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In addition to the standard library, there is an active collection of hundreds of thousands of components (from indi-
vidual programs and modules to packages and entire application development frameworks), available from the Python
Package Index.
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11 74§ 4ol et 3 A+

o THEA: A FA G2 o] 7)ol F A AL dubA o2 ARG e SRyt
S8 2R AA o] 715 o] EA Al #E oW FHF = A ks Ut

O:

* If not separately noted, all functions that claim “Availability: Unix” are supported on macOS, which builds on
a Unix core.

* If an availability note contains both a minimum Kernel version and a minimum libc version, then both condi-
tions must hold. For example a feature with note Availability: Linux >= 3.17 with glibc >= 2.27 requires both
Linux 3.17 or newer and glibc 2.27 or newer.

1.1.1 WebAssembly platforms

The WebAssembly platforms wasm32-emscripten (Emscripten) and wasm32-wasi (WASI) provide a subset
of POSIX APIs. WebAssembly runtimes and browsers are sandboxed and have limited access to the host and external
resources. Any Python standard library module that uses processes, threading, networking, signals, or other forms
of inter-process communication (IPC), is either not available or may not work as on other Unix-like systems. File
I/0, file system, and Unix permission-related functions are restricted, too. Emscripten does not permit blocking I/O.
Other blocking operations like sZeep () block the browser event loop.

The properties and behavior of Python on WebAssembly platforms depend on the Emscripten-SDK or WASI-SDK
version, WASM runtimes (browser, NodeJS, wasmtime), and Python build time flags. WebAssembly, Emscripten,
and WASI are evolving standards; some features like networking may be supported in the future.

For Python in the browser, users should consider Pyodide or PyScript. PyScript is built on top of Pyodide, which
itself is built on top of CPython and Emscripten. Pyodide provides access to browsers’ JavaScript and DOM APIs
as well as limited networking capabilities with JavaScript’s XMLHt t pRequest and Fetch APIs.

¢ Process-related APIs are not available or always fail with an error. That includes APIs that spawn new processes
(fork (),execve ()),wait for processes (waitpid ()),sendsignals (kil1 ()),or otherwise interact with
processes. The subprocess is importable but does not work.

e The socket module is available, but is limited and behaves differently from other platforms. On Emscripten,
sockets are always non-blocking and require additional JavaScript code and helpers on the server to proxy
TCP through WebSockets; see Emscripten Networking for more information. WASI snapshot preview 1 only
permits sockets from an existing file descriptor.

* Some functions are stubs that either don’t do anything and always return hardcoded values.

* Functions related to file descriptors, file permissions, file ownership, and links are limited and don’t support
some operations. For example, WASI does not permit symlinks with absolute file names.

4 Chapter 1. 27


https://webassembly.org/
https://emscripten.org/
https://wasi.dev/
https://emscripten.org/
https://wasi.dev/
https://wasmtime.dev/
https://pyodide.org/
https://pyscript.net/
https://emscripten.org/docs/porting/networking.html
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R is
A E L R
abs () enumerate () len () range ()
aiter() eval () 1ist () repr ()
all() exec () locals () reversed()
anext () round ()
any () F M
ascii() filter () map () S

float () max () set ()
B format () memoryview () setattr ()
bin () frozenset () min () slice ()
bool () sorted ()
breakpoint () G N staticmethod ()
bytearray () getattr () next () str()
bytes () globals () sum ()

(0) super ()

C H object ()
callable () hasattr() oct () T
chr () hash () open () tuple ()
classmethod () help () ord () type ()
compile () hex ()
complex () P A%

I pow () vars ()
D id() print ()
delattr () input () property () Z
dict () int () zip ()
dir () isinstance ()
divmod () issubclass () _

iter() __import__ ()

abs (x)

Return the absolute value of a number. The argument may be an integer, a floating-point number, or an object
implementing __abs__ (). If the argument is a complex number, its magnitude is returned.

aiter (async_iterable)

Return an asynchronous iterator for an asynchronous iterable. Equivalent to calling x .__aiter__ ().
Note: Unlike iter (), aiter () has no 2-argument variant.
Added in version 3.10.

all (iterable)
iterable & B 8 47} Fro| ¥ (= iterable o] W] Q1 0 H) True  EHF Y thxd 55 F Yt

def all (iterable):
for element in iterable:
if not element:
return False
return True

awaitable anext (async_iterator)

6 Chapter 2. W7 st
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awai

any (

table anext (async_iterator, default)

When awaited, return the next item from the given asynchronous iterator, or default if given and the iterator is
exhausted.

This is the async variant of the next () builtin, and behaves similarly.

This calls the __anext__ () method of async_iterator, returning an awaitable. Awaiting this returns
the next value of the iterator. If default is given, it is returned if the iterator is exhausted, otherwise
StopAsyncIteration is raised.

Added in version 3.10.

iterable)
iterable @] R 2 & o] = 3t E o] H True & S8 S5 T} iterable©] H]o] 0T False & &8

FUch the 3t B 5 g ok

def any(iterable):
for element in iterable:
if element:
return True
return False

asci

i (object)

As repr (), return a string containing a printable representation of an object, but escape the non-ASCII
characters in the string returned by repr () using \x, \u, or \U escapes. This generates a string similar to
that returned by repr () in Python 2.

bin (x)

Convert an integer number to a binary string prefixed with “Ob”. The result is a valid Python expression. If x is
not a Python int object, it has to define an ___index__ () method that returns an integer. Some examples:

>>> bin (3)
'Obl11"

>>> bin (-10)
'-0b1010"

If the prefix “Ob” is desired or not, you can use either of the following ways.

L

>>> format (14, '#b'), format (14, 'b')
('0b1110', '1110")

>>> f'{14:4b}', £'{14:b}"'

('"Ob1120', '"1110")

clas

AR B Y &L format ()& BA L.
s bool (object=False, /)

Return a Boolean value, i.e. one of True or False. The argument is converted using the standard rruth
testing procedure. If the argument is false or omitted, this returns False; otherwise, it returns True. The
bool class is a subclass of int (see 5= A} & — int, float, complex). It cannot be subclassed further. Its only
instances are False and True (see Boolean Type - bool).

WA 3.7 A ¥ 7 : The parameter is now positional-only.

breakpoint (*args, **kws)

This function drops you into the debugger at the call site. Specifically, it calls sys.breakpointhook (),
passing args and kws straight through. By default, sys.breakpointhook () calls pdb.
set_trace () expecting no arguments. In this case, it is purely a convenience function so you don’t have to
explicitly import pdb or type as much code to enter the debugger. However, sys.breakpointhook ()
can be set to some other function and breakpoint () will automatically call that, allowing you to drop
into the debugger of choice. If sys.breakpointhook () is not accessible, this function will raise
RuntimeError.
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By default, the behavior of hreakpoint () can be changed with the PYTHONBREAKPOINT environment
variable. See sys.breakpointhook () for usage details.

Note that this is not guaranteed if sys.breakpointhook () has been replaced.
Raises an auditing event builtins.breakpoint with argument breakpointhook.
Added in version 3.7.

class bytearray (source=b")
class bytearray (source, encoding)

class bytearray (source, encoding, errors)

ME-2 vl E Ml ds =3 F YT bytearray Se2E 0<=x <256 W0l Sl F2f 7H
AFB2JUH bytes ol 7H th#E 2] WA =R ofy e} (Mho] = vpe] = v d At &
HAL), 7P A & ol Zled 7P Al E 2] ARk A= g 22 2P YTt
A& A source M| 7f £ R 7HA thE B o2 i dg 27]8 ek Hl AHEE 5 s Tth

o ALY oW, W= A] encoding P 7| A 4= Al wSl| oF U TH(Z 8] L A F

k!
A= |
bytearray () £ str.encode () £ AH&sto] FAE & vl EZ H&AFY
e A, g 1378 2, @bl ER 27gE U th

- W3 A o] 2 AT AAT, AR 2)7) A& W7}l = WAL 27 5el e
AT

+ oE] 2 & o], W9 0 <= x < 256 9] F4E AT olEl el olojof ki, 1 gl )

Qo] 27] B2 AHgP ek
A7t gLow =7 09] W Qo] wHE o} Lk,

vlol 2] Al A2 & — bytes, bytearray, memoryview2} BFo| E vl g A A = B A L.

o
Fu

errors &); L&

ey

class bytes (source=b")
class bytes (source, encoding)
class bytes (source, encoding, errors)

Return a new “bytes” object which is an immutable sequence of integers in the range 0 <= x < 256.
bytes is an immutable version of bytearray — it has the same non-mutating methods and the same in-
dexing and slicing behavior.

webA AR AAE bytearray () 9 2ol sAH Ut
vl EE AR = 2l H B-& AFSoto] BhE 5 A5 U TH (strings £ H A R).
vlol v 8] A| A2 & — bytes, bytearray, memoryview, B0 E G 214 & vlo] EE I} vio] E v Qg A4l
T HAS.
callable (object)

Return True if the object argument appears callable, F'alse if not. If this returns True, it is still possible
that a call fails, but if it is False, calling object will never succeed. Note that classes are callable (calling a
class returns a new instance); instances are callable if their classhasa __ call__ () method.

Added in version 3.2: ©] 4= Fho] 8 3,001 4 WA A A H the Fhol M 32014 thA] A5

FULE FE ZAEZF A4 A A YEH = 2A LS S8HFYH o€ 5], chr (97) 2
TAE 'a' S ¥ 53, chr (8364) = ¥AE '€ S EHF UL o A2 ord () o WYY T

@classmethod
HAEE Feia A= AT

A class method receives the class as an implicit first argument, just like an instance method receives the instance.
To declare a class method, use this idiom:

8 Chapter 2. W7 st
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class C:
@classmethod
def f(cls, argl, arg2):

@classmethod A& k4 o ) o] B] YY) — ZA 3 U2 functionE H A 8.
C.£() AR E=A2EHA2(C() ) AH) E T EEST 5 A5

O]/\HAL iiﬂ/\?l 1:]!—}—6]'1 FAH YL 34 iiﬁ’“’ﬂ q} s S wWA =T}

Zelx QA7 FEAFQA A AR AR E ALH U

2 HAEE C+ =& AvkY A4 fA=e) gpF Utk 2258 934, o 449

staticmethod ()& BAL. ZeiA Uﬂ/\i o th 3t o AFAI S H H =, types= ZL3HA 2.

WA 390A WA FelA A EE oA property () T2 U2 AT HEHE P T 5 3

Yth

A 3.10°] 4] ¥ 7: Class methods now inherit the method attributes (__module_ , _ name__,
_ _qualname_ ,_ doc__and __annotations__ )and have anew __ wrapped___attribute.

>

H A 3.119) A ¥ 7 : Class methods can no longer wrap other descriptors such as property ().

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)

source & T E = AST AA 2 AupdaUcth T & AA|=cexec() Execval () EAYPST £ 95
Utk source = M EAHE, whol 9 & AST A7) L & 57U o, AST A4 2 g1k W of

3 AR = ast BE BAE XA L.
filename AA= ZEE 92 IS AlFal of Futh; st oA 1A ko Q4 7ha3st g A
FUTH(' <string>' o] Y¥EH O E AL H YT},

mode A= Aat L oF k= T = F/FE AR TUTE source 71 273 AlA A2 FA= o] Jotd
exec, &Y o7 —T“*ﬂoi AT reval', G 3}y FFOoE FLASEE 'single! ©] B
T AFYUTH (A 2] 39 None 0] 99 o2 Fa| A= FHA -2 A F Yh.

A A A2} flags £} dont_inherit = 18 7 3L 2] 541 o] E/J 3} o] oF Al o] W F 4| 7] 5 0] a%}
09l A9), Z=E= compile() &

jﬂ

e

=Jojo} st A Ao AT § OF AR A B S (EE 5 THO2
SEshe 0] 4953 g A% 2o Fel 2 TR LTk flags A7} 5017, don_inheri
908 (E20) A) A5 A 3 fage A2 283 AL & A g0l 48k

dont_inherit 7} 0] obd A flags A A7} AFE -SRI ZHP2(FA 7|5 A9d
SRV SEIEiY

Aztd %/‘“Ur FA w29y N A4S A7) A& M| EOR 2 = & v E 3 A A
HUth Fo1X FA4 72 ARS= ol LS HE BE+=_ future BEY _Feature &
B 2 of A compller flagolEZHER 22 4 IS5 Ut A9 de] S8 1= pycr_ AFAR
ast ZgoA =+ A5

A2} optimize = AL o] H A LS l AgUrh; 7123 -1 2 -0 40 o3 FolA 2AH
z 25 9 41@}4—%3 AUt BAH 220 (H A3} §la, _debug__ °] FdUth, 1
(assert 7} Al AP Uth, __debug__ o] ARAYUH B2 THE2EYE A 74% o,

o] g A YHE AT EHLER] O SyntaxError & Y2 7|31, Aol g HEO]ETL 59
Je= A valueError & 4o 7t}

slo] W FEEAST B0 2 FAS e W, ast.parse () & HA Q.

source®} filename AALZE 7HAF o) ¥l E (auditing event) compile TAA| A UTE o] o]HIEE=
204 A5td g A8 AT 2% JS L

L

al
'single' ¥ 'eval' mode & o8] & I E 7}

222 988 Zuof gt o] AL code EEC
3171 #17] 913 e,

PGS ARNAL 0, Fol = shire] A4
A3A 2 47 BA

S
M
o)
)
i
o
=
off
B
o
N
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o,

al

Tto] M) AST Antd oAl 28 Zo] Asto g ), AST AAE AL uff 22s] 201
Eqe AL E ol JAEZEHIL A E L

[or
N
bl
h
rd
[t
-
30
>
v
v

H A 3.20 4 ¥ 7 : Allowed use of Windows and Mac newlines. Also, inputin 'exec' mode does not have
to end in a newline anymore. Added the optimize parameter.

Bl A 3,500 4] | A o] A ollxz, source | A '@ wle] EZF A E W] TypeError 7H A A S YT
Added in version 3.8: ©|A] ast .PyCF_ALLOW_TOP_LEVEL_AWAITE flagsZ A Gt H A4 =5
await,async for @ async withE A L& 4+ A5Y T}

class complex (number=0, /)

class complex (string, /)

class complex (real=0, imag=0)

Convert a single string or number to a complex number, or create a complex number from real and imaginary
parts.

Examples:

s N

>>> complex ('+1.23")
(1.23+073)

>>> complex('-4.573")
-4.57

complexvalue =

>>>

>>>

complex ('-1.23+4.573")

.23+4.57)

complex ('\t( -1.23+4.5J )\n"'")

.23+4.57)

complex ('-Infinity+NaNj')

(-inf+nanij)

>>> complex (1.23)
(1.23+073)

>>> complex (imag=-4.5)
-4.57

>>> complex(-1.23, 4.5)
(-=1.234+4.573)

L J

If the argument is a string, it must contain either a real part (in the same format as for f1oat ()) or an imag-
inary part (in the same format but witha ' j ' or ' J"' suffix), or both real and imaginary parts (the sign of the
imaginary part is mandatory in this case). The string can optionally be surrounded by whitespaces and the round
parentheses ' (' and ') ', which are ignored. The string must not contain whitespace between '+', ' —"', the
'3 ' or 'J' suffix, and the decimal number. For example, complex ('1+27"') is fine, but complex ('1
+ 273'") raises ValueError. More precisely, the input must conform to the complexvalue production
rule in the following grammar, after parentheses and leading and trailing whitespace characters are removed:

floatvalue |
floatvalue ("3" | "J") |

floatvalue sign absfloatvalue ("3" | "J")
If the argument is a number, the constructor serves as a numeric conversion like i nt and £ 1oat. For a general
Python object x, complex (x) delegatestox.___complex__ (). If __complex__ () isnotdefined then

itfallsbackto __ float__ (). If _ float__ () is not defined then it falls back to ___index__ ().

If two arguments are provided or keyword arguments are used, each argument may be any numeric type (in-
cluding complex). If both arguments are real numbers, return a complex number with the real component real
and the imaginary component imag. If both arguments are complex numbers, return a complex number with
the real component real . real-imag.imag and the imaginary component real . imag+imag.real.
If one of arguments is a real number, only its real component is used in the above expressions.

10
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3.124

If all arguments are omitted, returns 0 j.

B a2 23 —int, float, complex A /4 gt}

HA 3604 HA: TE 2EHE A <AE REE IF3E + A5 UTh
B A 3.89A] W7 : Fallsback to __index__ () if _ complex_ () and __ float__ () are
fined.

delattr (object, name)

not de-

Thisis arelative of setattr (). The arguments are an object and a string. The string must be the name of one
of the object’s attributes. The function deletes the named attribute, provided the object allows it. For example,
delattr (x, 'foobar') isequivalentto del x.foobar. name need not be a Python identifier (see

setattr()).

class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)

A A8 IR aice ARl G FAag U o el R YA E dice 3

g & —dict & BA 8.

o2 Ag ol A$ 1ist, set W tuple FW 2} collections EES HA 8.

dir ()

dir (object)
A7 go®, A Ao 2mxo] QI o] EE P AES EAF UL AR AoH, AP AR
viﬂﬂ~ﬂ%E§4ﬂﬁE%%ﬁ$ I A =gk
If the object has a method named __dir__ (), this method will be called and must return the list of attributes.
This allows objects that implement a custom __getattr__ () or __getattribute__ () function to
customize the way dir () reports their attributes.
If the object does not provide __dir__ (), the function tries its best to gather information from the object’

S ___dict___ attribute, if defined, and from its type object. The resulting list is not necessarily complete and

may be inaccurate when the object has a custom __getattr__ ().

¥ dir() MAUZEL e B Aol thah A e A RS, 9 e PR ke 1 23

S ARE HEHI AR W EY U

« AR BE AA W, B 2EE BE o= HEY o] go] 2Pk
« AAF Y EE oo AR Y, P 22 o2 RE o] BT wo] g oEEHE
JgEol AN A r EFH )
« 2o A9, Bl AEdE A o ERRE o] F, T Fe2 o= RE OB DAY
Fej2e) vlo] 2 FAEe o ERRE o] 5L AT Mo ® T
A} YP2rE= Gl o2 AP UL o & 59!
>>> import struct
>>> dir () # show the names in the module namespace
['"__builtins_ ', '_ _name_ ', 'struct']
>>> dir (struct) # show the names in the struct module
['Struct', '__all_ ', '_ builtins__ ', '_ _cached__', '__doc__', '_ file_ "',
' ' loader__ ', '_ _name ', '__package__"',
'_clearcache', 'calcsize', 'error', 'pack', 'pack_into',
'unpack', 'unpack_from']
>>> class Shape:
def _ dir_ (self):
return ['area', 'perimeter', 'location']
>>> s = Shape()
>>> dir (s)
["area', 'location', 'perimeter']

.

11
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EiU

dir() & 52 88 ZEZEC Ao ALg B S 98] A TH 7 2o, AAHAL Q2 A

A9 o8 WAL AT/t EF 2L o] F PP ATHA T A0, FAT 5L
RPN

s e
AEAD HRY S g A% S, At FAaA At G2 =R T
U

divmod (a, b)
Take two (non-complex) numbers as arguments and return a pair of numbers consisting of their quotient and
remainder when using integer division. With mixed operand types, the rules for binary arithmetic operators
apply. For integers, the result is the same as (a // b, a % Db). For floating-point numbers the result is
(q, a % b),wheregisusuallymath.floor (a / b) butmay be 1 less than that. Inany case g * b
+ a % bisveryclosetoa,if a % b is non-zero it has the same sign as b, and 0 <= abs(a % b) <

abs (b).

enumerate (iterable, start=0)
QA AR E B F T iterable & A2, o] £l o E = o] Bl o] 42 A A= ThE AR o o

u—

FUth enumerate () o 23 ¥FEE oJH#o]EQ _ next_ () WIAEE FLE (VR0
Zk= start -¥]) 8} iterable & ol E] o] A A Ao A= & 2= FES =8lFYth

>>> seasons = ['Spring', 'Summer', 'Fall', 'Winter']

>>> list (enumerate (seasons))

[(O, 'Spring'), (1, 'Summer'), (2, 'Fall'), (3, 'Winter')]
>>> list (enumerate (seasons, start=1))

[(1, 'Spring'), (2, 'Summer'), (3, 'Fall'), (4, 'Winter')]

et F 5

def enumerate (iterable, start=0):
n = start
for elem in iterable:
yield n, elem
n += 1

eval (expression, globals=None, locals=None)

uf 7
* expression (str|code object) — A Python expression.
* globals (dict | None) — The global namespace (default: None).

* locals (mapping | None) — The local namespace (default: None).

B,

The result of the evaluated expression.

Raises
Syntax errors are reported as exceptions.

The expression argument is parsed and evaluated as a Python expression (technically speaking, a condition list)
using the globals and locals dictionaries as global and local namespace. If the globals dictionary is present and
does not contain a value for the key __builtins__, a reference to the dictionary of the built-in module
builtins isinserted under that key before expression is parsed. That way you can control what builtins are
available to the executed code by inserting your own ___builtins__ dictionary into globals before passing
itto eval (). If the locals dictionary is omitted it defaults to the globals dictionary. If both dictionaries are
omitted, the expression is executed with the globals and locals in the environment where eval () is called.
Note, eval() does not have access to the nested scopes (non-locals) in the enclosing environment.

Example:

12 Chapter 2. W7 st
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>>> x = 1
>>> eval (

'x+1")

This function can also be used to execute arbitrary code objects (such as those created by compile ()). In
this case, pass a code object instead of a string. If the code object has been compiled with 'exec' as the
mode argument, eval ()’s return value will be None.

Hints: dynamic execution of statements is supported by the exec () function. The globals () and
locals () functions return the current global and local dictionary, respectively, which may be useful to
pass around for use by eval () or exec ().

If the given source is a string, then leading and trailing spaces and tabs are stripped.

gEHE 2 H 249 g HASA & 5 = S ast. literal eval () B HAL.

exec (object, globals=None, locals=None, /, *, closure=None)

This function supports dynamic execution of Python code. object must be either a string or a code object. If
it is a string, the string is parsed as a suite of Python statements which is then executed (unless a syntax error
occurs).! If it is a code object, it is simply executed. In all cases, the code that’s executed is expected to be
valid as file input (see the section file-input in the Reference Manual). Be aware that the nonlocal, yield,
and return statements may not be used outside of function definitions even within the context of code passed
to the exec () function. The return value is None.

In all cases, if the optional parts are omitted, the code is executed in the current scope. If only globals is
provided, it must be a dictionary (and not a subclass of dictionary), which will be used for both the global and
the local variables. If globals and locals are given, they are used for the global and local variables, respectively.
If provided, locals can be any mapping object. Remember that at the module level, globals and locals are the
same dictionary.

e

al

Most users should just pass a globals argument and never locals. If exec gets two separate objects as globals
and locals, the code will be executed as if it were embedded in a class definition.

globals 9 2]7} __builtins__ & 7|2 3= @S 20 YA o, 2 7|2 YWHF BE
builtins o th3t FZR7F AGHUTE o]&A Ao & exec () o AE3d}7] Aol globals o] o] 2] &
X]”\]-/] __builtins_ GAYZEAYTEZN, A= T ofF U AA S ] Als2 A

£ Ao T 4 U
The closure argument specifies a closure—a tuple of cellvars. It’s only valid when the object is a code object

containing free variables. The length of the tuple must exactly match the number of free variables referenced
by the code object.

FE AR E ARZ 7HAF o) ¥l E (auditing event) execE LA AUTH &= Aot ol ER WAAI S
+ izt
M A .
z 3
W 4 globals ()& locals () v 474 @A AH H A H dM el & S F ], exec ()
2 AT s T ouA QA WA A4 B 0 F AT
fFux A £ F 8 AL LoLEol = Ao FYFA L. Lo TS A=A, E YD HB EEE AEEA

13



The Python Library Reference, @ 2] A 3.12.4

3
7)1 & locals = o} &= locals () ol A9 E thZ 25 gUt): 7| E locals AHA o T3] =7 o]

A E5 o A= 0}9‘4\3} &+ exec () 7}50]. 5.0l locals o] ZE 7} BHE EIE B W HA|
2 0 2 Jocals DA ] & A3 of g}

WA 3.119 A ¥ 7 : Added the closure parameter.

filter (function, iterable)

clas
clas

Construct an iterator from those elements of iterable for which function is true. iterable may be either a
sequence, a container which supports iteration, or an iterator. If function is None, the identity function is
assumed, that is, all elements of iferable that are false are removed.

filter (function, iterable) =+ function©] None ©] ofd w] Al Holg EH A (item
for item in iterable if function(item)) 3}, None ¥ HH (item for item in
iterable if item) 2} 55 & Fol3M 2

See itertools.filterfalse () for the complementary function that returns elements of iterable for
which function is false.

s float (number=0.0, /)
s float (string, /)

Return a floating-point number constructed from a number or a string.

Examples:

p
>>> float ('+1.23")

L J

1.23

>>> float (' -12345\n")
-12345.0

>>> float ('1e-003")
0.001

>>> float ('+1E6"'")
1000000.0

>>> float ('-Infinity')
—-inf

If the argument is a string, it should contain a decimal number, optionally preceded by a sign, and optionally
embedded in whitespace. The optional signmaybe '+ ' or '—";a '+ ' sign has no effect on the value produced.
The argument may also be a string representing a NaN (not-a-number), or positive or negative infinity. More
precisely, the input must conform to the £1oatvalue production rule in the following grammar, after leading
and trailing whitespace characters are removed:

sign = mgmopom_m

infinity = "Infinity" | "inf"

nan = "nan"

digit = <a Unicode decimal digit, i.e. characters in Unicode general categc
digitpart = digit (["_"] digit)™*

number = [digitpart] "." digitpart | digitpart ["."]

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

floatnumber = number [exponent]

absfloatvalue = floatnumber | infinity | nan

floatvalue RES [sign] absfloatvalue

Case is not significant, so, for example, “inf”, “Inf”, “INFINITY”, and “iNfINity” are all acceptable spellings
for positive infinity.

Otherwise, if the argument is an integer or a floating-point number, a floating-point number with the same
value (within Python’s floating-point precision) is returned. If the argument is outside the range of a Python
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float, an OverflowError will be raised.

For a general Python object x, f1oat (x) delegatestox.___float__ ().If __float__ () isnotdefined
then it falls back to ___index__ ().

AAF7F F oA A ko™, 0.0 & EHFYT

float &2 <=2} & — int, float, complex ©l| AH = o] <)

WA 36l A WA 2 P E Y AY £ WER 15T 5 A5

W A 3.7 A ¥ 7 : The parameter is now positional-only.

B A 3.89 4] HA: Fallsbackto___index_ () if _ _float__ () is not defined.

format (value, format_spec=")

Convert a value to a “formatted” representation, as controlled by format_spec. The interpretation of for-
mat_spec will depend on the type of the value argument; however, there is a standard formatting syntax that is
used by most built-in types: 2= A u] 1] <l of.

718 format_spec 2 Wl FAFE o)W WA O F str(value) & T3 A 22 8395 FUrth
Acallto format (value, format_spec) istranslated to type (value) ._ format__ (value,
format_spec) which bypasses the instance dictionary when searching for the value’s ___format__ ()

method. A TypeError exception is raised if the method search reaches object and the format_spec is
non-empty, or if either the format_spec or the return value are not strings.

WA 3404 HA: object () .__format__ (format_spec) 2 format_spec ] ¥l B2} ¥ o] o}
b R TypeError %— do At

class frozenset (iterable=set())
N frozenset AAE & F=d|, AEHA O 2 jrerable | A 71A S A& £33} frozenset
L YA ZHa2dyrch 0] ‘_"EH/\Oﬂ et AH A= frozenset I § & & — set, frozenserS B A L
o= Ad o)l AS set, list, tuple Wdict F 28 collections EES HAS.

getattr (object, name)
getattr (object, name, default)

Return the value of the named attribute of object. name must be a string. If the string is the name of one
of the object’s attributes, the result is the value of that attribute. For example, getattr (x, 'foobar')
is equivalent to x . foobar. If the named attribute does not exist, default is returned if provided, otherwise
AttributeError is raised. name need not be a Python identifier (see setattr ()).

e

al

Since private name mangling happens at compilation time, one must manually mangle a private attribute’
s (attributes with two leading underscores) name in order to retrieve it with getattr ().

globals ()

Return the dictionary implementing the current module namespace. For code within functions, this is set when
the function is defined and remains the same regardless of where the function is called.

hasattr (object, name)
QA AN} EAQAYUT EARA0l A %4 F shte] o §ol® ATke True o) 2, 18
gtom False 7L HUTh (0] AL getattr (object, name) S $E35}al AttributeError &
MAYA A HE Aoz PAY UL

hash (object)
AR AN L FAF UG GIAT DE A9, NGRS A5tk GAUE 23 B GAY e

71 & ] v W ok o AR R U th 20 ¥ aE = A4 g2 2 A EE 25Ut (13 1.09

499} 2ol Yol ThE A EAE TR%Uh,

15



The Python Library Reference, @ 2] A 3.12.4

e

al

For objects with custom __hash__ () methods, note that hash () truncates the return value based on
the bit width of the host machine.

help ()

help (request)
M EEDALRE TP (o TR AHYAGE AT AU A7} A3
o, dElZele TEolA oty =ow Axdo] AU ARl BAY oW BAD L
BE, 2}4 o), WA, A E e AEA FAS) o B0 23] 1, w8 w o] 2| 7t 2ol
AN Uth 947 b ERe] AA D, Aol Tl e %S 5 0] 2| 7} w5 0] G v o,

Note that if a slash(/) appears in the parameter list of a function when invoking help (), it means that the
parameters prior to the slash are positional-only. For more info, see the FAQ entry on positional-only param-

eters
o] gk site BB o5 Y o] 2 B2l Z274E UL
A 34004 WA pydoc T inspect & WA AFFL ZejB A)|2YUA 7} o)A o TF Ao
Qg o) 9L ol ul g e,
hex (x)

Convert an integer number to a lowercase hexadecimal string prefixed with “Ox”. If x is not a Python int
object, it has to define an __index__ () method that returns an integer. Some examples:

>>> hex (255)

'Oxff!

>>> hex (-42)

-0x2a'’

ASE QEA B 2816252, FATE QA gt el 2 A ase o b e
4£ﬂﬁmAqq
>>> ! ' % 255, ' % 255, ! ' % 255

('oxff', 'ff', 'FEF')
>>> format (255, '#x'), format (255, 'x'), format (255, 'X'")
('oxff', 'ff', 'FF')
>>> f'{255:#x}', f£'{255:x}', f£'{255:X}"

('oxff', '"ff', 'FF')

A8 W L& format ()& HA L.

163705 BAEE A5 162 AHE8IA A2 dseteld int () & BAL

al

L

floato] o 3t 16 714~ F 214

I=L|

TS Ao, float.hex () HAES AFR3A L.

d (object)

A3 9] "ol ME E)” & EAZTE o] AL AH Y 5
Quith o] 1A b F AL AA L 2L id(

CPython =& %} Al : This is the address of the object in memory.

of,

o1 017 ) 9hgo] B A5
F Utk

O o
FAdFL
4 =

e 71

~

Raises an auditing event builtins.id with argument id.
input ()
input (prompt)

prompt A7} ) 0.7, Bl AW FAE EolA b EE FH) FUTh 29 T B Qe
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A ES Ji, EALE A (£ 29 S vhE £A4E Al A 2154tk EOFE ¢ od
EOFError & 4o ziurtch. o:

>>> s input ('--> ")

—-—> Monty Python's Flying Circus

>>> g

"Monty Python's Flying Circus"

ol 2EH ttd,

readline &%

A% gk,

input () <

A& ¢17] Aol prompt AAFE ZHA} oWl E

o 1AL Aol Fus & BAR 2R )5

(auditing event) builtins.input & WA A YtTh

Raises an auditing event builtins.input/result with the result after successfully reading input.

class int (number=0,/)

class int (string, /, base=10)

Return an integer object constructed from a number or a string, or return 0 if no arguments are given.

J

Examples:

(>>> int (123.45)

123

>>> int ('123")

123

>>> int (' -12_345\n")

-12345

>>> int ('FACE', 16)

64206

>>> int ('Oxface', 0)

64206

>>> int ('01110011", base=2)

115

If the argument defines ___int__ (), int (x) returns x.__int__ (). If the argument defines
__index__ (), it returns x.__index__ (). If the argument defines __ trunc__ (), it returns x.
__trunc__ (). For floating-point numbers, this truncates towards zero.

If the argument is not a number or if base is given, then it must be a string, bytes, or bytearray instance
representing an integer in radix base. Optionally, the string can be preceded by + or — (with no space in
between), have leading zeros, be surrounded by whitespace, and have single underscores interspersed between
digits.

A base-n integer string contains digits, each representing a value from 0 to n-1. The values 0-9 can be repre-
sented by any Unicode decimal digit. The values 10-35 can be represented by a to z (or A to Z). The default
base is 10. The allowed bases are 0 and 2-36. Base-2, -8, and -16 strings can be optionally prefixed with
0b/0B, 00/00, or 0x/0X, as with integer literals in code. For base 0, the string is interpreted in a similar way
to an integer literal in code, in that the actual base is 2, 8, 10, or 16 as determined by the prefix. Base 0 also

disallows leading zeros: int ('010', O0) isnot legal, while int ('010') and int ('010"', 8) are.
A4 L =2} & —int, float, complex o) A= o] 5Tk

WA 34004 AA: base 7} int & AIAE AT} 0}14_1~ base A 7} base. index_ WA EE 7}
AW, 2 AT2 & HALE A7 0 2 HAEE TE2TYLE A A HA A= base.__index__

Al base.
WA 36004 ¥
W A 3.7 A ¥ 7 : The first parameter is now positional-only.
H 2 3.8 4] 3 7 : Falls back to

ZFAREE s U

T eHY AY 248 UER 1EHY

_ int_

# Utk

_dindex__ () if __int__ () is not defined.
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WA 3.119)| 4] ¥ 7 : The delegation to __trunc___ () is deprecated.

WA 31194 W7 : int string inputs and string representations can be limited to help avoid denial of
service attacks. A ValueError is raised when the limit is exceeded while converting a string to an int or
when converting an int into a string would exceed the limit. See the infeger string conversion length limitation
documentation.

isinstance (object, classinfo)

Return True if the object argument is an instance of the classinfo argument, or of a (direct, indirect, or virfual)
subclass thereof. If object is not an object of the given type, the function always returns False. If classinfois a
tuple of type objects (or recursively, other such tuples) or a Union Type of multiple types, return True if object
is an instance of any of the types. If classinfo is not a type or tuple of types and such tuples, a TypeError
exception is raised. TypeFError may not be raised for an invalid type if an earlier check succeeds.

WA 3.109 A ¥ 7 : classinfo can be a Union Type.

issubclass (class, classinfo)

Return True if class is a subclass (direct, indirect, or virtual) of classinfo. A class is considered a subclass of
itself. classinfo may be a tuple of class objects (or recursively, other such tuples) or a Union T'ype, in which
case return True if class is a subclass of any entry in classinfo. In any other case, a TypeError exception
is raised.

WA 3.1090| A ¥ A : classinfo can be a Union Type.

iter (object)
iter (object, sentinel)

Return an iterator object. The first argument is interpreted very differently depending on the presence of the
second argument. Without a second argument, object must be a collection object which supports the iter-
able protocol (the __iter__ () method), or it must support the sequence protocol (the __getitem__ ()
method with integer arguments starting at 0). If it does not support either of those protocols, TypeError is
raised. If the second argument, sentinel, is given, then object must be a callable object. The iterator created in
this case will call object with no arguments for each call toits __next__ () method; if the value returned is
equal to sentinel, St opIterat ion will be raised, otherwise the value will be returned.

olH o] E 3 = HAl Q.

F AR GE icer() o WA H 8 $ES B UB

= g=t AUt ol & o), uhol )
dloleul ol 2 Tl o] A shele] B71A) 14 & 2= 97T

from functools import partial
with open ('mydata.db', 'rb') as f:
for block in iter (partial(f.read, 64), b''"):
process_block (block)

EEHUFULE AA= A AL (FAE, v EY, 7, 8|2 E E+range 2-2)
Ve, A w29 A% 2e) A 5 A5k
CPython -3 A}

i

l: len< range(2 ** 100)%} Z o] sys.maxsizeB TF 71 7 o] o A
OverflowErrorS YA Al ZYth

class 1list

class list (iterable)
Strol 71 BT, 2| A~E & Al A & — list, tuple, range o] TA3 A AR, 1ist = AAZ = 7HA
SEPS DIy

locals ()
A A G A& H o
sedd 15 0t

e B4 E BAST B locals () o U5 EEeA
HEA, 2 = S0l A

o1
=4
A sy =
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Fx
ol g e Y& FAMAE S FYUTH WA AFE A ZE B 7} AFR S Ao U Af
A ol dF= vAA =+ dsTh

map (function, iterable, *iterables)
Return an iterator that applies function to every item of iterable, yielding the results. If additional iterables
arguments are passed, function must take that many arguments and is applied to the items from all iterables in
parallel. With multiple iterables, the iterator stops when the shortest iterable is exhausted. For cases where the
function inputs are already arranged into argument tuples, see itertools.starmap ().

max (iterable, *, key=None)

max (iterable, *, default, key=None)

max (argl, arg2, *args, key=None)
iterable o A 7} & FEolu F 7 o] Fe] A F MY 2 AL EHF U

3ol §1 4] AR/ A ZEH, 2L o] 2 E o]o]oF T} iterableo| A 7HY 2 FE S B =
Utk F 7 o] e S A Al H |, 1A A5 7P 2 AL EHE U

A A 71 =8 AR F N AF U key AAFE List.sort () 9 /\}&ﬂ A" & A=
<A 5 AT T default A= A4 iterable o] Mo 9= A9 & 2 AAE AR T,

iterable ©] ¥] o] Q| 31 default 7} A| 5= A S WH valueError 7F A U th

oy FEo] HAgrold, = x1 Wt FES 55Ut o] 2L sorted(iterable,
key=keyfunc, reverse=True) ] & heapg.nlargest (1, iterable, key=keyfunc)
T2 AE AR BE =T %‘J?ﬂr*é% A gyt
WA 3.4 4 ¥ 7 : Added the default keyword-only parameter.
WA 3.89 4 W7 key= None & 4= 55U T
class memoryview (object)
ARE JAAZFE gt “w By §” AAE SelFUTh AASG AR v 22 7§ & BA 8.
min (iterable, *, key=None)
min (iterable, *, default, key=None)
min (argl, arg2, *args, key=None)
iterable o A 714 22 = o)} 7] o] o] AR B g AL AL e E YTk
Shuke] 9% Q1 Ak7} Al EE W, TAL o) ]2 o] o] ok Bl Th iterableo] A 4 e G2
Ut 5 ) ol 4ke] 92 A7} X1l%ﬂ W, 94 A% AP A AL By
AR A 719 =-AL AR FE ) Y5 UTh key QA= Tist.sort () ol AFRE & A X
S AR ARSI, ot DA A oo o] H1o1 e A B AAE A 5
iterable ©] V] o] Q)31 default 7} A| &= A koW valueError 7F EA T YT
o g & o] ﬁ*%kOI A, St = A2 Ut g2 EE Ul o] AL sorted(iterable,
key=keyfunc) [0] £ heapg.nsmallest (1, iterable, key=keyfunc) Z2t}= HH <
A AT ARAE F AT
A 3.4 A 7 : Added the default keyword-only parameter.
WA 3.80 A WA key= None & & J5 YT

o
il
v

—_
i
i’
o,
(o]
N
>

next (iterator)
next (iterator, default)

Retrieve the next item from the iterator by calling its __next___ () method. If default is given, it is returned
if the iterator is exhausted, otherwise St opIteration is raised.
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class object

Return a new featureless object. object is a base for all classes. It has methods that are common to all
instances of Python classes. This function does not accept any arguments.

A 2] ks Utk 2# A, object E 29 AdAEHAo] Ao oJE

_ 7
HESUYT+ g&UTh

oct (x)

Convert an integer number to an octal string prefixed with “0o”. The result is a valid Python expression. If x
is not a Python int object, it has to define an __index__ () method that returns an integer. For example:

>>> oct (8)
'0010"

>>> oct (=56)
-0070"

If you want to convert an integer number to an octal string either with the prefix “0o0” or not, you can use either
of the following ways.

>>> ! ! % 10, ' ' % 10

('0o012', '12")

>>> format(lo, '#0'), format (10, 'o'")
('0o12"', '12")

>>> f'{10:40}', £'{10:0}"

('0o12', '12")

A8 WL format ()& HA L.

open (file, mode="r’, buffering=-1, encoding=None, errors=None, newline=None, closefd=True, opener=None)

flee A3 3T 519 A7) & FAFUD HS D 5 YO, 0s5rror BT ] G5 E
RS o) e o B2 ol Al ufles & 22 SHAIA 2.

file s a path-like object giving the pathname (absolute or relative to the current working directory) of the file to
be opened or an integer file descriptor of the file to be wrapped. (If a file descriptor is given, it is closed when
the returned I/O object is closed unless closefd is set to False.)

mode is an optional string that specifies the mode in which the file is opened. It defaults to ' r' which means
open for reading in text mode. Other common values are 'w' for writing (truncating the file if it already
exists), 'x ' for exclusive creation, and 'a ' for appending (which on some Unix systems, means that all writes
append to the end of the file regardless of the current seek position). In text mode, if encoding is not specified
the encoding used is platform-dependent: locale.getencoding () is called to get the current locale
encoding. (For reading and writing raw bytes use binary mode and leave encoding unspecified.) The available
modes are:

w4 o]

o 971802 GUT IR

W 271802 gUth AL WA AF U

' SR Y HE/1§02 Guth ofu] EASE FPolt A ch
a

b

' open for writing, appending to the end of file if it exists

© wpoeY BE

't HAE BT (7|23
'+ BAEIE 28R gyt

The default mode is ' r' (open for reading text, a synonym of 'rt'). Modes 'w+"' and 'w+b' open and
truncate the file. Modes 'r+' and ' r+b' open the file with no truncation.
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EJOE +EFYth vlol v 2] BE (mode 1A}
9 glo] bytes AAZ EHFYUL H2E B
= JJrou 141&0] strg ¥kgte =4, H}O]E‘”‘O]

Fx
shol 12 319 £ AL FAE 7 /o) o 23R R Uth BE A2l shold A
g3 +PFFH e AL TP A YU

buffering is an optional integer used to set the buffering policy. Pass O to switch buffering off (only allowed
in binary mode), 1 to select line buffering (only usable when writing in text mode), and an integer > 1 to
indicate the size in bytes of a fixed-size chunk buffer. Note that specifying a buffer size this way applies
for binary buffered 1/O, but Text IOWrapper (i.e., files opened with mode="r+") would have another
buffering. To disable buffering in Text IOWrapper, consider using the write_through flag for io.
TextIOWrapper.reconfigure (). When no buffering argument is given, the default buffering policy
works as follows:

* Binary files are buffered in fixed-size chunks; the size of the buffer is chosen using a heuristic trying to
determine the underlying device’s “block size” and falling back on io.DEFAULT BUFFER_SIZE.
On many systems, the buffer will typically be 4096 or 8192 bytes long.

“O#Y” dAE 5 (isatty () 7 True B 5 FE 3L E W P2 AP e

T g sk e whol e shelol ohal A4 AT A A8 e

encoding is the name of the encoding used to decode or encode the file. This should only be used in text
mode. The default encoding is platform dependent (whatever locale.getencoding () returns), but any
text encoding supported by Python can be used. See the codecs module for the list of supported encodings.

errors = A3 W Y3 o2l & A ete BHS A ote A9 AL dYth H}O]Lﬂﬂ L
A= AT s Uth e £ oy A7) 7 Al Utk (el 2] A2 7] o Y ‘4‘3})
BA U, codecs. register error ()2 S2% o8] g 7] o] QA AFLT 5 IS 141;], xx

gL e BE U

e 'strict' =9FY 7} Y= AL valueError 9 E WA A A YT 7| E 7k None &
2 238 Jyrh

* 'ignore' £ HE FAFULE 39 2] & FAISHA vl o] E| 7} &4 E 5 ol FY 3
AL

* 'replace' & X" dolE 7} ol Aol thA| vpA (2 o Z2) € AA U

e 'surrogateescape' will represent any incorrect bytes as low surrogate code units ranging from
U+DC80 to U+DCFF. These surrogate code units will then be turned back into the same bytes when the
surrogateescape error handler is used when writing data. This is useful for processing files in an
unknown encoding.

e 'xmlcharrefreplace' is only supported when writing to a file. Characters not supported by the
encoding are replaced with the appropriate XML character reference &#nnn; .

« "backslashreplace' = &2 Ho]el & sho] el & LehA] o] ~7lol = A AL AT
ek,

e 'namereplace' (JA] 3o L ujT A YhE ALH A & FAE \N{...} o]~
Aol=Z AlF22 A gy ok

newline determines how to parse newline characters from the stream. It can be None, '', "\n"', '"\r', and
"\r\n". It works as follows:

e 2E A YHL LS ul, newline ©] None ©]
E:]o1] 0]‘— __v\n v\rv_g:__\i—_v\r\nviﬂ
Ant 2 ABF UL A0l o, UM A E W7 R esh 83
e ANE SENA P U e fFR2 S ghold, 94 22 59
%38 @:Q}qu] LD‘LZHEEEX}_OHH] E'E:]aql:}'

s

NL
o
30
[o
2
fol
e
>
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e 2EH o £ & £ ul], newline ©] None ©|H, BE '"\n' #X= A|2d 7|2 & 22 os.
linesep & WAZH YT} newline ©] '' I+ '\n' 0] 1, W 3lo] o] Fo] X A] & %1411]—. newline

o HE §ET FOI W, 20l BE \n' BAE Fol7 EALR AP,

If closefd is False and a file descriptor rather than a filename was given, the underlying file descriptor will

be kept open when the file is closed. If a filename is given closefd must be True (the default); otherwise, an

error will be raised.

FENRL penr 2 AT AL LIUE ABT S ALk 4 ANE A S A 3 ]
23 P E = opener £ (file, flags) & T =3 A L5 YT opener = 8 3+Y 1] 23 P EHE HE3s) of
U)o} (opener ol o5 open & AL AL None £ ALl AT 123 7S £ASA BY
oh.

FolX e o] A stdS 7] Al os.open () 59 dir_fd WHHTE

L

>>> import os
>>> dir_fd = os.open('somedir', os.O_RDONLY)
>>> def opener (path, flags):
return os.open (path, flags, dir_fd=dir_f£fd)

>>> with open ('spamspam.txt', 'w', opener=opener) as f:

print ('This will be written to somedir/spamspam.txt', file=f)
>>> os.close (dir_fd) # don't leak a file descriptor
J
open () §40) 913 W 319 A4 o) P R AU open() o FAE RECur,

N

'r''wt', 'rt, 5 E JYS o= o AFREHH, 0. Text I0Base & A H ”EH E%ﬁuq
(FAHLE io. TextIOWrapper) W G2 A vtelve] REg 3tdg o= o] AHSH = A7
visly = = }\‘C io.BufferedIOBase & A B Z AUttt A3 S yAr= E]— Fehuct: ¢
7] "}o] LﬂE] S oA, io.Buf feredReader & B8 Ut} 27] vlo]y 2] 2} Bl & 0] 7] vlo]
ﬂ DCOﬂ/ﬂL,lo Bufferederter Eq—?—:ﬂ_, 7]/}7\7] 2 ‘:01]/\1‘_,10 BufferedRandom
EHSYUY HYE S 0, G 2EH, io.RawlOBase & A B Fd X, i0.Filel0, & EHF

I,

See also the file handling modules, such as i leinput, io (where open () is declared), os, os.path,
temprfile,and shutil.

Raises an auditing event open with arguments path, mode, flags.
mode®} flags 9 He Ao TEOA FAS AL 2 EH AL 4
H A 33004 M7

* opener W) 7| %7} 2718 AU o

«x' BEEAE 95U

* T0Error & o AYF UL} o|A|= 0sError & EAJ Yt}

s SRR L DSV RE('x")E o Fdo] ojn] EA 8, oA FileExistsError & Y

o7

s A2 TEO JAEHHPE Hu A2 A2 77t ol & BN 7] A @E o, o] e+ o)A
InterruptedError 98& 427+ A A 2" &2 WA EF YT} (o] fF+ PEP 475 £
HAL).

* 'namereplace' & A2 7]7} 7= A5 YT

A 3.600A4 |7
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e 05.Pathlike & F3 3= AR S BolS o= X Yo] 2715 95U T)

c A=A, 2L WFHE €Y io0.Filel0 7} obd io. RawIOBase & A B Fe 27} ukshs

% .
B A 3.119| A ¥ 7 : The 'U' mode has been removed.

ord (c)
S fIE EAE e A Fol A AT Ea0l fuin=ae wdeg
A48 ZHFU o] & Bol,ord('a’) £ A% 97 S MBRLord('e") (RE 71 F) & 8364

S BB o] AL chr () o WU,
pow (base, exp, mod=None)

base & exp AGA TS SHEUT; mod 7} Q= BF, base 2] exp A5 A5 ZERE mod &
FUth (pow (base, exp) % mod KT} T wh2 A AlAbg Uth. 7 7] A2 F A< pow(base,
exp) € A=AlE AAAE AR stE A% 55Ut baser*rexp.

The arguments must have numeric types. With mixed operand types, the coercion rules for binary arithmetic
operators apply. For int operands, the result has the same type as the operands (after coercion) unless the
second argument is negative; in that case, all arguments are converted to float and a float result is delivered. For
example, pow (10, 2) returns 100, but pow (10, -2) returns 0.01. For a negative base of type int
or f1oat and a non-integral exponent, a complex result is delivered. For example, pow (-9, 0.5) returns
a value close to 37j. Whereas, for a negative base of type int or f1oat with an integral exponent, a float
result is delivered. For example, pow (-9, 2.0) returns 81.0.

int 3] AR} base 1 exp2 7 3 -, mod7F YW, mod= A5 & o] o] oF 5+ mod+= 0°] oFy 0% °]=
Ut mod7} QL exp7t S5, base= modﬂ— AR AL (relatlvely prime) o] oF gk} o] ¢,
pow (inv_base, —exp, mod) 7} WrE-E W, o] 7] A inv_base= base & 2 mod2] & YTt

2238 RER 979 94L& At YUtk

>>> pow (38, -1, mod=97)
23

>>> 23 * 38 % 97 == 1
True

U EOARICIECE 49, powd] 3 A BAL o)A F WA A7 S5 ==
2 38 5fo], B 958 A 5 A ook

Hixd 3.8 4 M7 : 719 = QAE 8T o] doll =, f1 A AR A AH AF T
print (*objects, sep="", end="\n’, file=None, flush=False)

Print objects to the text stream file, separated by sep and followed by end. sep, end, file, and flush, if present,
must be given as keyword arguments.

BEH 7Y E AAE str() o] 3ol TAEE ¥ ST 2EY
end & S0l AU sep T end £ BF EALE o] o] oF U} None ¥ % =, 7123
AH-& JE} S AT objects 7 FOA A A koW print () = end W HFUTH

file QA= write (string) WA EE 7HF AA o oF Ut} S 38HA] ¢k ALk None o] W, sys.
stdout o] AFEHUTE A H AR = HAE FAEE MBS 7] w2, print () & HFo] U g
2= gtd AR &} A AR %i’“‘%‘i‘r ol M=, thAl file.write(...) AT

Output buffering is usually determined by file. However, if flush is true, the stream is forcibly flushed.
233004 WA flush 719 = QAF7E 7 AUk,

class property (fget=None, fset=None, fdel=None, doc=None)
2 HE o EREE E2FUTh

riet
it

fer & EFHE % D FHAUT frr & JEHE %S DAL FEGUT fel S
SrEeRE 28 A S el it 1ol 5 doc & o el HEs] S AT L UEUY
AYAA LGS HH E o= HE x & 425 AP
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-
class C:

def _ init_ (self):
self._x = None

def getx(self):
return self._x

def setx(self, wvalue):
self._x = value

def delx (self):
del self._x

X = property(getx, setx, delx, "I'm the 'x' property.")

If c is an instance of C, c . x will invoke the getter, c.x = wvalue will invoke the setter, and del c.x the
deleter.

=D RES FAE Yol HUTE 1A FOH, frer o FAE(
Al 8t property () E Ul o] H 2 ARES ¢]7] A& =2 3 E

i ¥0

class Parrot:
def _ init_ (self):
self._voltage = 100000

@property

def voltage(self):
"""Get the current voltage."""
return self._voltage

The @Qproperty decorator turns the voltage () method into a “getter” for a read-only attribute with the
same name, and it sets the docstring for voltage to “Get the current voltage.”

@getter
@setter

@deleter

A property object has getter, setter, and deleter methods usable as decorators that create a
copy of the property with the corresponding accessor function set to the decorated function. This is best
explained with an example:

class C:
def _ init__ (self):
self._x = None

@property

def x(self):
””HIIm the !XY property. mrrmn
return self._x

@x.setter
def x(self, wvalue):
self._x = value

@x.deleter
def x(self):
del self._x

o] SEL A WA A AR FEHYUCH 2 G Bl A T2 (o] B 09
22 ol & AHga ok g o,

24

Chapter 2. W7 st




The Python Library Reference, @2 4 3.12.4

sk ziﬁm A= AL AAbol) P foet, £set D fdel o] Eg REES /M UTh
WA 3504 WA o)A Z2HE MAL E=AEF] 27 7F5dU o)

class range (stop)

class range (start, stop, step=1)
el 7| B}, range = AAZE 1Y & AlE2 & — list, tuple, range | A HEH T2 £ AJFE>
Fg ek

repr (object)

Return a string containing a printable representation of an object. For many types, this function makes an
attempt to return a string that would yield an object with the same value when passed to eval () ; otherwise,
the representation is a string enclosed in angle brackets that contains the name of the type of the object together
with additional information often including the name and address of the object. A class can control what this
function returns for its instances by defining a __repr__ () method. If sys.displayhook () is not
accessible, this function will raise Runt imeError.

This class has a custom representation that can be evaluated:

p
class Person:

def _ init__ (self, name, age):
self.name = name
self.age age
def _ repr (self) :
return f"Person('{self.name}', self.age})"
reversed (seq)
Return a reverse iferator. seq must be an object which has a __reversed___ () method or supports the se-
quence protocol (the __len__ () methodandthe __getitem__ () method with integer arguments starting

at 0).

round (number, ndigits=None)

number S AT 029 ndigits F U EZE W29 7k =85S YT} ndigits 7F A =5 7 U None
o), A g AhE A5 EAFUDG,

For the built-in types supporting round (), values are rounded to the closest multiple of 10 to the power
minus ndigits; if two multiples are equally close, rounding is done toward the even choice (so, for example,
both round (0.5) and round(-0.5) are 0, and round (1.5) is 2). Any integer value is valid for
ndigits (positive, zero, or negative). The return value is an integer if ndigits is omitted or None. Otherwise,
the return value has the same type as number.

dutA 9] g}o] W A A number 9] A%, round = number.__round__ o I}

L

al

floatel] o e round () & F&AL 47 & 5 UF
2.68 A 2.67 S A FFULE o] AL H
EIE S o= AN 2R 2= A9 Y

LUt o2 S0}, round (2.675, 2)
7} obguich: 3R o] 4171 447 loat = 7 5]
+= tut-fp-issues S H A Q.

U
T

or

class set

class set (iterable)
N set AAE & EZUth AHA O 2 jrerable A 7}A -2 8_5'\_3 Zr& Ut set S WA S~
Yt} o] 2ol gt AH A= set D A & — ser, frozenset & R A K.

ot AdH ol AL WA frozenset, list, tuple W dict 229} collections BES
BAL

o

setattr (object, name, value)

This is the counterpart of getattr (). The arguments are an object, a string, and an arbitrary value. The
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string may name an existing attribute or a new attribute. The function assigns the value to the attribute, provided
the object allows it. For example, setattr (x, 'foobar', 123) isequivalenttox.foobar = 123.

name need not be a Python identifier as defined in identifiers unless the object chooses to enforce that, for
example in a custom __getattribute__ () orvia __slots__. An attribute whose name is not an
identifier will not be accessible using the dot notation, but is accessible through getattr () etc..

al

e

Since private name mangling happens at compilation time, one must manually mangle a private attribute’
s (attributes with two leading underscores) name in order to set it with setattr ().

class slice (stop)

class slice (start, stop, step=None)

Return a slice object representing the set of indices specified by range (start, stop, step). The start
and step arguments default to None.

start
stop

step

Slice objects have read-only data attributes start, stop, and step which merely return the argument
values (or their default). They have no other explicit functionality; however, they are used by NumPy and
other third-party packages.

Slice objects are also generated when extended indexing syntax is used. For example:
al[start:stop:step] or a[start:stop, i]. See itertools.islice() for an alter-
nate version that returns an iterator.

¥ A 3.129) A ¥ 7 : Slice objects are now hashable (provided start, stop, and st ep are hashable).

sorted (iterable, /, *, key=None, reverse=False)

iterable @] Y252 | AEH g A2EE 8 S
9= oAbz e A Aok S F e A ARk g,

key £ stuel AAE e T8 AR S, iterable] 7+ 22525 H WX 7€ FE35HE U
AHER YT (€ S0, key = str.lower). 7|22 None U (245 A4 vlagyrh
reverse = =2 YU True 2 AAH Y, 4 ¥a 7t AR AA™ g 2E 8450 U
Al A AELA S emp TF4E key T4 E MBS B H functools.cmp_to_key () 2 AFEEAH L
U sorted() e 42 (stable) Y o] HAAPHUTE FEL 2o vas = 249 44
%H%%%ﬂﬂwﬁﬁﬁﬁﬁaﬂﬂfﬂtﬂﬂﬂﬁggﬂ% AU (A& 0], FAE=E
489 Fol Fol 5= FEH).

The sort algorithm uses only < comparisons between items. While definingan ___1t__ () method will suffice

for sorting, PEP 8 recommends that all six rich comparisons be implemented. This will help avoid bugs when
using the same data with other ordering tools such as max () that rely on a different underlying method. Im-
plementing all six comparisons also helps avoid confusion for mixed type comparisons which can call reflected
the _ gt__ () method.

A E o A&} kst A E 255 A] = sortinghowto & H A 8.

@staticmethod

HAEE A A= WS

A A AEE B A WA A4E B GHUTh A HANEE QA Y, o] HETE
g A 8

%
T
kv
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class C:
@staticmethod
def f(argl, arg2, argN):

@staticmethod & 4]-2 ¢4 ¢ & o] ] gt} - A 8F U -§-2 functionE B A 8.

A static method can be called either on the class (such as C. £ ()) or on an instance (such as C () . £ ()).
Moreover, the static method descriptor is also callable, so it can be used in the class definition (such as £ () ).

Static methods in Python are similar to those found in Java or C++. Also, see c1assmethod () for a variant
that is useful for creating alternate class constructors.

EEd I ole el np A &, staticmetho s} 3Z3te] 71 ATE oW Y& T
TE AUtk o] A2 S & vt oA deol i 27t 2883 AA- A M ER AbE Wt

He AL ystux ) A8 dUth o] 4F v #87E AHS A 8

[oX
it
o
T
4>
O Hu

def regular_function() :

class C:
method = staticmethod (regular_function)

A vl Sl T8 T APA B AR, types 2 FEFHA 2.

B A 3.109] 4] ¥ 7 : Static methods now inherit the method attributes (__module_ , _ name_ ,
__qualname_ , __doc__and _ _annotations__ ), have a new __wrapped___ attribute, and are
now callable as regular functions.

class str (object=")
class str (object=b", encoding= utf-8’, errors='strict’)
object o] str AL EHFUTE A W& str () = HA S
str-& W EAL 22 Ut 2AE ol et AubARl R = dAE A ALY —or & BHA Q.
sum (iterable, /, start=0)
start L iterable &) FEE S JZEoix L EZ 0 2 T35}
Aoz sxtn] A% ghe £xldo] 9 4 gyt
For some use cases, there are good alternatives to sum (). The preferred, fast way to concatenate a sequence

of strings is by calling ' ' . join (sequence). To add floating-point values with extended precision, see
math. fsum (). To concatenate a series of iterables, consider using itertools.chain ().

A 380041 WA start N WS AN E AARE AP 5 AU Th

[o

FAE S5 Ut iterable ] 52 AWl

)
K

WA 3.129]] A ¥ 7 : Summation of floats switched to an algorithm that gives higher accuracy on most builds.

class super

class super (type, object_or_type=None)
MAE 58 npe o 2R FA S 20 9 Yo 22 AR S BAF U o) Ze 2ol A
Ao 5 A A =EE A2 o {8t

The object_or_type determines the method resolution order to be searched. The search starts from the class
right after the rype.

For example, if __mro___ of object_or_typeisD -> B -> C —> A —> object and the value of type
is B, then super () searchesC —> A -> object.

The _ _mro___ attribute of the object_or_type lists the method resolution search order used by both
getattr () and super (). The attribute is dynamic and can change whenever the inheritance hierarchy is
updated.

F A AR AEHWE, HEE = 5 A= 25 A Z 3w Yt (unbound). T WA
QA 7} A A W, isinstance (obj, type) = Fo]ojof Uyttt F WA QA7) 3 o] W,
issubclass (type2, type) + FolojoFFUth (o)A ZH; A v = FE&FTh.
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super ol = F 742 AW Q) ARG AVl 7 AU Th e A Sel s AF TR oA, super &AM
o YAHOR o5& A WA Y3 HE FALE FRV S oD TS T §4) Fel5p)
A7 BE 5 AHUTh of S ThE Z2 W Aolo A super & 2= A vl GAF U T,

The second use case is to support cooperative multiple inheritance in a dynamic execution environment. This
use case is unique to Python and is not found in statically compiled languages or languages that only support
single inheritance. This makes it possible to implement “diamond diagrams” where multiple base classes
implement the same method. Good design dictates that such implementations have the same calling signature
in every case (because the order of calls is determined at runtime, because that order adapts to changes in the
class hierarchy, and because that order can include sibling classes that are unknown prior to runtime).

A BT, QuAel 3 s TEL old Ay

class C(B):
def method(self, arg):
super () .method (arqg) # This does the same thing as:
# super (C, self).method (arg)

WA S 28] 9ol super ()& o E el RE 230 E AFFU B b5 G A R
A Sef ol Q02T YHE BEHE AUk

Note that super () is implemented as part of the binding process for explicit dotted attribute lookups such
as super () .__getitem__ (name). It does so by implementing its own __getattribute__ ()
method for searching classes in a predictable order that supports cooperative multiple inheritance. Accord-
ingly, super () is undefined for implicit lookups using statements or operators such as super () [name].

E3 JAAE e FA S AL Bty super () © WA E WHARE AL SR 5 A §HE 2] b=
£ Aol ol AR, 5 o) A4 H AL AAE AIAA A AT A 32 E U 2

A7 e B4 B2 A9 Yol AU A5 e, AL} A9 0 gl Fo) 28 ghed
7EA 3 it A Eof A A Ax- 20 AN A6h=d 3 AR ZEE 97 Wl Jch
super ()& A&l 83 FAE AASE ol o 282 < Al k-2 super() A H] &
BAS

class tuple

class tuple (iterable)
ol 7| Bt tuple S AAE 5= I Al D2 & —list, tuple, range o) A3 H AX Y B Al @A
),

class type (object)

class type (name, bases, dict, **kwds)
AZ} &FLEe -9, object & B& EHFUTH RESH gh2 @ AA| W RPA O R object.  class__
el Fs A% 2L ARk,
AR el F& AASte Ul isinstance () W& 7 AZH =, A B SH2E 17 i &

Q).

ALY JAAE F= 4 M 3 AAE S8F UL 9122 28 class Y 54 A FeidUch
name TAEY L Fe 2 o] Folil _ name  OJEEFRE P%‘%V/P bases 72 W ol FEHAE
S 2833 bases_ AJEFHHEZ UG vlo] 1o, object, BE Fel 29 FFH <
ﬁﬂ o7} 7 Ut dict GV ElE S vt A EHEG WAE FYES =TT,

__dict__ SJEYHEIFH7] Ao BAE AY ARA = dFUTh T F B2 L2 type

AA 2 wEUTh

>>> class X:

>>> X = type('X', (), dict(a=1))

of

% A8 HA L.

A A2 G A ol A58 719 E QA= Sl A 2 (metaclass £ A 217 7| =9} 22 ¢ L
2 A 3} uﬂE}:—g\ﬂ]ﬁ FA(EHrH o F  init_subclass__ ()] A&H Yt}

fu
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class-customization & H A &.
WA 3.6004 WA type.__new__ & ANABYBHA %= type o A B FeaE o)A AA S FS
Q7] A8l Y AR FAE AT 5 glsyTh

vars ()

vars (object)
BE, ZY2, A2BAEE  dict OEFHREN} JETE AAY _ dict  o]EFYHEE

m

BEEH A2 22 A= Qo] E 7Hsst_ dict. AEFFEE ZFUTh 212, o
A dict o EeREC] 27 ARE A 5 Y&l & Sol, Fehat A1 He
vE AAS A S7] Y&l types. MappingProxyType S AU ).
AR} YO, vars () = locals () A 2T Th locals B A1 2o tf 3t ¥ 74 o] A H 7]
uf) 2 of] locals YA 1 2]= ¢} 7] ol ¥k &S th= 2l o]l T 5hA] 8.
AR ARFH QAR dict  oEFYREI} QO TypeError 9] 7 BT T} (o S 0],
MG ZPA7F__slots_ o]Eg|HEE 7@-46]—?];).

zip ( *iterables, strict=False)

Iterate over several iterables in parallel, producing tuples with an item from each one.

Example:

>>> for item in zip([1, 2, 3], ['sugar', 'spice', 'everything nice']):
print (item)

(1, 'sugar')
(2, 'spice')
(3, 'everything nice')

More formally: zip () returns an iterator of tuples, where the i-th tuple contains the i-th element from each
of the argument iterables.

Another way to think of zip () is that it turns rows into columns, and columns into rows. This is similar to
transposing a matrix.

zip () is lazy: The elements won’t be processed until the iterable is iterated on, e.g. by a for loop or by
wrapping ina 1ist.

One thing to consider is that the iterables passed to zip () could have different lengths; sometimes by de-
sign, and sometimes because of a bug in the code that prepared these iterables. Python offers three different
approaches to dealing with this issue:

* Bydefault, zip () stops when the shortest iterable is exhausted. It will ignore the remaining items in the
longer iterables, cutting off the result to the length of the shortest iterable:

>>> list(zip(range(3), ['fee', 'fi', 'fo', 'fum']))
[(0, '"fee'), (1, 'fi'), (2, 'fo')]

e zip () is often used in cases where the iterables are assumed to be of equal length. In such cases, it’s
recommended to use the st rict=True option. Its output is the same as regular zip ():

>>> list(zip(('a', 'b', 'c'), (1, 2, 3), strict=True))
((ta', 1), ('b', 2), ('c', 3)]

Unlike the default behavior, it raises a ValueError if one iterable is exhausted before the others:

>>> for item in zip(range(3), ['fee', 'fi', 'fo', 'fum'], strict=True):
print (item)

(0, 'fee')
(L, 'fi")
(TH oA ol A%
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(o] A o] A | A AL)
(2, 'fo')
Traceback (most recent call last):

ValueError: zip() argument 2 is longer than argument 1

Without the st rict=True argument, any bug that results in iterables of different lengths will be si-
lenced, possibly manifesting as a hard-to-find bug in another part of the program.

« Shorter iterables can be padded with a constant value to make all the iterables have the same length. This
isdone by itertools.zip_longest ().

Edge cases: With a single iterable argument, zip () returns an iterator of 1-tuples. With no arguments, it
returns an empty iterator.

Tips and tricks:

¢ The left-to-right evaluation order of the iterables is guaranteed. This makes possible an idiom for cluster-
ing a data series into n-length groups using zip (* [iter (s) ] *n, strict=True). This repeats
the same iterator n times so that each output tuple has the result of n calls to the iterator. This has the
effect of dividing the input into n-length chunks.

o zip ()= * AR} A 2 B AEE unzip & 5 5 U TH

>>> x = [1, 2, 3]

>>> vy = [4, 5, 6]

>>> list (zip(x, V))

(1, 4), (2, 5, (3, 6)]

>>> x2, y2 zip (*zip(x, ¥))

>>> x == list(x2) and y == list (y2)
True

A 3.109 A A 7 : Added the st rict argument.

__import__ (name, globals=None, locals=None, fromlist=(), level=0)

EIEU
o] AL importlib.import_module () I & Al glo]H =2 agiW A= F QA
U Aw T duth

o] g4 import Bl o8] £2H U import £ o018 WA A5 WAL U]
(builtins RES ¥ EST builtins . import__ o thd3Yth. 22} 184 3
WAL el AT, HE 2L B4 Sslen JEE F(PEP302 E wA2) S A8l
Aol o 2tdetal 7] JEE FHo| AR Zolgtal 7H st ZESH TAE €274 947
AUl import__ () & AFZ AR A 93}l importlib. import_module () & A&

A< Agh,

The function imports the module name, potentially using the given globals and locals to determine how to
interpret the name in a package context. The fromlist gives the names of objects or submodules that should be
imported from the module given by name. The standard implementation does not use its locals argument at all
and uses its globals only to determine the package context of the import statement.

level & At == At YZEE ALTAE AZFYLE 0 (71EFHS 22 Y dx2EE
= A= YUt F Fhlevel = __import__ () & TE%he 2E YEHE o A4

AT A9 e =9 M 7 AUt (A § W82 PEP 3282 H A 9).

name A7} package .module A L uff, AuLA © 2 pname o 23 HHE 2 Eo] ol HAY

i 71 2 (A AR A7k 9 o] F) 7F vkgbg Yt Tef bl o] A] R fromlist QALY 30 A WH name

o o3 W H ZEo| viEH Ut

& Eo], E& import spam 2t} IF=E ot

1o 2ol X L

3
o

2y
b ot

N

rlo

nlolE T &

s

7

o

Ytk
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[spam = __import__ ('spam', globals(), locals(), [], 0) J

E& import spam.ham-2 o8 T &2 o]olFYrt}:

[spam = __import__ ('spam.ham', globals(), locals(), [1, 0) J

AZVNAN __impore__ () 7239 BES BHFE 2o FEIAL. o] 2 o] import Fol o5
o] 5ol AdH & AA o] 7] w2t

Wl o, £ from spam.ham import eggs, sausage as saus + °|# Z¥}E FUt}:

_temp = __ _import__ ('spam.ham', globals(), locals(), ['eggs', 'sausage'], 0)

eggs = _temp.eggs

saus = _temp.sausage

o714 spam.ham B&°] __import_ () oM RtRF Ut o] AANZRE, J2ED °lF=5

ML F G o lgEZ g YTh

b o) Fom +E§ AXE 37 Yaotd (FARoZ 37 & WA, importlib.
import_module () < A& 3HA 8.

WA 33004 A 5 level 2 Eﬂ A=A FEUth (712 R 002 WA G YTh.

WA 3904 WA HE & ~EY-IE A4 59 uj, 37 ¥4 PYTHONCASEOKE o] A A

Y.
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CHAPTER 3

e A% B4t R ol 2 B AU
False
bool @ AA gk False ol YT 5 Y13 SyntaxkError & 2 th

W

= O.
Z-]\E“C-

True
bool Q] Zgk True ol WY& 4 Y11 SyntaxError & oA Yt
None

An object frequently used to represent the absence of a value, as when default arguments are not passed to
a function. Assignments to None are illegal and raise a SyntaxError. None is the sole instance of the
NoneType type.

NotImplemented

A special value which should be returned by the binary special methods (e.g. __eqg (), __1t__ (),
_add__ (), __rsub__ (), etc.) to indicate that the operation is not implemented with respect to the
other type; may be returned by the in-place binary special methods (e.g. __imul__ (),__iand__ (),etc.)
for the same purpose. It should not be evaluated in a boolean context. Not Implemented is the sole instance
of the t ypes. Not ImplementedType type.

R

al

When a binary (or in-place) method returns Not Implemented the interpreter will try the reflected
operation on the other type (or some other fallback, depending on the operator). If all attempts re-
turn NotImplemented, the interpreter will raise an appropriate exception. Incorrectly returning
NotImplemented will result in a misleading error message or the Not Implemented value being
returned to Python code.

e e A FES HAS.

al

e

NotImplementedError and Not Implemented are not interchangeable, even though they have
similar names and purposes. See Not ImplementedError for details on when to use it.
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H 7 3.99] A ¥ 7 : Evaluating Not Implemented in a boolean context is deprecated. While it currently
evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of
Python.

Ellipsis
The same as the ellipsis literal “. . .”. Special value used mostly in conjunction with extended slicing syntax
for user-defined container data types. E11ipsis is the sole instance of the t ypes.E11ipsisType type.

__debug__
o] 4 Fholmo] ~0- g 0 2 A2 A ggkrhel Zo] Huth assert £E £ 27} Atk

z 3
None, False, True ZL8]1 __ debug__ & THAl T
YHE 0|50 2 A8 5, SyntaxError 5 497

eSS

i

fll

I

Y
oo

3.1 site Eo o3 2718 445

site BRE(-S &3
F7re] of e} 448 &
quit (code=None)
exit (code=None)
o14f1 2 uj, “Use quit() or Ctrl-D (i.e. EOF) to exit” 2} 22 HA| A & Q3t1, T2 o, AAH £ =&
FT R SystemExit S Yo 7|= AA.
copyright
credits
AstA L} 52T 0, 242 ARY wE T T gAEE Aete AX Yo
license

o121 = ul] “Type license() to see the full license text” 2} 22 WA X & Q1| 3}11, S & uf] AA| 2ol Al
2 HAEE ¥ o] A A 79 22 4] (3ol 33 EA) 02 ® Ak AA YT

34 Chapter 3. W& A4



cHAPTER 4

The A4 el A e el o] 3E ExY el wal ABTh

B WGP e S D2, W, Fehs, AsEs W o9 P,

AR FAH Fejat ARQUTh ARl A W E Sk A EE A A ST 5 G52 A
G vl ASE 2 AAEA A WA 93l None 2 W TH

AR AREL o2 AA] ol A AADUTH 53] AL BE AAE 55 0 LB, el g AAB,
(repr() @4 EL R OE str() F4E AFHA) EALE AFT 5 d5Uch T HA F5e
print () @52 ANE 2w Ao AgH T

o,

e gs A ¢ e, if Exwhile 2 B Ol U+ w2 A4 3 AdA=Z
T =
-

By default, an object is considered true unless its class defines either a ___bool__ () method that returns False
ora__len__ () method that returns zero, when called with the object.' Here are most of the built-in objects
considered false:

¢ constants defined to be false: None and False
e RE XA 3¥E29:0,0.0,07,Decimal (0),Fraction (0, 1)
e W AF2S} A, (), [1,{}, set (), range (0)

FeEge B AT U B Dol BAISA ke G4 AR 450 o] False 2, Fold
1

0
ol True £ EHFUTH (583 49 : =2] Ator and & B4 9 A4 5 shvE E215UTh)
ot

Lol B4 viA =l thet £71 B E & vhol & o) 5 -2 A5 Al (customization) ol A 2+

I

&
30,
ofy
o
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4.2 =2] 44— and, or, not

ojllES A e LEAE o R AEd =2 AdEdYTh

A A 43 5 E
X Or y if x is true, then x, else y (D)
x and y x*7F AR oW *x, IF A gtody 2)
not x x7F AA oW True, 12X oW False (3)
EE:
(1) o] AL FeE-3 &2 dixtol B2 J A A7 AR Y wfj vk F A k2 7+
(2) o] AL -3 = Asbzte| B g2 R WA AX7F L wj vk F WA Y g2 Y h
(3) not 2 H]=8 AXMAERTG L2 LA E Z5UTE 28A, not a == b not (a == b)
23AE3,a == not bE T LFAYUT
4.3 8]
gho] Mol = 871A] vl A4ke] Y5 UTH o] & BFE 22 FASHE /MU (=8 AAtE e =5
yoh. vlue Jo2 dZ48 F dsUth dE Eolx <y <= zeyd #=F MR TG = "
AYetilesx <y and y <= zd FTFUGGHAFAFEFx < y 7t AZCSE g8 A H 7 9
e F3kA gEUnh.
o] & Wl ALEE 8 FF T
A4k =
< A 43| Zh
<= ZAAV 2tk
> A43| At
>= A 2ot
= 2
= 2R okt
is A ofo] B E
is not HAE AA ofo]dlE E]

Az e A2 The 99 AAE S AT vl A St — At 34
(EER B B0l 2R AR Ao oo B e o G L G A o
7 = A ;A5 S0, AR = ST B Ao H TypeError ol Q] 7} 2HA sHU ¢,

Non-identical instances of a class normally compare as non-equal unless the class defines the __eq___ () method.

Instances of a class cannot be ordered with respect to other instances of the same class, or other types of object,
unless the class defines enough of the methods __1t__ (),__le_ (),_gt__(),and __ge__ () (in general,
__1t__ () and__eqg__ () are sufficient, if you want the conventional meanings of the comparison operators).

is 9 is not AN FAL AEA FAT + YAwith B Qo9 F AA] 48T 5 o)
ol 2] 2 WA A1 7] 4] ek,

Two more operations with the same syntactic priority, in and not in, are supported by types that are iterable or
implement the __contains__ () method.
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4.4 =2} 3 — int, float, complex

There are three distinct numeric types: integers, floating-point numbers, and complex numbers. In addition, Booleans
are a subtype of integers. Integers have unlimited precision. Floating-point numbers are usually implemented using
double in C; information about the precision and internal representation of floating-point numbers for the machine
on which your program is running is available in sys. f1oat_ info. Complex numbers have a real and imaginary
part, which are each a floating-point number. To extract these parts from a complex number z, use z.real and
z . imag. (The standard library includes the additional numeric types fractions.Fract ion, for rationals, and
decimal.Decimal, for floating-point numbers with user-definable precision.)

Numbers are created by numeric literals or as the result of built-in functions and operators. Unadorned integer literals
(including hex, octal and binary numbers) yield integers. Numeric literals containing a decimal point or an exponent
sign yield floating-point numbers. Appending ' j ' or ' J' to a numeric literal yields an imaginary number (a complex
number with a zero real part) which you can add to an integer or float to get a complex number with real and imaginary
parts.

gho] -2 T3 At S A A AU o] F Als AR THE A F Y 3] A4S 7H o, “T
F27 39 fﬂﬂi e o 9 A4 o2 YHPAULH A ATETG FIL, A5 BAagET
S5 Utk o2 8 2} Aol vliE I AMEL] A& e vluEH = AAE F5 Tk

AR int (), float (), complex ()& 54 B2 RAE e AT+ ds5UH
(BasE A9 BE AL o3 22 Aiee AL TH(A 4] 24 9] <= operator-summary
£ FRIAHAIL

ALt 23 EE  HAAEA

x +y x oyl g

X -y R

X *y x 2y o 5

x /y x &ty o 5%

x /]y x2yd A-E WS & (1H(2)

X5y x / y o Yr3 )

x ©0]

+x x I =E

abs (x) x9 AAZF == 37 abs ()

int (x) A= HSE x (3)6) int ()
float (x) A2 HEH x (4)(6) float ()
complex (re, AgeB e daBimoZ FAH BAr. imo 7|22 0 (6) complex ()
im) AUk

c.conjugate () EBAFc2o Ad

divmod (x, y) B(x // vy, x%V) ) divmod ()
pow (x, y) x-‘ll y AFAF (5) pow()

X ** oy xSy ASAF 5)

TE:

(1) Also referred to as integer division. For operands of type int, the result has type int. For operands of type
float, the result has type f1oat. In general, the result is a whole integer, though the result’s type is not

necessarlly int. The result is always rounded towards minus infinity: 1//2 is O, )//21s-1,1//(
is-1,and (=1)//( is 0.
(Déﬁ¢ﬂ%&%§¢ﬂ%QW@§}%%amm Al A2 WEEHAIA L.

(3) Conversion from float to int truncates, discarding the fractional part. See functions math. floor ()
and math.ceil () for alternative conversions.

(4) floats= T3 5747} ob ] (NaN) T 9 FE= 2-9] R 310 & pER &= B249 “nan” 3} 4 AF <47 L7
JAE Ao R B 4 E “inf S WolS YUt

2ARAHoR, PYAE [1, 2] E[1.0, 2.0] F 2L FFHL, FE= vb@ AU
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(5) ol zza ™ AdojEolld &3] 23 %0l = AAHpow (0, 0) 20 ** 0°]1 0] H=F
ELASIEN

6) Lol Ale A EHHE L 00A 9 7HA] EE BRE F5F FUHIESS Nd HAS 7 2=
ZAEE) 2T
See the Unicode Standard for a complete list of code points with the Nd property.

B E numbers.Real § (int & float) & &E3 ThES 22 AAEES &gt}

»

il 23

math. X+ Integral 8 YUt

trunc (x)

round (x[, xEn A2 2 RS o=, A g2 A2 WS- th n S A ket 7| 23
nj) 0d Yt

math. 7V 2 Integral <=x

floor (x)

math. 7V 2+ Integral >=x

ceil (x)

A& ad =E
x |y x2yonuEdor 4
x ~y  x2y9 vEE W erA or (exclusive or)  (4)

X &y x 2ty v EY and 4)
X << n XErHERZAEOF A ZE (H(2)
x> n xSnHELFTLEEOZ AZE (DH3)
~x x & H|E ¥Hd

rE:
(1) S A ZE =385 A Al valueError & 427Ut}
55

4 Fest RS HEZ} Qe AR 22 235 doddH, f3t3 29 B4 FHOE Hoj & 3o S
7IA < BE A v EE AFEFFo] (1 + max(x.bit_length(), y.bit_length()) °]4+g]
2 W E Z) o] Y g Al4bS st 2R FEF UL
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442 A% ol UT 27 WA=

int @& numbers. Integral 34+ o]

iy
hc)
[
]
44
r [
o
<
Iu}
kA
£
S8
N
N,
=2
X
[
[t
v
Y
ok
o
<
e

int.bit_length /()
REol A 0L A9 FT, o A5 2 5 S Yehlt o e uE

-
ulit
i
ns
iz )
<
T

>>> n = —-37

>>> bin(n)
'-0b100101"

>>> n.bit_length ()
6

Z o A EokA Y, x 7F00] o}U W, x.bit_length () & 2** (k-1) <= abs(x) < 2**k
E WSSt F LS FY Bk YUtk F53H, abs (x) 7F A ESA N HE 23S 7HE
W ol 2o k = 1 + int (log(abs(x), 2)) ZFHUTh x 7}09]"¥, x.bit_length ()

—

0= EHFYTH

thg T =955 Pk

def bit_length(self):
s = bin(self) # binary representation: bin(-37) —--> '-0b100101'
s = s.lstrip('-0b') # remove leading zeros and minus sSign
return len (s) # len('100101') ——> 6

Added in version 3.1.

int.bit_count ()

Return the number of ones in the binary representation of the absolute value of the integer. This is also known
as the population count. Example:

>> n = 19

>>> bin (n)

'0b10011"

>>> n.bit_count ()

3

>>> (—-n) .bit_count ()
3

g 2=9t B 5ok
def bit_count (self):
return bin(self) .count ("1")

(. J

Added in version 3.10.

int.to_bytes (length=1, byteorder="big’, *, signed="False)
ArE Uee volE wid S ST

(>>> (1024) .to_bytes (2, byteorder='big')

b'\x04\x00"'

>>> (1024) .to_bytes (10, byteorder='big')
b'\x00\x00\x00\x00\x00\x00\x00\x00\x04\x00"

>>> (-1024) .to_bytes (10, byteorder='big', signed=True)
b'\xfE\XEE\XEA\XEL\XEF\XEE\XEE\xEff\xfc\x00"

>>> x = 1000

>>> x.to_bytes((x.bit_length() + 7) // 8, byteorder='little')
b'\xe8\x03"'

L

The integer is represented using length bytes, and defaults to 1. An OverflowError is raised if the integer
is not representable with the given number of bytes.
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The byteorder argument determines the byte order used to represent the integer, and defaults to "big". If
byteorder is "big", the most significant byte is at the beginning of the byte array. If byteorderis "1ittle",
the most significant byte is at the end of the byte array.

signed AV 5B HAFET 29] HA7h 4§ EA S AR FUCH signed 7} False o 1 29
A7t Fo] A A, overflowError 7} Lol gy th. signed &) 71 2 3k2 False Y Yt}

The default values can be used to conveniently turn an integer into a single byte object:

>>> (65) .to_bytes ()
b'A'

However, when using the default arguments, don’t try to convert a value greater than 255 or you’ll get an
OverflowError.

the FEo EEFYh

def to_bytes (n, length=1, byteorder='big', signed=False) :
if byteorder == 'little'
order = range (length)
elif byteorder == 'big'
order = reversed(range (length))
else:
raise ValueError ("byteorder must be either 'little' or 'big'")

return bytes((n >> 1i*8) & O0xff for i in order)

Added in version 3.2.
WA 3.119 A 7 : Added default argument values for length and byteorder.

classmethod int.from_bytes (bytes, byteorder="big’, *, signed=False)

FolzlwpolE widz BAHE 442 SF UL

>>> int.from_bytes (b'\x00\x10', byteorder='big')

16

>>> int.from_bytes (b'\x00\x10', byteorder='little')

4096

>>> int.from_bytes (b'\x£fc\x00', byteorder='big', signed=True)
-1024

>>> int.from_bytes (b'\x£fc\x00', byteorder='big', signed=False)
64512

>>> int.from bytes([255, 0, 0], byteorder='big')

16711680

217} bytes = ko] = 5 A7) o] AL} vho] = A4 3h o] e e Eol of of Fuirh

The byteorder argument determines the byte order used to represent the integer, and defaults to "big". If
byteorder is "big", the most significant byte is at the beginning of the byte array. If byteorderis "1ittle",
the most significant byte is at the end of the byte array. To request the native byte order of the host system, use
sys.byteorder as the byte order value.

signed QA= A5E ERS ] 29 R4 AL =AE JEraY o
e mEQ SEFTh

p
def from_bytes (bytes, byteorder='big', signed=False) :

if byteorder == 'little'
little_ordered = list (bytes)
elif byteorder == 'big'
little_ordered = list (reversed(bytes))
else:
raise ValueError ("byteorder must be either 'little' or 'big'")

(th& sl o] A ol Al<)
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(o1 sl o] Al el A A%

n = sum(b << i*8 for i, b in enumerate (little_ordered))

if signed and little_ordered and (little_ordered[-1] & 0x80):
n —= 1 << 8*len(little_ordered)

return n

Added in version 3.2.
A 3.119 A *H 7 : Added default argument value for byteorder.

int.as_integer_ratio()

Return a pair of integers whose ratio is equal to the original integer and has a positive denominator. The integer
ratio of integers (whole numbers) is always the integer as the numerator and 1 as the denominator.

Added in version 3.8.

int.is_integer ()
Returns True. Exists for duck type compatibility with f1oat.is_integer ().

Added in version 3.12.

443 A%o] T3 F7} WA=

float §-& numbers.Real A w|ol2 Fej2~ & FAT Yt S floats 23 22 27y AA=E

Fo i1

float.as_integer_ratio()

y

Return a pair of integers whose ratio is exactly equal to the original float. The ratio is in lowest terms and has
a positive denominator. Raises OverflowError on infinities and a ValueError on NaNs.

float.is_integer ()
float IAE AT} AL7HS 717 G3tol W True £, 187 ¢ oW False £ &Yt

>>> (-2.0) .is_integer()
True

>>> (3.2).is_integer()
False

T 7HA M EZH 16X FAE o] HE-S A
w 2ol float & A A4 FAFD R e W 2 2
1637 EAE -2 =
ZHelol #8435 Atk
float.hex ()

FE AL 1605 BAL HYE EATE AT PF £ 29, ol 2We PF AP

T3t p o A5 TR

classmethod float.fromhex (s)

1624 B4 s 2 R A = floatd Bl FE S22 WA= B s+ 2F 3WL AL 5 A

Ut

float.hex () = AABEAWAME WY, Float. fromhex () = Z A A= 334 8.

1674 249G e b3 e A2 APth

[[sign] ['Ox'] integer ['.' fraction] ['p' exponent]

)

913l integer 2} fraction 2 16 W4 AP o] 1, exponent +=

A5J Ut} tha A= 5 8814 ¢ 1 integer L} fraction 5 0] =
F3UTh o] 299 59 6.4.4.2 Fol| AR H B 7} v <25},
S ool A AHgE = EHAE Hld UL 53], float.hex () o 8- C & A T X0 A
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16352 Hs oA gledE AR = lon, Co sa =W E X} AH8Fe] Double. toHexString
7k el = 1635 FAE L float. fromhex () 7k wbob& Yy th

A5 16057} ohd A AS 2 20) 7, AL FA A 29 AFAFL AT Brhe Hol FolsHiA 2
o E 5o, 1635 EAE 0x3.a7p10%%‘~5/\/‘ﬂ*x} 3+ 10./16 + 7./16**2) * 2.0%*10
= 3740.0 & YEPF YT

>>> float.fromhex ('0x3.a7pl0")

3740.0

3740.0 o] g2 A& 22 AE HEHHE e 16305 Ad e de F A5 Uth

>>> float.hex (3740.0)
'0x1.d4380000000000p+11"

4.4.4 ==} 3 2] A

For numbers x and y, possibly of different types, it’s a requirement that hash (x) == hash (y) whenever x
== vy (see the __hash__ () method documentation for more details). For ease of implementation and efficiency
across a variety of numeric types (including int, float, decimal.Decimal and fractions.Fraction)
Python’s hash for numeric types is based on a single mathematical function that’s defined for any rational number,
and hence applies to all instances of int and fractions.Fraction, and all finite instances of fl1oat and
decimal.Decimal. Essentially, this function is given by reduction modulo P for a fixed prime P. The value of P
is made available to Python as the modulus attribute of sys.hash_info.

CPythOll ]'/K‘“ U:IXH }\]—‘Q‘E]L i‘fly\—t 32—H]EC10Hg% 7}‘;‘{_]_ 7]7:]]0“/\‘1-‘5-}? = 2*%x31 — 1 011,64—
HlEClonga A AANHEP = 2561 - 1 JuUTh
o2 gt Aol o gk Al R AR Y T
*x =m / nolFolobd FE|Foliinolp 2 WA 4=, hash(x) Em * invmod(n
P) ¢ P E A3t} 7|4 invmod (n, P) End EEE P 942 Zh
*x =m / nol ol ohd felfolunolp A E (AW n & b A dod)n L RER P 45
£ 7HAA 3L 919 A2 AL A s Uth o] A9 hash (x) & 4%k sys.hash_info.inf
2 otk
ex =m / nol &Y §g$o]¥hash(x)  —hash(-x) & FoJ gt Ao] R A7} -1 o] ¥
-2 2 vhgyrh

* The particular values sys.hash_info.inf and —~sys.hash_info.inf are used as hash values for
positive infinity or negative infinity (respectively).

o B A S (complex)z 9 73‘—?—, hash(z.real) + sys.hash_info.imag * hash(z. imag) =
Aibsto] Ao} 5 o) shAIES A=t 2% *sys.hash_info.width o] REE 2 ¢
A& A range (- 2**(sys.hash info.width - 1), 2**(sys.hash_info.width - 1))

890 ol vE Ut Al 2, 277 -1 olehe 2 2 uiE Y T}

o] FAE HWES 7] Y, A7)0 7B, float, complex & MAIE AALsh=, WA A & 561
Stol Ml TEE oAl g T}

import sys, math

def hash_fraction(m, n):
""n"Compute the hash of a rational number m / n.

Assumes m and n are integers, with n positive.
Equivalent to hash(fractions.Fraction(m, n)).

mn

P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary if m and n already coprime.)

(Th= s ol A ol A<
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(o1 sl o] Al el A A%

o

while m $ P == n $ P == 0:
m, n=m// P, n//P

if n & P == 0:
hash_value = sys.hash_info.inf

else:
# Fermat's Little Theorem: pow(n, P-1, P) is 1, so
# pow(n, P-2, P) gives the inverse of n modulo P.

hash_value = (abs(m) % P) * pow(n, P - 2, P) % P
if m < O:

hash_value = —-hash_value
if hash_value == -1:

hash_value = -2

return hash_value

def hash_float (x):
"""Compute the hash of a float x."""

if math.isnan (x):

return object.__hash__ (x)
elif math.isinf (x):

return sys.hash_info.inf if x > 0 else -sys.hash_info.inf
else:

return hash_fraction(*x.as_integer_ratio())

def hash_complex(z) :
"""Compute the hash of a complex number z."""

hash_value = hash_float (z.real) + sys.hash_info.imag * hash_float (z.imaqg)
# do a signed reduction modulo 2**sys.hash_info.width
M = 2**(sys.hash_info.width - 1)

hash_value = (hash_value & (M - 1)) - (hash_value & M)
if hash_value == -1:
hash_value = -2

return hash_value

4.5 Boolean Type - bool

Booleans represent truth values. The bool type has exactly two constant instances: True and False.

The built-in function bool () converts any value to a boolean, if the value can be interpreted as a truth value (see

section +=2] Z% 7 A} above).

For logical operations, use the boolean operators and, or and not. When applying the bitwise operators &, |,

CEINT3

~ to two booleans, they return a bool equivalent to the logical operations “and”, “or”, “xor”. However, the logical

operators and, or and != should be preferred over &, | and *.

WA 3.12 5 €] 9 A & : The use of the bitwise inversion operator ~ is deprecated and will raise an error in Python

3.14.

boolisasubclass of int (see 5=AF & — int, float, complex). In many numeric contexts, False and True behave
like the integers O and 1, respectively. However, relying on this is discouraged; explicitly convert using int ()

instead.

4.5. Boolean Type - bool
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4.6 olejgolE J

Aol Aqel i AP A de AU, oA T A AAEE HEA A T U
) ASE &R Ao) Ze 27} olEEo] A e AU 5 YES sh ol A-H Utk cleel A § 2A 9
Y AL G olE oA =S A AT

l

ﬂl

One method needs to be defined for container objects to provide iterable support:

container.__iter__ ()

Return an iterator object. The object is required to support the iterator protocol described below. If a container
supports different types of iteration, additional methods can be provided to specifically request iterators for
those iteration types. (An example of an object supporting multiple forms of iteration would be a tree structure
which supports both breadth-first and depth-first traversal.) This method corresponds to the tp_iter slot of
the type structure for Python objects in the Python/C API.

ole# o] Bl AA AA = thx3 22 F 7HA A =& Al of k=l Eo] 87 ol olE 22 EZ
(iterator protocol) E ©]& U T
iterator.__iter__ ()

Return the iterator object itself. This is required to allow both containers and iterators to be used with the for
and in statements. This method corresponds to the tp_iter slot of the type structure for Python objects in
the Python/C APIL.

iterator.__next__ ()

Return the next item from the iferator. If there are no further items, raise the St opIterat ion exception.
This method corresponds to the t p_iternext slot of the type structure for Python objects in the Python/C
API.

Shol A& Ak o] AL} S AR~ B, AV e, 7|8k B S8k Fehol st o] el o] 4L XU 3]
Al o1 olE ol AAE ATt oJHH Y Z2EZ] FHS HolA NEA A Fo] T 23
A g

det olEd ol next_ () HAEZ} StopIteration E doyy, 1ol TE9 YIA=
2ol SAaob gt o] $4E e g THS Wb A0 pFH L

4.6.1 A gele 3

Python’s generators provide a convenient way to implement the iterator protocol. If a container object’s
__iter__ () method is implemented as a generator, it will automatically return an iterator object (technically,
a generator object) supplying the __iter__ () and __next__ () methods. More information about generators
can be found in the documentation for the yield expression.

4.7 XY XA ¥ —1list, tuple, range

Al 7}%] AR

o] A AR, whol Ve Hlo)8 s 8l E B o) Ael g
As 218 NA2 5
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& o] UEE o) 20 st AgolA A AH T A8 e Adlold o daEe
A7 47 3t

2HlE A 517 94 A 38l collections.abc. Sequence ABC7) A& U th
ol ZE AT gt L AL E/\]*:q/\oﬂﬂ'eaqdﬂ‘/]‘;} BAA,s &= 22 o AP,
n i, j, k= A xEs7F 878k 3 3 A TS S 499 AAJYth

J%Mﬂ%ﬁﬂ%ﬁ%%ﬂéﬁqﬂmwﬂﬁ%ﬂmﬂ*mﬁhﬁ&%m%?
SR AT T SAEE AT

rlr

A4t 43 ==
% in s 5o FE Z st 9 2o True, I3 A Yo False )

x not in s s9 == ‘3]-\/]—7]-)63]-?;2@ False, 12X &2 W True (1

s + t s 2} 2] o]o] Eo]7] (6)(7)
s * nEEn * s s & L A4l n W oot A 25yt @)(7)
s[i] s 9] i A FE, 00| A Al 2 o} 3)
s[i:7] sJiﬂﬂj%ﬂA’ﬂ}l (3)(4)
s[i:j:k] s iolA j7AA 28 ko SEtolx (3)(5)
len (s) s 2] Zdoj

min (s) s8] 717 =2 J =

max (s) s 7 E S

s.index (x[, il, (A2 iEE T o]0, AP A j A TFs=)s S A AR xS (8)
31 Ad

s.count (x) sSHATEx Y

oJul guich (A %_ﬂﬂa%cqommmn%%é?dﬂﬁJ

Forward and reversed iterators over mutable sequences access values using an index. That index will continue to
march forward (or backward) even if the underlying sequence is mutated. The iterator terminates only when an
IndexErrorora StopIteration isencountered (or when the index drops below zero).

w2

T E:

o

(1) in Fnot in A4S ANAOT st £ AAE ANAW ST AW, R 553 A A
EPAEPN

2
(str, bytes, bytearray Z-2) < Al AL AHE-SH71 & U T

>>> llgg" in "qus "
True

@ el @olod Fomo o2 Aelg koo 2L Yl W AALA G Th. AL 9] FEEo
E&ﬂﬂ%Sﬂ*AHFﬁﬂﬂ«ZES@H Fz2P UL o] AL 5% A hol W =2 Lo v
2 AEYYD ol ZES AHRAR

>>> lists = [[]] * 3
>>> lists

(e, 1, (11

>>> lists[0].append(3)
>>> lists

[[31, [31, [31]

FEdol dojt=7t 3, [[1] E W B AEE 283E Zol 1 2B, [[1] * 39 A
FEE BRE 2N HPAEE IR lists 9 o] F5S FHJE R ] 3] B|AEE
FAFA UL AZ 2 Y2rEESS 283 gAEE o]d 4 o2 s £ JF YT

54217} 5 | 43S G gome 18 sk gl
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>>> lists = [[] for i in range(3)]
>>> lists[0].append(3)

>>> lists[1].append(5)

>>> lists[2].append(7)

>>> lists

L FAQ & fag-multidimensional-listofl A 4& 4= 5 th

g
Q) iEEj7ta5d A% ddaes Aldas o Zo A YUt len(s) + i©°thlen(s) +

@ i AN AR s 9 EBel At i <= k < JF B dAs kY FRER P NALE
RO U {EE ) 7} len(s) BT} 28 Ten(s) & ASF U i 71 A2 A} None o] b
02 AHS T j 7} A2 At None o] W Len (s) & AFEFUTH i 7hj Bk 2 AU 20w W
Sebol 27k ek,

() 2F k7 lziol A j 7R GBFol A= 0 <= n < (3-1) /k EWFFEAYLx = i+ ntk
o FrET TAH AAAE Ao H UL /\1 T35, AQul A= 1) i+k, i+2%k, i+3*k So]H
j ol ‘:D‘U‘ﬂ FUG GHAT AW j & 2@ A= GFUh. k7t A= o 2 45

12 Eolgyrh iEsj 7t
of wel g uch. k=04 &

—4|?v,_,

len ( Egoi [Bh= k7]..‘%£,\_t‘ﬂi,’3}]%tﬂ—f~7§—?—len(s
@ﬁﬂﬂwwmeﬂﬁ-lﬁg%“g”ﬁ°% -
RLo YA 2. k 7FNone ©|H 1 & HFHYUTh

—

(6) B8 A AA2E olo] EolW A A2 AAF AT UTh o] 2L ME A 0% o]o] o] 7] & 34
NA2E BE ) A Ao AR F ol AlFol vle Gtk EUch AF AW AL
o8-S :

T upRA| B str. join() & AFRE AL
¥4 lsyn

* bytes ZA & A

5 A9 %37 byces join() B o, BytesTo B ARHAL,
bytearray A& AF&3Fo] A ZE] ol A o] 0] 71E & 4 54Utk bytearray A=
7hH o] a1 B8 A Q1 23 (overallocation) W AU FE = 7HA AL QL5 U T

o tuple BAE o] 2] 7] & Stohd, 4l 1istE extend 3F4 Al 2.

CTHE 9 49 B AL BAE ZARAAL

(7) SFEAFE G (AF 50 range) & S e W2 §5 Ads T AFs7] wj 2o Al A=
= A

°]°ﬁ%°]7]‘/‘r‘ﬂ aotA] FEUTh.
®) soll x 7} ¢l= uf index + ValueError & 42Utk BE Fdo] 7 AA E j ALE A Y

aﬂ%%%ww1aﬂmn Ao Adsel $EE REA 02 44T S e 37}
AAE AISIE AL A (0] index () § ABAE AT W, AolE S 2Ao1s
4 MR 219 2] 2ol 29 X 2] ol A DA A 70 % AT

472 EH A A2

EH A EA Fo] dtHg o7 FHFIA T 7PH Al FE A P A= FAE A e A4S WA hash ()

ik A A g

o] A YL tuple A2HAR 22 BH A PAE dict 7|2 AFR3}T set W frozenset AAEH A

A5 A= S T

A BV B2 28t B A AL E A kAL 8 TypeError & o Yth
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4.7.3 7hd A2 &

g EY AAEL b AR Gl B E o] YHUTh AHEA A A AL A o] AAELS Sup
e

TF83}7] A 38 collections.abc.MutableSequence ABC7} A& Ut}

FoNA s = 7™ /\]?_i PO dxa®aolal, r+= Y oHHE Ao, x =s 7t 8F3+= F 2 3

At 571 49 AAJUTH(ANE S0, bytearray & g AT 0 <= x <= 2555 WF5te

Ak kol Yy th

A Ak 43 =
E

s[i] = x s FE i Ex 2 QAT

s[i:j] = t i°ﬂ/\1j77}xl-4S’,—-_TT’/}OVV}O]E%H%IS’J W&oz A g Ytk

del s[i:j] sli:j] = [1 & ZFUTH

s[i:j:k] =t s[i:j:k] AULECOHJ FEEZ AUt (1)

del s[i:j:k] ZAEoA s[i:3:k] & 3 5521]74@"45}

s.append (x) Al A2 2] Jé"ﬂx%—rﬂ'ﬂqq-( [le :len(s)] = [x] &%

S4yrth

s.clear () s ZEFES AATUL (del s[:] & ZHFUTH )

s.copy () S«lo‘:oif\}%%“&%‘%q(ﬂ:] 2} Z5yth 5)

s.extend(t) v s tYJ UYLgo=ZsEFHAIYUTH(HPEE s[len(s):len(s)] =t

+= t 2 Z5Uth

s *= n WEoln ¥ HEHEE s S FAFYTH (6)

s.insert (i, x) xEs5sYi 2 Fo AdAxo AFFUTH(s[1:1] = [x] & Z5F

yth

s.pop () ors.pop (1) il = FEFS AT TAlA s oA A A AU Th )

s.remove (x) s[i] 7hx & 22 A AR FES s oA A AT YT 3)

s.reverse () A AL A s & FEEL] +=AHE FHAAFUTH “)

EE:
(1) If k is not equal to 1, # must have the same length as the slice it is replacing.
(2) A=A QAAFi o] 712 %2 -1 dUth 2 A 712 A o= upx| e @5 o] Al A S WA kg Yt

B) x 7} s oA HAE A O remove () & ValueError & 4o 3t}

4) 2 ANF2EFARALS u T D FE 8 reverse () HA=E 111?‘}?401]/‘% AND2E AT YL
Bz o g AEdrhs A3 AR A Al A7) A1 7] 7] ﬁOH AR A A~E 62 EFUT
(5) clear () & copy () & €8olA A4S A YA G+ (dict & set Z2) 71 AH ol Y

=9 < Ei Hol2d dAAES FA 7] Y3h _—TL_‘@'QI/]E]— copy () & collections.abc.
MutableSequence ABC Q5 7} of A qh, ) &8 A 71 AR~ Sl as o] A Al Fgy T}
Added in version 3.3: clear()i}copy HAE,

© n e Aol AL, _index () & AL AMUTE n ol 0 ol ALk S4W AALE AL
Utk A iAqagc%g4ﬂﬂ®Aqq+£uﬂAdnﬂHs*nﬁﬂﬂ4%1&?%
olel W B2 UL
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7.

4.
g

2
3

4 BrE
Er M AAAE, QNHoE 5 FEEY eS ARG ol ASHUT (R AR
=2 a3t 0E 5 U,

class list [itemble ]

gAEE oy 7HA YHoE BE 5 G yth

s ESE AFETA Rl BlAEE £A8H7]: []

s S E At HEE FE 887 [al, [a, b, c]

e YrE AZPIAMA AFRF}7]: [x for x in iterable]

o 3 AAAE A}LE}7): 1ist () B 1ist (iterable)
A3 A= FEET 2 X7t iterable 7 -2 2]~ EE WU th iterable & Al A2, o] H o] &
A Q3= Al o], ]Eii‘ﬂO]Ei AA7FE 4 AH5 YT iterable ©] oju] B]|~E Y, iterable:]
S HREHA] BARE S WS ol M iU T o & S0], 1ist ('abc') = ['a’, 'b', 'c'] =
Webekal list ( (1, 2, 3) ) = [1, 2, 3] EREEFYTh QAFFoA A Fow, B A=
Mz Zg2EQA [1 & WY
U2 32 AMdE gAEE e =0, WA sorted () & 29 2 F 3kt

2EE TS RPN R AMES B FETYL B8 gl AaEE U T UM EE
A&t

sort (*, key=None, reverse=False)

ol N == & 19 < vl vk ARg-5to] g
S UTH- v Ato] Asfstd AA HE
FHE oAl HU .
sort () EAFERT ALT 5 Gk T A AAE Dol ST (715124 & A
key £ QA S ol B ol B4 E AT, 7 U248 2 4o A v 7§ S
AU (S E0], key=str.lower). B|AEQ Z} 3Eof 3 F3l= 7= 3 W T
% A7 39 2 A 20] AT U 7Bt None & 2] AE B E o] WE ] 77k
R EE Er e TR E N
functools.cmp_to_key () FEBE El=2.x 2Bt cmp SH-E key St 2 A ST o] ALE
24wy,
reverse = =2 I AUTE True 2 AAH W, ZFulw7 409 AAH 2|2E 2450 HEH

U,

%] Az ol A A Dyt o2& A E A

2E
Aol AUk (FlaEL REA oS £5 4

ol MAEE ZAAAE AL o T HokZ 8 AlE A& A A A =3 F ok 72
€02 ZAF otk 2 AR AL A A7 A1 71 7] S8 HEE /\]'?ﬂﬁ =HFA °}/\‘/]V/}(/‘H
e d Bl 2ERIARAS BA AR &%6} 29 sorted ()& AHE S Al L).

sort () MIAEE Aol AU AE2 2y H] 7ﬂ =245 AUAH eAE
WA o P A YU — o]+ 05131 dEste vl A& AUTH (I E E0], FAER
BAEe Fo g TR A

A E oA A2} 7hedsk A E 255 Al £ sortinghowto & R 3 Al L

48
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4,

N

S5

mlm

FE2 Ed AE2dY, BE o] A Ho]H &S AFsE ol AAEE UL (& 9], W3
enumerate () 7} FEE2-5F) FZ2 5237 2 <3
Uth (o & 0], set o] dict QAxBE 2o ARSI A} 51 7

class tuple ( [itemble] )

FE2 98 /A HHoz Bs = stk
s S E AEF N FE2S YEHT): ()
e FL FE FEZS AN BAHEE B a, EE (a,)
e FESHEE FES]a, b, cEE (a, b, ©)
e WA tuple () AFE3}H7]: tuple () =+ tuple (iterable)
A= FEET T A 7L iterable 3 22 FE- WHE U T iterable & A A2, o] E o] A&
A1 A3t AH oY, ol # o] AR 7t 2 5= AF T iterable ©] o] FZ ol gt WA H A 2
FHE g UL A& S0l tuple (Tabe') = ('a', 'b', 'c') WS, tuple ( [1,
2, 31 )= (1, 2, 3) 9Tk QA7 FoIAA] o, A= HES W FE2A ()
< Wyt

FESUHEE A2 AAZE Z37otd dE Yo FYstiAL. S =0 FEY 4F+E A9
St A" H ol AY A REdS vt oYt A& £9],£(a, b, c) E379
AALE 7HA &4 5 E0l AT £ ((a, b, ¢)) ©3YUY AAZ3-[TES H=TF TS
FE2L FE5 A2 A4S 2 F AT

o] 5ol o & AMATF A A0 oSt A AE T T Y23 o] A A djo]g A M| B9, collections.
namedtuple () o] &3 FZ AF Hot o A A A d = A5t

class range (siop)

class range (start, stop[, step ] )

The arguments to the range constructor must be integers (either built-in int or any object that implements

the __index__ () special method). If the step argument is omitted, it defaults to 1. If the start argument is
omitted, it defaults to 0. If step is zero, ValueError is raised.
Fstep o] A, WS r o R A r[i] = start + stepriof g5 ZFH Utk oluf i >=
0ol r[i] < stop YUYT}h
S5 step & A%, ALY W2 A3 4 r[i] = start + step*i o o8 AA = A, Ak
ZAL i >= 0Fr[i] > stopo] FYth
[0] AlSF 2 AL BEA7)A ghow Wl AA L WA BT W E 29 duas AdstA L,
ol = Al ALY oA REH S JQEAntE Eo] A Add AR A g Ut
sys.maxsize T} 2 AUGES TR W e LA, (len() T L) A 752

=
OverflowError S 2AAAZ 4= A5t}

9 oAl

>>> list (range (10))
(o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> list (range (1, 11))
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
>>> list (range (0, 30, 5))
[o, 5, 10, 15, 20, 25]
>>> list (range (0, 10, 3))
[0, 3, 6, 9]

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
>>> list (range (0, -10, -1))
o, =1, =2, =3, =4, =5, =6, =7, =8, =9I
>>> list (range (0))

>>> list (range (1, 0))

W9 olo] ol 79l MEE A& 55 AAs A BE TAFUT (A9 AAE A4S )
9 up2 e AAs B e 4 gl Bt oo 2ol /]t HE 1 512 utatths Ao
7l eh
start
start W7 59] gk (E= vl A5 A B A ko 0)
stop
stop N W 4] gk
step
step AR 52) gk (s WA RS 7L AT A 07 1)
A3 1ist 1} tupte o M9 range F9) AHL range AN LUTHE WA 9| 2710 F-85H T4

2 (F2) FY R E A \_1’4' YUt (start, stop, step FHS A3, F o whel 7| d
FE31 5191 WAE AN BRI,

W AA| = collections.abc.Sequence ABCE Fd3t1, =3 AL Q4 QA AA Z&alo] A,
S A9 AP ZL 7 5E AFFYUTHA AL F — list, uple, range & B A K):

>>> r = range (0, 20, 2)

range (0, 20, 2)
>>> 11 in r
False

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

range (0, 10, 2)
>>> r[-1]

18

=1 1= 19 AA 7L Z2A AAHAE A AA2AE vy F, F 19 AA 7 22 A A2 Fs
‘/]rE]r"u o Z2ohy Haguth (B vasE = 7 7H«l HY AA 7Y M E T2 start, stop, step ©
EYREE 7HE & dFo FYstA 8. A& 9], range (0) == range(2, 1, 3) E+ range(0,
3, 2) == range (0, 4, 2).)

WA 32004 W7 A2 ABCE TAFU T int AR 2F A BE FEL o] g0 =5t Al
A Ao AT,

B2 33014 WA (AR oboldlE| o] 71N = T Al) W A7 F o) s s AlAA 7
EURE 94 == 9= T AP}

Added the start, stop and step attributes.

)
tlo

ful

t] ®17]

* The linspace recipe shows how to implement a lazy version of range suitable for floating-point applications.
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spolwle] BAE Hlo| Bl st EE BAY (smings), A B AL A HUTh EALL FUn=
S=zee] 2 ARs JuUh A B B e s 248Uk

L AU A BERE T S AeUn

e Double quotes: "allows embedded 'single' quotes"

° }\]—Z [q__Q_J_: L] v}\-" 7Hg Z_!—_%Lq_%i“i_"’, "nn/\ﬂ 7Hg %@%E"""
A HEEE FA TALL2 oY S0l 2AHUS 7 AT - dBE ZE FWo] 2L EH o
E
S 24 dFola T 5 Atooll Bl Qe FAE BlHE L2 A R dd 2AE FEHER
]:H_%%\/]q_ é’ ("spam " "eggs") == "spam eggs".

See strings for more about the various forms of string literal, including supported escape sequences, and the r (“raw”
prefix that disables most escape sequence processing.

EALE str AHAE Gl THE AR ZHH BEo 2= A5

o g B0l flons BAYE AU Aok 1 BAY BH R 5 viol A e
£ADs9 49,5001 == s(0:1] YUtk

T3 7 %x}"éffé% QAT g BHOTHE BEXAS § A0 2 TASEY str. join() B
io.StringIO—% A28 4= 94Utk

WA 33014 W7 shol A 24 e 2 9}e] 5] SAYL ANA, u ATl BA
St £ A1) G5 1 t1a] BB 112 Howl s HEA

class str (object=")

class str (object=b", encoding=utf-8’, errors='strict’)
object o] +AE WA S E2FUTH object ZFAFEA gow, Wl FAEE EYFULh 187
o™, str() 9 FZ2 encoding == errors 7} o F X ol whel EtX] =], o3 25yt

If neither encoding nor errors is given, str (object) returns type (object) .__str__ (object),
which is the “informal” or nicely printable string representation of object. For string objects, this is the string
itself. If object does not have a __str___ () method, then st r () falls back to returning repr (object).

encoding T== errors 5 2 0] & 37} o] A| W, object = bytes-like object (9], bytes == bytearray)
o] o] o} 51'\/] t}. o] A%, object 7} bytes (== bytearray) 2 Zﬂ o]9, str (bytes, encodlng,
errors) + bytes.decode (encoding, errors) & TStk 1 o] 9 A o—,—, bytes.
decode () & Ao W AA 9 3tH vlo]EL AAE dFUth WA AR tist AR = v}
ol v 2] Al A2 & — bytes, bytearray, memoryview2} bufferobjects S H 4] A] £

encoding T== errors Q1A §lo] bytes AAE str() o] AEdtE A2 v 22 EXY 23S 13t
e A 1A Ao sl Uth(Fo) W WEd 34 b = BEAAIL). o & &4

>>> str(b'Zoot!")

"b'Zoot!"'"
/ﬂ}/‘d_‘_?,_ E/\l/\]_u_. :’-_U/H% Lx}oaﬂ%%e_ﬂ,ﬁ]—aﬂﬁf_string 2 :uﬂ E_ }?_3 Em /ﬂ}{ﬂ; A2 AN L.
T3l HAE A Au s ARG BAA L.
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FALL 75 NP2 ANES BE FASL, obdfol 71$E A WA EE TR
2 Zujge A AP st 2 2o 4ANTH AR AL
A}&x}xw £ 2 FEAAL) BE Shs
Corinct ~tldo] 748 =10 =7 Ag37)E tha o AT,
Al T Jd= BFl=FT5 o
EF gholueiee) Bl aE A2 An| s 4
ZPFU A ohe B e RESS OE UL,
str.capitalize ()
A B2 e Aol 2 b A 7L 2R A EAFYe] BALR S B E U
WA 3804 WA: oAl A WA EAE B EATL o AE Ao] 27 wpYTh o)k o] F B4
(digraph) 2} ZE‘% T A= AA A A A AR 2R A ETHE YU Tth
str.casefold ()
Aolx 21 8 EALL BT Alola 2] F EALL hABAE FAG o F o] A4

ﬁ—l_f
i
°

L oo

iH
E 3y %%ﬂﬂ%(re g A4 AYS

By
fru
24
r 0
o
rlr

1o, X
i)
=
>
ok
)
> 2
r4n
_>;
e
1o
il
i
)
)
[>
4
M
filo
2
)
o
N,
2
1
=2

The casefolding algorithm is described in section 3.13 ‘Default Case Folding’ of the Unicode Standard.
Added in version 3.3.
str.center (width[, ﬁllchar] )
o] width ) ZA+E 2] 7h-H o AL et %k EHFYHh A 753 9 fillchar (7] 3} ASCII 2~ 5] o] 2~)
S AFg3te] U Th width 7} len (s) B Th 2 A 7o 7 39 A ExFL o] ukghg Yth
str.count sub[ start[ end] ]
A [start, end] N A 3 ZAL sub 7t SHF A 43 TA%HE A4-E EHFUTE A"HA AR
start 9} end = € Tho)l 2~ B7|H o 2 A Yt

If sub is empty, returns the number of empty strings between characters which is the length of the string plus
one.

str.encode (encoding=utf-8’, errors='strict’)
Return the string encoded to by tes.
encoding defaults to 'ut £-8'; see 3z 21 5 o for possible values.

errors controls how encoding errors are handled. If 'strict' (the default), a UnicodeError ex-
ception is raised. Other possible values are 'ignore', 'replace', 'xmlcharrefreplace’,
'backslashreplace' and any other name registered via codecs.register error (). See ©
] ] 2] 7] for details.

For performance reasons, the value of errors is not checked for validity unless an encoding error actually occurs,
slo] A 7 ¥k 2 = is enabled or a debug build is used.

H A 310 A A 719 = A A h o] #2715y

H A 3.99| 4] *H 7 : The value of the errors argument is now checked in 3}©] %1 7] 2} &2 = and in debug
mode.

str.endswith suﬁx[ start[ end] ]

271200 AR sufix 2 BHY True & EHFL, 197 20W ralse B EAFTUD wufir &
224 B AuAEe] BEol B 4 J&Uth A sar 7L AFH A 2 9 X0l A AAE
A AT, A A end & A5 o 9] A ol A ¥l & S o).
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str.expandtabs (fabsize=8)

BE Y EAES AN A3} Fol2l G 37 o] nhe} bt 71 o) 4o Asfo] A% NG AL
HAMR S BB U © AL wabsize EAUFE MG U T (7] EgES 801, 20,8, 16 5 &
ANE A A G h. £A4LS H437] 9131 A Do) 002 A 1 RALS B4 T2 HA
FUTE 24719 (\0) o] ¥, @A) Do] The 9 917 9 Zold w7k sk ol ahe] o) 2 B4}
AP (B EAAAE 254 51 eh) B2 AR 24 () EE AR 2E (\x) o]
AR A B 002 ALFF U ThE EAE BAH A 23 HAH L AR A A2 ]

£A7} oA FAF Ao DA 14 Z7Fgh

>>> '01\t012\t0123\t01234"'.expandtabs ()

'01 012 0123 01234"
>>> '01\t012\t0123\t01234"'.expandtabs (4)
'01 012 0123 01234"

str.find (sub[, start[, end] ])

FE ZAE sub 7t £8fol 2 s[start:end] Woll 533t 7HE 22 X E A~ E EHF
Utk A2 Q&Y start & end = < etolx BV o2 SIAF U sub 7F QLo -1 & S8 EUTH
Fu

Find () MAEE sub o] 9X1S Fotof & 9ol v AH§3hoF FuIth sub 7k FE EALAA
1ol W in QAR AFESHAIAL L.

>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)

2R EW QAL SPFUL o HAS EEF L AL BHY GAEL}FPE () 2
TRIAF FEE TFT 5 YHUTh 4 AF DEE A A 57 A2 A Y E AR
8L b & YUtk 24 AR AEE T Axe] BAD gro s AV B D) AR S S
FuUot

>>> "The sum of 1 + 2 is " format (1+2)

'The sum of 1 + 2 is 3'

9 2AGe) AT 5 A THF

Hl

A Fdo] thet A2 29l 2AYE 2 = IR A L.

z 3

= AH(int, float, complex, decimal.Decimal} A B P 2)E n A o2 X e & uj
(e: "{:n}'.format (1234)), 0] &4 A H OS2 1L.C_CTYPE EH L L ° LC_NUMERIC E#
A2 HdAsle] localeconv () 9 de01mal_point 2} thousands_sep ZEE UF T 511,
o] Y& E o] ASCII7} o} Y ALt 1vfo] EXR T 431, LC_NUMERIC EA ¥ o] LCc_CTYPE EA L3}
e W9 39 Rhch o 9 ML he A8 =0 YRS F U

WA3TNA WA AEn Ao w TR ), o] T4t of® Ao YN O LC_CTYPE
E2A YL LC_NUMERIC EAYE AA S}
str.format_map (mapping)

str.format (**mapping) I B3R 9, dictZ BALE A €41 mapping & A AU T}
of| & E°] mapping ©] dict A/ B Fej AW {83}

>>> class Default (dict):
def _ missing__ (self, key):
return key

(Hh= sl o] Al el A%)
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str

str.

str.

str.

str.

str.

str.

str.

(o] A o] A | A AL)
>>> ! was born in '.format_map (Default (name="'Guido"))
'Guido was born in country'

Added in version 3.2.

.index (sub[, start[, end]

find() Ml SHAI R F2 FAHD

< ZE T Y AF valueError 42Ut
isalnum()
49 W8] LE £ G £ A0, Aol el £AEATE A Truek £l
3, 28X ko Falsed s FYTH —‘._—x}c = % St7F True £ BHEFSHH Labdl o] At
=AY Yttt c.isalpha(), c.isdecimal (), c. 1sdlglt (),c.isnumeric().
isalpha ()

Return True if all characters in the string are alphabetic and there is at least one character, False otherwise.
Alphabetic characters are those characters defined in the Unicode character database as “Letter”, i.e., those
with general category property being one of “Lm”, “Lt”, “Lu”, “L1”, or “Lo”. Note that this is different from
the Alphabetic property defined in the section 4.10 ‘Letters, Alphabetic, and Ideographic’ of the Unicode
Standard.

isascii ()
Exld o] Blo] ALY BRG] RE B2} 7FASCIO|E Trues 837, 12X ¥ oW Falsed
E 2] &t} ASCI #2}1= U+0000-U+007F ¥ 9) o] 7= ZQAEE 717Ut}

Added in version 3.7.

isdecimal ()
EAL W 2E RATL QA BA) L, o)L Shfe) BAZFEA G A Trued FF L,
84 o ralsed FAFUL A4 BAE AW o8 2L 2T W 8D 5 9

At =
FEAE < Yrth o S Eof, U+0660, ARABIC-INDIC DIGIT ZERO. 3 Al A 02 AR 4 BEA= FU 7
E Ak “Nd” o] &8k= EAd YT

isdigit ()

FA2 o) BE # A7 030) T, A% shite] BRI EASE S True® BET, 184
ow ralse® EAFULL 020l 45 B 584 9 A4 $49) 2L 54 A7} 2
28 547 ERH UL 7ol ARG £AAT ANWOR FAE FAT 138 gl
Aol =tE ULt A F o7, t AL £ A 7Fo] Numeric_Type=Digit & = Numeric_Type=Decimal
Q BA e,

isidentifier ()

AL o] Al A section identifiers 2] o] o]0 W2 [ a3 A EA A Trued & F YT

keyword.iskeyword () can be used to test whether string s is a reserved identifier, such as def and
class.

S A

>>> from keyword import iskeyword

>>> 'hello'.isidentifier (), iskeyword('hello')
(True, False)
>>> 'def'.isidentifier (), iskeyword('def'")

(True, True)

islower ()

BE Aol BAAN £ 80| T, AT shrte) Alo|x B A} EAGE A Trued
=83, 18X O HFalses EHF T

T %73 o] “Lu” (Letter, W2 #}), “LI” (Letter, 222 #}), “Lt” (Letter, Al & £2h) 5 & 7FA A 4

QY.

o
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str.isnumeric ()
EAG W BE EAT SR, HolE St BAsL EASE FP Trued BRI, 1
g2 o Falses EFUTH TZP— AL FUI= 2} g 5 ""é% ZeRERBAE X
el o & S9o], U+2155, VULGAR FRACTION ONE FIFTH. A& o2 S2}= &4 Zro)
Numeric_Type=Digit, Numeric_Type=Decimal, Numeric_Type=Numeric Q] %A} ¢ 1] T}
str.isprintable ()
BAG o) BE BAZ AT 5 QAL BALD] ol Y OoW Trued BHF L, 184 goH
Faloef EAFU A48 5 G £A f UL ol ulo] o] “Other” .= Separator
2 Ao" 219 Ut} ASCII 25 o] A (0x20) = o 2] Qld], Q4] 7153 Ao g 7h=3 T} (o] &
oA, A 7h5 3t AE EAFLE O repr () = TEWS Wl o]2A o) H Zl % otof ot= A&
Urth sys.stdout B+ sys.stderr 2 8= x99 Ao J3S FA 51 th)
str.isspace ()
FAG Yol F BAT Q3 Hol = Shike] BRI EATHE P Trued BeiFa, 184 o
False® ¥ FUTH
FYUIZE EA}F Ul o] o] 2 (unicodedatas ZZ 3 Al L) ol A, AWt W (general category) 7}
z.s(“Separator, space”) ©] 7 W ¥}k Z | 2 (bidirectional class) 7} WS, B T=+= § & 3fpo]|H EX}=
M0 (whitespace) 9} V] T}
str.istitle()
2R o) A% Aols BAe) T St o e EA Y A4S True EF YT o & S0
022} ol = A ol Qs BAT & 4 AL ABAE Aols EAF Holw & 5 AUtk 2184
UL A E=ralses EEHE YL
str.isupper ()
A o] BE Ao] 2 FApAP L g R A o 3, Mo £ Shte] Aol s BA EATE F¢
Trues &85, 1A oW Falses 8% ‘4‘:]'-
r>>> 'BANANA' .isupper () ]
True
>>> 'banana'.isupper ()
False
>>> 'baNana'.isupper ()
False
>>> ' ' isupper ()
False
str.Jjoin (iterable)
iterable ©] EA A5 o]o] B ¥ALE E&F U iterable ol bytes Az 7] 6f EA L o] o}
#kol QoW Typekrror & 4o Utk 845 Atol9] LR A o] HIAEE AlFdte BAE Y
Y,
str.ljust (width[,ﬁllchar] )
BFO= 4UY FALE Gl widh A EAAL EATUY,. AR flehar (718 e ASCI 2]
o]2) & ARG SFo] AUtk width 7} len (s) B ok AU 22 ¢ A& £2rE o] wheg Ut
str.lower ()
BE Ao s PATE L AR AT WEE RG] HARE S F YT
The lowercasing algorithm used is described in section 3.13 ‘Default Case Folding’ of the Unicode Standard.
str.lstrip([chars])
A FATFAAE EAL Y] BARES SEF U chars A= A AT A A ¥ A ok =4+
AUt} A ek ﬂ»}None Ol 2F, chars 9124e] 7| gk B & A A SHE 2 S Th. chars Q1 AH=
HEAZ obdUTth RE g 2] Al AF Utk
>>> ! spacious '".1lstrip()
'spacious !
>>> 'www.example.com'.lstrip('cmowz.")
'example.com'
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old T AFA BEAEE Al ASE WA EE str.removeprefix ()&

o

2
=
=

ur o

_‘d
112'
£

>>> 'Arthur: three!'.lstrip('Arthur: ')

'ee!!
>>> 'Arthur: three!'.removeprefix ('Arthur: ")
'three!'

static str.maketrans (x[, y[, z] ])

o] A MM E+ str.translate() o] AT $ Q& HMBRE EHF UL
o

QA7h SbeF O FUTE TOE (F4) Ex B4 (Dol 7} 1 3
2249 (919) do)) Ei=None 02 vl B3k gAY ook FUTh 24 A& FUTE 2ER
EESeIch

A7} % AW o) 7} 2 Aol ofof S, A3 F A 2ol M, x2) 2 B Ayl 2 Ao
Ut £A2 B H LT A WAS) A7 SlE A9, A ololok Showl A £ 7bone 0.2

s s 23S Ut

str.partition (sep)

str.

str.

str

str.

str

str

sep 7t A& s 9 X oA EA4D S U, TRA} ko] Yt BB, TR RA, TR} F of
L REoE FAHIFEZS EYFUL FREAV LA A Fod, #AE AT I HE
2R eAdR PAE3-RES EHF U

removeprefix (prefix, /)
B2 o] prefix =AY 2 A 251, string[len (prefix) : 1S ¥EsshUc) 22 %] ko, A
AR AR NEFh

>>> 'TestHook'.removeprefix ('Test')
'Hook'

>>> 'BaseTestCase'.removeprefix ('Test')
'BaseTestCase'

Added in version 3.9.

removesuffix (suffix, /)
B2 o] suffix EAEE Bl s suffix7F Blo] YA oW, string[:-len (suffix) ]S ¥l
BT 18X oW, e EAL] AR B ok

>>> 'MiscTests'.removesuffix ('Tests')
'Misc'

>>> '"TmpDirMixin'.removesuffix ('Tests')
'"TmpDirMixin'

Added in version 3.9.

.replace (old, new[, count] )

BE N8 AL old 7 new £ A HE ALY BAES SAFUTH MDA A% count 7} Fol A
A, 9] count 7] ¥ x| 2H Y o
rfind (sub[, start[, end] ])

BB B2E sub 7} s [start :end] Woll S = =
Q1 2} start 2} end = €8P0l R7|H O Z s E YT Adsld -1

.rindex (sub[, start[, end] ] )

it
{4
lo
it
AW
iu

rfind () 2k M1 A R BE BAL sub & & 5§l B¢ valueBrror

.rjust ( width[ ﬁllchar]

oE2xow FHEE B9 4ol widh 9 —,—X}Odi =8 F Yttt AAF fillchar (7] 232 ASCII
25| o] )& ARG Sto] A5 U th width 7} 1en (s) Hoh 2 AU 22 A9 Q& 22+ o] Rigkg U th
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str.rpartition (sep)

sep 7 OHA B0 2 Lpebubs Ao A BAE S whe, TR Pl 9
foj ex REoR THHLEES SeFYTh FEA 2AHA o
IR HEE BAY AR FHEIRES B,

str.rsplit (sep=None, maxsplit=-1)

sep & T A EALE 2 AFSEFe] AT G ol Yl Dol &9 BlAEE EHEF YT maxsplit 0] o] A WA

71 225 ol A H t maxsplit He] F& o] 3G LT sep o] AHE A kA None o ¥, FEAE
BE W A7 AEH UL LEF A EElshs AS AW, rsplit ()& ofefoll A 2 3
Al split () A8 SZAFYTH

str.rstrip( [chars] )

39 2ALAAD BA4L) BAES EAF U chars AL AAT F4 H G A 24
AUtk ks 7 L None o] HH, chars AAH] 7] B g WS A AHEE FUTh chars ARH=
A A7t obd Tk mE gk 2 8ol A7 H Utk

>>> ! spacious '.rstrip()
! spacious'

>>> 'mississippi'.rstrip('ipz')
'mississ'

B2 Ao B E Aol ofd B AuAF ERLE A ASts WA EE str. removesuffix () S
B2eAA L. ol S

>>> 'Monty Python'.rstrip(' Python')

IMI
>>> 'Monty Python'.removesuffix (' Python')
'Monty'
str.split (sep=None, maxsplit=-1)
sep & T2 BALE AR AL A= Fl 59 B 2EE SHF YT maxsplit ©] 0] ]
A FH o maxsplit A ] F&o] PP Uth (Wb, gl A2E+= H i ma Spllt+1 e 8 4&E 7HAA
B UTh. maxsplit ] A A FJAY -1 o2t B o] Al gho] iU (FFsd e &l
BEolFuTh,
If sep is given, consecutive delimiters are not grouped together and are deemed to delimit empty strings (for
example, '1,,2"'.split (', ") returns ['1', '', '2']). The sep argument may consist of multiple
characters as a single delimiter (to split with multiple delimiters, use re. split ()). Splitting an empty string
with a specified separator returns [ ' '].
o & EH:
>>> '1,2,3".split (', ")
[ A\l 1 |l , A\l 2 |l , A\l 3 A\l ]
>>> '1,2,3'.split(',"', maxsplit=1)
[ Al 1 Al , A 2’ 3 L} :|
>>> '1,2,,3,"'.split (', ")
['1" '2" 'Y, l3|, 'V]
>>> '1<>2<>3<4 " L split ('<>")
['1|, '2|, '3<4|J
sep o] A1 2] %7 None o] W, thE £ ¥ Fuel o] A§FUth A5H 3 FAE B3
TEAZ 2F5, BADo] AP} T TR TN E Ao A& 2o N BALL EF
A U th ARA R, W FA4Go 1} FHRo R FHH FAES None FEAR U d [
£ sgsUth
o =4
>>> '1 2 3'.split ()
[ A\l 1 Al , A\l 2 Al , A\l 3 A\l ]
>>> '1 2 3'.split (maxsplit=1)
(T2 sl el A el A%
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['1', ' 3!}
>>> ! 1 2 3 '.split ()
[111’ 121’ l3l]

(o1 sl o] Al el A A%

str.splitlines (keepends=False)

AAANA Y= BAEY & B 2EE S8 F YT} keepends 7} F O 2 F o] XX k=3 A7) 2]~
Eo & vk 2 A grFyTth
o) WA S ke & AANA Utk S8, AL FUM A = 97 & 2RIk
Ere] a4
\n £43
\r el A 2"
\r\n AA G +EE2
\'vEE\x0b F3FH
\f E=\x0c = 3E
\xlc S 22}
\x1d a5 FEA
\xle Yz LB}
\x85 o2 & (Cl1 Al 2=
\u2028 R
\u2029 =& FEA

WA 32004 R \v &\ £ & & AA FF F7HlE U

d& =
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines ()
['ab c', '', 'de fg', 'kl']
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '\n', 'de fg\r', 'kl\r\n']
?-‘%x}fx}asep of FoAHE W split () &2, o] M EE W EAL He|A W FAEE
ST, vhA 2 v /‘H 2 WA 5y
>>> "" splitlines ()
[]
>>> "One line\n".splitlines()
['One line']
Hl 23] B9, split ("\n') = o|FA FYth:
>>> "' . split('\n")
[''l
>>> 'Two lines\n'.split('\n")
["Two lines', '']
str.startswith (preﬁx[, start[, end] ] )
229G 0] AAH prefix 2 A Z8E True & S853, 122 FOoW False & S8EUTH prefix

= 2uAss AEAES 520 2 4% d5Uth A8 4 san 7L AT LA N S
N AT A8 A end B A5 o2 9] 2 o A ¥l 2 ST o,

str.strip( [chars]

A7 S8 EA7 A AY ExpE o] BALES S Ut chars A= A AT A QA3 A A5}
~+X}°ﬂ%ME‘r A2 7] U None o 2k, chars A249] 7] R k-2 B A ASHE S FU Th. chars

QARH= FF AR G A7} obg U e 2

2 g 23l AAR U
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>>> ! spacious '.strip()
'spacious’

>>> 'www.example.com'.strip('cmowz."')
'example'

A LR E L] A8 e T3 chars A7} S 0] BADAA A ABUTE BAE chars o) 9 EA
Aol 285 A k& FAbol| =@ w712 W ko A A AFH UTH 2= %*PU*EX‘Ol —’F?%‘
U} o2 =

>>> comment_string 0 00000 Section 3.2.1 Issue #32 ....... U

>>> comment_string.strip('.#! ')

'Section 3.2.1 Issue #32'

str.swapcase ()

ZRSR=] i—‘?—x}i IR 2 vk 2 2 3 228 o] HARE S EEF U s swapcase () .
swapcase () == s 7FRFEA] A H3HA] 2ol o34 A L.

str.title ()
Tl 7 AR A 43T b A B A 2 E AT S B S 2A4Ge] A% Aol 2 WAL B F T
d& 4
>>> 'Hello world'.title ()
'Hello World'

o] ¥ Z2 Thol
of o] Aol A 25
o] Ashe AT} obd 5

>>> "they're bill's friends from the UK".title () J

)

"They'Re Bill'S Friends From The Uk"

The string.capwords () function does not have this problem, as it splits words on spaces only.

Alternatively, a workaround for apostrophes can be constructed using regular expressions:

>>> import re
>>> def titlecase(s):
return re.sub(r" [A-Za-z]+ (' [A-Za-z]+)?",
lambda mo: mo.group (0) .capitalize(),
s)

>>> titlecase("they're bill's friends.")
"They're Bill's Friends."

.

str.translate (table)

Return a copy of the string in which each character has been mapped through the given translation table. The
table must be an object that implements indexing via __getitem__ (), typically a mapping or sequence.
When indexed by a Unicode ordinal (an integer), the table object can do any of the following: return a Unicode
ordinal or a string, to map the character to one or more other characters; return None, to delete the character
from the return string; or raise a LookupError exception, to map the character to itself.

str.maketrans () & AH§ote] th2 FA Y BA o] £A g o2 e W3 S v 5 Us
U,
ALY FAFufgof] st Hoh -FAst W2 codecs BES FAFAA 2.
str.upper ()
RE AL BAN AR A W 2L AL FATUL s A0l G B A8
I3 AV AT £ S U FE WE7}L “Lu” (Letter, 22} 7} obd AL, of| & S o] “Lt” (Letter,
A= Alo]2), s.upper () .isupper () 7FFalse @ = ol T34 A| 2
The uppercasing algorithm used is described in section 3.13 ‘Default Case Folding’ of the Unicode Standard.
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str.z£ill (width)
2 0] 7} width 01 AL BrE 7] 95 ASCIL ' 0" BA}2 2o A& BRG] BARS Za= )
AP BT Ao +'/'-")E BT B o] ol et 5 o A @ Ao g A H YTt widh
P len(s) Hot BAG 22 A% Ao BA4DS SelF

A= =9

>>> "42" z£fill (5)
'00042"
>>> "-—42" z£fill (5)
'-0042"

4.8.2 printf AE}Y Fx}

ue

£l
=2
o,

I

o] 7)o 4%
347 %5
e} 3] o] 2

=
hal =
o)) §S 25T £

A dukA 9l 952 (18 ol FE3 dA S eutaA E4
Utk A =9 2219 2lel 8 Vo str. format ()
k-3 2;1%1/]5} o]];HO]—.___CCtﬂ-Eﬂ/\E

TAE AA = A g A4k 2 Qs Uth ¢ AARH(RER). o] A2 BAE T B

28 AAAEt 1= StY T format $ values 7F o] @A w (format & EAE J Y b, formar W52

HE P = 070 0] 42 values & S 4Z AP YT o] 3= C AojollA sprintf () & AMS3HH= 213}
v =g

format ©] 3] AAFE 8 T3, values = 3H] ¥] FF AR & 5 AFUTE 22 A RO, values

+ format F 2+ o] A Q8= ] 2} 7‘L Zol A & wisd AR (N E F0], dA ) olofof

Fyh

A A= F ) oo BAE TR O} 2L T4 2458 T, WA o] EAUR
Uohok gt
Lovst B2 WAl A e UL

2. w33 7] (A AL 252 A EAEY AlAAE FAF YT (A& 91, (somename))
3. WS EE 0 (A8 A AR WS 8o Aol dBe FUTH
4. A B Z (A AL Tx (2B ElaT) B AASE, AA Z2 values FZ2] TS L4l A
sl W AA= A4 2= 2R HE A U x Foll FUth
5. AYE (AFH AR " (D) vkl AR EZF U xr (haH A 3) B A SH, AA
= values T2 th S 40 A ¢8| a1, WHE g2 A E o wuth
6. Aol 237 (A8 AL
7. W,
9B AN YAV (EE ThE 1P F) A A9, AL Yt WMB AL BEA g Bk
Fol 2 9xe Y Mg 715 232 SN FHE T FeoF Ut i3 7= 2Rl g B o R
Re At o g Sol:
>>> print (' has quote types.' %

.. {'language': "Python", "number": 2})
Python has 002 quote types.

(A A wi A E5 o] 28357 w2 d Y th.

Saed, REUe 2oigstel v £UE FE SIS WS LRSS Aok guth
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s 9 =
s
# gaae] oA G ol A9 eh & AT
0 WBe 2R ko] AL 007 AT
i~ WEH ke A%o e A (E ORI 100 WART $4 U,
L (2F0]2) 2T Qe WS o R BEo % okoll WIS YAFULH (S5 W £
U Th.
e BB EA (4 or =) ME R YU Be) 0] ST Th
2ol 47 (n, 1. 1) & AFT 55 A, sho] el A BR8] 7] W o] FAH ULt o] & Sl
sld = sd S Z5Uth
HE FEe e 2sdth:
S =
3} =
ar BE g A% AR £
i RE s A5 A £7)
o' RE JE=8AF ey
e 2dgE 9 ar 2SI (©)
k' RE Qe 1675 (L EA) o)
X' RE Qe 16745 (EAD. 2)
'e' Floating-point exponential format (lowercase). 3)
'E' Floating-point exponential format (uppercase). 3)
'f£' Floating-point decimal format. 3)
'F' Floating-point decimal format. 3)
'g' Floating-point format. Uses lowercase exponential format if exponent is less than -4 or not less than  (4)
precision, decimal format otherwise.
'G"' Floating-point format. Uses uppercase exponential format if exponent is less than -4 or not less than  (4)
precision, decimal format otherwise.
o B EA (RS EE Do) 19 EAD S ST Th.
ot EA (repr () 2 AHBSRO] shol W AAE WEFTh. (5)
‘st BAD (str() 2 AHE 3] shol A AR MBI Th. 5)
tat EA (ascii() B ALl Shol W AA S WU, )
s QA B A L, Al s A RAIE YS-
EE:
() tHA FA2 A HA A ol A 834 A2 (100 E AAF T
@) A FAe A AR A Goll A rox' EE X' ('x' UK 58 F o] AL AR =L
wheh debguch & gyt
G) WA BAL I Fo AT YA FHtE 3 a7de 23E UG
AUEE a4 olst ARl S 248ty 7232 64yt
@) A FA L2 A3 FF axHe 2L Aol =02 A A A syt
AUEs 273 dF 9 8 AsleE 24 s 7232 64 Uth
(5) A= o], 2Y LN EAE FYUT
(6) PEP 237 FZ3M &
ol BAde BAA 28 AT Yoz, ve WL EAL £ \0" olka A A
dsuth
WA 3004 A Aol 1e50 & HE A theh o f &2 B sg o2 thAH A d5 Ut

48. 9AE AAX Y —str
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4.9 nlo| ] AP A 3 —bytes,bytearray, memoryview

ol 8] glolH & & 3817] 3t A WAAE L2 bytes @ bytearray QUTH O] AEL memoryview
of o5 A A= =, thE vlolvig] Ao WEE A BAFglo] A28 A Y 2228 S AMEE
Ytk

array 282 32-H|E J S IEEETS4 Wi A = 75 244 22 72 ol 3o &4 A%

filo

k!

4.9.1 nlolE g A A

Hhol Ed A= & vol EEY] B AlFA2YUTh B2 F 8 vlejve] Z 2 & Fo] ASCII H 2 E <l
T9E 7|We 2 522 ulo]EYG A= ASCII &8 v o] H 2 24 & wfj vk E Folg] 7R WA =S
Ag e chake The Y ow w el A4 9 U g e Bl gt
class bytes ([source[, encoding[ errors] ] ]
ANz, vhol = Bl Y] £Y L BRI E A A 2AWb AT A EABTHE Fo) thE
Ytk
e oL ¥ :b'still allows embedded "double" quotes'
e Double quotes: b"still allows embedded 'single' quotes"
e A=W FE:b'' '3 single quotes''',b"""3 double quotes"""

Hhol E 4 2B Fojl= ASCI 2 At 5] 8- H U th (A A &2 I = AT Y AA AT U Th. 127 Hof
2 vholue] e A A o] A7) = AAAE AL to] who| = 28 Dol <12 s o T T,
A B H PO B9 vpTIA 2 Hle] EE BlH A2 o] Aol Z Al A A 2 & W &4 $}el7)
Aol £ AFAE B Y S E ABUTH AU & o) 2 o)z AALE EPste] v = 2L
T} k3l & Al of o 3F R}A| S W82 strings & R Al L

wpojE o el B Y3} 7 FHL ASCH §AEE 7|ulo 2 SpAwh upo = AR & A2 E Hge
=¥ AA AT e, AldAe] 7 g uk% 0 <= x < 256 ° H=F APt} (o] AltS

wisle 1 A| =81 valueError & °] ‘4‘—/]’) o] A2 W ulol i g] A o] ASCI 7|HF 8 4 &
Egoty A% gAE AF Ao Zow 851 248 - AW, 49 ol el o] Elo]
g%ﬂgiﬂ%g¢hwogrzﬂﬂﬁz QUTHEAE A2 B eES A5 A0 2 ASCH
Zgho] opd vloj 2] ol B G Alo] g5t th7l tl o]y 447 ool Yt}

ZEE P4 Qo =, violEE AA= Oqfﬂ 7HA o R o' v ¢ Qs Y the
e AAH Zdole 0oz MY A nlo]EF AR : bytes (10)
o Ao olE B EZHE: bytes (range (20))
« W 22 EFS 53 71 vte] v g tl o] HA}L: bytes (obj)

W& bytes & 2 3HAM K.

2749} 167152 A 23] St vho] Eo] th-37] W2 o] 167152 ulo] W ] bl o] 8 & A5 b
AdtA o 2 ALEH = FAYUTE metA, vlol EE F-2 1 FA Y HolHE gle F7HY S2H o
WA EE 25U
classmethod fromhex (string)

o] bytes FE A WM ELE FAZ FAE AAE YA GNA vl EL AAE S5 h
E21G L vlo|E o £ 7)o 1647} £ 38 o] oF 1] ASCIH 292 F A E Ut}

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' \xfO\xfl1\xf2'

WA 374 WA o)A bytes. fromhex () & 2H oA otz ExlEo = EE
NS PR
Hlo| EQ AA 2 1675 RH 02 WHsly] 93 JWE 7t A5 UTh
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hex ([sep|, bytes_per_sep ] ])
Argel wlolEnT 2 Ae40) 16042 BA 24 AAE EHE YT

>>> b'\xf0\x£f1\x£f2'.hex ()
'fOf1f2"

If you want to make the hex string easier to read, you can specify a single character separator sep parameter
to include in the output. By default, this separator will be included between each byte. A second optional
bytes_per_sep parameter controls the spacing. Positive values calculate the separator position from the
right, negative values from the left.

>>> value = b'\x£f0\x£f1\x£f2'
>>> value.hex ('-")

'fO-f1-f2"

>>> value.hex('_', 2)
'fO_f1f2"

>>> b'UUDDLRLRAB' .hex (' ', -4)

'55554444 4c524c52 4142"

Added in version 3.5.

‘:‘%@3-801]/‘1 W7 oAl bytes. hex ()& 1634 E 8 Hfo] E Alo]o] & 7|5 & 4F Y617
Q5 A& A sep bytes_per_sep v} 7| A4S A Lo

Hhol =9 AR A5 A AL (FED GAD o] 7] W, npo]
Futh W, b[0:1) & Aol 191 upe] = AR L Pk (
EAGS A dAE 2GR P U

ol EE Ao £l 2EE FA (b'...") S AHE3t=T], TF bytes ([46, 46, )
7] Wl EJ Utk list (b) & AR5 H}olE%‘_ AN S A A4 gl A2EZ W3 4 94T

4.9.2 v}o|E v g A A

bytearray A= bytes A9 7PHE YU}
class bytearray ([source|, encoding|, errors | ] ])
vpol E v g AA o thet H-§ 2lHE £ e 4 AAAE TE6k] vyt
"l A AEA TS 7] bytearray ()
o Fo]R Aol 002 YA AdAEA TET] bytearray (10)
o A9l o]l HEZHFE: bytearray (range (20))
« ¥ Z2EFZ G 7)€ vte] g Hlo] ] HAb bytearray (b'Hil")

uho] = Wi AR b o] 7] e, vhe] =4 7} uhe] = Y A4k o B o} gl BF upol=
A3} ol = wh e & gkol B3, 7 AR AE A AT

W3 bytearray T FFZ3HAM| L.
2719] 16214 = H2ka] svpe] ol 2ol o 517 al 2o] 16715 wol ) dlol el A s o
AdubA o 2 AJ85 = F AUt ek, o] E ujd YL 11 A9 glo]HE Q= Elo] 2

HA=E 25U
classmethod fromhex (string)

ol bytearray FH A A EE oA AL AAE UL IG3NA vle|E mlE AAE S5

Yt 4GS uho = B F 9] 167147k E 3 of of 5] ASCIT 3] & % 4] ] o}

>>> bytearray.fromhex ('2Ef0 F1f2 ")
bytearray (b' . \xf0\xf1\xf2")

H3.70 4 WA oAl bytearray. fromhex () & 23 O] AR RE of 2 F AL o 9)
ASCII & H —%ﬁ 11&141‘/}.

=2

rlr
rln
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HlolE Wl AR S 16445 BE R MAe7) 918 AR B4 5Tk

hex ( [sep[, bytes _per_sep] ] )
drB o) vlolEnirh2 AE 50 1642 EAT £A44E A4S B F

>>> bytearray (b'\x£f0\xf1\x£f2') .hex ()
'fOofl1f2"

Added in version 3.5.

WA 3.80A WA : bytes.hex ()2} HIR3HA|, O A bytearray.hex ()= 1635 &89
Hlo) E Abolof & 715 & 4t 7] A8l A9 A sep3tt bytes_per_sep W 7 A4S ALY

W1EﬁwgﬁﬂLX“>4M%AGq E 9L frAph ol 7] wj o, viol E wj @ A b ol A, b[0] &=
SAF RS W, b0:1) £ Zo] 191 wpol = e A F ek (o] AL Azt zekol w

ERUNRIY PR

Mpol= W AAY ERL o= 26 4 (bytearray (b’ ..

bytearray ([46, 46, 46 ot 857 W &Y th list( )% ]—%

A AL g AER HIEHE 4 915

[*]

A, F5
uhol = Wi 4R 2

) =
SR

ofy HI

_?r_
o},
4.9.3 ulo|E4F I} nlo|E vl g A4

Hio] E G o} vtol E ui A AA = 55 Al
BE bytes-like object2} *F
o] 2
A A

% . E T ]
Utk 2@}, Ak wahE 2 3 aake] Ao et 2ebd 4 T

23
dlo| =4 W ulolE Wi AR WASE AN EALL WopEol A g5 Th EALY WA=}
Hho] = 9 £ Sol, he 7} ol A48l oF itk

N

£ Qap= 385 e Ak I U o

b = a.replace("a", "f")

18]

a = b"abc"
b = a.replace(b"a", b"f")

Q% ko] £ W uho] £ W QA4+ ASCII T3 vho] V2] § AL 7H4stug, gole] whol e HlolH
249) @ w5l of I th o] el 3 Al g AL ofelol A ThE Uk,
#Zx

o] 2] 3+ ASCII 7] ¥} 91 4H-S A}-&51o] ASCII 7] 6 A 0 & A 2] 2] 942 uho| L g] fl o] B & 22l
tel8 7t &4E & d5yth

HpolE QG gl ulo] E vl & A A of] th & th5 vl A = 2l e] vheld 2] o] B &} A AHE T 5 JlF U T
bytes.count (sub[, start[, end] ])

bytearray.count (sub[, start[, end] ]
W9 [start, end] A A A B A B2 sub 7} FH = A &1 5231
start Sf end = S0l A E7|H o2 sAAFE UL

A A B A D2E Y9 bytes-like object TE= 00 A 255 kol o] AU 4= <5t

4

3] 2~
e

f

sHFU. 494 A%

rlr

If sub is empty, returns the number of empty slices between characters which is the length of the bytes object
plus one.

64 Chapter 4. W33



The Python Library Reference, @2 4 3.12.4

B2 33014 WA A B A A2 004 255 ALole] A4 3R Fu T,

bytes.removeprefix (prefix, /
bytearray.removeprefix (prefix, /
vlo] g g d] o] ] 7} prefix EAFE 2 A 25, bytes [len (prefix) :
W, el vholui el ol o] B o] Abi& whEkghL o}

>>> pb'TestHook'.removeprefix (b'Test')

b'Hook'
>>> pb'BaseTestCase'.removeprefix (b'Test')

b'BaseTestCase'

)

prefice 499 ol EA T AA A 5 Gy th

L

al

o WA =9 mtol= vl WAL Al A A B2 3}A
A AR st

Added in version 3.9.

bytes.removesuffix (suffix, /)

bytearray.removesuffix (suffix, /)
ﬂﬂﬂﬂHWWVhM%%ﬂgigﬂuiﬁhwﬁﬂmﬂ“ﬂ
E whheuch 23 A ko, A vhol g o] B o] AHE gt}

S WHbytes[:-len(suffix)]

>>> pb'MiscTests'.removesuffix (b'Tests')
b'Misc'

>>> b'TmpDirMixin'.removesuffix (b'Tests"')
b'TmpDirMixin'

suffive 9 2le) npo] = A5 24 A % g5tk

L

al
o WA= Hhol £ WG WAL A Ael A FAEHA FHUTH- WA A G AR T
A AAE g

Added in version 3.9.

bytes.decode (encoding=utf-8’, errors="strict’)
bytearray.decode (encoding= utf-8’, errors=strict’)

Return the bytes decoded to a st r.

encoding defaults to 'ut £-8';see 35 <1 7 1 for possible values.

errors controls how decoding errors are handled. If 'strict' (the default), a UnicodeError exception
is raised. Other possible values are 'ignore', 'replace’, and any other name registered via codecs.

register_error (). See ol & *] 2] 7] for details.
For performance reasons, the value of errors is not checked for validity unless a decoding error actually occurs,
s}o] % 7l B s enabled or a debug build is used.

=2 ——

Al
Passing the encoding argument to st r allows decoding any byfes-like object directly, without needing to
make a temporary bytes or bytearray object.

e
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WA 3104 A 71 = AR A h o] 271 A5

H A 3.99]| 4] ¥ 7 : The value of the errors argument is now checked in 3}©] %1 7] 2+ B2 = and in debug
mode.

bytes.endswith (suﬁx[, start[, end] ] )

bytearray.endswith ( suﬂix[ start[ end]]
Hiol v g gl o] E 7} A = suﬁixi EUd True & 5853, 184 oW False & S8 F YL
suffic = FI2L 8k WSS Tl 2 5 Adsuth A=A starr 7} Al = 2§ 2] o) A
AAE AU T AH A end & A1 3 9 Aol A vl 22
ARG FAuAH(E) = LY bytes-like object L 5~ JH YT
bytes.find (sub[, start[, end] ])
bytearray.find (sub[, start[, end] ] )
M B A D2 sub 7F £ 8F0] 2 s [start:end] Well 533k 7H8 22 d o] B 9] o] 1= PN REE: L
Uttt AR A AR} start & end = E8Fol A~ B7|HOoZ AH UL sub 7 Ylod -1 & E:]ZL]D}
AAE A B A 2= A2l bytes-like object T== 00| A 255 Alo] o] A4 4= A5 Th

ZFu
Find() WA EE sub o] 978 Folof & Aok AL&a)oF FITh sub 7} HE EALAR
R E T Y in ALAE AL A 2

>>> pb'Py' in b'Python'
True

A 33004 M7 A B A DR 00| A 255 Aol o] A& § 8t
bytes.index (sub[, start[, end] ] )
bytearray.index (sub[, start[, end] ])
find () FHRSATH B AAXE ZS 5 gle A valueError 5 4234t
AAS E A A2 A9 bytes-like object == 00| A 255 Afo] o]l A4 4= Q5]
WA 334 WA B AIDAR 00 A 255 Ate] o] 4= &8 Th
bytes. join (iterable)
bytearray.join (iterable)
iterable ©] Wol 2] vl o] Bl A|F A5 2 oo] 0]7] ghuto]EY = Hlo|E Wl d A E S8 F
o

Ut} iterable o str A Y 7] €} bytes-like object 7} o}'d Zko]l QS W TypeError 5 4
245 Apol9] FRAE of WA EE AT vl =F ol vh vho = e AR U

static bytes.maketrans (from, to)

static bytearray.maketrans (from, to)

o] A& WM E+& bytes.translate() | AHEZ & A=W EPE% HE=, from o Y= &
AL 109] 2L A0 Y= BAR WBTUT from T 102 BT bytes-like object | oF 313 2] 7}
Zrolok gt

Added in version 3.1.

bytes.partition (sep)
bytearray.partition (sep)

sep 7} A2 FEPRE A0 A A2 E e, TEA ol S -, TEA A, 724 5o
oL pHoz 2HEIRES BAFUG. FEAL AN A o, Aol ABAL BAED 3
HE ML E ol Wl ol S i wpol = M AR = A 3 FES BeE U

A LB RL= 9 9] 9] hytes-like object L 4~ Y5 T

bytes.replace (old, new[, count])
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bytearray.replace (old, new[, count])

RENE AIA2 old 7fnew & X FH A P20 HALRS Z8 %
W, k9] count 7| ¥ X 3HF Ut}

N
A

th A& A AR} count 7F 5201 A

A A B A A28} T YA B2 A9 9] bytes-like object Y

2 5= iU

Az

o A= HolE Wl d WAL AR N FATA G UTH- AATA R BEEA T4
A A7E wHg U

bytes.rfind (sub[, start[, end] ])
bytearray.rfind (sub[, start[, end] ] )

M B A A2 sub 7 s [start:end] Woll 5338 7 2 A1 A2
A2}t start 2} end = €fol 2 7| = S| A FH Ut AofstE -1 &

A A E A FD2= Dol o bytes-like object T+ 001 A 255 Aol 2] F
WA 3304 MG HE AIF2ZE 004 255 Abo] o] o= &g duth
bytes.rindex (sub[, start[, end] ] )
bytearray.rindex (sub[, start[, end] ] )
rfind() &8 EA T A B XNBA ub S S 5 Q= AR valueErro

3l
AASE B A A 2E A9 bytes-like object T

= 00l A] 255 Abol o] AL
HA 3304 A JE AFAZ 00| A 255 Alol o] A= 383t

bytes.rpartition (sep)

bytearray.rpartition (sep)
sep 7 PEA BEO. 2 LheRLbE S Mo A Al RS W, T2 ol 9l 2, TR A A, T2
Fol &&= FRoE FAH3-FES S UTE F2AVHEAFHA o, F 74 Rl vpolEY
Erwbol= g AA G 1 HE M A DA B R THHIFES BT,
AAG FEAE A bytes-like object A 5 5.

bytes.startswith (preﬁx[, start[, end] ] )

bytearray.startswith (preﬁx[, start[, end] ] )

vlol U 2] "l o] Bl 7} A F A prefix 2 A/ Z 3 True & &

HeEy, 389X Yo dFalse E EHFY
o} prefix & 22} 8 AFAFES FE20l € 5 dF5Uth AW E starr 7} Al a-= W 29 X o A
AAE AIZE YT A B A end & AFE3HH Sl 9 Ao A B2 E ST
ARG HEA(E) = DY bytes-like object 4 4 Y5 U Th

bytes.translate (table, /, delete=b")
bytearray.translate (table, /, delete=b")
A2k 7153 QA A} delete ] EE H}o] EE A AStaL, Y A Hlo)

EEg Fold MAEE R
vho] = o]t uko] = W) A9 HAHE S B¢ F Ik tble 2] 2569 nRo] = 24 o] of o}
ot

bytes.maketrans () WA =& AF&5to] HE R

EAFE A7) % 3= W Bl = table AAHE None

>>> b'read this short text'.translate (None,

b'aeiou')
b'rd ths shrt txt'

WA 36004 WA ol Al delete + 719 = A= A AF Tk
Hho] £ Bl Hpo] = W
4L 2A W, A A3 AAE AD5to] 919 po| U ol H 9 B ST 5 AL Th
ulol & Mg WA s B Aol 5ok ok A A 2e AR Al 7o) sl Al L

(ol =4

24 o th 3k T} vl A== ASCI 5 2 uho] Ui 2] B 4]9] AH8-2 71 )
]
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bytes.center (width[,ﬁllbyte])

bytearray.center (width[, ﬁllbyte] )

o] width A A A29) 7hev|o] ALE A ) BAR S Bl FUTh AR fillbyre (7] EZHES ASCL
23] 0)2) 8 AR5t AGUTh bytes AR ] AL, width 7} 1en (s) BT} 27} 22 A% Ao
A A7 g,

=

L

al

o WA =] wol = WG WAL AR ol A BABA LTk AFH A e AR G
A AAE BEU

bytes.1just (widih|, fillbyte |)

bytearray.ljust (width[,ﬁllbyte])

AZ o2 ALH AA o] BEAHES Z o] widih A AN A2Z E8FUTh AR H fillbyre (7] 312 ASCII
27 0] 2) & AFR L] AR UTH bytes A2 AL, width 7} 1en (s) Bt} &AL 22 49 A
Al 2 7) vk

23
of W] =] Hho]E Wi WAL A xbelol A 55 A s UTh- WA A S AL 2 A
Al AA 2 s T

bytes.lstrip( [chars] )

bytearray.lstrip [chars] )

AP vol EZF A AR Al D29 BAMES
Hpol 2] Al A YU Th - o] F-2 o] H X
A 2= A 1} None o] 2+, chars 1 A}€]
HFAE obd Ut BE gk 23] A

EeF U chars QA= A AE vhol E A& Aok
E7F B E ASCI #2189} AHE A ths AP S WH o
A2 ASCH 395 A AStE = FUth chars A2

A
A}
Crip
T

>>> b spacious '.lstrip()
b'spacious !

>>> b'www.example.com'.lstrip(b'cmowz."')
b'example.com'

A AR ol £ ko) whole] AlAAE A9 ol =R A 5 g%
Aol old T d HFAF EAE S A AdtE= WA == removeprefix ()& ZF

O
v
Mo
B
oY
ol
i E
i

PN
ok
>
>,
to
£

>>> pb'Arthur: three!'.lstrip(b'Arthur: ')
b'ee!!

>>> b'Arthur: three!'.removeprefix (b'Arthur: ')
b'three!'

bytes.rjust (width[,ﬁllbyte])

bytearray.rjust (width[,ﬁllbyte])

cemoz Fuw AN BARS Fo] widh I ADAE S EUTh AW filbyte (7] 2 gHS
ASCI 23] 0] ) & AF-85F0] AU Th bytes AAL] A%, widih 7} 1en (s) BTk 2 AL 22 79
PEREES S-S

-+
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e

al

o] W =9 uho]= i AL A el o) A 5 AFA FEUTE- AAH A b A2 G4
A AAE g T,

bytes.rsplit (sep=None, maxsplit=-1)

bytearray.rsplit (sep=None, maxsplit=-1)
sep = TEA A BEE ARGt vlol g Al FAE 22 F 9 A B A IR vt maxsplit
o] FAXH 71 L EZF A |t maxsplit HE] F o] AU th sep o] AR A Q 711%None
oW, ASCIl FW) EAul0 2 o] Foj 2l BE AH AfsE FEAYUL 9 2%el A Helstt
A A B, rsplit ()& otefoll Al AAAS] BB E split () AH F2AFULh

bytes.rstrip( [chars] )

bytearray.rstrip ( [chars] )
A4E Z3 vl EZF A AE A A2 BEAME S S8 5 Ut chars A A= A AE vpolE A S
A4 5he whol 18] A ALY UL o] &£ of WA =7k W ASCH 279k AH§ BTk A2 wh)
Uk A =FE A None o] 24, chars AARS] 712 3h-2 ASCIL -39 & A A== T Th chars
QA A A7} obd T R E gk 2 8tol Al AT Tk

>>> b spacious '.rstrip()

b!' spacious'

>>> b'mississippi'.rstrip(b'ipz')
b'mississ'

AR vl £ el vhol 2] ATst Asle) vl = f 4A19 4 Ygds EA AU ne
Aol old T Ful Al EXL S A A= WA =& removesuffix ()& FZIFAA L. & 54

>>> b'Monty Python'.rstrip(b' Python')

b'Ml
>>> b'Monty Python'.removesuffix(b' Python')
b'Monty'
3
ol Ml =2] ufo] E vi & WA A A2 ol A F2SHA FFUTH- HABHA de AF2A T
A AAE ST

bytes.split (sep=None, maxsplit=-1)

bytearray.split (sep=None, maxsplit=-1)
sep B L EA AN BAE AFRSH] vlo] 2] A|AAE 228 o) AH A FAE W5 Y th maxsplit ©)
AR 3 F57F obd A%, o maxsplit +0] =g Ut (etA, g 2E+ FH o maXSPlit+1
M LAE 7HA Al YD, maxsplit ©] A AE A AV -1 o|2hd B8 S0 A|sto] glH Tt
bso B E B BEo AL,

If sep is given, consecutive delimiters are not grouped together and are deemed to delimit empty subsequences
(for example,b'1, ,2"' .split (b', ") returns [b'1', b'', b'2']). The sep argument may consist
of a multibyte sequence as a single delimiter. Splitting an empty sequence with a specified separator returns
[b''] or [bytearray (b'") ] depending on the type of object being split. The sep argument may be any
bytes-like object.

a5 =d:

>>> b'l,2,3"'.split(b', ")
[b'1', b'2', b'3"']
>>> b'1,2,3"'.split(b', ', maxsplit=1)
[b'1', b'2,3']
(Fh= ol Al ol A<
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(o] A o] A | A AL)
>>> pb'1,2,,3,"'.split(b', ")
[b'1l', b'2', b'', b'3', b'']
>>> p'1<>2<>3<4" .split (b'<>")
[b'1l', b'2', b'3<4']

sep ©] A= A kAt None oW, th-2 & dirg|Fo] A& r: AL5H ASCI 39 F 24+
TG T RAL R 715, Al 2 A Folup & Fulg 23 = Aib= A FT 2ol I A FL
E X oA dFUTth 2AH o g, Wl AJFAASCH 3 wo 2 A H Al I 25 None AR
rd 1 EEdsyth

& EW:

>>> pb'l 2 3'.split ()

[b'1', b'2', b'3"]

>>> p'l 2 3'.split (maxsplit=1)
[b'1', b'2 3']

>>> D! 1 2 3 '.split ()
[b'1', b'2', b'3"']

bytes.strip(Lﬁam])

bytearray.strip(bﬁam])
A o wo| E7 AIAR D20 BALEG EFUTH chars AR A AT vl E A RS
R 5He ol 2] Al YU - o] §-2 o] WA =7k B ASCI £ 9} AL Tk AL uke)
Futh A =S 7 None ©] 249, chars Q1AFS] 7] 2 82 ASCH &9 & Al 7 St 5 Ut chars
AxbE FF AL AU A} obd Uth BE gk 23] AlAF Uth:

>>> b' spacious '.strip()
b'spacious'

>>> pb'www.example.com'.strip(b'cmowz.")
b'example'

Eb

A AR wol £ ghel whol 2] A A2 A9l 9] byreslike object A 5 G551 T

e

al

o A= HolE Wl d WAL AR NA S5 Ut MBI A R BFEA T4
A AAE BHEY T

o) 42 73] d2e)

Hpo] E QG gl ulo] E vl & A A of] th 7 th5 vl A == ASCIL &8 vhol v 2] & 4
€ BF AR ol A A5 shA] ¢k

vho] i 2] v o] Blof] &3t ¢k gt} o] A48 npolE v d WA=
oAl A2 AR S AT o
bytes.capitalize ()
bytearray.capitalize ()

ZF BFo] EZF ASCIL A2 s A oL A WA vlo] Ew AR, UM A= 27 AR vhe Al 29
BAR S E2)FUTh ASCI vlo] E 7} ohd e WA= A g w AR k.

3
ol MM =9 Hio] E v A M2 A A2 oA FSHA U WAHA e AFEA
A AAE THs U o

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
EEASCIH ] A2 dA 9 @3 Fo X | Z7]0f whet bt 2 o] 4o] ASCII &5 o] 22 2] %
A A2 BEALE S EEF U § $] X = wabsize vlo] Evirh AU TH(7] 2 g2 801 1L, € 0, 8,
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16 50 9 912 A AT ch. ANLE F3317] A5 @
G912 AALT o, Pl S ASCI ] E A orc ) oI, 710 0] F1
S} ol 4F9] 25f o] 2 BAp AFIE Utk () B4 A= BAE A U @
AW 7o \nv) E el A B E (o \x') ol W BAFE 1 @A) G20 .
Hho| £t 5 ) 943 BARS 1 AA) G AT ) uhol £/ o} @A TAIS Ao BAGC] |
% Z 74 ok

>>> b'01\t012\t0123\t01234"'.expandtabs ()

b'01 012 0123 01234"

>>> b'01\t012\t0123\t01234"' .expandtabs (4)

b'01 012 0123 01234"
z3
o] A =S Hlo] E v d W A2 A Aol A T 2R sUth- HAE A e A2 A 3
A A7 2 wHE T,

bytes.isalnum ()

bytearray.isalnum/()
AlD 2o BE npo]EVE Eubdl ASCH 2 AF =+ ASCIL A R o]l AlFA7E vlo] A ¢
oW Trued 851 %X 4o Falsed EFF Yt &9l ASCH EX}+&=, Al
b'abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' o] 1+ vlo| E kel y
h ASCII A A= A1 W2 b'0123456789" of & vlolE ZEd )

=]

>>> pb'ABCabcl'.isalnum()
True

>>> Pb'ABC abcl'.isalnum()
False

bytes.isalpha ()

bytearray.isalpha()
AA2o BE vto]E7E ¢yl ASCII FAtolal Al A A7 vlo] A kO™ True
E =933 2124 oW ralses ¥ F UL &uyl ASCI X+, A1da
v}

3 o 7l

b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' ©f =

e =49

>>> b'ABCabc'.isalpha()
True

>>> b'ABCabcl'.isalpha ()
False

bytes.isascii ()

bytearray.isascii ()
AlA27ha o] QAU A E 29 B E v EZFASCIHY Trued S8 31, 1384 oW Falsesd
=25 U th ASCII vlo] E 9] H9] &= 0-0x7F §J Ut}
Added in version 3.7.

bytes.isdigit ()

bytearray.isdigit ()
N A29] BE uho] E7} ASCI A A 50l v A7 27h o] A oW Trued 51 184
roW Falsed S EUTH ASCH A A4 A A A Db10123456789" of Qe HP°1E Ay

o —

dE E49:
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>>> pb'1234"'.isdigit ()
True

>>> p'1.23"'.isdigit ()
False

bytes.islower ()
bytearray.islower ()
Al 2of o] & 51te] ASCIH 2E 2171 111, ASCH T E A7 92 True s, I8 A oW False

g se5 U

& =49:

>>> b'hello world'.islower ()
True

>>> b'Hello world'.islower ()
False

ASCII A28 A+= A]A A b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E 7k Ut} ASCII
ER}=, Al D2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' ©f 9l+= vHFolE ZFJ YTt

bytes.isspace ()

bytearray.isspace ()
AR 29] BE ko] 7L ASCH F9 0] 1, A2 ulo} 1A QoW True§ BelF T 194 ¢
S Falsed E8EUTH ASCI &9 BEX= A2 Db \t\n\r\x0b\f'(&F o], & & v},
AelA g, 4§, & 9 5)ol Y vholE gtk

bytes.istitle ()

bytearray.istitle ()
A A7) ASCIL A Al o] 201 Al A7 0] o] QLA 9F oW TrueE 850 134 4o W Fa
E S UL “AE Alojx” o] ool ek AHM T B2 bytes.title () & FERTFHA L.

—
9]
()

& EH:

>>> b'Hello World'.istitle()
True

>>> b'Hello world'.istitle ()
False

bytes.isupper ()

bytearray.isupper ()
Al A 2o Aoz &hite] ASCH T # A7} QL i, ASCIL &7 A7 GLle W True s, 18 A koW False
£ EHF T

& E49:

>>> Db'HELLO WORLD'.isupper ()
True

>>> pb'Hello world'.isupper ()
False

ASCII 22 &A= A] B2 b'abedefghijklmnopgrstuvwxyz' o &= vlo]E ZEJ Ut} ASCII
HE A=, Al A2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' of 91+ Hlo|E Y Uth

bytes.lower ()
bytearray.lower ()
EEASCI ) ZALE s 2222 HESE A

d5 Ed:

)
[>
lo
e
>,
re
tjo
it
i)
iz )
A
v

>>> b'Hello World'.lower ()
b'hello world'
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ASCII &E A= A] B2 b'abedefghijklmnopgrstuvwxyz' o &= vlo]E ZE U th ASCI
&A=, A2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] &= vlolE ZF Y th

23
o] A= who]= Wi WAL AR A F A hEUUTh- BAH A e APER T4
A AR E g,

bytes.splitlines (keepends=False)
bytearray.splitlines (keepends=False)
ASCI & A A oA Ue viol 2] Al A2 & g 2E
universal newlines 33 =% = AH&- U t}. keepends 7} 2
2957 g4
& =4
>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()
[b'ab c¢', b'', b'de fg', b'kl']
>>> b'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
[b'ab c\n', b'\n', b'de fg\r', b'kl\r\n']

T2 A Al A2 sep 0] o] HZ W split () &g, o] A== Al 2of A Wl gl 2AEE
EHF, v A 2 HES A 22 HEA U

>>> b"".split (b'\n'), b"Two lines\n".split(b'\n"')
([b''], [b'Two lines', b''])

>>> b"".splitlines (), b"One line\n".splitlines ()
([1, [b'One line'])

bytes.swapcase ()

bytearray.swapcase ()
REASCH 2 EAE S hEAR, 7 th = npd /A 2 A 3het Al d o] BaApR

dE =

o
it
v
b
°
A

>>> pb'Hello World'.swapcase ()
b'hELLO wORLD'

ASCII &8 A= A A2 b'abedefghijklmnopgrstuvwxyz' o Y+ Bl E ZEY Ut ASCI
E A=, Al A2 b' ABCDEFGHIJKLMNOPQRSTUVIWXYZ ' o] Q1= Hlo]E gkl it}
str.swapcase () &&= €8 vlol g A9 A% &4 bin.swapcase () .swapcase () ==
bin o] AP FUTH Ao FUIE ZRJAENA A 08 A YotA = %A v, ASCILof| A] Al o] &
HE2 tf A

L

al

of WA= vl = WG WAL AR A F2EA s AAH A g F9E
A AA S WU

4
ot
>.
>

bytes.title()

bytearray.title()
o] 7} ASCII th AL 2. Al 2F8tal U 2] E 25 2 AR Al 5 Alo] 2~ w A o] wlol 2] Al A2 E
SYFUE Aol Qe kol E 2 A H A & AHE Fs Ut

=i}

I
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>>> b'Hello world'.title()
b'Hello World'

ASCII £2& A= Al B2 b'abecdefghijklmnopgrstuvwxyz' o 9= vFo]E ZF U th ASCI T
F A= Al A2 b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] 9l HEoE FPUth thE EE Hlo|E
ghe Aol 27t sy Th

o ke ZL ol & FAEY A% o2 B ke Ao S A Fo S A8t
o] Aol A] 25 31 A] B, 501 449 o & }

ol date A7} ohd £ = QlH Utk

>>> pb"they're bill's friends from the UK".title()
b"They'Re Bill'S Friends From The Uk"

]

A7 L ARl olzrERT ot a2 BHS TAT 5 AL

>>> import re
>>> def titlecase(s):
return re.sub (rb" [A-Za-z]+ (' [A-Za-z]+)?2",
lambda mo: mo.group(0) [0:1] .upper () +
mo.group (0) [1:].lower (),
s)

>>> titlecase (b"they're bill's friends.")
b"They're Bill's Friends."

e

al

o A=) Hho] = Wi WAL AR A FAHA o
A A7 g s U,

EI>
<
{l
)
oM,
i)
D)
g
rr
oM,
o
BN
)
ot
ok

bytes.upper ()

bytearray upper ()

€ ASCIL £ A4S sl t 2 2h2 A3 Al F 28] BALE S S5 U

dE 54d:

>>> pb'Hello World'.upper ()
b'HELLO WORLD'

ASCII &8 A= Al A2 b'abedefghijklmnopgrstuvwxyz' o Y+ Bl E ZEY Ut} ASCI
&=, A2 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o 9= vlolE ZFd U th

B

al

o WA =9 Whol = Wi WAL ARl A FAHA hiiTh- WAH A o
A AR E e,

rlr
o,
o
N
)
ot

%

bytes.z£fill (width)
bytearray.z£fill (width)

%4

4 o) 7} width Q1 /\]?ﬂﬁg e =3 ]PA%H ASCIIb'0' EA}5 A ZEof 2 A P29 EALR
oz Hegy

Uth A B3 JFA ' +'/b'-") & FE A9 o] 0}‘43}—& off A= Aoz A
bytes 7“}1]«] 73-%-, width 7} 1en (s) ED}Z—W%%E 15 YA AIEA~E EEHE YL

=]

Sﬁmb
Slﬁx

74
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>>> p"42" . z£fill (5)
b'00042"

>>> p"-42"  z£fill (5)
b'-0042"

al

ol MM =2 uio]E v M2 A A oA A F2SHA dsUT- WAHA B AFEAJ
M AAE Ut

L

4.9.4 printf AE}Y vlo|ye] Zujg

3
o] 7)) AHA EY AL e 7hA) AWA SR E (N E Eol FET IS Suh=A EAF
A R ) e FF RAGS ] A5UTh A4D gol REEL G Y A FEE
Aok gy ok

Hlol v 2] Al A A AA = S7FA] 253 U @ ’“% ZE J5Uth ¢ AR (RER). o] 22 vhe] g
Zoj g B X% A4t s Yt format % values 7} TOV,Q_ W] (format & vFol U 8] A] A
duh, format 5o & W P A= 07 1’2}94 values ©] 2 42 AP Ut o] E¥= C AojollA
sprintf () & AH&dh= AT vl oh
format ©| ﬁ}b‘r«l AAE 87319, values = 312 ¥] 7= AA &
values <= format HFo] v 2] Al g2 A A 7} 2] e St FEY T TS F
gAye]) of of g th
HE PA= T ol EAE e thS3 22 74 245 S 2FsE|, BtEA] o] AU R
Lhefof gt

Lors' &2 BAY A RS YERY U T

%\_qﬂrPagc(w() 5 _j_E’a];(] O}OU:]
At v AR (o] & Sol,

2. wjg 7] (A8 AR S 2 YA A AEAE FAAE YT (A E £, (somename)).
3. I ZH 1 (A E AR 48 HE 53 At &S FYth
4. A ZE Z (AY A '+ (2B EaT) 2 A F 3, AA F2 values T2 Th 84004
05w, MEE AR E A4 A= S 498 FuE o) ok
5. 3EE (A" AR ' () ool AE =TS " (aE B AA) 2 A, A A A
= values FE9] ThE 24200 A ¢l 1, HEE %k% AEE Fo St
6. Aol +A AL (A8 A
7. A% 73
LEZJAAZFEAY Y (B o2 wiE §) A A, vtoj g Al A AR = W3 PA= THEA|
yrn B st R K e T R
PERE P TR AR
>>> print (b' has quote types.' %

.. {b'language': b"Python" b"number": 2})
b Python has 002 quote types.

o) A%+ AAAE AHEE S 9
s
=]

W Ze) 1 2AE e 2
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s 9 =
s
# g oAl 49 o] A9 93t & AL g
0 AR £} el 3900 AU
—r wRE gL Amos AN (E o Fol AW 00 AR 4 T,
L (ad0)2) RE Qs WB U] RS0l $ Pol WS dAFUTH(E5E W B4
U,
o BB EX(+or - bR Yol FAUDC T B 20) $ATTh.
Zol £3 A (h, 1, 1) T AFE T AAT, stollol A 387 ¢h7] uf ol FAIH U - o & 50
$ld & sd g 25Ut
HE e A 2yt
S i
3} =
ar BE g A% AR £
i RE s A5 A £7)
o' R5 Y8V (1)
o ZElglE 98- a9 2EUD (8)
'x' BE Qe 165 (2EAD 2)
X' RE Qe 16745 (EAD. 2)
'e' Floating-point exponential format (lowercase). 3)
'E' Floating-point exponential format (uppercase). 3)
'f£' Floating-point decimal format. 3)
'F' Floating-point decimal format. 3)
'g' Floating-point format. Uses lowercase exponential format if exponent is less than -4 or not less than  (4)
precision, decimal format otherwise.
'G"' Floating-point format. Uses uppercase exponential format if exponent is less than -4 or not less than  (4)
precision, decimal format otherwise.
o' B ulolE (A4 EE do] 19 vl AAAE §E UL,
'b' Bytes (any object that follows the buffer protocol or has __bytes__ ()). (®)]
's' 's'E 'b' & WA |1 o] 230 AR AHEH of o T T (6)
'a' Bytes (converts any Python object using repr (obj).encode('ascii', (5)
'backslashreplace')).
"' 'r' a9 Aol gt A 2/30 Ak ALE-E o of . (M
s QA WEH A AL, Al s EAF ZAIE YT
E:
(1) thA A2 3 AR 22} ol A 874 A2 (100" E AFY T TH
(2) A FAS A HA A gl AF rox' Ee0ox' ("x' U X {18 F o= AS AR St
et e uoh € A gtk
Q) A FAL I FA A e A dEts 4 e S 23U
AUEE a3 olst Al S 246y 7|2 g2 64Tt
4) thA FAL Aol G arde 235t Foll L= 02 A AHA st
WEe 254 2F ) § 8 AUSE 245 AR g 6
5) AE=7tnolgtd, 282N EAE FYP Ut
6) b'ss' € AAFHAFUTE AT 3x Al g =0 X A AF A 5UTh
(7) brer' & AAH AFUTE AT 3x Al g = oA & A A= A k5 Th

(8) PEP 237& %%

ﬁoL
=
ko

76
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3

ol =2 uiolE u @ WAL AAE| AN FHEA e Ut - HAFHA A A2 FEA
AAE TE YT

T 17

PEP 461 - bytes 2} bytearray o] % Z 1| & 37}

Added in version 3.5.

49.5 Hxg H

memoryview A= vol W IEVF W 22 EF & A dsks AA ] UF H oo ZAFgle] o

T QA Fyh
class memoryview (object)

Create a memoryview that references object. object must support the buffer protocol. Built-in objects that
support the buffer protocol include bytes and bytearray.

A memoryview has the notion of an element, which is the atomic memory unit handled by the originating
object. For many simple types such as bytes and bytearray, an element is a single byte, but other types
such as array.array may have bigger elements.

len (view) is equal to the length of t o011 st, which is the nested list representation of the view. If view.
ndim = 1, this is equal to the number of elements in the view.

WA 312004 HA: If view.ndim == 0, len (view) now raises TypeError instead of returning 1.

The itemsize attribute will give you the number of bytes in a single element.

memorvawh Setol A QYA S APt tlolHE =23 Uth dAd Etolas AR

e N

>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v[l:4]

<memory at 0x7£3ddc9f4350>
>>> bytes(v[1:4])

b'bce'

format ©| struct REY U o|E|H & X AR} = 31} AL, AS EE A4 522 A _51=
AL AU v} SUE POz Sjel R 4B EAS UL DA AR e He A5 Tl He
A5 e RS AU 85 A5kt ML B A9 wdin A% A58 25 R E2
ALY 5 QB Th 74 ndim & 4D 2 UITh FAD MEe B W FEZ QgD 4
Ssvict

022 wol = 7} o B9l S A

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 44444444])
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

(h& sl o] A ol Al<%)
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(o1 A o] A | A Al)
>>> m[::2].tolist ()
[-11111111, -33333333]

SHE AR 7} 22 7] s s, W2 2] fe dAY eetola S A @Yt 27 AL 5 8= Al
Ss U

>>> data = bytearray (b'abcefg')

>>> v = memoryview (data)

>>> v.readonly

False

>>> v[0] = ord(b'z")

>>> data

bytearray (b'zbcefg')

>>> v[1:4] = b'123"

>>> data

bytearray (b'z123fg"')

>>> v[2:3] = b'spam'

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: memoryview assignment: lvalue and rvalue have different structures

>>> v[2:6] = b'span'

>>> data

bytearray (b'zlspam')

. J

One-dimensional memoryviews of hashable (read-only) types with formats ‘B’, ‘b’ or ‘c’ are also hashable.

The hash is defined as hash (m) == hash (m.tobytes ()):
>>> v = memoryview (b'abcefg')

>>> hash(v) == hash(b'abcefg')

True

>>> hash(v[2:4]) == hash(b'ce')

True

>>> hash(v[::-2]) == hash(b'abcefg'[::-2])

True

¥ A 3.39 A ¥ 7 : One-dimensional memoryviews can now be sliced. One-dimensional memoryviews with
formats ‘B’, ‘b’ or ‘c’ are now hashable.

WA 3404 HA: o] A W EE HE AFLE collections.abc.Sequence & 5&F YT}
WA 3504 A ojAl Ml Ee Be= A4S FEE JAIAE + d5UTh
memoryview = 8 4R WA E 1A T 95t

__eq__ (exporter)

v & 2] 72} PEP 3118 A& A} (exporter) = T 22 225 w5 v Zohal wja gyt
Bfol TEstal v AstAte] 2t Y4 FET} struct EH & ARSEk A E o RE ST
frel 2tk

A tolist () 7} A Q3E struct P4 FAL RE Hge 4, v.tolist () == w.

tolist () v &wE 25Ut

>>> import array

>>> a = array.array('l', [1, 2, 3, 4, 51])

>>> b = array.array('d', [1.0, 2.0, .0, 4.0, 5.01)

>>> ¢ = array.array('b', [5, 3, 1]

>>> x = memoryview(a)

>>> y = memoryview (b)

>>> x == g == y ==

True

>>> x.tolist () == a.tolist () == y.tolist () == b.tolist ()
True

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

>>> z = y[::-2]

>>> z == C

True

>>> z.tolist () == c.tolist ()
True

A FAG o] struct R AQE A oW A= G ZA vl v g U th (P A

'%
AL o o] 2ol ks 28E o)

>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :
_fields_ = [("x", c_long), ("y", c_long)]

>>> point = BEPoint (100, 200)

>>> a = memoryview (point)

>>> b = memoryview (point)

>>> a == point

False

>>> a == Db

False

Note that, as with floating-point numbers, v is w does not imply v == w for memoryview objects.
WA 33004 WA ol A E F5F F4H =2 Wld F2E FASL 9A HEE
W@ AT

tobytes (order="C")
W HolBE vl EQR EelFUth o= WEE fJol bytes JPYAE TE5t= A
T U

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

R
T
S
§~
N
N
A
iv
g
o
E_E.
o
)
=
e

Added in version 3.8: order+= {‘C’, ‘F’, ‘A’
S HolE7C U ZES A= AE U] AL Ho AL A’ 2ad v zalo A3tat
AHE S WU £o], W EE] Y R ES AV EEP UL d5H oA ¢4 B B,
dlolE = WA CZ A3 Yt} order=None2 order="C 2} 2554 th.

hex ( [sep[, bytes _per_sep] ] )
EER DRI R B RT3 LR

;1:
N
T
it
v
i)
°
T

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'

Added in version 3.5.
WA 384 HA: bytes.hex ()2} B|<<8}A|, o)A memoryview.hex ()= 1624 £82°
Whol & Apolo] FE 7158 451 A5 A H sepsh bytes_per_sep A B8 A LF]

tolist ()
Wo] Yo dole g 845 flaeg SHEUTH

>>> memoryview (b'abc') .tolist ()
[97, 98, 99]
(Th ol A ol Al%)
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(]
>>> import array
>>> a = array.array('d', [1.1, 2.2, 3.31])
>>> m = memoryview (a)
>>> m.tolist ()
[1.1, 2.2, 3.3]

A s o] Aol Al A

WA 3301H WA: tolist () & o)A struct BE B BE 9 Exh o] g B 43}

At 29& Ao
toreadonly ()

R F AAe] 9] AE HAS vyt de vEe] F AX = HAHA syt

>>> m = memoryview (bytearray (b'abc'))

>>> mm = m.toreadonly ()

>>> mm.tolist ()

[97, 98, 99]

>>> mm[0] = 42

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: cannot modify read-only memory

>>> m[0] = 43

>>> mm.tolist ()

[43, 98, 99]

Added in version 3.8.
release ()

w2 2] 7 A A ol o sf

whetAl, release() & &
1%k

=3 E S 0N E AAG U B AAE Hoh 3 AA ) A28
9 528 23 E G () & Fo}, bytearray £ ANHOR 27 2FE FA G Thy
8 b5 G me o] AT AFS AARL BFY A4S HAT 5

ol M= & &, Hol gt o] o] ] AAL valueError & doUth(og H & &

H 4 Q= release () AAL A JY}):

>>> m = memoryview (b'abc')
>>> m.release ()
>>> m[0]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

>>> with memoryview (b'abc') as m:
m[0]

97

>>> m[0]

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

Added in version 3.2.

cast ( format[ shape])

HEZg HE 2L 34 0]1/]—_‘?_00 Z Mg gyt shape &) 7] E 7k [byte_length/
s

/new_itemsize] OJH], I H7Fdade] "ok o u gyt
ol A gk W3 AHA| = %/‘}5] 2] F Utk A P9E = MA"H2 1D -> C-9A%
uch

& @AMz vz

I} C-9% > 1D
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The destination format is restricted to a single element native format in st ruct syntax. One of the
formats must be a byte format (‘B’, ‘b’ or ‘c’). The byte length of the result must be the same as the
original length. Note that all byte lengths may depend on the operating system.

1D/long < 1D/unsigned bytes 2 | A E:

>>> import array

>>> a = array.array('l', [1,2,3])
>>> x = memoryview (a)
>>> x.format

lll

>>> x.itemsize

8

>>> len (X)

3

>>> x.nbytes

24

>>> y = x.cast('B")

>>> y.format
IBI

>>> y.itemsize
1

>>> len (y)

24

>>> y.nbytes
24

1D/unsigned bytes & 1D/char & 7| XE:

>>> b = bytearray(b'zyz')

>>> x = memoryview (b)

>>> x[0] = b'a'

Traceback (most recent call last):

TypeError: memoryview: invalid type for format 'B'

>>> y = x.cast('c'")
>>> y[0] = Db'a'
>>> b

bytearray(b'ayz')

1D/bytes & 3Dfints & 7| 2~ E 3+ & t}A] 1D/signed char & 7| X E:

>>> import struct

>>> pbuf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> y = x.cast('i', shape=[2,2,31])
>>> y.tolist ()

(reo, 1, 21, (3, 4, 511, [([e, 7, 81, [9, 10, 11]1]]
>>> y.format

lil

>>> y.itemsize

4

>>> len(y)

2

>>> y.nbytes

48

>>> z = y.cast('b'")

>>> z.format

b

>>> z.itemsize

1

>>> len(z)

48

(h& sl o] A ol Al<%)
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(o1 A o] A | A Al)
>>> z.nbytes
48

1D/unsigned long = 2D/unsigned long & & |2~ E :

>>> buf = struct.pack("L"*6, *list (range(6)))
>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])

>>> len (y)

2

>>> y.nbytes

48

>>> y.tolist ()

[to, 1, 21, [3, 4, 511

Added in version 3.3.
WA 3504 WA vle|E Aoz vigta uf] A 32 o] o AleE A 5yt
2 7HA 97 A § o ERREE AT 4 AUt

obj

o= 3o Bk A

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

Added in version 3.3.

nbytes
nbytes == product (shape) * itemsize == len(m.tobytes()).lgo] ALHA Y
o} ZFASkA E vpol E AU F len (m) 22 B2+ (5 UTH
>>> import array
>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview (a)
>>> len (m)
5
>>> m.nbytes
20
>>> y = m[::2]
>>> len(y)
3
>>> y.nbytes
12
>>> len(y.tobytes())
12

>>> import struct

>>> pbuf = struct.pack("d"*12, *[1.5*x for x in range(12)])

>>> x = memoryview (buf)

>>> y = x.cast('d', shape=[3,4])

>>> y.tolist ()

(.o, 1.5, 3.0, 4.51, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]1
>>> len(y)

>>> y.nbytes
96
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Added in version 3.3.

readonly
W2l 97) A49A) o RE ehl e =27
format

Hol 7 g0l Ulg A (struct BE 28 S E3SE EALAUT vEe) B A
FARRE ol YA FAERE BEod & YA, AR WA= (o, tolist ()= DA
vlolg B o 2 4 P4 o7 Al gk Yt
WA 33004 WA BT AL o)A struct BE ol wek AP Utk o] AL
memoryview (b'abc') [0] == b'abc'[0] == 97 o] 3L 9 vt}

itemsize
W% B 7 240 27 (ol =)

>>> import array, struct

>>> m = memoryview(array.array('H', [32000, 32001, 32002]))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim
w2 2] 7} veb = ok vl 2 9] A 5 UEhl = A
shape
N-2Hd vl 2 A o] w2 2| o] Refg 7kl 7], Aol ndim d Ao FEdUTH
2 33004 M7 ndim=0 & o None thAl ¥l &= A5tk
strides
iAol 7 Apof thsl 24 e 45 FE o=l R3] E £ 5 Al ste, 2ol ndim ) A
SEE TS
H7d 3394 M ndim=0 & o None thAl Wl FZ& A& gy th
suboffsets
PIL 28t v Gofl f#- 2 o2 AU %2 AH AlF&dth
c_contiguous
227 C-A <% dAE et = =23k
Added in version 3.3.
f_contiguous
HEE 7 2EG A% AAE YE = =2l 3
Added in version 3.3.
contiguous
227} A5 AA S YE = =23
Added in version 3.3.
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410 A3} 3 — set, frozenset

I9
=
o 2 e

Y > (L
N o 1,
>
o

Qe o) ARE A= T 51 b AR €4 9 29AY
A2olA B2 AAG AT, BT AT B AN RS 2L
Aol YEL WA dict, 1ist, tuple 8|2 W collections

b o>
ok

=2 Zdd A3 upR A Z, I8 x in set, len(set), for x in set

deldolng, AL A2 A4 £AE /1254 G5 thebs

_|_4 [UIO
N W,
1 o
flo 1o
AW
o
>
>
N
z2

T 71E Al A28} FAFSE 5 2E A D EHA] S U T

A 7 7R W o] lsUTh setd} frozenset. set B2 7FA YU TF— &2 add () Yremove ()
9} 2 A EE ARS St WA 4 A5 Th 7}&10]7]“11—'—01] sfAlgkol flem 9 e 7] Ee e
e 947 AES 5 U5 ULl frozenset & BEWol A 7Hs FUTE— UHE R Fo=
WEE H1E 5 Gtk el 9A e A me nE e 94 AEE 5 U,

w0} 917 9 set (frozemset 2 oFY LT sec A4 AR ohjzt £2E Aol HER TRE AL B
2 YoM e = AdFULh o & E9J: {'jack', 'sjoerd'}.

5 2aag AYAL 2A FF T

class set( [iterable] )

class frozenset ( [iterable] )
iterable A\ X 2 A5 F 3= Al set = frozenset AAE S FUTH AT ot WA dA] 7
OH o} 61—141;]_ 2161-4 A s+S ;Ldg]_gq:q _L‘G]—QLC_ ATrL vlT A| frozenset A o] oF gt}

AR ol A4 W e 0
e Z=ZT o PREE FEH 84 YISt {"jack', 'sjoerd'}
o At A=Z AN AFR3}7]: {c for c in 'abracadabra' if c not in 'abc'}
o & WAA AFL S} set (), set ('foobar'),set(['a', 'b', 'foo'l)
setd} frozenset & A2V AE b33 -2 A4S Al Ao
len (s)
Agsd da 69 27DhE EFUH-
x in s
5ol ool x of W4 AAF

X not in s
s ofl T3l x o] vl WS B AR o,
isdisjoint (other)
A To] other 9} BF A4S 24 e A True & BAFUL AR BT BATY
wj, 72 1 2ol vk A 2 4 (disjoint) 2Fa U T}
issubset (other)
set <= other
gl BE Ax b other o £ A AAF
set < other
Zgto] other o] JAFZE R 2] AUt} =, set <= other and set != other.
issuperset (other)
set >= other
other 9] BE A4 7} A o] E3E £x AAGYTh
set > other

Zglo] other o] AAFY A sHel 2] AAFgUtH =, set >= other and set != other.

union ( *others)
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set | other |
A3t} B E othersol] Y= 9252 FTAE A AL ==L}
intersection (*others)
set & other &
A} EEothers] 35 YAEE 719 A JFe =HFUTH
difference (*others)
set - other -
Agls Y 90 hothersol & YA e A2EE FAY A TS EAF U
symmetric_difference (other)
set *~ other
R gol b othero]l 3 o] 9o} & BRo] TFH A& 4L ALER FAD A AT B
ZUrth

copy ()

X‘J

L

o e @R SYEYTh

Note, the non-operator versions of union(), intersection(), difference(),
symmetric_difference (), issubset (), and issuperset () methods will accept any iter-
able as an argument. In contrast, their operator based counterparts require their arguments to be sets.
This precludes error-prone constructions like set ('abc') & 'cbs' in favor of the more readable
set ('abc') .intersection('cbs').

setd} frozenset BF A 7t v E AGFULE F AT 4 1T RE Qa7 gEF
Sl 285 o] & Aol vt QQHE}(HE o2 A3y EEAFIYUh. Jgol o2 J
AR EIFEERATNAT A= 2 A L u vk A AR J o] F iA JFEo A5y

15

Qo] ChE A Tel AAA TN ATOIAT 24 92 29 L wlwk A WA Aol = AA
AR FYrh
set 9 A2H2A2E I YaE 7|WC 2 frozenset o A2EH2AQ vlwFH UL 9
£ E 9], set('abc') == frozenset('abc') ¥ True & =3 F I set('abc') in
set ([frozenset ('abc')]) = U}/ Y T
2 A9 " 55 Hlae A A (total ordering) 2 A¥E3LH A] gk Uth oS o1, vl o] A
e E NS AR4d AHS 2R R AR RE Aol obdUT TeA 2L B False
Z2 =&Yt} a<b, a==b, a>b
A BE SAEE FJT AT Foetr] wjEoll, F&e elaE Ut 1ist.sort () WA
c o) Autt o)A gt
94 Ue A4, B3] Gt WEA A 7Fs ok Tt
set A2BE 28} frozenset & T8 SF o] A A2 ] WA 5] A4} S EHFYUL o &
Eo]: frozenset ('ab') | set('bc') & frozenset & A2HAE 8 EYrh
T2 = frozenset & EWH A AE o= ALE R &k set | AT AT 4 9= AAES
G
update ( *others)
set |= other |

A3 AABHA], BE otherso] 9452 B

intersection_update (*others)
set &= other &

Age BANA, 2 AT othersol] 52 £3E A4S T G YTh
difference_update (*others)
set —-= other |

e B A, othersol] Yl AdaES Al AT
symmetric_difference_update (other)
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set “= other
AL AN, F QG o= @ W 2 A2EW FP U
add (elem)
A4 elem & AT 713Ut}
remove (elem)
4 elem & R FOIA A AT T elem 7 R Foll EFH o] YA @ keyirror & Lo

k.
discard (elem)

A2 elem ©] Qo] TaE o] 9o A AT )

pop ()
Agozrel dojo 94g AAN FAF U Aol WAt B$ keyirror & Yo
U,

clear ()
Ao B 9o Al AU

ZF 1 =2, update (), intersection_update(), difference_update (),

symmetric_difference_update () WA EZS v AAR AL JoJ9 olHBHELE QAR

= wolE Ut

Note, the elem argument to the __contains__ (), remove (), and discard () methods may be a set.
To support searching for an equivalent frozenset, a temporary one is created from elem.

411 ) 3 —dict

g AA = A ks HE 9 AR syt v
EZ 7 3o 01/\141:]- gAY g (dictionary). (t}2 74

collections BEEE FZRIAHAIL)

AT 84 24 shie)

list, set, tuple Ed 2 9

A dictionary’s keys are almost arbitrary values. Values that are not hashable, that is, values containing lists, dictio-
naries or other mutable types (that are compared by value rather than by object identity) may not be used as keys.
Values that compare equal (such as 1, 1.0, and True) can be used interchangeably to index the same dictionary
entry.

class dict (**kwargs)
class dict (mapping, **kwargs)
class dict (iterable, **kwargs)
AEA 93 A (PS5 AE) ANE AT AFozRE 2738 A gAY IS
=HEYth
G e ol el A o BhE £ Qs
e Z=HT oo P EE FEH key: value B YHd}7]: {'Jack': 4098, 'sjoerd':
4127 EE+={4098: 'jack', 4127: 'sjoerd'}
e UAYE AZFAA ARSI {}, {x: x ** 2 for x in range(10)}
+¥d ABAA A&7 dict(), dict([('foo', 100), ('bar', 200)]),
dict (foo=100, bar=200)
AR QA7 A A Fo W gMUE] 7 RS ol AU Tth 2] AA7F A D= A vl sg A A A
w3 A &} Z2 73 S e 1’4/#%’47} HEol AUk 2382 Fo ™, §14] Ak o|H e E
AaoloF GhLiel oJElel el 2 Y5 e 2 A% AREA 5 el A sl o elelel ool
Fuck 2 = A WAl AR A DAY el 71712 1, 5w AR S A ko] Buth 717
= o] 4 LFERLREL, 1 A1) uhx gkl A €4 ele] 1 ghol U ok
AR A7t A E, A9 Ak} s gho] 912 AR E BEol 2 A ele] 2ohEY]
th 37k = 717F ol m] A5, 7| = QAR A 2 Fhol A A] AR AN 2 Fha ATt
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o & o], t}2 o Al= 25 {"one": 1, "two": 2, "three": 3} Z2YUAYEE &
F4rth:
r>>> a = dict (one=1, two=2, three=3) )
>>> b = {'one': 1, 'two': 2, 'three': 3}
>>> ¢ = dict(zip(['one', 'two', 'three'l, [1, 2, 31))
>>> d = dict([('two', 2), ('one', 1), ('three', 3)1)
>>> e = dict ({'three': 3, 'one': 1, 'two': 2})
>>> f = dict({'one': 1, 'three': 3}, two=2)
>>> a == b == ¢c == d == e ==
True
A AR A | A ep2o] 71 E AR = F 2T Il AE QL 7] of T s A ¥ 25tk 21 9] 9
9L REREWIEAST 5 AU
AT YAt A et AAEIUTHTH R R, A-gA e v P A s of Tih:
list (d)
YA e dol A8 BE 79 PAES BeE T
len(d)
gAY del = FEY &5 S5 UTH
d[key]
7l key 1d o] FE5E& S5 UTE key 7F W30l Q= B¢ KeyError & 23 4th
dict o] A B Z 27} method __missing () = A3}l key 7} EASHA] =T,
dlkey] AL 7] key & AARE 3] 2 HINEE SEFUth 18 th-g dlkey] AAF
_missing_(key) B&o| W grol L o7 o9l & 1rjz wEe A Lo Yyt o}
E AU A EE__missing_ () & EEHA FYTh _missing_ () ©] B
QA ko KeyError & 4o YT _ missing_ () 2 WA & oo} @'1/]13]—, AAH A

Aok E o glsyth:

>>> class Counter (dict) :
def _ missing__ (self, key):
return 0
>>> ¢ = Counter ()
>>> c['red']
0
>>> c['red'] += 1
>>> c['red']
1
99] o= collections.Counter 78 4R E HoZ Utk th2 _ missing  HA &7}
collections.defaultdict oA A= U}t
d[key] = value
dlkey] € value 2 2733t}
del dlkeyl]
d oA dikey] S AATUTE key 7} vl Fol| Ql= A KeyError & 4o 7Yt}
key in d
doll 7 key 7} Y2 True &, 1¥ A GO False & EHFYTH
key not in d
not key in d &S5k
iter(d)
gAee] 7lo] gt olE ol HE EHFUth o] 212 iter (d.keys ()) & G Y Uth
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clear ()
gAY oA BE FES AAT U
copy ()
9AUe Y g HARS FF
classmethod fromkeys (iterable, value=None, /)
iterable o) A BT HES 712 AL LE G value 2 AT A DA E S F U

cronkeys () = ARE S AUAE BT S WAZ YU alie o 8L vone

I 2o 9 Aneg FRde e et RS0 D2 b AT e e A
iAo s i} Ba e B G Db At A0 GH el Al A4S A5
Al L.

get (key, default=None)
key 7t 9 2l ol Q= 7 key ol &
Ut default 7} o] A A] ?%’ ‘?’i 7|2 g N
KeyError & 427]7 k5 Uth

(

HEa, 19 R oW defaulr 5 =9

SR 2l o WA Az

he e
e ol

items ()

gMUeE FEE((key, value) HS) A FE S | AA o] dHA & F=x3st
AlL.

keys ()
gAUE 715 A RE SHFUD H 4219 AYA & 2 L.

pPop ( key[ default]
ey 7H ARl slo R AAG T 2 % EHF U T W def £ EEATI

default 7} o] A A| k11 key 7} A 2] ol gl KeyError 2 42 7Yth

popitem ()
g A (key, value) B2 A A3 E&EFUth AL LIFO (last-in, first-out) <A £
Llxa=hRi=2
popiten () & AT AVAFAA 55 445 50] AN A4 02 ol e ol 4 he
ol & MD}. g4 g7} Hlof 01223 popitem() $&-& KeyError & 423t
WA 3704 W7 o] A LIFO <= A 7k R Uth. o] A M A A=, popitem () 7} 4 <] 71/

ge mEg,

reversed (d)

Y g9 7)o that A<= o]E @ ol HE 8=} o] AL reversed(d.keys () 9 &
%94
Added in version 3.8.

setdefault (key, default=None)
key 7} g el Qod g g EAF U 12X O, default & = key S AU

S default 5 =& St} default &) 7] 2 352 None YUYt}
update ( [other] )
other 7} A BB A B2 RS ANFUD /& 71 Dol T None & S F T

update () = w2 9™ 2] A Y71/ 8 (2o 29 REolU T °lH e 8) & =+ ol
o|lHE EF Wolsd Utk 719 = °1X}7}XV*5L_,—M‘4L1?4 a7/ e AAE YT

_l::

N —

d.update (red=1, blue=2).
values ()
gAY E gEY M FE ST 7 A4 AEA & FxeA L.
Sl dict.values () B2 2 dict.values () ¥ 7] S5 H)|W = A FalseE vkEgt
Ut} o] AL dict.values () & AA G v & ;q]_g:_ 2&9 )

88
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>> d = {'a': 1}

>>> d.values () == d.values/()
False
d | other
ds} other®) WA A5k Fo2 A HAUDE WFUTh & v H AU ol of ok T ch dsh
other7} 71& &5 31 other?] ko] -4 th

Added in version 3.9.

d |= other

other®] 712} ko 2 P ] d& 7Y AT U T other= vl 33 o] U 71/3%
Uth d&} other7} 71& 573148 other2] Fko] $-A gy th

Added in version 3.9.

e olH e ed 5 3

ol

gAYy = (A 3ARe) 22 (key, value) BES 7FA uf, 218]3 2o v Zrhal v g

Utk £4 Bl (<, <=, >=, S & Typerrror

gAdels 4 €4S AT 7|2 A
2719 7= 2o AR Utk

LI
iy
>
=2

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (d)

['one', 'two', 'three', 'four']
>>> list (d.values())

[1, 2, 3, 4]

>>> d["one"] = 42

>>> d

{'one': 42, 'two': 2, 'three': 3, 'four': 4}
>>> del d["two"]

>>> d["two"] = None
>>> d
{'one': 42, 'three': 3, 'four': 4, 'two': None}

WA 3704 A3 g A A MYl g YT o] 2323

65 E] CPython2] ++&

A% A U,
gAve g gAUeE R3S 4 95U

>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed(d))

['"four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

[4, 3, 2, 1]

>>> list (reversed(d.items()))

[("four', 4), ('three', 3), ('two', 2), ('one', 1)]

L

B A 38004 W7 S U el E oA AL 5 A& Tk

SR

types.MappingProxyType & dict & 9}7] A€ HE 9l = ¢ AR 4 95Ut

4.11. v]g & —dict
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4111 94zl B A
dict.keys (), dict values (), dict.items () 7} ¢
Esodd 54 FEATIUS &, 9Mve 7t HAHd
gAv e Fe olga ol dE Fall 449 tlolEE AT 4 L, WA AAFE A9t
len (dictview)

gAY 9t B8 15 SeE
iter (dictview)

gAveeA 7], &, &5 ((key, value) FEE ZAFUTHol tist olHd o]HE =7

o]

719} g2 A SAZ olHE ol d FUth o) iEell zip ()& AHE3HA (value, ke 1}
= T d5Yth pairs = zip(d.values (), d.keys()). 22 2ES UEE HE WY
pairs = [(v, k) for (k, v) in d.items()] Uk

gy ol G5 F718HA U AA 8= B o RE olH dl o)A 3 Runt imeError & 427 A}
REFEE " ol oHA & ¢ O]A‘Jr/]—

WA 37004 WA el A7 A A Qo] BAE )

X in dictview
x7b S 9 AU Y A, 2 BBl At AP True & EAFUT(HATE] FSx & (key,

value) FZ&o]ojoF gy},
reversed (dictview)

AU 7], g EE FEo] the GUF o el ol HE VBT Hi 4YY JE0E o]F
dol=guth

WA 3800 A WA AV i oA & g E 4 9

dictview.mapping

iz
°

N
0¥
o
o
=)

fy

Y.

Return a t ypes. MappingProxyType that wraps the original dictionary to which the view refers.
Added in version 3.10.

Keys views are set-like since their entries are unique and hashable. Items views also have set-like operations since the
(key, value) pairs are unique and the keys are hashable. If all values in an items view are hashable as well, then the
items view can interoperate with other sets. (Values views are not treated as set-like since the entries are generally
not unique.) For set-like views, all of the operations defined for the abstract base class collections.abc. Set
are available (for example, ==, <, or *). While using set operators, set-like views accept any iterable as the other
operand, unlike sets which only accept sets as the input.

gAve A o

>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values/()

>>> # iteration

>> n = 0

>>> for val in values:
n += val

>>> print (n)
504

>>> # keys and values are iterated over in the same order (insertion order)
>>> list (keys)

['eggs', 'sausage', 'bacon', 'spam']

>>> list (values)

[2, 1, 1, 500]

(th= sl o] Al el A1)
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(o1 sl o] Al el A A%
>>> # view objects are dynamic and reflect dict changes
>>> del dishes|['eggs']
>>> del dishes|['sausage']
>>> list (keys)
['"bacon', 'spam']

>>> # set operations

>>> keys & {'eggs', 'bacon', 'salad'}

{'bacon'}

>>> keys ©~ {'sausage', 'juice'} == {'juice', 'sausage', 'bacon', 'spam'}
True

>>> keys | ['Jjuice', 'juice', 'juice']l] == {'bacon', 'spam', 'juice'}
True

>>> # get back a read-only proxy for the original dictionary
>>> values.mapping

mappingproxy ({ 'bacon': 1, 'spam': 500})

>>> values.mapping[ 'spam']

500

412 AY X~ E

rd
L)
N

b

sto] Mo with B AEAE Felnrt e A Azt AU AE AdS APk o+ 3 42
WA =S ARSI A T RE 2, AR Aol Fel vt #g vt s A 7] Aol AP, ol 2y
w) ZEe A A AYAEES HF 5 QA Ttk

contextmanager.__enter__ ()

QA A o] AYASIL o AA A0/t A A7 APAES} FAH T AR & B
FUth o] MAE EHRE 2, o] AHAE H A AEFHe with £ as A9 A 8o

QNS EAFE ANAE B A9 ol 52 47 1T 3L AL _emer_( oA A7 A4
2 EAFE with B9 AYAE RANCR open () & ABT 5 UES 37 A B
A A& s F= A 2E B R o= decimal.localcontext () 7F 28 FE AYY
o BEAAEE B4 AA ah ANAEE Ae) 47 45 AHAE BAEO T Age
n 2] 2= FE FA GOBA with B HhEio] 21
/\

97 gk,

contextmanager.__exit__ (exc_type, exc_val, exc_tb)

Ir dlo

4 A A LEE G250 BAT 9| & olok S E 2171 £ F EAIE B G
with 29 Wbt & AW e Sk o9l 7h WA SE, o] o 9] B, W 24 Fut = gH Uk,

38X gFow, Al 7FA] AR 5 None YUt}

ol MIMECA F e = FH with o] A& E il with & HIE Flol 2= 27A A%
AgEUY. 1 019]«1 BT, ol MM =S Aol A5 H fﬁ | 9] = A% AU o] M=
A8 Foll DA sE A= with £ viroll A AT 2 E o 9] & tiA gyt

The exception passed in should never be reraised explicitly - instead, this method should return a false value
to indicate that the method completed successfully and does not want to suppress the raised exception. This
allows context management code to easily detect whether or notan __exit__ () method has actually failed.

sho] 1. e 4@ e = 5718}, Aol Lh ThE Adl] AT B, 181 B A 45 A AHAEY)
Boh e 222 A Q5] 93 R A AYAE HAE 3 FUTh AYAE B RED
TAL o LA B 583 AFH A FEUTh B A AL contextlib BES BN L

Python’s generators and the context1ib. contextmanager decorator provide a convenient way to implement
these protocols. If a generator function is decorated with the context1ib.contextmanager decorator, it will
return a context manager implementing the necessary __enter__ () and__exit___ () methods, rather than the
iterator produced by an undecorated generator function.
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50] 9/C APLS] Tol W A of 8 8 FEANE ol BB HA=E S 93] 2618 SFol Grke Aol
$elaia A 2. o|el B =S Aol o B S AnA el oMl A2} A AR
AZ ok g Th Ao A7 A AES RS euslso vl ad o e Fehs 9 e 23]
eWFEE RAT 4 A5

4.13 Type Annotation Types — Generic Alias, Union

The core built-in types for type annotations are Generic Alias and Union.

4131 A o Le] o)

GenericAlias objects are generally created by subscripting a class. They are most often used with container
classes, suchas 1ist or dict. Forexample, 1ist [int] isaGenericAlias object created by subscripting the
1ist class with the argument int. GenericAlias objects are intended primarily for use with type annotations.

3
It is generally only possible to subscript a class if the class implements the special method
__class_getitem__ ().

A GenericAlias object acts as a proxy for a generic type, implementing parameterized generics.

For a container class, the argument(s) supplied to a subscription of the class may indicate the type(s) of the elements
an object contains. For example, set [bytes] can be used in type annotations to signify a set in which all the
elements are of type bytes.

For a class which defines __class_getitem__ () butis not a container, the argument(s) supplied to a subscrip-
tion of the class will often indicate the return type(s) of one or more methods defined on an object. For example,
reqgular expressions can be used on both the st r data type and the byt es data type:

e If x = re.search('foo', 'foo'), x will be a re.Match object where the return values of x.
group (0) and x [0] will both be of type st r. We can represent this kind of object in type annotations
with the GenericAlias re.Match([str].

e Ify = re.search(b'bar', b'bar'), (note the b for bytes), y will also be an instance of re.
Mat ch, but the return values of yv.group (0) and y [0] will both be of type bytes. In type annotations,
we would represent this variety of re.Match objects with re .Match [bytes].

GenericAlias objects are instances of the class types.GenericAlias, which can also be used to create
GenericAlias objects directly.

T[X, ¥, ...]

Creates a GenericAlias representing a type T parameterized by types X, Y, and more depending on the T
used. For example, a function expecting a 1 i st containing £1oat elements:

def average (values: list[float]) —-> float:
return sum(values) / len(values)

R

|

7 973k B JEhlE £ el B o) A5E Adshe A B dice s A8 vlE A
of & THE o o] oo A, Bt ot r 2] 7S ine Be] L 2E dictE ANFULH

{def send_post_request (url: str, body: dict[str, int]) -> None:

J

w3 '% isinstance ()2} issubclass ()= 5 HR] QAR GenericAlias & WolES o] &5
4
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>>> isinstance([1, 2], list[str])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: isinstance () argument 2 cannot be a parameterized generic

The Python runtime does not enforce fype annotations. This extends to generic types and their type parameters.
When creating a container object from a GenericAlias, the elements in the container are not checked against
their type. For example, the following code is discouraged, but will run without errors:

>>> t = list([str]
>>> t([1, 2, 31])
(1, 2, 3]

w3 i) At A 2 AA G Fol J uis) feE At

>>> t = list[str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

A ol A repr () ol str ()& T w7} M3lE o] FAIF Uth

>>> repr(list[int])
'list[int]"

>>> str(list[int])
'list[int]"'

The _ _getitem__ () method of generic containers will raise an exception to disallow mistakes like
dict[str] [str]:

>>> dict[str] [str]
Traceback (most recent call last):

TypeError: dict[str] is not a generic class

However, such expressions are valid when type variables are used. The index must have as many elements as there
are type variable items in the GenericAlias object’s __args_ .

>>> from typing import TypeVar
>>> Y = TypeVar('Y'")

>>> dict[str, Y] [int]
dict[str, int]

Standard Generic Classes

The following standard library classes support parameterized generics. This list is non-exhaustive.
* tuple
e list
e dict
* set

e frozenset

e type
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collections

collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.
collections.

collections.

.deque

defaultdict
OrderedDict
Counter

ChainMap
abc.Awaitable
abc.Coroutine
abc.AsyncIterable
abc.AsyncIterator
abc.AsyncGenerator
abc.Iterable
abc.Iterator
abc.Generator
abc.Reversible
abc.Container
abc.Collection
abc.Callable

abc. Set
abc.MutableSet
abc.Mapping
abc.MutableMapping
abc.Sequence
abc.MutableSequence
abc.ByteString
abc.MappingView
abc.KeysView
abc.ItemsView

abc.ValuesView

contextlib.AbstractContextManager

contextlib.AbstractAsyncContextManager

dataclasses.

Field

functools.cached_property

functools.partialmethod

os.PathLike

queue.LifoQueue

queue.Queue

queue.PriorityQueue

queue.SimpleQueue

re.Pattern
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* re.Match

* shelve.BsdDbShelf

* shelve.DbfilenameShelf

* shelve.Shelf

* types.MappingProxyType

* weakref.WeakKeyDictionary
* weakref.WeakMethod

* weakref.WeakSet

* weakref.WeakValueDictionary

Special Attributes of GenericAlias objects

BEE w7l WestE A g2 54 97 A8 o EHEE 7Y
genericalias.__origin___

ol AEZFHEE /) WA A F2 AW SWHAE 7 AU

{>>> list[int].__origin_ J

<class 'list'>

genericalias.__args___

This attribute is a tuple (possibly of length 1) of generic types passed to the original

__class_getitem__ () of the generic class:
>>> dict[str, list[int]].__args_
(<class 'str'>, list[int])

genericalias.__ parameters_
o] JETRHEE __args_ oA A A7

# gzuth g

>>> from typing import TypeVar

ok

W 52 9] Al 0 2 A (lazily) AAHE FZ (1) o] 9l

o

>>> T = TypeVar('T')
>>> 1ist[T].__parameters_
(NTI)

R

al

A GenericAlias object with typing.ParamSpec parameters may not have correct
__parameters__ after substitution because typing.ParamSpec is intended primarily for
static type checking.

genericalias.__unpacked__

A boolean that is true if the alias has been unpacked using the * operator (see TypeVarTuple).

Added in version 3.11.

o] B7]

PEP 484 - Type Hints
Introducing Python’s framework for type annotations.
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PEP 585 - Type Hinting Generics In Standard Collections
Introducing the ability to natively parameterize standard-library classes, provided they implement the spe-
cial class method __class_getitem__ ().

A 8, 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.

Added in version 3.9.

4.13.2 Union Type

A union object holds the value of the | (bitwise or) operation on multiple rype objects. These types are intended
primarily for type annotations. The union type expression enables cleaner type hinting syntax compared to t yping.
Union.

X | Y|

Defines a union object which holds types X, Y, and so forth. X | Y means either X or Y. It is equivalent to
typing.Union[X, Y]. Forexample, the following function expects an argument of type int or float:

def square (number: int | float) —-> int | float:
return number ** 2

L

al

The | operand cannot be used at runtime to define unions where one or more members is a forward ref-

erence. For example, int | "Foo", where "Foo" is a reference to a class not yet defined, will fail at
runtime. For unions which include forward references, present the whole expression as a string, e.g. "int
| Foo".

union_object == other

Union objects can be tested for equality with other union objects. Details:

¢ Unions of unions are flattened:

{(int | str) | float == int | str | float

¢ Redundant types are removed:

[int | str | int == int | str

* When comparing unions, the order is ignored:

[int | str == str | int

e It is compatible with t yping. Union:

[int | str == typing.Union[int, str]

* Optional types can be spelled as a union with None:

[str | None == typing.Optional[str]

isinstance (obj, union_object)

issubclass (obj, union_object)

Callsto isinstance () and issubclass () are also supported with a union object:
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s N
>>> isinstance("", int | str)
True

However, parameterized generics in union objects cannot be checked:

>>> isinstance (1, int | list[int]) # short-circuit evaluation
True
>>> isinstance([1], int | list[int])

Traceback (most recent call last):

TypeError: isinstance () argument 2 cannot be a parameterized generic
(. J

The user-exposed type for the union object can be accessed from types.UnionType and used for
isinstance () checks. An object cannot be instantiated from the type:

>>> import types
>>> isinstance (int | str, types.UnionType)
True
>>> types.UnionType ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: cannot create 'types.UnionType' instances

3

The __or__ () method for type objects was added to support the syntax X | Y. If a metaclass implements

__or__ (), the Union may override it:

>>> class M (type) :
def _ or_ (self, other):
return "Hello"

>>> class C(metaclass=M) :
pass

>>> C | int

'Hello'

>>> int | C
int | C

t] 27

PEP 604 — PEP proposing the X | Y syntax and the Union type.

Added in version 3.10.
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AL 3] Zatd BE AA o "k A4te] ofdUt); import foo & foo Bl o] 52 BE AA| 7 &A1
A 27814 21, o obell R foo 2He o B (%) A2 B R EUDH

EEREY ST OEHUREE  dict YUtk o]AZ EE AE H &S AFst= 9H U2
Ytk ol g & sAstd REo A& EHolEo] AAZ AAHAAL, _ dict  oEFFE AT
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yth. __dict_ Y AHAJ AL F
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A5HA] oy o,

K
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414.2 S 29 Fex A AEA

o] 7] of] ) &) A= objects 2} class & FHZ SHA 2.

4143 ¥

F5 AAE B4 A2 wElPUh ¥4 AAC W AT ANe TE}E AYUch:
func (argument-1list).

S AA o= W‘ ot ARG AL A o] et 7 M SR AU F e BE 22 A
T3S AGotARE FHo| 2R R /HE o= Az 3 cgq;}_

ZFA] 8 A B = function S HAIA] 2

4.14.4 A=

Methods are functions that are called using the attribute notation. There are two flavors: built-in methods (such as
append () on lists) and class instance method. Built-in methods are described with the types that support them.

If you access a method (a function defined in a class namespace) through an instance, you get a special object: a
bound method (also called instance method) object. When called, it will add the se 1 f argument to the argument list.
Bound methods have two special read-only attributes: m.___self  is the object on which the method operates,
and m.___func___is the function implementing the method. Calling m (arg-1, arg-2, ..., arg-n) is
completely equivalent to callingm.__ func__ (m.__self_ , arg-1, arg-2, ..., arg-n).

Like function objects, bound method objects support getting arbitrary attributes. However, since method attributes
are actually stored on the underlying function object (method.__func
methods is disallowed. Attempting to set an attribute on a method results in an At t ributeFError being raised.
In order to set a method attribute, you need to explicitly set it on the underlying function object:

>>> class C:
def method(self):
pass
>>> ¢ = C()
>>> c.method.whoami = 'my name is method' # can't set on the method
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
(ch sl ol Aol A1)
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(o] 3| o] A ol A Al)
AttributeError: 'method' object has no attribute 'whoami'
>>> c.method._func__ .whoami = 'my name is method'
>>> c.method.whoami
'my name is method'

See instance-methods for more information.

4145 7= A A

Code objects are used by the implementation to represent “pseudo-compiled” executable Python code such as a
function body. They differ from function objects because they don’t contain a reference to their global execution
environment. Code objects are returned by the built-in compile () function and can be extracted from function
objects through their ___code___ attribute. See also the code module.

Accessing ___code___raises an auditing event object .__getattr__ witharguments objand "__code__".

SE AR exec () BE eval ) W F5 (22 EALD BA) Aol AFSHAY G 7T
<k,

ZA 3 A H = typesE HAJ Al L.

] AR = oSS AA S Jepd U AAe 2 WA S type () S22 AT = lF YT Fo
=585 Aao] JHUTE BFE B E types = EE X YHF ] o5& Ao
gL o2 Zo]l AY Yt} <class 'int'>

4.14.7 9 A A

ol AA = YA AR e E8FA It g5 & tEE Yk 5E 3 A4S A YA FF Ut
A st A st @ AA7F e, o] 52 None(WF o] 5) YUtTh type (None) () & 22 A2ES

w5
None °o|&}al A J Ut}

4.14.8 Ellipsis 2]

o] A& IntE o g Lol o A 141’/‘r(shclngs FzEA L) EHI A A DeA] sy
A gtetA stte] Ellipsis 2 A 7} O‘Q‘ﬂ, ol Ellipsis(W o] F) YUt type (Ellipsis) () &
Ellipsis A2E< WEUth

Ellipsis Y ... 2 2Y4Ych

4.14.9 Notimplemented 7} %

This object is returned from comparisons and binary operations when they are asked to operate on types they
don’t support. See comparisons for more information. There is exactly one NotImplemented object.
type (NotImplemented) () produces the singleton instance.

It is written as Not Implemented.
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4.14.10 U5 7))

See types for this information. It describes stack frame objects, traceback objects, and slice objects.

415 E2 o]

B0l Jeul, THE B 71x) AA §Rol B4 B4 917 AR o2 HEES 2AFUL. o] B
AR iy () N Bl o8BS A U T

object.__dict__
A9 (227] V5 F) B HEE A e o ALH s DAY EE T e uE A,

instance.__ class

ml

class.__bases___

S AR Hol~ SH2EY FE.
definition.__name___

S, T, mAE, HAaa Y e Al o H
definition.__qualname___

Ze), T, A, AT HE = Ay g ol g

Added in version 3.3.

ro,
[>
i}
[>
lo
o,
llf

rO
[>
rT
[>
1o,
o,
4
o
i
L
l(f

definition.__type_params___

The type parameters of generic classes, functions, and type aliases.

Added in version 3.12.
class.__mro___

ol EFREEHAE AH Tl o] Fd2E e df ugHE S22 RS-
class.mro ()

ol MINEE AR vE AF £AE AR 257 el vt Sl a7t g 5 s

Utk 22 AARAE BEw 5290 3 AT _nro_ o] A%E U
class.__subclasses__ ()
Zt Feae A A B S i3t oFe XY g AEE FAF YT o] A EE ofA Aol
REZRYY2EE EHFULL H2EE BY SAUE Ho JdsUth o

>>> int._ subclasses__ ()
[<class 'bool'>, <enum 'IntEnum'>, <flag 'IntFlag'>, <class 're._constants._
—NamedIntConstant'>]

4.16 Integer string conversion length limitation

CPython has a global limit for converting between int and st r to mitigate denial of service attacks. This limit
only applies to decimal or other non-power-of-two number bases. Hexadecimal, octal, and binary conversions are
unlimited. The limit can be configured.

The int type in CPython is an arbitrary length number stored in binary form (commonly known as a “bignum”).
There exists no algorithm that can convert a string to a binary integer or a binary integer to a string in linear time, unless
the base is a power of 2. Even the best known algorithms for base 10 have sub-quadratic complexity. Converting a
large value suchas int ('1' * 500_000) can take over a second on a fast CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.
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The limit is applied to the number of digit characters in the input or output string when a non-linear conversion
algorithm would be involved. Underscores and the sign are not counted towards the limit.

When an operation would exceed the limit, a ValueError is raised:

>>> import sys

>>> sys.set_int_max_str_digits (4300) # Illustrative, this is the default.
>>> _ = 1int ('2' * 5432)

Traceback (most recent call last):

ValueError: Exceeds the limit (4300 digits) for integer string conversion: value.
—has 5432 digits; use sys.set_int_max_str_digits() to increase the limit

>>> 1 = int ('2' * 4300)

>>> len(str(i))

4300

>>> 1_squared = i*i

>>> len(str(i_squared))

Traceback (most recent call last):

ValueError: Exceeds the limit (4300 digits) for integer string conversion; use sys.

—set_int_max_str_digits() to increase the limit

>>> len (hex (i_squared))

7144

>>> assert int (hex(i_squared), base=16) == i*i # Hexadecimal is unlimited.

The default limit is 4300 digits as provided in sys. int_info.default_max_str_digits. Thelowest limit
that can be configured is 640 digits as provided in sys. int_info.str_digits_check_threshold.

Verification:

>>> import sys

>>> assert sys.int_info.default_max_str_digits == 4300, sys.int_info

>>> assert sys.int_info.str_digits_check_threshold == 640, sys.int_info

>>> msg = int ('578966293710682886880994035146873798396722250538762761564"
'9252925514383915483333812743580549779436104706260696366600"
'571186405732") .to_bytes (53, 'big')

Added in version 3.11.

4.16.1 Affected APIs

The limitation only applies to potentially slow conversions between int and st r or bytes:
e int (string) with default base 10.
* int (string, base) for all bases that are not a power of 2.
e str(integer).
* repr (integer).

* any other string conversion to base 10, for example £" {integer}", "{}".format (integer), or
b"%d" % integer.

The limitations do not apply to functions with a linear algorithm:
e int (string, base) withbase 2, 4, 8, 16, or 32.
e int.from bytes () and int.to_bytes ().
e hex(),oct(),bin().
o > 1A u]] < o] for hex, octal, and binary numbers.

e strto float.
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e strtodecimal.Decimal.

4.16.2 Configuring the limit
Before Python starts up you can use an environment variable or an interpreter command line flag to configure the
limit:

* PYTHONINTMAXSTRDIGITS,e.g. PYTHONINTMAXSTRDIGITS=640 python3 tosetthelimitto 640
or PYTHONINTMAXSTRDIGITS=0 python3 to disable the limitation.

e —X int_max_str_digits,e.g python3 -X int_max_str_digits=640

e sys.flags.int_max_str_digits contains the value of PYTHONINTMAXSTRDIGITS or —X
int_max_str_digits. If both the env var and the —X option are set, the —X option takes precedence. A
value of -7 indicates that both were unset, thusavalue of sys. int_info.default_max_str_digits
was used during initialization.

From code, you can inspect the current limit and set a new one using these sy s APIs:

* sys.get_int_max_str_digits() and sys.set_int_max_str_digits () are a getter and
setter for the interpreter-wide limit. Subinterpreters have their own limit.

Information about the default and minimum can be found in sys. int_info:
* sys.int_info.default_max_str_digits isthe compiled-in default limit.

e sys.int_info.str_digits_check_threshold is the lowest accepted value for the limit (other
than O which disables it).

Added in version 3.11.

=4

Setting a low limit can lead to problems. While rare, code exists that contains integer constants in decimal in
their source that exceed the minimum threshold. A consequence of setting the limit is that Python source code
containing decimal integer literals longer than the limit will encounter an error during parsing, usually at startup
time or import time or even at installation time - anytime an up to date . pyc does not already exist for the code.
A workaround for source that contains such large constants is to convert them to 0x hexadecimal form as it has
no limit.

Test your application thoroughly if you use a low limit. Ensure your tests run with the limit set early via the
environment or flag so that it applies during startup and even during any installation step that may invoke Python
to precompile . py sources to . pyc files.

4.16.3 Recommended configuration

The default sys. int_info.default_max_str_digits isexpected to be reasonable for most applications.
If your application requires a different limit, set it from your main entry point using Python version agnostic code as
these APIs were added in security patch releases in versions before 3.12.

Example:

>>> import sys
>>> if hasattr(sys, "set_int_max_str_digits"):
upper_bound = 68000
lower_bound = 4004
current_limit = sys.get_int_max_str_digits()
if current_limit == 0 or current_limit > upper_bound:
sys.set_int_max_str_digits (upper_bound)
elif current_limit < lower_bound:
sys.set_int_max_str_digits (lower_bound)
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If you need to disable it entirely, set it to O.
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CHAPTER D

o] W o A, BE o 2] &= BaseException oA ﬂ*ﬂﬂ Zg A AdAEA o:] o ch E
AF 3= except & Zretry BlA, 2 2 1 FeaddA «L}"g 2 =
(BHAIRE 2R o] A ste A9 Sdlae HElshA dsuTth. AH 2 ‘%

el i 2 o5 At EAE 23 S5 AFHA 45y I‘/}
The built-in exceptions listed in this chapter can be generated by the interpreter or built-in functions. Except where
mentioned, they have an “associated value” indicating the detailed cause of the error. This may be a string or a tuple

of several items of information (e.g., an error code and a string explaining the code). The associated value is usually
passed as arguments to the exception class’s constructor.

AR ZEE WZAAE 4o F JFUTh oA A9 A7 A AY Az EH 7 2
o & DA 7= A g oy 2AE Radhe o AFE T S AUtk 28y AR 22T}
FAAR o E DA E AS e Pl flEe TN

Wi ool Zeae A oo & Fostr] fs B A 2 4 JdH5YTh BaseException ©] oy g}
Exception EFfH/\ U I AE FHA F oA 2L A2 E SHAIAZE A& ETU T dl&] Ao
3k o] e A H = vlo] A 25 A] 9] tut-userexceptions ol 951 Tk

5.1 Exception context

Three attributes on exception objects provide information about the context in which the exception was raised:

BaseException.__context__
BaseException.__cause___
BaseException.__suppress_context__

When raising a new exception while another exception is already being handled, the new exception’s
__context___ attribute is automatically set to the handled exception. An exception may be handled when
an except or finally clause, or a with statement, is used.

This implicit exception context can be supplemented with an explicit cause by using from with raise:

[raise new_exc from original_exc

The expression following £ rom must be an exception or None. It will be set as ___cause___ on the raised
exception. Setting ___cause___ also implicitly sets the __suppress_context___ attribute to True, so
thatusing raise new_exc from None effectively replaces the old exception with the new one for display
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purposes (e.g. converting KeyError to AttributeError), while leaving the old exception available in
__context__ for introspection when debugging.

The default traceback display code shows these chained exceptions in addition to the traceback for the exception
itself. An explicitly chained exception in __cause___is always shown when present. An implicitly chained
exception in __context__ is shown only if __cause__ is None and __suppress_context__ is
false.

5 A9 BT, o) AL A AAE ol 9] ol EAIH o] A, Edo] 2uo] kA F- g uA
ool Al ek ol 9] % Ko F U T,

5.2 Inheriting from built-in exceptions

User code can create subclasses that inherit from an exception type. It’s recommended to only subclass one exception
type at a time to avoid any possible conflicts between how the bases handle the args attribute, as well as due to
possible memory layout incompatibilities.

CPython & 4} A : Most built-in exceptions are implemented in C for efficiency, see: Objects/exceptions.c. Some
have custom memory layouts which makes it impossible to create a subclass that inherits from multiple exception
types. The memory layout of a type is an implementation detail and might change between Python versions, leading
to new conflicts in the future. Therefore, it’s recommended to avoid subclassing multiple exception types altogether.

5.3 Hlo|A Fel&

e

A= F2 ohE o g o wlo]x SR ARG H U T

exception BaseException

BE 0 4SS o0l % FASG T A8 3] Fahol <15
(J_E‘] EHO 2 Exceptiong AFESIAM R). o] F 29 A
Aadaz Agd A (E) Y 2de EHF YT 011}7} R 4

args
o 9] A4 Aol Fof 7 1% =, Q8 Y o9 (ol 0sErron £ B4 49 AAE 7Y
B3 o] BEo| @ ho] B3 o u] S B WE, ThE AS L HE © B w| A2 A B
gy FAdew 5290

with_traceback (1)

This method sets b as the new traceback for the exception and returns the exception object. It was
more commonly used before the exception chaining features of PEP 3134 became available. The
following example shows how we can convert an instance of SomeException into an instance of
OtherException while preserving the traceback. Once raised, the current frame is pushed onto
the traceback of the OtherException, as would have happened to the traceback of the original
SomeException had we allowed it to propagate to the caller.

try:

except SomeException:

tb = sys.exception().__traceback___
raise OtherException(...).with_traceback (tb)
__traceback__

A writable field that holds the traceback object associated with this exception. See also: raise.

add_note (note)
Add the string note to the exception’s notes which appear in the standard traceback after the exception
string. A TypeError israised if note is not a string.

Added in version 3.11.
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__notes___
A list of the notes of this exception, which were added with add_note (). This attribute is created
when add _note () is called.
Added in version 3.11.

exception Exception
EEAN2E F5 QO W dge o] Z2Ha FAAFYTH BE ARRA A Y A= o] Zef2olA
4= o] of gt

exception ArithmeticError
e 4s et o g Q59 Mol Zea: overflowdrror,
ZeroDivisionError, FloatingPointError.

exception BufferError
W3 B AN ST 5 QLS o YT o

exception LookupError

5.4 A2l <l 2]

e ool & dutH o r A dored AHEStE ol Yy th
exception AssertionError
assert #o] Ao uf LAt
exception AttributeError
o] E 8]/ E X (attribute-references & H A 8) L} o o] Ao & wf LA FU T (AA 7 A ERRE
FzuolERE = ofdll A PR ko™ TypeError 7H ¥ TH)
The name and ob7j attributes can be set using keyword-only arguments to the constructor. When set they

represent the name of the attribute that was attempted to be accessed and the object that was accessed for said
attribute, respectively.

A 3.109] A ¥ 7 : Added the name and ob7 attributes.

exception EOFError
input () F7FdlolHE YA X3 e ol A EOF (end-of-file) &5 vhd o "I 3
SIM| S i0.I0Base.read () & io. I0Base.readline () WA E=EOFS vhduj vl
=HEUHh)

exception FloatingPointError
A A& A dF Ut

exception GeneratorExit
A d ol = FFE o] &g o WA ST} generator.close () £ coroutine.close ()
E BHAANL. 71EA0E o877l ol B E Exception AlO)| BaseException < A F A<
Y,

exception ImportError
import 20| EES ZESIE o EAZF IS uf dA YT ESF from ... import oA YXEE
seit ol e 22 4 g2 WE APk
The optional name and path keyword-only arguments set the corresponding attributes:

name
The name of the module that was attempted to be imported.
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path
The path to any file which triggered the exception.

WA 3304 M named} path A EREE F7HAF YT
exception ModuleNotFoundError

TmportError o] AH Zef2QlH], RES 32+ fle W import 7F 42 Ytk sys.modules
o] A None o] HAE w] = wAl s},

Added in version 3.6.

exception IndexError
NA2 QEAT RS Hold u) AU (Fehol2 AHat S 4H FY Yol ol AES
Aoz FYYTh Qe 27t 47k ohU ' Typerrror 7h AR Th)

exception KeyError
w3 (4 ) 717k 71 7] A el A 2AH A o2 W A gy o
exception KeyboardInterrupt
AFE27Y QI EHE 7] (YHFA S F Control-C =& Delete) & ¥ & uf 2T} A3
o

AHAE BAZF A7 A2 AP UL Fxcept iong Fe A=of 8] 5] 254, <
2] g 7], Z83%l= A8 A B35 & BaseException & 7:" Ai}qq’
#Fx

Catching a KeyboardInterrupt requires special consideration. Because it can be raised at unpre-
dictable points, it may, in some circumstances, leave the running program in an inconsistent state. It is
generally best to allow KeyboardInterrupt to end the program as quickly as possible or avoid raising
it entirely. (See Note on Signal Handlers and Exceptions.)

exception MemoryError
Zh o] W@ 2] 7} R 5A v, o] o] W) (AR AR5 AR A) 87D
ok AdE g2 old T/ (WF) Aibo] w2 E ok A W H=AE e
W 2 2] el ob7) B4 (C2] malloc O F) W, AB LIk G o] 4BE e el 27
4 9 AL opyIeh; TR BAIE Hol 2 5lo] 419l AEE s, 28 =

éﬂl

— AT
ANT 5 Y% ) S Jo Atk
exception NameError
A EE A o] 5L He e W BATUTE o= AT A ke ol Belw A5F Uk
AdE g2 él% T RE °lE2 2E ol HAA YT
The name attribute can be set using a keyword-only argument to the constructor. When set it represent the
name of the variable that was attempted to be accessed.

B A 3.109] 4] ¥ 7 : Added the name attribute.

exception NotImplementedError
o] o9& Runt imeError oA PP UTE ALGA}F Aol o)z Fej 2ol A, 5 Zej 27t A
e E S g 7ot 4 WA=, FUAT} R £ AA 7 2
Leh ) o] o] 9] 2 w9 A 7 of U .

AR U H M =7} ool A FH A] =tk Ae YRt = d AR el A= dgun -2 Fe=
AAR}L/ AN EE A FA AL, B S A None 02 AAFAAA L

i
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z3

NotImplementedError and Not Implemented are not interchangeable, even though they have
similar names and purposes. See Not Implemented for details on when to use it.

exception OSError ( [arg] )

exception OSError (errno, strermr[, ﬁlename[, winerror[ ﬁlenameZ] ] ]

o] of| &)= A ~H T A2~ A & el w DA, “otd S 22 5 sy th(ile
not found)” U} ] 2 217} 3F Zk35 1] o disk full)” 9 22 (2T A AF ol L} the R 9l o7
old) d& 9 A9 g =gk

AAAL FHA G ofo] AHE AP o2 FES ARG P o=l HEE AFHA
2o m 7|84 0% vone ol AUTh ol A W AT TS 8%, A N AR AL B, args
‘ ZgFuct.

O o

None
NEYREEL AL F AR AR 272

3

e AA Y, A A= F5F 0sError o A B ZHAE EHFUTH FA

HQ A B Ze AL H%F crrno ol Thet B o] B2 055rror B A0 TS BHL 5
AT TR dojw, Hr e A e s 44w A o
errno

CH4 errno 2 HE & X o3 ZE.

winerror
A=A, ol B A= o2 =5 AF YT errno o EEJFEE o v|o] g H o &
FEEPOSIX ZEZ tf 2 H&e APt
5 ol A, winerror 447} QA7 A5 S, errno o ERHEE AP o7 TE A
A W ermo A AP UTE THe ZRB N winerror AAL7F FAIS 3 winerror
JEZREZI 5 U

strerror

} o 2] W A A]. POSIX | Al+= C &4 perror () &, dEFoA=

filename
filename2

(open () S os. unlink () 9 22) 3 A28 F 29} BAR o9 2] A, £ilenanc &
U]-/\Oﬂ ZJQ-Q J,]—O] O]Eot]qq_ (OS rename()xiﬂq)_,_ﬂ%_/] _L]—O] /\]i\_%] %E%—?’E‘l‘—a“f‘
S0 AL filename2 = 5 WA 3} o] &9 3l FgHu T}

WA 330X WA EnvironmentError, IOError, WindowsError, socket .error, select.
error,mmap.error 7} OSError 2 HE 11, A= AB ZHPAE 9318 4 9lG5 U th

WA 3.40] 4 ¥ 7 : The £ilename attribute is now the original file name passed to the function, instead
of the name encoded to or decoded from the filesystem encoding and error handler. Also, the filename2
constructor argument and attribute was added.

exception OverflowError

Raised when the result of an arithmetic operation is too large to be represented. This cannot occur for integers
(which would rather raise MemoryError than give up). However, for historical reasons, OverflowError is
sometimes raised for integers that are outside a required range. Because of the lack of standardization of
floating-point exception handling in C, most floating-point operations are not checked.

exception RecursionError

o] 8 & RuntimeError A AP UL JAHZAHZF H A 7ol (sys.

getrecursionlimit () FZ)7} 23592 A o Gt

Added in version 3.5: o] A= FWM 3} Runt imeError 7} WA PS5t}
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exception ReferenceError
o] 9% weakref.proxy () B4/t BHE @ P2 2|7 o) u] Zpu)A) £R9 Fx hAbe)
olERES AN Ate o AHEE o) LR g Fzo] e o AA S FHE veakref
BES BAAL.

exception RuntimeError
O ol £k ofw ol 7 A AE w AU ddE e A2s] Fol AREH A=A E
Uty = EAE U th

exception StopIteration
ol ool o sl BdE FEol o
_next_ () {IAEZF Dot

value

Tt A< L7 A6, W 4 nexe () 2F o] B g o] B €]

The exception object has a single attribute value, which is given as an argument when constructing the
exception, and defaults to None.

Aoy b 358 e A W), A stopIteration QAHAE DAYAZ AL, F471 5
FE 2 o] B4R value i HSE AMS Y T

AYd ol =7 AZMH A SR Stoplteration S O 7|, RuntimeError 2 AEH Y
(StopIteration 2 A o229 ¥ (_ cause_ )2 &2 FAFYTL}H.

o}
WA 33004 W7 value o B RES AV o H Bt o] g BT E /152 2 AL U

=S YT PEP 4795 X 5HA4 8.
WA 3704 M7 7| EAog RE FT oA PEP 4795 A3}t th: Ay &l o g o A A 31
StopIterationo|®]E RuntimeError 2 HEE UTh
exception StopAsyncIteration
Must be raised by ___anext__ () method of an asynchronous iterator object to stop the iteration.

Added in version 3.5.

exception SyntaxError (message, details)

Raised when the parser encounters a syntax error. This may occur in an import statement, in a call to the
built-in functions compile (), exec (), or eval (), or when reading the initial script or standard input
(also interactively).

The str () of the exception instance returns only the error message. Details is a tuple whose members are
also available as separate attributes.

filename
Y LRI BT FAY o) E.
lineno
SRS stde] & WE. A9 R YTh 51de) 3 WA L LinenoZt 1YY Th
offset
SFR7IEAAS E] F. 1-AdGAF UL 29 A AR EAE= offseto] 1Y th
text
SFE TG LA FEHAE

end_lineno

Which line number in the file the error occurred ends in. This is 1-indexed: the first line in the file has a
linenoof 1.

end_offset

The column in the end line where the error occurred finishes. This is 1-indexed: the first character in the
line has an of fset of 1.
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For errors in f-string fields, the message is prefixed by “f-string: ” and the offsets are offsets in a text constructed
from the replacement expression. For example, compiling f’Bad {a b} field’ results in this args attribute: (‘f-
string: -+’ (’, 1, 2, ‘(ab)n’, 1, 5)).

B A 3.100)| 4] ¥ 7 : Added the end linenoand end offset attributes.

exception IndentationError
AR Sojxr o AHE B L Fo vlola ZYPAYUTh syntaxError & A B ZeA YU th
exception TabError
2717 4B e B ool A AMES 23 A AP YUTE IndentationError 9
AME AU
exception SystemError
Qe Z e el 7} i o e & WAPA T, BE Y-S £/ whF Aol A 2s) BolA L LS o
AU d3E #H2 FAl AREFJEA (HFEL §o2) el 2AE d Yt
Hejztol Al &efof gt sfol i Bz e B o] WA (sys.
Uth, g2t o] mAA (29 dad

2a9e) 228 AFd FAA L

%5
e
W)
e
kB
NS
ofr b
% >
<l
5
2%
)
iy
10 fo
lo
Y :
I A
s
=2
k
o
oL
b

exception SystemExit
o] A= sys.exit () 7 Ao YTh Exceptiong Fe ZE| 3 +A3] 734 A=
E, Exception thAlol BaseException < A&gUTh o2 A 31 o9 7} EulE A A uly of
A zelg st FRPUCh AelH A Fow, shol A Az FRYUh 28 Edo|aue
AMN= A 5T B YA e sys.exit () ol ABH A 22 A A AAHE wolE Ut ghol
Arold Ala’ T8 AHE A TUT(CY exit () Tl AEHUTH; None o|H T35 HEl=
0dUTh T2 F(h BAD) ol AR gho] A4H 1 B8 el 19T
sys.exit () ol T T EL o2 Mo 5iA 2] A2]7] (try ¥ finally &) 7F AL
== gtk TeM AL Ao AL BT AW Qo] 2AYES LY 5 YUtk 54 F
E7hEYAe 2 dest ARoleos. _exit () FFE AT S AFUTH(AE £, 05. fork ()
T= 5o A4 A2 A).
code

A7kl AeE = T8 A £ ollg A A AU (7] 232 None YU Hh)

exception TypeError
A abol Lt 7 R A W3 o} A
BEE AFohe 2AE YU Th
o] )= AA| ol A= Aite] AP A tom I1d ok ¢SS U] Al AFE A Z =7}
AN D 5 AU Th B AR 7 ol A4 A AT o A UH B b2 T AL A FFA b
A2, Not ImplementedError S WA A 7)== ZA o] Agshy ).
B2 Y] AxE AL (713 int B 7lhshed 1ise S AL, Typerrror & DO Aok
Fuoh shA R FRE e e AAE AEetd (U M| dolA = 4D valueError &
21 © Aok gk,

exception UnboundlLocalError
bl A=A A W FRsA R, S Al ghel A A A grow AU L) o]zl e
NameError o] A B Z 2 YrTh

exception UnicodeError
FUIE FH 39 == dEZd o7t dojd wff HAF YT valueError o AH Y2
Ut
UnicodeError = Q3 QoY iy o8] & A 3t= o] E g
err.object[err.start:err.end] %ifi]‘ o] é-_ﬂ]?_]' 5

i

Utk dad g2 @ =G A ol e Al

NI

d

=2
o

|2 w24y

L

FEE 7ML dsUth A& S0,
9 d=8s AFdTh

encoding

e BN ATl o] 2Tt
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reason
FAAA 7Y 2 FE Asts B Yk
object

;o) dlmd i vz she 3 A= AR YU
start
object o = ZXA tlolH o HZ A2 Ut
end
object of Yl vpAEte 2 FEE vl o]H 9| vtz thE dg g th
exception UnicodeEncodeError
A3Y Foll FUZE &4 ol 7F dojubd DAY UnicodeError & A H ZEiA Yyt
exception UnicodeDecodeError
gzig Foll ruze & o217 dojubd DAY th UnicodeError & Al B St
exception UnicodeTranslateError
WY Foll FUZE FE o7 oyl BB G YT UnicodeError o AH S~ P

exception ValueError

QA4bolu} 47t SulE Fol A e A A3 ghS 741 AAE ek, A%o] Indexirror AH T
FAA ) o9 2 A A ere A AT

exception ZeroDivisionError
e td Et EE8 4o F A 70 wf AU o, AdE 32 o Ak 3 AadkE
e e Bxrd Q.

o2 ool ol A M Tke) TS A8l KA B U sho] M 338 B € osError o @AYok
exception EnvironmentError

exception IOError

exception WindowsError
A=A vk AL T 5 QLT

5.4.1 OS 99
th2 9] o9& 0sError o A H FE|Aol, Al2H o2 o wheb Ay

exception BlockingIOError

Raised when an operation would block on an object (e.g. socket) set for non-blocking operation. Corresponds
to errno EAGAIN, EALREADY, EWOULDBLOCK and EINPROGRESS.

0SError & A Yo &, BlockingIOError = oJEZHEE s ¢ 714 &4 U5yt

characters_written

B2 7)ol 2250 & £ £ Lok A% o] of el s 2EAN WAY 2
92 FULE AT 2 45 A5y

exception ChildProcessError

Raised when an operation on a child process failed. Corresponds to errno ECHILD.

exception ConnectionError
AZ Hd FA o gt wo] A S A YT

Hli%%ﬂkﬁ%}BrokenPipeError,ConnectionAbortedError,ConnectionRefusedError
9 ConnectionResetError YU th
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exception BrokenPipeError
A subclass of ConnectionError, raised when trying to write on a pipe while the other end has been
closed, or trying to write on a socket which has been shutdown for writing. Corresponds to errno EPIPE
and ESHUTDOWN.

exception ConnectionAbortedError
A subclass of ConnectionError, raised when a connection attempt is aborted by the peer. Corresponds
to errno ECONNABORTED.

exception ConnectionRefusedError
A subclass of ConnectionError, raised when a connection attempt is refused by the peer. Corresponds
to errno ECONNREFUSED.

exception ConnectionResetError
A subclass of ConnectionError, raised when a connection is reset by the peer. Corresponds to errno
ECONNRESET.

exception FileExistsError

Raised when trying to create a file or directory which already exists. Corresponds to errno EEXTST.

exception FileNotFoundError

Raised when a file or directory is requested but doesn’t exist. Corresponds to errno ENOENT.

exception InterruptedError

Raised when a system call is interrupted by an incoming signal. Corresponds to errno EINTR.

WA 35004 WA oA sho]l 2 AlAHl TEo] Al g osf FE wl, Al1d A 277 el e S
do = ALE AL (o] F=PEP475 & A ZRSIM ), InterruptedError 5 42.7]+= thAl
Ned 528 AN =TT

exception IsADirectoryError
Raised when a file operation (such as os. remove ()) is requested on a directory. Corresponds to errno
EISDIR.

exception NotADirectoryError

Raised when a directory operation (such as os. 1istdir ()) is requested on something which is not a di-
rectory. On most POSIX platforms, it may also be raised if an operation attempts to open or traverse a
non-directory file as if it were a directory. Corresponds to errno ENOTDIR.

exception PermissionError

Raised when trying to run an operation without the adequate access rights - for example filesystem permissions.
Corresponds to errno EACCES, EPERM, and ENOTCAPABLE.

WA 3.11.19] 4 H 7 : WASDI’s ENOTCAPABLE is now mapped to PermissionError.

exception ProcessLookupError

Raised when a given process doesn’t exist. Corresponds to errno ESRCH.

exception TimeoutError

Raised when a system function timed out at the system level. Corresponds to errno ETIMEDOUT.

Added in version 3.3: 918 2 E 0SError A B Z 271 F71E 95U T

t] B
PEP 3151-0S 2 10 9|9 A& = A2
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5.5

o,

al

o2 oes AL T2 AGHUTH A AR = A0 1T AEAAE EAAL.
exception Warning
A1 Wl welx Ze 2
exception UserWarning
A2} SE o) 23] BE o)A & A Wol 2 FejITh
exception DeprecationWarning

A9 750l gk A1) Wola Fel A, 2 A 17} ohe sho] A A ALE A
<9,

__main__ BE& AL s, 7|2 A3 el o) FAIF Yth(PEP 565). sholxl Y =g
g7gdststd o] Fazt mAg YTk

The deprecation policy is described in PEP 387.

fu
o
rr
o,

exception PendingDeprecationWarning
Ol = AREE A 3L el ol S| A2 A o] A e A7 B A A A= k2 7150l & Ao H

G0z 92 SE Yt A0 B ATE ANA oA 7] W Eol, o] T2t A A A
syt olu] @43 H R ol|= DeprecationWarningg A U}
712 Ao FE ol el FAIFH U shold i R =5 A3t e o] Farvt ;AIE YT

The deprecation policy is described in PEP 387.
exception SyntaxWarning

B ol tid Aare] wlolx e Ay th
exception RuntimeWarning

5o AY A5 e 3] Wo] 2 Fej 2~k

exception FutureWarning

A2 H 7)ol e gk Ao Wolx Ze A, 1A
ANeAE e s s A4S U

exception ImportWarning
BE YZE YS F A= S st Ao
718 A4 el o8 FAFE Y sho]d T
exception UnicodeWarning
FUZE=S dEE oo wlola @AYyt

exception EncodingWarning

Astelioz A4E Sz A5

K

3
o
[
)
[
0
A
I

td

yl

it
ik iy
ox
ot
ok
g
o s
oY,

K

N

F
>
A}
<
v

Base class for warnings related to encodings.
See Opt-in Encoding Warning for details.
Added in version 3.10.
exception BytesWarning
bytes W bytearray & FHE A9 wo]A Fefa~Yth
exception ResourceWarning
A9 A3 HAE A wle) 2~ Fe 2tk
718 A3 el oa FAFH UL sto] 4l 7 R =5 GA S e o] Aart AH Yth
Added in version 3.2.
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5.6 Exception groups

The following are used when it is necessary to raise multiple unrelated exceptions. They are part of the exception hi-
erarchy so they can be handled with except like all other exceptions. In addition, they are recognised by except *,
which matches their subgroups based on the types of the contained exceptions.

exception ExceptionGroup (msg, excs)

exception BaseExceptionGroup (msg, excs)

Both of these exception types wrap the exceptions in the sequence excs. The msg parameter must be a string.
The difference between the two classes is that BaseExceptionGroup extends BaseException and it
can wrap any exception, while ExceptionGroup extends Exception and it can only wrap subclasses
of Exception. This design is so that except Exception catches an ExceptionGroup but not
BaseExceptionGroup.

The BaseExceptionGroup constructor returns an ExceptionGroup rather than a
BaseExceptionGroup if all contained exceptions are Exception instances, so it can be used
to make the selection automatic. The ExceptionGroup constructor, on the other hand, raises a
TypeError if any contained exception is not an Except ion subclass.

message

The msg argument to the constructor. This is a read-only attribute.

exceptions

A tuple of the exceptions in the excs sequence given to the constructor. This is a read-only attribute.

subgroup (condition)

Returns an exception group that contains only the exceptions from the current group that match condition,
or None if the result is empty.

The condition can be either a function that accepts an exception and returns true for those that should be
in the subgroup, or it can be an exception type or a tuple of exception types, which is used to check for a
match using the same check that is used in an except clause.

The nesting structure of the current exception is preserved in the result, as are the values of its message,
_ _traceback__,__cause__,__context__and___notes__ fields. Empty nested groups are
omitted from the result.

The condition is checked for all exceptions in the nested exception group, including the top-level and any
nested exception groups. If the condition is true for such an exception group, it is included in the result
in full.

split (condition)
Like subgroup(), but returns the pair (match, rest) where match is
subgroup (condition) and rest is the remaining non-matching part.
derive (excs)
Returns an exception group with the same me ssage, but which wraps the exceptions in excs.
This method is used by subgroup () and split (), which are used in various contexts to break up an

exception group. A subclass needs to override it in order to make subgroup () and split () return
instances of the subclass rather than ExceptionGroup.

subgroup () and split () copy the _ traceback_ _, _ cause__, _ context__ and
___notes___fields from the original exception group to the one returned by derive (), so these fields
do not need to be updated by derive ().

>>> class MyGroup (ExceptionGroup) :
def derive(self, excs):
return MyGroup (self.message, excs)

>>> e = MyGroup("eg", [ValueError(l), TypeError(2)])
(Th= sl o] A ol Al%)
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(o1 sl o] Al el A A%

>>> e.add_note ("a note")
>>> e._ _context_ = Exception("context")
>>> e._ _cause__ = Exception("cause")
>>> try:

raise e

except Exception as e:

exc = e
>>> match, rest = exc.split (ValueError)
>>> exc, exc._ _context_ , exc._ cause_ , exc._ _notes_
(MyGroup ('eg', [ValueError (1), TypeError(2)]), Exception('context'),.

['a note'])
match.__ context_ ,
[ValueError (1)1),

—Exception ('cause'),
>>> match,
(MyGroup ('eg',
—['a note'])
>>> rest, rest._ context
(MyGroup ('eg',
—'a note'])

—0

[TypeError (2)1),

True

match._
Exception ('context'),

rest.__ _cause
Exception ('context'),

match._ _notes_
Exception('cause'), .

cause__,

rest._ _notes_
Exception('cause'), [

—

>>> exc._ _traceback__ is match._ traceback__ is rest.__ _traceback_

J

Note that BaseExceptionGroup defines __new___

(), so subclasses that need a different constructor

signature need to override that rather than __init__ (). For example, the following defines an exception
group subclass which accepts an exit_code and and constructs the group’s message from it.

class Errors (ExceptionGroup) :
def _ new__ (cls, errors, exit_code):
self super () ._ _new__ (Errors,
self.exit_code exit_code
return self

def derive(self,
return Errors (excs,

excs) :
self.exit_code)

L

f'"exit code:

exit_code /", errors)

J

Like ExceptionGroup, any subclass of BaseExceptionGroup which is also a subclass of

Exception can only wrap instances of Exception.

Added in version 3.11.

57 A& AF Fx

Wi eele gl AS F2E v Zsdth

BaseException
F———-BaseExceptionGroup
F———-GeneratorExit
F“*Keyboardlnterrupt
F———-SystemExit
I————Exception

F————ArithmeticError

| F“‘*FloatingPointError

| F“‘*OverflowError

| L— 7eroDivisionError
F————AssertionError

——AttributeError

F“‘*BufferError

F———EOFError

F———-ExceptionGroup [BaseExceptionGroup]
F“‘*ImportError

(h& sl o] A ol Al<%)
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| L——ModuleNotFoundError

IiLookupError

| I— IndexError

| I—KeyError

IiMemoryError

IiNameError

| L—— UnboundLocalError

I—OSError

| IiBlockingIOError

| IichildProcessError

| I—ConnectionError

| | I—BrokenPipeError

| | HConnectionAbortedError

| | HConnectionRefusedError

| | L— ConnectionResetError

| I—FileExistsError

| I—FileNotFoundError

| Ii InterruptedError

| I— IsADirectoryError

| I—NotADirectoryError

| I—PermissionError

| IiProcessLookupError

| L— TimeoutError

I—ReferenceError

I—RuntimeError

| IiNotImplementedError

| L RecursionError

I— StopAsyncIteration

I—Stoplteration

Ii SyntaxError

| L— IndentationError

| L—— TabError

I— SystemError

Ii TypeError

I—ValueError

| L—— UnicodeError

| ——UnicodeDecodeError

| ——UnicodeEncodeError

| L——UnicodeTranslateError

|—Warning
I—BytesWarning
liDeprecationWarning
I—EncodingWarning
I—FutureWarning
— ImportWarning
IiPendingDeprecationWarning
I—ResourceWarning
I—RuntimeWarning
— SyntaxWarning
IiUnicodeWarning
I;UserWarning

(o1 sl o] Al el A A%
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CHAPTER O

BAE 2 A2

o ol st EEL FHAT TAE 22 A4 7 H A E A Au| 2 AT du o
N

HFol 1 2] T o] § A H]

L3 HAE A Y —ar ol Y el u e W 24

6.1 string — Common string operations

A2 F = Lib/string.py

o B
HiE ADL

A ml A

(A

6.1.1 &x49 A4

)

Yt

o) REol B)R A4 e 2

string.ascii_letters
ol#fjoll Y8+ ascii_lowercase®} ascii_uppercase A4E o]ojEQ AYYrt} o] ke =
Aol o] EA o)A k5 Ut

string.ascii_lowercase
4282} 'abedefghijklmnopgrstuvwxyz'. o] 2 2 A Loj Q& A o] x| ¢k HAE R &5
e}

string.ascii_uppercase
o) ¥4} ' ABCDEFGHIJKLMNOPQRSTUVWXYZ'. ©] & A doj o &F o] ok WA A I
e,

string.digits
EXYE 10123456789,
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string.hexdigits
B2YE '012345678%abcdefABCDEF .

string.octdigits
TR 101234567 ".

string.punctuation
c E?ﬂ Aol A 73 ZAE ZHF 3= ASCIL FAHY] ZAFG: 1 "#8%s& " () *+,—./:;<=>2Q [\
1"~

string.printable
oy 758t Ao 2 7HFE 3= ASCH EAF2] B4, digits, ascii_letters, punctuation,
whitespace 9 23t}

string.whitespace
FWlo g 7hFohs 5 ASCI A 23H5te ZAHE. of 7]ol& & o, |, & vlg, 7] 2] A
g8, Al W R E 5= Bk 2R

6.1.2 A}-&2} 2| EAE Zul g

W B Boh st PEP 3101 o) ARE rormat () MASE B B U AT Y g RIS
TP ¢ A= 7SS AFTIUL string BEY Formatte giﬂi% W& format () WA EL} ZE
AL AL ool AR BAd oY 42 BN A4 9T 5 O Tk

class string.Formatter
Formatter Ze¥j2ol& o3 22 370 WA =71 5 Ut
format (format_string, /, *args, **kwargs)

7] API W‘:%MD} EBH AT dejel f1A] 8 719 E ARk A e wetsdyth
o AL viormat () & TEdE= L BY Uk

A 3700 W7 £ 2AD AR o)A 914 A& YU

vformat (format_string, args, kwargs)

o g4t AA W AP L SATY T rargs 9 *rkwargs BH S A IS
ARAL A2 A AR F ohA A A w2 A B 9 DA E A
S A9E A% S YL wIYULE viomar () £ 2N EAAL £ b olels}

B3 ch obelol 49 CheFe WA =8 T2 T,

z9]
] 3k "JEE —cﬂﬁ}t AL+
B S o A E EH g B wAEE FYFdTh:

olo| O &l], Formatter «

parse (format_string)
format_string-& %
kgt o] A
e},

FEY e YO Y B AEs 1 HE Gl st AT B=o] WS ek
O eHE gAEs gl A9 (5 A A BEAAS A0 2 e 49 BT 5 U
Yy}, literal_text = 2 0] 710 BAE AUt X3 B =7} Q= A3 field_name, format_spec 2
conversion 3}-2 None ¢ U th

LA FZ (literal_text, field_name, format_spec, conversion) 2] ©|E 2 &<
2 viormat () o] EAE S g HE §AEL} X FER Urt U AHSE

get_field (field_name, args, kwargs)
parse () 7F 3L field_name & (915 EA2) =W E AR 2 HEA Y} FZ (obj, used_key)
E sty 712 WAL “Olname]” ©] L} “label.title” 3} Z+o] PEP 3101 °ﬂ 7‘494 H g 7
7(]—011 S wlhol= <t} argsﬁ]—kwargS% viormat () o AEH A 25Ut 9k 3k used_key
= get_value () ¥ key "j7) W9} 22 onj 7} Q&Y Th

get_value (key, args, kwargs)

A48 B0l @8 AT key AL A% TEEAD YT A50) AL o] Sl
97 Q7ke] el A2 e LU Th EAFA Q) A%, kwargs of] 91 o] 9 A ey )
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args M7 M= viormat () & 12 AR BE 07 AAE I, kwargs W] 7] 4= 7] Y= 2z}

a0
2
s
A
u
i
o
it
<
v

o183 drE e o] 59 A WA 4 4o ARt S EH U
A EFE Z AdA A4S B8 A=g UTh

YA 2 E0], BE EFA ‘Oname’ 2 get_value () 7tkey QA0CE TEH T2 )

=

T Esto] 23

=
name OJE BB E = get_value () 7} ¥1&3E Zo| J & getattr () S
U},
Aelx = 7| ETFEAEHA ¢ FF = FXR 6, IndexError U KeyError 7} A
.

check_unused_args (used_args, args, kwargs)
A5he A9 A oA g AAHE AARIES FAT T o] Tl t@ Ak 29 2R
oA BFEEE BE A% 719 AE G A AR A B4, o BUE AR 49 EAD),
vformat © 2 HAZH args 2} kwargs o] Ul 8k FZ AUl AFEE X 9F2 Qlx}o] g2 o] ujj 7
HEE R ALE = A5k check unused_args () € AAZF AT B¢ o9& 2
N2 Aoz A F,

format_f£field (value, format_spec)
format_field() & &<d A format () W& TTE SEFYUth A B ZeH27 A H 9
&4 Qe E WA=} AP UL

convert_f£field (value, conversion)
(get_rfield() 7} wre3}) Zh(value) S (parse () FINE7L W8ste T2 o Qe A3 22)
ZFo] A M3 53 (conversion) & 2 MBSt} 7] E B H-L s’ (str), ‘T (repr) & ‘a’ (ascii) W
F9€aqgn,

I

6.1.3 =9 %x2}4d

Md
rE

str.format () Uﬂ /\159} Formatter S
(Formatter & A, AR ZHarts 15 A4
W EAY gEE 3 FE JAW, @ AuE, 53] 4o 2d 4

98
2y BALE 32T () 2 YA AR BE AL S0} JHUTH FBE ool 2P A P2 AL
JElg gaEe 235 WA A %1 Az FHo 2Pt ded g 5258 29
sfofote 47, THLE ojaAlolz T YFUTH {({ &)

A% Do) 2o thest 2oy
replacement_field = "{" [field _name] ["!" conversion] [":" format_spec]

field_name = arg_name ("." attribute_name | "[" element_index "]
arg_name = [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string u= <any source character except "]"> +

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

format_spec = format-spec:format_spec

D AAH A G2, N B DEL fiedd_name 0.2 A ZF 5 9], gro] LR o] o] N = A
*ﬂ%ﬁﬂ%ﬂ%ﬂquﬂhwmq o= MelHoz 7157 1" 7} 9ol = conversion B =29}
ZE 110 o] Yol L& formar_spec ©) FUTE ©] g A8 gkl tha) 71 R ghol obd T A F g ok
2 HA vy o] AL FIFAAA L.

The field_name itself begins with an arg_name that is either a number or a keyword. If it’s a number, it refers
to a positional argument, and if it’s a keyword, it refers to a named keyword argument. An arg_name is treated
as a number if a call to str.isdecimal () on the string would return true. If the numerical arg_names in a
format string are 0, 1, 2, -+ in sequence, they can all be omitted (not just some) and the numbers 0, 1, 2, --- will be

6.1. string — Common string operations 121



The Python Library Reference, @ 2] A 3.12.4

automatically inserted in that order. Because arg_name is not quote-delimited, it is not possible to specify arbitrary
dictionary keys (e.g., the strings '10"' or ':—] ") within a format string. The arg_name can be followed by any
number of index or attribute expressions. An expression of the form ' .name' selects the named attribute using
getattr (), while an expression of the form ' [index] ' does an index lookup using __getitem__ ().

HA 310X A A AR} A Z A= str. format() o A AJ=F £ dFUTh ZEfA, () {1}
format (a, b) = '{0} {1}'.format ( ) I ZE=3h ]

WA 3404 " §A] AR} A G A= Formatteroﬂxﬂ A 4 QLU

2 A Zhek e 29 2R oA

pal

l

"First, thou shalt count to " # References first positional argument
"Bring me a "

e

Implicitly references the first positional.
—argument
"From to " Same as "From {0} to {1}"

References keyword argument 'name'

'weight' attribute of first positional arg

First element of keyword argument 'players'

"My quest is "
"Weight in tons "
"Units destroyed: "

H FH W W

The conversion field causes a type coercion before formatting. Normally, the job of formatting a value is done
by the __ format__ () method of the value itself. However, in some cases it is desirable to force a type to be
formatted as a string, overriding its own definition of formatting. By converting the value to a string before calling
__format__ (), the normal formatting logic is bypassed.

A A 7R A Z v AEgE Uk s & foll str() & EF3AL, et 2 Foll repr() &

TE0, "la & fholl ascii () E TEHUTH

2 7HA] <

"Harold's a clever " # Calls str() on the argument first
"Bring out the holy " # Calls repr() on the argument first
"More " # Calls ascii () on the argument first

format_spec BEON & FH& F A= W ol et WA 7 285 o] Qledl, 2= vin], A, A%

© S0l ZRH UL 2 4 BE AA <ol S 0] 9101 - format spec 9] AL ] & % DT,
o2 WL the oA AWete 35 2o d vy Aol A AP th

A format_. spec o EO 09 SHIE AR Z=E 2T 5 JFULE o8 FH A A o=
dEoF, i ST R 2R YAZE2dE 5 JAT B 42 FHLE 5 8HA °}A‘4r/} format_spec
W] X2 B = format_spec TAEB 0] A E 7] Aol AZFH UTh o] A A o] 2R S THCR
A%+ A FUT

2 7FA] Al 2 ol Al Ad S HAA L.

_4

U HAT = 2 A 23 E A& = ol A ke E*l ke ‘%ﬂ% golste ol AHEE Ut
(G AR FHf-strings = H A 2). 0] S 141*‘ format () g °ﬂ AJAdE = dsdth 7
IR M 2 W HAE AT s B g5 2115‘45}.

o] -2 2 Aol oSl the A4S FESA W, IR 20 FAH L2 A Pl A A g Ut
A A=W 2R GATL el str() £ TETF AL 2 ZAE vEE AUt vlo] LA 2
TR P = BE ARE FAFUL

ZE XU AFZA Y] A P AL ok ZHUTH

format_spec = [[filllalign] [sign] ["z"]1["#"]["0"] [width] [grouping option] ["." pz
fill RES <any character>

align := "<" ‘ ll>" | n_mn | nmAmn

Slgn ::= "+" ‘ n_nmn | n "
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width = digit+

grouping_option = L B

precision u= digit+

type ::= "b" ‘ "C" | "d" ‘ "e" | "E" | "f" I "F" | "g" ‘ "G" |

FE G align ko] A W, fil BAF Lol b 5 Lt Qoo BAHE 4+ 93, B 9ol
slo) 27k 7| B o A BUTh £8 £AD e oAk str. format () MAEE A4S
JEE FRECCES ) S AR ST 2 gEYTh T, FHY NS WES AT

g JFUh ol AT format () Teolle FFS HAA sy

cheret 39 g4 o)t et 2eU T

DR

A

<t A s el A BEA A% AR =5 U Th(EHEE AR oA o Zo] 71 R g Th.
>t g b BT oA BEL o 2% AUR B2 JTH(E A A o Aol 7] B g Th.

="' Forces the padding to be placed after the sign (if any) but before the digits. This is used for printing fields
in the form ‘+000000120°. This alignment option is only valid for numeric types. It becomes the default
for numbers when ‘0’ immediately precedes the field width.

T ARE Ths R F X Wl A 2EE Tk ol s A gy o

D= )7t AR A ghow, WE uE G4 BEES AL vl 2L a0 nE, 4d FHL
o
o

BT
4 S5 ol 2 Fpol = LT E ALG S oF §E e U Th

o S o ol ek 552 ARG S of 32 e U Th (ol Aol 7] 8 5 A Y Th.

] o] ool AE 23 o] 28 AHEFI, S4el = mho] U 2 R3S AL S of 72 Lhehy Uk,

The 'z ' option coerces negative zero floating-point values to positive zero after rounding to the format precision.
This option is only valid for floating-point presentation types.

WA 3.119 A M 7 : Added the 'z ' option (see also PEP 682).

The '#' option causes the “alternate form” to be used for the conversion. The alternate form is defined differently
for different types. This option is only valid for integer, float and complex types. For integers, when binary, octal,
or hexadecimal output is used, this option adds the respective prefix '0b', '0o', '0Ox', or '0X"' to the output
value. For float and complex the alternate form causes the result of the conversion to always contain a decimal-point
character, even if no digits follow it. Normally, a decimal-point character appears in the result of these conversions
only if a digit follows it. In addition, for 'g"' and 'G' conversions, trailing zeros are not removed from the result.

A A G FE VIS dE2E ARSI ES Ut 2ALE 1 sE FEA AF g
't A5 EA L AEIAA L.

WA A, FAES F7HSUTHPEP 378 &= HA|2).

The '_"' option signals the use of an underscore for a thousands separator for floating-point presentation types and

for integer presentation type 'd'. For integer presentation types 'b', 'o', 'x', and 'X', underscores will be
inserted every 4 digits. For other presentation types, specifying this option is an error.

WA 3604 MA: ' S F7HF U (PEP 515 = HAR).

widih = 3 4 % BE IS Bl 40 A5 o], AL THA W b2 molg BAHE2 29T

A7 skA Fow, 2= Yul= Wil o3 24 gk

YA A A E o] oA A 2 wl, width BE Fol| "0 FAE £old A Foll sl
L 7= A
=2 T A

=
= T
AeEa AT AsUTh o] AL 10 9 fill FAS} '=" 9 alignment 3= 2t
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WA 3.109 A] ¥ 7 : Preceding the width field by ' 0 ' no longer affects the default alignment for strings.

The precision is a decimal integer indicating how many digits should be displayed after the decimal point for pre-
sentation types 'f' and 'F', or before and after the decimal point for presentation types 'g' or 'G'. For string
presentation types the field indicates the maximum field size - in other words, how many characters will be used from
the field content. The precision is not allowed for integer presentation types.

A O 2 fype > T ol H S F A= W= 2 Ytk

AHG 7 R EAME FA 78St syt

PR

3

b o)A G4 ol PO E 24 S FLILh

o A A a7 Aol 5T AP FULE EAE AT

dr AR AR AAMeE £4E 2P

o1 8194, 8902 SAE AP

x' 167 FALOBTE 2 A A 2EAE AT 6P LR £AE Z T

'X" Hex format. Outputs the number in base 16, using upper-case letters for the digits above 9. In
case '#' is specified, the prefix ' Ox ' will be upper-cased to ' 0X ' as well.

't %A} ot @A 2AY AR AGIHe] A AW 5 PR EAE APV AL
Agstae ra o g eh

g arsheEUh

o

In addition to the above presentation types, integers can be formatted with the floating-point presentation types listed
below (except 'n' and None). When doing so, f1oat () is used to convert the integer to a floating-point number
before formatting.

float Y Decimal ol AH&E 5 = A 732 = 2w Uth:
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DR

4

et FeA ®7%. o)W FUE poll thall, AN ASE TR EAH e B AR
sto] H8d B P o2 22 EAGULE ASE 257 o] A Ao} 254
Aol p AP E AN, Fp + 1 FEAASE Z5UTh AU AR A ghon,
float¥] 73‘—%% 22 Hol| 622 AUEE AL, Decimald ALE RE
A% 5718 EAFULL 248 Fol 277} 908, § §AS 857 g

0]

l
l

l
o

B HeHA £, PR 2AZ DEA B E ASHTE AL A e o 2T
£ 34 258 E7W. Fold AU pol ojs), 259 Aol A3 p A2t e
ERFTE FYEARHA FO W, rloars] FEE 257

Hell 6 =AY AUEE A3, Decimald] AF+& BE AF IAE AT B
23 EALEEAE UL 25 Fd A7 glod, # FAS AHESHA] =
ST AZ Al AEYTH
"B TR AL A E7)H. £ 9 ZHA U nan € NAN © 2 inf & INF 2 #3333}
'g' HE YA FAALYE p >= 1o 3, =AE E%X}pix}ﬂ <4 3 o3,
AHE 7)o wet 1 A5H FAol A 7|HOE YT AUE 02
AEE 13} F53HA A 2 Yth
At 32 o3 E5y

T} A §8 e 9 AUE p-1 2 EE Ao 2%
.ol —m exp < p °|H (7] A m2 floatol A| -4 0] 11

Decimal ©] ¥ 6?}1/]1'/]-) 7\—2}%% HA ' FAYNE p-1- expiﬂ LIR=RBh =
297 o d, 2L EA 99 o' 9 AUEp-1 2 EAFUT. £ A FEI
A ke B W0 W RS AR A A AT L, T ol ol %A ArkA -
&40 AHEE A S B 448 A AT YT,
AR w7 A A5 A Fod, rloace] 4% 6 F8 A5 FUEE A8
Decimal®] B¢, AH AFE g AF A2 FAF U #3H4 27
] Le=6 e} 22 gt A513) A A2kl 155} 2 ol
olom 714 A/\XJ_L7]1§0]}\]- Huytth
S 29 7o, ¢ 29 0, nans+= F U =2} FHSHA 22t inf, -inf, 0, -0, nan
o7 TUigyrh

6 M8 YA, 2AFUT AAY B 2 ABAE A2 AYATL g 9 2EUTh
T3 NaN o] 28 = tf-Z 22 vh U T

a9

'n' Ak &”H AL HAZE ARt A A% 2 L& BAE AYSttE 2S AS
M

' WEE A 1002 FAA LAY () FACE FAS S HEE VS E Y
e,

A floatd AL, 1A A5 BVl AFAE 2R AHEE o, &A4F 32

=+ Ao 3} AL A 2t FE AQSE g & Z2F5 U AR HE
AUT = FoR S SA3] d3t=d Q3w FUot
Decimal® 7%, A AR AEANAEQ] context.capitals Zkoll Wak 'g' L} 'G!
2 25Utk
AANAA &3+ str() g SHS 2 2 AR o5 HAH AAYH =+
Ad Ut

o] L& str.format () Y A2} oA s-Zuf &I 1)

2E E3Y :
HEo mwol oA s- &I} FAEH, () 7 FFFH s A F ;o] AL FUTEH o 2 S,
'$03.2£' £ '{:03.2£}' 2 HIF 5 JFYrh

A EH B Thg oAl Bol: A3} 2ol AEIL chFd SHE A AFLTh

AAZ A AA
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>>> '{0}, {1}, {2}'.format('a', 'b', 'c')

'a, b, c'

>> '{}, {}, {}'.format('a', 'b', 'c') # 3.1+ only

'a, b, ¢’

>>> '{2}, {1}, {0}'.format('a', 'b', 'c'")

'c, b, a'

>>> '{2}, {1}, {0}'.format (*'abc') # unpacking argument sequence

'e, b, a'

>>> '{0}{1}{0}'.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra’

o EOT QA AM 2

>>> 'Coordinates: {latitude}, {longitude}'.format (latitude='37.24N', longitude='-
—115.81W")

'Coordinates: 37.24N, -115.81W'

>>> coord = {'latitude': '37.24N', 'longitude': '-115.81W'}

>>> 'Coordinates: {latitude}, {longitude}'.format (**coord)

'Coordinates: 37.24N, -115.81W'

A7}e] o] E el HE oA 2

>>> ¢ = 3-5j
>>> ('The complex number {0} is formed from the real part {0.real} '
'and the imaginary part {0.imag}.') .format (c)
'The complex number (3-57j) is formed from the real part 3.0 and the imaginary part.
;)_5.0.'
>>> class Point:
def _ _init__ (self, x, vy):
self.x, self.y = x, y
def _ str_ (self):
return 'Point ({self.x}, {self.y})"'.format (self=self)

>>> str(Point (4, 2))
'Point (4, 2)'

RECEE R ES

- e B |
>>> coord = (3, 5)
>>> 'X: 0[0]}; Y: {0[1]}".format (coord)

.
'X: 3; Y: 5

$s I sr WA

>>> "repr () shows quotes: {/r}; str() doesn't: {!/s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

HaE ZE3 ] A4

>>> ' {:<30}"'.format ('left aligned')
'left aligned !
>>> '{:>30}'.format ('right aligned"')

! right aligned'
>>> '{:730}'.format ('centered')
! centered

>>> ' /A4 30)" format ('centered') # use '*' as a fill char
l***********centered***********l

o\

+f,%-£,% fUALES XA

>>> '"{:4f}; {:+f}'.format (3.14, -3.14) # show it always
'+3.140000; -3.140000"

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

>>> '"{: f}; {: f£}'.format (3.14, -3.14) # show a space for positive numbers

' 3.140000; -3.140000"

>>> '"{:-f}; {:-f}'.format (3.14, -3.14) # show only the minus —-—- same as '{:f};
—{:f}'

'3.140000; -3.140000"

$x, so A2 ohE Ao = gL S

>>> # format also supports binary numbers

>>> "int: {0:d}; hex: {0:x}; oct: {0:0}; bin: {0
'int: 42; hex: 2a; oct: 52; bin: 101010'

>>> # with 0x, 0o, or 0Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0Ox2a; oct: 0052; bin: 0b101010"'

)" format (42)

AEE D O FRAR A

>>> '{:,}' . format (1234567890)
'1,234,567,890"

Mg Ed:

>>> points = 19

>>> total = 22

>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"'

38 E0)Y A

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '{:%Y-%m—-%d $H:%$M:%S}'.format (d)

'2010-07-04 12:15:58"

AAF A Hof 53 S oAl

>>> for align, text in zip('<”*>', ['left', 'center', 'right']):

'{0:{fill}{ali )16} " . format (text, fill=align, align=align)
'left<<<<<<<!
'AAMNcenter AN
'>>>>>>>>>>>right!’
>>>
>>> octets = [192, 168, 0, 1]

>>> ' {:02X}{

'COA80001"

>>> int(_, 16)

3232235521

>>>

>>> width = 5

>>> for num in range(5,12):
for base in 'dXob':

02X} {:02X}{ X )" . format (*octets)

print ("{0: {w }{base}}"'.format (num, base=base, width=width), end='" ")
print ()
5 5 5 101
6 6 6 110
7 7 7 111
8 8 10 1000
9 9 11 1001

(th& sl o] A ol Al<)
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(o1 4 s o] A el A A <)
10 A 12 1010
11 B 13 1011

6.1.4 WE2 £

Template strings provide simpler string substitutions as described in PEP 292. A primary use case for template
strings is for internationalization (i18n) since in that context, the simpler syntax and functionality makes it easier to
translate than other built-in string formatting facilities in Python. As an example of a library built on template strings
for i18n, see the flufl.i18n package.

Q28 FAEL o2 73S ARS3Ee] $-718F 23S A A g

« s EolaFAEZdUTh o] AL de s 2 A FFH Uh

e Sidentifier &= W3 7] "identifier" & LA 3t= AT A AIAE AAGFULE 7| EA
O 2 "identifier" &= WZo|L} ASCH gyl o 2 A Z3t= AR 5 9= ASCIH <= A}
(BE 23 FAE 2 A YUth $ B2 A AA v @2} Expe o] A2l BAIAF WA E
a3y

* ${identifier} & $identifier & F5FUTh FET A EA} FA7}F 2}] A A} H o] A1,
Zbe] FAALY] AR 7 ol B 83U, 7FE "s{noun}ification".

EAGo] the B4 02 s o] FFFE valuerrror A EU T

string BE-L o] FAEE F8ote Template FHALE A FF UL Template o WA =& th23%
24Utk
class string.Template (femplate)
AAAE 2L B e wels gt
substitute (mapping={}, /, **kwds)
WEE A B 2 Y, A BADS N O mapping & WE 3] A1) AR A B
2742 Qele) gAY F AR UL Bx, A=) A BEARA AGE AAE A2
g = AFUth mapping D kwds 7} 5 A FE 3L FE o] J& AT, kwds & Ae] A A7
[e]
©

safe_substitute (mapping={}, /, **kwds)
substitute ()2} B3R T, mapping 3} kwds ol XH8] BAIR7Y Qe A-$, KeyError 9|81 &
WA 7| A] a1 A 2] A A A3 BAFE O a2 YERG Ytk E3 substitute ()
b=, s 7FBE A B¢ valueError 3 427+ thAl @3] $ & WU oL
ohe o 27} ol A3 AT 5 AA T, o WA} FA o2 S BANFIE A AL 7}
T T AE S vEel ] A A| £ 517] wZ ol “<HA (safe)” shrhal ¥y ok o mjof A,
safe_substitute () = tASITL & 4= gl 2 92 (dangling)
22 9 22T, FET S0l 1 A WA obd A2 HAAE BB T

8] FAI8H7] vl = Tk

is_valid()

ol
il

-y
M
U
J:O{l

o

[o

o

Returns false if the template has invalid placeholders that will cause substitute () to raise
ValueError.

Added in version 3.11.

get_identifiers()

Returns a list of the valid identifiers in the template, in the order they first appear, ignoring any invalid
identifiers.

Added in version 3.11.

Template 282 F7) HolE o EREL st Al gt
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template
o) AL A AL template A2 ARE AR YU Ao 2, WA A E & H A, 2]
A8 AN 27 ZAH A & s Th

Th2-2 Template A8 W H 9] o Ut}

>>> from string import Template

>>> s = Template ('S$Swho likes S$what')

>>> s.substitute (who='tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim')

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$what'

TF ALY Template o] A B ZEPAE FJAF ], Alg] BAA B, TE 7|8 Exl eIz B
AL spd st ASE = A A AHEA B & 5 dsuth o FA st d, o S
JEFREE AT 4 d5Uth
* delimiter - 72] X AE E Yot FEAS YEUE elEE FAD A 71282 s o,
FHAA = 22T u) o] BEXLof re.escape () & TEJEE, o] BEXYEL A 4] o] o}o]of g}
Yok w5} Zeja A4 Foll TEAE WAT 5 JFUTHS, 02 FEAE NEA AR S
e o] F F3bell A3 ok FTh.
idpattern - S 25 % FEAAA ghe el EAAL A DS AYSE AR AL 1R ke Aot
(?a:[_a-z][_a-z0-91*) YUtk braceidpattern ©] None ¢ 3%, o] 2L SZ3F 7} 9+ AHg

EAAAE 4 gF U

&1l
£ flags 7} re . IGNORECASE ©] 7] wjZl|, 3§ & [a-z] & H] ASCII &2}2} 4] & 5= JFYth
Zo Aol a ZHITE AHERASUTH

W0 37004 A7 braceidpatiern & B EE Aol Y& WO 134 b W ASH E BES HHS
Ao kvl AT 5 Ut

. bracezdpattern—zdpattern&]— AFSHA] gE Z »ol 2] EAIA e A 8-S Ay 7|2
%I— None I, idpattern < A+-& P% = «1 73U THE, 22 do] 237 = wek fle o
FAREEUTH. o] 72 79, $237H S w & gl o] Ape] EAA ) A Z o i E e A

31— /\ 9l<s Ut}
Added in version 3.7.

« flags - AT AL MG AFAL AHAL W) H87 AFA FHIYUTh ARGL re.
IGNORECASE YUt} re.VERBOSE 7} A Z 3| 29 F715 EE, A& 2} A 9] idpattern -2 AFA| SE
EEVEET R R
Added in version 3.2.

T, S A ERRE pattern = A7 & 5to] AA B4 sl Alw & 5 s Uk ol FA k= 47,
L2 vl He o5 e A 2wl A= A AA Aok dunh A 25 Al Alwd 23 A

FE2A 2 2] FAIAL A 2 9] Bl T o}
o escaped — 0] AF2 o] 2FA|o]Z A ALE XA AYT oA & Eof 7] & S H A $s.
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. named— 0] TEL FBF 7} Qe A BAR ol 2L AT AA 2RO TEAS TR A=

o e,

+ braced— ©) THL FYTE F A2 BAA 0l BS AANAAUTH AA 1 FRAL FBEE
E A= P T

. invalid—©] 1L 199 TEAND(AWACE B TR S AA AL, B4 kA o]

Uepok gt

The methods on this class will raise ValueError if the pattern matches the template without one of these named
groups matching.

6.1.5 =& ¥

string.capwords (s, sep=None)
AAE str.split () & AH&8H] ToJ & Uil str.capitalize () & AHE8H] 7 Thoj o] 3
272 AR BEL, o|FA BEO) A ol EL str.join() & G AP A8 A
T A AAFsep 7F AU None o] W, A&5H W FAls &Y A7 o] A2 uby AL o F I o]
AAGUTE 28 A] koW sep 7} Dol & VeI A= Ul ARSE U T

6.2 re — Regular expression operations

Source code: Lib/re/

o] 52 Perloll = A FARE At A A Ak AT oh

Both patterns and strings to be searched can be Unicode strings (st r) as well as 8-bit strings (bytes). However,
Unicode strings and 8-bit strings cannot be mixed: that is, you cannot match a Unicode string with a bytes pattern
or vice-versa; similarly, when asking for a substitution, the replacement string must be of the same type as both the
pattern and the search string.

Regular expressions use the backslash character (' \ ') to indicate special forms or to allow special characters to be
used without invoking their special meaning. This collides with Python’s usage of the same character for the same
purpose in string literals; for example, to match a literal backslash, one might have to write '\\\\ ' as the pattern
string, because the regular expression must be \\, and each backslash must be expressed as \\ inside a regular
Python string literal. Also, please note that any invalid escape sequences in Python’s usage of the backslash in string
literals now generate a SyntaxWarning and in the future this will become a SyntaxError. This behaviour
will happen even if it is a valid escape sequence for a regular expression.

S22 AT s ol shol W) % AL (raw string) E 7Y AHBHE AU o SAHAL x
BRIt 22 B4 el oA SHT PU o2 oA gtk meb r\nne N\ Sk g
YT F 22 BAGI L, \nr e AYL ot F 24 ALY WA L, 0] 2
e E R PR ELEELREEEE LT

BEE AT Q4L BE £F $4o 49199 4749 MAEE AT 5 vk Fol fo) 3 of
Utk FrE AT ANE WA Z9A T D27 QRS She whz Aol A, A5 w4 24 o))
w47k wkA 91 o

o 2]

The third-party regex module, which has an API compatible with the standard library re module, but offers
additional functionality and a more thorough Unicode support.
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6.21 42 £

AFA (ELRE) S A3 BA4E JEE AT o] LEY G55 54 £24Go] 504 4743
Ao HAY 5 Y UL 7oA A7 A0l 54 LA DAEA, 47 2L AHE
FUh.

AFAE oo 2ol A MZ L ATFAS WE 5 U UTH A% B/ BT A4 o W ABE A4 AUt
g on £a4d prast A R EAG g Bk A A B A st AR DA o
A AU B SAEA L B A, A B Aole] AA 27 B 54 1% F2E EFFHA L B
A

TR Wb, B AT AL oj /o] 4B A 2L o deed /) A Ao 4 AR S
&It 77419 o] £3} 7 Aol T8 A4 & 18- Fried! 2 [Frie09], = Aok e 24 of 23t Aol

B E IFAE ZRIFAAAL

Al PAlof th g zharek Aol ol Ayt o A4 e AR o} B A 470 regex-howto B HZ
3l AL

AFAL EF A AU 2ALS BF 2R G S dFUTE A, e B0 22 HREY A
A M B AFAAYUT; 25 s AT AT T Gt E2E o]o] Y £ glojA,
lasti 'last' BAA AT (o] 29 YA R A&, RES (RE T3 glo) o] & 588
2B L, G BALL  AL0EE Foll' FUTh)

T oh 2 QR EAE 55U S5 A 9 EAke) Ze2E e Ay, 1 Rl
AtAlel sl A= Aol Gee FUTh

Repetition operators or quantifiers (*, +, ?, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the
non-greedy modifier suffix ?, and with other modifiers in other implementations. To apply a second repetition to an
inner repetition, parentheses may be used. For example, the expression (?:a{6}) * matches any multiple of six
'a' characters.

=4 EAE e 2EY

(Dot.) In the default mode, this matches any character except a newline. If the DOTA LT flag has been specified,
this matches any character including a newline. (?s:.) matches any character regardless of flags.

GH=L) B2 Y Al &3} A 6kaL, MULTILINE RE A& ZF 7] 8] A So = I X ot

$
EAE ] Boly B 2o MY EAule A X, MULTILINE RE| A= 7] 3 &2}
o T A xSl foox ‘foo’ 9} “foobar’ & B 5 U XA 7] = vt Z*-F’r/“ foo$+= ‘foo’ TF & X]
gyt SH|FAE, 'fool\nfoo2\n'oA foo.sE AM3IH ‘f002’ = AR A H A
‘fool’ & MULTILINE REo|A AAH Ut} 'foo\n'oﬂ/\i g sE 7@&13}@ = 79 () U X7}
AU st e Z Ao, o2 st EAE Eell.

*
Z I} RE7} A8 REQ] 7h5 8 8 -2 03] o] ] w53 At =& Futh ab* & ‘@', ‘ab” =& @’
theoll dole] 9 b 7F 2= A X

+
Z I RE7} 43 RE9Q] 13] ©] ”«] 27 A X3 = ST ab+e ‘@’ 2o sk o] Ak b}
L' A GAF UL A ‘@’ 2= YA 5HA] ks Ut

\

A3 RE7F AR REY 0 == | REE A A8 5 Ut ab?+ @’ U ‘ab’ o A X F

*2, 42,27
The '*', "+', and '?"' quantifiers are all greedy; they match as much text as possible. Sometimes this
behaviour isn’t desired; if the RE <. *> is matched against '<a> b <c>"', it will match the entire string,

and not just '<a>"'. Adding ? after the quantifier makes it perform the match in non-greedy or minimal
fashion; as few characters as possible will be matched. Using the RE <. * 2> will match only '<a>"'.

*+ ++, 2+
Likethe "*', '+',and ' ? ' quantifiers, those where ' +' is appended also match as many times as possible.
However, unlike the true greedy quantifiers, these do not allow back-tracking when the expression following it
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{m}

fails to match. These are known as possessive quantifiers. For example, a*a will match 'aaaa' because the
a* will match all 4 'a's, but, when the final 'a' is encountered, the expression is backtracked so that in the
end the a* ends up matching 3 'a's total, and the fourth 'a"' is matched by the final 'a'. However, when
a*+ais used to match 'aaaa', the a*+ will match all 4 'a "', but when the final 'a "' fails to find any more
characters to match, the expression cannot be backtracked and will thus fail to match. x*+, x++ and x ?+ are
equivalent to (?>x*), (?>x+) and (?>x?) correspondingly.

Added in version 3.11.

A1) REQ] A3 m BAZF A x
HUrth o & E0],a{6}= A3
Yt}

= A4 Uth A2 9 A= AA REZF A 81HA] A
f "Rt A A, 57 ] At E DA A B

{m,n}

2T RES A9 RES] mo A n Aol 9] Hrjgh B 23} AN HES Gtk o2 5of,a(3,5)

3 5 31, ng Ao T A
A b7 A AAE,
WA oA B

5
kol AR H YL A& £, a{4, }bt 'aaaab'
‘anab' & A5 BTk Buke Ak - 9%
Y43 £58 + etk

L
(e}
=
o

{m,n}?

Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as few rep-
etitions as possible. This is the non-greedy version of the previous quantifier. For example, on the 6-character
string 'aaaaaa',a{3,5} willmatch 5 'a' characters, while a{ 3, 5} ? will only match 3 characters.

{m,n}+

[]

Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as many rep-
etitions as possible without establishing any backtracking points. This is the possessive version of the quantifier
above. For example, on the 6-character string 'aaaaaa', a{3, 5}+aa attempt to match 5 'a "' characters,
then, requiring 2 more 'a's, will need more characters than available and thus fail, while a{3, 5}aa will
match with a{3, 5} capturing 5, then 4 'a's by backtracking and then the final 2 ' a's are matched by the
final aa in the pattern. x{m, n}+ is equivalent to (?>x{m,n}).

Added in version 3.11.
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2 EA8A SFerhe, so] o] £ AP A o] 2Al o]z AL

227} 5ol W8] T2 B4 7] of 3 9l
& 5271 A3 BAGo] £8P UTh 2ej L} o] Mo AT N AAE
HLE] o] of T, o] 2 BAkaka ol s ak7] o A7) Wl /g
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e
S
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-
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—

AR dehhe o A
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rlr
~
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©

= A WM SES fujE FAFUT AL S0, [(+9) 1= SHE A4 ()
e e EE ) g AR P
* Character classes such as \w or \ S (defined below) are also accepted inside a set, although the characters
they match depend on the flags used.
o 19 Yol YA &2 A= o A3 (complementing) S WE] AT d5Uh AT A
WA BAp7L oo B, el 4 3hA) e RE EAF AAFUTh o E Bol, (751% 151§
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A0, [Ar] e A E A9 Y RE
=98 o) u) 7} 5y o

» Tomatch aliteral '] ' inside a set, precede it with a backslash, or place it at the beginning of the set. For

example, both [ () [\1{}] and [] () [{}] will match a right bracket, as well as left bracket, braces,
and parentheses.

Ast ARG A= AT A

M

=

CFUTE A% EE A8 A B SE FH AT AT Aae] Aol ol 2718 5 9
UL ol 22 B e WAREE, of WAL §ol 3 347 A3 FEA Futureiarningol
253 9o AFUTh o oe dHE 2 AGSAG eEE B AL

"1

14 g E
FE=3rd Aol =AU A2 s Fsted o SR o)A ol

rss', vNNvt;_< |

A e S A 2.

WA 3704 HA: B} o] ngfo] on| 7 HE RS £85l0 YUt FutureWarningo©]

131-/\(}; 51—1/] q_

N

A1B(e]7]4 A%} B Q2] 9 REQY 4 14U th £ AL B9 92 5He 4774
o qole] o RES 1|12 22l B4 9 17 1E (I E B
G 9% o gdde ~nE |2 FRARES A% 9 EROR AR O
S elo] 25| A5, 3% 2717} WobE ol Qi th. ol = AW A7k AH 7, e AA AL
2 QA S ARIHE B A A oberhe A2 SHUTE S, | A4kl Ao g A o)A
FEUTh AHD 1S QXA AR, \ B A AL, (1A 2 Feh oko] GO AL

R Ut )88 34
A ) AN A 8

=

éa

(...)
23 ¢t = AqAT A, 259 AlFY 2E e U 259 W82 dX 7 +8E
5 238 4 glon, S 2o A \number E4 A AAZ XA D 5 Y5 T (o ol A
AEdch. g6HE ' 'y ) ' E LAATIEHE, N\ (V) & AR AL A FEl A gl o4
AL (1, 0]

(?...)
oA A ZVIHIU (ZEA o™ ' (' thFol L= 2 = Yguzkglsynh) . e
oo A WA FA= 7] gujel oo S 24T G A 15 HEA &
SUth; o] 3 s F L 2= (?P<name>. ..) YUTh 2 A A Y5 = FF I Y

(?ailmsux)

(One or more letters from the set 'a', '1', 'L', 'm', 's"', '"u', 'x'.) The group matches the empty
string; the letters set the corresponding flags for the entire regular expression:

* re.A (ASCII-only matching)
e re. I (ignore case)

e re. L (locale dependent)

e re.M (multi-line)

e re. S (dot matches all)

e re. U (Unicode matching)

e re. X (verbose)

(The flags are described in 225 U]-&.) This is useful if you wish to include the flags as part of the regular
expression, instead of passing a flag argument to the re. compile () function. Flags should be used first in
the expression string.

A 3.119]| 4] ¥ 7 : This construction can only be used at the start of the expression.

(?:...)
Auk ol W TA WA, BE ) AT SAAA R, 1FH AN R EALL AX B
Ty T 23 AY UFol SEolA F2E 5 glsyth

(?ailmsux—-imsx:...)
(Zero or more letters fromtheset 'a', '1', 'L', 'm', 's', '"u', 'x ', optionally followed by ' —"' followed

by one or more letters from the '1', 'm', 's', 'x"'.) The letters set or remove the corresponding flags for
the part of the expression:
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(?>..

e re.A (ASCII-only matching)
e re. I (ignore case)
e re. L (locale dependent)
e re.M (multi-line)
¢ re. S (dot matches all)
e re. U (Unicode matching)
e re. X (verbose)
(The flags are described in 225 U]-&.)

The letters 'a', 'L"' and 'u' are mutually exclusive when used as inline flags, so they can’t be combined
or follow '—"'. Instead, when one of them appears in an inline group, it overrides the matching mode in the
enclosing group. In Unicode patterns (?a: . ..) switches to ASCII-only matching, and (?u:...) switches
to Unicode matching (default). In bytes patterns (?L: .. .) switches to locale dependent matching, and (?
a:...) switches to ASCII-only matching (default). This override is only in effect for the narrow inline group,
and the original matching mode is restored outside of the group.

Added in version 3.6.
WAZTAN WA A e, L R 2EOIA AR 5 Ui,

-)

Attempts to match . . . as if it was a separate regular expression, and if successful, continues to match the
rest of the pattern following it. If the subsequent pattern fails to match, the stack can only be unwound to a
point before the (?>...) because once exited, the expression, known as an atomic group, has thrown away
all stack points within itself. Thus, (?>.*) . would never match anything because first the . * would match
all characters possible, then, having nothing left to match, the final . would fail to match. Since there are no
stack points saved in the Atomic Group, and there is no stack point before it, the entire expression would thus
fail to match.

Added in version 3.11.

(?P<name>. . .)

Similar to regular parentheses, but the substring matched by the group is accessible via the symbolic group
name name. Group names must be valid Python identifiers, and in byt es patterns they can only contain bytes
in the ASCII range. Each group name must be defined only once within a regular expression. A symbolic
group is also a numbered group, just as if the group were not named.

ofF e Aw2 Al 7HA Tl Fxd ¢ lgUnh si"e] (2P<quote>['"]).*2(?
P=quote) | (5, 2wt E U 2wz R 2 A8d TALF AA):

1% “quote” o] th3F Fx ol F2 5= Wy
72 sl | 2pA| of| A

* (?P=quote) (Ho]EH=)
. \1

A2 AR mE A 2] S o
* m.group ('quote')

* m.end('quote"') (%)

re.sub () 9 repl QIAZ ADE = E XL o A
* \g<quote>

e \g<1>
. \j_

WA 3.120] 4] YA 7 : In bytes patterns, group name can only contain bytes in the ASCII range (o' \x00 ' -
b'\x7f").
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(?P=name)

oJE Qe TFOl Y A H 2 namee) ehe 0§ FH 1E YA e HrE} AN Tk
(?4#...)
Za; Bo o) YL Wed] FAH U
(?=...)

7h T3 QAT AR A, BALE 2SR E @t o & 62 27] o] 44 (looka-

headassertlon)ol gt St} o| & S50], Isaac (?=Asimov)= 'Asimov'ZFH WS uf vl ' Isaac
' G x]goh

(?'...)
7R A AR ko AT o] A2 KA A v gl B 7] o) XA (negative lookahead
assertion) YU T} o & £}, Isaac (?'Asimov) = 'Asimov'7FHWEXR ¢4 ufj vk 'Isaac
I 4R ch

(?<=...)
Eapde] AA) 914 ol A AHoIA B ... 9] A7} Yod AAF ol F 347
Ql T E o} H 7] o] 5] A (positive lookbehind assertion) 0] gt U th HEolH 7 7 3EAE WA st
23 e o] Y- ]ﬁ}hxl 213} 7) W&ol (?<=abc)def: 'abcdef'oA] YXE FL5U T 2
g e 1A dolo FAEH O‘Z]OHOF gyt &, abcttalbe 38H AT a*x2taf3, 4}
£ 585 A g Utk SH A9 HEolu ] o NH e A AT HHS AN B A%
SR04 A5 4] Shgol §E I natch () B R DR search () B8 LRG]S A
ASIUh
>>> import re
>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)
'def!

o) ool A& ol & kg9 Wol & Ak

>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
leggl

WA 3504 M 1A Zolo 27 Fxo st A do] F71= A5 Uth

(?2<!...)
EAQel A AA ol ... 9] AA 7 Yo LA G o & LAHA HEobu ] o)A
(negative lookbehind assertion) 0] 23 st 7;, 3 0] F]ZolH 7] o] A AT ufR IR 2,
Hﬂﬂ%éﬂ4+ﬂ§4“ﬂﬁ¢ﬁﬂﬂ- 27 5 B ol i 7] o ML Al De o8
SR A N AR

il
e

o
-

(? (id/name) yes—pattern|no-pattern)
ZF 0] A idY named] 15 0] 2,1 ° ¥ yes-patternd}, 213 X 9 © ¥ no-patterndt x| 3}
I A= YTH no-patterne A Aolm AE = A5 UTH A& 59, (<) 2 (\w+@\w+ (?
N A\wH) +) (2(1)>18) & BusHA S AAEld dA ], '<userfhost.com>' H
'user@host.com'd} Y X]5FA 2, '<userfhost.com'©]Y 'userfhost.com>"' = & X5}

A FF U

WA 3.129] 4 ¥ 7 : Group id can only contain ASCII digits. In bytes patterns, group name can only
contain bytes in the ASCII range (b '\x00'-b'\x7f").

B4 AAAE 1\ 9} obe 55 BA42 THFUTh Qb £ A7EASCI S AL ASCI 247} ohl @

A RE+ F HA £2k9} dAFUTH & 501, \s& 2 's' & A F

\number
e Wso 1% WET YAFUTE 1FL 158 NS ALUTh oE o, (.9 \1L
‘the the'l} 'S5 55'5k A AR, 'thethe iz YA A Btk (L 55121 S0l 52
SN, o B4 AR 2 997) 15 % 5 rhe A2 5= tlol ek A8 4+ 21351 T mumber)
A A8 —?7P0°l74‘+ number7} 3 A8l fﬂ, 25 AR A A i, 85 Fh numberg 2= &

Az STk 2 220 o] oA, BE £} o] 2ol EAI2 A H e
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\A

\b

\B

\d

\D

\s

\s

\w

2R QL) A H BB AT X ).

Matches the empty string, but only at the beginning or end of a word. A word is defined as a sequence of word
characters. Note that formally, \b is defined as the boundary between a \w and a \W character (or vice versa),
or between \w and the beginning or end of the string. This means that r ' \bat \b' matches 'at "', 'at."',
'(at) ',and 'as at ay' butnot 'attempt'or 'atlas’.

The default word characters in Unicode (str) patterns are Unicode alphanumerics and the underscore, but this
can be changed by using the ASCT T flag. Word boundaries are determined by the current locale if the LOCALE

flag is used.

B

al

Inside a character range, \b represents the backspace character, for compatibility with Python’s string

literals.

Matches the empty string, but only when it is not at the beginning or end of a word. This means that r ' at \B'
matches 'athens', 'atom', 'attorney',butnot 'at', 'at.',or 'at!"'. \Bis the opposite of \Db,
so word characters in Unicode (str) patterns are Unicode alphanumerics or the underscore, although this can
be changed by using the ASCIT flag. Word boundaries are determined by the current locale if the LOCALE

flag is used.

FUILE (str) AL w:
Matches any Unicode decimal digit (that is, any character in Unicode character category [Nd]). This
includes [0-91], and also many other digit characters.

Matches [0-9] if the ASCIT flag is used.

8] E (bytes) &1 uff:
Matches any decimal digit in the ASCII character set; this is equivalent to [0-9].

Matches any character which is not a decimal digit. This is the opposite of \d.

Matches [~0-9] if the ASCTT flag is used.

FUIE (str) S L v :
Matches Unicode whitespace characters (which includes [ \t\n\r\f\v], and also many other char-
acters, for example the non-breaking spaces mandated by typography rules in many languages).

Matches [ \t\n\r\f\v] if the ASCTT flag is used.

8H] E (bytes) s &1L uff:
ASCIL A} ol Al g9l o & 7h53)
s

2pe} AR FUTH o] AL [ \t\n\r\f\v] 55

rlr
M

Matches any character which is