B3t hash. () HIAEZ} E8F = S Py_ssize t o A7 2
Z}E U th(truncate). ©] A2 KB E 64-bit W = o] A = 8H}o] E 11, 32-bit HE‘EOM T 4vtol Ed YT
WOF AR hach () AR THE ME 318 2 ME S Abo] ol A 7 ALEE o of Bhrhul,
REANLTAEEAAY S AAoF Futh o] 2 A 5t A& W2 python —c "import
sys; print (sys.hash_info.width)" 44t}

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 implementsan ___eg___ () method, it should not implement ___hash__ (),
since the implementation of iashable 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).

AL A S e VIR AR eq () 9 __hash () T 15-% eyt B2 AA=
) ] % ==

(A7 Z}ﬂ°2ﬂﬂo}1) FA I D}ibﬂ“’ﬂi,x._hash () =A28TgEsHFo, x ==y
Jdufx is y2hash(x) == hash(y) 7} SAo| A g3 4 ElE%E“/]D}-

_eq_ () EMABYEIL__hash__ ()EZH%W = Fel~E hash () 7kNone o2 A H
HUrth F#28  hash () WA E7INone o|H, Fef 28 a2 z2 a0l A gE &
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O A= uf] TypeError & € 27|71, isinstance (obj, collections.abc.Hashable)

2 AR 0 A P55 b ke 24 U

W __eq () S MBS FULTFRE FEUAREE _ hash () o A =LA 4
o =z H Oﬂ A WA Ao & o] A A A Fo]oFd Ut} hash = <ParentClass>.

F  eq () EAAHYIA = ZHaTEIA AEE H
one & 2§ ok Tttt A4S hash () & 72,4

qkel

= No

ZA$+ isinstance (obj, collections.abc.Hashable
‘6‘1—14

H

aAod, FefA Aol _hash
%o 23 TypeError & €27+
) TZo] S A 75 stk FR 24

=
=
ot

Fa: 71BHOZ srIbytes AR S _ hash () F2 5T = ¢ % Gegto g “EEH
(salted)” Q5 Utth ME Sol T2 A2 oAl =w OW A= HoE FAFHA, sho] A& HHE

Moz AT 5T+ A Buth
This is intended to provide protection against a denial-of-service caused by carefully chosen inputs that
exploit the worst case performance of a dict insertion, O(n?) complexity. See http://ocert.org/advisories/
ocert-2011-003.html for details.

SiAIREe] MAE 2 Aeke] olH ol A e FUTh ol o] Ao thef ojH BAE
82 kU TH (28] 2 25 32-bit 9} 64-bit D= Abol o A & THE U T}.

PYTHONHASHSEED & Z31 34 Al &

WA 33004 WA A G Bl 7| R A 0w BAskE Y

object.__bool__ (self)

Called to implement truth value testing and the built-in operation bool () ; should return False or True.
When this method is not defined, __7en__ () is called, if it is defined, and the object is considered true if its
result is nonzero. If a class defines neither  len () nor _ bool (), all its instances are considered
true.

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

Zo)s Qdadag) o EFRE B2 (Y
S EEEREEE RS et =)

7, A A317], . name & A7) o) o v & WA 4] b

object._ _getattr__ (self, name)

7|E AJEEHE AN AV AttributeError A& o] SEFH YU} (name 0] A2H 2 o
ERE Ex self o 2 Eglo e olERETVL obYetA _ getattribute () 7F
AttributeError & %_‘27] AL} name —ii«ﬂ El9]  get_ () o] AttributeError & ¥oZ
o). o] HIAE& (A4HE) ol ERHE Zh& Wet ALl AttributeError 99 & Y2 7401: E}QD}

AutA o | AYZE 53| o ERHEZNARE _ getattr () o] TEH A S0l F3) oF
Y} (o] A2 getattr () I __setattr__ () 2t J=H v JUt}. o] 24 =
olfFE B WEo7|E oA, I¥A A FoW _ getattr () 7} 0J¢§¢4 T2 oJEg R/
Eo HIT Wl g7l Wil 7l FUTh Fo = °1AE4A H4o] A9, ojd s A"
AEZHE gAY ¥X 2N (Al 2HAES thE AA ) ¥5Yh Q‘rﬂd Aoy Q1
AAE 288 5 JdFULh o EYRE A2 E *‘ﬂli%ﬁol zZ2ske W o il A& ol
U= getattribute__ () oA tFEYth

object._ getattribute_  (self, name)

ZHE A2 oJEYRE AAAE LG ﬂ%oH iﬁ glol &g Yok wheF
27V getattr () & A FHBH, 2

AttributeError & YO0 7| A &= oA getamr = E%ﬂ A &5 UL o] HAEE OE
g HEY (A4 32 S8 F A AttributeError o 2] & ¥ S A oF I T/]’- o] HlA =9
A F3} 2] (infinite recursion) 7} HA 5= AL v7] 93, TAL AA Y P23} o]E g HE

H2o7] As 22 o]F9 Wlolx Y WWEE TESoF FUTh A& %01, object.
__getattribute_ (self, name).

3.3.
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ZF31: This method may still be bypassed when looking up special methods as the result of implicit invocation
via language syntax or built-in functions. See S H A = Z 3],

Q1 2} obj, name & 2 ZFA} o] M E object._ getattr S TAA AU Th

object.__setattr__ (self, name, value)
AEZRE Yo AEE w] SEFYth dutEJA WAYUS (S A28 dAygof gk A st
= Z2) tAlel o] A o] & Ytk name % AEZRE o] F 0], value = 2o hJsted =
gk
__setattr__ () oA 2L oEGRE Yt T ufj =, Z2 o] 59 Hlo]& Fef 29
HAEE TE&3oF gLt o & 50 object._ _setattr_ (self, name, value)
Q1 2} obj, name, value & ZFA} oWl E object._ setattr_ & TAA A YT}

object._ _delattr__ (self, name)
__setattr_ () FHRSFAW AEHRES hJot= thAloll AAFUTh o] AL del obj.
name o] A & v 7} 9l Aol vk L& of of FTh

Ol 2} obj, name & 2 ZFA} o] M E object._ delattr_ & HAAZRYTH
object.__dir__ (self)

Called when dir () is called on the object. An iterable must be returned. dir () converts the returned
iterable to a list and sorts it.

DE 0{EZ|RE WM A FHAE{OIO|H|O|M

EF3 o2 getattr I dir £ BE JEIHE I A2 A&A FoEE d A
€9 % JFULL BE FF2 getattr e 3o AAE oJEFRHES o] FE& o}
A AME e E8FAY AttributeError & WA Aok Utk durAE 9 23] (S object

U

Ll
_ _getattribute_ ())E B3 AJEZFEV EE AA A TAH A O, attributeError &
do7|7] el 5 __dict__ oA __getattr. & AAFUYTH DHAFHH, o] EGYRE o] 52 & 1
gresEan A9 EUE U
The __dir__ function should accept no arguments, and return an iterable of strings that represents the names
accessible on module. If present, this function overrides the standard dir () search on a module.

EE SF(EYHE 4, 229 5)S B A UsA A2 Zosteid, B8 AA9 _ class__
o]EZ]HEE types.ModuleType 9 A B FeH 22 AT 4 JdFUTh o & £

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ repr__ (self):
return f'Verbose {self. name

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

super () .__setattr__ (attr, value)

sys.modules|[ name ]. class_ = VerboseModule

za: E%_getattr_@ﬂﬂ_‘?{% class_ AR LJEZHE —‘.“ﬂé?%%/\}%’a‘}%iﬂ of gk
FFZ AU - BE Ao st A - A QA AN~ (RE WY ZE0 3t AM2o]AY EEY A
gA 1 gef o sl 7_“:}5-% AA AW = A g5y th

B A 35004 W7 o)Al _class__ BE o= HE7}27] 7% ch
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WA 370 7} _getattr_ I dir REJEFHE.
o B7):

PEP 562 - 25 _ getattr__ ¥} __ dir__
=i "é_‘oﬂ ‘ZH s __getattr_ ¥ dir 2 dyshych

CIA3RIE 2517

theoll = vA

EE2HAEE 7 S A (e ﬂ/\i‘jélﬂ (descriptor) S 3 2~) o] AA~HA7F 473}
(owner) e 0] 54T AR A LR U 2IFE & 254 222 GATI Y12 Zo2 3
shire] g 2ol glofof ). ofef ol °4]°1]*1,“°1—E]HE” T olEol afA Ed 20 __dict
o] )2 A8H T UE o EelRES el Yy ok

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

AR SHA(EH2 2D RE AA2) 1} T Fehng dLBA(AAY
o JERRES o1yl SEHUTh A5 owner AAE 57} .
instance = X1 E 2| H E Fx 7 dojuil Qle= A" Aol AL, o] E-]JE 7} owner £ 53 Q‘Mlé
= 7 -F None U th.
ol A E= Al4tE A EFRE 3 E8{F AU AttributeError o2& €2 A of Gt}
PEP 252= _ get_ () °] shvh} 7 7HS] AALE 2 EHEolgta A Z“?JHDP sho] &l 2}l <]
W Haagde = o] YAE ALFY 180 °‘ F ARG == FRATE EF 87 5=

o

0223 e/ 98 4 Y3k shol A48 setartribute_ () FALS DA%} 2A
glol B4 T g B AP,

m{o

object __set__ (self, instance, value)
FA S 229 AA2E X jnstance ] AEZHEE A Zhvalue &2 AAT o] T&SFH U

__set__()olY__delete ()& F7I3IH t23HE 73 o] “dl o] ¥ tJ2~ = ¢ ¥ (data descrip-
tor)” 2 A FoFAHA L. MG UL AT HE SE317] & FRIFAIL

object._ _delete__ (self, instance)
A2 ZH Y A2E X instance &) A EZREE AA T w SESH Ut
Instances of descriptors may also have the __objclass___ attribute present:

object._ _objclass_

The attribute __objclass__ is interpreted by the inspect module as specifying the class where this
object was defined (setting this appropriately can assist in runtime introspection of dynamic class attributes).
For callables, it may indicate that an instance of the given type (or a subclass) is expected or required as the
first positional argument (for example, CPython sets this attribute for unbound methods that are implemented
in C).

CIA3EIE S&517|

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

EZHE AN 29 71%%&%73%191 gAY oA oJESREE 3, 21, 2HAE= A YUt
& € a.xEa._dict_ ['x'] oA A Z3|A type(a) .__dict_ ['x'] 7%7dtype<a>-<4
&~ Z —‘;—%ﬂzﬂﬂ%%‘%ﬂiﬂi%@%uu}.

A=

Ef | S 7S AA, sho]x L 7|2 T2 tiAlo] Y A3 HH
HAEE SET ¢ JdFUTE AT 559 o= YA oA o]d do] dojuh=A+= oJH AT YHH
HAE7FHolE o] Qa1 ojE Ao g §E5 =X met ohE Y th
Y23 gy £ A1&E -2 A3 (binding) YU T a.x. o2 A AAE o] 2FE =4+ a o Wt oY
c}:

33. S+ 0HAMEOIEE 39


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

The Python Language Reference, & 2|A 3.11.11

FUAE Y E ASHE 522 ASAY BEA DaaYH HAEE 4Y £5F

A=)
get___(a, type(a)
o~ 2%
2o 23, a.x = oA TEZ HIAFH YT A._ dict_ ['x']._ _get_ (None, A).
Super 23}
A dotted lookup such as super (A, a).xsearchesa._ class__._ mro__ forabase class B following
Aandthenreturns B.__dict__ ['x'].__get__ (a, A).Ifnota descriptor, x is returned unchanged.

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__ (), itis a data de-
scriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and
__set__ (), while non-data descriptors have just the __get__ () method. Data descriptors with __get__ ()
and __set__ () (and/or __delete__ ()) defined always override a redefinition in an instance dictionary. In
contrast, non-data descriptors can be overridden by instances.

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

property () &+t HlolH a3 gdHZ AP Ytk o] 2o, A28+ 2 5 E| (property) & &
S HAT 5 sy

__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.

Notes on using __slots__:

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

o 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, then add '__dict__ ' to the sequence of strings in the __slots__ declaration.

o 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.

o _ 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.

o The action of a __slots__ declaration is not limited to the class where it is defined. __slots__ declared in parents
are available in child classes. However, child subclasses will geta __dict__ and __weakref__ unless they
also define __slots__ (which should only contain names of any additional slots).
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o ZULTEMOIE S LY _slors_ o Ao E o] 5 22 o] 52 MFE _slots_ o AATHE
Hlo]x S a7 A 9 } ’“L = AT e AE7b g UdMola a2 H UAI Y S
A5 23 8k= 3 —Or%@ﬂﬂﬂ}) oA e IS Ao A k2 AEl 2 HUjA FUth nEelE,

o2 PA57 A3 AR 2

719 A9

__slots__

are defined for a class derived from a

e TypeError will be raised if nonempty
"variable—-length" built-in typesuchas int,bytes,and tuple.

» Any non-string iferable may be assigned to __slots__

o If adictionary is used to assign __slots__, the dictionary keys will be used as the slot names. The val-
ues of the dictionary can be used to provide per-attribute docstrings that will be recognised by inspect .

getdoc () and displayed in the output of help ().

e __class___ assignment works only if both classes have the same __slots___

o Multiple inheritance with multiple slotted parent classes can be used, but only one parent is allowed to have
attributes created by slots (the other bases must have empty slot layouts) - violations raise TypeError.

o If an iterator is used for

__slots__

then a descriptor is created for each of the iterator’ s values. However, the

__slots__

3.3.3 Eclia M

d HAE{OFO|A| 0]

Whenever a class inherits from another class, 1

attribute will be an empty iterator.

nit_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,

future subclasses of the class defining the method.

classmethod object.

__init_subclass___

init_subclass__ solely applies to

(cls)

e 2

0] A et BEol A bt} 55

HUth ds = M HEZ

ol INEE 23
29Ut mhep
HAE YU

Keyword arguments which are given to a new class are passed to the parentclass’s __init_subclass_

For compatibility with other classes using __init_subclass__, one should take out the needed keyword
arguments and pass the others over to the base class, as in:

A AR HAER Yo H, o] I EE FAH R S AER

( N
class Philosopher:

def _ init_subclass__(cls, /, default_name, **kwargs):

L

super () .

cls.default_name =

pass

_ init_subclass_
default_name

class AustralianPhilosopher (Philosopher,

(**kwargs)

default_name="Bruce") :

712 34 object.
o 2] & A A Ytk

__init_subclass_

A= A YA QA7 8 o] T&FH W

ob%

Z3: vE Y2 S E metaclass = UM A & Aol o6l £Av]¥ 0, init_subclass_
2 AdH A syt AA HE F EH’\ (‘337\17g 2 FE thalel) htype(cls) 2 AN 5
St

B A 3.60] F7}.

scans the class variables and makes callbacks to those with a

When a class is created, type.__new__ ()
__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:

33. S+ HIME OIS
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class A:
x = C() # Automatically calls: x.__set_name__ (A, 'x'")

If the class variable is assigned after the class is created,
If needed, __set_name__ () can be called directly:

set_name__ () will not be called automatically.

class A:
pass
c = C{()
A.Xx = C # The hook is not called
c._ set_name__ (A, 'x'") # Manually invoke the hook

O AR Y82 S e A4 7] & Farst Al L.

B A 3.60] F7}.

HIE} S2A

7NREAC R, FeAE type () & ARSSIA R0l Uh Sl 29 vit] & A o] F F el A AdE 1,
Z Y2 o]EL type (name, bases, namespace) & Ao A FA o7 AZFH Ut
ZrEvte= AL ZY A Ho ZFometaclass 7| Y QAAE AL ALY, 218 QRS £33} o] w
EASte FHEE ASTOEN A2Epo] 28 3 JdFUth T ool A], MyClass 2F MySubclass
£+ 2% Meta 9 AaEAJd YT

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

ool A A T 7195 AR L ool A AW H & B E vie}
o) 7h AWE wl, Thet 2 B ST

« MRO @ o] 249Utk

. Ads e 227 A4 R

. 2o 0B ko] EMlH T

. 2o it gk

. 22 AH T B H Uk

(y
o
[>
e
>
e
fru
=
g
it}
<
o

7
7

MRO &= ZJ35}7|

object._ _mro_entries__ (self, bases)

If a base that appears in a class definition is not an instance of t ype, thenan __mro_entries__ () method
is searched on the base. If an__mro_entries__ () method is found, the base is substituted with the result
of acallto__mro_entries__ () when creating the class. The method is called with the original bases
tuple passed to the bases parameter, and must return a tuple of classes that will be used instead of the base.
The returned tuple may be empty: in these cases, the original base is ignored.

o BW7):

types.resolve_bases ()
Dynamically resolve bases that are not instances of type.
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PEP 560
Core support for typing module and generic types.

- type () ol AFEHUTH
o GAIAQ e FAH AT AARH AL, D0 type () of a"ATF oYM, IS HE S AR

e type () o A2BATF WA A W 22w 2ol A A, Wo| A7 AoH Y ow,
SR vt 2ol Ak AL U

74 wo] A H e 2o A Ao Z AAH WE SR (UThE)} AAH ZRE wolA S
E9 WE ZHAE(F, type (cls)) ToAA AUt 7H @o] A4 E e S o] ERF 2
A2 EFY (subtype) YU TE Bk oj = A% o] 2 AL WE A BIohd, F 32 A 9= TypeError &
dHAY A7) A o) g o)

4 wo

N

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.

wrob w e} Ze) 2ol _prepare o= HE7} QlthE, 2ol o] & w0 W ¢A e vl 2
71544 Uk,

©] 7]
PEP 3115 - 5}o| % 3000 ol 4] ¢] v e} S A
Eds =

__prepare__ °|& &

Sl A vic| ™31

Fei 2 vt & (=) exec (body, globals(), namespace) o] APF Utk I3 2 exec ()
TEH FE Aol HE ZH A Y7 g W R oA o] Fol A 013‘4 2~ 733 (lexical SCOpmg) ol FH &
HY (REWAEES T2 ?5}0:12 AR e} A F ATz Qe o] FES FRIEF ST

A .

FA W, Ses GO G WRAA o Fol W R AE, Fehs Yol A JY B HNEES Feho
£ 2O N Ao o S ES ¥ 4 Qleith 2o M am g 2es WA= 2 uA v
2 5 AALFAUY TS AHoI A A SAHOE o}f) 2FH _ class FEE Fok

.

A A U=
At ZP A o2 Z7to] FPa vt E APT oz N AYA A, Sl AR 7F metaclass (name,
bases, namespace, wmm>%%ﬂu%ﬂ@quﬂﬂﬂagﬂ%éﬂaﬂﬂ%zﬂxgg

__prepare__ o A&H A&} Z5Uh.

o] FE 2 AA&= super () o AAE FA G+ F -+
HAEE ZF o] dtetE _ class_ Y super &
ZZA (closure) 2 YU th o] A2 AA ¢l FEf Y super 3
e FHaE SulEA S 5 YRS féh/]r/} b o] AR T AHEH F
S g 2w Qe /24 A8
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CPython -3 %}Al|: CPython 3.6 o] Aol A, __class__ A(cel) = a2 o] & &7+ __classcell
AEE 2 WEl Zeh oo AP sk 2 trhd, o] AL Ze A7 -2utE Al 2 7)31E 7] 98 type.
__new__ SE7MA] ALY A AutE of of Fhth 013711 B} A 2351H n}o] M 3.8 o A= RuntimeError
2 olojd Atk

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.

Zex AA 7L Eol R ol FE 2 ool 23 Fel A d T olH SN A (ATHH) SR E A5t
3, 2 AAE FNET Y= A Y o]lF TRl AZd Y h
type._ new A Fea7tviEo]d o, o] F I A HT R Al FEH = A= 2 vHE A e
g o g BAbE A, Ao A= v Futh A} AFHE-2 917] -8 2 24 (read-only proxy) 2 = 2 5’\]—0]{;_‘-1:‘]],
o] Aol ZehA A _ dict_ olEFHEZ FHYrh
o] ®7]:
PEP 3135 - A super

B A class. ZEA FzE2 A9k

e

HE} EejaQ =
H et Fef 2o A A QN §Eol= A7 U T A H 2 71A] ofolt] o] Foll = enum, 27, Q1 E H| o]

2 AN}, A%3E 9] < (automatic delegation), AH53}8 = 2 5 E] (properety) A8 4, = 2HA] (proxy), Z & 9 <
(framework), A= 3} }% Z 7)/%5 7] 3} (automatic resource locking/synchronization) 5 ©] $l<5 4t}

3.3.4 QUAEA GBI ME A HAF HAEDIO|H[O|M

O3 WA =52 isinstance () & issubclass () W 49 7|2 58S A9 ot ol AH:H

gt

E3], W e 2 2 abc.ABCMeta &= FAF | o] 2~ = ¥ 2~ (Abstract Base Class, ABC)E T} 2 ABCE &3}
Ao Zea} 3 (WNFFE S =Y Th ol “7HAF vl o] 2 Z el 2 (virtual base class)” 2 F 718 4= Q1A
CEER R REEEE L
class.__instancecheck__ (self, instance)
instance 7} (A A o] AU ZHH A 0 2) class & AL~HA2 HFE 100 Fe =2 FUTh Wy
A% M, isinstance (instance, class) & 3337 9 s Yt}
class.__subclasscheck__ (self, subclass)
subclass 7} (| F 2 o] Ak b H A 0. =) class 2] A B ’EH’\E Avd s olowd Fe sHFYh
Tlok Jolx) W issubclass (subclass, class) S 3357 9 = Yth
ol HNEEE 2] F (e Fe ) oA 23] A k= Aol ol s of it AA| Fe oA S

=< ol
AMEZ Fojd ¢ FUth ol A2 Axdxo 3] EEH = SF HAE=EE9 +ﬂ9‘r d&A dsUTh
o] ¢ 42" %%EH’\X}ZHD}

o BW7):

PEP 3119 - 34 Hjlo] A 822 ¢
__instancecheck () %} _subclasscheck_ () & & 3& isinstance() <}
issubclass () & Z2Z2 AAEuo]ASt= o L8 FA4S £330, o] 7|59 =7
£ 2lojo] 24 Hlo| A 2o~ (abc RES WA ) E F78h 1A} s ol A%k
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3.3.5 AU ¥ SLH LH7]

When using rype annotations, it is often useful to parameterize a generic type using Python’ s square-brackets notation.
For example, the annotation 1ist [int] might be used to signify a 1ist in which all the elements are of type
int.
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 ofl 9= @ Aol o) @ A Y Fel 20l B48E YehlE ARE B 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 purposeof __class_getitem _ () isto allow runtime parameterization of standard-library generic classes
in order to more easily apply ype hints to these classes.

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

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

__class_getitem__ versus __getitem _

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

Presented with the expression ob 7 [ 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, if obj is a class and defines __class_getitem _,

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
# call obj._ _class_getitem _ (x)
elif isclass(obj) and hasattr(obj, ' class_getitem '):
return obj._ class_getitem__ (x)

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

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

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

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

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

>>> list[int]

list[int]

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

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

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 (Menul['SPAM'])

<enum 'Menu'>

© B7):

PEP 560 - Core Support for typing module and generic types
Introducing _ class_getitem__ (), and outlining when a subscription results in
__class_getitem__ () beingcalled instead of __getitem__ ()
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3.3.6 E2{E ZA SLH LH7]

object.__call___ (self[, args... ] )

227 A “s 227wl TSPtk o] MM E7F HOH W, x (argl, arg2, ...) +
thektype (x) .__call  (x, argl, ...)EWHIAFEYrh

3.3.7 ZH|0|L{E ELH LY 7|

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

object.__len__ (self)

Called to implement the built-in function 1en (). Should return the length of the object, an integer >= 0.
Also, an object that doesn’ t definea ___bool__ () method and whose ___len__ () method returns zero is
considered to be false in a Boolean context.

CPython & A}A): In CPython, the length is required to be at most sys.maxsize. If the length is
larger than sy s . maxsize some features (such as 1en () ) may raise OverflowError. To prevent raising
OverflowError by truth value testing, an object must definea___bool__ () method.

object._ length_hint__ (self)

Called to implement operator.length_hint (). Should return an estimated length for the object
(which may be greater or less than the actual length). The length must be an integer >= 0. The return value
may also be Not Implemented, which is treated the same as if the __length_hint__ method didn’ t
exist at all. This method is purely an optimization and is never required for correctness.

B A 3.40] F7}.

i srto] AL AA g taol e Al A =sdd sl +3g vt

2 ¥oE 1, T2 WElE vpRAhA QU th whd Sehols B8 B4 None 0.2 1§15V T,

object.__getitem__ (self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers.
Optionally, they may support s1ice objects as well. Negative index support is also optional. If key is of an
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inappropriate type, TypeError may be raised; if key is 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.

i for REt ALY BE ke 4457 918, 229 A 2o T3 IndexError 7
Aol Qo 7thsta YUk,

ZF31: When subscripting a class, the special class method __class_getitem__ () may be called instead
of __getitem__ (). See _ class_getitem__ versus __ getitem___ for more details.

object.__setitem__ (self, key, value)
self[key 1 2o tidlS FES As LSHUY __getitem () F} 22 F7F B2
w39 o=, A 7L 71 sl gre] MG olvk A 719 F7HE s =tE B9, Al A2 A=
5ol Jﬂﬂ%‘ T A= FAF o o AUtk FRH key 7 B __getitem () oA}
22 s deAok Tt

object._ _delitem__ (self, key)

self (key) o A8 U5/ A SERYLE __geticon () 3 Le 77} Lo )
B9 Ao, AR 7S AAE H AT B, AR FPE FRol ND2ZEH AAY
+9le W TAH ook UTh FET key %8 AFE __gericen () A%t 2E AT

do Aok Fth

object._ _missing _ (self, key)
dict._ _getitem__ () °o] dict B Ze oA 7|7 A8 ol QLo self [key] & FEHE}7)
98l T2 FTh

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]- o] o] B &) o] A (reverse iteration) & F+& 357 Yo (YttdH) T &3
ool o] S AADE o 05 ST A ol elell o] 5] AANE EeIFlok BT}

_ _reversed__ () WIAEZ} A FHA YO W, reversed() WH

StrEAEs Z2EF
(_den ()3 __getitem ())S H¢oZ ALFULE AAx 22 EZ S A Y3t AA
E2 reversed() 7t Al &3t= ZARU H S84 TS AZT S A& wlWt  reversed ()

£ AlF3f oF Fth
WA AAF A4S (in I not in) & Ad ol o tigt o] o)Az FAF YT AT,
e oY AA = EE4A TS v 4@%5—’% YAEE S5 AT %%HDP- o] A% AA=

olHHEY 28 = gl YrTh
object.__contains__ (self, item)
WA AN AAAE 2AF] A9 5
S F ok Futh Y AAY 2P, 71-2
__contains__ () & RYA &= AA S A, AHA AA=HA __iter () 5 SHolHY
MG AES T, getitem () S FSHS A A2 oJHY oA ZR2EZS AIEF T <o
Al ez o] 28 FaBAA L.

B Ut item o] self ol o g, TH A gtod Azle
A
(o)

o] ohuj e} vz 2] 717} aref s o of Ttk
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3.3.8 =X & SLH LH7|

A= FUW W2l el o 47“’ A=
o) AAH A s AAE(AE £, 7&1—?7}0
o5 A ok A= FA T ol of gk,
object.__add__ (self, other)
object.__sub__ (self, other)

object._ _mul__ (self, other)

object._ _matmul__ (self, other)

object.__ truediv__ (self, other)

object._ floordiv__ (self, other)
object._ _mod__ (self, other)
object.__divmod__ (self, other)
object.__ pow__ (self, other[, modulo] )
object._ lshift__ (self, other)
object.__rshift__ (self, other)
object.__and__ (self, other)

object._ xor__ (self, other)
object.__or__ (self, other)

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (),

pow (), **, <<, >>, &, *, |). For instance, to evaluate the expression x + y, where x is an instance of
a class that has an __add__ () method, type (x) .__add__ (x, vy) iscalled. The __ divmod _ ()
method should be the equivalent to using _ floordiv.___ () and __mod__ (); it should not be related to

__truediv__ (). Note that __pow__ () should be defined to accept an optional third argument if the
ternary version of the built-in pow () function is to be supported.

If one of those methods does not support the operation with the supplied arguments, it should return

NotImplemented.
object.__radd__ (self, other)
object.__rsub__ (self, other)
object.__rmul__ (self, other)
object.__rmatmul__ (self, other)
object.__ rtruediv__ (self, other)
object.__ rfloordiv__ (self, other)
object.__rmod__ (self, other)
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)

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (),
pow (), **, <<, >>, &, %, |) with reflected (swapped) operands. These functions are only called if the
left operand does not support the corresponding operation® and the operands are of different types.* For

3 “Does not support” here means that the class has no such method, or the method returns Not Tmplemented. Do not set the method to
None if you want to force fallback to the right operand’ s reflected method—that will instead have the opposite effect of explicitly blocking such
fallback.

4 For operands of the same type, it is assumed that if the non-reflected method — suchas __ad
supported, which is why the reflected method is not called.

d__ () - fails then the overall operation is not
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instance, to evaluate the expression x — vy, where yis aninstance of aclassthathasan___ rsub__ () method,
type(y) ._ _rsub__ (y, x) iscalledif type (x).__sub__ (x, y) returns NotImplemented.

A & pow() & __rpow_ () B EETHIL A=A ol FodoF Futh (A st =2

o1 77 4 o] 1% B2k G U Th.

i WoF L EE AR Yol 9% s AxbALe] o] An ool w, T A E Zeh 2T} A4k
A28 BN =) e TAE A, o] WA E7} A= Aol H 21514 gk v A= HT}vA
SR o] $A4L A8 Ze27t 24T A4S AR T 5 Y=F Tk

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)
These methods are called to implement the augmented arithmetic assignments (+=, —=, *=, @=, /=, //=,
§=, **=, <<=, >>=, &=, "=, | =). These methods should attempt to do the operation in-place (modifying

self) and return the result (which could be, but does not have to be, self). If a specific method is not defined,
or if that method returns Not Implemented, the augmented assignment falls back to the normal methods.
For instance, if x is an instance of a class withan __iadd__ () method, x += yisequivalentto x = x.
_diadd_ (y).If__iadd () doesnotexist,orif x.__iadd__ (y) returnsNotImplemented, x.
_add__ (y)andy._ radd__ (x) areconsidered, as with the evaluation of x + y. In certain situations,
augmented assignment can result in unexpected errors (see fag-augmented-assignment-tuple-error), but this
behavior is in fact part of the data model.

object._ neg__ (self)
object.__pos__ (self)
object.__abs__ (self)
object.__invert_  (self)
A FAake A4, +,abs (), ~)= T8 S8 ==F Uth
object._ _complex__ (self)
object.__int__ (self)
object._ float__ (self)
WA &4 complex (), int (), float () & 337 Yal =FH Ut A Z3 do 7t S8 FoF
.

object.__index___ (self
operator.index( & 31 7] -.4—1] Egﬂ , ol M o] =} AA S AL AA 2 €4 glo]
HﬂﬂoﬂOkﬂﬂ(’“a‘rOW 011%‘4175 bin (), hex (), oct () FFEolALZe)nttt T =F Urh o
AALS EA A AR A% B e A A B B o7k T e
__int__(),__float_ () R _ complex__ ()7} B o] YA ko, s g g int (),
float () Y complex ()= _ index__ ()& AF&Sth

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

object._ ceil__ (self)
W gk round () &math &< trunc (), floor ( il () & Fdst7] 8l E= YTh ndigirs
7} __round__ () E AEHA w}t sh o] A ESS E—‘:r nteqral (% int) 2 23 A9
#= = oFdyth
The built-in function int () falls back to ___trunc__ () if neither __int__ () nor __index__ () is
defined.

WA 3.119 A ¥ 7 : The delegation of int () to___trunc__ () is deprecated.

3.3.9 with & HEHAE ZI2|X}

A ~E 2] 2} (context manager) £ with 2& AP ] zpg] = A Ad (context) £ A3+
AR 7= B2o AL A9, DA Bl AL Aok AN A A=) AT 22 L
A BUTh AUAE DA LF with 2 ik 2 AA0]x AR TH 02 A 48 A, 15 ]
MAEE TEAN A AT A

P
)~ E
1}%% 27} (locking) 3t31 A2 7] (unlockmg) ’6}% A, 24 :‘i]’oa]’r—? ge A 50 Al 143}
E

object.__enter__ (self)
o] A7 9} ABA AYAH AT AEC] AYFTE with £ as A2 AFE B o] ATt o
A= v 7S AZ T

object.__exit__ (self, exc_type, exc_value, traceback)
o AA9} A2 AYNI ANAEE SEGU T oA EL A AEol4 Hol b WE

AL E 7t T AHUXRETA Q] glo] FRATHE, Al AAF 7 None ©] Yt
ek oA Q7L Al T AL, WM =TS9 & SAIA 712 A0 (5 Fiteke A ey i) Htrue) 2
SHFFEUT. 282 Fod oo o] MM ETLF ErE ol AL AYH Y

Note that __exit__ () methods should not reraise the passed-in exception; this is the caller’ s responsibility.
¢ BW7):

PEP 343 - “with” &
vpol with ol thek 4, w7, .

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) istypically 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") thatmeansthat 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 BW7):

PEP 634 - Structural Pattern Matching
The specification for the Python mat ch statement.
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3.3.11 S 0ME

m

Mg R Feae] A9, BAAA ESHASY 552 AR A28 GV} obd AR Y Foj
A5 o] 92 wiek Suh=A] Sagol BAP UL oA FAL B 2L LES 9 o]
Ay ek

>>> class C:

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

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

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

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

>>> 1 ._ _hash__ () == hash(1l)
True
>>> int._ hash_ () == hash(int)

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

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

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

True

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

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

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

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

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

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

3.4 I FEl(Coroutines)

3.4.1 0{SII0|E{E ZHA|(Awaitable Objects)

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

ZF31:  The generator iterator objects returned from generators decorated with t ypes.coroutine () are also
awaitable, but they do not implement __await__ ().

object.__await__ (self)
olele] ol B] & E&FoF FUth offlolEl & AAE F&3L7] S8 AHEH o] oF FUTh o] & 0],

asyncio.Future £ await 2847 35 7] 9135 o] yIA=E AT}

Z+31: 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]] &7},
© B7):
PEP 492 7} o} 9l o E1 & A A of] tf 3t ] AA S A B E 233t 5y th

3.4.2 T RE| ZHx|(Coroutine Objects)

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

FFEHL thgoll ddste MAES =8 2ta s, Al ol H (A v e ol Bl-o] H g o] ¥ HA = &
HAA L) A FRF U AL Ald o B et 22, ZF P2 oH ol d e A AAstA =

k5 th
¥ A 3.5204 HA: ZFEL F H await 3}'H RuntimeError S 4o 7tk

coroutine.send (value)

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

coroutine.throw (value)

coroutine.throw (fype [, value [, traceback] ] )

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

:'-?—QO] X}ﬂ%@ﬂﬁ}i FEROEF WU B AR E o] A FA] FolW, o] MA =L WA
2el0] Aal FASHEE B o] B 0] B9 cloce () AR 99 ALUTHIH HASE 7
D). ad gL A= ] A o A GeneratorExit & WA 7| =], ZFE o] FA] AHAE A &

S RS o A& R o) D8 E Bt A Aol oh A A AL e

= 28

229 A7} 522 0l 99 22 A 20l who} A-E 2% DY Ehelosed)

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

H]E 7] ol o8 & A48 __anext_ WA EA B ZEE ST s UTH
H] 5 7] ol o8& async for ZolA AHEE o+ s UTH
object.__aiter__ (self)

HE 7] ole gl ol e AAE Eei 5 oF Pt

object.__anext__ (self)
olH# o lH Y & FH= Tt AoHE S eFF FUth olEH#Ho M EUH
StopAsyncIteration o E 4o .

H-5 7] olE1 e £ AA ] o

class Reader:
async def readline(self):

def = aiter_ (self):
return self

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

raise StopAsynclteration
return val

B A 3.59] F7}
¥ A 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 ina TypeError error.

344 H|s7| HAHIAE Z2|X}

H| =7 AHAE J‘ﬂ-ﬂ A} (asynchronous context manager) = __aenter__ 9} aexit_ WA Z A AgS
LA AT = = AHE2E FHE 2 JUth

H| 5 7] ADAE A2} async with Zol|A AFHRE 4 95U Th

object.__aenter__ (self)
Semantically similar to __enter__ (), the only difference being that it must return an awaitable.

object.__aexit__ (self, exc_type, exc_value, traceback)
Semantically similar to __exit__ (), the only difference being that it must return an awaitable.

Hl5 7] AEAE Feja} Feae o:
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class AsyncContextManager:
async def _ aenter_ (self):
await log('entering context')

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

exc, tb):

WA 3590 F7F

3.4. D EEIl(Coroutines)
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olF (Names) & AAE 7t AU Th o] 52 °ol5 A2 dst w2l =l Yth
The following constructs bind names:

« formal parameters to functions,

e class definitions,

« function definitions,

e assignment expressions,

o targets that are identifiers if occurring in an assignment:

- for loop header,

- after as ina withstatement, except clause, except * clause, or in the as-pattern in structural pattern
matching,

- in a capture pattern in structural pattern matching

e 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 Eol het A o) o] 2o x AAH Aoz HEFUTHAA v 7 o] 2L QA Ao
Aol 7l A=),

Ztfdolu dx2E 22 Fdav e A wl 2ol FofH = B5 ol 38 5 AL, B8 FEE 49

FEEFH)NM SFE F= syt

wef ol 5ol =5 oA A-H W, nonlocal o]y global & AA=A ef= o], 1 =59 A4 v
TAUTE BF o] Fo] BE s A4, A s duth (RF L= 259 Wiss A HoldA
Agdunh) e w7t I= S50 ARSH AW, 7 710 M A o] =) %] of Lo v A7 M= (free variable)
AY et

Z2 I3 HrEo 55t 44 o] FE2 thEoll e+ ©]F A4 (name resolution) 2] of] w2} &7
== o] 229 A7 (binding) S 7}l P U T}

4.2.2 0|&2| ZAl(resolution)

AFEZ (scope) £ BF U oA o] 52 7FAIA (visibility) & ] Utk A W57 EE oA Ao =W,
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
olgol = EF WollA A2 o, 7 7 A B AL Qe 2Tz JE AeE AAg YL ZE
E50 B I RE2TE IS EF9 &7 (environment) ©) 2+l F5 Ut

o5 o] Ao A= AR A ¢k O H NameError o & 7} T3 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 oba 1 statement occurs within a block, all uses of the names specified in the statement refer to the bindings
of those names in the top-level namespace. Names are resolved in the top-level namespace by searching the global
namespace, i.e. the namespace of the module containing the code block, and the builtins namespace, the namespace
of the module builtins. The global namespace is searched first. If the names are not found there, the builtins
namespace is searched. The global statement must precede all uses of the listed names.

global B8 2L 859 o8 AQ A4} 2L 2nxE AEUTh AR W5 A9 AP A7hel A
7hglobal £& EFaAThA, 1 A W4t Aoz A

o

nonlocal B& B 3HE o F0] 74 AA7kol H B AE B4 2Tz A oln] AFH o] §L HHAE
= BEUTh BHeF Fojd o) o] EYAE §4 A3E ool frhd A5t A6l SyntaxError

'~

Y olF U2 EEO AF dxEE u] AAFo® BEofAUTE 2T HEY] WA RES FA

o) o) B2 T exec() Feval () 2 AL AR S8 o5 M TS pEUTE 2o
Ao o5 AHESt BT o Y= A s EF AU o] FRE2 AZHA 2 AG HTE
A o] 5 F2olA Fethe AS AYstas ol 5 AA9 dubAel AS wFUth 2 FY 9
olF ¥ 22 A ERRE AUt UTh 2 EF0A AYH o559 23z S
EZor ARPUThH WA ESY FE E50 % e A 5t - o] A& A= 2] A3 Al ) o] E
EP2 2Pt ol AEo] F5 ATnE AEHA TEH ) MEGUTE o] AL th 7 2L Aol
A ek Ed U ok
class A

a = 42

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

CPython 73 4A: AH& A= builtins_ & HAE | A Tofof ) o] 212 & A AR Y Ut
WA ol g F7He] #e AAs T A2 A8 A= builtins BES import 3t 179 JJEFHEE

Xkﬂf}ﬂ]/\xkﬂokﬁhqt}

2 259 SR AL E T
ZIEAHAO0 2, main REY YSulE_  builtins  ZF WA EE builtins o], TFE 259
S Wl=_ builtins__ +=builtins BES gAY ot & JUch

A Aol thal) o] F AL 3k Al o] of et A Al of] o] Foj Yt o] A R 22 IE
422 93tk 22 Fa ok
i =10
def f():

print (i)
i 42
£0)
eval () Ztexec() T+ o5 AAS A AT Ao izt FZ Aol lsUTh ol F2 TEAHY
AT A o] 2 bl AAF 5 JFUTE AR A5E AP 77kl S o] 2 g 3ko] of et A
olF F7ollA AMFYLL! exec () Feval () Folle AT A ol S AT 4+ A= A

a

7H53 A7t AU T B A B ol B B3

4.3 0f|2|

of 9] = ol g ol 2 F 9l 2 AL A 2l5tr] Y&l =
ZA A A HANA L& Lo AU THraised); & & 2
o}tc

1
cBSS ST oE A= BRI HelE 5+ dFink

T — == T

gtolH AHZElE AP AT Y 0= Ure 2 Z-2)E AT o o9& ozt st
Z2IYL raise B AEHA PAHOR o9 Do 5 gtk ol 9] A el 7] try - except
o2 AAPUT 2™ FFA finally 3= A2l (cleanup) T =F A5t vl AHEH =, <l &
A el o] of el Al T oA o 9 7F kA 1) ok AR ek

gho]® -2 ol 2] A 2lof “F 2 (termination)” 2 &2 AR U TE ol 9] X 2] 7|7 H 7 HA P = A AT

AT e A A ﬂ#%#t%ﬂ%ﬂﬂAﬂﬂ°ﬂﬂlil“#ﬂ%&émﬂig$
FUHHEA Y 2= 2742 AS5E A AZA 71 A2 g dyTh.

&ﬂﬂ 7oA = ﬂﬂlﬂxl S, dEzeHe JE:LE“A dF S FESAY, ey il F2

EoHUth 7 A9 BF, o8] 7F systemExit ¢ AE Al taL, &8 Edo]aw S AT

Exceptions are identified by class instances. The except clause is selected depending on the class of the instance:

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

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

&[ﬂ
E

[r

e
L
X,

)

4 d
o{v

¢

2=}

3o, K

i ol 9] HIAI A= 3Fo] A APL 57} obd Ut 1‘41 < ghol o] Wz o] vk w 3 ar gl 1375

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

2

AA try T oA try B, raise T ol A raise Fof th3k A o] AlFH U Th

Vol gl o] AdE mEol ddH e ZETEREO ATIH & AR olE EAA k7l W dvch
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o|mE A|AH
@25 o g Told BEE QT oot meAAE i 0E RE) 9 A S| g AT
AL QU impore 2 ALE AAE Ao rlE 1 S Wl AW, AT WP opy Uy
importlib.import_module () Z2 &4+ W _ import_ () E YT E FAE do7|=0 AFR
2 4 9%tk
import B2 F 44 QAL B AU WA o 2o] el 7t RES L o, 1AM ATE
Alq 2520 o] 5o AAFYTE import £9 AA 42 AR AASE __import_ () TS
TE3te 2oz Ptk __import_ () o ¥FE g2 import 9 o] F I A A4S =l
AER UL 0 2

] o] 2 o1 A4ke] HBHat Al LA | T A= import B2 HA| L.
[e

__import__() ¢ &
NS AZEGFA Y o8] /A (sys.modules =

X
o
i1
rlo

kd

i

I
L0
j:l
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Fel i
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1)

kd
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dojd 4= Q7= BHAI R 24 import 0] o] F 94 dA4t= U

import ol A o), FF W __import () ZFEEFUth SXE A2H S T S8 THE WA
U= (importlib.import_module () Z2)L _ import_ () EAIRSIA g dxE IS +d
3t7] 98k AHAL Y] R S AR S S U T

BEEo| AL dXE D uf, gl RES AN, AHETY, B8 AAE e, 278FYh
whef I o] o] RES AT 4 YithY, ModuleNotFoundError & 4o fUth dfo|H e 42 E A
A7t S22 o o] F 29X BEE e g A =S AU o] ABE2 S Ao A AW et
oAy 712 &2 Tl 8 H L F4E = AdsYTh

W 3304 WA JEZE AAEHL2 PEP 302 o] F A BAE 43 FHIESE AAE JdF YT oAl
FEAHA YZE A= -AA YEZE A 2H”lo] sys.meta_path 2 53] =EFH Uth oI 7)o

ulm%li‘;
JE

4
é—\l

t] 3, U] o] E] B (native) ©]

I types.ModuleType & HA|

7] A1 &) A Dol FAH AFUTHPEP 420 & H A 2).

Fo
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5.1 importlib

kol
2

[¢]

P
importlib.import_module () + Y2 E AXE F53=d o W __import_ () o v]s] A3

importlib BE S JEE A2d7 45 A8a7] 93 23 APIS A2 FULE oS Sol
k=)
97, 1 RS APIE Al L) B A3 8-S import 1ib 2ol Heje ABAE B2 51442

5.2 17| X|(package)

shol e 8 744 FRO BE AN 2T YX, BE RES BEo] shol o]} C} 1 e} thE of
oz FAR LAY gl ol FYUTh BELS 2B o3 o] & AZTEE AT A,
shol e 517 4] b AAd e 23 dEUTh

7 A2 5k A 2dol gl T e etn A 5 QAW A7 A9} REe] AN AFOoRRE &
2L GoBE o] W GE UT B4 Tr)2 345k Lopol itk of 4] B4, vl el 9} 5t
olght v 42 AT AYYTh Y A2E OAHAAY, A AL AS Ao 2Aast, 7] A
HE RERT b e A8 7 A E 23T 4 5L

BE 747 BEC) g A2 7|95k o] F L FUTE A v wE BEo] 37149 2L ohg Ut
e doz BA5Y, AL SEH E ) REQUTH FAHOE, _patn_ oEREES £

ste RERZE2HVIAE ASEUth

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

5.2.1 ™Mt o7 |x]

gho)l ML F 7HA] T/ WA E A FUTh Af H7)A] & o] 5 w2571 AL A 7] A= shol A
328 2 ol Ao EAtd A A A HAAFUTE A A7) A= e __init_ .py LS 7H ¢
,ol _init_ .py 3tgo] BA|H o7 A1, 17 0]

nit_ .py 342 & ZEE]

EdE oj
Aol st AR Eo] 374 o] B o] EEE
#3593, ol WS YEED o) RE| 2 /1A o= RES

A5 Qe A 2L Shold HEE ZHY

718,
ANE Sol, b 22 st Al 2" wj X = H AHS] parent 3] 7] 2] &} Al 7R o] A B ) 7] 2] & o o
parent/
__init_ .py
one/
__init__ .py
two/
__init__ .py
three/
__init__ .py

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

At F ol L parent.two & parent.three & 4ZXE X Z} 7t parent/two/__init_ .py
9} parent/three/__init_ .py & A3t
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< AHgske, 1417111 HH O YEZE Ao 27| 1 )
ys.path) o] ZE27} WF o 57]4) S A AAE AFoR
k7| A 9] B¢, parent/__init -PY vhd o]
ent 7 EAE 5 9, 474 Zeohe x
Z 0 Z parent/two 4ol § X 3}HA 9%’3 T AE
Strt Q2 E 2 wfjube} H 49 parent 37
2t 3712 2] 4L PEP 420 & #2314 8.

SUTh jAlo] S8 o]g]
AR (= 239 5714
S5 gy

0]

O oY ® 9

o)
Q
s od

o

r
E
i
£
%
o
al(
of
M
X
N
ﬁ
i ¢
f
n
L
;@

O ofNrfo
o

ol

5.

w
oy!
>
=

AAS A ZsH7] f6l, stel W dxEd BE(E 3714, ff}x] gF o] =of ol A Apol 2 F 254 ¢krh
of gAs] A+tetd ol 5 = 42 & Ptk o] o5 import = E Xﬂ*Q o] 1A, importlib.

import_module () Y}__import_ () T2 ALH w7 A FH Sy
o] o] 1:]—1—5 A o 51‘71“°ﬂ/‘1 /\]'&54 o, B REE 7t Joz2 FRA A2 + 3
FUth o & §°] foo.bar.baz. ©] o, Fo]d-& WA foo &, AthF ol foo.bar &, WFA %

©ZF foo.bar.baz & YEZEIHL /\]EEQIJD]— ok T 2 EV} ol stuet: Ao diotd
ModuleNotFoundError 7} 2A Y o},

sys.modules

27 U,

ArxESI= 5 BE °] 58 sys.modules oA 23, ek 9T S| 3ho] Y2 EE WHE3= 2 F
olx, ZZ A 2= 4xH Yt A2 ZEo] None o] ¥, ModuleNotFoundError & 92 7t} whoF

B o] Fo] QriH, ol ML BE A4S A% AT

2=
sys.modules & 227|7} s &g Uth 7| & AA & Sl G RES 3t ot A = A THTHE R EE 0] o4
I REA R FRE FASHL S T U8B E), AT o] 5o EE g A E FR3S A, ok
AEEM spol A0 2 BolF 1 R E L OhA] A5 B U 7oL None & YT S5 Y, oHE
ol Z E uj] ModuleNotFoundError 7} o] UEE w5t}

r
rl

f
o

25 A7)0 0@ 222 §A BT, sys.modules o A FEL FEE B F oA JEESUF B
B 271 28 7o) oy A Boll #2150 oF gLtk ol importlib.reload () & 2& 2E AA S
AAFE L, e REY BES A ARl A BES 8L T 2718 o
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5.3.2 1}Ql{(finder)2} 2 (loader)

E’_‘fai'ol sys.modules oA QAT R oy RES ZofA 2
HUth o] 22 EZ2 F /Y /NP E AAEE +AAH s

7(]-/\101 A3 Y= TS ALEE, TR o] BRES 2S5 3

REEFTHEFAAES dEHPFL EFUY- 8 I RES

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

(

lo] W& ojg] 71A] 7| B ol E3 X HES T2 AUt A HA AL YF REES Y=
25 4= 9101, F A A2 T2 E B E (frozen module) & 91X & 24 4= YA, M HA A2 BRES YT E
Az oA AAFEULH d2E 42 = Y A" A2 vzip LS 77 = FAEY HE YUtk
IS URLZ AEE == ASAE, AAAAE = = A9 A2 E 32 = d5 Utk
A2 E Aa= 4 7HssiA, 2' A B9 E i) f8] Al 3 E F71E = sy th
A= AAZ RES ZEIA = FF UL FAX | FY RES o A2 ES} AHA JRHES
8F8t BE 23 (module spec) & =8 F ], AXE A= RES 2T ] o] A& AE3HA Ut
O Ade gduet 2 2 EZf tisf & vl AHM| 3] Ageted, dXE FAE &3] 95
AEA Mz AES HEL FEIJE=AE iﬂ’%“%r/}

HA 34004 A o] AL o] Mo A, 37 26 & A H SSFJAW, ojAl &= 2H & 28311
AeRBE IS EHFULY JX2E &5 267} obF *}ELF»] 71 =SR2 82 24FH Y U
5.3.3 & Z E = (import hooks)

YEXE A= 4T 9

B4 E e AAN G 2349 AU S QEE T mporthook) I T F
E Zo| 95 Yth: vl el £ (meta hook) I+ YEE A ZE £ (import path hook).
=

HEel =L JdxE A9 AL, sys.modules /A X3 E AL st} A X E 2 g Eo] A2 7] Ao
TP Yth o] A2 WE F o] sys.path 28], 222 B &, Y BEES AAYE 4 A Fych
o} Ay st=o], HEF L2 sys.meta_path ol A It AAE F7lst= S Hoz SET = Y5

AXE FE T L sys.path(ZF-Lpackage._ _path_ )X dHZ, AHH A2 FES W= A A9
TEHEULh thRoll d¥otxo], 4XE A& F2 sys.path_hooks 9| Al FHES F71et= WHo=R
=23 2 92Ut}

= = T Ana .

Fo]X o] 59 RE S sys.modules oA S 5 gl W, 3ol W2 sys.meta_path & AT,
“ﬂE} BE QY AA 59 F5S XA lF Ut o] Il Fe] Fo o] 59 HES AP st

< find_spec () gk o159 vﬂﬁs%
A=, (A= 7]' 3h E} 7 (target) &
o
O

SR ok S, A G AAE WolEA T} o] 2, AX
2 = ﬂlﬁﬂﬂﬂﬂﬂﬂﬂ4&ﬂ*

et A= ST FojR o] 5o BES %
AF U

qkok | E} 7§E IRRIE 7F o] F o] 59 BEE A8t WS dvhd, 29 A& 85Utk 1€ 5§l

o None € E8]&FUth W ok sys.meta_path 87 AL S8 FX] £l B2 Zo T E3d 4,

ModuleNotFoundError & 4o lUth WA= g2 &L 1y A 7] 1, 01_u.E g A
FTUTh

WEl A TS £ind_spec () WASE F LA S A4 TEY UL R WA AL BE

443 A3 o] = (fully qualified name) O]HD}, o| & £0] foo.bar.baz. T+ HA| O]Z}‘_ 25 AA

A58 A% A= YT 249 R ol 43 F WA QA None o] AT A8 BEoI AR AR

o

4% = 0 A R A48 _pach_ o=eiE gguh u}oka@@_path o=
HEE A28 4 glod ModuleNotFoundError & go iyt Al HA] < Z]—h o] ] EA8e B E
AR ], H ]/ﬂ 2@ gdo] gtk dXE A|2H f_)_ ThA] 2 E (reload) & wf vk B} 212 A3 o)

=3 dxE 2ot oz W B3 = £ dFUTh o Sof, A REE o] o} F
= A °UIT/P"’ 3t ulf, foo.bar.baz % dxE s, dA 2t WE A2 91 Y (mpf) &

U
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of th3 mpf.find_spec("foo", None, None) & &34 49 YXEE +3h3Uth foo 7}
AZE 5 Zo, e FEE F HA S A foo.bar & YEE =4, mpf.find_spec("foo.
bar", foo._ _path_ , None) &£ &Yt} Ao foo.bar 7} YEE T, upx| 2t &AL ppf,
find_spec("foo.bar.baz", foo.bar._ path_ , None) & Z&34 |

AW e A2 FANEL 01 A4 YEEW AAFUD o] F GZHEL T WA A2 None
obdl Aol o F4 None & EeiB I Th

sho] 9] 7] 2 sys.meta_pathi: Al 49| et A2 SHAIElE 23 UL St WP RES 92
SHo e A, P ZEE BES JEESE PS DI, b YEE 4T oA BES YEES
WS GUTHS 4= 76k skl H).

WA 349 4] ¥ 7: The find_spec () method of meta path finders replaced find_module (), which is now
deprecated. While it will continue to work without change, the import machinery will try it only if the finder does
not implement find_spec ().

WA 3.109 A ¥ 7: Use of find_module () by the import system now raises ImportWarning.

5.4 2%l (loading)

BE ado] BAYY, JZE AL RES 2T W 2 (2 A0 74 HE)S ASFU T o] 7)o
QEE9] 27 374 Fe Lot Aol o3l kAl Lelo] Ysruich
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]

e 7 2 A ALg] ol 3 of gtk
2

L sys.modules ol A8
é% %}4.E 51‘* O]7]uﬂ%% J
7

SE45 "4 pli dul

25 F oo Aol Alst ¢l A (recursion) & WA BFL, H A1) 4Gl o2l W 2HH =
ks )

19
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o 2 o] A3, Ayt RE (232 A ZEEWHS
modules 7H/\]°ﬂ =

o m] Q=
oFgt g} ol AT &

A sys.modules oA 2tAIFH Yt} sys.
EENHSA 592 JIHoR 29EH BEEL A Eobdld
EX 2 sys.modules o GolA = &= 293 oiv] P Yt
A3
=2

o BEO| TS HA T, of A A 7] Hof|, 7] o] A4 oA ok Ko, X E A= YXE A-
EEJNEFREES dATU(H Y YA ZE o o] A “_init_module_attrs™).
s BE AP oA 5 o5 Il APAE 2RH YUt AP AH o= 2H I
A4 =, 27Foj¥™ A o] o DA A A of sF=A] 2 76@"4‘:}-
o 29 FotTE o)A 1l exec_module() & AEEH = RELS YEEQ] Zoj w3 = Ao] old = 9%
Rl= o
WA 3404 WA JEE A 2H o] 7]51/\]"’“ gk 269 AQds S zksUTh o] s Ao+
importlib.abc.Loader.load_module () HAZ oA 3= <5 th

541 20
5§ 2he 29 2449 /%€ ABYU 2E 44 QEE AR shisl Az
importlib.abc.Loader.exec_module () WA EE S &3, A3 25 AA 7 A2 Yt

exec_module () ©] —‘:-—Eﬂ—%—‘— e A E YT
¥HE 3 oF Utk

FREENY FHOE 2HH = FH o] ofYeh oW, 2= EEY
BEO AY o]E F7Hmodule. dict_ )ol|A] A3Faf oF gt}

Ashe e o9l = Asbg

B2 Ao, st 2= 22 AAYUTh 28 B9 find_spec () HINEE 2T 7}t self & A A
#3229 895U
EE Z T & create_module() HAEE FITOoZH 2Y5= Fot AE == o 7

= =
ﬂ§¢ﬁ~uq.$+4wﬂmczﬂw%quM1§%%A%@
create_module () < 2E AA 9 oJEmfHEE AAT IS L g5t
Zg3Y, d3xE 79;(].___}\“ RES AR u]-‘:1/]1;].
WA 340 7} 29 create_module () HA E.

WA 3404 HHA: load_module () WA EE exec_module () 22 QAFH AL, X E FA7 29
FE 3 E (boilerplate) o] T 3 A o1& T}

O] U] %‘ZH 6.]"11_:‘ EE]%?’]'PJ Ejﬂ'% %%H, ?:]EE @7—(]‘—‘5 load_module() uﬂ/\_‘iE7]_ %ZH _a_]_i
exec_module () & FH3}A &A™ load_module () = AFESY T} SFA W load_module ()

A A= AFUh 2= 4l exec_module () & F83HoF T
load_module () FINEL BEL APt A 2o YoA AF3 BE ZE (boilerplate) 21 7] 5 &
F3sf oFut St 2L A kS0 BF ALEH =, Zr1F 0 A S BojH ;.
, &
25

o T sys.modules of] £l o] 52 & AA 7} ]U] e |

flo!

pul

o= HlE A 11 AA S AFL-3)

oF gt (187 ¢kod, importlib reload() ©] iﬂ}iiﬁ 3HA] oFAl Fut}) Tk sys.
modules ©f] Fo]Z o]E2] REo] oW, EE= /‘H EAAE WS sys.modules o] F7}3)
oF gt

« Al gleE AAL O H 2HE = AS WA A&, 2EH7FEE IEE s Ao RE

sys.modules 9 fXHEH oF Yt}

o Ttk 2 rlo] A3, 2= sys.modules o A4 YT EE
A AsNoFsta, EC7F 1 RE2 A BAIHCE 237

= Al Al of sk, A RE ke
u

=< A
ol ek e o g ot

1mp0rt11b T80 S A A A ekA] efFUTh HiAldl, sys.modules oA BE o] 5 23 A RES EFHTE oA
O ZHF A AT YEZERE BE| sys.modules o Y& A vHE 5= Qloke AYGUth o] A2 78 A 5 Fol 1 thE

JJro]m T A E2stty BAE A kLT
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WA 350 A HA: exec_module() ©] BYH YA T create_module () ©] A2 H A
DeprecationWarning o] @A g},

B A 3604 HA: exec_module() ©] A H YA T create_module() o] HLJH A o
ImportError 5 4o 7Yt}

52
|o
g

O

[o
0

B A 3.100] A ¥ 7: Use of load_module () will raise ImportWarning.

E (J & £, importlib APIE, import Y import—-from &, W%
BEol 2rE uf, A B BE AAR AdA42 FE BEEY o] F F3Hd| o] Fof
AUtk ¢l & £°f, 971X spam ©] A/ B & foo & 7}A W, spam.foo & YZE 3 £+ spanm ¢]
A8 R Eol A28 S RE foo B 2 FUTh BT g e 2] 2 Fol gekn ATk

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'>

glo] M o] =3t o] 5 A FH oA & uf 2 HY S UAFUTHE AR AAZE 9XE
Al2"e] ZH A 7| 5dUth EHE 32 Yrt}: 9ok sys.modules['spam'] I} sys.
modules [ 'spam.foo'] 7} YTHH (18 YZE o|F Y Aej7F 2 FUth, Fel e A2 jtE A
ol A= A9 foo A EFRETLH ook 3 .

o M lo
o to

(]

.

oy i)

= .=
543 2 E AH|

UYZE HAale= Y2E FA A BB UG St A ERES AT, 53] 29 Aof. & R =
BEEEFY TEOIY BE A AL o dXEHHY HJHE REEE 25t AdUH

UYXE STH 2SS ALESIH FEI7F AZE A 2”Y T 452 ALGE F AFUTL A E S0 2 E
23S wE = 9RIE e} 22 S Adske 2 ol 7P T2 AL, X E At 2H Y 35 At
(boilerplate operation) & 3 & 4~ =5 sh= A YUth BE 29 o] gt 27 2E A AS A
Hyth

RE) AN BE AH Y _ spec_ oEFHER =ZFHUTL BE AF 9 Y& th3 AR AL

ModuleSpec = H A 2.
WA 3409 F7}

5.4. E%(loading) 67



The Python Language Reference, & 2|A 3.11.11

YEE AAL ZYSE T4 ZUFRES AR A0l REY 290 /2314 2 ZE AA ] o
JEYHEES AY Y5
name
The __name___ 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  OlEZ|REEEESRZEZ U dxEZ ‘}7}*}%'?&& o AA = A o] oF
o] 21 & F & QA E Z A3 M (introspection) = 9] g+ Z1 o] A ¥k, F71A Q1 2o = 3tE 75 ES A%
201712 guth ol & S0l 2 2FetlolHE d+ 2] 9%%141‘%
package_
EE9 __package_ OJEERE= WrEA A ook Utk g2 FAFD o] ofof sk,
__name__ ¥} 22 %k°‘ T dsuth 28] 712 UH, __package_ ¥ __name_ O®%
S o, 349 2 Bl A W A ST AR, A B

ggeclel gk e
W 57 22] o8 0% 445 ook Gtk B A4S G- PEP 366 & HE A8
w3l

PEP 366 ©f] A 2] o] 9l %], E2EM BAAA AU dZEE AT, __name_ T4, o]
oEBHEZALEYTH _ spec_ .parent I} 7L 7t o2 g Urch

WA 3.6004 HA: _ _package_ 9] o] __spec_ .parent I ZL Aoz ZIH Yt}

__spec__
__spec__ OEPREL-RES UYXE T Y ARSI RE Ao g HAHoof FuTh _ spec
< AA8 AR AL AdEZ P EEE TG 273EE REE AT upAE 485
E‘r- F7HA = __main_ A, o B0l __spec_ o] ofH Ao None &= HAH ]

__package_ 7} ZYH A ko, tJAEZ _ spec_ .parent 7} AFEEHUTH
WA 340 27}

WM 3604 WA: __package_ 7} HYH A koW, A EE _ spec__.parent 7} AH§3H
[RR=

__path__
5ol 7AW (B Ex o5 37, BE AAY __path EZHEZ}IRIEA] A A= ook
Utk g o]gl gl Bolojokdt=t],  path_ ZtEEurlglow ¥l o HHEY 4 95U
ok path_ 7ol YA GrohE, A wf xpE g Al FE ok Pt __path_ 9 o]
3 ARA S W& ofefof] Uz Th

HF1A 7} ol d REL _ path_ oJEZHEV} Qlojof gyt

__file

__cached___

__file__ is optional (if set, value must be a string). It indicates the pathname of the file from which the
module was loaded (if loaded from a file), or the pathname of the shared library file for extension modules
loaded dynamically from a shared library. It might be missing for certain types of modules, such as C modules
that are statically linked into the interpreter, and the import system may opt to leave it unset if it has no semantic
meaning (e.g. a module loaded from a database).

If _ file_  issetthenthe _ cached__ attribute might also be set, which is the path to any compiled
version of the code (e.g. byte-compiled file). The file does not need to exist to set this attribute; the path can
simply point to where the compiled file would exist (see PEP 3147).

Note that __cached__ maybesetevenif _ file_  is not set. However, that scenario is quite atypical.
Ultimately, the loader is what makes use of the module spec provided by the finder (from which ___file_
and _ cached__ are derived). So if a loader can load from a cached module but otherwise does not load
from a file, that atypical scenario may be appropriate.
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5.4.5 module.__path__

Aolol maw, 5 __path_ oJERET} oM, o] RELS H7AYUTh

742 _path  OESHEEAHAAAE 2T AHEFUTH YRE AR YA, JEEFE
A EES AN AAS 552 A Lﬂlﬂ%@pﬁhﬂ@%ﬂ%%&%ﬂﬂ:ﬂﬂ%
__path_ = XF sys.path B0t Ak 2 A o] g5 th.

__path__ £ AL o€y Eo| A v AS = AdFUTh sys.path I 22 FF o] 9 7] A 9
__path__ A% AEHI, 72 __path_ & G &< sys.path_hooks (ofef oA A3t
holA A& 54Ut

7)1 A __init_ .py FLEHI)AY _path_ AEHREE AAFAUYHAAT 4 a1, o] A o]
PEP 420 o] Ao|| o] & g2+ 7| A& F A= H o= AHSHEYTh PEP 420 & =0 = A3, o] &
T FIA 7} __path. RAFEWE 23FE_ init .py FES ATT ZoU RS UTH

AEE AR} AECE o2 R AANAEAD_ parn_ & AR,

5.4.6 2= repr

NEAoR, BE RES AL TR repr & 27 ATk AT A2 = HESH 0 E 23]
Ae Ao wet, 25 AAY repr & F © WAIH SR AT 5 FUT

REol 23 (_spec_ ) 7MY, QX E A= A2 R repr & WS L AIEFUTE 220l A
SHatA U o] glod, X E AAHL2 BREA AFHE AEE 7|2 repr & 74 F U h module.
_ _name__,module._ file_ ,module.__loader__ & repr 9 ‘QE—‘:]QE AFR-5H 1 A = 5=, wil

A AR | Rgoz Aoy
A T Qs AR T H L o STk

« 2E°]__spec_ OJEIREE 7HAH, 290 Q= FEE repr = A F U Th “name”, “loader”,
“origin”, “has_location” ] E 2] - EF o] Ab&-H Ut}

« BE0]_ file. oEYREE /AW, BEY repr o Y= ALH Ut

« BEO|__file ©olE E]w 22| kA Wk None ©] obd __loader_ & 7FA| ¥, EE 9 repr ©]

J—EA repr & 4B 2 A2 )
o IR koW, repr o] B _ name__ S A&

WA 3494 HA: loader.module_repr () & AF&o] HAE a1 o] Al 2E repr & W= =1
Aol €13 wE 23 0] A U Tk

Jho] 4 3.33}2) A T &S A8l Aol e gy
=

module_repr () WAEE SEHA ZE repr = &

Az E
S8 A %3)7) Aol wer gol o] glow, 2o
Utk s1A g, 2 s A = A5 U o

WA 3.109 A ¥ 7 : Calling module_repr () now occurs after trying to use a module’ s __spec___ attribute
but before falling backon ___file . Use of module_repr () is slated to stop in Python 3.12.

5.4.7 FHA|E HIO|E R E BES35}
4

oM o] .pyc FLZHE A H Hlo]E ZEE
ALY, A 22 Aol 42 9] 25 53
A o] A4S FRFU AHA T

R e A e )

Shol 1.2 8 5 A| /W AA AL ALSEE, A FLL dek o o] el Th Aol 22 59| )&
A AT A AN pye Tl 5 A WES] Uitk A checked) 3} 1] 24}
(unchecked). A4S 514) 714 pyc shele] A9, shol & 4 A A5 Ak o) A% A4 3
29/ 5194 Wl wotel AN LS FEYE AT, BAY AN AN el A e

o2 AgHY, sto] M2 A LS thA] BAsHAL AHE-E AAE Al 7] RE AA] 3 S vhE Y T
HV”\PE’] S Al 719k .pyc —4?4_4 735, shol M- T3] HA] st o] 2T A Fa ST 7 i Th
Al 718F .pyc F Y F 84 AAFEZL —-—check-hash-based-pycs ZH} 212 A JE 4 S5 Yt}

2ot7] Aell, A7 H A WA LA 22 L py 3L
Eolaglmo} 2718 AN AL s o A A%
g2 A A 5ol AZH v e o] B] & A0 HE}

~é
UO
H
[m @
>
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B2 37904 W7 S A 7 pye 5 FAH U Th o Ao, o] AL uhol £ mE A 2] b
W 7w Ese AR AL ok

orol A AgAEel, sfo 3 :
5191t (PathFinder) 2 B2, A% Ee) 50 B2L 93 g QEE 4
Az dEPERES 3 e Ak,

A% 719 shel e 2pAl
SN, 422 T
Az A= FeHe)

=
rlo
£
)
N
e
=
m
oM,
fu
i)
0,
,
il
o
Py
Rl
30
xfy
A
v
o

I:I
[o

~
o
-

ey
ke
mt
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rf
fini)
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rlr
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o
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dvg
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=
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sEjulo) 28 4 YEE B 27}
2|2 APt Ao, oA RES

ARl 22 85ZS

=1 = AHEE U Th

Arg st ve 42 shold g 4=
- FA A MR 22 EES
ol Bl B3HA ttathE A& 7)Y
Ao N Y3tEdl, sys.meta_path
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A2 7l gy = A ANY A& 34t sys.path, sys.path_hooks, sys.
path_importer_cache. I 71X A9 _ path. oJETHE EI AL AL oAEL IdFTE
DAE AzE ol 2T 4 G Rk PUE AT,

sys.path contains a list of strings providing search locations for modules and packages. It is initialized from the
PYTHONPATH environment variable and various other installation- and implementation-specific defaults. Entries
in sys.path can name directories on the file system, zip files, and potentially other “locations” (see the site
module) that should be searched for modules, such as URLs, or database queries. Only strings should be present on
sys .path; all other data types are ignored.

Az 71Nk alolt] &= v el 42 upolt] o] 7] w o], Goll A Al Kol AXE Aat= A= 7|4 5kl r] 9
find_spec() WA ZEE T&3E A2 X E A2 FAS A ZF YT find spec () o A&+
path QA= HAE FAE A2 59 gl 2EQQUT- HF #1712 Yol A 2 E 3 3| 7| X&) __path__
oJE g HE. path QA A7} None o ¥, A9 X2 EE 53kal sys.path 7FAMEEH UL

ofo
i o

&
o
it

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 may
be stat () call overheads for this search), the path based finder maintains a cache mapping path entries to path
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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®.

AR AEZ7FAA O oW, AE 7|9t 9}olt] &= sys.path_hooks o] Y= RE ZHEE
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el A= AEe A= find_spec () HA o] F H«l FHAE HAEES LHS 5 95T}
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FE AE® 99 find_module () WINE= F2 AEE] FRIE 7L o] F S 7)Ao 2o =
olHpA Sk 2l B EahAl 7] wiEoll # A= 9 qv} RheF 4= QlE 2 9hQItf ol find_loader () <}
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ki

E Al~HE

A} find_module () Al find_loader () =

rlo

find_module () ©] 2%
TE=dYTh

WA 3.100] A4 W7 Calls to find_module () and find_loader () by the import system will raise
ImportWarning.

i

Astd, o

s B UYEEEAMYA O o B (RE YZE A 2HS 49
v &A1 351+ thAl), find_spec () oA None € E8]F+= A, ModuleNotFoundError & 42 7]+&=
Aow FRYULE WA et 32 A4S AL of STHe A A X ht W, o] 22 078 24

package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pyl subpackagel/__init_ .py EFoA, 22 G383 A dFE Y

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

A dEE = import <>HE+E from <> import <> EHS AR T 4 AR vH At dZE = F AH
AW AET 5 AL U L ol fi

[import XXX.YYY.ZZZ

7FXXX.YYY. 2228 AHEE 5 = A 02 = E3HA U moduleY = F &S 2 H A o] oy 7] Wi Y

et
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5.8 main__ Of CHSI EE45F 1

main__ EEX dto|H o AXE AAH A S F-Jth Stol A Adgxel, _main__
REL sys builtins A ¥ A Z g A& of 2H 37]§‘r%141’/} 75P<] gk, o] & 7hek= thEA,
)AL AHFA WZ EEZ HAFHA EFUTE o] A2 _main_ o] 27|35 &= o] JAEZEHE
AR 1] = B ohE R AT I FL 2] PE LI
5.8.1 __main__.__spec__
_main__ o] oj@A 27| FH =X wa},__main_ ._ spec_ 2 A A3 AAE 7% 5}1 None &2
AR 7= FYh
gtol o] -mFHOE A ZEH,  spec_ 2 3|FotE ERECIU ALY BE A ow AP
et _spec__ 2 __main_ EEo| YH Yz goly thE sys.path AEEE APt I &
F-Ter e et e gy
UM A AL oE=_ main_ ._ spec_ 2 None 22 AAE =Y, main_ S NAFE=u ALH =
A AEE e BB AH A %7 RS Tk

.3y zese

e —cwA

c XE Pz AY

. 22 Bdolpulol = RE A w R 4 A
upA gk Ao __main_ . spec__ ©] &4 None goll Falof Tt AAF L 3ol 7VEH o R
REZATEFE FoE 2EHUYL . main o 2¥IE R E e o Z R THE -m A A E
Ap83 of ik
T3 _main__ ol YEE VIS REY USEH, _ _main__.__spec__ ©] A3 A=A} 5
e, o] EL A3 2 REZ HFH FYsor gt o] AL if _ name_ == "_ _main_ ":

A S 85 ZE°] _main_ o] S A A3, A d dxEwj= A

%) Qr i AL w2 el o,

PEP 420 & 3}o] % 3.3 of o]

=

= 5
find loader () ZE2EZ AdXA] =35
A

U
PEP 366 & ™ <l oA o] YA A AE] YEZES 93 package O] EHE F7}ef 33
Asta dsych

PEP 328 & At WA Al At dZTEE %9317 PEP 366 o] 2= _ _package__ = A ASHA H =
M-S 2710 __name_ 22 A APFYTh
5=

PEP338 2 252 ~THER A3
S A~

PEP 451 & %) AA|o] BE8 JEE JEE 2P A2 /MU 2ri5o] Fol W e
FE IS AYEL YRE AAE 775 U5 ol WAL JEE A28 o2 APIES A5
£% UEYL, FAtel 2rol A WAEES 2787 A,
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6.2.1 A/HX} (0[F)

e A A FYUT, o Gelol SAA S 9 19 e, o185 A

A 925 1, oV 49 750 A7} T o) o) o 451 sk, 4 kel
ameError o2 7} & ol gt}

v]-& 7l ©]& ¥ 4] 7] (private name mangling): 22 2 F o] o] 543= AEATLF AU 2 o)A HER
Al &SEaL, F U L o) de HER EFUA] o, Z%EHQQ W]-Z 7N ©] & (private name) ©. 2 7FF3U th
HZ7N o]l 1 5S At I=7t oA 7] Aol ¥ 1 Fe 2 A Ytk o] §E-2 1 o] 59 ¢
x5S AYsE, FUl Aol A2 L= REUEE AAT F, s ©UE S F7HEYTh
oAl & £0], Ham o] gt o] 59 Fe 2ol A A spam ©] 58 H, _Ham_ spam O 2 ¥HIFH ]
] ‘?i%‘r% A 27 AR E = B A 0 EHo] £@ghU k. W o E o FHAH o Z A (255A K T}
), Tdo] gt A 7] 7 A E 4= lFUTh S 2 o] F ol HER T A o] oW, MEe
?J_Oib‘rxl 5 yth

_,d_
R
= (o]

6.2.2 2|E{ (Literals)
shol i e AL} vlol = 2 E B} o 7] 4x) %7 D EREL A YTk

literal = stringliteral | bytesliteral
| integer | floatnumber | imagnumber
Y e PEE T4 F(RAD, vlol =4, AR, A5, Bad)H Fold ghe 2 AH 7t g
ok %9 3asel 425 A0 5 A Uth A2 H 8L oH e 498 uAR
2EFHE2 B tolE g o537 wizoll, A< ofoldlE Bl &= g Bt @ S8 YTh 22 7Y
el sl WA o e TaE (222 Hrme) 2 Fad QAL O Faol A ) 2L
AAE AL 5= 93, 2L el e AAE AL S E Uk

parenth_form = "(" [starred_expression] ")"

. = )

. = =
FEA A A : @A B2 7R DI 2d40 FuUn
W 2E AL N RE AR E BEUL FIL By o Bl do A9 2 740 A4F YD)
(&, FHY N FE2Z2AAY 5 Q3 2FA g2 7= AssUTh.

Note that tuples are not formed by the parentheses, but rather by use of the comma. The exception is the empty tuple,
for which parentheses are required — allowing unparenthesized “nothing” in expressions would cause ambiguities
and allow common typos to pass uncaught.
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6.2.4 2|AE, 28 SIAL{2]9] C|AZ|0|(display)

A

3 2L 77

Sl
tjo

g aE, A%, YAV E P57 931, shol AL Tl A E o] (displays)” 2L R 2
F A 2etdE A3 gk

o Aol Y&S YA o Z I3 AL,
o 499 T2} FE| Y AAX S &3l AAE =, Hz 2| A (comprehension) ©] 2Fal & U Th

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

Az shve] 23843 I 7 & WeEs H 43519 for A3 LAY o9 7H«1 for & if
A= FAPUD. o A%, A Aelo| o] 2258 7} for EE if Ho] UKo 2 2moz £
B2g 071, Y | It BEAA A4 e T3IA BEol Wl AE ATk

AT, g 9= sor Aol Gt olHHE RAAL AL, AuARAL ZAHOR FHE
~mzolH ARH UL ol @7 814 target_List o 4 BhIHE o] B0l EHRE ATZE g
¥ 32 k.

4% 952 for A9l BN E RANL, FEE LT mold 44 Fhd g, S 4 0% F4
sanE dxz ARHUL Anet for 3} /43 AT for 42) 25 A 242, 4 AZ o]
S Eol A Q& gholl e} 2ol d 4 YO B E Sl A ATzl A WAL 4 g o BH, (xty
for x in range(10) for y in range(x, x+10)].

Az Aol G4 A A% Fo] AlolU7 A Selx, BAH e FHY Anzel M yield Fyield
from @42 FAF Yt}

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asynchronous
iterator. A comprehension in an async def function may consist of eithera for orasync for clause following
the leading expression, may contain additional for or async for clauses, and may also use awa i t expressions. If
a comprehension contains either async for clauses or await expressions or other asynchronous comprehensions
it is called an asynchronous comprehension. An asynchronous comprehension may suspend the execution of the
coroutine function in which it appears. See also PEP 530.

WA 3600 %7k W57 Az el 2 dE e
WA 3804 WA yield & yield fromL EA|A R Z=HH AFZoA FA]EUTh

¥ A 3.11 9] 4] ¥ 7 : Asynchronous comprehensions are now allowed inside comprehensions in asynchronous func-
tions. Outer comprehensions implicitly become asynchronous.

6.2.5 Z|AE C|AEH|0]

g2 E Y 2F Y o] tf & (square brackets) & 2 A-Q £ H A Y] YA v oI = AHYth

list_display :i= "[" [starred_1list comprehension] "1"

sE 8
AgUEk A5z 2o HY 49l S%ol AFD ), 18
SATE 2 2= Aol 49
2452 PARY
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6.2.6 Te C|AEH|0|
A taZdol= =23 (curly braces) 2 TA|H 11, 7|2} 3hS E 8| dl= F2(colon)°] Yl= 2oz YA
del azaolsl 72 5 A5y o
set_display = "{" (starred_list | comprehension) "}"
A o ole A 7k F

6.2.7 ElMUH2| Cc|AZ Y| 0|

A dictionary display is a possibly empty series of dict items (key/value pairs) enclosed in curly braces:

dict_display = "{" [dict_item_list | dict_comprehension] "}"
dict_item_list = dict_item ("," dict_item)* [","]

dict_item = expression ":" expression | "**" or_expr
dict_comprehension = expression ":" expression comp_for

YAve tazd ol Al gAY e ARE wE U th

If a comma-separated sequence of dict items is given, they are evaluated from left to right to define the entries of the
dictionary: each key object is used as a key into the dictionary to store the corresponding value. This means that you
can specify the same key multiple times in the dict item list, and the final dictionary’ s value for that key will be the
last one given.

A double asterisk * * denotes dictionary unpacking. Its operand must be a mapping. Each mapping item is added to
the new dictionary. Later values replace values already set by earlier dict items and earlier dictionary unpackings.

74 350 27): PEP 448 o] A A& Al S A2 taZ el o]z o 97

gy Hzeldd e, | AES R P Ao thulsiA, kA ¢l “for” o “if” A ool FR o R
2oE FY 2@ 222 Pt Heejddol A o), RS A= 71 g 24E0l BEA
= ATz g2l A gyt

Restrictions on the types of the key values are listed earlier in section 3= <3 7] <. (To summarize, the key type

should be hashable, which excludes all mutable objects.) Clashes between duplicate keys are not detected; the last
value (textually rightmost in the display) stored for a given key value prevails.

w7 38904 W 7: shol M 3.8 o Ao, A E Az el WMol A, 7] 9} zke} B} e A7} & Ao o
917 99k Utk CPythonol A1, 3ol 7] Tk M) 715 9l th. 385 E| &, PEP 5722) A bol whe}
717} kR Tk WA B 7hE U,

6.2.8 A|L42|0|E{ E& Al (Generator expressions)

Adeels 2842 2oz A 2 A ol H 271 At

generator_expression = "(" expression comp_for ")"

A ole 2d AL M Adelols AAE Ut 22 22Uy T2 il 252 SHAATE
Ak Al st Hz el b Zs
Az ole @A AHEH = AeE2 AU eIy A __next () MIMEZZEE o =33

2 4] o
(lazily) gto] 730 U Tk (L 3k AV &l o] 6 9wk 37EA U Th. Tk g 9% 9] for Aol 9 o6l
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z=
o]: (x*y for X in range(lO) for y in range(x, x+10)).
2] Bhte] AR ZEE SE oA = BT E ST F S UTE AT &2 T AHAS BA S

A eols 284 AA Y] ZTHhE = Aike WafstA] 947] S, SAA 2z Fod Al g o] B ol A
yield ®}yield from A2 F X H UL

rlr

ol

Ay oly £ A 0] async for Bo|Y await A Z3sHH ]57] Aol E A A (asyn-
chronous generator expression) ©]2t1l & HUTh Hl5 7] Al o] 23212 A v 5 7] Al g ole A&
Z =t o]AL ¥ % 7] o]Ed ol JuUth (H] 5 7] o g & o] ¥ ( As)nchmnaus lterators) & FZ 1A Q).

WA 3.60) 374 vlE 714 Ay ol B @A o] =AF 5

Y
A 3.700 A WA 3he] R 3.7 o] Aol =, vlE 7] Al ol H %
AAFUTE 3 TR E =, B 575714 Al doly 9

A =
WA 3804 M7 yield & yield from& FAALE FHH 2F o4 FAFHUTh

rJr
‘64

RS |

6.2.9 2= HE & 2Al(Yield expressions)

yield_atom "(" yield expression ")"
yield_ from "yield" "from" expression
yield_expression = "yield" expression_list | yield from

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
Sl ARZo) e $2E 02 A3, yicld RN L Az AAATF A Ao AL AT}
EREENEREELE DEPEEE PIFE PsE N
WA 380A M dE @A Az AR AV olH A4S TS H AR H = FAIHORE
CEEPCERVE RN
A oly e thZoll A A dUch wkbdol vlE 7] Al e ey = vlE 7] Al e ol H g

ARG 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_1ist 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) mE AGE A OB Y4 E T E} ok w23l FFU T o1 @ AIE WEL kel o)
A A e 23 gou, 9] AN $AD £ A& Urh FAY Aol d e AWl ol G yield
3 Fofl o] ool A A% ojof =T Ao T 5 gtk AAU T Ao} B4 Al el ol o)
sz ARy
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Qe BHAL oy T2EY ofTe) A7 AP Avd o8 (FE A%} 0o] 5 AL A
SAE o EZHN) J]— ]"“E]—O] (finalize) = 7] 7 o 7<H7Hﬂ7q ko, A olE-olH# o] B9 close()
HAEZ7tZEH o], 7] 5 finally do] AFH =5 &

yield from <expr> o] A& , A8 A A2 ofej g Eolofok FUtt I oJHHES o &
OE A BAEHE= HES ﬁﬁ_xﬂ ZﬂLﬂEﬂ olE] MlA =9 SEA}oA vIE AP Ut send() E HAEH
BE T throw() 2 ALGH BE o &&= Lol 9= (underlying) o] E] o] ] 7} sl Wl =& b3 Qlth
Haxoz AT Yl 28] 4tid, send () = AttributeError Y TypeError & 4O 7] A9,
throw() + A29 & A ¢ 27JE}.

Yol 9= ol ol 7 452 ulf, TAY3}+= Stoplteration AAEH AL value OJEZHEE 4=
FHAAY ZFol Yt} stopIteration & 4o o HA|A o7 AL AL A H o]g d o] E] 7} Al Y
gl olB Y A9 AT o] Fol Pt} (A B Al &l o] Bl 7} g5 & (return) F 2 2 H)).
WA 3304 HA: AE JHHOHE Alo] 52 U3+ yield from <expr> & F7FF UL
J= ZAA ) h YL o] T2 Uerhd BEES AT 4 JE Ut
© B7]:
PEP 255 - ZV3h AU 8| o] §]
gtol o] A ol &} yield & F
PEP 342 - )48 A el o] B & 5§ 728
A el ol 58] APISL B2 N HA, Ide ZF Do g AR S 4 Q5 e & Al Qh
PEP 380 - A B AV # o]E] 2 9] U3t #H
The proposal to introduce the yield from syntax, making delegation to subgenerators easy.

PEP 525 1|5 7] Al o€
=¥ g0 A d o8] 7|5 Z7}3ke] PEP 4928 3331 A oF

M|LA2[0|E{-O|E{3|O|Ef TIM =

o] HEAHL A e ol E ol Ejel| o B9 MAESS AT Adlolg F5o] AL Aloj st
A8 4 gl Utk

Ada ol 7} oju] A8 F U wf ofgfol] =M EES =W ValueError 995 42 7]& 29
Zo) s oF g ok,

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.

AMMEE HE EAROE FEPUD NG Fol, for FIZU Y next () Bl 3.
generator.send (value)

A AN AV o8 B2 hE B hsend)”. value A= BA A= EBA 9 ghe]

HUth send() #WIA =& Al @l o] 7t yield ot ths 3= S8 F A Ald ol B 7 oh& 32

yield 3} %] 911 £ 83} Stoplteration S €AYt} send() 7} Xﬂ HE olHE A FAI 7| =5
S, S HS dE x40 glon=, AARE = MEA None 2 A Eaf oF futh

generator.throw (value)

generator.throw (fype [, value [, traceback] ] )

Raises an exception at the point where the generator was paused, and returns the next value yielded by the
generator function. If the generator exits without yielding another value, a StopIteration exception is
raised. If the generator function does not catch the passed-in exception, or raises a different exception, then
that exception propagates to the caller.

In typical use, this is called with a single exception instance similar to the way the raise keyword is used.
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For backwards compatibility, however, the second signature is supported, following a convention from older
versions of Python. The #ype argument should be an exception class, and value should be an exception instance.
If the value is not provided, the type constructor is called to get an instance. If traceback is provided, it is set
on the exception, otherwise any existing __traceback___ attribute stored in value may be cleared.

generator.close ()
A o8 7F A FA 7k A G ol A GeneratorExit 8 oYt O™ th Ald ol ¥ o7}
$o}3} A (gracefully) S 23 AW, ojv] @ A, (I ol & FA %322 M) GeneratorExit &
Ao 79 close TEAE Eobgryth AV e o Bl 7} g yield 31 RuntimeError 7} 23
Ytk Ald o8 7 e oo & derd, &2k A Yth AlddolErt AUy Y SRR
olg) oju] FEHJATH, close () £ o}FH 4= 314 k5T

ALZ ol
o 7]ofl Al &l o] B 2} A &l o] B T8 T2 Al A sk g ol 7F Sl U T
>>> def echo (value=None) :

print ("Execution starts when 'next ()' is called for the first time.")

try:

while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:
print ("Don't forget to clean up when 'close()' is called.")

>>> generator = echo (1)
>>> print (next (generator))
Execution starts when 'next()' is called for the first time.
1
>>> print (next (generator))
None
>>> print (generator.send(2))
2
>>> generator.throw (TypeError, "spam")
TypeError ('spam',)
>>> generator.close()
Don't forget to clean up when 'close()' is called.

yield from & A3t o=, “What’ s New in Python.” o] ¢1+= pep-380 & H A Q.

H|S 7| ML20|E] &%

async def & AH§S Tt HlZ oA
Aol gyt

W57 AV o 8 @47t £E 5, ¥% 7] A Al ol 8 AM 2 Gel wE 7] olej el o & FelF e,
2 ohe 2 AR AU el 8 349 AqL Ao 15 7] Aol ARl 2F nsd gel
async for #ol A A& £, At dlel e AR} for Fol 4 AHEE & B4 7 AL o,

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_Ilist to the 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_ () is used then the result is None. Otherwise, if asend () is used, then
the result will be the value passed in to that method.
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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
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.

H]5 7] Al ol E] oA, = H A2 try? =9 ojtol A A S &g th. stA T, vlE 7] Al
o8 7} (F=R 3 4=7100] H 74L‘r 7HRIA] = A F 2 2 H) v}o] deto] 2 (finalize) 5] 7] Aol A 7= A] ko,
try 7RE WY 4= 84207 5 flnally 4& st ’“Jﬂﬂ—r 9%1:1]41_4' o] 7,
H] 5 7] Ay &l ]H o] E] | 1E14 aclose () 8 3&3t1, 1 43R 2+ IAFH AAE AP A, o 7]
%< finally Zo] AYPHEE 3t I A2, v 57| Alvjd o6& A3+ lBﬂE 3 (event loop) Lt
2 A2 (scheduler) o A 95U o}

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.

£d4 yield from <expr> & HlE7| A& o] & oA AFE3H= 22 1 ofl 2 Th

H|S 7| M2l 0|E{-0|E{H|0|E]{ M E

o] AEALL 157 A dlolE o HealolEe] WAEE dBshedl, Avielol 8 g5e] AL Ao} 3}
o 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.

ol MINE+ BG async for FxZo o3 FA A Z SZH T

coroutine agen.asend (value)
ool &< it A3t vs7] Aol E e dAS AANFUTE Al lE
send () WA= A", o] AL g= HlF7] Al el E 5"\& “E‘ﬂ(send)”i, value AA4+= A A
d= E A9 75‘4/}7P914“+ asend () MIAE7F 8] F = oglolH £ Al v &l o] § 7} yield 5=
Ij—o 1S T 7] stopIteration o] o2 S8 F A, ¥ 5 7] XﬂL‘]Eﬂ o] § 7} th-& k= yield
B31A] ¢¥3l £ 831 StopAsynclteration & € o ZUth H5 7] AV d o HE A AT =
asend() 7} 222 o, S TS 4= 2T A 0] %io‘ji AAFE None & & S Z3f of Futh

coroutine agen.athrow (value)

coroutine agen athrow type[, value[, traceback] ] )
oflelHES EF =, vlE 7] A a o Bl 7F QA FAF A Hol type BY A& g
A & o] Bl g 7}yield 8 T3 g2 YA Sh+= Stoplteration o9 o2 FHFUTh v5 7]
A gl o] Bl 7} th-2 3k yield 812 9231 F 561, o] 9l o] E &l 8] 3fl StopAsyncIteration of &)
7oyt Ay e ol 8 7 g d o9 & A AL ThE o9& o H, 9ol HES
AP o 2 o 7} o9 o] HEY TEAA H P T

coroutine agen.aclose ()
o elHES 534%‘« b, d3std, vlg7 Aoy d7F dA A} APow
GeneratorExit & @R YTh ek 1 o] 5o H]E 7] Al O] E] <47} 20}5HA (gracefully)
FES7AL olu] @A (2 o9 S FA 5L EN) GeneratorExit & o7 W, 5 F
ojlolHEE StOPIteration AL E ot o]oj A= vl 7] Al &l o] 51 ZTEol EHFE
F7Fe] ol olHE 52 StopAsyncIiteration o2& oyt whek v]5 7] A v & o g7}
#k yield 51 o] g o] B &0l &3] RuntimeError 7} ‘:‘“E gk wekulE 7] Al ole 7 1
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uhe] b o9 Jo s, ofgol el o] BEAE WUk whek u]5 7] A el ol el 7} o )it
AFERE ou] ZEPOW, O oo A aclose () TEL FEAR 4 9= o] 9o B S
sEU.

6.3 =Zz2}lo|0{z2|

rlr

mebol W2t Aojoll A 7Hg Aok A sHe AAES b Th 2L ol 35U

primary = atom | attributeref | subscription | slicing | call

6.3.1 O{EE|RE &=X

Ol EFE FEE vF & (period) ¢} o] 5 ©] 7 ol &2 ZztolH 2|t}

attributeref = primary "." identifier

The primary must evaluate to an object of a type that supports attribute references, which most objects do. This
object is then asked to produce the attribute whose name is the identifier. The type and value produced is determined
by the object. Multiple evaluations of the same attribute reference may yield different objects.

This production can be customized by overriding the __getattribute__ () methodorthe _ getattr__ ()
method. The _ getattribute__ () method is called first and either returns a value or raises
AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __ _getattr__ () method, that method is called as a
fallback.

6.3.2 MEA3Z M(Subscriptions)

The subscription of an instance of a container class will generally select an element from the container. The sub-
scription of a generic class will generally return a GenericAlias object.

subscription = primary "[" expression_list "]1"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription through
defining one or both of __getitem_ () and _ _class_getitem_ _ (). When the primary is subscripted,
the evaluated result of the expression list will be passed to one of these methods. For more details on when
__class_getitem__ iscalled instead of _ getitem_ ,see _ class_getitem__ versus __getitem__.

If the expression list contains at least one comma, it will evaluate to a tuple containing the items of the expression
list. Otherwise, the expression list will evaluate to the value of the list’ s sole member.

For built-in objects, there are two types of objects that support subscription via___getitem  ():

1. Mappings. If the primary is a mapping, the expression list must evaluate to an object whose value is one of the
keys of the mapping, and the subscription selects the value in the mapping that corresponds to that key. An
example of a builtin mapping class is the dict class.

2. Sequences. If the primary is a sequence, the expression list must evaluate to an int ora slice (as discussed
in the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.
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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.

6.3.3 =2}0|2l(Slicings)

sehol e AR A (12 Sol, B 52 2| 2E) oA o9l Wle) FHES Au Tk setol
e z@A ot tde] Balol} del 2ol AHEE 4 A5t Setol 4ol 2He ol P&tk

slicing = primary "[" slice_list "]"

slice_1list = slice_item ("," slice_item)* [","]

slice_item = expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride = expression
o] Y4 Brjol: B o] YUtk EAY BEXNH Holt AEL BF Seo| 2 BE0 R oY%
A, BEARAaG Mol et d o2 AT £ gk BHS o BB S A, 0] 39
AN HEAITHAOR A st= Zlo] Setold o g A st 2o FAR T Aofst= 2 o= ofufehg

AAZTUT (0] B-7E €etols H=o] {3 Setols 2 Shube 2k g2 AU o,

The semantics for a slicing are as follows. The primary is indexed (using the same ___getitem__ () method as
normal subscription) with a key that is constructed from the slice list, as follows. If the slice list contains at least one
comma, the key is a tuple containing the conversion of the slice items; otherwise, the conversion of the lone slice item
is the key. The conversion of a slice item that is an expression is that expression. The conversion of a proper slice is
a slice object (see section 3= =3 7] %) whose start, stop and step attributes are the values of the expressions
given as lower bound, upper bound and stride, respectively, substituting None for missing expressions.
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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 = identifier "=" expression

A S gl whA T AR A A A2 Fol ek 5 AT, o) u] & ukA) sy,

The primary must evaluate to a callable object (user-defined functions, built-in functions, methods of built-in objects,
class objects, methods of class instances, and all objects havinga __call__ () method are callable). All argument
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expressions are evaluated before the call is attempted. Please refer to section <= % 2] for the syntax of formal
parameter lists.

If keyword arguments are present, they are first converted to positional arguments, as follows. First, a list of unfilled
slots is created for the formal parameters. If there are N positional arguments, they are placed in the first N slots.
Next, for each keyword argument, the identifier is used to determine the corresponding slot (if the identifier is the
same as the first formal parameter name, the first slot is used, and so on). If the slot is already filled, a TypeError
exception is raised. Otherwise, the argument is placed in the slot, filling it (even if the expression is None, it fills the
slot). When all arguments have been processed, the slots that are still unfilled are filled with the corresponding default
value from the function definition. (Default values are calculated, once, when the function is defined; thus, a mutable
object such as a list or dictionary used as default value will be shared by all calls that don’ t specify an argument value
for the corresponding slot; this should usually be avoided.) If there are any unfilled slots for which no default value
is specified, a TypeError exception is raised. Otherwise, the list of filled slots is used as the argument list for the
call.

CPython 7-& AHA: 32 9 x| v 757} o] B2 2HA] koA, AL EA e BE& o7 o]l & ol Eo AT
SHEE, VIHEE ¥R e Ud ErESATE ¢ °‘*ww CPython OM AAES A 31
A8l PyArg_ParseTuple () € AFE3=CE +dH Tg5E0] o] A+-YYth

R UH7H N SR ERT E2 94 AAEe] loW, *identifier & AFS-3hE 4] w747}
UA 9-& 3, TypeError @lﬂ% doFuch o] A9, T FA i G JA AAREES 23
%1 DSUTHEE G A AAEe] gled

Z AR YA wj M o] Boll S FHA] FowW, **identifier B S AMEdE 4] s AL}
7] o2 3 TypeError d|& & %‘.2%214“%; o] A%, 2 JA T E FE 7IHE X3
gL, EE A7 JAAE ] gl ‘:‘J(*H)D‘/#Lﬂﬂl‘é Aesyt).
W *expression o] ¥ SE0| T4, expression 9] Fh2 o|E 2] & o] Hofof Yt} o] o] E
Eeo ﬁia%,lﬂEO]Xﬂ«lH A A=A AAH AFEYUSE & £(x1, x2, *y, x3, x4)
Ay #EFE ) Adayl, 0, yM 0] 2T, o] A2 M+470 Y] 91 2] AR x1, 22, yl, -+, yM,

x3, x4 2 3E3+= 23 55Ty

o|Z AT A= "4/\]-*expr6531on‘:"340]f§/\]40_1 719 = Az FHoll & & o=, 7|9 = A7}

(122 BE *rexpression AAE - ol & Beh) Aol A Ak AUk 124

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

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

It is unusual for both keyword arguments and the *expression syntax to be used in the same call, so in practice
this confusion does not often arise.

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.

AA AR S Xl 7| H =

rlo

TH *identifier ©JU} **identifier & AME3h 4] w74

fri

A} olgEE AHSE 5 gEUTh
MA3SNA A G5 BELS 99 A5 % and ++ A AL ol Eo)w, 91X AxpEo] o] E &
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A7 () Fol & 5 AL, A= A7 AU A A () Aol & 4+ AEUTh HZE PEP 448
of| Al Al ¢+ F U T
TE2 9998 4R =5 T AH g2 S F U None € 5 As5UTh o] gho] o B A A4t
HeAs ZHE AAY POl 2 s UTh
Rhef T 7 o) —
AgA o) e
A% 522 AD A P49 D= B50] AYPUrh D= BFo] 4o s AL YA w7
MSES QlApo] AgsH AQUTH ol AL AA B4 49 o 4 AW Th BE BF o) return
B2 AYsH, P4 55 HF g2 A4 Uk
W g A=
A= e Z ] Hol 3 A5 Ut W o) vl A =S o3t AL built-in-funcs S H A &
Zej A AAH
S 2e2g Al QA AT R IY
e A2E A A =:
B3-S SR RS BTt EEE R, 2 Q22T R WA A E & s E 2 A%
= 2o0] Aug Uy,
el 1wl
he class must definea  call () method; the effect is then the same as if that method was called.

6.4 O{H[0|E &34

olglol B2 o A ZFE o AL WA FAFUE 28 TTE 35 AT AE T 5 Utk
await_expr = "await" primary

WA 3509 F7F

AGA T QA= 2R 9Zo 2= A I AxxE T Z4eA 23Utk 249 L EX E=d
F AR H T FEhA AR T B2 ol d Utk
power i= (await_expr | primary) ["**" u_expr]

A, B G ASAEH A T A0Re] AA20] A, AL L BEA N A% 0% gro] oA
Utk (ol Zo] 3| ALEA ke Tohe £ A B Al AL obguth: -15+2 2 -1 o itk

ASAF QAL W pow () B57HF A QA2 2T ek 22 u 7t A5t 9% AXE
S EE QXTI ARARY @S FUTh 24 A4 U4 2F Fo2 WL, Ae 1 FYuch

int 3 41ke) A9, 0 QA7 47 ok o) A3 W AU e 3E Ak T
AR} 240, BE QA float® W2 31, float A77H A H U o E So], 1042 £ 100 & Ee]

FA W 10**-2=0.01 & Z8E=Urh

FEAFARHE Bas

ft
s

0.0 8 242 AS5AF35Y ZzeroDivisionError & 4o 7Yt &4
(complex) 7} U3 Utk (el A WA A+ valueError & 42 F YTt

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

hil)3

—
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u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr
The unary — (minus) operator yields the negation of its numeric argument; the operation can be overridden with the
__neg__ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden with the
__pos__ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion of x is
defined as — (x+1). It only applies to integral numbers or to custom objects that override the __ invert_ ()
special method.

Al 7FA 79 B, A7 2RkE e 2EA =T, TypeError o 9] 7F A g T

m_expr = u_expr | m_expr "*" u_expr | m_expr "@" m_expr |
m_expr "//" u_expr | m_expr "/" u_expr |

"$" u_expr

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

CGE) DA AR FE FUL RS R SA, @ AR AL e A A
olof Ut o] Ao, RAEL TE Yo7 W ¥ FAFUTL T 4, AA2] WE o]
/\gqg]/]q_ 04 H].Hg)\-olﬂ ]%_/_\_g U]_c:]/]q_.

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

€ (a) AkAtE BE FAOl AHgstel e Adunh Jtol e AP E o= A& o] dAE FHEHA
Easagieg

W7 3.50] 27}

/ (‘4’%"“)“4’ // (Z ‘)li ]4'%*“ floor diViSiOIl) Oﬂ}\]. ]"%—% 1 ?_X]—%Q/] —%(quotlent)g ]41’;]- TZ]. ‘_] ]_%
S WA FEFoE MUY AT EY U2 AT E ==, AT EY A5 A A
%2 BTk 71 AThE 25149l L) A3bol foor §5E 42T AYLITE 002 Lt AL
ZeroDivisionError 92 & 4o 7t}
This operation can be customized using the special __truediv__ () and __ floordiv__ () methods.
% (_‘?—’_Ei modulo) AAAL= 3 AA QA AE F HA AXE e YHAE St 2 AAEL WA &
Egoz M3 YT LEZ QX7L00]H ZeroDivisionError o2& oA YL} AREL A7}
=R 91%14% o8 50],3.14%0.7=0.34 2 245Utk (3.14 7} 4%0.7 + 0.34 9} gomz) 1
B2 AR B T 0A T AAAe 28 e S 2 A0E FUCH(EE 0 Th; Akel AUgte
= WA 7 A abte] AL A5,

labs (x%y) < abs(y) o] $£3&A o 2= o] A gk float] 7 -ol= &4 2} (roundoff) W Fof] £ X & o= 2+ ] old 4= 9l
syt d & £, J}OWﬂoat7HEEE754uHX§5fX}°l NELS 7HA g}uﬂ -1e-100 % 1e100 7}1e100 8} 22 BT E 7}17)7)
A&, AAE A= —1e 100 + 1e100 onﬂ,—rx]ﬂ o7= 1e100ﬂr7§3‘ﬂe‘] Ze 7kd Yt @4 math. fmod () = 37 A
HA QAApe] oo A AFE F7] w2, o] ¥ -1le-100 & EHF ‘4‘:} old XSE“IL‘O] Eﬂ AR S Z2 Y0

2 dsUh
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BArUsAL EEE A2 22 3542 dd49 o AUtk x == (x//y)*y + (x%y).
A A RE2e W T4 divimod () &= 925 o] 5 Ut divmod (x, y) == (x//y,
x%y) .

AL 3] REE A4S £33E A gdl, ¢ A4 A ALY E2E 20 (AEEZF 9]
Adolgtil® ¢ A AsUth e T3] S8l £2E AA ol 9o thAl AUt #AE g9
2 gol A glo] B g &5l A9 A A old-string-formatting ] A A g T}

The modulo operation can be customized using the special __mod___ () method.
A WAl Q4L RE 82 Q4R divinod () @ Jagol thsiA = Aol H o JlA] ks th A,
247‘46}5}‘33, abs () FFE AHESiA A2 WA A 2.

£ (S AR T AAES Be FUTE AAEL BT RAAY, BT gL
0o] A9, 5AEe WA BEFo WA T, ¥ FAQULE T4 4
e,
\ .

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

- (7)) AR T AAEY AE FU 24 AAEL WA FFFo2 WBF U

S~

1A~

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

AIZE A4bE Ate AR T 32 249 E A5 YT
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o AUEL ALES AR WL YU A A AAE F WA AAE Fol A 0 20T AZolY
L EZ& 0 7 9] t}(shift).

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

LEZOCEpHE A|ZE & AL pow(2,n) & A UxAlste 202 gk dZ o2 nHE
A|ZE 3t& A2 pow (2,n) & Fote A2 g rh

6.9 O|S H|IE it

Al 7o) HIE Ak 247 BE A E Bedth
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.

2x7by9] A3t A4u) o) ofF 7479 W, 212 | (rounding) WOl x//y £ (x-x%y) //y BTl 2 ¢ 5tk 28 39,
divmod (x,y) [0] * v + x % y7Fx 9}°}T7P’§5%%7‘]3}7]—‘H%H,ﬁ}ohﬂ%-rl @4 =85 UTh
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6.10 H|
Col= &8, ool OM EE X A2 2 FAEHE et e Al 2", HE QST Y
Utk =8, Cohe el a < b < c 92 BdA | £ 2L Aoz H AP
comparison = or_expr (comp_operator or_expr)*
COHlp operator ::= "<" | ">ll | n__mn ‘ ll>=" | "<=" | n !="
| "j_S" ["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.

H] 3 = A5 Al ﬂé%# AsUTh & E9,x <y <= zEx <y and y <= z &} 553,
Aol ey el g o B g paris AYVT (BARF A¢ BEx < y 7l AZo|W 2 9 gL
TokA sy Th.

FJAAHOZ a,b,c, v,y z 7FEAA 0|, 0pl, 0p2, -+, 0pN 7} ¥ A2A}H, a2 opl b op2 ¢ ... ¥
opN z=ZZHAY ZHS A st 23lth= A2 AlYddll=a opl b and b op2 ¢ and ...
y opN z 2} &5 YT

a opl b op2 c 7ta &c7te] ofH F 79 H]—’E HABEA] 9E7] Wi, & E0),x <y > z
57 (ov} o] A £ el eb) St che Aol %ok § Uk

6.10.1 ZtH|@

AU <, >, ==, >=, <=, 1= £ F AR gL ulagch AR Sol 22 Y ot g5y
230, 4, @ AL AR S ol (B3 ool N Elol Fal) g Herha wehm g T shol el A A
e E A AUk o & Sof, A 2] grol o2 78 4 2 (canonical) A 2 WE & 55 o,
w9, A7) o) SAL A CIF Sof 2L ASARER 245 )02 2 olof Bei
2% AT G a8 A A1) ol Foe A 8 5 A% ARl AdE 7
Azle] e VIR E Bl WAL Ao Arhn AL E E4 U

Because all types are (direct or indirect) subtypes of object, they inherit the default comparison behavior
from object. Types can customize their comparison behavior by implementing rich comparison methods like
__1t__ (), described in 7] ¥ 7 91 # B npo] A o] A,

B UL (==8} =) 9 7|2 T2 AA Y ofe|dE gl 7|HFE FUTE 1A, 22 ololHIEIE & 2=
A2E XA 7o) B35 HlaE Eaa T3, ThE olo|HEHEE Z= Aad A 7HY] F5 v+ %%%
th o] 712 T2 T2 ZE AA7F WA (reflexive) (5, x is vy Ex == y & GAIFY o=
s} Es &g Ut
7] o & W] 2 (order comparison) (<, >, <=, >=) = A 25 2] 51U TH A £33 TypeError & Y23
t} o] 718 529 F7)= %%@3’%%’\}’3_ @%% AZF k= Ayt

2 oloHIEE & ZE A adAaEo 4 AE g2, 7|8 55 vy 532, Aa9 33 3t
719ke] 5ol thet U5 Ho & VM FEo] Y8R S #—3—7“ s s syt I8 52
ZH4l 9] vl 3l F 2 ALEule]l 2 & g7 L, AR B2 WAy o] 184 a1 )l Th
O 552 /M 8 WZ3FEY v 52 7Isd Ut

(e}
=
e U =2} & ((typesnumeric)) I %= lo] B & FJ & fractions.Fraction ¥ decimal.
Decimal o £3He SATL, BAS e w8 AASA Stk A A Mk, 2
Avhohe B E ol W) Fs R B 95 B ol A, Fue] 4 flol A
2 (2322 40%) 2ol A o2,
NaN(not-a-number) Zf= float ('NaN') ¥ decimal.Decimal ('Na .
Zk2FNaN 7He] vl AR Utk v AFF o 7 W stal 9= 212, NaN o] 4l 3} 22 ¢kth
AUt} A& Eo0],x = float ('NaN'),3 < x,x < 3% x ==
x+ ZYUrth o] 5L EEE 7548 434t
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e None and Not Implemented are singletons. PEP 8 advises that comparisons for singletons should always
be done with is or is not, never the equality operators.

o Hlol 8] A|AAE (bytes Y bytearray & Q2EHAE)L F2 AY AT vxE & Q51U
O AEL 8AEY A} g ARSI A AL A Ei(lemcographlcally) ] EnAcigR =

« BALE (str 9 A2EHAE) & EAEY ST E I & ZQE (Unicode code points) (W] 73 3+
=
=

3

2] =4, range = 4 H]
I, A2 G2 FE o tAa

1‘
lo

ofh

N,

Ac)

)

N Rl
] i,
¥

30

A H
‘_,__ T E
AR Da T A T E 95 1i6] 55 W Ee
H]E’_— TypeError & 4o 7Yt}

’\]ﬂ’*L &3t 84 7H v E AFS A AP A o= vl gy ok W AH oy = guty e

2 5 Y 3H(identical) A A 7} A4l 3} 2T}l (equal) 7FY S T} o] & F3l B LS AA o thd 554

(equality) AALE -3 5to] A5& ML UH EHAS FAFYTH

Y 28 AEL] AFA A QA vl v Zo] o] FojF Ytk
- F A i HlnE 7] JlAE, B2 Folal, 4ol 7t 2, St 8 4AEL 74 Ao
2oy vla s ook FUh (A& £, [1,2] == (1,2) € ARAUH, o] =27 W 4 Y
oh.

- A HTE NYFE ZAAEL A HAR U2 QAST 22 SAE 22U (S 59,

[1,2,x] <= [1,2,y] £x <= y &} Z2 FZIdYUh. S 847 &= A o 82
Ao At NP Y (& 91, [1,2] < [1,2,3] 2ZFIdYTh

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

4 v (<, >, <=, >=) &= TypeError & 2o 7Yt}
e AZE (set o]} frozenset 9] AAAEAE) S 740 FE A2 )2 FE 7hof v 2= 4 9
e,

o] AE-L BB A3} (subset) 7 A9 7] & (superset) 2 5-81= 4 v o AAAES Ao 3 th o] &4
+ & <A (total ordering) & 7 2] 3H4] k5 UTH (A& 501, F AT (1,20 9 (2,3} & D}ED‘H—-—
Sttt thE shuhe] RE ROl AR, v e b A A ol A e ks U th. web, A
Ao o 23t T AR = AFSHA GFUTh (& 59, min(), max (), sorted() °l
dFo 2 JFS f2rEE AT YA & A5 FUh.
Ao vae 1 A5 WA S FA T YT
s QREY e WZF S A AAEES TASA 7] wiol, 712 v 5 2E AS U
v 1 52 AL~Eufo] 23 AFE AL Ao FHAE2 Hs i 2 7HR 3G FAE EFSNoF
Ytk
o 55 v = WALA (reflexive) o] o oF Ut T} D E R3S, ofo]dE|E] 7} 22 AR = Zrin
H] 1. o] of FH T

x is y¥Hx == y T}

= WA A (symmetric) o] o] oF Ut} T} TE W, th5 9 2
FoloF g

>

Al

=3

ane

=5
rel
rlo
rlo

38UFE 522 FAE X2 E (code points) (S S0, U+0041) 9} A+ 2 X} (abstract characters) (]S 5 o], “LATIN CAPITAL
LETTER A”) & 2 Utk FUIZ =0 e 7R 4 £ 27 ghite i‘: ZRAETS Z AT F7E St

591 ANA22 BFE 5 9= FA EAE 1 wol dssyth A& , &7+ E 2} “LATIN CAPITAL LETTER

= 21 X U+00C7 o = 3 7| 2] B3 &2} (precomposed character) U} ZE 9] % U+0043 (LATIN CAPITAL
LETTER C) ol &= 7] &2} (base character) 2F F W2 += T = 9] 2] U+0327 (COMBINING CEDILLA) °l 1= 2§t ¥ A} (combining
character) &) A| A2 J-?fj%_‘ 4 A5yt

ALY v AR FUFE FE ZJAE AZ"ﬂ/\‘] H AU T o] 212 Atghol| Al vk A A A Y 5 JFUTH & , "\
u00C7"™ == "\u0043\u0327" = AZAJYt}H A F Expgo] 28 34 E 2} “LATIN CAPITAL LETTERCWITH CEDILLA”
£ xdIAgE 285 YTH

EAE S F2A B} g Eo A vl dtE] d (F, AFEo Al A3A ) MY © 8), unicodedata.normalize () S AFR3HA A L.
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x == y &y == x
x I=y&y I=x

x < y2y > x
x <=y 2y >= x

o H]ILE 5 0] & (transitive) o] o oF U Tk Th (B A 31A] ¢82) oS0 o] A2 S dHth:
x >yandy > z¥x > zt}

x <y andy <= zWx < zT}

e o Mt = B Holo FuTh TE U RANY, T RAAT o] 2L % Folof

ok
x == y&not x !=y
x < y&not x >= y(A£AY AL)
x > y&not x <= vy (A=A FL)
BhA R4 A 2 A D Ao A& LT () Fol, AU 20l 285 A e, 1§t P2
I3 A k55 Uh. total_ordering () HEFHoHE EAA L.
hash() AL FEAT ATAS FANE FUD TS ANEL TS AALE TAY HA
$7h5 0 A4 oo G T
Shol e o] ATA FATE ZANA shirtIeh A NaN G52 o] 742 24 b ok
Ab

—

6.10.2 HH{A HA}

e

A4kt mJ%not ine WHAS AAFUT x in s Ex7bs o WA W True &, 234 A= o
False 2 %UTh x not in s 2x in s 9 2AL FUth gyyg Bvlop gt RE YF A DAE
3 A E ol o] A% A Uskeel, GAW el BeL in of GArell] Fol 710 A DAL
list, tuple, set, frozenset, dict, collections.deque &} -2 AH o]V HES A, EHA x in y Eany(x is
e or x == e for e in y) & E5gch

TAEF el EE Yo A9, x in y Ex7by o] F FAHE (substring) ? = R R s |
True YUt TS A= y.find(x) != -1 YUtk B 2AE2 FE e 2ALEY F&
A= ARH 7GR, "" in "abct & True B EelFLITH

For user-defined classes which define the _ contains__ () method, x in y returns True if y.
__contains__ (x) returns a true value, and False otherwise.

For user-defined classes which do not define __contains__ () butdodefine _ iter (),x in yis True
if some value z, for which the expression x is z or x == z is true, is produced while iterating over y. If an
exception is raised during the iteration, it is as if in raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem (),x in yis True if and only if
there is a non-negative integer index i such that x is y[i] or x == y[i], and no lower integer index raises
the IndexError exception. (If any other exception is raised, it is as if in raised that exception).

A42}t not in&ino =g B2 Hogrh.
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6.10.3 OlO|HIE|E| H| 1

A4} 159 is not-& AR ol MEE|E ANFUTE x is yviEx
o, 222 2] 2 AT FAUTE AR ololHE B id() 4B
e B e U

Shy 7t ot HlE B 7} 22 AA
AR5l A é%‘gb}ﬂkx is not

6.11 =2| ¢12H(Boolean operations)

or_test = and_test | or_test "or" and test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test

In the context of Boolean operations, and also when expressions are used by control flow statements, the following
values are interpreted as false: False, None, numeric zero of all types, and empty strings and containers (including
strings, tuples, lists, dictionaries, sets and frozensets). All other values are interpreted as true. User-defined objects
can customize their truth value by providinga ___bool__ () method.

A4 ot & 1 A7 AR ol W True &, 184 hoH False & FUTH
EUA % and y & WA e U ARl 1S BAF UL 13 Fow e g
7o 5o 2 4%E B Fh

ZH4x or yEHAxY G2 FAUHx 7 Fold I g2 Stk 23 A o™y g7
Foll 2 235 =2syth

andi} or ot A% W3 gloju 1 P& False & True E A FHskA] ¢har, thal upx] 2hof] gro] 3 3
AAE EEwol F sl oF gt o] AL W2 ER 7L s U, Oﬂ%% s 7FEAE olaL wlo] glod
71 2o 2 gAEoorstttH, 8 A s or 'foo' £ WUIE #HE AT ,:}141‘/]— ot & A ZFE ulS o]
oF BhE 2, 71 <1 7k9] # 2t Bl §lo] =) gk (boolean value) & E# FUITH(o] 2 S o], not ' foo' & 1 7}

olyztralse & Wayth)

6.12 CHQ! ESA

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.

QubA ol AHg Abe F Shbs AR S AFAL Al w Tk

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

E, PAE 9 AEYS AT

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

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

M 380 7k T @A o th e B AA & W& PEP 5728 =314 8.
4%%ﬂﬂ%$HWMMMQM@mmmmﬂﬂ%%%mwmm#ﬂ*ﬂ%ﬂ@mmMA%4%@§W%ﬂ@sﬁ&
foid

g AiHs WAESC U} A4S ES ase A% 2 SRR FAoT AT, O B0 o 4T FAL AX
Aguth B AA T AHE 159 BAE B L.
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6.13 =74 E &4l (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
274 23842 (2“4 & A2} (ternary operator)” 2F31 B H U T BE 3ho]# A4t A 7Hg w2 41
92 25y
FHA x if C else yZ WA xHAl 21 CY g= FFUTE C7F Fold, x 9 ko] 3l A L 2
e EAFUh 284 2o,y e 78 Tl 2 AAE BAF UL
27 584 o g o AA g -8 PEP 308 & 254 2.

6.14 ZiC}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
gt 2942 (W 2 gt & 4] (lambda forms) o] 2t EHJUTh o] F §l+= F4E e+ o A E U TH
£ ¥4 lambda parameters: expression = g AAE FUth 9] 0] E 311_ AA = ol FA A9
4 g5 AAAY G
def <lambda> (parameters) :

return expression

R B2 FE O Ao AAS HAR. "t 234 0 ' w50 3] $ = F 7 (statements) ©] Lt
o] = €] o] A (annotations) = Z & 5= gl =23l of Fuch

6.15 &

rgk

4| =25 (Expression lists)

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

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

daEU A ragd ol AR S A, Ao Ste) RS EPE HU BEL RIS
FUh 529 Zolt 520 e BA4e) AedUth LSS BN 22K 02 gho] 53

Yt

ol ~ ¥ 8] 2~ F (asterisk) * = ©|E] & & A 9] A (iterable unpacking) & Y EFH U T} 3] A 4HRF= ¥ A] o] H
o2 olojoR Ut T oJH Bl FES AIRLE FHFFH A, A A AHANA A {FE, FHXE,
Qg =g,

WA 350 27k BHA ZEo| A2 o B2 8 o 517, PEP 448 o A 3 2 2 A s 14 o,

A trailing comma is required only to create a one-item tuple, such as 1, ; it is optional in all other cases. A single

expression without a trailing comma doesn’ t create a tuple, but rather yields the value of that expression. (To create
an empty tuple, use an empty pair of parentheses: ().)
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6.16 42 5= =AM

sho] A& A %o L EX 02 BHA ) he THULL hYY e F3e Bk, S go] Aunct
WA ol ol F 55 L.
2 EEolN, BAAL 259 Tl £ A5 SATU= go] T AT

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

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

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 and conditional
expressions, which group from right to left).

u 3, WA AL ok W E B AAMS S R e 9 449 2w vl AR A A AH Y U %o
X 2 2% 0 g o]o]E o] 7] (chaining) 3= 7]%% PAS SRR

A ALRE oy

(expressions...), A3t (binding) == 23 2 34, Zl2E A

[expressions...], {key: value...}, Eﬂol, gy e gaZ&dg o], A& t2Zd 9

{expressions...}

x [index], x[index:index], AB23HAM &EeolA], T, oJEZHE =X

X (arguments...),x.attribute

await x oJgjolE T3 Al

o AFAF

+X, =X, ~X %4, 2, H|E NOT

* @,/ //,% _:_/H] aﬂ Eﬂ :v_/ul ]JFT)\J] z4_|_ \4-7:*“ \,].u{;qb

h- CEES

<<, >> AlZE

& H]E AND

A H]E XOR

| H] E OR

in,not 1in, is, is not, <, <=,>,>= = == v, WA HAALS) ololdlE E] AANS £33
=

not x =2 NOT

and =2] AND

or =7 OR

if-else ZAa 584

lambda ot 34

1= i 234

SAFAF AR *x = QEF | Q& 4tEo|U HE A F A4t E T oF5lA AR YL, &, 2%%-1 = 0.5 Ut}

05 Axxle £AE 2rigo = AR UTh 22 $AE7 F8 g YT
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CHa=F (Simple statements)

ol e deERol AlvEEL R FEH o] shite] £

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

Ir

=

g
H

it

Abstal 283 A L, (H5) Z 2 A A (procedure) (2] W] §i
e #HS EHFUHE TEF7 A8 (HF2 o3}
ot }%anzw ER7F s

ane
o

2) 28y

USL‘
>
> K

oﬁL‘ r
ofo
o rlr
2]
ol

YU, Lrepr() o a/\}%‘éﬂ =AEE HeEy, o
=

2k 2= ol A, gte] None ©] of A -2
AL BE] Fo BE 202 BT (AH7) None & Wl 1A RolA, ZRAA BEL
olH S HE WA dFUHh),
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7.2 CHY

Mo

2L o] 52 ghol (M) AF3ta 7 AA S JEHEY FBES FAF

assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]

target n= identifier

(attributeref, subscription, slicing 2] & A o]+= Zglojujg] Al A
2

GYEe B 5% (o] A0 shjel BANY S,

‘ITE'_

| "(" [target_list] ™)"
| "[" [target_1list] "1"
| attributeref

| subscription

| slicing

| "*" target

o
o] MOl ATHE A2 7151 2) 9 7hg ToHT, XA 2 2%

EEA 71—71—01] EH o) 61—1,]1-4_

e
G A BT Ao &etol4) W, b AR 7L HE AR g
ﬂﬂﬂ%ﬁﬂ&LﬂMﬂH“}ﬂ%k?%oﬂﬂﬂ§°2

FHEH B o9 5L 1 A7 Do) Aojo] A Fol 7

EEHAEE, U EEE SeAY 5 et A

_1

B2 (5%)9) Geho] et A Aoz ARk BZlo] W AAY AR (=l HE Fx

3 ofet 5111, 151 0] SuhE A

;\‘L
=]
N
odh
X
ol
1
p

o
%
>
>
fo

ok
o
30
oy
v
&
-3
=
A
_0'1‘4
rr
patk
rlo
v

o
i)

N

N,
)

th
Bl E5o] (HEA o g 5o Eojv) AmE+ g7} gle sty Bhale] ™ A = et 3l
IEIE=RR
Else
- Bt B & o] o ~E ]2 F (asterisk) & Foll &2 EFF, “AEFE (starred)” EFZl o] 2kal & H U T,
St 235 AAl= o E Bl 5o et 3l SR 2 Ao FES

AFoHe ol e Holoof TiT) ol Hel e A S PREL, AFelA L EHow, 2rjs
B ol ko= A S o] g F U th ol HH B thA % FREL AEHE B o] e
SASA AU 0 o[eiel Bl oA B 74 s ek A Y EN
(o] Bl 2EE ol g e &
-8R goH: ﬁﬂ%ﬂ
al,

o] ook 5

i_c
o

2 A 35 o H e

+= global Y nonlocal Fol S3SHA ko H: 1 0|52 A
A1 o] F FZkol A AA o AZFUTh
3% gom: 30 BL 247 A% o] F B2 nonlocal o o8] AAHE 9% o2

=20
FZro A Aol AZH Y]

2% agglsle

AfE B gaol sy K849 32 TG, dde AU e o
. 0 Jof ek o] 2 7
2 5T 5 Gk o9 (L

O

96

Chapter 7. Ct=2(Simple statements)



The Python Language Reference, Z2|A 3.11.11

Fo A AA 7 EH s dAEH 0] 1T
2 (right-hand side) ¥ 4], a.x =

2 2~
oJEF HEE AT QS (left- hand 31de) B A a.x =34 Z8std vtsofAets
Py gaEs o ﬂ%E%@@QHWZRM%TaxﬂQ%ﬂEﬂ%Eé}ﬂﬂ”ﬁ%%
axdol oy Utk $ 8 Hal Aol el ol Sl EE el A, e e sl e A
deds ol Res wEh
class Cls:

x = 3 # class variable
inst = Cls()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

o] g o] property () W5 A ZZ 3 ¥ (property) 2} 22 U2 HE oJEZHE J82

gt ggyth
« B ol AEAT YA Fao] g mebol v EAAY gre FHUTH (FAE 2L) A
A2 ARG (AT 2L) WP AR 7L ek g th 28 the, An saYE @A ghe
Fguo

mefol vl 7} (22 22) 7hdl A AR W, A8 2T EL 357k Uelok Uk S5,
A Az Pol 7k HA AU Th Aghe A A2 Pol Bt 22 o] obd Lo of 51, Al A 2o
2 AU AE 7R =] AxE tdstetn L 3 ch A2t M9 S Wb, IndexError
S dequn (HE 2a9E B AA2d ta gL P2s0] A 28 28 5 gz Th,

If the primary is a mapping object (such as a dictionary), the subscript must have a type compatible with the
mapping’ s key type, and the mapping is then asked to create a key/value pair which maps the subscript to the
assigned object. This can either replace an existing key/value pair with the same key value, or insert a new
key/value pair (if no key with the same value existed).

For user-defined objects, the __setitem__ () method is called with appropriate arguments.

o BHZlo] sefol oW Fxo ZetolmE] R AA Y hS FRUTH (B 2E Z22) 7HH Al A2 AR
7hveter gyt v Y u = AR = 22 39 /\]sq,\ A oF Fuch 27 thg, EA gohA ekt
e x9S FRUTH 722 0} Al B2 Dojth. AARL ATt H ok FULh &
FTorAdold St e, A2 dol S Hth 234 ol ZAFES 04 Al A2
Zdojup I Abololl Eoi7h= gtol HEF A Uth iAo 2 A A2 AR ol Setol2E il H =
AlA2E AR SEE @ FFth B Al A 27 S g3t Seto] 29 doj& I YF = Al 29
Aol thE 4 YFYrh
CPython 73 AA|: AR F&ol|A, 139 £HE BHA I A AT, Z5d FH 7= AA
A A ARE 7] w2l ol 2] WA A 7} E GAIBI A= ARE Fa dsUTh
”/\}ﬂ]‘ﬂ«l o7t A 9 118 T3 o] 5 Al A (simultaneous)” & (ol & 0% a, b = =
WS 23U TH dAE, i Ys = Ae59 2 <k oA 9 Z@E A5 oA L EHO T dof
LW W2 5T A 2RE E5Uth dE o, e} 22 22392 [0, 2] & APk

x = [0, 1]
i=0
i, x[1] =1, 2 # 1 i1s updated, then x[i] is updated
print (x)
o ®H7]:
PEP3132-§1]-§J'O]E—]E-]-‘§-°J;1H 7)
*target 7)ol thek 4+ 4
7.2. CHE!IE 97


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

The Python Language Reference, & 2|A 3.11.11

7.21 £ &2 2 2 (Augmented assignment statements)

SEAAES T EFNA olF AT dEs FA= AdUh:

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ny—mn ‘ w__m | Wx_—n | n@:" ‘ ll/:" | n//:" | no—mn ‘ Wk kM
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

(R} Al 715 0) B Aol efo] ] A4S KAL)

ZR g B (U BHE Fe) A 7o) B 5 YrUth 3} BN B2 gS ok, B2

AR AFof th g o] Fofl Bt o] F A4ts s+, A gl 2 A5 I F YT Bl
z

x 4= 1P EFROYFALx = x + 1AW A £ 5 A, AR 2L B oA H S
o) 2 2.4 g Ww PRI Th E a8, s ul, AA] 4L AR
o

(in-place) | A 3= =d|, A} A A 2ol the) o7l Bk, o A AR S A 3rh=
olm dyrch

A e 28, SE UYL $HY FE 7o) o)A FHY FE TFYULE dE Eof,ali] +=
f(x) EAFANali]l & R3O, £ (x) 9 F= #3512, QAES 331, U}Xl“miléﬂr% i]
of oAl HU Tk

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

ANEZHE F2AEAY A, A A H S~} olEg|HE &3 A1 7 ALH YUt

7.2.2 0{=EH|0|E &l C{QZ(Annotated assignment statements)

o i o] 4 B9 L, B E oA, WA} o B HE ol wEo| A A 4 Ik TP ES FAE AY
ek

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

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

hQ) B0 Bt o B S 2k A%, Zelay RE 2Rz glow, o H o 4e gl FalA ¥
Qg FRAUYEEY JEYRE annotatlons °ﬂ?<iﬂ51—tﬂy°]01 gREE (WFuFHHE
A A o] & oH o) g2 A 7= gAY e WE YUt o] JEZREE 277}
?ﬂ%‘ﬂl%iﬂiurli%ﬂ@'ﬂ%l P uf of ;g o] o] Bz BAHE e F Yt

A EHler @84S &, o] Bl dE FHA2Y EE 2T 2o Qe AAE ghol FIA AT A%
2 dHsytt

olF o] T 2T oA o] mH O] EHH, o] o] 5 I 2F 20| 2] A (local) YU T T 23 o A

ol B o] A& gho] ol A Ak A A 2] 9T,

If the right hand side is present, an annotated assignment performs the actual assignment before evaluating annotations
(where applicable). If the right hand side is not present for an expression target, then the interpreter evaluates the
target except for the last __setitem_ () or __setattr__ () call

o B7):

PEP 526 - W4 o] ;e o] 4 2]
4 5o BASHE A, WA (Fe s AFo dad s W
F7hohe Ao

e
g%‘
o
ol
o
2
b
)
)
(m
ok
rlr
M
i
filo
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F3IE

w4 =7 9HDECIA A8 5 Sle @ ol il o] ol 3 2% 2 Al 5ol A8l typing
< F7Fshe A<k

il

: 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 73 of] t] ¥ 7] o] A A (debugging assertion) = 4+ Y 3= H 2] ok W Ut

assert_stmt = "assert" expression ["," expression]

e

@3k e, assert expression 2 23 53Ut}

if not expression: raise AssertionError

if _ debug__ : J

2449 3, assert expressionl, expression2 = Tt 53t}

if _ debug_ :

if not expressionl: raise AssertionError (expression2) }
o] 354 £ _ debug_ FAssertionError 7} 22 o5 YA H-EL JE 7tk ZFY o)
AR TN A, I WS debug__ & AHA A ABol A True ©) 11, H 517k 2 F5 9L o) (3
4 -0) False Utk @A) = A 71E Aok AR H 437} 2 9 W assert £ A TEE
WA Ut ol wA Ao Aot @AY AL FEE 2T Q7 glgol FYFHAL; AL
sd) Edo]2e] Az EEF o)

__debug__ ol i 42 S AH A FFUh o] A W] P2 AH =7 A S o 2 Yt

7.4 pass &

pass_stmt = "pass"

pass = doul) ARJUck— AP wf, b7 A A& dojuix] gy D}.%%ﬂﬂiii%ﬁol%ﬁﬂﬂ%
A S A2 gle ), AEE AT SRS

w7} duith o &

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

A= il o] Aol A I ob v e kA A A A e ' B U JAA AR AFES UgetE tiAl,

7] 8 7H4 AE7} YTk,

B B2 AAlE 2 HAL A% 4 2 BEo 7 A7) 8o AAFTh

2o AR 2L FE BE| Q& global Eoj L o] So] SRR ol ek x| o]} A o] &
4 fe)

| AZA= o] YA oW NameError 2] 7} Loj gy th
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JERE B2, AHAIYA, el 49 AR L B metolve] AAw ALHUTh Lol 4]
AL QAo 2w Gol ul Sebol AT AT A% BT (AT o] A2 Sekol 4 5=
A7 7} B o).

7.6 return &

return_stmt = "return" [expression_list]

return & BHACET o2 Aol FHT A7 opU, B4 Aol F A o] heh 4 AUtk
RO & F3kal, T2 A] 9 ST None & X2 Ut

return-2 X84 55 (E& None) & W o 2 A, dA 9 4 o5& WdUrh

return®| finally %ETS_— 7R try oA Ao 7t HloUEE gle s A9 St 2 HE AR Boji}y)
Aol 1 finally o] A3HFH Lt}

A g ol oA, return -2 A @ ol Bl 7} 2%a& 712 71 1, StopIteration of| & & o 3
t}. return Fo Al 3= = 2 (Y ThH) StopIteratlon-/] A Aol Q122 AT o] StopIteration.
value 9]EZ|HEZ} g Yth

H 5 7] Alyd oy oA, M return & H 57 AYHH EYgS &8,
StopAsyncIteration o2& oAUt v|Z7] AlYd o]g oA, vlo] YA L return S

4 el gy

7.7 yield 2

yield_stmt = yield expression

2o u 7t QG5 Uth 55 3hyield 88 A4 D8 E 3= 25
o & 59, yield &

it

yield®& \l€ld A 2k5} 7]

94
95} yield £ A+

yield <expr>
yield from <expr>

S O2H L yield 2884 £ F5FUT

(yield <expr>)
(yield from <expr>)

yield B8 43 B4E AU e o8 §5F AT whwk A 3, AV ol 8 B4 nhrol v AHg
Utk @5 A7 AU G5 A AV ol H F5E HEES S Ut yield & A SHE Avow
FE g

yvield®] ol thal AA| A AFFEL A= 3 A (Yield expressions) A4S s Y th
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7.8 raise &

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

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

IH A O, raise = o9 AAE, 3 HA £H A Y 3k FFth BaseException & B &
G elad o of STk FU AT, o9 d2BAE AT 0 1 glol Feh20l d2HAE BEA
AHEE e,

ol 2] o] & (type) = A 2] A=W Fefaal, Fh(value) & A2F 2 AFA YU o

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback__ attribute. 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 traceback set to
its argument), like so:

S

[raise Exception ("foo occurred") .with_traceback (tracebackobj)

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>
print (1 / 0)

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>
raise RuntimeError ("Something bad happened") from exc
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>
print (1 / 0)

A

ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("Something bad happened")
RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print (1 / 0)
. except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o 9)of e T e AR E o 9] MM LAT S A, o9 S A2lshe Aol B ARy F Ao
st

WA 3304 HA: o)A raise X from Y oAl Y & None ©] & Yt}
Added the ___suppress_context__ attribute to suppress automatic display of the exception context.

WA 3.119 A ¥ 7 : If the traceback of the active exception is modified in an except clause, a subsequent
raise statement re-raises the exception with the modified traceback. Previously, the exception was re-raised with
the traceback it had when it was caught.

7.9 break &

break_stmt = "break"

break = EHAOCZ rfor Y while T2 X5 o] ATl L}E}F
2 el ool 5 0% A= 9o,

A% Aol A BRI Y TLE FRIIL, T EE ) else BS 23 YThE A1 U Thiskip).
for 27 break 2 £RH T, 22 Alo] BAL A4S $4 Tk

break 7} finally A& 7} try
ol I finally Ao Nﬁgﬂqu}.

e

S Q& yth AR 1 22 oke] g4

7.10 continue &

continue_stmt = "continue"
continue £ ¥WALE for Ywhile FZo FHE AT UERE 5= JF5UTH A 9F 1 FZ <1

g Zea Ao 2HH AL dEUTh MR A7bel A SR AT Q= F 27} S Aol 2 & Jol 7}
TE v yth

continue 7} finally & 7} try oA Alo}7F o UE & BtE &= 3%, ths FE Alo| &
3}7) Aol 1 finally @o] AP Ut}

A]z}

&

o
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711 2 EZE (import) &

import_stmt n= "import" module ["as" identifier] ("," module ["as" identifier])?*
| "from" relative module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifier
("," identifier ["as" identifier])* [","] ™)"
| "from" relative _module "import" "*"

module = (identifier ".")* identifier

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

(fromdol glv) 718 4XE & 7 A Adg Urch

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.

23" BEolAFALR glo] EAW, A A F A WL ® A H o] F F 27g Ut
. BE o]E Fofas 7t 2, as Fo] 9.& o] o] dzE=W BE 4P AFPUrh
o ThE o] Fo] AARHA 93, EXEHE EEC| A EECIH, EEY o] 5ol YEEHE= &I
e Bz Ao o] & B2 AdFUTh
. JEES L BEo| H4o] BEo obl] B, 1 RES EFSE A4 HA A o] o] HA4
7)Ao thet FxE A o]F Fell AZdFUth XEH RES AP Ao 7| K= &3]
A 5+3}E ©] & (full qualified name) & 53l Y M| 2 = of of Fhth
from@e ) HAA AAE ASFUT
I fromdol| AFH e 31, 2E38t1, A3 27|33t
2. import Ao ARY AEAE 7ol oh )
I QEED RF| 1 o8 ofERES AREA AT
2. oW, Ao FYAME RES YEET = AS AR S dEXEH EEA T oEFRE
2 oA ZAE T
3. oJEEHEZ} AR 9O W ImportError & Yo Ut}
4. 25 A ko, I gholl th gt Fx7F Ao o] F F ol AdEH =, as o] 2R A7 ol A
ARE o] 2L A3, 19 OB o P HE o 5L ALE T}
AH-g ol
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

AEAEe) B2 2B (1) 2 0l E, REO] HH BE /) o) 550 import B0 5FR 2AT

o 7)o o] & g 7hol AAH UL},
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BE Ao H TN o) 2 (public names) & FE2] o] 2 B oA __all  o]gt= o] 22 W4E AAE A
A" U Y H o A, TALEY AlAx o ofst=H, 1 BEo] AYsAY dZES= o] FE5YY
th__all_ oA AATO|FES EF FMNEHAFTHIL A S oF FUTh __all o] A=A
oW, HEY o] F TN TAH = o] F T, LE A (_)EZAREA G R E ojg°l M=
AsFUTh _all__ = 3N APIAAE £33l oF Futh o] 219 BA 2 =X ¢bA API 7 7P ol
FEREY 23 AL e AYUT (718 2 B Eo| X ESY AFEEHE glolHejE B

AxEQ JUd=FE FE — from module import * — & EE FFoAw s =H Ytk %EHC\/]—
814 Aol of| A AH-g38] = Al £ SyntaxError 4o 7 Uth

PYXET RES AZTu 52 Aof o] & (absolute name) = A e F 8 = §lF Y EolU 71 A 7}
oh2 9 7] A] Stol] 23 uff, 22 A 371 A] WellA= 2 3714 Ol%% A= a& %iol Sl dEE
(relative import) & & 5~ JFUTH rromF ol ARZH = A7 AU EE goll Bol= F2=, Fgst o5&

o

AASA s A A A ASE Aol AL el Bebror oA ART 5 Aarie. el A o

e;i:tza S el e B A1AE R R AL DA 22 Al Eeble

o He % A9 £FL, SEAUD LA pkg 371 Aol D& BEAA £rom
1

lw
ol

Lr}

lmport mod% a'g 519, pkg.mod & YEEHA FYth pkg.subpkgl Al A from . .subpkg2
import mod & A 3}HH pkg. subpkg2.mod & YEZESHI HUth Ao Az Eof ot ﬁ% i} 7] 2]
A A2 E Fofl o dsUth

2 REEL EA0Z AAE= S L 22 TWEL X Y37 93 importlib. import_module ()
o] Al Yth

Q1 2} module, filename, sys.path, sys.meta_path, sys.path_hooksE ZtA} o|HIE import &

A A R o,

future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ")"
feature = identifier
FA S 2EY AY AZol ook FUth 4 £ ol & e E52:
o« 2§ =2 E ¥ (docstring) (1T}HH),
R
1 i
- HEFAEE
FA E2 AFES ok ol F L3 752 annotations YU T} (PEP 5638 234 Al 2).
HA FA FS Eo) BA}HD 5L oA ol 3o o) AAFUL o =
%Oﬂ - absolute_lmport, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TTFH YT} o] AEL JoAJEQY &

G BEEH A, 2 A TS A6 %Zlilil A7 vl = AU

FAEePA4oRE Aot Aol A4s 3 ATk 99 AR5 vl @ uAe 35
B ST A% 5o 2 ATt A T 5ol b el e (58 o orel 3 ) AL E S I
Ae2A s, ol A= ANl LES 2 A AR5 deith 28 ARES AW Ao

°|
ZHHd s syt

104 Chapter 7. Ct=2(Simple statements)


https://peps.python.org/pep-0563/

The Python Language Reference, Z2|A 3.11.11

M Evic Ao de) s o) | 7% o] F 50 FF o QA LI, Wk FA Bo] XA R N5 e
2ot glow Ao AF o2l den

AAA AP N HE YL e JEE BED DUk BE EE_ future, ol AR U
o QW A Bol AEE AH drA Yoz JrEP YT

Fol2e AW AR ALEL F4 Bl o5 B4 = FARA 7)5E0 D AH T

ol T Bl & ol A% 583 Aol glgol Fo 3ok Tt

{import __future__ [as name] ]

o121 FA Fol ohduth o} e S e o]k £ A Aokl gl WU B YLE £ Y B ch

Code compiled by calls to the built-in functions exec () and compile () that occur in a module M containing a
future statement will, by default, use the new syntax or semantics associated with the future statement. This can be

r
el

controlled by optional arguments to compile () — see the documentation of that function for details.

Y Ausele gasd 98 FH L AneE A8 g2 /12 BRE WA DY,
AHze| 7 -1, AP T 2T HE o] Fo] AP, o= /‘1’“6}1 IAIHEMFA S 2
I3, 2T FEA AR D o) Fol AR L e MMM E E}E FA T

o ®B7]:

PEP 236 - W = v _ future__
_ future_ Wl AY S st F 2] At

712 global &

global_stmt = "global" identifier ("," identifier)*
giopal 8 A 2 HF A7)0 A28 HAY U, $AD 9ol Ao o 4ol of Gy
SdU global A glo] Abr ieEol AY9S 7l 2 & 7] 3HA R, global §lo] Ao R
e dse AL 2As g
global ol yEH o] 5§58 &2 ZE B854 global ¥ %ol 58 4 syt
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, c1ass definition, function definition, import statement, or variable
annotation.

CPython 73 AHA|: @A T o] o] A|FE2 AR E FA|SHA] FAwH =2 aWL o] AFE F831A
Dotok et v FHL2 2AES FAA Y Z2 23] ouE o glo] AR 4 U7 Wi
=2

Zgzag el Fo] Agk: global & IFA o = A A] A (directive) Y YU T} global 3 22 Al Q9
s = ZEof vk 48t —01 B exec<) T2 FHFEE BAG Y ZE AA o =3E
global #2144 3ES 2= I £ TS FA 93, 28 FAE| 289 F= A
T TES x¥oE Z =0 e global woll 9F= ‘:“Xl or<sUth eval () Fcompile () T ER
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7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*
nonlocal ¥ UdE AMAS o] AHS A st 713 7hrbol 4 B A ATz A on] AAH W
¢%ﬂﬂﬂtiefwn+ﬂﬁ3%&ﬂw,*@4ﬂ%%&ﬂﬂaoﬁ%fwgﬁﬁ@ﬂa%aﬂﬂ
fZdUth o] 32 AedH =7 G (BE) 2FZ 9o NG A7z gto] ApEo| JAZT &

9% 2 T
nonlocal ol JgH o] EEL, global =
AZES 7He Ak FUTh (A A Ll
oh.

nonlocal Tl U8 £ o552 A aF x| o|n] EA3t= AZ =3 4
o ®17]:

PEP 3104- ¥} 23500 513 o1 51 1T A
nonlocal ¥9]

mhL
o,
L

N
O
L'.J
(o]

o
(]

o

1%

kd

106 Chapter 7. Ct=2(Simple statements)


https://peps.python.org/pep-3104/

CHAPTER 8

o

il

o

[

ol
il

N m]o
2

o

oo ol

A
z 2
if, while, for &%

2] 7] 1} 7 2] (cleanup) 2

=

]1'>_l'4
kv

sholdel Aol d LES

. S| E e} ‘2% E (suite)’ E TFA
oh. 72+ A st = 5 eA A EE

[if testl: if test2: print (x)

3 o] 2o M Al EE o] 22E T T FetA Al A, B2 22 ool A, print () TEE2 EF

A AL ol s Aas A g The Aol Fo) o gtk

[if X <y < z: print(x); print(y); print(z)

8 ofsti:

compound_stmt = i1f stmt
while_stmt
for_stmt
try_stmt
with_stmt
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)* [";"]
E4=°] &4 NEWLINE © 2 F31 DEDENT 7} 1§ & WE 5 3ol 5 oF ot =3, Ak
7hest A4 AEol A EZFS AN ZE e 71 ER Al Ze | Wi, REE ] Qv A= =5
SHAl 8 (TRl R M= THE ir 2ol S22V HE AL 87T o=A ‘v ¥ (dangling) else’ EAE
S Aguh.

if e 245 Aol AHH U th

if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]
Fol St AS WAL W7hA EAN B kg sy e h 2 P A F B3] Shte] 29 =S HeE g
Utk (3 AR 9 Ao =2 AiH(Boolean operations) A& BA|R); T8 thg I A2 EE APt
£ il AP At gho] FA A dFUTh. BE 2HA S0l ARl

while F-& @A 0] el T AP S Wkt vl AHgHth

while_stmt = "while" assignment_expression
["else" ":" suite]

How HAapstal, Fold, A WA 2 ES APFTh e
Uth else @8 29 E7F(QIvhd) A FH L F28 TS

8.3 for &

for #& (AL, 72, 2l2E Z22) NP2 U tE olHEE AA 9 2458 olHeE o] Est=t] A

|tk

"wa

for_stmt = "for" target_list "in" starred_list ":" suite

["else" ":" suite]

The starred_1list expression is evaluated once; it should yield an iterable object. An iterator is created for
that iterable. The first item provided by the iterator is then assigned to the target list using the standard rules for
assignments (see U] 9 +), and the suite is executed. This repeats for each item provided by the iterator. When the
iterator is exhausted, the suite in the e 1 se clause, if present, is executed, and the loop terminates.
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R 29 Bl AW broak BL olse G AT G FRE FEFUL. A 0A 29E
NA YL E cont inue B2 2AEY o)A RES AUH T 01 502 dol AL, T G5
o else AZ T

for- 732 BH7] B2.9) W45 B YUt for- 29 29 Eo]A o] o2 ABE ZFSNA], 1 50
A YYE FES EF o th
for i in range(10):

print (1)

i=25 # this will not affect the for-loop

# because 1 will be overwritten with the next
# index in the range

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.

WA 3.119]| 4] ¥4 7 : Starred elements are now allowed in the expression list.

84 try =

The t ry statement specifies exception handlers and/or cleanup code for a group of statements:

try_stmt = tryl_stmt | try2 stmt | try3 _stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
("except" "*" expression ["as" identifier] ":" suite)+
["else™ ":" suite]
["finally" ":" suite]
try3_stmt = "try" ":" suite
"finally" ":" suite
o el of] #gk F7F] AW = of 2] A oA S 4 AL, o5 7171 13l raise &AM 21

[e]
=
Tt HH = raise T A M ANA ZHE 4= JF YT

8.4.1 except clause

The except clause(s) specify one or more exception handlers. When no exception occurs in the try clause, no
exception handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started.
This search inspects the except clauses in turn until one is found that matches the exception. An expression-less
except clause, if present, must be last; it matches any exception. For an except clause with an expression,
that expression is evaluated, and the clause matches the exception if the resulting object is “compatible” with the
exception. An object is compatible with an exception if the object is the class or a non-virtual base class of the
exception object, or a tuple containing an item that is the class or a non-virtual base class of the exception object.

If no except clause matches the exception, the search for an exception handler continues in the surrounding code
and on the invocation stack.'

If the evaluation of an expression in the header of an except clause raises an exception, the original search for
a handler is canceled and a search starts for the new exception in the surrounding code and on the call stack (it is
treated as if the entire t ry statement raised the exception).

"2 o9& Yo7 finally o] YA 42 Gt TE 2doz HPUL LA e A & dolw A
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When a matching except clause is found, the exception is assigned to the target specified after the as keyword
in that except clause, if present, and the except clause’ s suite is executed. All except clauses must have an
executable block. When the end of this block is reached, execution continues normally after the entire t ry statement.
(This means that if two nested handlers exist for the same exception, and the exception occurs in the t ry clause of
the inner handler, the outer handler will not handle the exception.)

When an exception has been assigned using as target, it is cleared at the end of the except clause. This is as
if

except E as N:
foo

7ol Wk = AT 25U

except E as N:
try:
foo
finally:
del N

This means the exception must be assigned to a different name to be able to refer to it after the except clause.
Exceptions are cleared because with the traceback attached to them, they form a reference cycle with the stack
frame, keeping all locals in that frame alive until the next garbage collection occurs.

Before an except clause’ s suite is executed, the exception is stored in the sys module, where it can be accessed
from within the body of the except clause by calling sys.exception (). When leaving an exception handler,
the exception stored in the sy s module is reset to its previous value:

>>> print (sys.exception())

None

>>> try:
raise TypeError

except:
print (repr (sys.exception()))
try:
raise ValueError
except:
print (repr (sys.exception()))

print (repr (sys.exception()))

TypeError ()

ValueError ()

TypeError ()

>>> print (sys.exception())
None

8.4.2 except* clause

The except * clause(s) are used for handling ExceptionGroups. The exception type for matching is interpreted
as in the case of except, but in the case of exception groups we can have partial matches when the type matches
some of the exceptions in the group. This means that multiple except * clauses can execute, each handling part of
the exception group. Each clause executes at most once and handles an exception group of all matching exceptions.
Each exception in the group is handled by at most one except * clause, the first that matches it.

>>> try:
raise ExceptionGroup("eg",
[ValueError (1), TypeError(2), OSError(3), OSError(4)])
except* TypeError as e:
print (f'caught {type(e) } with nested {e.exceptions}')
except* OSError as e:

(TH5 sl el Aol A<)
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(o] sl o] A ol A AI)
print (f'caught {type(e)} with nested {e.exceptions}"')

caught <class 'ExceptionGroup'> with nested (TypeError (2),)
caught <class 'ExceptionGroup'> with nested (OSError(3), OSError(4))
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| ExceptionGroup: eg
+—t— 1 ————
| ValueError: 1

Any remaining exceptions that were not handled by any except * clause are re-raised at the end, combined into an
exception group along with all exceptions that were raised from within except * clauses.

From version 3.11.4, when the entire ExceptionGroup is handled and only one exception is raised from an
except * clause, this exception is no longer wrapped to form a new ExceptionGroup.

If the raised exception is not an exception group and its type matches one of the except * clauses, it is caught and
wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
except* BlockingIOError as e:
print (repr (e))

ExceptionGroup ('', (BlockingIOError()))

An except * clause must have a matching type, and this type cannot be a subclass of BaseExceptionGroup. It
is not possible to mix except and except * in the same t ry. break, continue and return cannot appear
in an except * clause.

8.4.3 else clause

Aek 7t=3t else AL A whA W 7ban, o @) 7F A 8FA] ¢k kAL, return,
continue T break Zo] APHE 2] oW APFFAUTh else oA DAIE o Q= g U
= except ZoA A=A g5y th
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8.4.4 finally clause

If finally is present, it specifies a ‘cleanup’ handler. The t ry clause is executed, including any except and
else clauses. If an exception occurs in any of the clauses and is not handled, the exception is temporarily saved.
The finally clause is executed. If there is a saved exception it is re-raised at the end of the finally clause. If
the finally clause raises another exception, the saved exception is set as the context of the new exception. If the
finally clause executes a return, break or cont inue statement, the saved exception is discarded:

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

The exception information is not available to the program during execution of the finally clause.

When a return, break or cont inue statement is executed in the t ry suite of a try+--finally statement,
the finally clause is also executed ‘on the way out.’
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The return value of a function is determined by the last return statement executed. Since the finally clause
always executes, a return statement executed in the finally clause will always be the last one executed:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

W A 3.89 4 ¥ 7 Prior to Python 3.8, a cont inue statement was illegal in the finally clause due to a
problem with the implementation.

8.5 with &

with B BE0 ARG AdAE Pel A (wih & AHAE )2 AR WA L) 7H A AW AEER

A Bl A B UTE O AL B8 tryexcept--final ly AHE B WA AL R 5 A=S
Ae3e 5 Y= T

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with _item ("," with_item)*

with _item n= expression ["as" target]

shite] “item” & AR&Sh with 2] AP thE o] JYH Uk

1. The context expression (the expression given in the with_1item) is evaluated to obtain a context manager.
The context manager’ s __enter__ () is loaded for later use.
The context manager’s __exit__ () is loaded for later use.

The context manager’ s ___enter__ () method is invoked.

A

If a target was included in the wi t h statement, the return value from ___enter_ () is assigned to it.

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. 2 EZFAYH YT

7. The context manager’ s __exit__ () method is invoked. If an exception caused the suite to be exited, its
type, value, and traceback are passed as arguments to __exit___ (). Otherwise, three None arguments are
supplied.

If the suite was exited due to an exception, and the return value fromthe __exit__ () method was false, the
exception is reraised. If the return value was true, the exception is suppressed, and execution continues with
the statement following the wi t h statement.

If the suite was exited for any reason other than an exception, the return value from ___exit__ () isignored,
and execution proceeds at the normal location for the kind of exit that was taken.

(SR e A=

with EXPRESSION as TARGET:
SUITE

v oz B S5 Pk
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manager
enter
exit

value

(EXPRESSION)

type (manager) ._ _enter_
type (manager) ._ _exit___
enter (manager)
hit_except False

try:
TARGET
SUITE
except:
hit_except True
if not exit (manager,
raise
finally:
if not hit_except:
exit (manager,

value

*sys.exc_info()):

None, None, None)

St Ech e §Be Fu, AdrE el vich Bo] FHE AH W AFF
with A() as a, B() as b
SUITE
ome = thg F5Uh
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,
) :
SUITE
WA 3104 A vk AEAE 58249 A
W A 3.109 A *H 7 : Support for using grouping parentheses to break the statement in multiple lines.

© ®7):

PEP 343 - “with” &
spol W with 2 4, ¥ 74, .

8.6 The match statement

WA 3.1090 &7}

The match statement is used for pattern matching. Syntax:

match_stmt 'match’

subject_expr

nm.n

subject_expr = star_named_expression "," star_named_expressions?
| named_expression
case_block = 'case' patterns [guard] ":" block

ZF31: This section uses single quotes to denote soft keywords.

8.6. The match statement
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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 B7):

o PEP 634 - Structural Pattern Matching: Specification

o 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.

. 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.

ZF31: 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.

. 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.
o Otherwise, the next case_block is attempted as described above.

« If there are no further case blocks, the match statement is completed.

Z31: 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, if flag is 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 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:

o AS Partterns whose left-hand side is irrefutable
o OR Patterns containing at least one irrefutable pattern
o Capture Patterns

o Wildcard Patterns

parenthesized irrefutable patterns

8.6.4 Patterns

Z31: 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 | ... will try 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 /iterals 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. f-strings 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.
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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 = L

_ 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 u= "[" [maybe_sequence_pattern] "]1"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]

", ".maybe_star_patternt ","?
star_pattern | pattern

maybe_sequence_pattern
maybe_star_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 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
« abuiltin 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
e range
e tuple

e
i

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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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
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
e 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 x=  "{" [items_pattern] "}"
items_pattern = ",".key_value_patternt ","?
key_value_pattern = (literal_pattern | value_pattern) ":" pattern

| double_star_ pattern
"x*&W" 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 In pattern matching, a mapping is defined as one of the following:
o 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_MAPP ING 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. 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.

Z3:  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, ... } matches only if all the following happens:
 check <subject> is a mapping
¢« KEY1 in <subject>
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 = name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments u= positional_patterns ["," keyword_patterns]
| keyword patterns
positional_ patterns ", ".pattern+
keyword_patterns ", ".keyword pattern+
keyword_pattern u= 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 t ype , 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 AttributeError, the exception bubbles up.
o If this raises At t ributeError, 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.
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o If there are more positional patterns than len (cls.__match_args
is raised.

), TypeError

o 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 ®H7]:
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:

e bool

e bytearray
e bytes

e dict

e float

e frozenset
e int

e list

e 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 O, but not the value 0. 0.

In simple terms CLS (P1, attr=P2) matches only if the following happens:
e 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 B7):
o PEP 634 - Structural Pattern Matching: Specification
o PEP 636 - Structural Pattern Matching: Tutorial
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8.7 g H2

5 A SR A B AN (FEE A A4S BAL) B F Pk

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators = decorator+t

decorator u= "Q" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)* "," "/" [", 6" [paramete
| parameter_list_no_posonly

parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_list_s
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" paramete
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname = identifier

G5 Aol AP S e BFYUTh AYsHE A4 A o) 5 Fhe] T o] B T4 AR (Fe

A 7hs e I =5 S22 2 9 (wrapper)). ©] @< AA = AA Y o] F w3kl tiE 2 E £t

g5t 52d o Y o) F FVo= ALF ULk

4 Aol B4l vl g AWSA FHUTh B4 359 o APk

B Aele st 1 ol e e olE BN R AR £ glgUth dlaeolE BaALe

FRYgE o, F+ BYE T 2F 2o A e FRUTE I A el Eolol ok st T

AA TS AA2 ARG Al TP Uth W gho] 3 AR thal Sof o] Fol AZ2g Yt o2 749

tadeold e SHFHE Bz AEP U & S0, e} 2 IZ=

Qfl (arg) )

Qf2

def func(): pass

e e e

def func(): pass
func = £l (arg) (£2 (func))

Aeje] F47k QA2 o] func o AAH A gk A ohEU T

¥ A 3.9 A ¥ 7 Functions may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

StUy 2 o) AFe] ull 7| W = & 9] parameter = expression FE] S 7} W], St <71 B uj A g2 2
0 U Th 7|23k e AR TY A, 2T o Sk A E ST 4 I, 1 o)
v 7} 4o 712 gke] AGFUth vEeF i H T 7| R3S ZHA W, 47 742 1 FE WmE s BE il

MAE 7] EE A oF Gtk — ol L £ F Aol B A ok WA A T,

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:
(th= sl o] A of] Al)

4 A string literal appearing as the first statement in the function body is transformed into the function’ s ___doc___ attribute and therefore the
function’ s docstring.
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(o] sl o] A ol A AI)
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section & <. A function call always assigns values to all
parameters mentioned in the parameter list, either from positional arguments, from keyword arguments, or from
default values. If the form “*identifier” is present, it is initialized to a tuple receiving any excess positional pa-
rameters, defaulting to the empty tuple. If the form “**identifier” is present, it is initialized to a new ordered
mapping receiving any excess keyword arguments, defaulting to a new empty mapping of the same type. Parame-
ters after “*” or “*identifier” are keyword-only parameters and may only be passed by keyword arguments.
Parameters before “/” are positional-only parameters and may only be passed by positional arguments.

W 7 3.89]| 4] ¥ 7: The / function parameter syntax may be used to indicate positional-only parameters. See PEP
570 for details.

= “: expression” HE|Q] o H oA 7 5 AH
= =y F )] LH] *identifier U **identifier JEfR X 185
£ W% = Ho] 2k “> expression” @9 WEH(“rewm”) o] 1B o] 4 & 1A
o otz Ftol B A olH oW Aol A B £ 95U T) o] - H o] A 4 A
ou]E vl ekE Ut o H o] e g4 A annotations_ o]EEHE A uH7Ht§_Z,:
o] o5& 7|12 St= gAY E Y o= Xﬂlg Ut} _ future_ 9] A] annotations &
B4 @3 o] o) o] A2 AP EAEE HEPUnh 234 Fod
o 38 7F Ut ©] oTOLEHOVH_S L FTg UL E A OE A Z B2
o =
ks

A ZA A7) 30, 018 gl B ()8l AAH A e P wEE A

=)
=
r
>
Ir
lo
=)
=
'
b
-
al(f
An
é

342 A§ ST, Do Lambdas) A AN A AU ) ek E A

Q) @0l A vhA] ShrThe Aol 2O BAL; “de” BRI A FE I

I A" ADHAY o2 oSl e 7 luvh of e e} 2= Agst

5t7] wjEoll, “de " FE| 7} AHA T 7“””“41’%

1&: g = HJ2E F 2 (first-class) AR h T A o] <ol A A= = “def” &

Ae A T8 ZFch FH= f“—’FOﬂH AHEE = AR
53 "%‘Aﬂiﬁe‘—’? %l"‘/li}. o A g W82 o] 57 A

oo R b o 1o el o2 R
I rlo >l rﬂ

Bofellt [ @ >0 O fd o N
>

o oL Iy

o ®7]:
PEP 3107 - $4= o] ¥ o] A
P of o] 9 H & 7.
PEP 484 - 3] 3l &
o] iEﬂ o] Mol th g &
PEP 526 - ¥l o] - H o] A
Ability to type hint variable declarations, including class variables and instance variables.
PEP 563 - o] ;¥ o] 48] A ¥ B}
Z A BIFSHE Al YA 7k of Bl o] A BAD BA 02 W EF o] of im0 A ol A9 2
RES B LIRICH
PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP 3129.

o

oJu] 49 3
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8.8 EallA Mol
S Y= A2 AA (R AS A HAL)E AT Th
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" [argument_Ilist] ")"
classname i= identifier
Ze2 B e A 7T B YUTE Al (inheritance) 552 HE Wo]x FYPAEY] BEES AF
st (5 alm AHgoll el A= v e e~ & BAR), 559 A4 452 g 72 uf A2 ZH94dS
sgstes 2U 2 AA 7 Holok duth As 550 fle FULE, 7EH R, Wolx 2T X object

SAsTUE; 28X

class Foo:
pass

o s ST

class Foo (object) :

pass

Zeje] A9 et AR WSOl A9 o § B Aeje] A o] F FHE AEFHE A AY =Y
(o183} < 4 (binding) & HA L) NA ABFUT (LF, 2L P §5 9SS ZFFUTh)
Zeja) A9ES A2 vhAE, 4B A AL A HA W, TR A o) F FHe HEFYTL
A e, AS BES Mo 2 FALER, HED AY o] F B 2 RE SAU el A A
o2 AANE HEU 2o 29 o EL A9 A9 o F FAA o] Feh2 ARG APt

el vhelo A o 2 e HEA RS & AL, A A2 dict o BEFULE o] 2 St
g ol 2 2 ol 4 2ol A A% & 4 ek Aol 9 s of g ot

B2 BN A & ZULE
Sojs gL g 2ol s 8 A8 A A5 AsE o

o)z o Haelol g e mA Y Hmel o =2 4 9)

=

i
I

i

rulm

1
‘l_

il
o

Qfl (arg)
Qf2
class Foo: pass

£ ok S5 g

class Foo: pass
Foo = f1l(arg) (f2 (Foo))

selo]H BRAY e TaE 7L 45 vl mdlolE g 24Utk 18 the 1 AR 2o o) B
294k,

WA 3904 WA Classes may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

=220 9] A Tl Al A AL WEEL Fehs o=l HEYU o) A5 e Al
A3

4ol 3R daBs o =R WA A sels.nane - value 2 43 & sl
o] G S| B o .2 oot maner SN 5 A A8 5, 08 A AL
ﬂdé%éﬂEﬂ%E%é%1EﬂiﬂAﬂ JHEES AUk S92 ojEREL Adads
AEUHEY 7| RGO E AHEE 5 AT, /b hS A I AL o PHA e FNHE E 5 A5
oh O AgE B e 7EANE 2 daHs ¥e s RErY A8 5 A5y

o BW7):

S2esvtto) A A £0E 54 FAD elH UL 108 F) _doc FEOE WEkH o Fejae] SAEH o
Ay
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PEP 3115 - 5}o] & 30002) v e} Za) A
HEet ZH2 AAS AR Bz HAS L, WE FHaT) = S FAS
H 7 3= A ok
PEP 3129 - 28 A 9| 28] o] €]
S » vl Ze o8 & 715k Al St vl = ol Z 8 o] Bl PEP 31891 4 =5 5y th

oL
ol
rlr

)
i
1o
Lo
A=)
rt

89 3

4m

WA 3500 F7}

8.9.1 AFEl &4 FHo
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list]

["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def o g Aol St A F2E T2, await Y async 7| Y EE T3} R 9=

t
AUt
i)
5
o
jus)
=
Au)
o,
=2
>
Y
H
D
)_l
[oN
Hh
n
O
=
k
e
o
S~
>,
ofo
o
rle
Y,
o
n
=
]
e
V)]
><
&
H
=
(@]
[n}
A
°
v

async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

WA 3.7 W7 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
H]E 7] ol Bl el & & nl5 7] ol B g ol Bl & AR Whete _aiter WA EE AFsHaL, HE 7] o€ 8l
OJEl& AHA9]  anext WA Z o] A H]Eﬂ Fce 5234 92Ut}
async for & HE7] olE &l thgk Al g o] Bl gl o] d & 3 STt
R RaERSS
async for TARGET in ITER:
SUITE
else:
SUITE2

ol 4o 2 Bg 7} 55T

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

TARGET = await type(iter).__anext__ (iter)
except StopAsynclIteration:
running = False
else:
SUITE
else:
SUITEZ2

Seealso  aiter () and___anext__ () for details.

FZE g9 vy qHoll A asyne for & AFR3= AL SyntaxError Y4y Tt}

8.9.3 async with &

async_with_ stmt = "async" with_stmt
5] AEAE B A} £ enter S exit A EN N ARG DA FAL 5 Y A AE Fel A QuTh

(SR e AR

async with EXPRESSION as TARGET:
SUITE

oul e the3 S5 H T

manager = (EXPRESSION)

aenter = type (manager) ._ _aenter_
aexit = type (manager) .__aexit_
value = await aenter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not await aexit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
await aexit (manager, None, None, None)

Seealso  _aenter () and ___aexit__ () for details.
FFE &5 vty Jholl A async with & AFH83F+= 22 SyntaxError §Uth
o ®H7]:

PEP 492 - async £} await & -& A}-8 3}
FEEZ sto| oA A5 =1

=
T

)

o M
oo r

ol

o v, Ade FrH Al
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shol i IHZE L o ¥ Hx 2HZRE 9P 2 5 dFUTh BF 9o 2 A%z
A2E 239, faP oz 498 2, BE 42 3D 55, o 3L o] AT AEH & BULAF

Ut

Aol FZo] o 407 o] Az g 17HJ_E“QLZ]% ug 4 é = QA9 &A% ol A
Zzzadolgt=NdS 2= AL 227 syt &4A ‘JJJr ol RIS H Ao R 27|5HH
oM AdYFUth REWZF EFEE O] A25 A9 sys (& A]/\Eﬂ Au|2E)8 builtins
(W7d 35, o9l &, None) ¥} __main__ 0]£]9] oj = 7}357]5}32] F ks U th ubx e 22 st
Z2 IR AYE st A I A o] F TS AlF- 3= ol AHEE Y Th

S spolH Z2 T8 FHLE TS Ao AE = oY 989 Yyt
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Hol 3t 24 (BFEE 7Hssith A QoA Adgstyct. 27 42 A3 =2 395 25Uz
TS _main__ 9 o]F Ftol A AyF Yrh

Sdst zz2 e M 7R FJElZ AdHZ | Hol A AEE 5 AdFULh: —csring Y FHALZ, A
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B2 SUFYLH 28X god 2 9 d S ddst =2 a8 o2 APt

file_input = (NEWLINE | statement) *

o] ¥ tha I & &l A YTH
o (FYo|} EAG2HE &) R ghol A T2 TWS 5k u);

127



The Python Language Reference, & 2|A 3.11.11

9.3 CH=ald &3

B3P o)A Qe b 2 B 8L ATtk

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

&35 B2 NP REoA ¥l &8 FolF oF Foll el oF Fuith oA 7F g8 o 2 A sk
ol 229tk

52 95 eval () o] AHEFHUTH ol 2= TS ZAFUT eval () o 2L A=
o P4 el oF Fth:

eval_input = expression_list NEWLINE*

0>
0
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o] A& CPython & &4 7] & A /3 3h+= Tl /\P%E]%:‘?:tﬁ‘)ﬂﬁ A o8 E, A stold X A dUTh
(Grammar/python.gram< FZ 3} A L). ol HAL F= AT o] Ex o AHA N FRE kg

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

# == == = START OF THE GRAMMAR ====================

General grammatical elements and rules:

* Strings with double quotes (") denote SOFT KEYWORDS

* Strings with single quotes (') denote KEYWORDS

* Upper case names (NAME) denote tokens in the Grammar/Tokens file

* Rule names starting with "invalid " are used for specialized syntax errors

— These rules are NOT used in the first pass of the parser.

- Only if the first pass fails to parse, a second pass including the invalid
rules will be executed.

— If the parser fails in the second phase with a generic syntax error, the
location of the generic failure of the first pass will be used (this avoids
reporting incorrect locations due to the invalid rules).

— The order of the alternatives involving invalid rules matter
(like any rule in PEG).

Grammar Syntax (see PEP 617 for more information):

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# rule name: expression

# Optionally, a type can be included right after the rule name, which

# specifies the return type of the C or Python function corresponding to the
# rule:

# rule_name[return_type]: expression

# If the return type is omitted, then a void * is returned in C and an Any in
# Python.

(TH5 sl el Aol A)

129



https://github.com/python/cpython/tree/3.11/Grammar/python.gram
https://en.wikipedia.org/wiki/Extended_Backus%E2%80%93Naur_form
https://en.wikipedia.org/wiki/Parsing_expression_grammar
https://peps.python.org/pep-0617/

The Python Language Reference, 2!2|A 3.11.11

(o1 sl o] A ol A] Al )
el ez
Match el, then match eZ2.
el | e2
Match el or eZ.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, 1like so:
rule_name [return_type]:
| first_alt
| second_alt

=

e )
Match e (allows also to use other operators in the group like '(e)*')

[ e ] or e?
Optionally match e.
e*
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
S.et
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e

Succeed if e can be parsed, without consuming any input.
e
Fail if e can be parsed, without consuming any Input.

Commit to the current alternative, even if it fails to parse.

S o H e R HR R R H e R H S R H S R HR R R R R R R R R R

# STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# GENERAL STATEMENTS
A e

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
# will throw a SyntaxError.
simple_stmt:

| assignment

| star_expressions

| return_stmt

(TH5 sl el Aol A)
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| import_stmt
| raise_stmt
| 'pass'

| del_stmt

| yield_stmt
| assert_stmt
| 'break'

| 'continue'

| global_stmt

| nonlocal_stmt

compound_stmt :

| function_def
| 1f stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# SIMPLE STATEMENTS

# S=============c==-=
# NOTE: annotated _rhs may start with 'yield';
assignment:

| NAME ':'
[ ("

expression

['="

single_target ')'

| single_subscript_attribute_target) ':'

T

| (star_targets )+ (yie

| single_target augassign ~
annotated_rhs: yield_expr |
augassign:

‘ V=1

v v

N @ %
Il

v v

o
Il

> — &
Il

v v

="

P
Txkk—1

\
\
\
\
\
\
‘ A\l
\
\
\
\
| '//="

return_stmt:
| 'return'

raise_stmt:

annotated_rhs

1d_expr |
(yield_expr

star_expressions

[star_expressions]

star_expressions)

1

expression

| star_expressions)

| 'raise' expression ['from' expression ]
| 'raise'
global_stmt: 'global' ', '.NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

del_stmt:

[7=0

(o1 sl o] A ol A A1)

yield expr must start with 'yield'

annotated_rhs ]
[TYPE_COMMENT]

(TH5 sl el Aol A)
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(e] s o] A ol Al Al
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt: import_name | import_from

# Import statements

import_name: 'import' dotted as_names

# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:

| '"from' ('.' | '...')* dotted_name 'import' import_from_ targets

[ "from' ('.' | '..."')+ 'import' import_from_ targets

import_from_targets:

[ '('" import_from_as_names [','] ")’

| import_from as_names !','

‘ Tk
import_from_as_names:

[ ', '".import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS

# ,,,,,,,,,,,,,,,
block:
| NEWLINE INDENT statements DEDENT
| simple_stmts
decorators: ('Q' named_expression NEWLINE )+

# Class definitions

class_def:
| decorators class_def raw
| class_def_ raw

class_def_raw:
| 'elass' NAME ['(' [arguments] ')' ] ':' block

# Function definitions

function_def:
| decorators function_def raw
| function_def_raw

(TH5 sl el Aol A)
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(o] A sl o] A ol A Al
function_def_raw:
| 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—block

# Function parameters

# ,,,,,,,,,,,,,,,,,,,
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_no_default_star_annotation param maybe_default* [kwds]
|
|

'x' ', " 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_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?
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| param default? TYPE_COMMENT? &')'
param: NAME annotation?
param_star_annotation: NAME star_annotation

annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default

# If statement

# ____________
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_Dblock:

| 'else' ':' block

# While statement

while_stmt:
| 'while' named_expression ':' block [else_block]

# For statement

# ,,,,,,,,,,,,,
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 statement

# ,,,,,,,,,,,,,,
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 statement

# ,,,,,,,,,,,,,
try_stmt:
| 'try' ':' block finally block
| 'try' ':' block except_block+ [else_block] [finally block]
| 'try' ':' block except_star_block+ [else_block] [finally block]

# Except statement

except_block:
| 'except' expression ['as' NAME ] ':' block
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| 'except' ':' block
except_star_block:

| 'except' '*' expression

finally block:
| '"finally' ':' block

# Match statement
match_stmt:

| "match" subject_expr ':
subject_expr:

| star_named_expression '

| named_expression

case_block:
| "case" patterns guard?

guard: 'if' named_expression
patterns:
| open_sequence_pattern
| pattern
pattern:
| as_pattern

| or_pattern

as_pattern:

(o1 sl o] x o A] A<

['as' NAME ] ':' block

' NEWLINE INDENT case_block+ DEDENT

, ' star_named_expressions?

':' block

| or_pattern 'as' pattern_capture_target

or_pattern:
| "|'.closed_patternt

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'

_V)

# Literal expressions are used to restrict permitted mapping pattern keys

literal_expr:

| signed_number ! ('+' | '
| complex_number
| strings
| '"None'
| '"True'

_')

(TH5 sl el Aol A)

135




The Python Language Reference, & 2|A 3.11.11

(o] A | o] A oA A A%)
| '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

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !H_H 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_patternt+ ','?

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '"*' pattern_capture_target
| '"*'" wildcard_pattern

mapping_pattern:
(TH5 sl el Aol A)
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‘ l{ \l |} }l
| '"{' 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 ' (
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')'

ll)l

' positional_patterns ','? ')’

positional_patterns:
| ','.pattern+

keyword_patterns:
| '",'.keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# EXPRESSIONS

expressions:
| expression (',' expression )+ [',']
| expression ','
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

yield expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

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
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assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':="'

disjunction:
| conjunction ('or' conjunction )+
| conjunction

conjunction:
| inversion ('and' inversion )+
| inversion

inversion:
| "mot' inversion
| comparison

# Comparison operators

comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or

compare_op_bitwise_or_pair:
| eq bitwise_or

| noteg bitwise_or
| lte_bitwise_or

| 1t_bitwise_or

| gte_bitwise_or

| gt_bitwise_or

| notin_bitwise_or
| in_bitwise_or

| isnot_bitwise_or
| is_bitwise_or

eq_bitwise_or: '==' bitwise_or
noteq_bitwise_or:

[ ("!='" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
1t _bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise or: 'mot' 'in' bitwise_ or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_ xor:

| bitwise_xor '”' bitwise_and
| bitwise_and
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bitwise_and:

| bitwise_and '&' shift_expr
| shift_expr
shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

# Arithmetic operators

# ,,,,,,,,,,,,,,,,,,,,
sum:
| sum '+' term
| sum '-' term
| term
term:
| term '*' factor
| term '/' factor
| term '//' factor
| term '$' factor
| term '@' factor
| factor
factor:
| '+' factor
| '"-' factor
| '~'" factor
| power
power:

U

| await_primary factor

| await_primary

# Primary elements

# Primary elements are things like

—"obj (something)'", "obj"
await_primary:

| AWAIT primary

| primary
primary:

| primary '.' NAME

primary genexp

”Obj

\

| primary ' (' [arguments] ')'

| primary '[' slices ']'

| atom
slices:

| slice !','

| ','.(slice | starred_expression)+
slice:

| [expression] ':' [expression] [':

named_expression

atom:

.something.something"”,

', ']

' [expression] ]

(o1 sl o] A ol A A1)

"obj[something]",
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NAME
'True'’
'False'
'None'
strings
NUMBER
(tuple | group | genexp)
(list | listcomp)

(dict | set | dictcomp | setcomp)
Al Al

[ "('" (yield_expr | named_expression) ')'

# Lambda functions

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash no_default lambda_param_no_default* lambda_param with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param no_default+ lambda_param with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ', '
| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param with_default+ '/' ',
| lambda_param_no_default* lambda_param _with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ "*' ', ' lambda_param maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds:
[ "**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME
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# LITERALS

strings: STRING+

list:
| '['" [star_named_expressions] ']'
tuple:
| '('" [star_named_expression ',' [star_named_expressions] 1 ")
set: '{' star_named_expressions '}'
# Dicts
# ,,,,,
dict
| '"{'" [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:

| "**' bitwise_or

| kvpair
kvpair: expression ':' expression
# Comprehensions & Generators
for_1if clauses:

| for_if clause+

for_1if clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| '"for' star_targets 'in' ~ disjunction ('if' disjunction )*
listcomp:

| '"[' named_expression for_if clauses ']'

setcomp:
| '{' named_expression for_if clauses '}'

genexp:
[ '"('" ( assignment_expression | expression !':=') for_ if clauses ')'

dictcomp:
| '{' kvpair for_if clauses '}'

# FUNCTION CALL ARGUMENTS

# m=m=mmm—m———————————— oo
arguments:

‘ args ['I'J &l)l
args:

| ','.(starred_expression | ( assignment_expression | expression !':=') !'=")+_
—~['," kwargs ]
| kwargs
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kwargs:
| ','.kwarg_or_starred+ ',' ','.kwarg_or_double_starred+
| ','".kwarg_or_starred+
| ','.kwarg_or_double_starred+

starred_expression:

| '*' expression
‘ Tx!

kwarg_or_starred:
| NAME '=' expression
| starred_expression

kwarg_or_double_starred:
| NAME '=' expression
| "**' expression

# ASSIGNMENT TARGETS

# 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_seq] ']'

single_target:
| single_subscript_attribute_target
| NAME
| '"(' single_target ')'

single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

t_primary:
| t_primary '.' NAME &t_lookahead
| t_primary '[' slices ']' &t_lookahead
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| t_primary genexp &t_lookahead

| t_primary '(' [arguments] ')'

| atom &t_lookahead
t_lookahead: "(' | '['

# Targets for del statements

del_targets: ','.del_ target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom

del_t_atom:

| NAME

| BN

[ "('" [del_targets] ")

| '[" [del_targets] ']'

del_target

# TYPING ELEMENTS

# type_expressions allow */** but ignore them
type_expressions:

| ','.expression+ ',' '*' expression ','
| ','.expression+ ',' '*' expression

| ','.expression+ ',' '**' expression

| "*' expression ',' '**' expression

| '*' expression

| "**' expression

| ','.expression+

func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT)
| TYPE_COMMENT

# == == =

Tk T

START OF INVALID RULES ======

(o1 s o] A o Al A<

&t_lookahead

expression

# Must be followed by indented block
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See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.
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complex (real=3, imag=5)

complex (**{'real': 3, 'imag': 5})
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asynchronous context manager (B] % 7] A€ A& &2z}
An object which controls the environment seen in an async with statement by defining ___aenter__ ()
and ___aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A Eﬂ 0] E])

H5 7] Al ol g o] g & oy & F+ 4. async def 2 B9 H = ZFH T H Ho
=4, async for FZ7} /\P%ﬂ w °‘% P FES UL yield BHALS Z ST Ao
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Hl5 7l A dloly g e await RAA M, asyne for 3}, async withE< ZEE 5 5

U,

asynchronous generator iterator (W] 7] A1 ] o] €] o] €] #]| o] ¥])
H5 7] AV g ey g7l e+ AA.

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yie1d expression.

Each yieldtemporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by ___anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asynchronous iterator (8]% 7] o] €] & o] €])
An object that implements the __aiter () and __anext__ () methods. __ anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s
___anext___ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E ] H-E
A value associated with an object which is usually referenced by name using dotted expressions. 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 2] & 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 ().

awaitable (o] $Jjo|E] &)
An object that can be used in an awa it expression. Can be a coroutine or an object withan __await__ ()
method. See also PEP 492.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
A file object able to read and write byfes-like objects. Examples of binary files are files opened in binary
mode ('rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str AAE g3 & 5 U= 3L Ao A= HAE 5t =

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 strong reference to the object and so destroy it.

wy

Z3hA 8.

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.

bytes-like object (W}o] & Q& 7))
bufferobjects & X Q3L C-A< HHE X E & ¢ 9l5 T o —'Ememoryxuew AA =
E 20|31l bytes, bytearray, array.array A5 43U} vHlo]|EEF AR &L v}o)
g tolH & tF £ oy 71K Ad4tsdd AMEE £ JdFUth 45, vielv g Y2 A, A7
AL E2 74:0] AT

o A4t viojuvi g dlolE 7 7h A A Z 87 5 Uth o] Ao ABA= FF “¢lal-
» 71 nlolEdG = A7 ety AT 7HH W AAQ o2 bytearrayﬂ]—bytearrayJ
memoryview 7} 55U Th T2 A4ALE2 vtojy g HlolH 7 B AA (“917] A& vl EEF
AA) ) AFHEE 27U o)A A5 2+ bytes 8 bytes AR Q] memoryview 7}
A5yt
bytecode (H}o]E F &)

ol A~ FEFHlo|E FER e =, CPython AEZ e el A Fho]H =2 T 7
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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, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (&)
A7z A = ulelel o A Aol AWD Ax 2 B4

class (Z|»)
S EELE
EHANAEAYES
class variable (Z | A~ HS)
2o A FoH I ZFHA FF (F, FH2Y Axdb a0 7)oy} o ATt A = W
complex number (&4 4)
A5 A5 NS BRAG, BE FAT A A
Ao 3¢ (-1 AFD)E F AU, FF5 oA+
Shol e FAle] F7ME 2L BARE AR A AT Th 552
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context manager ( Z—l_E_‘lé.E. &2l A
An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit___ () methods. See PEP 343.

context variable (&l A E W 4)
A2 of mel 02 gk 71 4 gl W ol 2 A 28| = 7)ol o] e ghe 1 5
Ueade-28 AFae vy 1y L] HE B3l shube] A A= of g
ddnms sl glom A aE e 3 gRE FA T
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coroutine function (Z. €l 34)
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stol ZR I Aojo] FHAQ 73 ?ltﬂ python.orgol| A} ¥} Z g ]t} o]
IronPython 3} 22 th2 253 72T 871 & w80 “CPython” o] AH-&-F
decorator (t] Z & o]€])
02 d4E Ee5E 5 U, B8 wrapper TR AMS S E HE o E AUt H 2
o] Eﬂ./] E?} o = classmethod () & staticmethod () Y th

dseols BEe B W BHY BTk e F @4 A9t u o S5k

s N

def f (arg):

782 Jython ©] L}
U,

f = staticmethod (f)

@staticmethod
def f (arqg):

L J

22 hge] Fezolx: 2ASHA v & 2k 22Utk dlZE o] g ol the B A S 8- o
go| g 2e) 2~ Ae] o AAE BE Pk,
descriptor (t] A= 2 E])

Any object which defines the methods ___get__ (), set_ (),or __delete (). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

Dz g WAESe e AAF YL o2 e TE e OaadE A A
Uk

dictionary () A1 &])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with

__hash___ () and__eqg () methods. Called a hash in Perl.
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dictionary comprehension (5] A1 2] .—ZE] 3 A)
olElZl Bl A= 24 FAY RS At 235 F2 MU E W
results = {n: n ** 2 for n in range(1l
MUelE AU B2k, A9 g el o] taE e o] (display) = FESHEA L.

dictionary view (5 A4 2] )
dict keys(),dict.values(),dict.items () HAEZI S8 F= AANES 9 Y8 et

FUh oA gAY FEEo e 54 4 %—3— Algst=dl, 9qde 7t i dE o, F 7}

O] tB_E]'E Hldsith= =yt gAY HE ‘?:]‘ A3 YA2EZ v HE list (dictview) &
AFL-3HH FH Ut} dict-views S H A 2.

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (Y] €}o]3)

SH2 AE 0] 28 A A BRSEA AA S F WA G 220G 20 A, B
HAEY AERENGISH AU ASFUTH (“LBAFH Holx ﬂﬂ?’d AAAGHE, 172
egty”) 5433 iAo Qe o] AE AT 2N, Z AAH I == P HQ XSS &3
oz2M FA49& NI+ Y5 Ut H Bols2 type () oW isinstance () & AHE S AAMS
gk (SHA R © BRolsg o] 4 Hﬂ oj ZElf~ 2 HebE 4 9 Z ol Fo i oF Futh) Tl
hasattr () AAF} EAFP :_Lilﬂ]“g 2 &Urth

EAFP
R = §4 &5 F317]) 71 ¢t} (Easier to ask for forgiveness than permission). ©] £3] 2 4= 9=
gtol A T AL, SHIE U o EFREY A E 7Pk, 2 VM o) £ W 9 E S
Ut} o 2B WE AEAL BE c 9} except £ A2 SR Gk o] HAYLC

9} 2o T2 BL olojol| A A} AJ&E = LBYL 2~ 3} b F U T

expression (%3 2])

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
xAozg, BE A FAES AN AL obdUth whileXq, EHA 0 Z AT+ Q=
T sl dsuUth oY =3 o)A, ¢ 4 o] of gt

extension module (2%} E-‘é)

f-string (f-F2}4)
£ R S el B BAD HHYES B3 LEAD oletn F2iw, U £A4Y 2
o] 2t PEP 498 & H A&

file object (3} 2 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA 2 M BEF7FY 3td AAEo] JF YT Eraw) BFo] v 2] 31, ¥ 3 = (buffered) H}o] 1 2] 9},
HAE 312, o] 59 S EFH oAt io BEIAA AP ULt 31 AANE vlE = FHAQ B
open () &FE 2E 2tk

file-like object (3} 7 24 A))
< A 9 vl

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating 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.
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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 (3}¢1t])
ATEID REL YT 2] 2 Fod A3k 4.

Tpol R 33. o] F 2, F F 7 A} U5 U sys.meta_path & T AHGsh= v E A=
3191 2} sys.path_hooks 3 A AHE3tE 4 =2 dEE] 5k,
o] A}A| 8 U &2 PEP 302, PEP 420, PEP 451 o] U-&U T},
floor division (3 4> = A))
7V Ve A2 WEshe 3 Al A5 vl dAe // th g Sl 284 11 //
49 L 27 H AL A Al e 2 758 EHEUT) (-11) // 47}-2.752 Y 3 -30)
Hof 59 5) oF Tt PEP 2382 H A Q.

function (g+4)

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Ao AFgE F AFUth w7 e v A= 2} 3h Fo] AT HAQ
function annotation (T4~ o] - E o] H)
3 7he] ol H o] A
)

34 ol 4
A

S olEH o] d 2 dtA

° of, o] Y4t T A9 int AXHE
WolEd Rog 7| 2, 54 3

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Tﬂ-/\cﬂl«ﬂ]o]k}% .‘9_.?'5‘3 2 9] 7(401]/\-] /\JD:]‘quE].

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

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}8] X] 4~ #)
O S A 9 vl 228w ek Ak shol M Fx B4 2 AN Fx TS PAFLFS 5
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aold 4 ATk

generator (| & o] €])
Aol E olE @ olH & B8Rt 34, dut g4 d Hoj=g), 989 gEL B yield
B3 AL 233rh= Ao 1‘/}—1,]1’/} o) ZFEL for-FZ 2 AFE 3} A Y next () 42 3 W 3}

0 AD 5 s,

HE A Ug o]E] 342 7he 7] A v o] ® Emol| A= A g o] E o] EdolE] £ 7tel Ut o %
Sk o) 7F g ghetA] ek A

ju

generator iterator (] & o] €] o] €] o] E‘])
Azl ol s g7t e A A
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Ztyields YAHC R HElE F9eta, I X9 (A LS 7] 5 ay-+
AP AEE 71U th Alddoly olE gl elE 7 ATHHHE, ®
M2 Ak o thul g Y oh.

generator expression (FQ] v#ole 3 4)

olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
P AW R AW HYUTE A8 FAAL B8 FFE QD FEL BE UG
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A W] g §4)
22 e Az vge dedd e FE oy de 44
E]/\JHX] Gl os) 24Uk

A2t~ o] FEF} functools.singledispatch () U & 0] E] S} PEP 4435 H A 8.

b

5. 5E W o H THo] AR L

generic type (A]u] 2 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (H & ¢Qle] = 2 E &)

3 ol 27 shupe] a7k shol A ho) = 3= & AYSHES M) 98] CPyihon Qe 2
B} ARSI WA U F. (dict 2 2 SRR YFAEE Eekoli) A7 Bllo] SAHOR B A
o 4] 2:0] thal oA SE S 95 0] A CPython 78 sl WU o). Bz ele] WAl e

_4

AL HZEHE tEad =335t gA HEE= oA
Be RS 54,
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/O.

A, o 4&*1]/\1 VA7 A Zee HeE Ao

& ° nAsHA F 4 tl o] & F1w) “2d =9 AH 22 (free-threaded)” QVE| Z 2] B & RF= 1L
X}ﬁ} A =8 g H oA e, TS GY 2 M A F-29 A As7T A S wlE Y
Utk o] A5 ol E FESE 22 73S 2 {5 ©rEolA fA v &l ¥ EojZ e R

o A A2 %%WD}

hash-based pyc (3l] ] 7] 4} pyc)
FEAS IE] 8] A aa FdY FHF 5 A7) obd A& ARE- B HFO| E T E ) A]
T A E vpolE I= R RIS FREAL

hashable (3] A] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (itneedsa____hash__ ()
method), and can be compared to other objects (it needs an __eqg___ () method). Hashable objects which
compare equal must have the same hash value.

Al 7L AAE gAY AU A W E AL 5 QA s, ol AR FREC]

WRA o 2 s A gk AHEEHY] W2 Yy ok

Ol kol ] 29 U AAEL SN T G Tk (B AE Y SA W 2 7 Ao e

287 ek Th (F& o) frozenset 2-2) BW ABo] 5L 259 R 4 50] 34 s

HA] 7HsFUh AFEAF Y e ?li‘?jé AANSL 7|RA oz A 7453 ch (2]
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

immutable (£4)
DAY S e AR, B AN 54, B, FES 2R o d ANSL WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

Aw 7ol 7 QEE G RES 27§96 AASE A4 (EE A% A= Ax
E 3t 59, 0] 3259 522 HE sys.path 2R fUTh AT AE 57 Ae) A R
17149 _path_ olEPHERREH & 5E U5t

importing (¢ 2 ¥))

S RE vlojd =V HE BEe vold ZEM AME 5 R 5 Sk dAk
importer (Y Z€])
BES 7% 8t 25 37| % 3k AR S A0 1ol H o] 2 2 AA YUt

interactive (t]3}3)
stol e th3td QB Zel e g 20 gliv], ABZE TELEA N A RAA L L S
93, =7 AHY A¥E 2 5 9k EYUth Azt glo] BX python S AW FA L (A FH )
Fol A AR A% 452 5 ARUTh. A okoltlol & AAAL R E A7) A & B
R = w9 7 sk urH AUt (hel = 2)

interpreted (QJE] Z 2] E] &)
apol = T = Ftdele] 24 uf

2

o 7 o] B38| A 71 A T, shol W2 A5k o) 7k o]
2 AElZ el ol T o) AL HAHoR 4 RAE WA ik, 283U 4 AW
+RE A5

[e] = =

T Atke= “?QHD} Jz2ao] & A3 A 7= 3HA wh A ez E Ao
dojRo} g2 /U 71 25 Uth tighy

interpreter shutdown (Q1E] = 2JE] £78)
FTEEE 8 S S u, Jfol A

AHZPE £2Y FH JAL AYFHE  main REOIUAIHENAFL ZUYE= AUt

iterable (¢]E]3] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any
classes you define withan __iter_ () method or witha ___getitem _ () method that implements se-
quence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () ordeal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple it-
eration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use itin a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T ZpA g Wj-§-©] Q15 Ut

CPython 5=3& %} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] g4)
7] &4 &+ Zd ] A (collation) T+ A E (sortmg) o]} vl & (ordering) ol AH&-=] = F
ZHEYUTLE o & £9, locale.strxfrm() 2 ZAL EA YA 2= AHE 7
AHSE YT

ol MY W =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

[o
FE it
r[r N

& rr

2

g

There are several ways to create a key function. For example. the st r. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] 9] & 21 x})
12 & HA L.

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Yt}

LBYL
= 7] F ol B2} (Look before you leap). ©] 1 AEY L TZ 0]} 23| & 317] Aof] HA| Ao = AFA
ZAES AU o] 2842 EAFP AW | = 1, B2 ir 7 EAE SZA A H Yt
thF 28 = S o A, LBYL W -2 “H 7|7 &} “H 7]” 71 76‘7%‘ e J%ﬂ] Aol d5ul
t}. o] & 59|, ZE if key in mapping: return mappinglkey] & AA} X, 3} A 9k 23]
Ao, o2 28 =7} keyE mapping | A A/ ASHH Ao 5 5y oh O]ﬁ o]+ 5 ©] 1} EAFP
AW A TeEN ldE 5 s Ut

list (2]~ E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E #A Z 2] 3l A)
AALS) RAE AR EL ARE AST 1 NS AR BT AR
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &
L AT 1615 (Ox) B LY £ADS A2ES UL 04
Y23t H, range (256) o] Y= EE 847 A YT

loader (2 1¥)
EES Z2E3E AA. load_module () o]8E ]%—9/] HA =
A 7k =¥ FUth AHAIEE W82 PEP 302 &, 74 o] =~ 2
£ HA Q.

o

2
Nm
UlH
S
-
o
=
30

2 Aolsfor gtk 2H L BE 3}
ol

importlib.abc.Loader

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (W} 2] v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examplesinclude dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o Ao B FL shel). e} A= el e 22 ez sl o Bes ol
9171 % B A e b,
el A2 37t F86t= HAEE A= importlib.abc.MetaPathFinder & HH
U,

metaclass (W€} 28] 2)

¢

Fezo o SU2 A e FHz o, S MY e, Hola ZaEl H5E WYY
m el ZFej 2t o] Al AAHE WhobA %Eﬁi‘é U&Et Aode Atk 2] AA A g z = e
8ol 711??1;2 AFgFUch steln g SHEA V=L A2 ALY He FH 25 WHE 5
O]D]"C %ME}- HEE AL A oAl ol =7 A 2 fAW, Dot A of, ve S e
FEstal fopgt e AT P Utk o EFRE "—.*l/‘/l 27 (logging), 28 = AFH ] =7},
AR A F4, HAFE TEAH L2 O Ao ALFHS U

v e Zef 2 oA B A g2 2 5 s Tth

method (W] 4] &)
S~ by bl A Bou = . 1 ZHag <l
A WA A2} (BF self )
BAL

method resolution order (W] A& A A 4 A])
]

HAE 2 A= 235 S AHE A= Hlola ZHAEY AYUTE 23 e AR
stol A AE Z | Ef o] AHgH &g Fo A 82 The Python 2.3 Method Resolution OrderZ
B gy

module (2E)
stol FEo 2A 3 A9 E st AAl. BEL 499 sto| AAES & ol w4
ZrSUth BEL dxy AAajof o3 el oz 2 =HuUt)

72 & HA L.
module spec (25 A ¥))
RESEEScUH AR H - dZERAZESS HIL U
ModuleSpec o] AIAE A,
MRO
A= 274 A4 & HA L.

mutable (7}H)
7HA AA= grol A = AT id () £ A FAFTUL 0 = HAlL.

[«

|5 &7t importlib.machinery.

named tuple (V] Y& £Z)

“named tuple(] Q1 = F )" o] b §ol = FZol A A% 51 o] F £L o ELHES &5}
A2 G 4 9l fdo] M AT 4 Qi BE Poluh 2o o] A8F Tk Foluh Feh ol
e A5 E 9 5 dEyh

time.localtime () I os.stat () 7} BF&3}E 2H £ 3H5o], of 8] YA S o] Y d = EZJ Ut}
T o2 9= sys. floatfinfoﬂqr/]—.

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be
found in hand-written or built-in named tuples.
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namespace (¢]= 27
HE7E ARE = FA. o5 32 gAY 2 TG YTh AAlof S HE o] 5 &7 (A= ol A)
K4 =

2ok op e} Ao, W9, W o) F1ol etk ol B4 0% FEE WANN BEHS
APt o & Eo], S builtins.open Fos. open() 2 259 o] &t o3 +EE Y
0. E, ol & FAL OH B EO| Y8 FAFEA SRR BEOIA AE AT F4 Hp ol
TS .92 £0], random.seed () =X itertools.islice () &t 2 ¥ 1 4S9

Z+7 random 3} itertools BEEC) & +&H 5ol WYYk

namespace package (0] & 7+ 2} 7] A])
2 A B 7 A S A ol 2 7] 5 8= PEP 420 1 7] #]. o] 2 F 73 7| X = B8 A 9l A 7}

WS FE AL, 53] __init_ .py Bde] glom R At 974 9= thFUth
25 T HASL.
nested scope (£ H A7 =)
SR Yo A AFE FXote 5. o & S0, o2 &5 U FelA Fo = '?‘:-’FL upZ ghaof|
Q=L E2 AZXT L IS UL SHIA AFzE=7|EHdog = AXu 75T B L 5%
dethe Ao Tl ok Fth A MpS 2 7P e A5zl g ;Mu}. n}7pA] 2
A MSEL Fo o] 2 —g'—z_hﬂui 11 £ Utt nonlocal 2 HZA 2~2F o 2= AL & &3t
new-style class (F+ A€l S A

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’ s newer, versatile features like __slots__, descriptors, properties,
_ _getattribute__ (), class methods, and static methods.

object (7 A])
JH (lESREY ) EZF
o FExA HolA ZFgAadY
package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path___ attribute.

A 712 & ol B T IIA = HASL.
parameter (1] 7] 1<)

sl (Ex= T A E) Ho oA S e

£ A, ohi £5 ARG 9

2 (MAE) o] Fold RE HlolH. B3 EE A S

al
S1=8

o Y 2-719 = (positional- or—keywod) AAANA G 7| E A 2 ALEE & Y= AAEARZT
Utk o Zlo] 712 Feje] uj A5 Lieh o & Eof kel Al foo 9 bar:

[def func (foo, bar=None): ... }

o A1 X-A 8 (positional-only): A A 2T AFE 5 Y& AAE AL FUTE A2 A& iR+
4 Aol NG B2l / BAE THHT 1 Fol BT+ AHUt) o8 Sof g

]/K‘] posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 71 =-H & (keyword-only): 7| EZ T A FH 5 Y+ AAE AZFU 719 =-2 & v 7H
WA G4 A9 9 WA S B Sl A ol S Zhu-9) X WAL+ 8 2 E 3 A
A& 4 dH5 Yt ol E o], b2 ol A kw_onlyl 2} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7VA-9 A (var-positional): (T}2 w7 A4S0 &3 A] o] u] whol5o] 7 9] 2] AR T 3l)
A2 = Jde=AA AAEY Y AD2E AAZFYUL o wj b= v ) 5= o] 5ol
* 5 ol 2944 Y E 5 AFUh A& = thollA args:

[def func (*args, **kwargs): ... }
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o 7}H-7191 = (var-keyword): (Th2 W 7 =S of] &3 A] o] u] Rrof5 o] X 7] A A= H3H)
A=E 4 2}‘: dojo A4 71N E AAES AAFTULE o] mj M= w7 Mg o] Eo
x5 Qrof] oA HolE = FUtTh dlE Eof 919 ool A kwargs.

MASE AEA ARES AT /1 RRw oh e A Aol AL B AAEL AT F A%

Y.

X}—Q-Oi F &, ozt w7l 2] Apolof] Y2 +=FAQ A&, inspect .Parameter Z3 &, &
A o] A, PEP 362 BAL

path entry (3 2 dE2])
AR 79I 7 IXE F REES 7] A8 Fashs d2E A2 A st Fa.

path entry finder (F 2 JNE
sys.path_hooks 9] 91% ZHE (S, A2 dED F) ol e aely ], FoX H 2 =g

=
[e]
2 RES A PUS TT AF

path entry hook (F & A Ez] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (7 2 7]4} 3} 2l )
712 vel A= A HE F o], Y2 E A Z A BE

path-like object (7 F 21 A))
st A2 A2 5 Ueidl= AA. A2F AAl= 25 YERY = str U bytes AA o] AY
os.PathLike Z2EZ2 FT3dsE AA YY) os.PathlLike T2 EFZ S A Yot= AA =
os.fspath () 55 TS str Vbytes 3td A2 2= W 4+ Jd5Uth i os
fsdecode () & os.fsencode () & Z+Zt str W bytes A4S HAS=d AFRE 4 A5 Yt
PEP 5192 =5 <5 th

PEP

tjo
L)

FU e

5ol 4 741 A k. PEP= 5] 8 AR Elo] AHE A 387U vho] W = I mm Al i B
o BheH A2 7152 BEshe AA B4 YUTh PEPE A9HE 715 thak HA R /)% A o

27 AFsH ok T

PEPE 2 N2 75 & A<t A 11'41}71%14151 A=HE =3t sto] Mo S A A
A& TR TE7] A 712 W AYS I Utk PEP I3 2= AR YE Wl A o] & 53+
it o AS A8 & A Qo] Qls YTt

PEP 1 3% 3HA 8.

portion (3Z4)
PEP 420 o A Ao 5t ZAA 4, o] 5 &%+ 7| 7] A o] o] upA] 8= shute] tl el g 2o S0 3l g 59
A7 Gip Lol AFEH = A= 7Fs g oh.

positional argument ($] ] <12}
o)A E HA L.

provisional API (23 API)
%‘@ API= % ghol B 29 A T34
W37} o s A = ¢EA| w7 A o] 2t
) 5 8 Ao] F A5 A S8 o] 2ol
%%gaﬁwq APIE x3Hst7] Aol &
AUk,

}1] O_u

A7 API| A2 A2, 747 B840 §A5 A g WA e Ao Su7 o o ALY RE
489 2ASC] sl A EAYL fASE AP ROt RE AL AR

3
3
o] Aat= ZF ol B "4317}9—%
syt ‘31}/‘1]3}”19“0 P 4
provisional package (274 3] 7] #])
T APIE R A Q.
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Python 3000 (2} ] % 3000)
ho] R 3.x v 2hQle] M (WA 39 sj=7 ¥ njef ] o]of7|d Al Hof| gt % o] Fo|t}) o] A
2 “py3k” B Zo] 27T T T

Pythonic (3} o] t}-$)
£ o) Bol A QukA AYES AgaH 2=
| EoUAES 7Mtol 2=
for &= AHES A o Bl 2] &9

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬁ124
TAEo lormg, stol W 943

FeHE A S = Pt

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

for i in range(len (food)):
print (food[i])

o 2B, shol Atk W ol th

for piece in food:
print (piece)

qualified name (g 73} o] &)
Y A 23zoA Ego] Bod Zdx, T, A= ol2E “HARPE HoFE FoR
T8 o] 5. PEP 3155 o| A Aol F Utk 49 Fet Faf o] B, A43hd ol 52 AA 9
olFH ZFUh

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname

>>> C.D._ _qualname_

>>> C.D.meth._ qualname_

BEE /tEl7l=d AMEE ul, &A 3] AFSH ol (fully qualified name) & = 22 I 7| A&
ZPNA BEZ b o2 R o] 22 9 u]gUTh o 8 Sol, email.mime. toxt:

>>> import email.mime.text
>>> email .mime.text. name
'email .mime.text'

reference count (2 X 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon imple-
mentation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (737 =] 7] #])
Cinit .py 9L 2@sE Ode e 2o AE A 574,

ol T I A = EA 8.

__slots__
S W R A, A2HAAERESS A FS v g Adsta A"l A2 g Y E
AAFe RN MR el & A e FAE FUh 917] 971E A, o] Bla g guke A A3t
AF A0 Bolo Azl WA $8 22IWAH B o 2L AL FHY

F2 A8k Aol FFUTh

sequence (X] @2)
An iterable which supports efficient element access using integer indices via the _ _getitem () spe-
cial method and defines a ___I1en__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports ___getitem () and
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__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (g FA = 2] A)

olfE & e 84 AAY dFE A st 438 B2 AT HAs= AT B, results

[e]

=
= {c for c in abracadabra if ¢ not in 'abc'}vw EXEY e (', 'd'}E
AUk 22~ E, A3 gAY 8 taEd o] (display) = FRTAAI L

single dispatch (A2 t] A3 x])
TFEo] st Ak Fofl 7| 2 A 2 = Al = o taa) X9 3t FE.

slice (&&}o|X2)

RE 1 o) GRE TYSE AN, Sefol Lk A LITE LA UE AL BE
variable_name([1:3:5] A9, [] ¢ollA o8] Y AE S22 FFULh tZE (A E
23 YE)FTHL YHAFo sllce AAE AHE T

special method (4 WA &)

Solo] Wol ol d A 41g, G4 22, AT W BAHOR B A, o]d A T
A9 B2 A AT Brbe o 22 23 YFUTh S5 S S5 4 E o] 25 o BAZ

wEol 4 it

statement (&%)
B AYE (RES “BEblock)”) & TANE REQUT BRL 584 oA A =S
/\}33}~ oAe] 7HA] F2E T sttt 748 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

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.

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 (B] X E 217 4))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file ()~ E 5}4)
str AAE AL & 5 A 512 4. 35 AL AL JARE W= AF Aol HAmT S
A 2B A Q)7 & AF AU FUT GAE B o2 BAE RE (0 Ll
2 949 9}¢Y, sys.stdin, sys.stdout, io. StrlngIOA ‘ﬂé?ﬂé% = AHFYTh

ol EAR A 8 91 L 4 9 7D AR Pl AL Hho] e 5 £ FE A L.

~—

triple-quoted string (4% w}-& % ¥ #2}14)
e () Y A2 mE R C) A AR e A Y. 2 W2 st E S A EAE gl
7152 AT oA = AT, o8 7HA] o] Foll A £R 7L 5 YT o] 74]‘3] = A 2 A2 uhE
FUEHEEE FAE ol 2T UEE 510, A FAE 2A G E o S0 22
2 A5

= -
AcHl, S2ERJS &0 53] &
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type ()
Tho] W AR e & T2 0] ofH FF{Y AAJAAE AAFUTH BE WA= F o] dAFUTh AA <
P& _class_ OEIHUFEER IA2T F AU type (ob]) 2 & F AFUT

type alias (g o] g2 o] )
P2 AEA g ote] TEol A= F Y T of.

goldeolat § =8 weslote ol 48FUrh 8 54

=

-
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

Eos 2ol o g7 44 we & dsdth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7158 A3t typing T PEP 4845 2314 &

type hint (g 31 E )
Hae, U2 AEYRE U S mi/ldH g U dkE ghe] Z1diE & 88 X A 8= o] nH o] Al

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can

also aid IDEs with code Completion and refactoring.

get_type_hints () —Z:/\P&ﬁ}"% AA =T 55

2
o] 7% & AWl typingd} PEP 4845 F=2 1A

3l E = typing.

o
ok

<
T

universal newlines (U A £ 9 7))

0o3 78 A BE 2o Boz oAel, BAE AEYE SAE HE: §UA AW F
A e \n', AE9= Fel \r\n', A AR Fe \r'. F7HAA AL Bl e
bytes.splitlines () vt olUz} PEP 278 &} PEP 3116 & X A 8.
variable annotation (¥4 o] - €] 0] A)
WA L 2o ol e Hee] of wro] 4
He e FdaodEREY ool dE Gl thY-S A8 AFGY Yt
class C:
field: 'annotation'
W oo e Qudow 9 dER Ag Pk AE Sol, o et ine g A AR
71t g Utk
[count: int = 0 }

Hg o] H| o] B2 Al o] | o] EH U ] & (Annotated assignment statements) | A /4 % g+ t}.

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} 7))
sl ml A8 219k -8 T2 19 0), & A AaHo] A A £ 1 Tol 4l § 8 T2 2UE0] ol
QTS FA] oA, ol Wiz A 7| A5 AA AV g ol =3 AS 78 Bk,

SEEPEEEENEE
venv & HA| Q.

virtual machine (7}4} 7] A))
AsnEYojmto g AHolw AZE. sto|Me] 1A} 7| A= vlolE TE AgdE 7} 283 vlol =

T APt
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Zen of Python (Z}o] 4 Al)
Shol ® Tl AFel Relsh ASHE] B2 E], ¢1o] S ols|3ha ALg B vl 5ol Huith o] B2
ety ZExEo| A “import this” & YA B Yuth
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =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.

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZF2) 9] Guido van Rossum ©f] 2]} 1990 d o] Z1ko]] RtE o] HAG Ut slol o= gE A& B2 33
o] 235 914 %, Guido= 7ol 9] 78 A A2 vho} 551,

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

BE ol vz #-L T A2 PUTH (F7] 22 F oo o3l A& https://opensource.org/E F2 844
A2). Ao, BRE (A7 ARE ol th shol 0 W £ GPLT 3 Utk ofelo] Ex
o xR 2ok Adytt

HH = =t OHE 32 5 A2 X} GPL S 5}?

09.0~12 n/a 1991-1995 CWI yes

13~152 12 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.1+2.0.1 2001 PSF yes

2.12 2.1.1 2002 PSF yes

2.13 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] PSF yes

Fi: GPLY} s 8dAtE A2 78 7FGPLE stold g v xdkE A& st e S5y EE
gtol A gholAla= GPLH 2] ol 2o WS 37/ 222 WA u A vAdS w2 5 A
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Ut} GPL 8 gho] Al A= 5lo] W} GPL Sfoll &t H T2 A nEYo] S 23a 4 g A It o
A5 197 FUTh

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

glo] W A= E g o] 2} AW A= PSF License Agreement©l] Whe} glo] Al 7} o Ut}

gho] A 3.8.6 5 E], DA oA, 2] ¥ 7)€} 3 == PSF License Agreement 2} Zero-Clause BSD license©))
ke o] F gho] AT Hoj gy

vhol Ao F3E IR AZE ool & thE gholAlAart AgH Ut gholAdlas sl ghol Al 3l 33)
=3 A Ydgyrch o]y st ol Adlae] ESASH 552 23 E Az e ofof sk glo] Al g
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.11

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.11 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 3.11.11 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 3.11.11 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 3.11.11 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
3.11.11.

4. PSF is making Python 3.11.11 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 3.11.11 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 3.11.11

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.11, 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 3.11.11, 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 THEREOEF.

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

(= sl ol Aol A1)
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(o1 sl o] A ol A Al <5)
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 THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of

(TH5 sl el Aol A)
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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 3.11.11 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

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 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.34 37| |
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o7 e 29 ARke TRFUTH

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 2! UUdecode &t
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpc.client RE2 03 22 £ AgE 235t

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

The test.test_epoll module contains the following notice:

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 RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

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

AU o 7)ol th= 22 W&ol 2= o dFyth

<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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} 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:

/****************************************************************
*
* 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.

E

E O

*
* 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. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(TH5 sl el Aol A<)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(TH5 sl el Aol A)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

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
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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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 93] AF&= = d A H o] 2] 73 L cfuhash Z2 A EE 7|Wto g g

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
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

(TH5 sl el Aol A<)
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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
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

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:

* 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.

(TH5 sl el Aol A<)
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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. https://sourceforge.net/projects/sox/files/
sox/12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

(TH5 sl el Aol A)
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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APPENDIX D

sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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attribute reference, 83
in numeric literal, 15
! (exclamation)
in formatted string literal, 12
— (minus)
binary operator, 88
unary operator, 87
' (single quote)
string literal, 10
! patterns, 115
" (double quote)
string literal, 10
mmwn
string literal, 10
¥ (hash)
comment, 6
source encoding declaration,6
% (percent)
operator, 87

o\
Il

augmented assignment, 98

& (ampersand)
operator, 88

&:
augmented assignment, 98

() (parentheses)
call, 84
class definition, 124
function definition, 122
generator expression, 78
in assignment target list, 96
tuple display, 76

* (asterisk)
function definition, 123
import statement, 103
in assignment target list, 96
in expression lists,93

in function calls, 85
operator, 87

* *
function definition, 123
in dictionary displays, 78
in function calls, 85
operator, 86

* k=

augmented assignment, 98
* =
augmented assignment, 98
+ (plus)
binary operator, 88
unary operator, 87
+=
augmented assignment, 98
, (comma), 76
argument list, 84
expression list,77,78,93,99, 124
identifier list, 105,106
import statement, 103
in dictionary displays, 78
in target list,96
parameter list, 122
slicing, 84
with statement, 112
/ (slash)
function definition, 123
operator, 87
//
operator, 87
//=

augmented assignment, 98

augmented assignment, 98
0b

integer literal, 14
0o

integer literal, 14
0x

integer literal, 14
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: (colon)

annotated variable, 98
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compound statement, 108, 109, 112, 113, escape sequence, 11

122, 124 \N
function annotations, 123 escape sequence, |1
in dictionary expressions, 78 \n
in formatted string literal, 12 escape sequence, 11
lambda expression, 93 \r
slicing, 84 escape sequence, 11
: = (colon equals), 92 \t
; (semicolon), 107 escape sequence, 11
< (less) \U
operator, 89 escape sequence, 11
<< \u
operator, 88 escape sequence, |1
<<= \v
augmented assignment, 98 escape sequence, 11
<= \x
operator, 89 escape sequence, 11
= ~ (caret)
operator, 89 operator, 88
augmented assignment, 98 augmented assignment, 98
= (equals) _ (underscore)
assignment statement, 96 in numeric literal, 14,15
class definition, 42 _, identifiers,9
for help in debugging using __, identifiers,9
string literals, 12 __abs__ () (object W] A &), 50
function definition, 122 __add__ () (object Wl A =), 49
in function calls, 84 __aenter__ () (object M| A &), 54
== __aexit__ () (object M| A &), 54
operator, 89 __aiter__ () (object M| A &), 54
-> __all__ (optional module attribute), 103
function annotations, 123 __and__ () (object Wl A =), 49
> (greater) __anext__ () (agen WA =), 82
operator, 89 __anext__ () (object M| A &), 54
>= __annotations__ (class attribute), 27
operator, 89 __annotations__ (function attribute), 22
>> __annotations__ (function®] $4]), 23
operator, 88 ___annotations__ (module attribute), 26
>>= __await__ () (object ¥l A E), 53
augmented assignment, 98 _ _bases__ (class attribute), 27
>>>, 145 __bool__ () (object method), 47
@ (ad) __bool__ () (object WA E), 37
class definition, 124 _ _bytes__ () (object M| A &), 35
function definition, 122 __cached_ ,68
operator, 87 __call__ () (object method), 86
[1 (square brackets) __call__ () (object MA =), 47
in assignment target list, 96 __cause___(exception attribute), 101
list expression,77 __ceil_ () (object ®| A =), 50

subscription, 83

\ (backslash)

__class___ (instance attribute), 27
__class__ (method cell), 43

escape sequence, 11 _ class__ (module attribute), 38

AN\ __class_getitem__ () (object®] S22 W),
escape sequence, 11 45

\a __classcell__ (class namespace entry), 43
escape sequence, 11 __closure___ (function attribute), 22

\b __closure__ (function® £4),22
escape sequence, |1 ___code___ (function attribute), 22

\f __code__ (function®] %743), 23
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__complex__ () (object H] A=), 50 __init_subclass__ () (object®] &2 A ),

__contains__ () (object Wl =), 48 41

__context___ (exception attribute), 101 __instancecheck__ () (class M| A &), 44

_ _debug_ ,99 __int__ () (object WA =), 50

_ defaults__ (function attribute), 22 __invert__ () (object M| A &), 50

__defaults__ (function® £43), 23 __ior__ () (object Wl A =), 50

__del__ () (object A=), 34 __ipow__ () (object M| =), 50

__delattr__ () (object WA &), 38 __irshift_ () (object MIA =), 50

__delete__ () (object M| A =), 39 __isub__ () (object W] A=), 50

__delitem__ () (object M| A &), 48 __iter_ () (object W] A &), 48

__dict__ (class attribute), 27 __itruediv__ () (object M| A E), 50

__dict__ (function attribute), 22 __ixor__ () (object | A =), 50

__dict__ (function® £4), 23 __kwdefaults__ (function attribute), 22

__dict__ (instance attribute), 27 __kwdefaults__ (function®] %743), 23

_dict__ (module attribute), 26 _le_ () (object WA =), 35

_dir  (module attribute), 38 __len__ () (mapping object method), 37

_dir_ () (object |A =), 38 __len__ () (object | A=), 47

__divmod__ () (object M| A=), 49 __length_hint__ () (object M| =), 47

_ doc__ (class attribute), 27 _ loader_ ,68

__doc___(function attribute), 22 __1shift__ () (object M| A &), 49

__doc__ (function®] £4), 23 _1t__ () (object WA =), 35

__doc___ (method attribute), 23 __main__

_ doc__ (method2] £43),24 module, 58, 127

_doc___ (module attribute), 26 __matmul__ () (object M| A =), 49

__enter__ () (object |A =), 51 __missing__ () (object M| =), 48

_eq__ () (object WA =), 35 __mod__ () (object Wl A =), 49

__exit__ () (object WA E), 51 __module__ (class attribute), 27

_ file_ ,68 __module___ (function attribute), 22

_ file_ (module attribute), 26 __module__ (function® £4]), 23

_ _float__ () (object W] A =), 50 _ module__ (method attribute), 23

_ floor__ () (object WA =), 50 _ _module_ (method®] £74),24

_ floordiv__ () (object ¥l A &), 49 _ mro_entries__ () (object ©lAE), 42

_ format__ () (object ®| A E), 35 _mul__ () (object Wl A=), 49

_ func__ (method attribute), 23 __name_ , 068

__func__ (method® £A]), 24 __name___(class attribute), 27

_ future_ , 150 __name___ (function attribute), 22
future statement, 104 __name__ (function®] %743), 23

__ge__ () (object 1A =), 35 __name__ (method attribute), 23

__get__ () (object ¥| A=), 39 _ name__ (method®] £4]), 24

__getattr__ (module attribute), 38 _ name___ (module attribute), 26

__getattr__ () (object |A =), 37 __ne__ () (object Y| =), 35

__getattribute__ () (object Wl A =), 37 __neg__ () (object W] A E), 50

__getitem__ () (mapping object method), 33 _ new__ () (object ¥l A &), 34

__getitem__ () (object X E), 47 __next__ () (generator M| A =), 80

__globals__ (function attribute), 22 __objclass__ (object® $4), 39

__globals__ (function®] £743),22 __or__ () (object A=), 49

__gt__ () (object M)A =), 35 _ _package_ ,68

__hash__ () (object W] A =), 36 _ _path_ ,68

__iadd__ () (object ©lAE), 50 __pos__ () (object W] A =), 50

__iand__ () (object W] A =), 50 __pow__ () (object W] A =), 49

__ifloordiv__ () (object M| =), 50 __prepare__ (metaclass method), 43

__ilshift__ () (object M| X&), 50 __qualname__ (function® £4]),23

__imatmul__ () (object M| A &), 50 __radd__ () (object Wl A=), 49

__imod__ () (object Bl A &), 50 __rand__ () (object Wl A=), 49

_imul__ () (object W] A =), 50 __rdivmod__ () (object Wl =), 49

__index__ () (object W] A=), 50 __repr__ () (object M|A E), 35

__init__ () (object M| &), 34 __reversed__ () (object M| A=), 48

_ rfloordiv__ () (object M| A &), 49
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_ rlshift_ () (object Wl A =), 49
__rmatmul__ () (object W] A =), 49
__rmod__ () (object | A=), 49
_rmul__ () (object ¥ A=), 49
__ror__ () (object Wl A=), 49
__round__ () (object ©]AE), 50
__rpow__ () (object | A £), 49
__rrshift__ () (object M| A =), 49
__rshift__ () (object M| A=), 49
__rsub__ () (object Wl A E), 49

_ rtruediv__ () (object ¥l X E), 49
__rxor__ () (object | A E), 49

__self_ (method attribute), 23
__self  (method® £743),24

__set__ () (object M| A =), 39
__set_name__ () (object FlA &), 41
__setattr_ () (object HlAE), 38
__setitem__ () (object A E), 48

_ _slots_ ,157

__spec__,068

__str__ () (object WA E), 35
__sub__ () (object W] X E), 49
__subclasscheck__ () (class WA &), 44
__traceback___ (exception attribute), 101
__truediv__ () (object M| A &), 49
__trunc__ () (object | A &), 50

_ xor__ () (object W] A E), 49

{} (curly brackets)
dictionary expression, 78
in formatted string literal, 12
set expression, 78
| (vertical bar)
operator, 88
| =
augmented assignment, 98
~ (tilde)
operator, 87
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built-in function, 50
abstract base class (A4 dlol2x ),
145
aclose () (agen Wl A =), 82
addition, 88

and
bitwise, 88
operator, 92
annotated

assignment, 98
annotation (o] = H] o] A), 145
annotations

function, 123
anonymous

function, 93
argument

call semantics, 84

function, 22

function definition, 122
argument ($12}), 145
arithmetic

conversion, 75

operation,binary, 87

operation,unary, 87
array

module, 21
as

except clause, 109

import statement, 103

keyword, 103, 109, 112, 113

match statement, 113

with statement, 112
AS pattern, OR pattern,

pattern,
115
ASCITI, 4, 10
asend () (agen Wl A =), 82
assert

statement, 99
AssertionError

exception, 99
assertions

debugging, 99
assignment

annotated, 98

attribute, 96

augmented, 98

class attribute, 27

class instance attribute, 27

slicing, 97

statement, 21, 96

subscription, 97

target list, 96
assignment expression, 92
async

keyword, 125
async def

statement, 125
async for

in comprehensions, 77

statement, 125
async with

statement, 126
asynchronous context manager (W% 7] A

g~ E el A}, 146
asynchronous generator
asynchronous iterator, 25
function, 25
asynchronous generator (H]% 7] Ay g o]
E), 146

asynchronous generator iterator (H]%7]
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asynchronous iterable (B]Z 7] ol & &),
146

asynchronous iterator (H]% 7] o] d o] E),
146

capture
wildcard pattern,
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asynchronous—generator

object, 82
athrow () (agen WA =), 82
atom, 75

attribute, 18
assignment, 96
assignment, class, 27
assignment, class instance, 27
class, 26
class instance, 27
deletion, 99
generic special, I8
reference, 83
special, 18

attribute (9JEZHE), 146

AttributeError
exception, 83

augmented
assignment, 98

await
in comprehensions, 77
keyword, 86, 125

awaitable (o] o] €] &), 146

B
bl
bytes literal, 10
b"
bytes literal, 10
backslash character,6
BDF1L, 147
binary
arithmetic operation, 87
bitwise operation, 88
binary file (9}o]\yg] 5}4), 147
binary literal, 14
binding
global name, 105
name, 57, 96, 103, 122, 124
bitwise
and, 88
operation,binary, 88
operation, unary, 87
or, 88
xor, 88
blank line,7
block, 57
code, 57
BNF, 4,75
Boolean
object, 19
operation, 92
borrowed reference, 147
break
statement, 102, 108, 111
built-in
method, 25
built-in function

abs, 50
bytes, 35
call, 86
chr, 20
compile, 105
complex, 50
divmod, 49
eval, 105, 128
exec, 105
float, 50
hash, 36
id, 17
int, 50
len, 20, 21, 47
object, 25, 86
open, 27
ord, 20
pow, 49, 50
print, 35
range, 109
repr, 95
round, 51
slice, 33
type, 17,42
built-in method
call, 86
object, 25, 86
builtins
module, 127
byte, 20
bytearray, 21
bytecode, 28
bytecode (H}o]|E T &), 147
bytes, 20
built-in function, 35
bytes literal, 10
bytes-like object (B}o]|EAF AA)), 147

C

c, 11
language, 18, 19, 25, 89
call, 84
built-in function, 86
built-in method, 86
class instance, 86
class object, 26,27, 86
function, 22, 86
instance, 47, 86
method, 86
procedure, 95
user—-defined function, 86
callable, 147
object, 22, 84
callback (%), 147
case
keyword, 113
match, 113
case block, 115

AHO|
= -

189



The Python Language Reference, & 2|A 3.11.11

C-contiguous, 148 co_posonlyargcount (code object attribute), 28
chaining co_posonlyargcount (codeobject®] 44), 29
comparisons, 89 co_qualname (code object attribute), 28
exception, 101 co_qualname (codeobject®] $73), 29
character, 20, 84 co_stacksize (code object attribute), 28
chr co_stacksize (codeobject®] <43), 29
built-in function, 20 co_varnames (code object attribute), 28
class co_varnames (codeobject®] $43), 29
attribute, 26 code
attribute assignment, 27 block, 57
body, 43 code object, 28
constructor, 34 collections
definition, 100, 124 module, 21
instance, 27 comma, 76
name, 124 trailing, 93
object, 26, 86, 124 command line, 127
statement, 124 comment, 6
class (Ed ), 147 comparison, 89
class instance comparisons, 36
attribute, 27 chaining, 89
attribute assignment, 27 compile
call, 86 built-in function, 105
object, 26,27, 86 complex
class object built-in function, 50
call, 26,27, 86 number, 20
class variable (F&#|& WS, 147 object, 20
clause, 107 complex literal, 14
clear () (frame WA &), 32 complex number (B4 ), 147
close () (coroutine W A &), 53 compound
close () (generator M| A =), 81 statement, 107
co_argcount (code object attribute), 28 comprehensions, 77
co_argcount (codeobject® 4:73), 29 dictionary, 78
co_cellvars (code object attribute), 28 list, 77
co_cellvars (codeobject®] <43), 29 set, 78
co_code (code object attribute), 28 Conditional
co_code (codeobject®] 4:4), 29 expression, 92
co_consts (code object attribute), 28 conditional
co_consts (codeobject®] 4:73), 29 expression, 93
co_filename (code object attribute), 28 constant, 10
co_filename (codeobject®] <43), 29 constructor
co_firstlineno (code object attribute), 28 class, 34
co_firstlineno (codeobject®] £4), 29 container, 18,26
co_flags (code object attribute), 28 context manager, 51
co_flags (codeobject®] 44), 29 context manager (AEAE #HE| A}, 148
co_freevars (code object attribute), 28 context variable (AYIAE W4 148
co_freevars (codeobject®] <43), 29 contiguous (%), 148
co_kwonlyargcount (code object attribute), 28 continue
co_kwonlyargcount (codeobject®] <4]), 29 statement, 102, 108, 111
co_lines () (codeobject M| A &), 30 conversion
co_lnotab (code object attribute), 28 arithmetic, 75
co_lnotab (codeobject®] 4743), 29 string, 35,95
co_name (code object attribute), 28 coroutine, 53,79
co_name (codeobject®| $73), 29 function, 25
co_names (code object attribute), 28 coroutine (ZFH), 148
co_names (codeobject®] 44), 29 coroutine function (ZFHE &), 148
co_nlocals (code object attribute), 28 CPython, 148

co_nlocals (codeobject®] $73), 29
co_positions () (codeobject Wl A =), 30
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else, 108
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dbm.gnu

module, 22
dbm.ndbm

module, 22
debugging

assertions, 99
decimal literal, 14
decorator (b Z & o] €), 148
DEDENT token, 7, 108

def

statement, 122
default

parameter value, 122
definition

class, 100, 124

function, 100, 122
del

statement, 34, 99
deletion

attribute, 99

target, 99

target list, 99
delimiters, 16
descriptor (J23 P H), 148
destructor, 34, 96
dictionary

comprehensions, 78

display, 78

object, 22, 26, 36, 78, 83, 97
dictionary (944 8]), 148
dictionary comprehension (944 A=z

3 A), 149

dictionary view (99X g &), 149
display

dictionary, 78

list, 77

set, 78
division, 87
divmod

built-in function,49
docstring, 124
docstring (BEAE ), 149
documentation string, 30
duck-typing (2 €}o] ), 149

object, 19
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conditional expression,93
dangling, 108
keyword, 102, 108, 109, 111

empty
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tuple, 20, 76

encoding declarations (source file), 6
environment, 58
error handling, 59
errors, 59
escape sequence, 11
eval
built-in function, 105, 128
evaluation
order, 94
exc_info (in module sys), 32
except
keyword, 109
except_star
keyword, 110
exception, 59, 101
AssertionError, 99
AttributeError, 83
chaining, 101
GeneratorExit, 81, 82
handler, 32
ImportError, 103
NameError, 76
raising, 101
StopAsyncIteration, 82
StopIteration, 80, 100
TypeError, 87
ValueError, 88
ZeroDivisionError, 87
exception handler, 59
exclusive
or, 88
exec
built-in function, 105
execution
frame, 57, 124
restricted, 59
stack, 32
execution model, 57
expression, 75
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generator, 78
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E list, 93,95
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elif’ extension

keyword, 108 modyle,lS ) -
Ellipsis extension module (8% 2 &), 149
AHO|

=

191



The Python Language Reference, & 2|A 3.11.11

f'

formatted string literal, Il
f"

formatted string literal,ll
f-string (FEA}4), 149
f_back (frame attribute), 31
f_back (frame2] $41), 31
f_builtins (frame attribute), 31
f_builtins (frame® £4]), 31
f__code (frame attribute), 31
f_code (framed] £4]), 31
f_globals (frame attribute), 31
f_globals (frame? £4), 31
f_lasti (frame attribute), 31
f_lasti (frame®] £43), 31
f_lineno (frame attribute), 31
f_lineno (framed £4]), 31
f_locals (frame attribute), 31
f_locals (frame2] £4]), 31
f_trace (frame attribute), 31
f_trace (framed £41), 31
f_trace_lines (frame attribute), 31
f_trace_lines (frame2] £4), 31
f_trace_opcodes (frame attribute), 31
f_trace_opcodes (frame2] £4]), 31
False, 19
file object (< AA)), 149
file-like object (F}LF AA), 149
filesystem encoding and error

handler, 149

finalizer, 34
finally

keyword, 100, 102, 109, 111
find_spec

finder, 64
finder, 64

find_spec, 64
finder (3}¢19), 150
float

built-in function, 50
floating point

number, 19

object, 19
floating point literal, 14
floor division (A4 =4, 150
for

in comprehensions, 77

statement, 102, 108

free
variable, 58
from
import statement, 57,103
keyword, 79, 103
yield from expression, 80
frozenset
object, 21
fstring, 12
f-string, 12
function
annotations, 123
anonymous, 93
argument, 22
call, 22,86
call,user—-defined, 86
definition, 100, 122
generator, 79, 100
name, 122
object, 22,25, 86, 122
user—defined, 22
function (&), 150
function annotation (&4 o H| o] A), 150
future
statement, 104

G

garbage collection, 17
garbage collection (Z7}8]A] =74), 150
generator
expression, 78
function, 25,79, 100
iterator, 25, 100
object, 29, 78, 80
generator (A Y # °]H), 150
generator expression (AU d olg &4,
151
generator iterator (AlUYd o]E o] o),
150
GeneratorExit
exception, 81, 82
generic
special attribute, 18
generic function (AYlE ), 151
generic type (AU ), 151
GIL, 151
global
name binding, 105
namespace, 22

form statement, 99, 105
lambda, 93 global interpreter lock (A<¥ Q¥ =& H
format () (built-in function) =),151
__str__ () (object method), 35 grammar, 4
formatted string literal, 12 grouping, 7
Fortran contiguous, 148 guard, 115
frame
execution, 57,124 H
object, 31 handle an exception,59
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handler

exception, 32
hash

built-in function, 36
hash character, 6
hash-based pyc (G| A] 714k pyc), 151
hashable, 78
hashable (3]A] 7}%), 151
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 64

meta, 64

path, 64

|
id
built-in function, 17
identifier, 8,76
identity
test, 91
identity of an object, 17
IDLE, 151
if
conditional expression,93
in comprehensions, 77
keyword, 113
statement, 108
imaginary literal, 14
immutable
data type, 76
object, 20, 76,78
immutable (W), 151
immutable object, 17
immutable sequence
object, 20
immutable types
subclassing, 34
import
hooks, 64
statement, 26, 103
import hooks, 64
import machinery, 61
import path (YEXE A=), 152
importer (Y EH), 152
ImportError
exception, 103
importing (Y24), 152

in
keyword, 108
operator, 91
inclusive
or, 88

INDENT token,7
indentation, 7

index operation, 20
indices () (slice W] Al &), 33

inheritance, 124
input, 128
instance

call, 47,86

class, 27

object, 26,27, 86
int

built-in function, 50
integer, 20

object, 19

representation, 19
integer literal, 14
interactive (th33), 152
interactive mode, 127
internal type, 28
interpolated string literal, 12
interpreted (QIE Z 2 E|E), 152
interpreter, 127
interpreter shutdown (AEZZEH £37), 152
inversion, 87
invocation, 22
io

module, 27
irrefutable case block, 115
is

operator, 91
is not
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item

sequence, 83

string, 84
item selection, 20
iterable

unpacking, 93
iterable (9] &HE), 152
iterator (°]E & o] ), 152

J

in numeric literal, 15
Java

language, 19
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key, 78
key function (7] g<), 153
key/value pair, 78
keyword, 9
as, 103,109, 112, 113
async, 125
await, 86, 125
case, 113
elif, 108
else, 102, 108, 109, 111
except, 109
except_star, 110
finally, 100, 102, 109, 111
from, 79, 103

AHO|
= -

193



The Python Language Reference, & 2|A 3.11.11

if, 113 membership
in, 108 test, 91
yield, 79 meta
keyword argument (7] = ¢1#}), 153 hooks, 64
meta hooks, 64
L meta path finder (WE} AE 3} 1), 154
lambda metaclass, 42
expression, 93, 123 metaclass (W e F2), 154
form, 93 metaclass hint,43
lambda (&}, 153 method
language built-in, 25
c, 18, 19, 25, 89 call, 86
Java, 19 object, 23, 25, 86
last_traceback (in module sys), 32 user-defined, 23
LBYL, 153 method (WA &), 154
leading whitespace,7 magic, 153
len special, 158
built-in function, 20,21, 47 method resolution order (MIAE A7 £A)),
lexical analysis,5 154
lexical definitions,4 minus, 87
line continuation,6 module
line joining,5,6 __main__, 58,127
line structure,5 array, 21
list builtins, 127
assignment, target, 96 collections, 21
comprehensions, 77 dbm. gnu, 22
deletion target, 99 dbm.ndbm, 22
display, 77 extension, 18
empty, 77 importing, 103
expression, 93,95 io, 27
object, 21,77, 83, 84,97 namespace, 260
target, 96, 108 object, 26, 83
list (8J2E), 153 sys, 110, 127
list comprehension (E]2E Z=834), 153 module (28), 154
literal, 10,76 module spec, 64
loader, 64 module spec (2E& 2d), 154
loader (2H), 153 modulo, 87
locale encoding, 153 MRO, 154
logical line,5 multiplication, 87
loop mutable
statement, 102, 108 object, 21, 96,97
loop control mutable (7}9¥), 154
target, 102 mutable object, 17
mutable sequence
M object, 21
magic
method (WA Z), 153 N
magic method (W] 2 WA &), 153 name, 8, 57,76
makefile () (socket method), 27 binding, 57, 96, 103, 122, 124
mangling binding, global, 105
name, 76 class, 124
mapping function, 122
object, 21,27, 83,97 mangling, 76
mapping (7)), 153 rebinding, 96
match unbinding, 99
case, 113 named expression, 92
statement, 113 named tuple (MYZE F2), 154
matrix multiplication, 87 NameError
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exception, 76
NameError (built-in exception), 58
names

private, 76
namespace, 57

global, 22

module, 26

package, 63
namespace (0] & &7, 155
namespace package (°]& &7t 9]7] A]), 155
negation, 87
nested scope (EFH 27 =), 155
new-style class (F2EY F82), 155
NEWLINE token,S5, 108
None

object, 18, 95
nonlocal

statement, 106
not

operator, 92
not in

operator, 91
notation,4
NotImplemented

object, 18
null

operation, 99
number, 14

complex, 20

floating point, 19
numeric

object, 19,27
numeric literal, 14

O

object, 17
asynchronous—generator, §2
Boolean, 19
built-in function, 25, 86
built-in method, 25, 86
callable, 22,84
class, 26, 86, 124
class instance, 26,27, 86
code, 28
complex, 20
dictionary, 22,26, 36, 78, 83, 97
Ellipsis, 19
floating point, 19
frame, 31
frozenset, 21
function, 22, 25, 86, 122
generator, 29, 78, 80
immutable, 20, 76, 78
immutable sequence, 20
instance, 26, 27, 86
integer, 19
list, 21,77, 83, 84,97
mapping, 21,27, 83,97

method, 23, 25, 86

module, 26, 83

mutable, 21, 96, 97

mutable sequence, 21

None, 18, 95

NotImplemented, 18

numeric, 19, 27

sequence, 20, 27, 83, 84,91, 97, 108

set, 21,78

set type, 21

slice, 47

string, 83, 84

traceback, 32, 101, 110

tuple, 20, 83, 84,93

user—-defined function, 22,86, 122

user—defined method, 23
object (AA]), 155
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open

built-in function, 27
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binary arithmetic, 87

binary bitwise, 88

Boolean, 92

null, 99

power, 86
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operator
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/ (slash), 87
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~ (tilde), 87

and, 92
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or, 92
overloading, 33
precedence, 94
ternary, 93
operators, 15
or
bitwise, 88
exclusive, 88
inclusive, 88
operator, 92
ord
built-in function, 20
order
evaluation, 94
output, 95
standard, 95
overloading
operator, 33
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package, 62
namespace, 63
portion, 63
regular, 62

package (3] 7] A]), 155

parameter
call semantics, 84
function definition, 121
value,default, 122

parameter (W 7)), 155
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parser,5

pass
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path
hooks, 64

path based finder, 70
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path entry finder (AZ dEZ 324), 156

path entry hook (AZ dEg ), 156
path hooks, 64
path-like object (FZF AA), 156
pattern matching, 113
PEP, 156
physical line, 5,6, 11
plus, 87
popen () (in module os), 27
portion
package, 63
portion (ZA), 156
positional argument ($]X] <12}, 156

pow
built-in function, 49, 50
power
operation, 86
precedence

operator, 94

primary, 83

print

built-in function, 35

print () (built-in function)
__str__ () (object method), 35
private
names, 76
procedure
call, 95

program, 127
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provisional package (FA 37]A]), 156

Python
Python
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PEP
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PEP
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302,61, 73,150, 153
308,93
318,123,125
328,73

338,73
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343,51,113, 148
362, 146, 156

366, 68,73

380, 80
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414,11
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526,98, 123, 145, 159
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614,122,124
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PEP 3115,43,125

PEP 3116,159

PEP 3119,44

PEP 3120,5

PEP 3129,123,125

PEP 3131,8

PEP 3132,97

PEP 3135,44

PEP 3147,68

PEP 3155, 157
PYTHONHASHSEED, 37
Pythonic (3}o] A T}&), 157
PYTHONNODEBUGRANGES, 30
PYTHONPATH, 70
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qualified name (Z+F&4H o] &), 157

R
r'

raw string literal, 10
r"

raw string literal, 10
raise

statement, 101
raise an exception, 59
raising

exception, 101
range

built—-in function, 109
raw string, 10
rebinding

name, 96
reference

attribute, 83
reference count (Fx 3 ), 157
reference counting, 17
regular

package, 62
regular package (B3 3 7] A)), 157
relative

import, 104
replace () (codeobject #| X &), 31
repr

built-in function, 95
repr () (built-in function)

__repr__ () (object method), 35
representation

integer, 19
reserved word,9
restricted

execution, 59
return

statement, 100, 111
round

built—-in function,5l

S

scope, 57, 58
send () (coroutine M| X E), 53
send () (generator W] A =), 80
sequence
item, 83
object, 20, 27, 83, 84,91, 97, 108
sequence (A|# ), 157
set
comprehensions, 78
display, 78
object, 21,78
set comprehension (H3 A= 3 A), 158
set type
object, 21
shifting
operation, 88
simple
statement, 95
single dispatch (AF tdX]), 158
singleton
tuple, 20
slice, 84
built-in function, 33
object, 47
slice (£8}o]), 158
slicing, 20,21, 84
assignment, 97
soft keyword,9
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method (M A &), 158
special method (E4 WA E), 158
stack
execution, 32
trace, 32
standard
output, 95
Standard C, 11
standard input, 127
start (slice object attribute), 33, 84
statement
assert, 99
assignment, 21, 96
assignment, annotated, 98
assignment, augmented, 98
async def, 125
async for, 125
async with, 126
break, 102, 108, 111
class, 124
compound, 107
continue, 102, 108, 111
def, 122
del, 34,99
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expression, 95

for, 102, 108

future, 104

global, 99, 105

if, 108

import, 26, 103

loop, 102, 108

match, 113

nonlocal, 106

pass, 99

raise, 101

return, 100, 111

simple, 95

try, 32,109

while, 102, 108

with, 51,112

yield, 100
statement (%), 158
statement grouping,7
static type checker, 158
stderr (in module sys), 27
stdin (in module sys), 27
stdio, 27
stdout (in module sys), 27
step (slice object attribute), 33, 84
stop (slice object attribute), 33, 84
StopAsynclIteration

exception, 82
StopIteration

exception, 80, 100
string

__format__ () (object method), 35

__str__ () (object method), 35

conversion, 35,95

formatted literal, 12

immutable sequences, 20

interpolated literal, 12

item, 84

object, 83, 84
string literal, 10
strong reference, 158
subclassing

immutable types, 34
subscription, 20, 21, 83

assignment, 97
subtraction, 88

suite, 107
syntax, 4
sys

module, 110, 127
sys.exc_info, 32
sys.exception, 32
sys.last_traceback, 32
sys.meta_path, 64
sys.modules, 63
sys.path, 70
sys.path_hooks, 70
sys.path_importer_cache, 70

sys.stderr, 27

sys.stdin, 27

sys.stdout, 27

SystemExit (built-in exception), 59

T

tab, 7
target, 96

deletion, 99

list, 96, 108

list assignment, 96

list,deletion, 99

loop control, 102
tb_frame (traceback attribute), 32
tb_frame (traceback? <743), 32
tb_lasti (traceback attribute), 32
tb_lasti (traceback?] £743), 32
tb_lineno (traceback attribute), 32
tb_lineno (traceback® %A), 32
tb_next (traceback attribute), 32
tb_next (traceback?] £43), 32
termination model, 59
ternary

operator, 93
test

identity, 91

membership, 91
text encoding (H1AE <913 H), 158
text file (AI2E u}Y), 158
throw () (coroutine M| A E), 53
throw () (generator Wl A &), 80
token, 5

trace
stack, 32
traceback
object, 32, 101, 110
trailing
comma, 93
triple—-quoted string (&= W2

4), 158
triple-quoted string, 10
True, 19
try

statement, 32, 109
tuple

empty, 20, 76

object, 20, 83, 84, 93

singleton, 20

type, 18
built—-in function, 17,42
data, 18

hierarchy, 18

immutable data, 76
type (), 159
type alias (8 o g o), 159
type hint (8 3l E), 159
type of an object, 17
TypeError
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exception, 87

types, internal, 28
u'

string literal, 10
u"

string literal, 10
unary

arithmetic operation, 87

bitwise operation, 87
unbinding

name, 99
UnboundLocalError, 58
Unicode, 20
Unicode Consortium, 10
universal newlines (UYWA=
UNIX, 127
unpacking

dictionary, 78

in function calls, 85

iterable, 93
unreachable object, 17
unrecognized escape sequence, 12
user-defined

function, 22

functioncall, 86

method, 23
user-defined function

object, 22, 86, 122
user-defined method

object, 23

33, 159
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value, 78

default parameter, 122
value of an object, 17
ValueError

exception, 88
values

writing, 95
variable

free, 58
variable annotation (|4 oJxHo]A), 159
virtual environment (7} 274), 159
virtual machine (7}F4 7] A), 159

W

walrus operator, 92
while
statement, 102, 108
Windows, 127
with
statement, 51, 112
writing
values, 95

X

XOr
bitwise, 88
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PYTHONHASHSEED, 37

PYTHONNODEBUGRANGES, 30
PYTHONPATH, 70

yield
examples, 81
expression, 79
keyword, 79

statement, 100
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Zen of Python (o] Al), 160
ZeroDivisionError
exception, 87
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