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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] +¥ & A A == CPython 7d S AH-8-8FA] ¥, v U A] = (managed) NET 3-8 = & 7171 ©] 311 \NET g}©]
B2l & Ayt Bryan Lloyd 7} ¥H& 315 U Tt} B ZbAISE % B 1= Python for NET & 5 o] #] o] A]
AlgH Yk

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.
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The descriptions of lexical analysis and syntax use a modified Backus—Naur form (BNF) grammar notation. This uses
the following style of definition:
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https://pythonnet.github.io/
https://ironpython.net/
https://www.pypy.org/
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CHAPTER 2

sho]® =2 18- FA (parser) ol 23] AR FA 0] A HL 019 147 (lexical analyzer) 7} BE o v
2 (token) 52 2 =R o] FoIAL ol5] #4170 A UL ERE R B AT
_q—o]»vq cumggdYgrEZ $UFE Frugtog Atk aA o o Fge a7y AL =5 2| A

4 93, 71 B3-S UTF-8 U th AA| 8 W82 PEP 3120 o] g Uth 22 319S tZdd 5 gle o
SyntaxError 7} @A g Tk

2.1 & - X (Line structure)

gtol W 22 22 o 2] 7| = Al & (logical lines) = & Vg U Th

=279 £ L NEWLINE £20% 2T 2ol Sk G 014 (18 591 39814 £
HE Abol) B el A & 119 AAR AZAE 4 GEUTh B0 L WA Aol AL BA A B
é%‘(limfjomtng T+ 2 o]l U?}F/} i} o] 2] & & 9 & (physical lines) &2 /4 g Yt}
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sholf 22 Y= 3 W AT WAl Zo] gl F40] F7A coding [=: 1 \s* ([-\w.]+) T} X5, o
AL QTP Aoz AT of A0 3 ¥ 15 £ ZE He] A3 o] 52 A A gk
A A F AA ol T2 pobol Fith. whebF wlAl Eolehd, 2 WA & oA R slojoF T
A3g Al AF Fele F AL sk

[# —*— coding: <encoding-name> —*-—

ld] GNU Emacs ol A = Q1 4] g U th th& shih+=

[# vim:fileencoding=<encoding-name>

o1 t]] Bram Moolenaar 2] VIM o] A] 21415 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.

22 g SHN BANE ASHA LA F2 AT+ Y5k B A S0
e clel el £ol A ohd o EelA B0 o ot AL A 2 A A
=

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

FHAZ UL Fe 2a0) 2R S Gach o A E S AR 2R o S
B AR E A B ol B Aol £ LT (5, A U2 o199 o R o SelA S
AEIA T EOl ol A58 4 uvth). BAE DEE el 9 o SaNt SN AFF o
ol9)e] Foll AT AL ol ok

Z5(0), NZE([1), TZITUNIAREHE BT A L84 ol o8 7 EgFd &2 s 5
[} Y L=

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

6 Chapter 2. o]3] 24
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def perm(l) :
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r = []
for i in range(len(l)):
s = 1[:4i] + 1[4i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

2.1. & F+Z(Line structure) 7
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U o= o8 7HAl 227 Al E EoF U

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

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

(P4, A2 Al A9 ol el T 7F A T T A whA et ol ]k 019 #4717k AR Th — return ¢
o) £o)27) 7 28l Q& k7 AA A Th)

NEWLINE, INDENT, DEDENT &}= g 2, 23 772 § 5o E Z 5 o] A3t} /“B*Z}(identiﬁer), 719
= (keyword), Bl E1 & MMMLLEWWMMM¥TNMMWM(“Wﬁ”ﬂ%%ﬁ&ﬂﬁ%ﬁ*“ e
Eoo) ol AW, B g Belste 922 UL 5T A4S, ARNA LEHOZ 92, Ht
woe gren Asd O A dole BAGE TALE 28 A5

2.3 AEzkel 7191 =

A7 (o] & (name) o] e} E FUTH £ T 2L 013 Aol = )& H Tk

ghol o A A Ezte] FHE FUIE BF FE54 UAX-31 o] 719He T, of 7] o] Q& o] Ay vl U §-2
otefell A AUt & o AT W82 PEP 3131 ol A Z& 5 S5 Uth
2.x

ASCIT %] (U+0001..U+007F) W ol A, Z 1} 4] ‘ﬁx}fx}— vhol W 2.x ok By th: Aol M z 9] 9] oAk}
avzh BE A FAE A9 e, f AF0 oA 9
3}o] 2 3.0 ASCIL 9] ¥he] FAES S Y FUTHPEP 3131 =), o] 29 4%, unicodedata ZE°

=3 HAY fFUZE A4 EﬂolEiHﬂ ojzof met £/FF Ut
A ARE Aol Alge] glaL, Al o] (case) & T F YTk

identifier = x1id _start xid_continue*

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

Ao AFs FUZE 8] TE=EQ] o u]= o]g G5t
* Lu - uppercase letters

e LI - lowercase letters

8 Chapter 2. o]3] 24
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Lt - titlecase letters

Lm - modifier letters

Lo - other letters

NI - letter numbers

Mn - nonspacing marks

Mec - spacing combining marks

Nd - decimal numbers

Pc - connector punctuations

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

Other_ID_Continue - 1} ZF71A
BE A H 2= ghA o] 28] NFKC 473} g4 o2 WEE 1, 4 H212] v] 3+ NFKC o 719 F U th

A non-normative HTML file listing all valid identifier characters for Unicode 15.0.0 can be found at https://www.unicode.
org/Public/15.0.0/ucd/DerivedCoreProperties.txt

ohe A ALE S o oo}, B o] 9] A=,  ARSE 1, QubA 9l Az AL E 5 QG UTh of 7] 2]
9 A A 25 2A A of of Fuith:

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

Added in version 3.10.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The identifiers match,
case, type and _ can syntactically act as keywords in certain contexts, but this distinction is done at the parser level,
not when tokenizing.

As soft keywords, their use in the grammar is possible while still preserving compatibility with existing code that uses
these names as identifier names.

match, case, and _ are used in the mat ch statement. t ype is used in the t ype statement.

WA 3.129 A4 ¥ 7 type is now a soft keyword.

2.3. A¥zle) 7|9 e 9
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2.3.3 A7) o o

A Ehe B =) o Bx
Wz g sdor TRE U

o 4EAEL SR A gFUh of RRE) AAAT L A3 2o

*

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.
Zr3: o] & _ 2 == A 3 (internationalization) 2} #H F| o] AFE-H Yt} o] o] #H| A= gettext
BEY FAT FEIAAL.
It is also commonly used for unused variables.

*
A28 B9 o) F, WBA A 0 2 “HH (dunder)” o] ol eb He AH U Th o] o] 2 EL Qe zelE 9}
IFA(EE ) BEYYE 2T Uh ol Ao FUth A A Al2d o] 52 ST A= o] 55
A 9o ol A =olF Ut stolxle] mE) Wl o B Asol Fold 7ol FUTh
of | Fulo] 47, WA G 02 EAR BEOIR S L Wol e+ o] B9 BE AL, AT gle]
£49 % QU

*

24 Bgd

2 (iteral) & B N FFE] B kS AT B WYY

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

| "fx" | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RE"
shortstring n= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "mrr'" o Jongstringitem* "'''"™ | '"""' Jongstringitem* '"""'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq :i= "\" <any source character>

10 Chapter 2. o]3] 24
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bytesliteral = bytesprefix(shortbytes | longbytes)

bytesprefix = "b" | "B"™ | "br" | "Bxr" | "bR" | "BR" | "rb"™ | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = "rryw Jongbytesitem* "'''" | '"""' Jongbytesitem* '"""!
shortbytesitem = shortbyteschar | bytesescapeseq

longbytesitem = longbyteschar | bytesescapeseqg

shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar n= <any ASCII character except "\">

bytesescapeseqg = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefix or bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section ©1 5T A1 &1,

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

HFo] E < (bytes) 2B E2 @7 'b' 1 'B' S Gl U str 9] ATt bytes P& A2 2E
S LI b ASCI AL R 2 e - S ], B fho) 1280} AL 2 T 6 M) o] Ao
0= FA= ofok ghuink.

AL uto| =G FHY BT AGHOR 1 oluh 'R EAE o] £+ AguTh o)A FAAL W
F 41D aw sings) © 2 S, A SANE BUL EAR AT AU AA 0T, BAE Dol A, 2
Ao gl \U 9 \u o] 2o = S s Ml A Uk shol 4l 2x9] & T HE e
Shol # 3x8h CEA ST The AL TS A, tur BHS A0 A b,

Added in version 3.3: Y Hlo|EE E 29 'br' 9} 2L u|7} QL b BE 727 E 95 YT

shol#l 2.x 9 3x oA FAo] AASHE AEEY FARSE F25h7] A3 o] ASHE fURE
H 2 (u'value’)o] thA] E45 Y& U Th AHA S AR PEP 414 o g Utk

£ U E B ATOIR 2 BAY O E R T R4 ol 6 D (formated string literal) ) TF; sirings &
HAS £ e B} 2FE F AEUT AT, b w Gt AFE 5 fFUTh e & £
EARL oA, Y Ho] EQ e

45 S 8 elE LA, A 1) o) 2001 53 98 AY £} T o 2 ek (22 AR

o], o8] &= & Zoll Al 7|2 o] A o) B 2| ke M E7L 12 A, S H RS FRAYUT (HEE"
AL Agsted Ag S B UL 5,

l
|

=

|l
o
¥

—
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Escape sequences

Tt R Ol 7E R RS o), B AT uho| £ 9 2l o) E31E o] 27 o]
A8 AT Hl 5 e Ao A HUTh A4S S o] A o]z AP AL ol gL Th

[LI

A DA2Ee TZCoA

olaFA ol AlFA 9] 9] AH

\ <newline> QA A EX7F EAFB YT (1)

\\ %ﬂ ﬁﬂw (\)

\! 23 (")

\T —i’“‘?ﬂr%% ™M

\a ASCII ¥ (BEL)

\b ASCII ® A 5] o] A (BS)

\f ASCII & 3] = (FF)

\n ASCII 2+¢] 3] = (LF)

\r ASCII 7} 8] A] 8] & (CR)

\t ASCII 7} 2 = (TAB)

\v ASCII A & ®] (VT)

\ooo 8K 000 & AR H A} (2,4)

\xhh 1634 hh & A QA 2t (3.4)

TAE gE Do ATt A5 = o] AA o] T AP E:

o|AaAO]Z Al Y] 9 A
\N{name} “U A= g o] g ] o] 20| A name o]+l o] & B E2F (5)
\UxXxXxXX 16-bit 16 A4~ xxxx 2 A A= EA} (6)
\UXXXXXXXX 32-bit 16 5~ xxxooox 2 A A H 24} @)

R AT

(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 riple-quoted strings, or parentheses and string literal concatenation.
(2) B CSHR7HAIZ, Ao Al 7)) 87147} &8 FH U th
WA 3.119) 4 ¥ 7 : Octal escapes with value larger than 00377 produce a DeprecationWarning.

WA 3.129 A ¥ 7 : Octal escapes with value larger than 00377 produce a SyntaxWarning. In a future
Python version they will be eventually a SyntaxError.

(3) E2 Cob= T, B8] = o] 167157} Al 25 o] of T T

(4) vro| =4 B EFo A, 164591 815 o] 27 o] == A A 4] o] =8 AU Th B4 e
oNAE, o] ol 2Alolm i AR gk fUTE £AE BB Th

(5) WA 33004 HA: EA! Qo] F74E Q5T
(6) &3 4719 161+5 D2 = Fch

) ol Yoz REFUIEE ATYT 5 A&tk 3 8709 16357 Ba o

! https://www.unicode.org/Public/15.0.0/ucd/NameAliases. txt
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Cole g, Q4 H A g BE o aro]z N AAE B0 MAH A e AT dA Ptk 5,
&A1 7} A ko wﬂwn} (ol B M AT Wl &

g ul, A% ATl A LRE BEE 1A AT+ 9)
NAzT, o EQ 2 E Dol A 2145 A g B 5

18
o gy HN

WA 3.69 A4 ¥ 7 : Unrecognized escape sequences produce a DeprecationWarning.

W A 3.129] 4] ¥ 7 : Unrecognized escape sequences produce a SyntaxWarning. In a future Python version they
will be eventually a SyntaxError.

PN 2, g E s o SN R o] 270l x ATk ShA % o S A7} Al @A Tk ol S
Sof, rr\nn & SHLE BRI E DA, F A1) BA Soldl Tk o SEAg} S EE; 1\ &
212 249 R o] b e (d BAYZR TS o SN2 B 5 vk, & 6 2R
wohe, 3 R P shs) o e T4 UL THE S A7 E

AAZ W EQUTh. & el Ao} itz Ro] ot AFEAE = AgHo] oh 2} e o] £ & T A
A2 4ol Z9 3 of Gtk

24.2 #2149 2l o] o] & 0] 7]

o 719 TZ}@‘OlﬂrHPOlE@‘ HHE S (FHe R FEaA]) o8 7] AHNA tdst= 2ol §E L,
9o o]o] 2ol A Bt} 7 ;quEgo] Az e s S = guth 28 A, "hello"
'world' ¥ "helloworld" 2} %%?M th o] 7152 0 FAES WG oY 2 Ue o 283
A E EAF UG 2 EAL A9 0h} 24 ol A% /b5 o g Sol:
re.compile (" [A-Za-z_]" # letter or underscore

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

il

W zo A Aols 1 YA Autd A Fo] TP o ol of Tt} Ad A 7ko] Ex1d
K ZE Y oo o] 77} Q4 MR THE G ES
Hol= AR 7=y ch, =W BEx1d glEH 8

ﬂll

2.4.3 f-strings

Added in version 3.6.

29 2L 2 E (formatted string literal) == f-2 AL D (f-string) = '£' U 'F & ol 2 A BHE Y
ok ol EAS AW B S EGE Gt FEE () & PR EAA A G2 EAY AE Rl
FE AU 3%11“},55‘3\-5—2} 2l e 82 AP A ol 74]/5}5]%3:_*—1?314‘4-

E“31] TZ}"U D‘r%iﬂr 2 EHs mEYt
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 u= <any code point except "{", "}" or NULL>

TEI AP FE2 A HEAE HFE e, s T2 {({' YW 1 tHSste 2 F2T R

4. 2g]d 13
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il%‘r-ﬂﬂ%@”&‘#lﬂ?&%@ st o= F i 'E X EEE AFA 7=, st H 3 4] o] FukRE
Ut 371 3 584 gA2E Q5T g2 27 BASHH A (W Aol F&FdUch, 284 o 55 “="\&
F71E = dsUth =25 ' 2 Al Zsh=, Mg (conversion) E E 7T F WS = A5y th 29 A A 2} (format
specifier) © G2 4= Q) 22 ;' 02 A FFYTh I} P g 22T 1 2 2y

Expressions in formatted string literals are treated like regular Python expressions surrounded by parentheses, with a few
exceptions. An empty expression is not allowed, and both 7ambda and assignment expressions : = must be surrounded
by explicit parentheses. Each expression is evaluated in the context where the formatted string literal appears, in order
from left to right. Replacement expressions can contain newlines in both single-quoted and triple-quoted f-strings and
they can contain comments. Everything that comes after a # inside a replacement field is a comment (even closing braces
and quotes). In that case, replacement fields must be closed in a different line.

>>> f"abc{a # This is a comment }"

+ 3}"
'abch!
W 37004 W7 sho 3.7 ol Ao, 78 BAR 5] £ BAL e o) BAA0IA awaic £}
async for g 2t Az AL FESHA Aks Ut
WA 3.129] A ¥ A : Prior to Python 3.12, comments were not allowed inside f-string replacement fields.
SR 7T '=ro] AlFEHY, EYole RFA H2E, =1 g F7HE o] TFHUHE A= TEE {' H,
FAA, = T Afolat RE Zeo] §AF UG ARACR, = 2 B AGAT} Yt o FDA
S repr () S AT 2] AAHE A% 1rr o] HAF A ohE TV RH R BHAY] str() 9

Added in version 3.8: 5<%
1 &} (conversion) ©] A] % ﬂ
Sk, 'lr' L repr() &

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 conversion
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.

£ FAD I BL olol ¥ £t QAT A B BEsole] PP 2AHA S5 gETh

=9 249 e d o) & SH

>>> name = "Fred"

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

"He said his name is 'Fred'."

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

"He said his name is 'Fred'.
>>> width = 10

>>> precision = 4

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

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

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

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

'January 27, 2017'

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

>>> number = 1024

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

(H& sl o] Al ol Al )

14 Chapter 2. o]3] 24
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(o] A sl o] Ao A A<)

'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" '

Reusing the outer f-string quoting type inside a replacement field is permitted:

>>> a = dict (x=2)
>>> f'"abc {a["x" def"
'abc 2 def'

¥ A 3.129] A ¥ 7 : Prior to Python 3.12, reuse of the same quoting type of the outer f-string inside a replacement
field was not possible.

Backslashes are also allowed in replacement fields and are evaluated the same way as in any other context:

>>> a = ["a", "b", "c"]

>>> print (f"List a contains:\n{"\n".join(a) }")
List a contains:

a

b

©

: Prior to Python 3.12, backslashes were not permitted inside an f-string replacement field.

=
[e]
29 24 I H YL 525 (docstring) 0.2 3D 4 G5 Th BAA 0] A gE PhE nhR U,

>>> def foo():
f"Not a docstring"”

>>> foo. doc__ is None

244 =x8€d

A e el Al A FR AGUTh A%, 45, 84 Bad o8 E 22 AL gEUt Eate

4918158 HalA oA UTh)

s
X
/‘l_._]
ZAElE o] 5 2R & Aol Fosfok gtk -1 A 22 FE2 L F A A EEE L
=

24. €4 15
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245 A4 ey

A4 e de e 2L o9 ez mAFYTh:

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

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

(
(

hexinteger = "om o ("x" | "XM) ["_"] hexdigit)+
nonzerodigit = marL.LLu"on

digit = "o"..."9"

bindigit = "o" | "iv

octdigit = "o"... "

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

A e elol A48 4 Aok 9% A4 e de) dojol Al e s
Ok

=2]
We2HE A # o] 1= A ks UTh 7FEAAE w07 Hsl 7\_7(]’:‘% g A&
AUtk B2 Ak Aol 0x & 262 Z 4= X A A (base specifier) Th= o] U= 4= =0,
4%%41%§Hﬂ.

0 0] ohdl 1071571 0.0 A 213 4= g8 o Zo] sl of g th. 3.0 WA o] 4] 5ol Aol 4 A8 & C 2Ebel ]
844 E LT E5H = AL 7] g
A4 e g 5
7 2147483647 00177 0b1001101112
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 0b_1110_0101

)

WA 360l A WA E Dol N 2AS) 1L BAT B A2 WEL St

246 A4 FEH

A gHE2 s 22 o9 Az 2dgyth

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

fraction = "." digitpart

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

Bol A4 RE= G 100 P o2 o4 9
011,77e103ﬂr g XA TEFYTE A
Mo rZA R e XA L

]_
A5 2E el 27k g Stk

€ 2ol FolaloF Frth ol & £¢1,077¢010 & SHME
ZEl g st Wee %aawwwwmn+ﬂﬁaaaw

[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93

WA 36NA W eE BN 245 152 BAT BH o WSS FAPun

16 Chapter 2. o]3] 24
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247 34 26
S5 Ege e 2L o9 oz 2dE T

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

A5 A H DL AR EH009 Ba5E HEU Bast 45922 09 Aloke] 483 & Y 5w
ERAUG 00l o SIRE AT RLFE LEAY AFE ASL A A2 E0L G023 91%

gE o 3 7HA] o & U th

[3.14j 10.3 103 .00173 1e1007 3.14e-107 3.14_15_933 ]

2.5 & Xz}

e 2e EREL AT

- - * *x / // 3 d
<< >> & | n ~ =
< > <= >= E =

( ) [ ] { }

o . g @ = -

= - *= = // 3= e=

& |= Q= >>= <<= * k=

NREE 49 S5 JHDNNE 54E 4 L ASE AR A A ASEE 2 H D Cllipsis

o

= o
11teral) 0] 2= 53351 9 ] 7l A5 L] t}. o) & < AFA} (augmented assignment operator) 52 ©] 3]
o}
=9

h.9) 21415 £ ASCI £AEL T} EaE Q2
Solw g ok

G )

39 vl 7k AL, T8 A) 0 o] A

Th2o] Q1415 & ASCIL £ A5 shol ol 4 AHE5 A gharvith 2249 B3} 54 o] 9] o) Fol A AL§
He e 22 gl el Ak

R |




The Python Language Reference, @ 2] 4 3.12.3

18 Chapter 2. ©]3] 22X



CHAPTER 3

3.1 AA, 3%, 3

A A (Objects)= n}o] o] © o] B (data) & 3= 4+3} 3+ A (abstraction) Y U t}. 3}o] A
ARG AA 7+e] AAZ 2AH Y} (£ o] % (Von Neumann)fl] «“x g g At
computer)” 292 w2 17, & = HAAoNA ZE A AA R ZdFHUTH)

X g

2399 B E HojE =
A AFH (stored program
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 id () function
returns an integer representing its identity.

CPython 78 4HA]: CPython o] 2%, id (x) £ x 7} A2 v 2 2le] Faquh,

A2 e AN AU AEE AL (o F Fol, “Ro)E 2 YU 2P| AR Fo) /1A %
A s G52 RS BT type O Bt AN B ()2 AN A7 h e B el S, ofel el el
WP AR =, A 2] o (1ype) & A WA A bk

o'l AAES] g = MAT F AF Uk g2 WAL A= AAES 7HA (mutable) ©] 2FaL gyt 4t

THE o)A Fof gk WA T 4= Qe AAES B (immutable) o) 2tal U th (7HA A A of o 3 A2 & A3}
e B AH oYY g 7hE AR o] A v AF AT B £ = lFUTh kA W A st e
A€ Aol v = glomz Ae oy 3] Brolet o A YT webd 242 dEsAE
3 27 e e g g YT & ¢ vl Egyth) 4419 714 (mutability) & T1712] 3o 2] 5
AEUL A& 9 A AE, 52 (tuple) = & W o] X g, &1 4 1 g] (dictionary) &} 8] A E (list) = 7HH ¢
ct.

A7 HA Ao Z 39 FH A GHyt); o FZRE A 952w (unreachable) 7}8] X] 4= 7] (garbage collect)
F3l0] P A 478 A AN 7| AL} okl AL Aol FBR UL — opF F2H & AAE
ﬂﬂ%ﬂ“ﬂﬂﬂ AZbolm Ao pasEAE Tae E4 EAUD,
< A : CPython & & A 315~ A %} (reference-counting) 4] -& A& S, (M8 AH S &)
A8 IR AT 4R R, o PR G A ) A1 oy
O SA % B B2} Sl ANAEE £ARTIE 8L Gt £ 87 A A
A2 GUTh O FASS O A% 481, CPython = 979
733

3 Aol A FUTh AW AE AW o}F A4 Atz o]0 A 4

z Lo

§<EL

24y Q ol N Ok B Y R
Y
l'U

2, o
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49Utk 227 AAD W Z24 02 vho] d e Al o] Al (finalization) 5] £ 2] 9 £3517] opol gtk
(224 B4 LS WA A 0= PolFo]of 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.

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 with statement provide convenient ways to do
this.

ol@ AR5 e The ARl Y3t B2 5 EFeL ASUT oA AS 2 A o] U] (container) 23 EFU T,
o

Sk
e
A
flo
o

FE BaE, gAY 5o AEH oY Ayt o] FREL AH oIV Y FHY dFE YT

g7} Aol e =T ul, S0l AAEY ololdlE E Bl g2 wpF Ut A%, AH o1
7 A s =& = A 7 AR ofeldE E vhS R Ytk ZEA, (FE 22) 9 HH o Y7t
7bA Az F2E 2 vid, 2 7hdE A7 A A E W A ol e W AFH UTh

P2 A BE SN AA 7 B2 ol 4FS FUth AA Y ofoldlE|y ) 2t FRARAE
ol Holl A= JFS LH UL B A, A g HEE AL AA R E olu] EA 5= A FollA
2L YA S 2= AL EHE F A5tk vbdo] 7hH AR oAM= o] Ao] LA EHULh A5
Eol,a =1; b=13%9,a%bEeEg 12222 AL +5 1, old = JF Ut A wtc =
[1; d =[] Fod,cdEF A AHNR G2, FHH o], AE TEo 9l gfxEQ o] AP YT (c
=d= A2 A4AEctael dddnh)

A 9N B AZe) B BT 5 Al (18 Sof, el

o

=
aedor AFA A wld 55), £F gholBEE 3l F7H2 7heAol d 271 Fud
olgfo] o= " o ot AL ‘S5 o] E 2] H E (special attribute)’ & Y E 3= B2 £33}
Ol AEL T H2Z WS AT, AREA A AFES fg Ao] of Utk A= dew HAFE 5
9%tk
3.2.1 None

rlr
£
o
)
o
llf
=
O

3

[0]

SUTh o] e 2 st AR EAZUTE o AR o
2 L o2 717 ARl A o) RAIE de) o] AL H T o & So), WA Ao ArtE
el 5 o W59 B guTh = ge AR YUk

3.2.2 Notlmplemented

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.

] Z}A| 8k W] -8-2 implementing-the-arithmetic-operations & 11814 A] 2.

W 7 3.9 4] ¥ 7 : Evaluating Not Tmplemented 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.

20 Chapter 3. ©jo]g] ¢



The Python Language Reference, @ 2] 4 3.12.3

3.2.3 Ellipsis

o e Sl RS DU o] §E o skl AN S AT o) AL Y . ol

O]t, Ellipsis & &3l §<¥Uth =

3.2.4 numbers.Number

AL A 2B Aol o3 BBl A T, 4% A4k g 4% FSEol AE BeF U 24 AR T
203 Y ol WEcl Y BT M G ol S Fsl Sand RAEs U
A BASI o] AsrUTh AW AFE) 54 EAL A kS B YU Th

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

o FHla AR AgE of el 2 ghe H AR E AL RS A EHE JUh
s 7bsetd, 2d-2 1070 J Y th
« A5 F] BY 0S5 AL s, A9 02 FAIH A kU th
« 273 FY B 0 At T 02 FAH A FEU T
s B2V S wiwk 2AH Y
ol AL B¢, AL, BASE T RFYTH

28 7L 47 23 AZEo} vpa3 sl ko] A4 ol w) Qe A4S AFH 98 ALY

¥ 7HA BRe A4 Atk

F 33t} Al Z E (shift) £} vF2 = (mask)
A =2] 29] H4(2’s complement) & X3 E =4, 5

£-3 (bool)

)AL el gk AN AL e UTh False 9 True F AW 29 § AM U 28 FL int
9] 214 4 (subtype) ©] 31, Th -2 G A 7] 07H A FAFUTh o] 9= TR WAks = 7

2old, Z+7] EAFE "False" & "True" 7} ¥HaHg Y}

numbers .Real (float)

O] L2 7 A 422 W74 = (double precision) ¥ 4474 & LEbAUTh 2 & 3o WSl9 oS
=9] A ejo] Bal A& S 7 A 2] AA (9 C o Aup P @) ol B vtel gayTh Tol ML B
(single precision) %5 243 5 A A5 kUt o/ AEE AHESHE ol 71 ¥ 22 AN W R
A8 sholdolA A€ AETE Tl vl &3 Asgsl o] Sl T 2ol A SR
e 447 £ 2 Aol BishA e 7HA 7 g5t

32. FFEIFAS 21
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numbers .Complex (complex)

NAEL A SEMAE 5 £57 £ B0 8 Ba52E JEAUh 25 254 29 A% BAES
FRYUTH Btz o A5Fe H2RE, 97 A8 o2 HE z.real 9 z.inag 2 AW 5 Y&V

3.25 AP~ E

These represent finite ordered sets indexed by non-negative numbers. The built-in function 1en () returns the number
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—2], the second to last item of sequence a with length n.

Sequences also support slicing: a [1: 7] 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.

o™ Al *ﬂ HAY “2 =] (step)” vl 7] A L—re A8k “&F & gho] A (extended slicing)” = 2] | 3y T}
ali:j:kl+=x = i + n*k,n>=0,i<=x<j & U}—-—'S]—‘_J.L'd'ﬁx AT,

AR B Ao we T EE U T

¥ AAA

EHAAA G AR = dd o o= HAE sy th (Gt AA R Fx2E T H, 1
AALPEL 5 AT, WA 5 AL UTh AW, B AR 2Re FrEE AR AT A WA 5
fAsyth)

e 2l YES wW ALY

£ 2} (Strings)

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

53 (Tuples)
FEY FELS 499 stold AA YU F Il o] FEORE PR FES FUE E2E &
B9 5802 g 5 AUt bl RO R T FE (2 Hsingleton) & £ A Lol FoE
BAA NS S AU (ZIE RS Fe T YL, @A o2 = /FES WEA 25U
MRES S W BEE BE 5 dHUn

] c} H,0<=x<256 H9]2 A4=2 3%
)= vlolEE 2lE E (b'abe' 3]-?5% I P& bytes () A4 X} (constructor)
s 4 AA = decode () AN EE &3 2XA<€92 UIdE T+ U5

o
A
rlo
%
)
m
jus)
=)
_°,
r_
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7P A A wrEo] A Zo MAE 4 A5 Utk A B3 YA (subscription) 3 £ 2Fo] A2 t) Y F 3} del

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

A F e W 7HA Al A o] AUt

#] A E (Lists)
2aE 352 qol9 sold AA YU Bl AEL B SR
T AFUTH (Bo] 0019 BlAEE RtEEH B R F3 o] B8 gl
vlo] & vl & (Byte Arrays)
Hlo] E ujj & (bytearray) 2} 4| = 7} HH?'JE_ JUth W& bytearray () B4AE RF=oF Ut 7Hd o]
= 2022 A 314 7P TR 2) € A28, vhol = vl e 2 Hol 29 (bytes) Ao e
Qe 5 o] 29} 7] 5-& Al BT T

B2 ool ol A B

3.2.6 %3 3= (Set types)
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3.2.7 1] (Mappings)

o] AES %‘9191 dex Hgoz A = AANES] F3 H-E UEbd Ut =2 3 7] (subscript
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] 412 (Dictionaries)

OJAEZ AL 499 AT~ o= AU = AA S F3ts A vErYYTH 72 AEE
e AL H2E, Y- YU T &9 7HHE FollA oleldlE g7 o2t e & vus = A5 dYth
gAuveEle] 2&4Q Fdol, 719 s Fe] EFol HAEA 31 AL 22 Fo2 FAHESE 87314
A7l ZJUch 712 *F"Lﬂ KA Y A= A ol #SE It A o] Agg Yt Bk F A7t
29y Ny EHE (A E 501,13 1.0), T o 22 944 &5 A= AHEE = A5 UTth
gy e =AY SAE FATYLE 717 gAY ol SAH o R F7HE EA 9 22 AR AAE S %
Ut 71& 718 AN E €= HAFHA AT 715 A AT oA A DS o] A A A& F A S
o4l 2ol 7k Ut

gAY E = 7 dYh (.. ) Z7IHSE v F AdsUth (I Y E daEd o] AMdS A4 Al Q).
373 25 dbm.ndbm ¥ dbm.gnu + 7+ g & AlFdl=tl, collections BE JA| vpZ7HA ¢
Ytk

WA 37004 A g E =36 0] A JrOl Aol A 4] A5 A8 k<5 U th CPython 3.6
ol A, 4HS] A 7}v A5 QA I Aol Aol BFo] ofet 3 A F AMGe g HEst A F YTt
3.2.8 7| E(Callable types)

OJAEL T4 TE T E AN FI)ol A8E S Y= FEYUTh

AgAL B o] 4

h=

AR A G5 AR T4 A S B S UL A A F3). F49) 34 v S (formal
parameter) 553} 22 |59 35S Z35t= A (argument) £ 50 2 T E 5 of oF T}
Special read-only attributes
Sl s B
. A reference to the dict ionary that holds the function’
function.__globals__ 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.__closure_ function’s free variables.

A AA| = cell_contents JJEZHEE 71X
9l Uth Ao 7He oS mul oy g Zhe A A3

LU AET 4 AT
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Special writable attributes

Most of these attributes check the type of the assigned value:

e ER
' The function’s documentation string, or None if unavail-
function.__doc__ able. Not inherited by subclasses.
The function’s name. See also: _ name_
function._ _name___ Bt e e EE.
' The function’ s qualified name. See also:
function.__qualname __qualname__ attributes.
Added in version 3.3.
| F571 A9 E BEY o) EE (31E F9) None
function.__module___
. A tuple containing default parameter values for those
function.__defaults__ parameters that have defaults, or None if no parameters
have a default value.
The code object representing the compiled function body.
function.__code_
. ) The namespace supporting arbitrary function attributes.
function._ dict__ Seealso:  dict_ attributes.
. ] A dictionary containing annotations of parameters.
function.__annotations__ 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
function.___kwdefaults_ parameters.
A tuple containing the fype parameters of a generic
function.__type_params___

function.
Added in version 3.12.

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 +-& A}Aj: 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 viathe ___code___

attribute).
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el A ¥ A | A & (Instance methods)

ArbawASE Fes, Fs Aatas BE 28 AR (15 A8 A9 B4 AL

Special read-only attributes:

Refers to the class instance object to which the method is
method._ _self T

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 c1assmethod object from a class or instance, its __self
attribute is the class itself, and its___ 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__)infrontof the argument list. For instance, when C is a class which contains a definition for a function £ (),
and x is an instance of C, calling x . £ (1) is equivalent to calling C. £ (x, 1).

When an instance method object is derived from a classmethod object, the “class instance” stored in __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 retrieved
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 objects (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.
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A # o] €] g4 (Generator functions)

A function or method which uses the yield 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.

3 5¥l 342 (Coroutine functions)

or B PG A o5 Sk WA S8 528 84 (coroutine function) 2 2B T, o 4
Z3tH F2E AR S SHEU await EAAE B E3), async with @ async for & A8
2~ O = =
syt = 3

2)
. IFE A A (Coroutine Objects) A AL FZ 3} Al L.

v]5 7] A o] g g4 (Asynchronous generator functions)

A function or method which is defined using async def and which uses the yie1d statement is called a asynchronous
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 ai terator.___anext___ method will return an awaitable which when awaited will
execute until it provides a value using the yie1d expression. When the function executes an empty ret urn 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.

U & k4= (Built-in functions)

A built-in function object is a wrapper around a C function. Examples of built-in functions are 1en () andmath.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___

U %} w] 4] = (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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Z ) ~(Classes)

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

Z#| ~ el A2E1 A (Class Instances)

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

3.2.9 -5 (Modules)

Modules are a basic organizational unit of Python code, and are created by the import system as invoked either 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 dictionary 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).

AEYRE UYL EEY ol T gAY E BAFYLE o & E0l,m.x = 1 2m.__dict__ ["x"]
= 13} Z5rh

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 prac-
tices on working with __annotations__, please see annotations-howto.

=597 AE JEARES: _dict_ YAV BEAE BEY o8 F1YUTh

CPython 78 ALA]: CPython ©] 25 241 2 & ul 9 4 wol, &4 v elo] B & 2 7h gopgleiehs,
BEo| 27 E Wol W BE g4 el E a YAk o AL setel ¥, 91 E Bt gAY e
247 o] §3h= 5L BES Fobrolof Tk
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3.2.10 A}8-#} A o] 2 A (Custom classes)

Custom class types are typically created by class definitions (see section = 2] 2~ % 2]). A class has a namespace im-
plemented by a dictionary object. Class attribute references are translated to lookups in this dictionary, e.g., C.x is
translated to C.__dict__ ["x"] (although there are a number of hooks which allow for other means of locating at-
tributes). When the attribute name is not found there, the attribute search continues in the base classes. This search of the
base classes uses the C3 method resolution order which behaves correctly even in the presence of ‘diamond’ inheritance
structures where there are multiple inheritance paths leading back to a common ancestor. Additional details on the C3
MRO used by Python can be found at python_2.3_mro.

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 stat icmethod object, it is transformed into
the object wrapped by the static method object. See section T] 2~ = §] ] 5= 313} 7] for another way in which attributes
retrieved from a class may differ from those actually contained inits __dict__.

SRz EREUHAS SH2Y AW E BT #, ol A= B2 FH29 g E A= Ae

FsUth
FHx QA= ZHEJ2HAE SHFESF (IR E EHAAL) T2 F AFUTE E EAAL).
£ 4= o] E 2] H E & (Special attributes):

__name___
The class name.

__module___
The name of the module in which the class was defined.

__dict__
The dictionary containing the class’s namespace.

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

doc

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

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

__type_params___
A tuple containing the type parameters of a generic class.

3.2.11 Z 2 Q¥ ~(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 T] 2~ = ¥
E] <315} 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 classhasa ___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.
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3.2.12 1/0 A A (st AA g1 x d&A 5 Th)
s} A7) = 9 Qe debgy Tk 5 AR BE s o8 7HK) wE el 95U Th open () W 3,
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o gesolvmAES

sys.stdin, sys.stdout, sys.stderr = QA Z O = ¢,
AAEJQULH BF HAE B2 A8 A] i0. Text TOBase 324 27

Yok,

3.2.13 U+ 3 (Internal types)
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71 A (Code objects)

S5 AR wpo] E 2 5+ (byie-compiled) A 75 8 vho A 5EF ek v, 1 vho] = = g
S REUD. Bt AU B4 AN Do e Ao Aok B4 A sl 8% 2 gobaly (T4
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Special read-only attributes

codeobject

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject

.co_name

co_qualname

.co_argcount

co_posonlyargcount

.co_kwonlyargcount

co_nlocals

CO_varnames

co_cellvars

co_freevars

co_code

co_consts

CcoO_names

.co_filename

co_firstlineno

.co_1lnotab

co_stacksize

.co_£flags

The function name

The fully qualified function name
Added in version 3.11.

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 ar-
guments with default values) that the function has

The number of keyword-only parameters (including argu-
ments with default values) that the function has

The number of local variables used by the function (in-
cluding parameters)

A tuple containing the names of the local variables in
the function (starting with the parameter names)

A tuple containing the names of local variables that are
referenced by nested functions inside the function

A tuple containing the names of free variables in the
function

A string representing the sequence of byfecode instruc-
tions in the function

A tuple containing the literals used by the byrecode in
the function

A tuple containing the names used by the byrecode in
the function

The name of the file from which the code was compiled

The line number of the first line of the function

A string encoding the mapping from bytecode offsets to
line numbers. For details, see the source code of the in-
terpreter.

W A 3.125 €] 9 A & : This attribute of code objects is
deprecated, and may be removed in Python 3.14.

The required stack size of the code object

An integer encoding a number of flags for the inter-
preter.

32
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The following flag bits are defined for co_ f1ags: bit 0x04 is set if the function uses the *arguments syntax to
accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the **keywords syntax to
accept arbitrary keyword arguments; bit 0x2 0 is set if the function is a generator. See inspect-module-co-flags for details
on the semantics of each flags that might be present.

Future feature declarations (from __ future_  import division) also use bits in co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the function was compiled
with future division enabled; bits 0x10 and 0x1 000 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 byrecode 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:
¢ 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.

Added in version 3.11.

ZF31:  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 bytecodes. Each item yielded isa (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:
e 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.
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* No range will be backwards: end >= start for all triples.

* The last tuple yielded will have end equal to the size of the byrecode.

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 byfrecode compiler.

Added in version 3.10.
o ®7|:

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.

Added in version 3.8.

)¢} 24| (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

frame.f_back

frame.f_code

frame.f_locals

frame.f_globals

frame.f_builtins

frame.f_lasti

Points to the previous stack frame (towards the caller), or
None if this is the bottom stack frame

The code object being executed in this frame. Ac-
cessing this attribute raises an auditing event object .
__getattr__ with arguments ob7j and "f_code".

The dictionary used by the frame to look up local vari-
ables

The dictionary used by the frame to look up global vari-
ables

The dictionary used by the frame to look up built-in (in-
trinsic) names

The “precise instruction” of the frame object (this is an
index into the bytecode string of the code object)
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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 tracing
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 inter-
preter 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 implement
a Jump command (aka Set Next Statement) by writing to
this attribute.

frame.f_ trace_opcodes

frame.f_lineno

Frame object methods

zd A AA = SEA WA EE AP T
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 raceback for later use).

whoF =g o] A A3 F o] RuntimeError o8] 7} Ay gy o

Added in version 3.4.

E o)A A H| (Traceback objects)

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created when an exception
occurs, and may also be explicitly created by calling types.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 7y <=-.) 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 t b_next attributes should
be linked to form a full stack trace.

Special read-only attributes:
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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 final 1y clause.

traceback.tb_next

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

8] A 3.7 4] ¥ 7 : This attribute is now writable

£ e}o| 2~ 7Y A (Slice objects)

Slice objects are used to represent slices for __getitem__ () methods. They are also created by the built-in s1ice ()
function.

E Q7] Ag oEBHEE: start ¥ 3F3F(lower bound) Ut} stop 2 AF3k(upper bound) Y U t}; step
2 28 Zduth 2 32 4= 4% None Ut o] o ERREES 1:14-45 o] g £ 5 Uth
Efol A AA|= et A EE ALyt

slice.indices (self, length)

o]l I == dhute] A AR length & Woka] Sefolx AR 7E Ao length A Ao AEH S
o 2 Eetolxo e R E AFUTE Al He] Aer 7498 FES %ﬁ%‘%i‘r: o) RAEL 77}
start &} stop A 29}, step FE= S EFO] 28] AE O] = (stride) A o] YU th A HE AU HHE Wl d

Qe AEL AuA ] Lebo] 29} e WY 02 bl F ok

2 ¥ g w4 & 7 A (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.
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Z ~ WA = A A (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 vAEolFE

A class can implement certain operations that are invoked by special syntax (such as arithmetic operations or sub-
scripting and slicing) by defining methods with special names. This is Python’s approach to operator overloading,
allowing classes to define their own behavior with respect to language operators. For instance, if a class defines a
method named __getitem (), and x is an instance of this class, then x [1] is roughly equivalent to type (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no ap-
propriate 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  ()).

NEYE $ G FTALE AW, 2Y2 2YRAL A0 Yol £ FEAAL PRIE Aol
ZT8FUL A& S, A A E2= NME FHES ANE AR 2 E 52T = 5yt sHA T Al“/‘r
o] 25 AU AL o] ot = 4 5T (o] 8 3H7FA] ol = W3C2 Document Object Model./] NodeList
[e]

3.3.1 7|22 o]l # AE|ujo]A| o] A

object.__new__ (cls[, ])
S s O A JA2RHAE W —‘é— 7l s = =4 14@ _new__ () v 2 WAEIUT (2 FA
GATA ob e S BRI A, A WA A4 DS el S Axvne] Felag)
AUt U A= AA A2 2 Gﬂ(iiﬂ’\ T3l Agd A=Yk __new__ () 9
318} 3He A A A2 0] o] of FLITH (HE cls o] AAE ),

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 created
instance as necessary before returning it.

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

Wk new () Zhels o JI2RAE S FA GO0, A A2EH20  init. () © TEHA UF
.
__new__ () =52 EHF (int, str, tuple 7} Z-2) 2] AH ST AAEHA YA
Olciﬁl’h ol AR U TH 3 AREA B Y vl e S oA Sl S A
A5 A ‘4‘:]'-
object._init_(self[,...])
(- new__ () ol o=l A2-H27) vk 1 3o, A W TE AN A EH F7] Aol SEFYth A}
2 FH B8R = 54 OE A" ASdUch wefwols FeA7  inic () Uﬂ/ﬂ‘: =JASII
Aok, B Fej29  init_ () =, ATHH, A" 2o A W o)A Fj A7} AFA] 8= _I'"E]_

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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o] £utz A 27138 <S &3] 37 Y8 HAA LT TS| FoloF FUrL); oS E0]: super () .
__init_ ([args...]).

AAE De=d _ new () & init () 7} HIT YO8 E (__new () = Tt
_init__ () & 3AAE AxEHute|2¥Yth, __init_ () 7k None 0|99 gg ST AP
ZHel| TypeError & €27yt

il
K

(

object.__del__ (self)

A2| A7 335 7] Ao &P Uth Ftoldetol A T (FF AeHA) 3t 2peta &Yy o) vk
ol ATt del () MIMNEE ZEA QITHA, A S a9 del () WA EE, B H
Ahd, AxE 2o A # o] 2 FE| A7t 2R S RES A A3HA AHA|8H7] 9380, A H o2 w o]~
Ze 2o HAMEE T EF oF Tt
(A} A = FATH) __del_ () HIAEE A2xE 2o st A
3 & A AAE § dF YT o] AE AA

ol FHAE TEEAE T et

Az B 7t FE5 T uf of2 Joldl= ARl thalA= __del () HIAES TFo] A XA &
S4rth
Z: del x=FAHx.__del_ () ESEA FS5UTh— dof] A= AL x o] IFX 3] 4= (reference

CPython 73 AFAJ|: 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.
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object.__repr_ _ (self)

repr () W Bol o)) SE 5 of AR “F 4 A 9 (official)” AL F AL A LT Bof b
Sohd, o) A 22 (A AT B0 Fojd wl) ghe 2 AN AT BE 5 b SwHE o] d B
A A Y Lofof FUTh. A5 ehA ATiH, <. ZEE Ao FEo BALS Sei7 oF Pk
WHE ke MEA] BARdolofof Gtk Wk et str () glol  repr () B AT,

repr ()22 AT 2 WG4 H Q) (informal)” £ Edo] £7F w) D 5 U%

Ut
o) AL v ol ALgF 7] wloll, E& ol

of

FE AR E G BT A A ke Aol T2 FTh
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object.__str__ (self)

yprint () o o8 &5 o] A} “H] F 4] A <l (informal)” &
=527 FA O]JH 7}“ T EAE WS ALY Bh g2 W EA] ZA4E A A of oF gyt
=

ol MINEE _ str. () o] SHIE Fol A S ¥ E Aol ZHH A Fethe FollA
object.__repr__ () Z oYtk © A stal 2HE 3 F o] A .

|
W33 object o]l AYHA 7|8 FAL object. _repr_ () = TEYYTH

object.__bytes__ (self)

bytes o] sl TE= o] AA 9] vle]E D & AUt W 2 REEA bytes A A of oF gyt

object.__format___ (self, format_spec)

object.__1t__ (self, other
object.__le___
object.__eq

object.__gt___
object.__ge

(

(
object.__ne__ (self, other

(

(

format () W3 &<, S5, =W F 214 2 8 & (formatted string literals) 2] A4t} str. format ()

WA S ofa) EE o], ARG “EWH” EAL ERS WS WU Th format_spec AAE L7 =
E SHES EFE BALYUL formarspec A7 HHL _ rormac__ () & FAE Do
gegoth R FHat 2 Y S JFFE] S ALY, ST 2R 34 BHS AL
Fuok

2o g F o 3] A<= formatspec € Farstd U th
Al EAF o] of of gy T

WA 34004 M : object & _format__ WA= Z}pAl-2, 1l FALE o] opd AX}7F A= TypeError
£ 2RI
WA 3.7 ] WA : oA object._ format_ (x, '') =+ format (str(x), '') 7} o}yzt

self , other

—_— = = = ~—

self , other
self , other)

°| A5 £:9] “F & ¥ 31 (rich comparison)” WA = A e, Ak} /) B9 H A E o] § 219 BA L
e Z2syth x<y Ex. 1t <y> TEPYTh x<=y £x._le_ (v) & TFFYT x==y
=x ) EEEdUh x>y Ex._gt__(yv) E

x._eq (y) EZEFUh x!=y £ x._ne_ (y)
TEFYThx>=y = x.__ge__ (y) E%QW;}-

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

AREAF A ) Wl AAEAE A b stal g e 712 ARE 5 QL A Vs AAE vrEE 2ol 3%
27 F2F W80l __hash () o FT Ekel YF U

There are no swapped-argument versions of these methods (to be used when the left argument does not sup-
port 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 reflec-
tion. If the operands are of different types, and the right operand’s type is a direct or indirect subclass of the left

3.3.
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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))

23 : hash() = A7 A3 hash () HIANE7 EHF 2 py_ssize_t & AV|E A}
=4 D]-(truncate). o] AL HE 64-bit W E oA = 81}o] E 11, 32-bit ‘?:_1501]/\1 = 4nlo]l EJd Ut} whek
A _nach () 7} AR e HE 2718 g UEE Aelold B ALgE oo el wE
AP D= Eo A =& AAS|oF dyth o] ZA st= 412 W2 python -c "import sys;
print (sys .hash_lnfo.width) n Ayt

If aclass does not definean __eqg___ () method it should not definea ___hash___ () operation either; if it defines

eq_ () butnot __hash__ (), its instances will not be usable as items in hashable collections. If a class
defines mutable objects and implements an __eqg___ () method, it should not implement ___hash
implementation of hashable collections requires that a key’s hash value is immutable (if the object’s hash value
changes, it will be in the wrong hash bucket).

AR Ao FEllae 7R ACR  eq () ®F__hash__ () MIANEE ZFUTH BE 711‘ = (AH7]
A& A9 skar) 22 kAl Bl E AL, x._hash_ () = AZ T S T, x == v ¥ wa is
y $thash(x) == hash(y) 7FeAll AH T - A== Fyoh

() EARSIAL  hash () EAYSA = FUWESE_ hash () 7kNone 22 HAH
‘45} 2§29 hash_ () MAHE7}None o/, 2|~ AAB AL mg o] A A0
A =& 0] TypeError & € 27|10, isinstance (obj, collections.abc.Hashable) & AAME

w) 34 55 Sheka 2k 24 U

Wk eq () EAARYS= AWV RE FHAERE _ hash () JFASEHTILACH A
BHZg oA HA| A2 o]g8 A XA Fo]oFgU Tt _ hash_ = <ParentClass>._ _hash_

WOF__cq () 8 ABHA e FALA NN ANE WF T AW, T4 Aol _hash_
None & X &sloF &Yt AHAQ]  hash () & 14.45]— _601] 47 e TypeError EdoyE=A4L

isinstance (obj, collections.abc.Hashable) &£ 0] OH Al 7V 5tk A5 ?_]/512}14 t}.

.

[T

Ba: AR sudbytes ANE] hash_ () gL AST S Gk U 2 S =5 of (salied)”
S5 UITh 8 shol A 2 A 2 o A WA b o2 AR AW, st AL B Ao w AT
s ol 5% 4 QA By

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.

A Azte] WA Ao ol el ol A Ao BB FUT, Tho] M o] Aol e o BAE 5
OF4FUI T (2] 71 K% 32-bit 9 64-bit W= Abo]o] A% ChE U Th.

PYTHONHASHSEED & Z3}4H Al L
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WA 33004 A A d Bl VR Ao R 2

et

33 Ut
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, __1en___ () 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.

[\
2
fu

2 HE A& A 2E upo] A o] 4

3
Al A2t a9 AEYFHE Fx(87], HY3H7], x.name = AHA317]) ] Ju]E WA 7] S8 oh= 3
TR REREE FEP RN,
object.__getattr__ (self, name)
7]% OJEZHE MM A7lattributeError 2 A u] SESH YT name o] A2 A o]ERHE £
Eselfd EH~EG JEAEGHEV}oLBIA _ getattribute_ () 7FAttributeError
£ 4271 A name Z 2 H HJ __get__ () o] AttributeError & 42 Z ul). o] A== (A A
=) O]EFH‘F[‘—E S HHEs AU AttributeError 9ol & o Aof UL‘JQ‘

ARHARJA I AYEE 3l AEAREALAFY __getattr () o] TEHA 5ol Fodl|oF &

[

Utk (el AL getattr () 3 setattr () 2 JEF A YUTh. o] ZA s o] f=
EgwjEol7|= SaL, A ShA oW getattr () 7t OJQ%AA e oERE HoT
ol 7 Wl 7= Futh Hojx AAEA W F9, ol fE A" o] ERRE YA g

o 9A 202 M (R TASE T ARl Y3 UTh AAA A0le A Y 2 A 5 Ak
HEZHE AMAE AAZ HA3] 22 6L= v o tia A= oo Y2 %_getattrlbute_ ()
o A tHE U o,

object.__getattribute__ (self, name)

Zelx drH2 JEFHE ANAE THEY] & 24 Qo] 2P Y. Wk Ze
27V getattr () & @A F@3E,  getattribute () 7t BAHAOE T EEFAY
AttributeError & 4o 7] A &= o]AF _getattr = 3£y Z] o=t} o] AEE o]JEEH
Eo (AE) 3 %34T74H-AttrlbuteError o 9] 2 o Aok st} o] WA= A F3F A7
(infinite recursion) 7} A 5= 2 S U1—7] e, +H L AA ]L]— Qa3 oJEZHE A3 Y&l
olFY Ho|Ax ZFH A HANEE TEHoFFUT dE ,object._ _getattribute__ (self,

name).

ZF31: This method may still be bypassed when looking up special methods as the result of implicit invocation via
language syntax or buili-in functions. See S5 H| A = 23],

Ol 2} obj, name & & ZrA} oMl E object._ getattr_ & THAA A YT

object.__setattr__ (self, name, value)
=2 fE ool NED W SEYUch QWAL AT A2BL AN e AP
Z) thAlel o] 2ol T =F HEP name > ©1 E 2| HE o] F°] 1L, valu of thdstel= Ao
setattr__ () oA °V*E4é JEFFE thystel L Fuf =, 22 o] 59 wo] A Ff 29 H A
% SEdfor gyt & S0 object._ _setattr_ (self, name, value)
o] 2}

rr
Mo
2 l>

obj, name, value & ZrA} o|HlE object._ setattr__ S TAA R YTH

object.__delattr__ (self, name)
_setattr () HHIZ AW | ElHES B 5Hs B A F LTk 9] L del obj.name
o A Aol ¥ 7} 9l 7 5-of uk 77 o] of F]h.

Q1 A} obj, name & & ZrA} o] E object._ delattr_ 2 WAIA 7Y TH
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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.

2E o EZHE A& AXEufo|A o] A

E4gto]§ __getattr_ F__dir ¥ EE AJERFE I F2S AHEA H Y5t ol AHEE 5
S 95U BE £50  getattr RoL Sbe] AAE o Eel RES o] 58 WolA ALE e
S8 F AV AattributeError & WA Aok gt} YHEA 9 23] (& object. getattribute ()
£ 53 oJER E7]' 25 AA oA LAE R %O AttributeError & 4077 Ao 2E _ dict_
oA __getattr 74""61"41’/} LA, o ERHE o527 O Ad4E TSI @J)ra =HsUh

—~

he ___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.

70'(01 HE A, 223F 5)S Bt AlUsHA AFEA o steld, 28 AA9] __class__
01 B] EE types.ModuleType & A H ZHPAZ2 AAT 4 S5 UTH g5 51

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 {attrj}...")
super () .__setattr__ (attr, value)

sys.modules|[__name_ ]. class = VerboseModule

2 E%_getattr Aot BE _ class_ AR OEZRE HMA FLEZ AFE S 2T
FEFZS U HUG-EE Aol thgt A H A QA AN (RE WY ZEo e A2 AYREY A YA
Lﬂlﬂ"ﬂtﬁf&%‘ig 74?]741%)L Q@abA] k5 th

WA 3504 MA: oA __class_ BEE AJEZFET27] 7MY Th
Added in version 3.7: __getattr_ I _ dir R EJEIHE
o] B7]:

PEP 562 - & _ getattr__ I} _ dir__

BE 3 _ getattr I _ dir FLE MY

7%

ek,

]

Y23 gy 7337

gl L= MAESS MAEE 71 Sd (29 I HE (descripror) 22 2) o] A2 AT7F 272
(owner) Z e 20l T w T AEFHUth(H 2T FE = &F2 S 29 9V I £ 2 Fex F 5
] ‘”J/#Liﬂﬂl ol oF . OPEHA ool A, “|ERRE” & o] Fo] &FA Feh£o __dict_ 9 7=
A e o EFREE 7 HYTh

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

SEREEE R ESE

Eal S Fal
AR ekt Bl 55T XA ot A1 A A ). Aheie] e
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AEZRE 27t dojual Y& d2" 2o AL, o] ER R E 7 owner & 53 HAM 2 = = 7% None
dYytt
ol A E= Al4tH A ERRE 32 EHF AU AttributeError o] & oA of Gt}
PEP 252%= _ get__ ()©°] st T 719 QIALE 7= Z 8] 8ozt ;qxgsh/]r)r gjo] W AFAl o] W &+
Haagde & o] YAIE ALY 2, €7 Zﬂ”X}J-—TLOH‘— T4 ERT QA=Y
B 7L d= —’F AsUTH st AAA ) getattribute_ () ?@% g 3“]3} A Glol T+
A2E BF ALy

object.__set__ (self, instance, value)
A2 ZA 2 A2E X nstance &) AE B REE A ghvalue 2 AR T ol & Uth

_set_ ()olU__delete () B F751A tlAa % E §8 0] “dlo] ¥ ¥~ 3 e (data descriptor)”
2 149 FAN L. AN B UEL A 52678 2RI L

_4

object.__delete__ (self, instance)
287} Zej20] AAEA instance &) G| EEHES AA T ) EH U
Instances of descriptors may also have the __objclass___ attribute present:

object.__objclass___

The attribute __objclass__isinterpreted 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).

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.

JEZHE A2 7115%10 AR gH A o ERHES %4; 23, AA s ALY oS
Eola.x=a._ dict_ ['x'] A A ZE A type(a).__dict_ ['x'] & AA type (a) 9 HE =
25 A9 3k e o]~ %aﬁéég 7%%% 7He 4™ 232 FAAE Y

i}, whek 23] % ghol AT HE WA EE FES AA Y, spo] A2 72 T2 thAalol AT HE WA
E2 5284 YBUth $HEH B2 o S XA oA Yo] YouheA L ol W AT YH WA=}
Aojxo] gl ojd Ao g S5 =X upe} oYt
a3 gy 359 AlZH 2 43 (binding) YU TH a.x. o2 A AAEo] 2FH =2+ a o et thE U T
44 5%
P DEHRAE 1 DS & EE S A REAYAIYH ASE 41 TER WYY
t}:x.__get_ (a)
I EL Ealpe b
AA AdxBExo] AFEHE, a.x = old &2 AIAF Yk type(a). dict_ ['x'].
get___(a, type(a))
Zel2 4%
2o d2gslH,a.x = oA TEZ HIF YT A._ dict_ ['x']._ _get_ (None, A).
Super 2%}
A dotted lookup such as super (A, a).xsearchesa.__class__._ mro__ fora base class B following A
and thenreturns B. __dict__ ['x'].__get__ (a, A). If nota 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__ (), et__ () and __delete__ (). If it does not define

33. EXUAE o] 25 43
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__get__ (), then accessing the attribute will return the descriptor object itself unless there is a value in the object’
s instance dictionary. If the descriptor defines __set__ () and/or __delete__ (), it is a data descriptor; if it de-
fines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and __set__ (), while
non-data descriptors have 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 () &5 o8 JA2IHE 2 TP YT o] wfFoll, A" 2= Z 2 5 F (property) & 5 2=
WA syt

__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 creation of __dict_
and __weakref__ for each instance.

Notes on using __slots__:

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

e 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 vari-
ables is desired, thenadd '__dict___' to the sequence of strings in the __slots__ declaration.

» Withouta __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.

e _ 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.

e 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).

s ZE T o2 B A slors_ o BB o) B 2L ol WEE _slors o) A geh, o]
22U 27t AR AFE AAAT 5 G At HUTM o2 ZHLREE YAAHEE A4
233 AL ol 9lth. oA 2R AN A $ A WA FUh veels, o &
WA 5] 3 A AL 2718 AU

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

* Any non-string iferable may be assigned to __slots__.

e If adictionary is used to assign __slots__, the dictionary keys will be used as the slot names. The values 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 ().
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e __ class___ assignment works only if both classes have the same __slots__.

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

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

3.3.3 Z&x A4 ALEulolAo] A

Whenever a class inherits from another class, __init_subclass__ () is called on the parent class. This way, it is
possible to write classes which change the behavior of subclasses. This is closely related to class decorators, but where class

decorators only affect the specific class they’re applied to, __init_subclass__ solely applies to future subclasses
of the class defining the method.

classmethod object.__init_subclass__ (cls)

o WA = EFBHE Feh 20 A1 ek BB ol A wuheh BEF U Th ds A A B 2
ghoF b el A sR A WA SR AolH Y, o MAEE BA4oR e A AL WP UTh

Keyword arguments which are given to a new class are passed to the parent class’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:

class Philosopher:
def __init_subclass__ (cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)
cls.default_name = default_name

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

e

712 F & object.__init_subclass__ & oFF Y& SR AT QA7 2w o] S EH W o9

g A U T,

#FH1: WE WA S E netaclass  YHA F AR 93 48],  init subclass_ 2
AZ= A ks yth AA WE FA A (FAAQA SIE thAlo) = type (cls) & AT = 9lF T

Added in version 3.6.

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

object.__set_name__ (self, owner, name)
Automatically called at the time the owning class owner is created. The object has been assigned to name in that
class:
class A:
x = C() # Automatically calls: x.__set_name__ (A, 'x'")

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

class A:
pass

(TH& s o] Aol A1)
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(o] A sl o] Ao A A<)

c # The hook is not called

€
A.
c.__set_name__ (A, 'x'") # Manually invoke the hook

& AAIRE W82 Sl Al vhE 7] & Fas A L.

Added in version 3.6.

we} 2o

NEACE, FA2E type () & AEHA BE LU FUL] vhe = A o 5 F oI AHH 2, 2
2 0] &L type (name, bases, namespace) & Ao A FA o2 AZH Ut}

Zo22 uEs BAL 202 39 Folnetaclass AL AAE ARHAL, 18 A4E EFE ol

EAsE S ASTLEZN AxEHutol2E = JIFUTh TS ool A, MyClass 2F MySubclass &
EF Meta o Ad2~EHAYYTE

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

Zex RoolA AR A e A9 AREL oleol A AW £ LE vE oA das2 AP
o2 o7k AR D W, et 2L BA Sk

» MRO &%) 24 )

- AAg e 22t AP

. Ze)2 o8 F2ho] W YTh

object.__mro_entries__ (self, bases)

If a base that appears in a class definition is not an instance of type, thenan __mro_entries__ () method is
searched on the base. If an __mro_entries__ () method is found, the base is substituted with the result of a
callto__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 B

types.resolve_bases ()
Dynamically resolve bases that are not instances of type.

types.get_original_bases|()
Retrieve a class’s “original bases” prior to modifications by __mro_entries__ ().
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PEP 560
Core support for typing module and generic types.

Sl oo A v Fhae vha o] 2 F U
o Hlo]2ot YA A QA He FHAE FA] B A type () o] AHEHUTH
s FAAJA HE ST AGH AL, 2A ] type () o A2" 2T o™, IS WE S A2 AR R
Yok

* type () 9 °1£‘:3_£7P”“W A et S Az FoA A AL vl o] A7 A o= glod, 7H wWol 3H

4 wo] st e vt Fej ot A0 A e Feha ()9 AP BE ol s Feha
ek 2 A5 (S, type (cls)) T A UTh 7H o] HAHE ve Zejas o5 RE o A8
(subtype) U Th TeF ol A% o] 2AS WHFA] Borpd, Fe A H O = TypeError &

A g

Fel ol F 7 EHI5]

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.

wreF et 2ol o] _prepare_ ol REZ} GrkE, 2o ol B W A Y PO 2713
gk
H

©] B7]:
PEP 3115 - 5}o] & 3000 o] 4] 2] w| e}

_ _prepare_ °|&E3Z7 S

Zl
A3

fr e

3 [

FUrh

o

Sl Hhd = (=) exec (body, globals(), namespace) 37Jr Zol AP Pty dWH A exec() &
2779 Ao e Fea A g wfﬂil o1 w o1 1 237 (lexical scoping) ©] e 2> whe] (22
HATES 23 HA1)§ s}oq:L tﬂxﬂ?}ﬂ Fxof Qe olE

S gaes fees 4400

ol A e d Uﬂ/ﬂE‘éfﬂ% Eaat
b‘r%EH/‘UﬂH of A AR vif+E F

Lt/\/\
A AFAL TS AN A S B RO o}l ~xBE  class  AEE Fslob Ik
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At o 2 x] YA H, ZeH A AA| 7Fmetaclass (name, bases,
namespace, **kwds) < &3l WHEAHUTH A 7NA AGE = F71E QA 7|9 E AR5 __prepare_

of AT E A5 25 oh.

o] Fel A AA &= super () ol AAE FA e 49 F2HE AdUth __class_ &= @2 vir Y HA
TE S o=t E __class__ U super & FERT FL Autd ol g3l HEAR = FAHA FEA
(closure) F2= YUt} o] 212 A4} gl FENS super () 7} ol3] 237 7|uto 2 A A= 1 &= Fea
£ gutEA 2L 5 JAEE Pk vtde Al TE6 AHEE S o AdrEAE= AT AEE A

W) Slbol 72 A1 A5 U o,

CPython =& A}A]: CPython 3.6 o] 4ol A, __class__ A(cel) 2 Z 2 o] & F7H2] __classcell_ 4l
EZ & vE 2ol ﬁ%%‘%r/} ghok 22 strhd, o] A2 :3]1’\7}£‘3}E7'" =713+ 7] 913l type.
__new__ SE7HA AEHA AutE o of Fth O]E‘qﬂ] 1A Z351d nho]l# 3.8 o] A= RuntimeError &
ool 4 Ao,

When using the default metaclass t ype, or any metaclass that ultimately calls t ype . ___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 particular
attribute;

3) The __init_subclass__ () hook is called on the immediate parent of the new class in its method resolution
order.

2ol AR} BE D 5 o
T ARE SHA Y HE A o] § B

-

al

£39 Ze) 2 v ze ol HSol A (Arhe) 24 4GS
o .

AR AgH s A= M2 e A4 e
O

type.__new__ 2 A F 27} Hl
] 1 7] A& 32 2] (read-only proxy) 2 &2 #Fo] =1,

oz BAE 1, Yo AA }\
o] Zo] Fefx AR Q] _ dict_ oJEHEZFHYTH
t ®H7):
PEP 3135 - A}| super

B A class. 2R A FzE2 A9t

el Zeg 2o &2

HEl ZElao FAFHQA EE o= AV UL §A4 FE 2 /1R O]'O]qoi ol &= enum, 2 7, Q1€
o]~ AAL A5 3 9] ¢ (automatic delegation), X}EEZ}FJ 2 2 5 €] (properety) 2843, Z 2HA] (proxy), ZH 4
(framework), A= 3} Z}% Z 7)/% 7] 3} (automatic resource locklng/synchromzatlon) So] g5yt

3.34 JadA g A8 FE X HAL AXE ulo] A o] A

O WA EE2 isinstance () $Fissubclass () W& TFFEY 7|2 535 AA Y st ol AP YT
E 3], Hle} 28] 2 abc.ABCMeta = A} H o] 2~ 2] 2 (Abstract Base Class, ABC) & D}E ABC
9o Z A F (AP L 283U “7}AF W o] A Z el A (virtual base class)” 2 3 713 4=
ol HMEES FEF YT

class.__instancecheck__ (self, instance)

instance 7+ (A H Aol AL} ZHH A O 7)) class o] 2R HFE
Aol=l9, isinstance (instance, class) & 78317 f3] =

;o m{m
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class.__subclasscheck__ (self, subclass)
subclass 7H (AR Aol AV P H L2 ) class &) M B S22 HFE + Jod Fs syt B
Aoz, issubclass (subclass, class) & Fd37] Y3 =25 Yo

ol MINES2 e F(HEr S ol 23] Athe Aol Fosof Futh AA SN S
A=z FoE ¢ suth ol A2 A i bis] TEHE S5 vAES] 239 LA s

o] A% dxd é%%iﬁ/\x}ﬂlf/}
o ¥7):

PEP 3119 - 4w o] 2 Fef 29 T ¢]
__instancecheck ()& subclasscheck () & %3d] isinstance () @ issubclass () 9
32 ﬂAHU}O] Aste ol a3 F S Tt o] 7159 71+ dojoll 4 wlolx Fea
(abc BEZ HAA L) E F7Hetar A} of= o A5y th

3.3.5 A= & Ful W7

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 ®7]:

PEP 484 - Type Hints
Introducing Python’s framework for type annotations

Generic Alias Types
Documentation for objects representing parameterized generic classes

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

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

classmethod object.__class_getitem__ (cls, key)
key ol 9= @ Aol o] & A Y Fels0] B48E YEhE ARE B F T
When defined on a class, __class_getitem__ () is automatically a class method. As such, there is no need

for it to be decorated with @classmethod when it is defined.

The purpose of ___class_getitem__

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

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

Custom 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.
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__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 object if it is properly defined.

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

from inspect import isclass

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

class_of_obj = type (obj)

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

if hasattr(class_of_obj, '_ _getitem__'):
return class_of_obj._ _getitem__ (obj, x)
# Else, 1f obj is a class and defines __class_getitem__,
# call obj.__class_getitem _(x)
elif isclass(obj) and hasattr(obj, '__ _class_getitem__"):
return obj.__ _class_getitem__ (x)

# 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 t ype class as their metaclass. type does notdefine__getitem (), meaning that expressions
suchas 1ist [int],dict[str, float] and tuple[str, bytes] allresultin___class_getitem _ ()
being called:

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

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

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

>>> list[int]

list[int]

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

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

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

>>> from enum import Enum
>>> class Menu (Enum) :
"""A breakfast menu'"""
SPAM = 'spam'
BACON = 'bacon'
(th sl o] A o] A<
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(o] A sl o] Ao A A<)

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem_ _,

>>> # so __class_getitem__ is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

o B

PEP 560 - Core Support for typing module and generic types
Introducing __class_getitem _ (),and outlining when a subscriptionresultsin __class_getitem__ ()
being called instead of ___getitem ()

3.3.6 ZHE AA T4 U]

object.__call__ (self[, args... ])
AagdaztdeAd “a3d o g U ol IMEZF A H W, x (argl, arg?, ...) = W=
type(x).__call__ (x, argl, ...)RHAAHYChL

3.3.7 Zelo]vF 1 7]

The following methods can be defined to implement container objects. Containers usually are sequences (such as 1ists
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 s11ice objects, which define
arange of items. It is also recommended that mappings provide the methods keys (), values (), items (), get (),
clear (), setdefault (),pop (), popitem(), copy (), and update () behaving similar to those for Python’
s standard dictionary objects. The collections.abc module provides a MutableMapping 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 1ist objects. Finally, sequence types
should implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods
_add__(), radd__ (), iadd (), mul (), _rmul () and __ imul () described below;
they should not define other numerical operators. It is recommended 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
implement the __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]: In CPython, the length is required to be at most sys.maxsize. If the length is
larger than sys.maxsize some features (such as len ()) may raise OverflowError. To prevent raising
OverflowError by truth value testing, an object must definea ___bool__ () method.
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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.

Added in version 3.4.

B3 Lol 4L AH o b et Al WA =Sel s 2P U

[a[1:2] = Db
Fresge
[a[slice(l, 2, None)] =D

2 W¥ 3, 0 Fol % vhRsbA QU ek Al Seto] 2 B2 G4 None 0.2 AP U

object.__getitem__ (self, key)

Called to implement evaluation of se1f [key]. For sequence types, the accepted keys should be integers. Option-
ally, they may support s1ice objects as well. Negative index support is also optional. If key is of an 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.

¥ for “T—”E\— A A2 E& ZutE A 57 Y8, &5H Qd 2of thdl| IndexError 7} old

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 e 767 A =P UL _ getitem () F Z2 F7F 3}k
v 9] %o, A7} 7)o thal el WA ﬂ%ﬂﬂAzﬂEd rek A4S, A2 Ao FE ol
WAE g A vt FAF o o Funh FHH key 7k A9 _getitem () oA} ZE L E
%) © 7] of Fch.

object.__delitem__ (self, key)
self[key] & AHAIE T3 Al SE2FYUth _ _getitem () FZ2F7FF 83t mjge
BFole, AA7F 719 AAE T A9, ABLY B FENANALEREH A AL = A& uf vt
TA= oo FUTh AR H key 3 AFE __getitem () AAN LG T2 A E oA FYTH

object.__missing__ (self, key)
dict. _getitem__ () o] dict Al B Fefj2olA 7|7 v Eol gle W self [key] & FA7] 3l
EE s

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.
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object.__reversed__ (self)
reversed () W& g7t o o] E] @) o] A (reverse iteration) 2 & 517 Y3l (YohA) =gt} AH
olfol = AN ES o <02 BT A ol El ol el A7 2l oF FuT
_ _reversed__ () IAEZ} A FEH A oW, reversed () WATTE=A|EA EEE%(ileni ()
I _ getitem__ )%1’41 do® AR I YTE Al A *EE = Z]TJG} AA &L reversed () 7}

A&t ET/PEﬁ EEAN LIS AFTT 5 Y IIH“&_reversed_() £ AlFsl oF Pt
WA AAF AAAE (1n T not 1n) 2 BE AH ool i olEj o] d o & & Ut 3HA] 7, ZH| o]
AL o AN THL The T} 2 S5 WA S B9 AFT 5 AHUch of F% AAE olE e
2o % syt
object._ _contains__ (self, item)

A AN ARAE FASY) A8 ZEP U item o self o] YW FE, 1A gow AR

SR ok gtk viE AR 2] B2, 71-gt Aol ohulek vl e] 717k 1ef s o] of Tk,

__contains__ () & RAY3A &= AAY AS, AHA AA= WA iter () & 53 o] EH g

OJME ANES F,  getitem () & T H2AD2 oJHH oM Z2EZ S AEFUTH Qo

dlwleiog) o] B FTIBAA L.

3.3.8 =2 ¥ U W7

%7 98 Foh 7] 991 T3t 2L MASES Ao R S Gtk FEHE 59 SR £ o3
2 %= AAE (el E , B 7hobd Z} of thgt v E dAikE) ol 3 ot= A =SS FYFH A

Be Az AT o P

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 + vy, where x is an instance of a class that has
an___add__ () method, type (x) .__add__ (x, y) iscalled. The divmod () method should be the

equivalent tousing __ 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)
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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 (),
*k <<, >> &, 7, | ) 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 instance, to evaluate the ex-
pression x — y, where yis an instance of a class thathasan ___ rsub__ () method, type (y) .__rsub__ (y,
x) is called if type (x) .__sub__ (x, y) returns Not Implemented.

A pow() £ __rpow_ () B 5ES 1 AEEA ol ol sl of FiTH(2 YA sl ol A
2 0] 5 B AL oh.

Ha: weF o B 3 A4bA] o] A% v]Adaae] B AE Fehol T, 1 A1 Fe st Ak
AR M= e AL AT, o] WM} A% A} F 3 A @S WA KTk HA
EEPUL o] $AL A B 22t 2B ANS AR T 5 YT G

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.__im