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In addition to the standard library, there is an active collection of hundreds of thousands of components (from in-

dividual programs and modules to packages and entire application development frameworks), available from the
Python Package Index.

Contents 1
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« If not separately noted, all functions that claim ““Availability: Unix” are supported on macOS, iOS and Android,
all of which build on a Unix core.
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« 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 s1eep () 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 tpRequest and Fetch APIs.

o 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()), send signals (ki11 ()), or otherwise interact with
processes. The subprocess is importable but does not work.

o 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.

1.1.2 Mobile platforms

Android and iOS are, in most respects, POSIX operating systems. File I/O, socket handling, and threading all behave
as they would on any POSIX operating system. However, there are several major differences:

« Mobile platforms can only use Python in “embedded” mode. There is no Python REPL, and no ability to
use separate executables such as python or pip. To add Python code to your mobile app, you must use the
Python embedding API. For more details, see using-android and using-ios.

» Subprocesses:

— On Android, creating subprocesses is possible but officially unsupported. In particular, Android does not
support any part of the System V IPC API, so multiprocessing is not available.

- An iOS app cannot use any form of subprocessing, multiprocessing, or inter-process communication. If
an i0S app attempts to create a subprocess, the process creating the subprocess will either lock up, or
crash. An iOS app has no visibility of other applications that are running, nor any ability to communicate
with other running applications, outside of the iOS-specific APIs that exist for this purpose.

« Mobile apps have limited access to modify system resources (such as the system clock). These resources will
often be readable, but attempts to modify those resources will usually fail.

« Console input and output:

— On Android, the native stdout and stderr are not connected to anything, so Python installs its own
streams which redirect messages to the system log. These can be seen under the tags python. stdout
and python. stderr respectively.

- 10S apps have a limited concept of console output. stdout and stderr exist, and content written to
stdout and stderr will be visible in logs when running in Xcode, but this content won’ ¢ be recorded
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in the system log. If a user who has installed your app provides their app logs as a diagnostic aid, they
will not include any detail written to stdout or stderr.

- Mobile apps have no usable stdin atall. While apps can display an on-screen keyboard, this is a software
feature, not something that is attached to stdin.

As a result, Python modules that involve console manipulation (such as curses and readline) are not
available on mobile platforms.

1.1. 71240l chgt & At 5
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Lzt Bt

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 () V4
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 2] 2= Q A7) Zro] W (= jterable ©] ] Y2 W) True & S EY T 23 53tk

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

awaitable anext (async_iterator)

8 Chapter 2. LHZ} St
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awaitable 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.

any (iterable)

iterable @] 2.4~ & o] = 3T o] ™ True & S8 E U} iterable ©] B] o] IO False & &8

FUch the 3 5 EYh

def any(iterable):

for element in iterable:
if element:
return True
return False

ascii (object)

As repr (), return a string containing a printable representation of an object, but escape the non-ASCII char-
acters 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)
'Ob11"

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

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

>>> format (14, '#b'), format (14, 'b')
('Ob1110"', '1110")

>>> f'{14:4b}', £'{14:b}'

('Obl1110', '1110")

AFA & W82 format ()= HA 8.
class bool (object=False, /)

Return a Boolean value, i.e. one of True or False. The argument is converted using the standard truth testing
procedure. If the argument is false or omitted, this returns False; otherwise, it returns True. The boo1 class
is a subclass of int (see s> A} & — int, float, complex). It cannot be subclassed further. Its only instances are
False and True (see Boolean Type - bool).

W A 3.79)| 4] ¥ 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 Runt imeError.
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By default, the behavior of breakpoint () can be changed with the PYTHONBREAKPOINT environment vari-
able. See sys.breakpointhook () for usage details.

Note that this is not guaranteed if sys.breakpointhook () has been replaced.
breakpointhook= QAFE ZHA}F o) ¥l E (auditing event) builtins.breakpoint S 2 A] 7Yt}
Added in version 3.7.
class bytearray (source=b")
class bytearray (source, encoding)
class bytearray (source, encoding, errors)
Mz kol E w2 E2F Ut bytearray 2USE0<=x<256 W ol Qe F2] 71 A4
2JUTh bytes o] 7HX tf F2 Y] vl A =80 ofy 2h (Who] E Fhulo] E A 914 & HAQ),
7 A A E ol 7] 7bE AP dubAE ol m A= ;HT_,_O 731 9l th
A source AW B 1A ThE HE o2 QS 2735 H AT 4 vtk
o LAE o], ‘ﬂJE/\] encoding M| 7| A == A &3] oF sh,]r/} (23T AAA O eprops T); 1 W
bytearray () = str.encode () & AFE3}o] BAE S vlo|E 2 W3}
e AW, e 2 3275 2, dule| ER 27)EH YT
o HF A ]2 E AlFske AA W™, AA Q] 217] A& ¥ 7L vlo] E v & 2 7]3}8= U
g8y
¢ OJEIHE o], MY 0 <= x < 2569 A4E A B3 o H e Bo|ojof s, 11 grS o) wj o]
27 WER AP UL
A2 gom =7 09) wh Qo] BrE o Ak
vlol v 8] Al A2 & — bytes, bytearray, memoryview} B}o| E 8] 4 A X = B A L.
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 indexing and
slicing behavior.

welA AR A= bytearray () € ZEo] s A1 Yt
HlolEY AR = 2lH P& AFR o] W5 5 55Ut (strings & B A 2).
vlo) 2] A| A2 & — bytes, bytearray, memoryview, BFo]| E G )| @ vlo] EF ¥} ulo] E wj g A4t
T HAS.
callable (object)

Return True if the object argument appears callable, 7a1se 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: ©] B4 Tho] 41 3.00 A WA Al A= T1-S Tho] A 3261 A ThA] E QAL T

chr (i)
FUILE BE ZAEZ A5 A EAE Yehle 249 S EefFUth o€ o), chr(97) &
EAE rar & EBF L, chr(8364) € AE rer E ESF YT o] AL ord) o AU
A2k & W= 0014 1,114,111(16 <= = 0x10FFFF) 7FA 4 Ut} i 7} o] 49 whell gl< ol
ValueError 7} AU o}

@classmethod

HAEE Zea =g AS3h o

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:
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class C:
@classmethod
def f(cls, argl, arg2):

@classmethod F 2412 &= ¢ 8| o ¥ YUt} - AA|F &2 functionE H A Q.

A2 AEE A2 (C.t0) AP EE A" (C() ) AF) & Tl 2T 4 A5

A E At G A TAH T S 2o ol ool Bl A o} £ 25 9, 5
Z

Zeja AR BAA R WA Atz AP

Zos WAEE Crr EE Auke 34 WAEY GEUT TASE AW, of 44
staticmethod () S BA Q. F 2 WA= ot o A4S A H =, types S ZF L 5HA
W 3000 M W7 Zeh A E oAl properey () 2 2L e U AT E AR B4 A%
Uk,

B A 3.109) A W 7 : Class methods now inherit the method attributes (__module_ , _ name_
__qualname__, __doc__and __annotations__) and have a new __wrapped___ attribute.

ko

Deprecated since version 3.11, removed in version 3.13: Class methods can no longer wrap other descriptors
such as property ().

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)
source & TE= = AST AA| 2 AUt T= AA = exec() Ex eval () 2 AP 4+
Utk source = A8k 444, uho] £ 1 AST AA] A & 951 Th AST A 2 29 5he 3
o AR = ast BE FAE FZRIA L.

filename A= FEE L 51U AT oF Gtk AN A G4 ow A4 7
o

=
FUth ('<string>' o] WA O F ARG H Y ThH.

mode AF= A oF S TE FHE AT source 7 ) A B2z LA of YTk
exec, F RHA 0% T4 o] Yrhel reval, Y thEY £FO% FAFY 1single’ o] I
915U (HA 1] 3% vone o] 919] o2 P A& BAA EL AP UTh.

192 Q12 fags S} dom_nhert - 9T 95192 0] SR 01 5431 o] F4 7151 3
g o of st=A AP Ut & o AlF =109 A9), TEE compile() =
TE3= FE ALE T Y= 7;'4\34@3 [Bh= ﬂags 011}7]——,—01 A 11, dont_inherit
ZF Q0T (2 0) N eh A Aol T3 flags A A Pk el -S4 A ol AT U T
dont_inherit 7} 0] o} d A4 flags A A7 AFEFHUTH- SR F 29 S 1 (R4 75 A
g 5= FAFE U

743}"‘31&/‘44’“11—5—%0431 Ne) & ﬂ%‘SHH]EORQ-th " E o ofsf A7
HUth FolZA F4 7152 A A 3 T rfuture_ BEY _reature AX2HE
20| A compiler flag lEBHEZ IS 4 JdS5Uth Aatd g %EHJ_ PyCF_ AFALR ast
EES P TR

o 30

= 1)

Il

pul

olr

f
N
filo
=
g

el
S
Ea

To L oh
(2

2} opiimize = Ak Ae19] HAB £ 22 AR GUTE 7B -1 0 Aol 93 Fol A A=
e HA} £ 2 ARPUTE BAE 250 (A A3 98, _debug__ o] FYUTH, 1 (assert
FAAAFU _debug__ o] ARQUTH EE 2 th(FAEFE A AFUH

] = AgddH AAVEHLE R €0 SyntaxError
= 7:]—r ValueError & 01_7,:}1/]1;]-.

olM FTEEAST ZEH 2 FASIH M, ast.parse () S HA L.

i
1o
[o
N
K
[P
[>
"
=
I
N
2

O,

jﬂ

source 2} filename < QAAFZ ZHAF o] Wl E (auditing event) compile 2 WA LT} o] o] HHE =
27 A5z A TAL T gk

0 Iz
'single' B 'eval' mode2 92 € ZEE 7N FAIE S A9 L@ ul, Hoj = st 71 F
TAE 89S EHoF FUT o] AL code REONA £ 0] B4R AAAAE A BA

SHA| 3H7] A Pyt
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gto] W] AST AT deloA A€ Zo] A3to = s, AST AAZ AU o) 2823 20
%é‘}—‘éx}%ﬂi ol Az H 7t A& L7 =5 vhs 5 AFUTh

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

WA 3,500 4 |71 o] A ellz, source | A @ HFo] EZF A E wf) Typerrror 7H R 5 U Th

Added in version 3. 8' O] A] ast.PyCF_ALLOW_TOP_LEVEL_AWAITS flags® A E3sto] H AL =&
await, async for % async withES X Q4& 4 95 tTh

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 2}

>>> complex ('+1.23")

(1.23+073)

>>> complex('-4.53")

-4 .57

>>> complex ('-1.23+4.57")
(-=1.234+4.573)

>>> complex ('"\t( -1.23+4.5J )\n')
(=1.23+4.573)

>>> complex ('-Infinity+NaNj')
(-inf+nanj)

>>> complex(1.23)

(1.234+073)

>>> complex (imag=-4.5)

-4.57

>>> complex(-1.23, 4.5)
(=1.23+4.57)

If the argument is a string, it must contain either a real part (in the same format as for rfloat ()) or an
imaginary part (in the same format but with a ' 5 ' 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 '§' or 'J"' suffix, and the decimal number. For example, complex ('1+275") is fine, but complex ("1
+ 27j') 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:

complexvalue = 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 f1oat. For a general
Python object x, complex (x) delegates to x._complex_ (). If _ complex__ () is not defined then it
falls back to _ _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
(including 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

12 Chapter 2. LHZ} St
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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.

If all arguments are omitted, returns 07.
B 44 L =23 — int, float, complex 9| A /4 g T}

WA 36014 W7 1 PE Y A Y 548 WER 15T 5 dgUnh

B A 3.89] 4] M A: Fallsbackto __index__ () if __complex_ () and __float__ () are not defined.

delattr (object, name)

This is a relative 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') isequivalent to del x.foobar. name need not be a Python identifier

@eesetattr()L

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

}\Hﬂ/»:]b]ﬂg?}-gqq dict AA& 9Av e Fd2YUth o] Sz o

w3 3 — dict 2 BA 8.

o2 Aol AS 1ist, set H tuple Z 22} collections EES HA L.

%

o

dir ()

dir (object)
AR glow, A Ao 23z o) i o T AEE FAF U AR o, Y Al

FEROIEDHESY P AES EF D ARFITH

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 cus-
tomize 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__ ().

712 dir () WIAUSELS o2 F9 AA ol s A th2A Faste], S AR = 7 A2 E

4B E BE I AR BEGUTH

. A 7} 2 %ﬁﬂﬂﬂizﬂ B o= RE o] Fo] £3FY)

ﬂgsﬂmﬂagzzu%uw
- 3te) A9, P aEdE AR Y o ERE ofF, Y T2 o ELHE o] & L Y
Ze) 2ol Wlo| 2 Zej 2B o ERE oSS AT H o2 T
A 2B Sl o2 g Urth o & o
>>> import struct
>>> dir () # show the names in the module namespace
['"__builtins_ ', '_ _name_ ', 'struct']
>>> dir (struct) # show the names 1in the struct module
['Struct', ' all_ ', ' builtins_ ', '_ _cached__', '__doc__"', '_ _file_ ',
' initializing ', '__loader__', '__name__ ', '_ package_ ',
' _clearcache', 'calcsize', 'error', 'pack', 'pack_into',
'unpack', 'unpack_from']

>>> class Shape:
def _ dir_ (self):
return ['area', 'perimeter', 'location']

>>> s = Shape ()

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> dir(s)

["area', 'location', 'perimeter']

0 IFx

dir() & F2 U318 TEZ AN AME A E A3 AT 7] b, AAFAY LA A
Ho)E o8 WAL ATA/N BTt TH 22 o8 WL ABHA T A% 0], AT FIL
W Euit WAE 5 A5t 8 5o, ARt S 2w vE 22 oER REE AT P

Eo glsyth

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 % b). For floating-point numbers the resultis (g,

a % b), where gisusually math.floor (a / b) butmay be 1 less than that. Inanycaseq * b + a $ b
is very close to a, if a % b is non-zero it has the same sign as b, and 0 <= abs(a % b) < abs(b).

enumerate (iterable, start=0)

EA AAE = F YT iterable = A A2, o] Bl & o] E] == o] E & o] A& A D 8t= thE AA| o o
SHU T enumerate () o Q&) HFEE o]E|d 0| B9 next () HIAEE FILE (7] 2302 2=
start B-8]) &} iterable & o) E]F| o] A S| A Dol A= S 2ol 52 S EHEYTh

>>> 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')]

e ESEUT

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

eval (source, /, globals=None, locals=None)

) 7] 3 4
» source (str|code object) - A Python expression.
e globals (dict | None) - The global namespace (default: None).
e locals (mapping | None) — The local namespace (default: None).

ukg

The result of the evaluated expression.

Raises
Syntax errors are reported as exceptions.

A Fx

This function executes arbitrary code. Calling it with user-supplied input may lead to security vulnerabil-
ities.

14
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The expression argument is parsed and evaluated as a Python expression (technically speaking, a condition
list) using the globals and locals mappings 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 is inserted 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
it to eval (). If the locals mapping is omitted it defaults to the globals dictionary. If both mappings are
omitted, the expression is executed with the globals and locals in the environment where eval () is called.
Note, eval() will only have access to the nested scopes (non-locals) in the enclosing environment if they are
already referenced in the scope that is calling eval () (e.g. viaa nonlocal statement).

Example:

>>> eval
2

>> x =1
("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 l1ocals ()
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.
g E vt 23t | A4 e A & e g ast. literal eval () E HAL.

T AAE ARE ZHAL o) Wl E (auditing event) execE WA A UL T = At o|HER WA
P
T AR .

W A 3.139)| A ¥ 7 : The globals and locals arguments can now be passed as keywords.

WA 3.139]| A ¥ 7 : The semantics of the default locals namespace have been adjusted as described for the
Jocals () builtin.

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

A RBx

This function executes arbitrary code. Calling it with user-supplied input may lead to security vulnerabil-
ities.

This function supports dynamic execution of Python code. source 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.

0 Ix
I5pe gUs 289 £ E8 A0 TS0l Ao 2o L. Lo TEE o 49, E U WS BEE LA
Axo) 9 1Y 2 d 7S W B of FHTh
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When exec gets two separate objects as globals and locals, the code will be executed as if it were embedded
in a class definition. This means functions and classes defined in the executed code will not be able to
access variables assigned at the top level (as the “top level” variables are treated as class variables in a class
definition).

globals A7} __puiltins. S 7|2 3= S 22 JAA Fow, T 7|2 W 2E builtins
of thak Fx7F Adg Uk ]?ﬂ A0 B exec() Oﬂ ﬂﬁ‘@?ﬂ Aol globals o o #]& A4 2]

_puiltins_ AU E AT RH, AWH L 2=o] o N ARF o) ATLAE Aol
3 4~ 9l Th

The closure argument specifies a closure—a tuple of cellvars. It’ s only valid when the object is a code object
containing free (closure) variables. The length of the tuple must exactly match the length of the code object’
s co_freevars attribute.

T AAE ARE ZHA} o) Wl E (auditing event) execE HAA UL T = At o|HER WS
% gl U,
T |

0 #x

o

The built-in functions globals () and Iocals () return the current global and local namespace, respec-
tively, which may be useful to pass around for use as the second and third argument to exec ().

0 Iu

The default locals act as described for function 7ocals () below. Pass an explicit locals dictionary if you
need to see effects of the code on locals after function exec () returns.

WA 3.119) 4] ¥ 7 : Added the closure parameter.
W A 3.139)| A ¥ 7 : The globals and locals arguments can now be passed as keywords.

¥ A 3.13]| A ¥ 7 : The semantics of the default locals namespace have been adjusted as described for the
Jocals () builtin.

filter (function, iterable)

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 iterable that are false are removed.

filter (function, iterable) = function®] None ©] o}d ufj A Ho]E & 4] (item for item
in iterable if function(item) J»]-,None ]IIH (item for item in iterable if item) ﬂ—
53l FolsiL

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

class float (number=0.0, /)

class float (string, /)

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

Examples:

-

>>> float ('+1.23")

1.23

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

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

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
>>> 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 signmay be '+' 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 = mymwopom_nw

infinity = "Infinity" | "inf"

nan = "nan"

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

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

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

floatnumber = number [exponent]

absfloatvalue = floatnumber | infinity | nan

floatvalue = [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
float, an overflowError will be raised.

For a general Python object x, f1loat (x) delegatestox._ float_ (). If _ float__ () isnotdefined then
it falls back to __index__ ().

Q17 2ol 4 7] o, 0.0 & BeiZ U ok

float & -2 <=2} & — int, float, complex ©l) 2= o] A5Y ).

HA360A4 HA: T BHE A A E EEE A7 5 dFUTH
¥ A 3.79]| A ¥ 7 : The parameter is now positional-only.

WA 3.8 A ¥ A: 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: 3= T A w1 ¢1of,

718 format_spec & W A Dol w AWFA O Z str(value) B TETE AN 2L AHE FUh
A call to format (value, format_spec) is translated 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 H7: object () .__format__ (format_spec) < format_spec ©] ¥l B2} G o] o}d 7 ¢
TypeError = ?:_]2_?:} ‘/] 1‘/}

class frozenset (iferable=set())

M frozenset AAE E]F =], AHA O = jterable | A 7}A & 845 &3 UT) frozenset
S YBFRAYUrh o] F ol tid AH A= Frozenset I J 3 — ser, frozensers B A L.

= Aglo)l e AL set, 1ist, tuple D dict FB 22} collections EES HA L.
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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 ()).

0 Iu

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)

AA}= AR ZAL AU AL ol AAS £4 F 6}44 o] 5 o) AIE True ©]a1, 1E A
oro W ralse 7} H Yt} (0] AL getattr (object, name) < &3} ttrlbuteError% kA
A7 A E He Aog Fdag Yt

hash (object)

AN AL BT (A7) e B9, AN BT da el 23 S0l 9417
71 e v wshs B A4S g U th 2T v & ez
99} o] o hE AL A= TFFUTh.

0 Iu

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)

hex (x

LHZ}-_,_Om- N Eay=IRR

23,
orow, olEjx ﬂﬁiéﬂﬁﬂb}

REEEETDEE e
BE, 45, 2es, AL, ANE B AHA FA9) o] SO % 235 1, 8% 30| X7} £
AU SR CLE o] AR, AT oL 5 e A o] A o] ol 1]}

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-

o] G4 sice WE o3 WA o] & B7bol 271E UL
A 34004 MA: pydoc F inspect o WA AFL 2B ANIYR T oA § 2L A 0|1
QA o] Y-S of gL,

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'

A58 WA EE 2RA 162052, AEATL AL 9t Fe2 wasted ohg i) shug
A8 % Atk
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-

>>> ! ' % 255, 'gx' % 255, '$X' % 255

('Oxff', '"£f', 'FF')

>>> format (255, '#x'), format (255, 'x'), format (255, 'X'")
('Oxff', 'ff', 'FEF')

>>> f£'{255:4#x}', £'{255:x}', f£'{255:X}"'

('Oxff', '"ff', 'FF')

o\

L

ZRA S W82 format ()2 BHA L.

1675 #ALS A5 162 8314 A2 Aseid inc ) & BA 8.

floato]] st 1674 EAE RHE OB W, float.hex () WA EE AL A L.

id (object)
A 2] “ofolHE E)” & Fel Tk o] AL A £ T F Lo}
Juth o] AAA e F AN AA = 2L ido)

CPython & A}A): This is the address of the object in memory.

T

A =0l RS = F

id AR} 2 FHAF o] ¥l E (auditing event) builtins.idE WA Al 7 U T}

input ()
input (prompt)

prompt 717k 9.0 1, ol AW BAE oA il B2 Fe Huith 17 b FoE Aol A
FES AT, BAGR ABNA (& B9 F 9E BAE AAGH SUF UL EOFE o H

EOFError%%‘Qle}L]Ek QL

>>> s = input ('-—> ")
—--> Monty Python's Flying Circus
>>> s

"Monty Python's Flying Circus"

rok

readline 2] REH YT, input () & TAE AHESte] Aud & AR FA 28D 75S

As gy

AH L 2 7] Aol prompt AAZE ZHAF o) ¥l E (auditing event) builtins. input < WA Al 7 U T}

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.

Examples:

-

>>> int (123.45)

123

>>> int ('123")

123

>>> int (' —-12 _345\n")
-12345

>>> int ('"FACE', 16)
64206

>>> int ('Oxface', 0)
64206

(TH5 sl el Aol A<)
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(o] A | o] A oA A A %)
>>> int ('01110011", base=2)

115
If the argument defines __int_ (), int (x) returns x.__int__ (). If the argument defines __index__ (),
itreturns x.__index__ (). If the argument defines __trunc__ (),itreturns x.__trunc__ (). Forfloating-

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 O 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', 0) isnotlegal, while int ('010') and int ('010', 8) are.

Aa4 8L =23 —int, float, complex o] A= o] JHF U}

WA 34004 WA base 7} int & AAE AT} ol A base AR 7 base.__index_ WA EE 7}A W,
D RAG4R2 L& AL E A7) Hs] 2 WA EE TS oA B Ao A =base.__index_ Al
base.__int__ ZFAFEE 5 YT

HA 3604 HA: ZE B HYE A AE LEE A5 5 dsUTh

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

B A 3.80 A M7 Fallsbackto __index_ () if __int__ () is not defined.

W A 3.119 A ¥ 7 : The delegation to __trunc__ () is deprecated.

WA 311914 ¥ 7: 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 integer 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 virtual)
subclass thereof. If object is not an object of the given type, the function always returns False. If classinfo is 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. TypeError may not be raised for an invalid type if an earlier check succeeds.

W A 3.1090 A ¥ A : 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 Type, in which
case return True if class is a subclass of any entry in classinfo. In any other case, a TypeError exception is
raised.

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

iter (object)
iter (object, sentinel)

Return an iferator 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 iterable
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
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will call object with no arguments for each call to its __next__ () method; if the value returned is equal to
sentinel, St opIteration will be raised, otherwise the value will be returned.

olH olE & = HAlQ.

F A FeEe] icer() o X F4% S8 BE TS vEE AYYTh o F o, ol
dlolE o2 stdel A st o] E74A 14 % E5 971 AUk

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

len (S)

|
CPython -3
overflowErrors ‘i‘—i”‘g }\] ?u] ‘4 U]'

class list

class list (iterable)
Stol 7| B}, 2| ~E F AJA 2 & — list, tuple, range ol =X B AXH, 1ist = AAZE 7P
SEPN T =

locals ()

Return a mapping object representing the current local symbol table, with variable names as the
keys, and their currently bound references as the values.

At module scope, as well as when using exec () or eval () with a single namespace, this function
returns the same namespace as globals ().

At class scope, it returns the namespace that will be passed to the metaclass constructor.

When using exec () or eval () with separate local and global arguments, it returns the local
namespace passed in to the function call.

In all of the above cases, each call to locals () in a given frame of execution will return the
same mapping object. Changes made through the mapping object returned from locals () will
be visible as assigned, reassigned, or deleted local variables, and assigning, reassigning, or deleting
local variables will immediately affect the contents of the returned mapping object.

In an optimized scope (including functions, generators, and coroutines), each call to locals ()
instead returns a fresh dictionary containing the current bindings of the function’ s local variables
and any nonlocal cell references. In this case, name binding changes made via the returned dict
are not written back to the corresponding local variables or nonlocal cell references, and assigning,
reassigning, or deleting local variables and nonlocal cell references does not affect the contents of
previously returned dictionaries.

Calling 1ocals () as part of a comprehension in a function, generator, or coroutine is equivalent to
calling it in the containing scope, except that the comprehension’ s initialised iteration variables will
be included. In other scopes, it behaves as if the comprehension were running as a nested function.

Calling 1ocals () as part of a generator expression is equivalent to calling it in a nested generator
function.

¥ A 3.12] 4] *H 7 : The behaviour of 1ocals () ina comprehension has been updated as described in PEP
709.

H A 3.139 A] ¥ 7 As part of PEP 667, the semantics of mutating the mapping objects returned from
this function are now defined. The behavior in optimized scopes is now as described above. Aside from being
defined, the behaviour in other scopes remains unchanged from previous versions.
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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 i tertools.starmap ().

max (iterable, *, key=None)

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

max (argl, arg2, *args, key=None)

iterable o A 71 2 FE o} F Al ol 2] 94 F 1 2 AL BAF UL

Y] $1 A AR AlFH W, 1AL ol B £ o] o] of Fu Tt} iterableo| A 71} 2 A HS EHF
Utk 5 7) ol 9] A7 QA AT E, A A AR F A2 AL BT,

A PR E QAT F ) A key ARFE 1ot sore ) o] AHEEE AR T AR
A 52 AR TYUTE default QA= A 2H iterable o] H] o] Y= A E8= AAE AAFTY
iterable ©] B] o] 9 11 default 7} Al &2= A &2 ™A valueError 7F &gt}

oAy FHo] HAgold, 4+ A Ut FE5ES 85Ut ©] A2 sorted(iterable,
key=keyfunc, reverse=True) [0] E}heapq.nlargest(l, iterable, key=keyfunc) 7ELT°_- D}
242 AR e w7 AL FATI,

WA 3.4 4 ¥ 7: Added the default keyword-only parameter.

W7 3.8 4 HA: key= None € 5 AF YT

class memoryview (object)

A8E QA2 R E whEol “H 2] 5 AAE SHF U A A H = v e { & HAL.

min (iterable, *, key=None)

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

min (argl, arg2, *args, key=None)

iterable o] A 7}& 2o R o|L} = 7 o] Abe] o2} = 7R = AL == T
SLbe] A AR AFH W, AL o] €] 22 o] ojok FUTH iterables] A /17 AL F2
FUDF 0 ol A7 AR ATHR, A7 AR 5 4 AL AL B F I,
A A 71 =-A8 AX7F A AFUTh key QA= 1ist.sort () ol AMREE ZAAE &L AR}
A S A AUt} default Q1 A= Al S-H iterable o] Bl o] Q= A S8 E AA S A AH T
iterable o] W] o] QL3I default 7} A= A 9 W valueError 7k AU T

oAy gHol FLFold, T+ A Hd 5SS S5 YUTh o] A2 sorted(iterable,
key=keyfunc) [0] ®}heapg.nsmallest (1, iterable, key=keyfunc) Z2 T2 HE AN K
2 wpsl ABYL FATI

H A 3.4 4 ¥ 7 Added the default keyword-only parameter.

WA 3804 WA key= None & 5 A5 T

o
et

&

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 StopIteration is raised.

class object

This is the ultimate base class of all other classes. It has methods that are common to all instances of Python
classes. When the constructor is called, it returns a new featureless object. The constructor does not accept
any arguments.

0 Iz

object instances do nothave __dict__ attributes, so you can’ t assign arbitrary attributes to an instance
of object.
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oct (x)

Convert an integer number to an octal string prefixed with “00”. 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 “00” or not, you can use either
of the following ways.

-

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

('0o12', '12")

>>> format (10, '#o0'), format (10, 'o')
("Ool2', "127")

>>> f'{10:40}', £'{10:0}"

('0o12"', '12")

A 8F W& format ()& B A 8.

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

fle e A3 NP 51 A7) & FAFU HAL I 5 YO, osprror 7 BAFUT o] F4E
g B ol e B B ol Al i files & FEBHAA

file is 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:

ext oo

2 971802 QU 1R

W 271802 Guth 1A WA AEY T

xt ERAQ oA BE71§0 = Guth o] w] EAstE F9el = skt

'a' open for writing, appending to the end of file if it exists
b wpelyE BE
t! HgXE RE (7123

o AR R 27)Rew AU

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.

A8 oA AFBEel, shol A vho] Vel ¢} B AE VO TEF L Th vl Ve RE (mode A7
of o B ZFFUHE G 3D H§2 UTY §lo] byees ANE BAFUL gAE RE
(142, = mode 7ol £+ 7k £ wh) ol A, 3R] Wgo] stz W £, upo] = o]
2% o 249l 259 ol v} 501l encoding & A8 41 WA Tl 5= H o,

Sl e S £ AN A2 A Al o 2544 G T ZE A2 shold A
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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 I/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. Text 10OWrapper.
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 “Uste” 2 E I (isatty() 7FTrue & B8 FE= 3Y)L 2 HHH S AL 2
HAE 31d2 vlej g shd o sl HollA Ayt A AS AFS gy th

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 = Q139 W O3 o8] & A Elst= WS A A= ’ﬁEﬁ“@u FAE 4yt u].o]L-]a] LS
oAM= AT = AU Th TSt 5 ol A 717 Al B Utk (o & A 2] 7] ol yEg Y.
BFA| T}, codecs. register_error ()2 559 ol A g 7] O]% A AFEE 5= dF YT EF 9

T U=ddsdth

e 'strict' =AFY &7} Y& AL valueError o2 S HAAA AU TE 7| EZENone & L
B YUk
s+ 'ignore' & o2l & FAIF YT J1FE Y o E FASHA tlo|H 7t A E 5 A5l 95

Als.
+ 'replace’ £ R A tloTE 7} S Aol A ThA (21 9 22)E AU

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 s#nnn;.

e 'backslashreplace' + ZXH Ho|HE Fo|x9 o SejA] o]aA o]z A|FAZE AT
Y,

« ‘namereplace’ (A 3o Z W e A AP UTHE A A5 A g BAB \N(. ..} oA o]
Z A FAZ A G

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

"\r\n"'. It works as follows:
. /\anﬂ/q%}aﬂg Q1S uj, newlineO]NoneO] SUHAE = I 27 8A5E YL 9"
o Y EL \nt, r EE nnt 2 B S glon, 320 A EF] Ao BF o

2 Wggch 2] olu, fuud 2 WY REA RS A, E B2 B A g
A2 52| A UL e S5 oW, AT 2o Zol2 BAd 2l Zii, =
e sk A ghe A2 SE Aol A Sl E U

« 2E T £8E & U, newline ©] None °|'d, BE '\n' Ex}= A|2H 7|2 & B2} os.
linesepi HIE U th newline 0] ' == '\n' 0]@, H 5}o] o] Fo] %] A %%HE} newline ©|
o2 § 3873 7fo] ¥, Mo]LJ_Lv\nv_‘?_;(]. A B2 2 HEF U}

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.

=k Openeri dgste] ALE 22U S A8
23 Ei = opener £ (file, ﬂags) 2 SEINA A5
S T} (opener 9] os. open & A G 3= 212 None &

Az WS LS 44 Bobs G,

24



The Python Library Reference, 2| A 3.13.1

e ol 2ol A T el e o Al A HA e A7) A8l o5, open () 0] dir_fd TNAAGE AFE
gk

-

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

return os.open (path, flags, dir_fd=dir_fd)

ord (c

>>> with open('spamspam.txt', 'w', opener=opener) as f:
print ('This will be written to somedir/spamspam.txt', file=f)
>>> os.close (dir_f£fd) # don't leak a file descriptor
. J
open () ol o5l Bkt vhd AA o] Y& REof EFUTh open() O] FAE RE (1w

'wt', 'rt!, )2 Y-S o= d AR E Y, io. TextIOBase./] /\1 H ﬁaﬂx\g %E:]EL]D]-(;,_’-ZHZ‘]
O & jo.TextIOWrapper). WH P} &7 o8] REE 314 S = AHREH = 4%, iy =
22+ io.BufferedroBase 9 /‘1 B Zefadutt g ehst ;'EH’\“ thFEUTH €7 H}O]ﬂ?/]
REAE, io. BufferedReader & S 8 FUth 27] vtojy 2l g} Bl 2 0] 7] viel v 2] B Eof A&,
io.Bufferediiriter & S8 31, 7|/ 7] RENAE, io. BufferedRandom S =8=Urh 9
HYE& nH, G AEF, io.RawlOBase & A H F& X, io0.Filero, 2 3 F 1t

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

Raises an auditing event open with arguments path, mode, flags.
mode &} flags A= e T2 FAHAHAUY FE2H NS 5 AFUTh
H A 33004 M7
« opener " 7| W7} F 7k Q5 U
e BEZFEAH ALY
o T0Error & Y2 AGF YL oAl & osError o HA Y
« ERH 3D BEY) RE(x) 2 ol 5k o] o]u] EABH, o] Al rilersistenrror & DO
AUtk
W 34004 WA
. SHd e o)A 42 BT,
WA 35004 W73

e A|2®Hl SZo] AEHFYHE H AJ1d A8 7] 7} o 9
Interruptedirror o2& Lo 7] = A A|2~"l &
HAL).

e 'namereplace' 25 #1877} 715 A5 U T

A 3.600A4 W7

[t

LAY 7) A F O, o] G ol Al

o — L_’

& AAEFUTE (o] §4 PEP 475 2

e

o 0s.PathLike & Z 33t AA S PolSo| & X Yo] 2715 S Uh
. ﬂ FolA, 2EWMAE 9 io.Filero 7} ok io.RawIOBase & A B Fej A7) vkskE 5
A5yt

B A 3.119 4] ¥ 7: The 'U' mode has been removed.

)
e FUIZE EAE e = Ex1G o] FoAE G 24 FUIE F
A+E EHEYUL A& E9,0rd('a") EAHF 97 S €

HESHS U T} o] A2 chr () 9 ‘?}EH‘Q‘J‘:]'-
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pow (base, exp, mod=None)

base & exp AF A F-& S FUTH mod 7} = 7B3-F, base Y exp AFAFE REE mod & EHF
Ut} (pow (base, exp) % mod T} T w2 A AR UThH. F 79 A2 B A 9 pow (base, exp)
= AFAE AAE AHE 3k A 55Ut baser*exp.

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 float and a non-integral exponent, a complex result is delivered. For example, pow (-9, 0.5) returns a
value close to 35. Whereas, for a negative base of type int or £1oat with an integral exponent, a float result
is delivered. For example, pow (-9, 2.0) returns 81.0.

int 3 A2} base R exp ] 7 o—,— m0d7]- O™, mod= A5 G olo]of 3l mod= 009] 0]-\4010}
st} mod 7} 3,1_’11 exp7} 244, base= mod 2} A 2 4 (relatively prime) o oF gt} o] FH -2,
pow (inv_base, —-exp, mod) 7]— w3ty W, o 7] A inv_base= base 5 2 mod2] 4 Tl

q‘%‘% 38 & E974 *‘la ] Lﬁ}%oq}o]:]qq

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

>>> 23 * 38 % 97 ==
True

WA 380A W7 ine 3] AR A9, pou] 3 A HAL oA F WA AR S5 A
3g3lol, 25 58 AN 5 A ok

H A 38014 WA 7|9 = AAE 8T o] el 92 AARE A LH s YT

o

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.

2= 7| E AR = str() ©] }% o] Bl 7 W3H T AE o

o 2
EHAN ELJUTt sep Trend = BF F x].oﬂo]o]o]:fg,qq_ None & 2% 9
L =AUt} objects 7} 0] A A OW print () = end B Z Ut}

file QA= write (string) WA EE 74 A A o of b th 44314 ¢4 A 1)rNone o9, sys.stdout
o] ALEHU T A A AAF= E"iE AL 2 W EE 7] w7, prlnt () € ¥polie] 2= 3t
AR} A AHGE = U ol & Sl A= Al file.write(...) T AREFYTH

Output buffering is usually determined by file. However, if flush is true, the stream is forcibly flushed.

H A 33014 A A flush 719 = AA7} 374 5 U Tk

] o], sep 2 FE= 3L end

A=dl, 713 g2 AR

class property (fget=None, fset=None, fdel=None, doc=None)

z29E o2 HES Bl EYTh

feet & O1EEHE g& A= FF AUtk frr 2 A EYRE g& A s FHAUTh fdel &
EZRE = E9
Z o o

def getx(self):
return self._x

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

(TH5 sl el Aol Al<)
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(o] A | o] A oA A A %)
def delx(self):
del self._ x

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

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

T B, doc & 22 HE o] EF{HE] EAEEO]%‘%D}-J%‘-N BOH, feet o] FAREF(
73‘—?)0] %)\}%‘4‘3}- o] B A ¥ property () & Hl 3 E o] E 2 ARE-SF] ¢ 7] 7&%2 Ji

e ;2

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

@property

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

The @property 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.”

@Qgetter
@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):

H”HIIm the !XY property‘ mrrmn
return self._x

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

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

o] A=+ A A A&} AEe] FEHUTE A TSl el 22 E (o] B %)<}
2 olg= A3l oF i Th
W3tE =29 E AH = AR} AR} | DEE fget, fset D fdel O] EBHEE 7R YT

WA 35004 M A: o] A L HAE NA ] SAEF ] 27| 75T
__name___
Attribute holding the name of the property. The name of the property can be changed at runtime.

Added in version 3.13.
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class range (sfop)
class range (start, stop, step=I)

P47 BT}, range £ AAZE W9 9 A5
Bk

repr (object)

)

2~ & — list, tuple, range o] AHH 2 BEH A|F X~

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 RuntimeError.

This class has a custom representation that can be evaluated:

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_ () method and the __getitem () method with integer arguments starting
at 0).

round (number, ndigits=None)
number 5 257 TH2-ol| ndigits F D= 2 W22 31 7k S8 S U o). ndigits 7} A 2FE A Y None o
Aol 4 ke A52 EeF

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.

AulA 9l ulol W AA| number & A-$, round = number._ round__ o Y gt

0 Fx
floatol] th 3+ round () 9] 22 AT thE = Y5UTH & S, round (2.675, 2) £2.68
R AR 257} float2 AEE] B

Rl 2.67 & AFFUTE o] 12 W27} obg ek
2 5 ks A2 RE o= A3 Yt AA$ A B = tut-fp-issues & HA| 8.

class set
class set (iterable)
A set AAE S Z Utk A A O jerable | A 7FAL 84 E ZEEUTH set 2 WF Feiad
Ut} o] 2o thdt A A E ser W K8 & — ser, frozenset = B A L.
2 Aol B WH rrozenset, 1ist, tuple B dict 222 collections BES HA| L.

setattr (object, name, value)
This is the counterpart of getattr (). The arguments are an object, a string, and an arbitrary value. The 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) isequivalentto x.foobar = 123.
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name need not be a Python identifier as defined in identifiers unless the object chooses to enforce that, for
example ina 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..

0 Iz

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: a [start:stop:step]
ora[start:stop, i]. See itertools.islice () for an alternate version that returns an iterator.

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

sorted (iferable, /, *, key=None, reverse=False)
iterable ©) 2S5 7 A ALH g ArEE 8=k

ANE Az A G o} S F e A A QA e

key £ BhFe] GRS WE BLE A AT, ierable®] 2 2 452V E 1
AFFH YT (& £9, key = str.lower). 7| 27 None YUY T} (825

= 1"
reverse = =8 Y UTH True 2 A=W, v 7t AR AAH g2E 8450 4
oA 2L cmp T+ E key T4 E HESE H runctools.cmp to_key () B A

W sorted() e A (stable) o] BAFUTH L2 2oy Hlus £ 849 A4 «
ME WA o FFAAUY — o= o H DS o FEF U (€ E°
2T Foll 5o SHEEE FES).

_,d
ofo
o
=
ko

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 o A2} 743 A E <5 A] = sortinghowto S H A Q.
@staticmethod
HAEE A HAEE HEFY

AA ASE SAAA A A AAE LA GUTh ZA NS A5 Y, o) B TE
AHg 5 2

*

class C:
@staticmethod
def f (argl, arg2, argN):
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@staticmethod A1 g4 of| 7 & o] B] YUt} - A 8 Y] -&-2 functionE H M| &

A static method can be called either on the class (such as C.f ()) 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 f () ).

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

DEHIY O E G A 2, staticmethod & A T2 5E3 T 22 oJH LS F
AU o] A2 S ol A ol th ek Fx7 2283 AAH A WA EER A5 WA
S Htna g AL o] A S BETE AL R

def regular_function() :

class C:
method = staticmethod (regular_function)

A wl A=l Bk o ARA S A E =, types= FE AR

¥ A 3.109) A ¥ 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 HAE ST AT YRS str() S HA K.
str g BAD 2012 Utk BALo] e YA AR HAAE UL D B HAL

sum (iterable, /, start=0)

start B iterable 2] ¥H52 DENAN LEF 02 il FAE S F U iterable o] FE2 Al
Aoz A0 Al e B el 2 4 gl
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 i tertools.chain ().

WA 3800 A W7 start TR} WA 71912 QA A 5 gy,

H A 3.129] 4 ¥ 7 : Summation of floats switched to an algorithm that gives higher accuracy and better
commutativity on most builds.

class super

class super (type, object_or_type=None)

WA E 32 npe o REU FA| Sel2ol § Ao 22 A E S F U ol 20N
AR D A% D HAEE AN AT W) f-E G

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 class corresponding to 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.

T A A7 A W, vEStE = 3 AA= A dH A ¢Sk Ut (unbound). F WA 2127t A
A|¥, isinstance (obj, type) & Frolojok uth F AR AA7} oW, issubclass (type2,
type) £ FHolofof FUTh (o] AL Zeh WA=l §-8 FUTh.

When called directly within an ordinary method of a class, both arguments may be omitted (“zero-argument
super () ). In this case, type will be the enclosing class, and obj will be the first argument of the immediately

A
-
=
-
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enclosing function (typically self). (This means that zero-argument super () will not work as expected
within nested functions, including generator expressions, which implicitly create nested functions.)

super o] £ 5 71X AubA QA ALg A 7} U Th B A Zee A S TR0l AL, super 8 A1E
—g].oq uﬂ}\]zq o7 o]E S X]Z-]é‘]_x] oJ—;r_ =3 igﬂ/\‘?— szsl/\ o] ong :n:%];_] _'<_>|_7q 3&;/1—51_7]

Al s F S U o] A2 e JEJEH“‘ 010101]*% super & 225 23 o) F AU 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).

T A9 B, AuAdl 43 2 s $EL oA Agutk

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

WA 28] 9], super ()£ S ERHE 2F o) E AFHU B B AE Al R
BA 2eoo] gt U T HE S5 AYUTh

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. Accordingly, super ()
is undefined for implicit lookups using statements or operators such as super () [name].

S A7} gl WAL A AL, super () £ WA E V5ol A W AFSSHE R A 8 A ST
Aol gl st 2. T RS A GAL A JHA AQeka A AT G2 wEU At
e A ZFea Fo el A ek A5t Autd e 7} RS IR CeRS o Eat= —%H}f—_ﬂ] 7HA
L3 ARt v = A AR o] HA|AshE o] BRI AR ARE A7 WEFY T
super ()& AH&8Ho] FY A FHAE AA ke ol tha A8 A Al b2 super() AHE 2t £
HAL
class tuple
class tuple (iterable)
o]l 71K}, tuple 2 AA R F= I A A — list, tuple, range o)l FA3 A AAH EH A A~
B9k
class type (object)
class type (name, bases, dict, **kwds)
With one argument, return the type of an object. The return value is a type object and generally the same object
as returned by object._ class___
AA o) S AAStE tlE isinstance () W 7 A7 v, A2 S8 22s] w&
e},
With three arguments, return a new type object. This is essentially a dynamic form of the class statement.
The name string is the class name and becomes the __name___ attribute. The bases tuple contains the base
classes and becomes the ___bases___ attribute; if empty, object, the ultimate base of all classes, is added.

The dict dictionary contains attribute and method definitions for the class body; it may be copied or wrapped
before becoming the __dict__ attribute. The following two statements create identical type objects:

>>> class X:
a=1

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

See also:
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¢ Documentation on attributes and methods on classes.
. & A7

Al A=} & 2o AlgH 7]

N QA= Ze s A9 (metaclass S A 2] 9 7| =} g2 Aoz
A At v e S A (LHbE o
[}

,_EEAginitfsubclassgf())Q]ZﬂE%%}LJE%
class-customization & X A 2.

A 3.69 4] ¥ 7: Subclasses of type which don’ t override type.__new__ may no longer use the one-
argument form to get the type of an object.

vars ()

vars (object)
Return the __dict__ attribute for a module, class, instance, or any other object witha __ dict__ attribute.
Objects such as modules and instances have an updateable __dict__ attribute; however, other objects may

have write restrictions on their __dict__ attributes (for example, classes use a t ypes . MappingProxyType
to prevent direct dictionary updates).

Without an argument, vars () acts like 1ocals ().

AR AGH QAT _aice o ELREI QOB ryperrror o8] 7F AT (o] & S,
A Feh27t_slots_ o=l REE B3,

W A 3.130] 4] ¥ 7 : The result of calling this function without an argument has been updated as described
for the locals () builtin.

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')
. J

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:

o By default, 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:

32 Chapter 2. LHZ} St


https://en.wikipedia.org/wiki/Transpose

The Python Library Reference, Z!2|A 3.13.1

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

print (item)

(0, 'fee'")

(1, '"fi')
(2, 'fo')

Traceback (most recent call last):

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

Without the st ri ct=True argument, any bug that results in iterables of different lengths will be silenced,
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:

o The left-to-right evaluation order of the iterables is guaranteed. This makes possible an idiom for clus-
tering a data series into n-length groups using zip (* [iter (s) ] *n, strict=True). Thisrepeats 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()Z * AR} 7 2 2| AEE unzip & 5+ JFUTH

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

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

>>> list(zip(x, Vy))

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

>>> x2, y2 = zip(*zip(x, V))
>>> x == list(x2) and y == list (y2)
True

H A 3.100] A M 7 : Added the strict argument.

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

3

1AL importlib. import_module () J/}DLB] o ]'79,?_ gfo]l A Eilaﬁ‘ﬂ Oﬂ/"]‘lf ‘g-g-_]'xl o

7/'—]\\__
e 3% #5gyrh

O

o] &4+ import woll o3| 3 %%‘/]"/}- import &9 &Ju|E WA 3] AT 5+ A5Uch
(builtins BEZ YEXESI builti __ import__ ] "41?35“43})- = R S = I S
ﬂ°ﬂﬂﬂﬂ¢dﬂﬂ3%é%%ﬁ%ﬁ'4“ﬂ%i§%@mﬂmeﬁvkdé4ﬁﬂt
201 a2 18 FLE A0l A58 Aolokn Ao R A% 2251 91
_E_?:]qr/]_ __import__ () ,,] 7@, ]—%— CE“}\] .JJ _]-_1_ importlib.import_module () & ]"g‘_dal Z—]\ =
Ao,

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 & A == A4t AZEE AT AE ARZFYTH 0 (7232 22 A dZEE s sict
=359 ]@"/]r/} Ok/\ %J\'ZEVEI S import_ () EXEd=EREUIH A AP oz A%
39 DA el S ol A4 g e AT IS 8 £ PEP 3283 B4 2).
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AREA O = name °f o5l YA 25 o] oy}, H A

name tﬂ—-,—7]— package.module &A1Y uf, Lul=
AUtk 23y v o] QYA L fromlist AX}L7} 5 0] X HH name

1714 (3 @A) B7HA2) o 12)7}%-%
o o5 BT B o] MEH LT

& 50, % inport spam 2 U ZEE H2 Hlo|E Z=8 AT th

[spam = _ _import__ ('spam', globals (), locals(), [], 0) }

£ import spam.ham < o]H T & F oo A Yt}

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

A7V NN _impore_ () 7t A9 RES BeFE Ao FEA L. oA import Eof o3
o]Zo) AAE L A o] 7] WY}

H]"Iloﬂ X]' from spam.ham import eggs, sausage as saus 0]‘3‘1 73er 14\:]-

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

saus = _temp.sausage

o] 7] A spam.ham 2 E©°] __import__ () oA WigtE Ut} o] AN EZRE], YT ET o] 2 EL2 J}A
e F AT BT HYH Uk

&3] ojlFor B P2E 317 d3add (FAAL=E 7] A Yol A), importlib.

import_module () & /\]'—g’- ‘]'/‘ﬂ_g_.
WA 3304 HA: 55 level & T A 95 A 5T (P12 E 002 HA Y.
3|

O
HA39NM HA: Y & 54 -EY-18 A8 5L w, 84
Yrt.

4= PYTHONCASEOK = ©] A A H
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CHAPTER 3

=
0z
0
1>

Ao o) 447t h A o8 Bl A5 YT 1AL
False

bool B AA Zk False o YT 4 QI syntaxError & 4o A YTH
True

bool O Zzk. True ol WY 4 YA syntaxError & oA YTh
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. __eq (), __ 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
types.NotImplementedType type.

0 #x

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

e it A FAS BA L.
.

0 Ix

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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WA 3.9 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] 444 ol o] -0 FA 0= A FE A FYTHA Fol HUTh assert £E ¥ B2 g%k
0 Iz
None, False, True 18] 3 _debug 2 thA HAZ & Y& UTH (1 2SS B Y3HE, A4k o E )
HE o]F22 A3l 5, syntaxError & 42U, A ) AE2 “IAA” A2 052 5
AF Uk
. (= =| = A =
3.1 site D=0| 2lal FIIE &4

site RE(-s WP FHo] F 2
Frol o e F7H U 3l delz el Aol f88tal =2 I o A A
quit (code=None)
exit (code=None)
ol & ul], “Use quit() or Ctrl-D (i.e. EOF) to exit” ¥} Z+-2 WA X & Q1| 3} 12, S =E ul
FTF systemExit S YO 7]= AA.
help

Object that when printed, prints the message “Type help() for interactive help, or help(object) for help about
object.”, and when called, acts as described elsewhere.

copyright
credits

A AL T2 ), 22t AP T T8 5 A s AA YU
license

Q122 ujl “Type license() to see the full license text” 2} Z-2 HA| A & A5, &

%9 w) A7 ol
A2 B AEE H o) 2] A4 7] 9 22 WHAl (8 Wl 8 BhwA) o = Al Sk A g o,
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cHAPTER 4

r
=
01
ogk

the Aol A e meleo] 38 EEGel Ba) 4P P

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

QR Aeg Fehat AAQUTh Al WHE Foh A4 EE AW 54 G52 BB
P v A Ao AATA AR S WA 93 None & WHE T

AP ANEL ol AR FolA AAD U 55 A BE ANE F5 W ashi, e g A
T, (repr () B4 EE ORI L s () FEE ASHA) BALR WAL 5 AT F A T
print () BHE AAE L v 5A4 02 AEHYT

BE AAle =elghe AAE 5 e, if Exwhile 2 B ol e & =2 A4 9 Atz
g8 5 AES o)

By default, an object is considered true unless its class defines eithera _bool () method that returns False or a
__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

« RE 23 E2 94:0,0.0,05, Decimal (0),Fraction (0, 1)
o I A2} AAA: ', (), [, {},set (), range (0)
=

e Aol 490 ot ralse &, FHolH¥

Ue YT dAA WE e 2 YAEHA e & 3 7
1oy True £ EHF UL (TR 9] =2 A4t or ftand & 4 3 A= ]’?3]'1/]' EHEFUH)

oS FATH A et LS oE AL =2 A=A UTh

Vo] 54w A Sl thek F7h B shol 4 e 31 €2 4% A (customization) o A 2& 4 9Tk,
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e ZA 1} TE
X Oor y if x is true, then x, else y (1)
x and y x*7F AR o]W %, TE X ¢kowy 2)
not x x7F AR o)W True, 1EX] O Hralse (3)

T E

(1) o]AL treh3] 2 Aol ma X R A7 AR wf vk = #AR) o] 7+-S 23 T)

2) o] AL theks] 2 Ax Aol B & 3 AR o x}7} 2 wjuk = W] ZHe 23 h

(3) not £ ¥l4=e] AAAERTE WL SHEE 2FUTh A, not a == b not (a == b) &

MAE I, a == not b EYH LFIUL

4.3 H|n
sho]dlol 87k ¥ QA4to] YUtk ol REE 2 SAHeAE AU (=) dduTE ¥
SUh. s 42 A28 2 dFUth g Bolx <y <= z £y g A AW TAGE A S
AYBATE x <y and y <= z FFSFUG GAVF AL BFx < yF ARCZ Bal A 2 9

e FokA FF Y.

o Fi= ulw A4S 8 FFUTh

oAt e

< A4 3] &t

<= 2 A 2ok

> AA3] ATt

>= IAY Zoh

- z

= 2R okt

is A7) oFo] e ]

is not FA= AA olo]dlE g

e 54 G2 AR AR e B9 AAE S ek vl a4 FEUTh - A 34
g, A% A Y (o1 2 Fol, Feh 2 AA) L AR 159 FFFUTh <, <=, > W o= A4 9] 7}
Sl ek o & Eol, A7 F 7k Hagol | Typerrror 9] 7H B I

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

|
e !

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_ () (ingeneral, 1t ()
and __eq () are sufficient, if you want the conventional meanings of the comparison operators).

is 2kis not AARAFS] T2 AMGAL A D ¢ IFUTE £ Ao F Aol A48T 9lom o E
LAYAIZ) A S E YT

Two more operations with the same syntactic priority, in and not in, are supported by types that are iterable or
implement the __contains__ () method.

4.4 =X} & — 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. float_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
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z.imag. (The standard library includes the additional numeric types fractions.Fraction, 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 '§' 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.

shol A 3 AHee S s A AT ol &
BRI i e A SR B S
FHUCh e 8 224 Abole] vt 1 £AE

S

o
(FaFE A B A2 v 22 dite= AL 3T (A 4Fe] 94 <9 = operator-summary
£ 2254 2)
ALk = TE  HNA EM
o PR
X -y x 2ty o] A}
x *y x &y &
x/y x 2ty 9] &
x /]y x 2}y 9 Z*Ailﬁ Elg (1)
(2)
T x /v o iz @
-x =9 x
+x x 1 =E
abs (x) x9 EYZgEE 37 abs ()
int (x) ATE HEHAx 3) int ()
(6)
float (x) A2 HEE x 4) float ()
(6)
complex (re, ALH e d4E im o2 FAAE BEALA5. ime 7| 2320 (6) complex ()
im) Aok
c.conjugate () B A9 29
divmod (x, V) B x // Vv, X % V) 2) divmod ()
pow (%, y) x 9 y AEAF ®) pow ()
= x oy AFAlE Q)
T E:

(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 float. In general, the result is a whole integer, though the result’ s type is not
necessarily int. The result is always rounded towards minus infinity: 1//2 is 0, )/ /218 =1,1//(
-1,and (-1)//(-2) is 0.

@ BaFlE ST 5 YHUT HBE B abs 05 AHST] AR AR L.

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

@) floar= T8 527} ob W (NaN) 7 & &= 2] 5 80) & LhEhl = 242 “nan” 3} A4 1}
AT Bt tinf & WobE YUt

(5) g}o M‘ii Z2a AdojEolM &3] 27Xl = AA - pow(0, 0) &0 ** 0019 HEF

6) Lol A= A HEHE L 0o 9 7HA] g BE 5T FUIZEES (d A4S 71

ZAES) 23

Hy
[l

4.4. =X} & — int, float, complex 39
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See the Unicode Standard for a complete list of code points with the Nd property.

BE numbers.Real @ (int & float) & T3 23} 28 AAE S s}

HAF 21t
math. X+ Integral & ZH Ut}
trunc (x)
round (x[, xEn AP 2 Rk ek, Ak ke A 2 v H Ut n g AeketE 71 2 g2
nJj) 0J Yt
math. M= Integral <=X
floor (x)
math. VA AL rntegral >=x
ceil (x)
F7FA A A A4 nath8 cmath RES B4 A L.
441 4 Aol cHSt H|E ¢4t
ME AWe Aol A vk ST I E QALY ABE FRA BE WS 2829 He
T = AA D ALrE Y
o171 W E q14ke] £ AL BF SA AR BT A ZHCHES U, Y A~ L ThE UG ABE
(9 3} 2L S HEAE AR Tk
o) Ttz w2 42 pASHT, S o) Ut 2 EAeo AYs ol dun
ENEEE =
x |y xSy uEdor 4
x ~y  x&yS v EYH vlELE or (exclusive or)  (4)
X &y xﬂyi’/l vl EH and “4)
Xx << n XxSpHEWUHZAEOZ ANZE (D)
x> n XxSpHEWUIZLEXEOR AZE (1) @?3)
~x x o] ¥ E vbd
EE:

(1) S A ZE $E= 3 A B valuesrror S oY th

2) nHIERMF Y A& A|ZEEpow (2, n) & F3te A F5

(B) nHEWF LEF0F A ZE 3= 22 pow (2, n) & AF YA (floor division) 3t 217} 55 %
Yot

@) 7R3 v ETLS =
A BT G U ES AFESEO] (1 + max (
) o] T ALE FH o Zler SR

4.4.2 M4 gof| st F7ME

int -2 numbers. Integral 5/ o] Fefj~ & YT B € 712 WM =& o Alg gyt

int.bit_length/()

5ol A0S AL, o542 A4S Yehie v BedwE £5 SYF Uk

rlr

>>> n = -37

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

>>> n.bit_length()
6
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= o A &otA Lok d, x 7F00] oFU ™, x.bit_length() & 2
@éﬂ%%%&&A@#kﬂHqﬂ?ﬂﬂﬁm ) 7F B &3S
o ZO W,k = 1 + int(log(abs (x 7P9Lh4 7+0

Ehagisg
Us Z=8 553y th

*% (k=1) <= abs(x) < 2**k =
A e 2gg b B
o]H, x.bit_length() =02 =

LU

def bit_length(self):

s = bin(self) # binary representation: bin(-37) —--> '-0b100101'
s = s.lstrip('-0b') # remove leading zeros and minus sign
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:

P
>>> n = 19

>>> bin(n)

'0b10011"

>>> n.bit_count ()

3

>>> (-n) .bit_count ()
3

. J

e TES S HY

def bit_count (self):
return bin(self) .count ("1")

Added in version 3.10.

int .to_bytes (length=I, byteorder="big’, *, signed=False)

A€ Ui Al Eguld e S U th

-

>>> (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\XEA\XEA\XEA\XEF\XEL\XEF\xEff\xfc\x00"

>>> x = 1000

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

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.

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 byfeorder is "1ittle",
the most significant byte is at the end of the byte array.

signed A= AT E B 29 R4/ AFREH =X E AA YT signed 7} False ©] 1 29
=7} F oA W, overflowError 7F QoG th. signed &) 7] B 72 False Y YT}

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

>>> (65) .to_bytes ()
b'A'
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However, when using the default arguments, don’ t try to convert a value greater than 255 or you’ 1l get an

OverflowError
O Z =9t F5dYch

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 >> i*8) & Oxff for i in order)

Added in version 3.2.
H A 3.119] A WM 7 : Added default argument values for 1ength and byteorder.

classmethod int.from_bytes (bytes, byteorder="big’, *, signed=False)
FolRwlolE gz BAYE A4 B %

r>>> 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'\xfc\x00', byteorder='big', signed=False)

64512

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

16711680

Q12 bytes = viko] £ A 5 A7) o] Ak ko] 28 44 5H o] B e o] of of F Tk

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 AA= 45 o= 29 47t AR H A S UERE YT

rdef 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'")

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.
WA 3.119 A *H 7 : Added default argument value for byteorder.
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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 float.is_integer ().

Added in version 3.12.

4.4.3 &40 CHE FI7HOIME

float 2 numbers.Real 4+ Alo] 2~ 2 & FaAT UL =L float= T2 28 7 HAEE
Ut

float.as_integer_ratio()

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 AAAE A7 AL 7Ee 71 G330l W True &, 18X O Hralse & S EU T

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

>>> (3.2).is_integer()
False

F 7 WA=} 1605 B A ETe] MEE A AT SHol A9 floars YR A O 2 o] A5 2 A5 ]
ool floar® 4] 44 EAQ R Ei 1 ukth 2 WSS 21e HE e 9 RE S ol W,
1675 £AQE H5 254 £A9 JHe BV} AFS 7S Gtk oA Owg 8 53

o
o] 588 5 A5k
float.hex ()
RE 454016345 FAY BHS EAFUT KB REF 2549 A9, o B FF AP
0x & T3 st=p o A5 2T T
classmethod float.fromhex (S)

1634 E21d s 2 EAH = floatE =
U,

float.hex () — ?_]

]ru
J‘i
N
rr
iy
&
[>
=2
>
[r
gl
B
e
rr
HS,
An
o
_In:
o
;i
i)
4
30,
xfy

[>

B WA =0l M, fioat. fromhex () = Sl A=Y F2] 1A 2.

1
1635 PR T 2§42 H Pk

d

[[sign] ['0x'] integer ['.' fraction] ['p' exponent] }
AE AN sign 2+ U -7FE 4 3, integer & fraction 2 16 A4 EXFYG 0] 1, exponent = A& A <l

AP BS7HES 4 9= AAL YUt g4 E3= 283817 &0 1 integer U} fraction 5 o] & 3FL}ol &

of % Shijel 16057} Slolok Gt o] 4 & C99 29l 6442 2ol A 98 w3} w2 e At 1.5
o] o A AHEH = EHIAE HFUTE 53], float.hex() o] 282 C Ex ApuF Z = A 163059

BE 457 e EE AST 5 A0, C2 a2 F AL AL Double. tofiexstring 7} HHEof Uf

165 FAE 2 float. fromhex () 7} REolE 4 Uth

A4 16705 7F obd A 842 0] 31, S Aol F317 29) AFAEL AT ATHE Aol ol A2

o & 50,1635 BEAY 0x3.a7pl0 = HF5 24 FA A} (3 + 10./16 + 7./16**2) * 2.0%*10 E+=
3740.0 & LbEPI U T

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

3740.0

3740.0 o] WS A G T2 2AE Yl tE 16305 B2

o
ne.
o
4>
X0,
oy
<
v
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>>> float.hex(3740.0)
'0x1.d4380000000000p+11"

4.4.4 X EO| 54

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 float 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.

CPython;l_L ]-k“ dxﬁ }\]"Q'HL 5\—‘/!\“1: 32- ]ECIOHg;%‘ 7]—3_] 7]7:]]01]/\1—‘5]_3 = 2%%x31 — 1 o];]—;_, 64-13]
E Clongs 7FA Z1All =P = 2#%61 - 1 YYtTh

2 720l th 3t Al 3 ARSI o)

ex =m/ no]lgo]old FEFolTnolp & UYHA ¥=r}H, hash(x) Sm * invmod(n, P) %
PE AYFYtt o 7] A invmod(n, P) =nd REZp Id4E SYTH

ex =m / nolgolotd F OanOlPﬂrﬁtﬂ(ﬁ}ﬂqu UAA dom)n 2 REZp JF-E
ZFA A k31 9] A2 AEH A G5 UTh ©] A hash(x) & A F sys.hash_info.inf
Aol gyt

e x =m/ nol &9 fFE4o|Whash(x) & -hash(-x) 2 ZAFUTh LA A 7}-10]H 2 &

alE U

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

. 5igg-r(complex)z «43§5%,hash(z.real) + sys.hash_info.imag * hash(z.imag) = Zﬂé}
sto] ApH ol sl Ro] A Zh-S Aot 2**sys.hash_info.width &] EEE & 23|
»H range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1) u'ﬁ‘ﬂ §§°1

=% g UTh hAl B, A7 -1 ol ghE 2 = HE T

1= 23] 8t7] A3l o 71l 2, rloat, complex o] A E Abste, WA shAl¢t &3
=S AT UTH

import sys, math

def hash_fraction(m, 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.)
while m $ P == n $ P == 0:

)

if n & P ==
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:
(Th= o] A ol A1)
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(o] sl o] A ol A AI)

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.imag)
# 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 boo1 type has exactly two constant instances: True and False.

The built-in function boo1l () converts any value to a boolean, if the value can be interpreted as a truth value (see
section +=2] g} 7 Al above).

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

A 3.12 5 E] 3] X] 2 : The use of the bitwise inversion operator ~ is deprecated and will raise an error in Python
3.16.

bool is a subclass of int (see 5= A} & — 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.

4.6 O|E 0| A

sho] -2 gl o] Vol that o] el o] 4 /g2 A AU Th o] 2L T A WM =S AHSHA T AR ULk
S ALgA A ZE AT} ol E e o] M e AL 5 YES Sh o] ALSH YT ofelol A B A8
~x g olgHa ol WAEE A AT,

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

rlr
ot

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.
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olej# o] ¥l AA AA = thx3 22 F 7HA A =& Al of skl Eo] 87 ol oE 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 APL

iterator.__next__ ()

Return the next item from the iferator. If there are no further items, raise the StopIteration exception.
This method corresponds to the tp_iternext slot of the type structure for Python objects in the Python/C
APL

shol e Qb ol AL SR A2 @, S U, 718 o 5548 Gefel thg o] e g o] 4L A U5}
18] ol e o) el ol e AAE A FLTh o|HelolH ZeEZ] THL ol A FA Yo FL3
e 25y

Aot olE OB 9] _ next_ () WA E7} stoplteration® Y27 W, 1 o] F9 S Eo A= 2ol
FAMOFFUTLE o] £AZ MEA] e FHL W/ Ao E P h

4.6.1 ML 0|E] &

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) supplyingthe __iter () and __next__ () methods. More information about generators can
be found in the documentation for the yield expression.

4.7 ANEHA S — 1ist, tuple, range

Al 7FA 718 A E

Fol YHUTh: HAE, B, W9 AA. vlo] e tlo)e 9 ElAE B o) e
ga) 2718 A A2

352 Brel A4 4Bk

Eal
Eal

471 ZE A|HA QA

O3 RO ANTE R AUk BE B2 AAH UG AEA ) ABAAA o ANEE
2ul=2 A L3857 A el collections. abe. Sequence ABC 7} Al &5 U th

o) T SN0l ek LB A0 A UL LSS FATITE Fol A5 i 22 W8 AA2T,
mww%@¢ﬂzm%s}a¥whﬁ4ﬂwﬂ°m»dLMA4ﬂmﬂuq

in T not in QAL W1 AT AL TEUT + (0]0] 0] /) %+ (1) ANL ST %7

e
i 5
Ni
111> 2

A g2 A ‘45‘r

SSAZ A F S TS5 PoBR 18 Syl ggIth
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Bl Ao} e
sl 59 FE Z 5 7bx 9 2O True, 18 A O W False 1)
x not in s s &5 =5yt x o 2o ralse, 21H X O True (1
s+t s &1 9 o]o] E0]7] 6)
@)
s *nEEn *s sE 1A gt A3 Zsuth 2)
@)
s[i] 59 i WA GE, 00 A Al &3 o} 3)
s[i:j] s 9] i oA j7FA &) S'hol A 3)
“4)
s[i:J:k] s io A j7tA 2H ko] &efo]x 3)
5)
len (s) s 2] 4o
min (s) Sﬂ 7]_21— 751'—% ‘c‘g—%
max (s) s Mg 23 E
ol iy (e xiEs T o] Fof, Adx jAo T s A A x o] (8)
311 ol e A~
s.count (x) sSASt=x 9 24
22 ANA2ERAE ALFUE 59, FZ2H 2 2EE S5 FEES A H ez vlwddynt
o] AL Zrkw v IE 7] AL, RE FEo| Zriu vnE T, F A A2 H3} Dol LopoF F&

St (AAI S W82 Ao d ﬁECJ comparison

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 is encountered (or when the index drops below zero).

w
et
oY
N
o
ol
>
>
fo

EE:

2

(1) in #not in AAHE dWHA o & gt 23 HAS AHA T AL H A v 2E S35 Al A2
(str, bytes, bytearray 22) ©< A B A A GAbl| AHESH71 = St

A

>>> llgg" in "eggs n
True

@) nl gl o Bef 2o o 0% A2yt % 22 Yol W AL FYTh. A5 0] FHE0)
By A orgel) o) of I Th 252 of @ W A=F Uk ol AL 5% A vl W =z 1]
£ AFAUh ol ZES AWRA S

kg

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

[r1, 1, [11

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

[[31, [31, [3]1]

F&dol dojterk3d, (1] = W HAEE T8 o] 1A F2EQAH, (1] * 39 A
FELRE LAl PAEE B2 T Lists o ol FBE S AT E o] Bhte PrEE
A BUh A2 B2 PAESS TPE PJAEE o] 02 BE S YFUT

>>> lists = [[] for i in range(3)]

>>> lists[0].append(3)
>>> lists[1].append(5)
>>> lists([2].append(7)
>>> lists

(es1, [s1, (711

t] A8 A % -8 FAQ &= fag-multidimensional-listof] /] 92 4~ ¢l U th
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B)iEEj7t24A F$, o AlAx s ol A H AU len(s) + i©°]Ulen(s) + I &2

A B Uk AT 0 03] 0 o,

@ PN jAAY 5o Sefolat i - k < § B BEAE AUA kS FEER pAH A2
AH UL i 7 ten(s) Bok 2 len(s) & AE AU i 7 A2HE A b wone o] e 0 &
A& F T j 7 A2 A U None oW len (s) & ARE B Th i 7 jHTh AU 2o ¥ Setol
27k gk

(5) 28k 7k Qi ol A AR S Seko] AL 0 <= n < (-1)/k B VHFE A2 = 5+ vk )
FESE ZAHANALE AP UTh thA] b, QEll A= i) i1k, i+2%k, i+3*k So|H jo| &
290 WEUTHEAT 0 8 ERAAL deUth. k7h B4 195 0 2 A Len(s) 2
EO% Uth k7t 28,i = 8 & 4% len(s) - 1 2 FFUThiEE 7 S A None
o, TAE-L “2” gho] FUTHE ko] F 3o et ek Th. k02 3 glgol FI oA 2.
k 7} None o] 1 2 FFH YUTh

6) 2HAF2E o]o] Zo|F FFMEL AXZE B UTh o] A2 v A
AlA2E e o A3 AlZho] Al 2] F oo Aol v dthe
HgL dogd 0}\’41 EH?}% P‘%iﬁ%ﬂokﬂﬂ‘i}

o str AA|E o]0 &0 7]% i, 2|2 EE e wpA o] str.join() & AR AU do.

ol rfr

b _1>4
o |
i
)
i
g_
mz
z
L

stringro QAR 2o 20 gz d v Fe Ad + st
e bytes AAE AE3tE A v S58HA bytes. join() B=E io.Bytesio & AFE3FA L,
bytearray AAE AL} AN A ool Eol 718 B 4 ATk bycearray AA £

7hd o) a1 &4 Ql 38 (overallocation) W] A U &< 7FA 1L JF U th
o tuple AA|E o]o]& o] 7] & SrhH, thAl 1istE extend SHA Al L.
s BFAE ZABIAAL

7) SR AF2 G (A E 50 range) S SR WS B2 FH AlD2 @ A A7) af Eofl Al
o}

_E
rlu
ogh
1o,
oY,
o
e

)
[>

loi el 71} wha2 A A5 2% eh

8) sollx 7} Y Wl index = valueError & 42
eruic. ol 23t AAE AL A A2 B i
AR A& A1) index () & AHEHE AT} 212000, 6 el & A 2 0
Qe] 27} S eho] 2] A o] opd Al Ao o

el

(o]
X
o
lo
o
<
3
~
)
‘0,
[>
T
[>
o
(L)
rlo
M
22
>
L
[>
i
Q,
[
Q
Q
N
fru
>,
ofo
)
}_.
[0))
D
t
)
Hy
K
(@)
N
[©)
S
9}
D
t+
I‘_.
rm
[»
=2
)
o

L3rotE 2 Al AL E S Al FaL 8Hd rypeError & Ao YT

Ohg £ 5L 7b A2 Fol 4elw o] slerith AEA B AALolA o] ANES Suj=)
S 431 collections.abc.MutableSequence ABC 7} A 35 U th

A ste
FolA s 7P A DA P darro|, tt dojef olE & AA o], x l_s7}JrTL3P%3o g
AsHE SHA7I= 499 AA YU (& £, bytearray & AT 0 <= x <= 255 & &35}
Auk ol Syt

rr &:i
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Bl 1t =
E

s[i] = x s FEiExE RAFU

s[i:j] =t il A j7EA Y] s etol ATt olHEEr Y W& o= thAFH UTh

del s[i:j] s[i:j] = 11 & Z&sYTH

s[i:zj:k] =t s[i:j:k] 9 U‘EEOMA FESE hAg Yt (1)

del s[i:j:k] Y2ENX sii:i:k] & FEES AATUT

s .append (x) Al A9 ﬂ°ﬂ £ F7tdUth (silen(s) :len(s)] = [x] & &5

yth

s.clear () s ZE FES AATYCE (el s(:] & Z5FUTH )

s.copy () s F2 BEAE S BrEYTH(s[:] 9’]'7]'/\‘41:]') &)

s.extend(t) == s (g Ugo=EsE A JHD}(W—,—TS [len(s):len(s)] = t 2 7

=t S4th

s *= n WEoln ¥ HEHES s E BATYT (6)

s.insert (i, x) xEs9iZ FqA 9 ‘31‘ o 4d&dULt (s1i:11 = [(x1 & Z5HY

th

s.pop () Or s.pop (i) i = FE=AIS 5 /\IOHSOHH Al A o} 2)

s.remove (x) removes the ﬁrst item from s where s [i] is equal to x (3)

s.reverse () A zpelol Al s & FEEY CHEH@Q‘/]D} 4

EE:

(1) If kis not equal to 1, # must have the same length as the slice it is replacing.
2) A=A AAbi o] 71232 -1 U Tth ZehA 7] A o2 upA g o] Al AR WA vE=-g U o

(3) x 7}s oA HAT A ¥ O W remove () = ValueError = 42 7Yt}

@ 2 AALE AHL W B AFE A8 reverse ) MAEE A NA AD2E FF I
Bag o2 A AT AL AGAIA 471471 7] 98] A AAAE B FA LTk

(5) clear () ®copy () © €2to]d A4ta A AsHA] ‘E%% (dict & set Z2) 7HA AH o] 5] AH 3
o] A9} dAA L B-A]37] £ _H FESHE YT} copy () & collections.abc.MutableSequence ABC

F_E,

°]H7}°}‘4X]”} fF&2 4 7 /\]i’\qﬂ’\‘_olﬂoxﬂ—‘—ﬂ‘%ﬂr
Added in version 3.3: clear () &} copy () HIA]E.

6) n S Aol ALy, index () & FAd= A AUtk nol 0ol A} 249
Al A28 FEE2 HARE A ?%G‘%Ur; FE AA Ao s » nE S A

FzP U,

474 2|AE

PAEL AN ADAE, AWHoR 5 G RS AFHE v A UTH RS FAE

8 =2t e & dsuh.

class list( [iterable]

rr

HAEE oy 7HA] o' e & syt
o« JZISE ARSI ¥l | AEE EAISH]: (]
s HEEE Gt AR FH FE57]: (a], [a, b, c]
o Z2E Az A AL} [x for x in iterable]
o & AAAE AR 3}7]: 1ist () == list (iterable)

B[
il
|

A= 1 5 A 7} iterable B 2L B AEE WS UTH jterable & A A X, o H ol A&
A YstE= Ae o), o]Edl o] g AA 7 E 4 AF YT} iterable ©] ©)u] B]|2~EE}HE, iterable[:]
T oA BEAME S wrEol A 3T of| & 9], list ('abc') &= ['a', 'b', 'c'] E WIS
SFAllist ( (1, 2, 3) ) & (1, 2, 3] & WU ch AA7} Foj R 7] koW, A= 2R
Wl g2EQ ] & syt
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O 32 AdE g2EE e, WA sorted() = 219 A 5 3hTh
YAELE T35 H7MHAIEA ANAES BEF YL B3 g AEE OS5 3 22 FHHAAEE
A& gt

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

o WA= 5 7o) < ul ek AF§ o] B A= A Aol A B DTk o9l o A= A
YU Th- i A ako] AshahE AA AW Adto] A FUTH(FAEE FE Ao R £44

e 2 ok Al gy h.

sort () £ 7| ERH AL = A= F N AAE Lo
key = A} ShE Wobg o= g Ao, 7 e
}\}’Q‘%L‘D}(Oﬂ =9°], key=str.lower). B|AEQ] Z} &
% Z—Hﬂ 7qr’j%E‘rt e o g o g oh.
functools.cmp_to_key () BT E£ 2.x 268 omp S5E key T2 WA= © AHE S
T Jsyrh

reverse = =] YU Th True & AR H W, 7
Yt

jug)

]E_ﬂ.cﬂ'@% Z—]\_%%‘ ﬂ{_\_}f—. .g_i‘g_‘o] Zoq%%

ol MNEE S APLE BT o T B ke A A A 2E AR oA = FYeh B2
%ogﬂ%gq%ﬁgﬂ%ﬂﬂﬂ%ﬂAﬂﬂﬁﬂ@ﬁﬁﬂﬂA A FFun (A
A A frEJATHAE YA A O R @ Y5 sorted () & AHETHE AL L).
sort () A EE A Dol HAFUT BE2 é‘ﬂ}l Hlﬂ = 22 AU =4S
WA o FAAJUE — o= o2 M AEsE= ol FEIUH (5 S0], FAEE
AEE Fo Fol SFoR )
A4 o A9} 7hhst A 2145 A = sortinghowto & ZFR 84 A S
CPython 73 ZA: 2] ~2E7F AhH = 5¢h |2 ES WS e S, B A2
Sujza e oA FFUTh ge|H CFHL AT A AREE MY AL
HolA st A Foll eJ2E7M HAH NS AAE 5 Yvhd valuebrror & 423 Yth
475 §E
FEL R AAadH, BF ojdAd HolH RS AFskE d ASE U (S 50, 7
enumerate () 7t PEE 2-7F). FEL AU HolEH] W A A2t Bt Fols AHEEY
(Al S €0, set oY dict AxE 2ol A3zt st A7)
class tuple([lterable]
FZo oy AN o R e 4 syt
o T E AR Wl RES UE T O
23

o WA tupie () AFRS}7]: tuple () == tuple (iterable)
7o

BAAE 53 2 <X Thiterable 3 22 FE5 WU iterable 2 A A2, o EF o] dg A

3t EﬂOM olgl gl o] & AR 7} 2 5= 55U th. iterable ©) l 1%:5013}?3 WA A k2 AH=E
vigtE Ut o] & Eo] tuple('abec') &= ('a', 'b', 'c') ,ﬂ_’ﬁ.}_l_ tuple( [1, 2, 3] )=
(1, 2, 3) =W TH AAIF Fo A Ms}ofﬂ,%‘*ﬁ}t Mz FZQA () & HEyoh
FES HEE A2 AAZ = 237 otd iAo FYAL. Z5 =0 JFE9 A& A9
stue AdFol A Bgdel RE S st BRFU ol & S0l £(a, b, o £ 3749
IALE 71 &= S E0]A T £((a, b, ¢)) €3IV JAAZI-FES ZFE=TFFSEY YT
FE2 5 ANF2AME 2 F T T

ol ol o] g M 27k ol 2ol o 3k A M 2 HTh o] BB o] WA vl ol DA B, collections.

namedtuple () ©] SR FE AR AT A9 5 Yk
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4.7.6 H<
range B St B9 Al AAE el for FZo| A 54 35wk vhE e b 3] A8 H U h
class range (sfop)

class range(ﬂaﬂ,ﬂquskp])

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 ©] B, B £ WL A r(i] = start + stepri o 93 AP YTE ojuf i >= 0
o] r[i] < stop ?:]1413]—
5 step 9 A%, WAL WL W3] A r11) = stare + stepri o o5 ARH A, A =
AL&i >= 0% r(i] > stop o] HYTH
r(0] Al 2 A7 A] o S AA = vA guUth B8 = 29 9925 A AsHA v

o Al Q0] Eol AR E oFe] old 2wk Wojdl olu sz 34 H o,

sys.maxsize BTh 2 AUE TP WAL HEAAYL, (enp) BF TL) AR A5
OoverflowError & WA D 4= Q5T

HL] A A

rlo

>>> list (range (10))

[o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> list (range (1, 11))

i, 2, 3, 4, 5, 6, 7, 8, 9, 10]
>>> list (range (0, 30, 5))

[0, 5, 10, 15, 20, 25]

>>> list (range (0, 10, 3))

[0, 3, 6, 9]

>>> list (range (0, -10, -1))

e, =i, =2, =3, =4, =5, =6, =7, =8, =9]
>>> list (range (0))

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

AL ool B WAS AN T3 AL~
SES whe s Al T bl S gle ) w0l o] 2
7)1 eh).
start

start W) 7§ A 2] gk (= Wi R A7 Al = 2] ¢k o o)
stop
stop v 7} A 2] 3k
step
step W7 2] 9 (2 w84} Al B A eho 1)
4t 1ist Wruple o B8l range O] FHL range AA & £ 7] &skA

(FF2) o Wz g & A3t A YY) (start, stop, step T2 A s, & R of whet 7)

351 891 B A 7] D T,

W] AA|= collections.abe. Sequence ABCE F83HAL, 23 HAAL 84 A A FA Setol A, 554

]ﬂAﬂﬂ4ﬂ°ﬂL°ﬂ+ﬂquﬂﬁﬁ—Mkamw EW@

>>> r = range (0, 20, 2)
>>> r
range (0, 20, 2)
(th sl o] A of] Al)
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(e]A sl o] A ol A A<
>>> 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= 2 1S AA 7L 22 A AASE A DAAH w2 FUTH S, F HS] AA T 2L AR g

Uebd o) 2ot HFg Utk (2o Hlas = F 7)o 89 AA T AR TE stare, stop, step O E
HEE 74 4 Aol 98 L. & 5ol range (0) == range(2, 1, 3) Ei range(0, 3, 2)

== range (0, 4, 2).)

¥ 32004 W7 A A2 ABCE THAFUTE 1ne AR £ PAHE E FB2 o] Eld o =3k T4l

A Aoz £y E YL

B2 33004 WA: (A okel Bl o] 71Whg = oA W9l A 7 Bl she e Ald el e

FHZE Y3 == & ‘= & Ay}

Added the start, stop and step attributes.

e ] B

» The linspace recipe shows how to implement a lazy version of range suitable for floating-point applications.

48 HIAE A|HA 8 —str
o] M) HAE HolH = str, B A (strings), AAE AH&ste] Alg Ut 2449 FUZE
T 2olEd 29 A7A Quth BAY JEEL D g ow 44900

° X_}-_‘%]:q.,%j‘.—i TmAaw EI—%E_EE %}-% A |Ag|_||:rl

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

c AFUSE M NS Fe R, v i) 2pg E
N EFEE JFA AL A 2o ZA S F AdFUTH- JdFH BE Fo] FAE g E
=g
G FHA GRo|I T E Aol g e EAE HHE2 FAACE Y EX4E gHER
?ﬂ?}%gL]t+.5§,("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.

BALLE cer RS AHE B T2 AN ZREY BEO) L S E 9
459l 2 Jol gong £ALE Ayt Aol #A)

2Ad s o] 49, (0] = s(0:1) YUtk

Y.

2
=]
do]l BAFH U 5,10 QA 982

T M 2ALEE 2 QAT oY AR RE FAEES EEHOE A str.join() B
lo.ctringio® A E & 94T

W7 33004 W3 shol A 241 2] 2 51) Sh9] TEAS AN, v BFol 7 BAH 2B Dol ThA] T
S8 Utk B4 e =2 )l FTL v A owr ATAYG 2% D 4 AU

class str (object=")
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class str (object=b", encoding="utf-8’, errors="strict’)

object 2] F719 WAL S F Utk object 7} Al FH A ko, Wl LS EF Uk 218X
BOow, str() & T2 encoding T errors 7} = HEA ol mhet A =, vh4 25Ut

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 nothave a __str__ () method, then st () falls back to returning repr (object).

encoding == errors '5‘ T U7 Foi A H object = bytes-like object (91|, bytes FE= bytearray)
o] o] o} ?}1/] t}. o] AP, object 7} bytes (2= bytearray) 21 A 0] W, str( bytes, encoding,
errors) — bytes.decode (encoding, errors) == ?}141‘/} a O]Q./] 39, bytes.decode ()
T2 Aol W¥ AR B who| =G AAE ATk WH Aol et AR wpel e A

& — bytes, bytearray, memoryview2} bufferobjects & X 4 A] &

encoding = errors A& Q0] bytes AAE str() o] AZstE= A2 vFA A XY 232 H3
3= A HA AFSo] s G E YT (Tho) M WEY 34 b = HAAIL). o & &4

>>> str(b'Zoot!")

"b'Zoot !

str U2} T A =0 th3t o AT FH = HAE A Y — s} ohe| o] FAE HA =
AL BAANS, 2HE FAES E85e H f-strings W 9 £ 2 AL F2e4] A L.
wa EAE 2 g Aua A BAAL

=
BADL 3E DL QUEL BT FASDL, oo 718 A WA =R 2
EAQL 3 F A 2o BA4E 2 AAGUTE Shbe 2 E AT A AHL
AL (FE ser. rommat (), A EAD T, A4 A8 2AD 2ol & B2 A L) O Sk
Cprinte 28to] /M2 Fu, B 2 W9 FL Aeloha SuteA A8sH71E tha oA,
4+ Yt AL EF o wFUT pring 2642 49 2o} ).
B oholue el gaE Ae Auls AL Yt gAE B YIS (- R A YL
EFYUTH AT B e REES hEUT

str.capitalize()
A EAZL R A L e A 7L 2B A ) bS] BARS B F

W 3800 A WA F2e 2 A7 obd Al Alo] 22 v Uth o] olF 4
(digraph) ¢} 22 FAF= AA F2 4l A A 222 A9t S Yyt

str.casefold ()
9 H FALEE S Aol 29 H FAEL HARAE FAISHuf o] A2

b2 AEsE A3 H2SA T B4 RE A0S TR AAN WE
Sdof 22 6 & rest S EFFUC ofv] ARAo|EE

b % =
Tower () & 'B" o obF ¥ FFZ WA A FFUTE caserold() & "ss" 2 MG YL
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 ])

Qo) widih A FA+Ae] 7He o A g B FUTh AR fillchar (] ¥gE-2 ASCIT 2231 0] 22)
2 AFg-5to] AU Th widih 7} Len (s) Hok SA 2& 39 e} £A1d o] whEhg U ok

str.count (sub[, start[, end] ] )
W9 [start, end) N A B EALD sub 7} FFE A 1 SZ3E= A5
start &} end = S etol A Z7|H o 2 sfAFH YT
If sub is empty, returns the number of empty strings between characters which is the length of the string plus
one.

sYEUh A8 Qi)

]
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str.encode (encoding="utf-8§, errors=’strict’)
Return the string encoded to bytes.

encoding defaults to "ut £-8'; see 3= 1 51 for possible values.

errors controls how encoding errors are handled. If 'strict' (the default), a UnicodeError
exception is raised. Other possible values are 'ignore', 'replace', 'xmlcharrefreplace',
'backslashreplace' and any other name registered via codecs.register _error(). See o & #
2] 7] for details.

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

WA 3104 A 719 = AR A o] =74 AU

H A 3.9 A ¥ 7: The value of the errors argument is now checked in 3} o] %1 72+ 2 = and in debug
mode.

str.endswith (suffix [, start[, end] ] )

E2g o] A AH suffix 2 22U True 5 ST, 22 A O ralse & SHHFYT suffix =
B e v e BBl B 4% A% uth A4 war 7k AT W 1 9 A4 AAE
R k= ﬁ‘i“z—*. end S A-8-3HH Sl T 9 X ol A v E T T

str.expandtabs (tabsize=8)

EE W EAES @A 43 Folx | 7)o whef shubud 22 o] o] 29 0] A 2
%/\}—"‘éé EF Utk ® 9 A= tabsize EAFvECE A T o (7117“’ 8olaL, & 0
AAE AR TY. fx}%i% 257 A A Dol 0Lz AARHL AL S
Tk A7 (\¢) o] d, FA Dol tha | 9] 2] 2 Zopd ul) 74A] skt M}-"J
AdEdoh (3 22 A = BAFE A s yth) A4S 4 (\n) e A2 A 2 Y
AT A 9200 A AT UL OB BAE WA A 93 BAE T dA) e
EAZE o G BAIH = Aol #AIglo] 14 ST o

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

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

str.find (sub[, start[, end] ] )
HE B2 sub 7} &80l 2 s[start:end] Yol 5 ]"5]' 7H 22
Ae A ?lx}starti’»‘rendﬁgﬂ‘rolé§71Hdiiﬂ 11 Ut} sub 7}

0 Iz

find () MINEE sub o) § 2% obok & Ao v Agal of Ttk wub 7} RE EALAR
1oL W in AR S I4IA2:

>>> 'Py' in 'Python'

True

str.format (*args, **kwargs)
EA 29 AL ST WA s E B P ARG TR () 2 TR
Z

AR FES EFT 5 JEUTH A AB DL 9% A 4 AY AU A D= AR o
A% euth 4 AR B8 Y e A o A D EAL] AL BT
>>> "The sum of 1 + 2 is " format (1+2)

'The sum of 1 + 2 is 3'

2ol BAGo] AT 5 e T T FAol 3 AL mul BAY By 2 AR
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0 Iz

%A} (int, float, complex, decimal.Decimal® A/ H Z#2)E nFAoF *LUHE]T:’;._ o (o
"{:n}'.format (1234)), ©] T4 A A O Z L.c_CTYPE Eﬂ] Q8 1.c_NUMERIC EAYE A A
Slo] 1ocaleconv () & decimal_point &} thousands_sep BEE TJIEFI=1|, o] A= E9]
ASCII 7} oFU AL} 1vlo]ER T} 23, 1.c_NUMERIC 2 A Qo] n.c_cTyPE 2A| 4T o} S wljul 18
A FUth o] A WAL TE 2H = FFES ST

of

WA 374 AA: KAEnFA 2 TS of, o] = o™ FFoll QA H S 2 Lec_CTYPE
ZAL L 1C NUMERIC 2Ad=z AAT )

str.format_map (mapping, /)
str.format (**mapping) 3} H| S} 1‘3}, dict 2 EAE A] 3l mapping & A AMEEUTE A&
E°] mapping ] dict A H S 2 FE I Th
>>> class Default (dict):

def _ missing__ (self, key):
return key

>>> ! was born in '.format_map (Default (name="'Guido'))
'Guido was born in country'
Added in version 3.2.

str.index (sub [, start[, end] ] )
find() :‘7’1' H]%?‘S}—Z] i —‘?“‘E‘ _5_;(]_0‘?&_% 23 T %q/\% 76‘ ValueError & ?—__]_9_5{} 1/] 1’/]—

str.isalnum/()
EA U] RE LA AN R0l 2, 4o) % kel A7} EAFHE B 1rueE B F
A, 294 o ralse s FEF U £Ac € tha T St} True S WHESHAE ol o] At
5\:2]-?:] 14 E]-: c.isalpha(),c.isdecimal (), c.isdigit (), c.isnumeric().

str.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”, “LI”, 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.

str.isascii ()
TARE o] Hlof AU EAE L BE ZAZFASCHO W True € £ F3L, 1R A ¥ oW False s
E# S Y ) ASCI EAF+= U+0000-U+007F ¥ 9ol T = A EE 71Ut}
Added in version 3.7.

str.isdecimal ()
BRG] RE BAE A QS Bl 1, Hol £ shte Bt EATHE P 1rued BRI,
797 ot rased EAFUh 4AF FAL HAYO2 2T FAL W A58+ Ar ¥
=YYt} o9& 5], U+0660, ARABIC-INDIC DIGIT ZERO. A H o7 AR 4 BAE= FUIE
Lk W Nd” o] <3k E ARSIV T

str.isdigit ()
AL W] ZE A7 " A o)L, Aok dtihe] EA EA St ¢ True s EF L, 1A
oW ralse & EAFUCh URol A5 BA9 584 9] WA Aok 22 S5 Helst B
A7 ZFE UL 7ol 7t EH RAAH AP o S A4 AHE 5 fle
Aso] 2o Ut 2470 2, t] A2 &4 Zho] Numeric_Type=Digit =+ Numeric_Type=Decimal
2 AUtk
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str.isidentifier ()
E A o] A A section identifiers & o] FoJof] w2 F & A HAE TrueE S F YL
keyword. iskeyword () can be used to test whether string s is a reserved identifier, such as def and class.

o A :

-
>>> from keyword import iskeyword

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

(True, True)

L

str.islower ()

A9 o)

2
S, A R

EACI RA SEACIT Ao)% Fiel Aol RAL EATE FF 120

ok o

str.isnumeric ()
BRG] BE BA7} Aol 1L, Aol Shike] Bt £ A1
2] kO W ralses ZHEULE £XE= AL FUIE A G =
gUth o & £o], U+2155, VULGAR FRACTION ONE FIFTH. 342 0 2 $2}+= 24 ZFo| Nu-
meric_Type=Digit, Numeric_Type=Decimal, Numeric_Type=Numeric 9] & A}

°
<
kv

str.isprintable ()
2AY S BE BA AN £ ST EAL] Mol 20 e EelRT, 194 G0y
FalseS SHEF UL AT 4 g EX= FU T = B2 o] ] o] 2 0f] “Other” &= “Separator”
2 4 9] ] AL Tk ASCI 25 o] 2 (0020) = 1] 18], 2140 71} 222 g e (o] £
oA, A 7He e E A= FAFLON repr () & ZES W o] 2 o] = H 2] Fofof st AS YT

sys.stdout =¥ sys.stderr 2 85 & EAE Y A glo &S =X E54rt)

str.isspace ()
£ o] T EAT 915, 4o) % Srke) #AT EA S A9 TrueE B
Falses E8EUYrth
FUIZE=E B2} ool v o] 2 (unicodedatas FZ YAl L) ol A, L H 3 (general category) 7}
zs(¢ Separator space”) ©] A 1} %FH}F3F 2 2 2 (bidirectional class) 7} ws, B T s & dFupo] W Eap=
W0 (whitespace) Y Y] T}.
str.istitle ()
EA G o] A& Alo]~ EAFG o] AL 3}
2} ol Aol g BAT
o AP Eralses EHFYLH

I, O8] ko

N

str.isupper ()

AL 19

2z
=8Fa, 2%8A

o]

=
T

Ea “E—ZVV tfE 2ol AL, Aol & atte Al o] A FATF EA = A True s
W Falses aﬁ?‘%‘:}-

>>> 'BANANA'.isupper ()
True

|
Fe

>>> 'banana'.isupper ()
False
>>> 'baNana'.isupper ()

False
>>> ' ' isupper ()
False
4 A o) 2 BabE Gk A F &4 o] “Lu” (Letter, T2 2}, “LI” (Letter, 272}, “Lt” (Letter, Al 5 £2h) 5 & 7k 9 A9t
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str.join (iterable)
iterable 2] FA Q52 ©] of
Zkol 9o TypeError &

U,

str.ljust (width[, fillchar])
Axoz AR FADLS Fol widh A £ALE EAF UL AR R fillchar (7] £ 71 ASCIL 25
0] 22) & A3t AU Th. widih 7} 1en (s) BTk AU 22 29 el Exp o] whEE )

B EXE-E 8 E5 Yt iterable ol bytes A 71 EF EALE o] o}
doUth 845 Arol9 22k o] A EE Al Fdt= TAE Y

str.lower ()
BE FAo]lA BaPPaes6d 71 22212 HE Ealge] EAME S E3 &Y.
3.13

The lowercasing algorithm used is described in section ‘Default Case Folding’ of the Unicode Standard.

str.lstrip [chars ]
A EATFAAY LADE] BAE S Bl FUTh chars AAE AAR X AFE AR A
=

dduth =k 741%None ol 2, chars AA}] 71 3hE F Wl g Al A== YT chars A=
HEA7F obdUth BE gk 23] Al AR Uth

>>> ! spacious '.1lstrip()

'spacious !

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

'example.com'

ARG = bl B FFA BAD G A AT WA E L cer renovepresix 08 &

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

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

static str.maketrans (x[, y[, Z] ])
o] A WA= str.translate() o AFEE 4
T

A7} SR Yo FUTE EAE (P4) E A ( 3
229 (9] o)) B None 0% Wl G of FUTh BA A FUTE EAER

~—

Ay
AA7E 7 WA Aok 2 FA D o] of of sfu, At §A LR ol A, x2f 2 Eaf=y o] &2 X
A= wAE g Utk Al WAL AR} A= B, EAL oo oF SF=H ZF FA 7} None 22

s < 434S F4th

str.partition (sep)

sep 7t A& JEpE AR A £ALE e, RA ol i B, FEA A, TR o
SLRRoR THIREL EASC TRAV UANA B0, EAAAUT 2 A E e
%) W EALE T E - FES BeF ok

str.removeprefix (prefix, /)
FE2}d o] prefix EALEE Al ZSHH, string[len(prefix) ] 5 WFESU T 238X ko, A
EAde] AL NEgh o

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

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

Added in version 3.9.

str.removesuffix (suffix, /)
FE 2L o] suffix AL 2 ZUAL 3 D suffix 7 B o] QA F O W, string[:-len(suffix) ] 5 W&
Uth 124 o, fe) BAG] ARG A Th
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>>> 'MiscTests'.removesuffix ('Tests')
'Misc'
>>> '"TmpDirMixin'.removesuffix ('Tests')

'TmpDirMixin'

Added in version 3.9.

str.replace (old, new, count=-1)
Return a copy of the string with all occurrences of substring old replaced by new. If count is given, only the
first count occurrences are replaced. If count is not specified or -1, then all occurrences are replaced.
W A 3.139) A ¥ A : count is now supported as a keyword argument.
str.rfind (sub [, start[, end] ] )
22 224D wub 7h s [startiend) Wol S /b 2 £A4DY AU AE EAF U 494
A=} start £} end = SeFol2 7 o2 P Utk Asfstd -1 & EFUTh
str.rindex (sub[, start[, end] ] )
rfind ()2} B SIA T BE FXE sub & 2+ 5 §le AF valueError & 427 Yth
str. rjust (width|, fillchar |
eezow AEH FAAL Ao widh ) B B EUTE XA fillchar (7] 2342 ASCIT
iJﬂ ]i) X /\}4‘16}0:] A& Yth width 7} 1en (s) Rt Z AU 22 39 A £ o] vk g Yt}
str.rpartition (sep)
sep 7 PPA R0 2 LM 9 Ao A F AR S LI, TEA ol i FR, TR AR, T
Hof ot ¥R THHIFES BAF UL FRABANA oW, F A W BAL3
2REnes 24l Ao R TAE I RES BRI
str.rsplit (sep=None, maxsplit=-1)
sop & FEAFALE ATl EADo] Yt T EY 2 2EES S F Utk maxsplir 0 Fo1 A W
7P L 25 A A maxsplit 2] 220 —’F?%i%‘ Ytk sep o] A1 A &FA U None o9, FEALE
EE 3 A AR AU R EFNA 2elste A2 AL, rspiic () oFefoll A 24A 3]
AWE splic () A FAFEUTH
str.rstrip ( Lﬁam])
F9 RAAAR BAL] BALES FUAF U chars A= AAT FA AL AP 24
A d Utk A= Ay None ©]2HH, chars A A 712 32 TS Al A S T T chars A A=
A A7 o U ek E gk 23] A7 Uk
>>> ! spacious '.rstrip()
spacious'
>>> 'mississippi'.rstrip('ipz')
'mississ'’
22 Qe BE Ao] obd Bl Hu A BALE AASFE MAEE str renovesurtix ()8 %
2 L. oI SH:
>>> 'Monty Python'.rstrip(' Python')
lMl
>>> 'Monty Python'.removesuffix (' Python')
'Monty'
str.split (sep=None, maxsplit=-1)
sep & TRAEAD L ALGF] EADo] Yt ol Ee] HLES el FUTh maxylir o] 7017
2 maxsplit A F&o] +FFH Ut (WehA, Bl 2E = Hth maxsplit+1 7Ho] 45 7HA A
BYUTH. maxsplit ©] A= A kA -1 o]gtH £ o Aghe] glsUth U BE 20l
BFE o 2 U Th).
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If sep is given, consecutive delimiters are not grouped together and are deemed to delimit empty strings (for
example, '1,,2"'.split (', ") returns ['1', '', '2'1). The sep argument may consist of multiple char-
acters as a single delimiter (to split with multiple delimiters, use re.split ()). Splitting an empty string with
a specified separator returns [''].

dE &4

>>> '1,2,3".split (', ")

[lll, 12l, 13']

>>> '1,2,3'.split(',"', maxsplit=1)
['1', '2,3"]

>>> '1,2,,3,"'.split (', ")

[lll, l2l, ll’ |3|, ll]

>>> '1<>2<>3<4 " . split ('<>)

[lll’ 12', 13<4IJ

sep o] 214 A 9A 1} vone o[ W, THE B8 FuelFo] 48Pk @
FEAR 0, EAD0] Ao 5 S N Ao A G
37 Gk ARA O, W A

£ =95 Yh
dE &4

e
o,
i
ot
_In‘.
rEl
[o
fru
-
oX
(i
gl
>
e
ftfo
=

(]

=]

>>> '1 2 3'.split ()

['1|, '2|, '3']

>>> '1 2 3'.split (maxsplit=1)
['1', '2 3']

>>> ! 1 2 3 '.split ()
[11|, 121, 131]

str.splitlines (keepends=False)
= BAANA e T4 & Bl 2ES SYF U keepends 7} F o & Fol A A] ok T 23 &
Eo & v TS A ks Th

3
ol MIAEE ths & AN stk 53], AA= FuHAd = €4 & 23U

o

=6l =

\n Lz

\r A 219

\r\n A HE +E 97
\v EE+= \x0b 2]

\f == \x0c

e N T T ) 2y |
o
S TR g

\ch = 'E‘;q'

\x1d 5 =&

\xle Iz FEA

\x85 2 = (Cl Alo] ZE)
\u2028 TF-E =}

\u2029 o R}

WA 32004 HA: \v &\ f S E FA B2 275U
dE =d:

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines()

['ab ¢', "', 'de fg', 'kl']

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '\n', 'de fg\r', 'kl\r\n']
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FRA BAD sep o] ARG W spiic() P, o WASE W B4 A W P AES
EelFa, v v & e A & BEA gEt

>>> "" _gplitlines/()

[]

>>> "One line\n".splitlines ()
['One line']

v 3] B ¥, split("\n') = o] FA FUth

>>> '' split('\n")

['"]

>>> 'Two lines\n'.split('\n'")
['"Two lines', '']

str.startswith preﬁx[ start[ end] ])

BRI E o] A A H prefix 2 A ZSHA True & 58510, 28X GO W ralse S S8 F5 YT prefix
£ RWA S YEAEY FE0l B 25 AGUTh A9 st 7F AZE 1 9 A0 A AAE
AAFUTE A0 E end 5 AEE S 9 2o A B 0T ST

str.strip ( [chars] )
AT T B A A AD AL BAR S SHE UL chars AR A AT £ 2} AL 2 A5}
£ 2R A2 A vone o2, dhars A71e] 7| BZEE B A AL S T T chars
b= A F AL A AL obg Utk BE gt 2 ghel Al AH U Th

>>> ! spacious '.strip()
'spacious’

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

1A el ) A% I 8 chars 94 35 0] ALl A A ABUTE FA4 chars of) = £
Aol 235 A oke Ao ERE w7hA W ekl A A AHUTh T AT §AE 5 2] £
Utk ol g S:

>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... U
>>> comment_string.strip('.#! ")
'Section 3.2.1 Issue #32'

str.swapcase ()
WEAFE AR, 292 b 2 HE S A o] BEAMES 2 FUth s. swapcase () .

swapcase () == s 7} FFEA] A H SR k20 F2 34 A 2.

str.title ()
Rol 7l B AR A 23T o A BAl 2B AT S EAde) A2 Aol2 W AS BelF UL,
& Ed

>>> 'Hello world'.title ()
'Hello World'

R

o] di 5L TolE SAEL AL o r B I o] 5P A Ao S AHE T o] Fo=
2 Rl A A4g s W, S of} o] o2 AE R T el AAE A Sk As A mEha,
ol Hshe A7t obd £ A5yt

>>> "they're bill's friends from the UK".title ()
"They'Re Bill'S Friends From The Uk"

0

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

3)

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

"They're Bill's Friends."

L J

str.translate (fable)

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 () & AME3] THE Y419 £ ) £ vl oz B M P HE 4 A5
Axe EAFu)gof o Bk FA8 J2HL codecs BES FAFAIAI L.
str.upper ()
RE A0S AN A A% Wae SAAS) SALE EAFULL oA 02 i 48

AV A FAHe] U E W E7F “Lu” (Letter, tHE A 7} obd -9, ol & 5] “Lt” (Letter,
A& Al o]2), s.upper () .isupper () 7}FFalse € 4 A0 Fo 3 Al L.

The uppercasing algorithm used is described in section 3.13 ‘Default Case Folding” of the Unicode Standard.

str.zfill (width)
Le17hwidh 9 £ALE HET) A ASCIL 01 11 A%l A B A4S E I
AR5 HT0) (1)) BE Bape] ool opjel o 9] & A 02 el H U th widdh 7
len(s) Hop A AU 22 A A& A2 S =5 U

s =4

>>> "42" z£fi11(5)
'00042"

>>> "-42" z£i11(5)
-0042"

4.8.2 printf AE}Q 22X} ZOfE

0 #Fx
o] 7)o A

ek £ gvzd ®
A #A] R ot A

=
E] E% =) \4- str.format ()
=

E AL o7 b A
= [z ]
“ =2

th o] A =S HAE

[e)
T
=

=

A3 o & 5

1)
% =]
Zo) ol 5 7

=
325

String objects have one unique built-in operation: the % operator (modulo). This is also known as the string formatting
or interpolation operator. Given format % values (where format is a string), $ conversion specifications in format
are replaced with zero or more elements of values. The effect is similar to using the sprint£ () function in the C
language. For example:

)

>>> print (' has quote types.' % ('Python', 2))
Python has 2 quote types.
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= format £AhA 0] A Foh FE o) 529} 2L BEo| A} v v WA (o] 2 Sol, YA ) o] o] of
ot

e A= F N ol EAE 2FeHH that 2 A8 4SS ke, WEA o] SAHE
bl ok g ok
Iover E2h WA A e Y Th
2. wjsg 7] (A AR 222 Sl 2AEY AlEaZ FAF U (& E°1, (somename)).
3. MBS (AE A AR WS 3P Dol YFS FUTh
4. Ha 2= Z (AYAD): '+ (2B Ea3) 2 A, A Z-2 values 72| T 404
933, WA AA L H4 D= S A9 U Hol Sk
5. ANE (A" AR o ) HEA AYEZFEF UL o (haEElaa) 2 A s, A
5 = values T th 8404 ¢l a7, W3S AEE FH o FUtTh
6. 2ol 47 (18 A
7. A,
2 2% Azt el (B ohE v F) 9 A%, EAGe] A A WAL W= e Bz
Fol ZgMve]e vl 7| & 2o SN JHlE 2dsof Funh M3 7= 2T g B oes
R A o] Sol:
>>> print (' has quote types.' %
{'language': "Python", "number": 2})

Python has 002 quote types.

o] A%+ ARAE AT S YUt EAAA A5 BSo) Bes] fE ).

e g 2 vt Zsytth

E 2 =

a

e graskel “oiAl 4 (obeel Aels o AHth S AHg T ok,

0" tﬁ_%%%x}%,uﬁ 082 A5yt

o wEE gL A% o e FYPUTH(E o FolAH 0 MRS A FUh.

v (&oo]x) B2 %%tﬂ@rﬂﬂ-ﬂﬂl UPCOVJ"&—’F"‘OH e EARUY (e W 24 d
Ay h.

v BEEA (e o) ZHAT Dol FIUTH( 1 Ee o) S AT Th.

dol #7424 (0, 1, 1) S AT 7= AAR, Fol oA DostA &7 wwol FAHYY - ol & 5

51d & 5d & 25

e #9E o= 2yt
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e =
5t E
a4 BT e A4 A7 7.

i BT 9e A4 AR 7.

lor RE gle8x% g o)
o 2UglE S - RS UT ©
'kt BE UAE 1635 (AFAD. (2)
'x' B3 1634 (HEAD. (2)
'e' Floating-point exponential format (lowercase). 3)
'E'  Floating-point exponential format (uppercase). 3)
'£'  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.
DRI EA (5 EE do] 19 4GS 38T .

©

vt EAE (repr () AHE 3] Tol A AR S ABF U TH. (5)
‘st BAD (ser() 2 AHEFH] sho) A AAE MEF U TH. (5)
‘2t R (ascii() B AR stol W AR E WA T, (5)

w0 QAR WEE A 94, Aol 140 £AF EAFH UL

EE:
(1) oA BAL R 0A 2} ol AW 805 AAR (000 E AT
@ WA FAL A WA SA o) A 0xt B oxt (xr U xe 58 F o]l A& A S o
whe} eba U oh & 4 g
(3) A B 1R £A e A gElekE P4 A5
J

2~
ALEE 253

=g

e
B
pU)
4
[rt
iy,
ox
o
i)
N
p
N
flo
(@)}
o

E3stal Fofl £ 02 A A A k5 Ut

h=4
WAH Q) Aol B AT DO R, 1e WHE BADY ol 1\0' ol2km AR A G

g},
A 31004 M7 A Hizko] 1650 & W Sabol g er MBS T g WP 2 A= A Skl oh

4.9 HIO|42| A|EHA & — bytes, bytearray, memoryview

Hholu 2] tlol 8l & 245 7] 91 S Y2 byt

oF s & bytearray QUTH ol AEL memoryview o
o8l A A H =, o} vtol v 2] AA S vl o &
TRz A

ol A28 s s 22 EF S AH: YT
TR ZL 7|2 HolHYY BEHA AFZ AAFH

et

4.9.1 HIO|EY K|

Hho| 2 AR L B vho] 259 BW AAAYUCh B F 8 o] ve] Z2EFo] ASCH AL 9
FUg o SEw, vl = A ASCH S8t o E 2 2] vk §ET o2 /1A WA=E
AFshe] Thepet the o8 BAY AA S WA o] Aok
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class bytes( [source [, encoding[, errors] ] ] )

A E, e EY B E Y] 9L £A4 BlH 23 A ZA Wb FFAL F7HE T Hol vE
Yt

. ﬁ,'%fﬂr—%_{*—i:b‘still allows embedded "double" quotes'

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

. ﬁ}%?fq%%EEZb"'S single quotes''',b"""3 double quotes"""
HholE 2lH Eoll & ASCIL #AH S| §H Utk (Al 22 I= A3 34 AA PSS U 127
Bk 2 uboly g gk A A o)A o]z A|FAE AFS 3] vl EE 2 o §] g3l oF gt

TAE Bl 2 A9 AR 2 vlo] EY BH E 2 o] A o] Z A A A 2 & v &35}
S8 AR BT S ek AUE = o] 2 A o) Z A ULE EFHo] vho =) 2l E ]
I;]—O]:‘(S]— & Al Oﬂ q]U]— X]—/K1] '(5]— LH‘Q_\_ Strlngs KX Z]—Zﬁ]—/\] }\]_]_

Hlol]Ed gHE 1 RH S ASCHEHA~ES ]BPOE SHA] 7, H}O]Eg AA = AAZE= AT
EH A A A, ALY 7 %,\—?: = x < 256 o] HEF AT UL} (o] AgH= A
W5t 1 A/ =3 valueError S 4o A YtTh. ]7] O kO pio Lﬂl‘ﬂ & Alo] ASCII 7|H 845
Eqohn AN HAE A LA L §450 248 4 9%, 992 whole) vl Eo]
QuAow 458 45 2L B2 AT AYUT (A A2l el E2 BEA 02 ASCII
S gto] opd vieol ] dlo|E Ao H&etd th7) tlolg &Fo R 01017814‘3})-

2 HE P4 ol &, vie] EQ A= o 7HA ok W o2 vhE sy tth:
e AAH Zo]2 02 E YR vo]E A AA|: bytes (10)
o A9 olE|HEZFEE: bytes (range (20))
e Y T2 EZE 53 7] vlol v g gl o] ¥ B AL bytes (ob7)

W bytes & ZHZ3HA &

2709) 1615 A #3] shte] whol = o th3-517] wl£ol 1675 whol vl ) vl o] § & A B3kt
Qb o A gE s FAAUTh thebd, uhe| 2§ 1 P40 HolE g 9 F7he) Fea

HAEE 25Ut
classmethod fromhex (string)

o] bytes Ze2 MAEE 7012 EAL AAE R A vpol =D A2 B F UL
FAG L vho] = & Ao 167157} E 3 o] of 3] ASCIT - ¥4 ek,

_4

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' \xfO\xf1\xf2"

WA 3. 70| A H7: oA bytes. fromhex () & 2 o] AWyt ol g} EAFF o = 2E ASCII
g AP,

Mol 2 ARE 1604 BROR W] 99 B 47} ds T

hex ( [sep[, bytes _per_sep] ] )
Qrgse vho| 2ttt AEl 40 1604 E EAG EAL AN B E UL

>>> b'\xf0\xf1\xf2' . .hex ()
'fOofl1f2"

If you want to make the hex string easier to read, you can specify a single character separator sep param-
eter 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'\xf0\x£f1l\x£f2'
>>> value.hex ('-")
'fO-f1-f2"

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

(TH5 sl el Aol A)

64
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(o1 | o] A o M Al4)
"fO_f1£2'
>>> b'UUDDLRLRAB' .hex (' ', -4)
'55554444 4c524c52 4142

Added in version 3.5.

WA 3.80| A HA: oA bytes.hex ()= 16X &S] vlo|E Alojof] L& 7|5 E 49 3}7]
A5 A A sep} bytes_per_sep "] 7] WH4E XY )

Mhol = A& Ao AN B Dol 7] ah g ol, ol = AR b o WA, bio) = B4}
QuwrwabO]% Jo] 191 vto] 2 AA 7} Fuith ()AL A} seto]d =E Fo] 191
A AATE dat 2L g e
ol Ed Ao AL 2HE A (br...") = A %}% ],“““bytes([46 46, 46]) Ht}-f-8517]
W e U List (o) £ AL SR ol £ AR E B4 A5 HAER AIT 5 YgUTh
4.9.2 HIO|E H Y ZHA|
bytearray BAE= bytes AA| Q] 7FA S o)
class bytearray ( [source[, encoding [, errors] ] ] )

Hhol E wj @ A Aol thek -8 e Y < fen FFAAAE EE0to] BT

e Hl AIAE A TS 7] bytearray ()
o o] Aol 02 YR Ad2HA WE ] bytearray (10)
e A4 olE| 2] B2 HE: bytearray (range (20))
« W3 ZE2EFZ B3l 7] vho] v g o] 8 H A} bytearray (b'Hil")
Hpol E wj @ A& 7h o) 7] w2 oll, vle] EE Fvpo] E wfd A4k ol A FH oY FE ol E
Q) kol = Wl @4kl e, 1 A A AAE A AT,
WA bytearray & Z+Z A 2.
270¢] 1675 A 8] ShLke] wo] E ol t)-3-8H7] W Bo) 1675 who] 1] 2] vl o] 6] & A 5= o
QulA e 2 AL = F AR T b, ulo = M d e 2 B A9 Hole & oe 27kl e
WASE 245U
classmethod fromhex (string)
o] bytearray 2 A E T3 F2E AAE L QGsHA vlolE s G AAE EF
Utk B uho = & ] 162147} % 58] o] of 5hv] ASCI E & A o).

>>> bytearray.fromhex ('2Ef0 F1£2 ")
bytearray (b' . \xf0\xf1\xf2")

rlr
o
rln

WA 3.7 WA o)A bytearray. fromhex () &= 223 o] 28T o] gl F2FF o Q)
ASCII ¥™ 2 A th

HlolE vl g AA S 1674 Bd o7 ¥Fely] 93 9us 471 d5Uh

hex ([sep[, bytes_per_sep] ])
O)A~El A0 Hlo|Enlr)2 A B 49] 1642 E3

rﬁL
R
r%n
)
e
)
é
]
it
)
iz )
A
v

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOf1£2"

Added in version 3.5.

WA 3.8 A HA: bytes. hex ()} B|BHA, o)A bytearray. hex () = 1634 &2 9] Hlo]E
Abolol L& 7155 4F9) 517 el A & A sep} bytes_per_sep T 7] H4S 2| A ok
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vlol E v g A= Ao AAL(B2EL FAD o] 7] wf2oll, uto]E sf & A b ol thafj A, bo] &
A7tk W, p0:1] & Zo] 1 vio]E v d AA 7 HUth (o] AL A Sefold BT
dol 19 ZAE S A3 HaE 2L 2P Yth

HlolE wld AA2 d2 vlojEE gHE g4 (bytearray(b' ) & AEsEd, %
bytearray ([46, 46, 46]) KT} §-83}7] FEH%,:MDP list (b) & *Pﬁﬁ}tﬂ HlolE v AAE &

]
A AL P AER HEBF S QST

4.9.3 HIO|EY T} HIO|E HHY A4t

L—
Hio] E ol ulo] E v & A= 55 Ald 2 A4S A1 Ak o] A g—_g— 7+ 3 o] m ol AbApul of] 2}
Y= bytes-like object2} % & FUTE oY T FAF LR 3|, 2 F Jlo T

- ]
gtk i), A7) whakge 3 ate] Aol ek gebd 4 gy

0 #Fx
Hlo]EY W nlolE wj g A9 Ml E=EE AR EADE WolS oA gkt EALE ] W=7}
Hlo|EF S AR 3 §351A] = A3 upzrhA U th @ﬂ% Sof, o33 Zo] A oF gtk

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

J
A=)
a = b"abc"

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

YR ulo]EF U nlo] E v d A2 ASCII S 3 ulo] v ] F A& 713 ste g, 9o nlolz] tlolE 2
2] & wl = 93 of gy th o] 2] 3 Al g A2 of ol A tFE Utk
0 Fx

]2 8 ASCIL 7] 21242 AH§-3ho] ASCIT 715 F 4 © 2 A 35] ) 92 vho] el o] e & =55t
dolezt &4 5 g%k

Hio] E QG gl ulo] E v & A ol th & o ml A == A ]2 vhel el vl ol H & A AHEE 5 syt
bytes.count (sub[, starl[, end] ] )

bytearray.count (sub[, Smrt[, end] ]
B [start, end) AN A B A A2 sub 7F 5 J A @FaL 588k

start 2} end = E8Fo| 2~ E7|H O 2 S| A H Y th
A B A DAE Q99 hytes-like object = 00| A 255 Abol o] A4 4= Q15U Th

seEU HE A Qi)

m]ru

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

W 3304 M A B AIAARE 00f| A] 255 Abo] o] A& 58 g Th
bytes.removeprefix (prefix, /)
bytearray.removeprefix (prefix, /)

vlo] 1] 2] gl o] E] 7} prefix XD Z Al 28, bytes [len (prefix) : 1 & Ut 238X ¢to

A2l vkel 2] Hl ol 8§ 9] A& vk gy ok

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

>>> b'BaseTestCase'.removeprefix (b'Test"')
b'BaseTestCase'
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prefix= 498 vio] EA R A A 5 Qs UTh

0 #x

ol Ml =2] ufo] E vid WAL A A2l A F2SHA FFUT- HABHA de AF2A T
A AAE s U o

Added in version 3.9.

bytes.removesuffix (suffix, /)
bytearray.removesuffix (suffix, /)

Hlo] 1 2] g o] B} 7} suffix =ALE 2 Z vl 3l S suffix 7} vl o] YA F O W bytes[:-len(suffix) ] S
grkgtuch 297 ¢ko, g vholuv g o o] Bl o] AR vEEgY ok

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

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

suffics 49 9] o] E A7 AA A 4 AFYTh

0 Iz

ol FlA =2] ufo] E v & WA 2 A A2 A TSR FF U - MAHA e AF2A T
M AAE WUt

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 3= <1 7 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 of| ¢ ] 2] 7] for details.

For performance reasons, the value of errors is not checked for validity unless a decoding error actually occurs,
vlo] M 7l ¥k B E is enabled or a debug build is used.

0 Iz

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

A 3104 WA 719 A7 A Dol Z7h% gl o

H A 3.9 A ¥ 7: The value of the errors argument is now checked in 3} o] % 7]t 2 = and in debug
mode.

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

bytearray.endswith (su]ﬁx[, starl‘[, end] ] )

Hhol v g dlol Bl 7} A1 A suffix 2 BUE True & B85, 21324 oW ralse E S8 EF YL
suffix & ZALA} shE HuALEY] R0l E % HE} A8 start 7FAFHE 29 X ol Al
AAE AR FUT A A end & AH&-3HH H%%i N s FEF

A Hul AHE) = ¥ 9 9] bytes-like object ¥ 5 Y5 Y Th
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bytes.find (sub[, start[, end] ] )

bytearray.find (Sub[, Start[, end] ] )

A B A A2 sub 7t E8bo)l 2 s[start :end] Woll 5335t 7 22 0 ]E% .l
A A A2} start 9 end = € ]—47]‘*“-’%*11”914‘4 sub 7k oW -1 & B F UL,
o

AAS B A|A = A9 bytes-like object T== 09| A 255 ALol o] A4 4= 5 th

o
‘0,
in)
[>
e
et
v
i)
T
v

0 Iz

find() PN EE sub o] XS Lot & 7 Oﬂ ok Abg-3f oF FUTh sub 7} B BEAG AR
HE Flete W in AXAE AHE A AI

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

W 33004 M A B AJFAZ 00 A 255 Abole] F4= 58 Th
bytes.index (sub [, start[, end] ] )

bytearray.index ( sub[ start[ end] ])
find() B A T A B A FAXE S 4 QU= A valueError & 9o 7T
AT qE A A= Ao Q] bytes-like object == 00| A 255 Abol o] A4 4= dF YT}
W 3304 M7 A8 AR 004 255 ALol o] A4 38 BTk

bytes.join (iterable)

bytearray.join (iterable)
ierable & o] 1] Eo]E] 825 olo] 017 2 vpol = el i vol= W ANE Fei
t}. iterable o st r A} 7] €L bytes-like object 7F o} 3ko] YW Typerrror & 4o YTH &
Apol 8] FE At o] WA EE AlF St vlo] EE o ulo]| E v E AA Y YT

static bytes.maketrans (from, o)

o\
ti <

B

static bytearray.maketrans (from, t0)
o] AA WA =& bytes. translate () o AHEE 4= &=
10 2] 22 91 Aol = FAE B YT from o= B
ek
Added in version 3.1.

HExE ST, from ol = EAE
= bytes-like object ] oF S}11 2 0] 7} Zrolo}k

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

sep 7t A= WEtU= A1 A A A2 E Ural, +22F doll Sle F2, #2844 AHAl, 241 7 o
e RRor FAHH3-FES FEFULh TEAVIEAS A Fo W, Al AlFL0 BEARE O
AE M2 F A Rlvte|EY Esvlo|E v d AA 2 #4449 3-FE2 s2ls4Th

A LEA= A2 9 bytes-like object B 4 J5H Y T

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

bytearray.replace (0ld, new[, count] )
BEXNB ADXold 7y new & X SHE A A A0 BEAME S E8Z U A d
S+ count 7} T X g Yt}

A B A A2 T WA E-L A9 9] bytes-like object D 5 Y5 T

2 A} count 7} 0] A |,

4

0 Iz

o] Hl A= uho] = Wi WAL AR A A haUTh- BAH A b ASEA T4
A AR E BE U,

68 Chapter 4. LHZES



The Python Library Reference, Z!2|A 3.13.1

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

bytearray.rfind (sub[, start[, end] ] )
A B A A2 sub 7} s[start:end] Yol 5335t 7H8 2 A1 @29 Add A2 S8 F Uttt Az
A} stare S} end = &2kl 2 B 2.2 4B ek As|ahE 1 & BHF Tk

AT A B A A= Q09 byres-like object TE= 00l A] 255 Abol o] A4 4= gl Ut
WA 33004 WA AE A AR 00 4 255 Ale] o] ok 58T
bytes.rindex (sub[, start[, end] ] )

bytearray.rindex (sub [, Start[, end] ] )

rfind() & BIKIA T M E A A sub & 2HE = v A-F valueError & 4o Yth
A B A B2= A2l 9 bytes-like object == 001 A 255 ALo]o] A4d 4= 54Ut

WA 3304 WA A B A IR 0014 255 ARo] o] A= 5§yt
bytes.rpartition (sep)
bytearray.rpartition (sep)

sep 7HHEA B0 2 b EREE oA Al AE W, TR A 9ol Qi B, TR AR, T2
Aol et pros FHEIRES FAFUL TRA BAS A gow, % Aol Wl vpel=gd
w ol Wd AAS 1 HE Bt Ao AU AR R $AY 3 FES BeE UL

A LB 2= 9 9] 9] hytes-like object D 4 Q5 T
bytes.startswith (preﬁx[, start[, end] ] )

bytearray.startswith preﬁx[ start[ end]]
vlol v 8] o] o] §] 7} A A & prefix 2 Al 28 True &
prefix £ R4 3 AT AES] FEol @ 2 9) 4
AALE AU T A end & AFESHR A2 9 Kol A 1)
AANE AFEAHE)E 429 bytes-like object S 4 Y5 TH

bytes.translate (table, /, delete=b")

3, 29X o Hralse & EHFULH
q start 7} Al S = H 1 9] X] of| A

oy 24 %
AU
o 3
<
:L

bytearray.translate (table, /, delete=b")

A2k 7153 Q1 A} delete ©] BE HIo]| EE A ASLL, YW X HIO|EES Fo] X MR Z 1w Pt

u}o]Eoﬂ o]} ulol E Hj @ 7“14]94 %/\}%é EHF YT table2 Z o] 25621 Hfo] E QG A A o] of oF

sy,

bytes.maketrans () A EE AFESte] MR E W5 4 Q5T

EZE 297w ot W 8o] = able AAFE None O A QA A 2:

>>> b'read this short text'.translate (None, b'aeiou')

b'rd ths shrt txt'

H A 3.600 4 W A: o)Al delete = 7] ¥ & QA AE X LH Uth
Hlo]Ed 9 H}O]E vl AR o o3t o}S WA == ASCIL 33 vlo] 1 2] A9 AHES 7148l 7|12
22 2%, A48 AAE Aol Qolof vholvie) HlolElsh BA A8 T & A5tk of 449
vlo] E v d WA =& BT A A g of| A ZHE-3hA] ¢kl thAl 22 A E A ol o aHA Al L.

bytes.center (width [, ﬁllbyte] )

bytearray.center (width [, ﬁllbyte] )
4 o] width 91 A A 22] 7k o] A 83 A A 2 H/\P%é =#s4th Z]Zé%ﬁllbytdﬂ%%kﬁ ASCII
28] o] 2) & AHg8te] AF Ut bytes A B, width 7} len (s) Btk 2 AU 22 79 A7
A7) vksk U oh

4.9. H}o|L42| A|RA & — bytes, bytearray, memoryview 69



The Python Library Reference, Z2|A 3.13.1

0 #x

ol MM =2 uio]lE v g M2 A A A A F2SHA dsUTh- HAHA Fe A2 JA

A AAE BEU T,

bytes.ljust (width [ ﬁllbyte] )

bytearray.ljust(w%ﬁh[hﬁﬂbyw]
Az o7 FdH AA S BEAHLS 2 o] width ) /\]iq/‘i SIS U A A fillbyte (7] %% ASCII

2301 2) 2 AL&3o] AGUTE. Lytes AR A%, width 7 1en (s) Hek AAY 22 A4S Qe
A 27k g ek,

0 Ix

ol Ml =2] ufo] E vj & WA A A2 ol A F2SHA FF U - HAHA de AF2A T
A AAE Ut

bytes.lstrip(hﬁam])

bytearray.lstrip([cham})
A ol 27} A A E A2 BAES S FUTh chars AAE A AT Hlol = AFE A Qe
Hlol 1] Al gAYt - o] 52 o] Ml =7} B35 ASCI EA1e} AFgE th= AFA S vhd gy o)
A 25 7 U None ©]2HH, chars AAF2] 7] 252 ASCIL 385 Al A= 5 Yt chars A2 H
A7} b U ek B2 g 2 3ol Al AR

>>> b' spacious '.1lstrip()
b'spacious !
>>> b'www.example.com'.lstrip(b'cmowz.")

b'example.com'

A A vto] E ke uhol i g *]ﬂﬁ% dojo] vpol ELF AA Y = syt A AT BE
Ao] old B HEA ERFE S A ABt= WA E= removeprerix () 3 %}i SH Al L. :

>>> pb'Arthur: three!'.lstrip(b'Arthur: ')
b'ee!!

>>> pb'Arthur: three!'.removeprefix(b'Arthur: ')
b'three!'

0 iu

ol MM =2 upo]lE v WAL A A A A F2SHA dsUTh- HAHA Fe A2 JA
M AAE WUt

bytes.rjust (width [ ﬁllbyte] )

bytearray.rjust(w%ﬁh[hﬁﬂbyw])
ee%os AYH AR KARE Dol widh I AAL2 EAFUTE A FH filbyie (7] 3L
ASCII 25 o] 2) & AF-g-8to] AFUTh bytes AR 2%, width 7} len(s) BT} AU 22 7%
df A F27F kg Yo

0 Iz
o] Ml 2] ulo|E v g WAL A| A} o A F&EHA] kEUth- WAE A b= Az A A
A AAE B E U
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bytes.rsplit (sep=None, maxsplit=-1)

bytearray.rsplit (sep=None, maxsplit=-1
sep & FEA A A2 AT vl L2 A TULE T ol AR ADL L gl maxyl
o] FolA W 7Hg L EF A o maxsplit ] E o] +RHHUTE sep o] AFH A %A L None
oW, ASCII 34 B8 0 2 o] ol 2l BE AN AAsE FRAYUD 0 BFo|A Helstt

A= A8, rspiit ()= ofeholl A AHA 8] A E spiic () AH F2FUCh

bytes.rstrip ( [chars] )

bytearray.rstrip ( [Chaml

AAE FY Al EAAAL A D00 HALE FAFU chars AAEAAY vhol= A S
AR S vhol Y g A DAY UTH- o] B2 o] B =7} BE ASCI £ 219} A H rhe AL
% EHUI Tk A 2F5) A U one o] ehE, chars 21 2h9] 7] gHe ASCII 39S A A% % FLich. chars
Q2H= ol A7k ob e BE gk 2 3ol A AT Utk

>>> b' spacious ".rstrip()

b!' spacious'

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

AAG who £ gel vhol el AL Qo9 o] =d R A 4+ gk B2 4G mE
Zo] obd B AN A EAD L A AT WA EE renovesurrix ()& FRHHA L. A8 S

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

b'M'

>>> pb'Monty Python'.removesuffix(b' Python')
b'Monty'

0 #u

ol A =2 Hio] E v M2 A AFE] oA F2SHA s UT- WAHA e AFEAJ
M AAE Ut

bytes.split (sep=None, maxsplit=-1)

bytearray.split (sep=None, maxsplit=-1)
sep = ?——ErXP AFEE /‘}*"Lﬁ}@] Hpol Y 2] Al AE 22 F o] NE A AX2E Usg YT maxsplit ©]
A7H A S5 7t obd A%, A maxsplit 2] = FH U (WebA, 2l 2E = H ) maxsplit+l
Aol 845 ZHAA B UTh. maxsplit ©] ABE A FUAAY -1 o2t £ o Aol gl
b5 @ BE Bl B0l FYTh.

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.

oE EH:

>>> b'1,2,3".split(b',")
[b'1', b'2', b'3']
>>> pb'1,2,3"'.split(b', "', maxsplit=1)
[b'1', b'2,3"]
>>> b'1,2,,3,"'.split (b', ")
o"dv, 27, "7, B3, 977]
>>> b'1<>2<>3<4" .split (b'<>")
[b'1', b'2'", b'3<4']
L )
sep ©) AAH A @Atk None o] W, T B FueZo] H§H Uk ALH ASCH T b
BT PEAR o, A DA Aol T3 39 Bl E ATbE Al 2] ¥l A DA

fud

o
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£ 233 5 Utk 2dF o2, Wl AIFAUASCH g to 2 A H A P2 E None LEALR
Urd 1 £ 285U
& &9:

-

>>> pb'l 2 3'.split ()

[b'1', b'2', b'3"]

>>> p'l 2 3'.split (maxsplit=1)
[b'1l'", b'2 3']

>>> b 1 2 3 ".split ()
[b'1', b'2', b'3"]

L

bytes.strip ( [chars ] )

bytearray.strip( [chars] )
AP} T3 vpo] EVF A AR A ALY FEAME S SHF YT chars A= A AT vpol E H s
A B3 wpe v g AA2GUTH- o] §2 o] WAL} HE ASCH £49} A HThs A S
Gt A= Ak None o] 2HH, chars Q12| 7] gE-2 ASCIL 32 Al A 8t = = U th. chars
At HFARE G El AL obg Utk BE gk 2 8] Al A G U ok

>>> b' spacious '.strip()
b'spacious'

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

A A vlo]l E zHe] vlolv 8] Al e A9 9] bytes-like object D 4 55U T

0 Fx

ol Ml =2] ufo] E vi & WA 2 A A2 ol A F2SHA FFUTH- HAHA de AF2A T
A AAE Ut

Uhe WA == ASCIL 2 8 vlo] 1 2] @ 4] 8] Abg2 7 5k 9ol 2]

dho] £ Wl uho] = W A A of th 3t
Futh o] 449 o] = | WA EE B AR oA A5 eA ok

Hpo] 1 2] v o Bl of] A &89 <k
A A2 AAE AT
bytes.capitalize()
bytearray.capitalize ()
7} uko] =7} ASCH £ 22 345 1 3 WA wlo] =+
BAHEE EYF U TH ASCI vRol E 7} obd ghE W75 A g w Ayt

0 #x

o v A=) Whol = Wi WAL ARl A A btk WAH A o
A AAE BE U,

rr
o,
o
N
4
o
%,

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (fabsize=8)
REEASCH ¥ £S5 dA9 g Fo1X § 2 7] whe} sprput 1 o] 49 ASCIL &35 o] A=
2 2hst AJ A2 BEAMR S S8 F Ut | 9] X & wbsize vFo] Evtoh A U T (7] 2 32 8 0] A1,
d0,8,16 5l H AXE AR H. A/DAE 457 S8l @A o] 028 AAHH I A ALE
BFol = Th9] & A ARHUITE. BRo] £ 7F ASCIL 9] 2.2 (b7 v 1) o] W, 3] Qo] kg o 9179k 2o}
wf 7hA] Sput o] o] Aol A FAFAYH UTH (B B4 AHAl = BAME A s U Th) @A) viol E
7FASCIL 7|3 2} (o' \n') =7 E] A g E (o' \r') o|H BAH 1 A G200z ALY
T2 hol EE M AE A 931 EARE 1 AR E-2 A4S wf vufo] EV} o] B A FAIE =X of] TA Gl o]
1% 2 7h3h e,

72 Chapter 4. LHZES




The Python Library Reference, 2| A 3.13.1

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

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

0 Iz

o WA= o= Wi d WAL AR NA FATA s UTH- AAHA Rt BFEA T4
A AR E BE T

bytes.isalnum()

bytearray.isalnum()
AlA 2ol BE vto]EVE ¢l ASCIL & AF B+ ASCIL A Zlg=o] 31 AJA A7} v]o] YA 9
oW TruedE EHFY 2% A oW ralseE EHF UL &IAl ASCIH &2}, A€
2~ b'abedefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVIWXYZ' of] Q1= vlo]E 7k Y Th
ASCHI AR 4= A|B A2 b'0123456789" o] Y= vlolE ZFY Ut}

o S4:

>>> p'ABCabcl'.isalnum/()
True

>>> b'ABC abcl'.isalnum()
False

bytes.isalpha()

bytearray.isalpha()
NA2o BE wolEVL L5 ASCH £ ol m A@27 #o] A4 @O True

S B3y 2%8A ¢od ralse® B F UG Wl ASCIH A&, AlEx
b'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ ' o 9+ vlo]lE ZFY Ut
& =49

>>> pb'ABCabc'.isalpha ()

True

>>> b'ABCabcl'.isalpha ()

False

bytes.isascii ()

bytearray.isascii ()
Al A7 vlo] YA A B2 BE HFo]EZFASCHY True s S8 3L, 234 oW False &
=25 U th ASCII vlo] E 9] B9} & 0-0x7F J U T}
Added in version 3.7.

bytes.isdigit ()

bytearray.isdigit ()
A28 BE vl 7} ASCI AR50l m A A27hvlo] §1A oW Trued BRI 218
Fo W Falsed ST ASCI A X4 AJ B2 110123456789 of QI ulo] E gkdyth.

& =4:

>>> p'1234"'.isdigit ()
True

>>> pb'1.23'.isdigit ()
False

bytes.islower ()
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bytearray.islower ()
Al 2o Ho = shte] ASCIL A A7 9131, ASCH A7 Gl True s, 18 A 2 W False
£ =HFUTH
& =9

>>> pb'hello world'.islower ()
True

>>> pb'Hello world'.islower ()
False

ASCII 22 E 2= A 2 b'abedefghijklmnopgrstuvwxyz' ©f = vlolE ZEY YTl ASCI &
A=, Al B2 b ABCDEFGHIJKLMNOPQRSTUVIWXYZ ' o Y+ vHlo]E ZFY Yt

bytes.isspace ()

bytearray.isspace ()
A1222) B kol 27} ASCI 29 0] 3, A T2 7} Hlo] 97 $he Wl True S EWF T T2 ghow
FalseE S| FUTH ASCIL 39 22 AlE2 bt \t\n\r\x0b\f' (&5 o], 8], & vl 7§ 2] A
28, 474 1, F 75)0) 9l vol= gk,

bytes.istitle()

bytearray.istitle()

& EH:

>>> b'Hello World'.istitle()
True

>>> b'Hello world'.istitle ()
False

bytes.isupper ()

bytearray.isupper ()
AlA o] Aol shbe] ASCH tEAH7F 9137, ASCH 2 F A7 QoW True s, T8 A 4o W ralse
£ EHsUTH
o g &9

>>> Pb'HELLO WORLD'.isupper ()
True

>>> b'Hello world'.isupper ()
False

ASCII &8 A= A| 2 b'abedefghijklmnopgrstuvwxyz' o 9= HFo]E ZE Y Yt} ASCII tf &
Al=, Al B2 b ABCDEFGHIJKLMNOPQRSTUVIXYZ ' o] 9= vlolE zkd vt

bytes.lower ()

bytearray.lower ()
EEASCH - 2AHE 3l F AFAZ WEet A| g2 AL S S5 yth

dE =d:

>>> b'Hello World'.lower ()
b'hello world'

ASCII A28 A= A B A brabedefghijklmnopgrstuvwxyz' o 9+ vlo] E ZFJ U th ASCI tf &
Ab=, Al B2 b' ABCDEFGHIJKLMNOPQRSTUVIWXYZ ' o] Y+ vlo]E Zkd vt}
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0 Iz

o A= HolE Wl d WAL AR NA BT YU ABTA R BEEA T4
A AAE BE T

bytes.splitlines (keepends=False)
bytearray.splitlines (keepends=False)
ASCH & ZANA YA viel v g Al 29 & g 2E
universal newlines 33 =& AF& Ut} keepends 7} 32

E A %‘"Hr/‘r-

dE =d:

Ut o
2 e

flo &

=2, o

s 525
2 Foix)

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()

[b'ab ¢', 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']

B2 A sep o) £ 22 Wl splic () 9 L], o) WAL W AAL A W FaER
R, v F 0 ES A EE BEA e

>>> b"".split(b'\n'), b"Two lines\n".split (b'\n"')
(['"'], [b'Two lines', b''])

>>> b"".splitlines (), b"One line\n".splitlines ()
([], [L'One line'])

bytes.swapcase ()

bytearray.swapcase ()

EE ASCH &7 28 ol g thE AR, T Rt = opd7kA 2 A ok A i 29 B4 3 F U
o & EH:

il

>>> b'Hello World'.swapcase ()
b'"hELLO wORLD'

ASCII &8 A= A| 2 b'abedefghijklmnopgrstuvwxyz' o Q= HFo]E ZE Y Yt} ASCII tf &
A=, Al B2 b ABCDEFGHIJKLMNOPQRSTUVIWXYZ ' o] = H}O]_ 7‘?:] Yt}

Unlike st r. swapcase (), itis always the case thatbin. swapcase () . swapcase () == bin for the binary
versions. Case conversions are symmetrical in ASCII, even though that is not generally true for arbitrary
Unicode code points.

0 #x

ol A= HolE Wl d WAL AR N S5 Ut AATA R BLEA T4
A AAE BEY T

bytes.title()
bytearray.title()

o] 7} ASCIL | B A2 A1 &3t U R] BEAJEL 4~E 2} Xﬂi Aol WAL ulol gl Al FAE
EHFUL AlolA glE vl E 2 45 A 2 A2 g5 yth

=)

>>> b'Hello world'.title()
b'Hello World'
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ASCII &8 A= A| 2 b'abedefghijklmnopgrstuvwxyz' o Q= vl E ZE Y Yt} ASCII tf &
1= NeX

A= A]FA 2 b'ABCDEFGHIJKLMNOPQRSTUVWXYZ ' of] Y= HlolE Zkd Yt} &

Ao 27 g
o) TP ZL ol B TAEZY Ao B 70d do] =Y F Fo 2 gAY

°|
ol 2] FZol M ZF AR 5t 7] ok AERITL o] A FA T AL A vjsta

ol Ut 277} obd S YUtk

>>> b"they're bill's friends from the UK".title()
b"They'Re Bill'S Friends From The Uk"

A4S Ag o] ohEAER o R A E S FAT S dFUh

-
>>> 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."

0 Iz

o] W =9 uhol= wj G WAL AAe o)A BAFA EUTH- WAHA b AL R
A AAE BHE YT,

otk
>
>

bytes.upper ()

bytearray.upper ()
B EASCH A% 2 3 t 222 W3ket Al @] BEAMR S S5
ofE EH:

>>> b'Hello World'.upper ()
b'HELLO WORLD'

ASCII 2 E 2= AW A b'abedefghijklmnopgrstuvwxyz' o Y+ HFolE ZE Ut ASCII o) &

A=, A DA b ABCDEFGHIJKLMNOPQRSTUVIHXYZ ' o] 9= Hlo]E ZF Ut}

0 #x

M AAE Ut

bytes.z£ill (width)
bytearray.z£fill (width)
Q017 widih ) Al A2E WE7) 915 ASCI b7 0" £AE Ao AL Al AL A2

e A# 2B GEol (o /o) B3 EA9] Sl ohe} T o A$E Aoz AeH Yo,

bytes ZA| &) 4%, width 7} len (s) Btk A AU 22 45 4 Ald2E S5

& EH:
>>> pb"42" . zfill (5)
b'00042"
>>> p"-42"  z£fill (5)
b'-0042"
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0 Iz

ol MM =2 upo]l E v g WAL A A A A F2SHA dsUTh- HAHA Fe AFEAJA

A} AAE wHEUTH
4.9.4 printf AE}Q HIO|LH2| ZOHE!

0 Iz

o7 HA EA A4S ol 7HA] AWA O RE (N E Fo] REH YA S 2uh=A
A 23E ) FEtE FF BARE itk A4 gol FE T I Y A FER

7Rk ok ek

vl U 2] Al A AA| = S7HA] ALt g A4ke 2 Qg U th ¢ AR (RER). o] A2 Hio| U] 2
g E= X3 AAxtet i E FUTh format % values 7 }11a1%quqL
format 5] & A2 WA= 07 0] 442 values & 242 A G Ut o] A= C Ao A sprintt () S
AH83H= AT H)s= g o}
format ©] 3t1}8] JAALE R 89, values = 3H12] ¥ F& A A 5
values = format B}o] 1] 8] A| A AA| 7} X Adt= 2 fol e B2
gM1e]) o of Fth
HE BAls 7 A ol EAE 23 vt 22 744 L4ES T ek, HEA] o] SAHE
Lhebof Stk

1. EAF: A S A S e Y o

9] 2] T} Paze 6.5 72 7 o}onq
o] o wjsg AR (A

o°

2. wj3g 7] (A8 AR 25 E AR TAEY AALE FAAE YT (& £°1, (somename)).
3. A Z 2 (A8 AR AR S {3 Aol ¢S FUTh
4. 4 F= Z (AY ARD: v+ (N2HE23T) 2 AR SHHE, AA F2 values FE 9 Ty 84004
813, WHT AAE Ha BE Z7 484 A% 5o STk
50 3WE (A8 AR o () theoll AEETEFUTE v (RaH B A3) 2 AR SHH, A Y
5 & values T th 8404 ¢l8| a7, Wi 3he A E FH o gyt
6. Aol FAAL (A AHE.
7. A 3.
LEZ AAVFYAY Y (Ee thE vid ) < A%, vhely ] Ald A AA ol Yl HE YA = vEEA|
BRI Flo] 2SR vF AE BEe Be 0 Fule TesloF g vF At w2 U
S g or R AU A& Eo:
>>> print (b’ has quote types.' %

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

o) A%+ ARAE AFT 5 QEUT (@AHA HANS 2

ME Ee 0 FAe e 24 UTh

)

2 g a7 WU,
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= =

a

pr geaskel “ohAl 47 (ool FF ol dHuUth & AU

o0 WBHe Sk gk A9 002 etk

o HEE e 9% 02 FAFYUT (E g FoIA W o AR A U h.

rr (2F012) BE Y MB R eI I ol 9IS FAFUTH (5 E W EAD
QU Th.

et BEER(eror o) RS Gl FYUTH( 0 ZH 2 SAFY .

Aol £32 (h, 1, 1) & AFE v AAT, stolo A Be5HA] 7] wf&oll FAIF YT - o & 50

$1d = %d 9 25Ut}

WP e e 2Eun

i = =

e E

ar RE gl A5 A 27

i R Qe A AR BT

o BRI YL 3L ()

e S A9 - 4 2EUD ®)

xR e 1635 (READ. 2)

Xt BT Qe 1675 (D). (2)

'e' Floating-point exponential format (lowercase).
'E'  Floating-point exponential format (uppercase).
'£' Floating-point decimal format.
'F'  Floating-point decimal format.

'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.
' G uelE (g e ol 19 Hiel v A EAE &Y h.
'b'  Bytes (any object that follows the buffer protocol or has _ bytes_ ()).
‘st st bt ] MY o)L 3o] Al 2/30] 4 B AL§H of of e,

®)
(6)

'a' Bytes (converts any Python object using repr (obj) .encode ('ascii', (5)

'backslashreplace')).
et e o Aol T shol A 236 AR ALEE of of BT
5 QAR B g, Ad] s A EAE U

M

A &AL kol A8 874 A AL (100" E AFFFUTH
A =X

A
H
() A FAL T A ST oA grietE G4 a5

8 g 2Tk
AUEE 257 o8 AA+E A8 RS 6T

@ oA AL Aol 4 25 8E 2T Aol 2102 AAH A gk
Aere 257 99 K5 AASE 245 1 RgL 6dU

5) AL=7FN o] gk
(6) brss' = HAH
(7) prer' = 3 A5

(8) PEP 237% #= 314

LSRR 3x AP = A= A AR A T
LSRR 3x A F 2 A= A AR A o

ko

Fobol A9 roxr Bl ox (x U xt 58 F o A€ AHg St ko

78
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NE WA AApel ol A F2etA dsUtt- BAS A e 422 344 A

ol o
g
=
&
m
j=d)

e ] B

PEP 461 - bytes 2} bytearray ol| % E v & &7}

Added in version 3.5.

49.5 O22| &

memoryview AA L vl LEF W 2 EZ S A At AR B o6 B glo] A2 S
AA T
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) isequal to the length of to1ist, 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 31290 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.

nemoryview SOl AT AU L A Aol doHE w2 FUT. AL Sl Ak AR FE

his=dole s

>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v([l:4]

<memory at 0x7£3ddc9£4350>
>>> bytes(v[1:4])

b'bce'’

Format o] struct RES Vol H FA AR F U A%, A4 Ex A5 RES AGHE
AUYE A A SuE FOg e 948 BF U A4 MR e Hi A5 EL S
45E e FER A9 T 5 AFUth AL W R e] B AFS) ndin N} A5 E REFER
AT 5 glUth o171 A ndim & AY S JUTh FAD H R He Wl FE AGYT 5
AFYTH

-2 uhe] =7} obd @ Ale) o Iy

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 44444444])
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

(TH5 sl el Aol Al<)
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(e]A sl o] A ol A A<
44444444
>>> m[::2].tolist ()
[-11111111, -33333333]

345 AR 7k 7] 7 e, v 2 H QA Sefola Y AAYUTh 27 WAL 3 §H A
¥t

>>> 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'spam'

>>> data

bytearray (b'zlspam')
.

e )

J

3

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

J

H A 3.39] 4] ¥ 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 ¥ 2e HEexsor
WA 35004 WA o)A Ml m e He A5 RER A94E & 5 Urh

memoryview— B 7FA WA EE 71A 21 YH5 U T}

o collections.abc.Sequencei%‘%%qr/]—

__eq__(exporter)
w2 2] {2} PEP 3118 A& A} (exporter) = Tha 3 22 2AS 5T v 2oy vy y
o RE S

= =3
B o) 553t F A4 ZF F A IET} struct THE AFESE S|4 E =33 ghel
Eda=3
AA torist () 7 AQ8HE struct F4 TALES B AT B, v.tolist () == w.

tolist () Avwe= ZHYTh

>>> import array

>>> a = array.array('l', [1, 2, 3, 4, 5])

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.01])
>>> ¢ = array.array('b', [5, 3, 1]

>>> x = memoryview (a)

>>> y = memoryview (b)

(TH5 sl el Aol A<)
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(o] sl o] A ol A AI)

>>> x == a ==y == b
True
>>> x.tolist () == a.tolist () == y.tolist() == b.tolist ()
True
>>> z = y[::-2]
>>> z ==
True
>>> z.tolist () == c.tolist ()
True
BA ZAE O] struct REA ALH A koW AA = F4 2R dria vag it (34
AL H 3 Yol ZEEtE 285 YTh:
>>> 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 == b
False

Note that, as with floating-point numbers, v is w does not imply v

Aol MANA = FE FAT = wd T

WA 3.300 A ¥
H AL 35 Y o

tobytes (order="C")

w for memoryview objects.

AlSta YA HEEE

= =
2E 7

W39 dlo) el S whe|EA 2 EelFUTh ol B Hol byres AAAE TE S 2
S5,

>>> m = memoryview (b"abc")

>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

A% M A9 Aohe 0 205 o= ARG JYT ALz T2 A L
D]— tobytes () = struct B8 “F'I_“?ﬂq Oﬂ %i“\f‘ Zi‘% E@:}C’q 2= 5:3] /9' —E—Z]—O‘__.i—% Z]%] ;:lh/] D]—
Added in version 3.8: order={‘C’, ‘F’, ‘A’} & 4 Q5 Utk order7} ‘C’ L ‘P o]¥H, Q&
Wedel dolEZC U 22 SAS BB 05 el A%, A & 2 W2
AR g Ba ek 53, 9w e ) RE@ A2 B YU A% olA e 7o)
AL oo E{ HA CE HEH YUt} order=None-2 order=" C ¢} 54t}

hex ( [sep[, bytes _per_sep] ] )
W3 Yol Ztulo]EE F Y 16342 83 224 A& 585 Yth
>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'
Added in version 3.5.
WA 3.80 A WA bytes. hex ()&} B]S23HA], | Al memoryview. hex ()= 164 £ 2] v} o]
E Apolo] 8 715 4H3187] S A S H seph bytes_per_sep U7} WS A AT
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tolist ()

W3 Yo tolHE 2459 glaER EYF U

>>> memoryview (b'abc') .tolist ()

[97, 98, 99]

>>> import array

>>> a = array.array('d', [1.1, 2.2, 3.31])
>>> m = memoryview (a)

>>> m.tolist ()

(1.1, 2.2, 3.3]

WA 33004 WMA: tolist () £ A struct BE wHY B G EX vlolE B A3}

thxed 28 ALY
toreadonly ()
W2 7 AR o7 A8 wAdS vkt A MR 7 AA = HAEHA g5

Y.

>>> 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 ()
H 22 J AR g3 ==

S8 2 A E (ol

S5 A S AT B Al Bl 3 AR o] 249D o
of, bytearray £ QAR E A7) 24 AT,

ukehA,

release() € 2 &1 753 i e] o] AT A Al AL 238 A S A 5+ A5

After this method has been called, any further operation on the view raises a ValueError (except

release () itself which can be called multiple times):

>>> 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

vith B2 AET AL AE e 2R EDL 5d 53E I 5 dayth

>>> 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.
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cast ( format[ shape]

HE2g HE NEE FAoly roko g AT} shape & 7] B ZHS [byte_length//
new_itemsize] Q1H, eJ)r 7} °]7<]“d°] Aot gyt Bk g A2 w2 f{ol
AR 3 A A = FAE A AUt AYHE A" 2 1D ->C-A% 3 C-A5 > 1D Y

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 -2 1D/unsigned bytes & 7] 2~

>>> import array

>>> a = array.array('l', [1,2,3])
>>> x = memoryview (a)

>>> x.format

B
>>> x.itemsize

8

>>> len (X)

3

>>> x.nbytes

24

>>> y = x.cast('B")

>>> y.format
B

>>> y.itemsize
1

>>> len (y)

24

>>> y.nbytes
24

1D/unsigned bytes & 1D/char 2 7| 2~ E:

>>> 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] = b'a'
>>> b

bytearray (b'ayz')

1D/bytes = 3D/ints 2 7] 2~ E 3t & t}A] 1D/signed char 2 7| 2~ E:

>>> import struct

>>> pbuf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> vy = x.cast('i', shape=[2,2,31])

>>> y.tolist ()

(rrto, 1, 21, I3, 4, 511, (16, 7, 81, [9, 10, 11111
>>> y.format

0480

i

>>> y.itemsize

>>> len (y)

(TH5 sl el Aol A)
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>>> y.nbytes

48

>>> z = y.cast('b'")
>>> z.format

b

>>> z.itemsize

1

>>> len(z)

48

>>> z.nbytes

48

(o] sl o] A ol A AI)

1D/unsigned long -& 2D/unsigned long 2. & 7|~ E:

>>> pbuf = 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 ()
(o, 1, 21, I[3, 4, 511

Added in version 3.3.
M7 35004 W7 Hhol 2 WAl o2 WEa w) 22 B4 o] B A3 A

2717 7] Ag oEFHER AL 5 G5 UTH

obj

Wl e] 5ol 55 AR

AU

>>> 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()). Bjgo] &

A3 B vhol £ U Th % len (m) 3 2 BT gk

b
)
e
2
)

>>> 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)

>>> y.nbytes

12

>>> len(y.tobytes())
12
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chak vl <

>>> import struct

>>> buf = struct.pack("d"*12, *[1.5*x for x in range (12)])
>>> x = memoryview (buf)
>>> y = x.cast('d', shape=[3,4])

>>> y.tolist ()

(0.0, 1.5, 3.0, 4,51, [6:0, 7.5, 9.0, 10.5], [12.0, 1L3.5, 15,0, 16.5]]
>>> len (y)

3

>>> y.nbytes

96

Added in version 3.3.

readonly
H 227 7] AE A ARE el = =2/t

format
ROl 7t 2 20] & HA (st ruce BE 2D S TR BALYUT MR it AFA
ERE 4o FA FALE w0l 5 AARE R WA= (o, torist ()= QA W] B
9 24 Fgo AR
WA 3304 MA: BT AL oA struct 2F5 FHol Wk AFHUTh o] AL
memoryview (b'abc') [0] == b'abc'[0] == 97 o] & 9 u|g]t}

itemsize

W2 {7240 7] (HFe] E):

>>> import array, struct

>>> m = memoryview (array.array('H', [32000, 32001, 32002]))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim
22 7F e = oAb vl E o] A 8 YEll = A

shape
N9 g2 A9 v 2ele) RS 7hel 7k, Aol ndin 9l B45e) FE YL
H A 3.3 4 M7 ndim =0 4w None THAl Bl 72 AlFFTh

strides
w o] 2t 9ol th) 7t 48 Fz bt Do shulo| 2 £ A B8k, 2ol ndin 9l A5
F=qurh
7 33014 W7 ndim=0 2 0 None AL ¥l 2 A FFU

suboffsets

PIL 28t v Gofl -2 o2 AUt g2 AE Ale& At
c_contiguous

227 C-A <% AAE vEt = =23k

Added in version 3.3.
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f_contiguous
HEel 7t ZE- A% JAE Y= =2l g
Added in version 3.3.

contiguous
H 27} A5 AAE YEtY = =2 7k
Added in version 3.3.

410 Zlgt & — set, frozenset

A e) AA= A2 hE oA 7hs AAL] A4 gle 249U dibad 5 WA dAL
Al aoA FE A A} AT, A A A A FH 22 o Ak Adste A9y
(= A" ol YEL WA dict, 1ist, tuple 2 W collections BES JFRIAAIL)

o2 ZA A A 7tA 2, I3 x in set, len(set), for x in set & AQFYLH A7} Yl
ddolng, [ A4 AAUAY A E 7S A 5t metA JE2 d94, Sefold =
71 e} Al A28} F AL B 2HS A Y EkA] ks Th

) ] =
O AT a2 AT YIS U frozenset 2 EW oAl o A] 7hs U T — TS| Foll&

W8S 12 £ fEUTh gebd A e A B ke A 294
H]q %11] ?%_% Set% (frozenset% O]—‘éb]q) set }\g/\g;(]'%_‘i?l‘ O}QEII‘%%i ?_Oﬂ ;EE :[L‘E_% %i %%‘%
Q1A BE 5 95T o 2 Eol

5 Ze)a0] AYAE 27 25 Tk

class set ( [iterable] )

t{'jack', 'sjoerd'}.

class frozenset ( [iterable] )
iterable | A 8 A5 F 31+ A set T== frozenset 2 A& S8 S Uth A 94 = vtz A] 1A 7F
S olok ST Qe AEe Bdele W, EHEE AT MEA frozenser A o] of it

iterable & A A 312 ko™ A W AL ==Y h
REe ofe] A4 o e BE 5 devtk
A %%i C\’_]_-Oﬂ‘/él E?‘_E"% ..9_5\_. ]4'0;38]'7]: {'jack', 'Sjoerd'}

‘;_‘—_)]__
. 7@@' ﬁgﬂﬁ‘ﬂ/ﬂ /\}%3}7]: {c for c¢ in 'abracadabra' if c not in 'abc'}

o & AR} A}L-5}7]: set (), set ('foobar'),set(['a', 'b', 'foo'l)
setTh frozenset o AsE A TheH 22 ALE AZ YU
len(s)
Adsd Qa9 27)E s U
x in s

soll tisf x & WA= AA
x not in s
s ol thsf x & B WA S AR o
isdisjoint (other)
A3o] other 9 BF 92 24 S A9 True & EAF U AT 2R FATL W,
23 2w gk A Z 4 (disjoint) 2+ g o}

L0
kd
+

issubset (other)

set <= other
el BE A7} orher o T 24 AAF
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set < other
%ﬂ?j’o] otheri’/] ﬂ—‘?——‘i’—ﬁ@’?_xl 7‘5]/\]-';‘}141:}, = set <= other and set != other.
issuperset (other)
set >= other
other ) B A&7k A3l L35 =4 DA T
set > other
K &o] other & A4 QAR AAFE YT =, set >= other and set != other.
union (*others)
set | other |
A% RE othersol] Y= A2 EZ THA N AT BedFUTh
intersection (*others)
set & other &
et B others®] %5 Y4252 A AN TS B85 UTh
difference (*others)
set - other -
Al THS Yo hothersol = THH A 2 B2 EE FHY A AL BAF UL
symmetric_difference (other)
set ”* other
Agolttotherol] 235 o] oyt & BFo A= S dLEZ T M AT &Y
Utk
copy ()
Ao e BARE BHF

Note, the  non-operator  versions of union(), intersection(), difference(),
symmetric_difference (), issubset (), and issuperset () methods will accept any iterable 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 B AT 719 v E ALYt F At

7 Qg =
ED A AT Bl 4 e e e B b, el FE A8 4

QTR GOl AT AL 922 49 L wher 3 WA A 3kol F WA AR AT 4 ol
e el AN R TCIA AT AT 2AE e ) A Whw A WA A ol B A gt
ENTE

set 9 A2r"HArE I YAE 7|WO 2 rrozenset 9 A2E A9 vy Yt} ol
£ £ 9], set('abc') == frozenset('abc') + True & T8 F I set('abc') in
set ([frozenset ('abc')]) & HFRZFA AU T}

HE 89 55 vl = A <A (total ordering) T<+= A u3}E X b5

o0
2
frt
il
9,
e
9,

O
>

S Hi"o ;S?JS 22 o3 AR —r—Er Aol o dyth, 1
E =&Yt} a<b, a==b, a>b.

AL BE A FEE AT AT Zo 7] w2, A glaEe) gt 1ist.sort () HAEY
A= Ao A syt

gAuE 71X, g das wEA A 7hs s oF Futh

cet QARAG frozenser & B W o] T AL A WA 3 A BS EAZU o E Sof:
frozenset ('ab') | set('bc') = frozenset & AAEHAE Z# &}

g Ft rrosenser o B0 A2 B2l E AT A P cor AW BT 5 Yk AUES
LT

update ( *others)
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set |= other |

S AL A, EE others?] Y4

filo

g3yt
intersection_update ( *others)
set &= other &

&S AAMNA, 1 A E T othersol] FFo2 2FH

o
P
i
=
v
Y,
i
v

difference_update ( *others)
set —= other |

A3 7 A1E A, othersol] = AAES A ATYTH
symmetric_difference_update (other)
set “~= other

ATe AANA, F A G o= 3 ol vk £ ALS T Ik,
add (elem)

A& elem & Aol 7o
remove (elem)

A2 elem & Ao A Al AU Th elem 7F Aol 8= o] QA GO W keyError &
N

discard (elem)

A4 elem ©] Aol 28] o] 9l o A AT}

rUE
|o
A

pop ()
Agozry 999 A48 AAN EAF U AFo] Wol Yt P keyirror & 203
Ut

clear ()
AFe BE ALE A AT

73:} al =, update (), intersection_update(), difference_update(),

symmetric_difference update () WA= ¥ AR WAL Aole] o HHEL AR w W
o}5 gy th.

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 OjZ! & — dict

0% AR B4 b ke ele Adel e gtk WEe b AU A4 24 st
EZ v o] A5 \/]E} gAY (dictionary). (t}2 A" )Y EL WA 1ist, set, tuple Feh L

]
collections _:_“g:‘% FZ ]'M}\]—?—)

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)
A A QA (W19 S 5 Av) AAE AAEY AFozHE 258 A gAY S
s,
gy e oy 7HA gL
. Zﬂi Ololl 4 E FEH key: value B2 JA3}7]: {'jack': 4098, 'sjoerd': 4127}
T = {4098: 'jack', 4127: 'sjoerd'}
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o 9V Y =AM A3} (), {x: x ** 2 for x in range(10)}

e & AR ALL S} ]: dict (), dict ([ ('foo', 100), ('bar', 200)]), dict (foo=100,
bar=200)

If no positional argument is given, an empty dictionary is created. If a positional argument is given and it
defines a keys () method, a dictionary is created by calling _ getitem () on the argument with each
returned key from the method. Otherwise, the positional argument must be an iferable object. Each item in
the iterable must itself be an iterable with exactly two elements. The first element of each item becomes a key
in the new dictionary, and the second element the corresponding value. If a key occurs more than once, the
last value for that key becomes the corresponding value in the new dictionary.

AAE AX7L AT W, AN E Axe} D ghol 97 AAZFE wEo A AT ele] 27HEY)
t}. 2715 £ 717} o) u] EA e, F1 9= Aol A & kol 917 AR A & e ohA T,

& 5o, 2 A= EF {"one": 1, "two": 2, "three": 3} & T2 HAYEE EHFY

>>> = dict (one=1, two=2, three=3)

>>> = {'one': 1, 'two': 2, 'three': 3}

>>> = dict(zip(['one', 'two', 'three'l, [1, 2, 31))
dict([('two', 2), ('one', 1), ('three', 3)1)

= dict ({'three': 3, 'one': 1, 'two': 2})
= dict({'one': 1, 'three': 3}, two=2)

A
A
v
Q H O Q Q O O
Il

AR A A o A po] 71 = A= F AT gt AP AR 7] of] thsf A Rk 2HE Tk 11 9] 9
2 i

cLmEaadAE ALY S dBTh
AT YU E 7 AUFE AASAUTHTHE R, AFg A B P F= A U3 oF T Th:
list (d)
YA e do] A8 E BE 7o) el AES SelEyTh
len(d)
YA do] 9 PR 22 SeH U
d[key]
7] key Q1d & FE& 2eIFUTh key 7 vl B ol Q1 B revError & 427Ut

dict &) A B Z 27} method __missing__ () = A3 key 7} EA A =T,
dikey] QAL 7] key & AR dFo] 1 Uﬂfﬂ_a TEPUth 27 ths dikey] A4k
__missing__(key) Z&0°] W& gtol U 2o o9 E Otz wEE AU Loyt o2

Aol Y WA EE _missing. () & EEIA FFUTh _missing_ () ©] FF ] A
FO W rkeyrrror 2 DO UTh  missing () < WAL ojoF FuUTk AAHA WS}
= dFth

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

return 0
>>> ¢ = Counter ()
>>> c['red']

0
>>> c['red'] += 1

>>> c['red']

= EO:]'E—]/] t}. o= _ missing___ Uﬂ/ﬂEﬂ-

A9 ol collections.Counter T+ dH
collections.defaultdict oA AR Y Th

. DT & — dict 89
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d[key] = value
dlkey] 5 value 2 233}
del dlkey]
d oA dikey] S A AT key 7H Wl B ol & B reyError & o UTh
key in d
doll 7] key 7} QoW True &, IFA YL ¥ False & EHFYTH
key not in d
not key in d <S54k
iter (d)
941219 Aol e ol el Aol Bl & B FUILh o AL iter (dokeys (1) & BEYVIT
clear ()
g goA ZE FE2S A AT
copy ()
gMu e e EARS B8 F Ut
classmethod fromkeys (iferable, value=None, /)

iterable ©] A|23t= PS2 7|2 AL IL BE 7L

rln

S value 2 DA A A E S8 =)
fromkeys () © MEL MU HE EHF %%EHA Uﬂ/‘i‘:%}l%r/]— value 2] 7] # 7k None
Juth BE Zto] Y AABAE FRFER, va
drkA o g ou|7t st B9 %}E%?ﬂ ¥

AL

lue7} Y1 F 23} 262 7h A 7F = = A2

’EH i) }‘S’ ‘]‘ﬂ ﬁzﬂ@l/ﬂo }\]—_9_-6}_/\1

get (key, default=None)
ey 7 €121 f 91 A9 key o TS B 1 ER153, 19 90 W dgfaul & F 21T TH

default 7} 0] A A] ¢k © 7]£7l None ©] AF&FHUth ZE]A 9] Uﬂj\‘]E‘; A E KeyError

2 do7)x &Hyrth
items ()

YA g FEE((key, value) BE) Aj B
keys ()

gAve 7]So Al HE SexUc B Axe] Aua o Bz 8.
pop (keyl, default])

it

SYFUTL B A7) AuA & 22FA L.

key 7k QA 2ol Q1o AAB AL 1 & %Eﬂ Sh=2 131] H default & & F YT
default 7} F A A A] 931 key 7F G 2l o)l Q2 H KeyError & E‘ 5{:,1/]1‘4—

popitem ()
gAyelolA (key, value) B< AlAdA Fe]F Ytk %-& LIFO (last-in, first-out) <=4 2
whekg Yot
popiten () £ A% YLAZAN 55 A48 %0) GAU € 945 402 o] Bl d o] 3}
ol & uth gAdel7hvlof gl tﬁ popitem() 3&-& KeyError & 423 Uth,
B2 3.700 A W 4: o] 4| LIFO 241 7k g Utk o) A WAl A, popicen () 7F 421 9] 71/

72 Hkgheyth
reversed (d)

A9 7ol T3t o< ol el o 82 B FUITh 0] AL reversed (d.keys ()) o ©E
Uk,

Added in version 3.8.
setdefault (key, default=None)

key 7F 9 elel glod g & B F U 12 R) 0 W, default 31-& e key
Z default 3 = F T} default &) 7] 2312 None U T

e

49

roh

90
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update([oﬂwr])

other 7} Al E 8= 717} Ao = AFAE 7

update () accepts either another object with a keys ()

Agut. 7171 4

method (in which case _ getitem_

&14f+ None &

s s FYT

() is

called with every key returned from the method) or an iterable of key/value pairs (as tuples or other
iterables of length two). If keyword arguments are specified, the dictionary is then updated with those

key/value pairs: d.update (red=1, blue=2).

values ()

gAve e A HE B EU ¥

Aol ArgA & FxsHAl L.

3l dict.values () H&TF2 dict.values() H 7FY S5 v 0= G4 ralseE viEshoh
o] AL dict.values () Z AAF vl wj = ALF U}
>>> d = {'a': 1}
>>> d.values () == d.values()
False
d | other
45} other9] 9 A9 o= A YA U e S BHEUTh 5 o 94U 2 ol of of Stk dst

other7} 71€ &34 other2] gtol 4%t

Added in version 3.9.

d |= other
other®] 719k ko = YA e| dg BAZFUTH other= Vi3 ok 71/3k 42 ol B 2| £ d 5 A5
Utk do}other 7} 715 2534 other?] ghol A3l
Added in version 3.9.
g = (A2 BAglol) B2 (key, value) BE= 7HA uf, 28] Ju vk 2ot v g
o A HW( ‘<, <=, =, ) Typebrror E YT
gAY E A €AE FATU 71 A E £A4 = 9 MAA FFUTh AA Fo
#7448 71 2ol A= U h:
>>> 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, 41
>>> 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 HA: g A= AFY €419 0] g Yt o] 522 3.6 F CPython®] &
AR AU T
gAveg g e e RS ¢ dsuh
>>> 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']
(ch2 sl ol Al oll A%)
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(o] sl o] A ol A AI)

>>> list (reversed(d.values()))

(4, 3, 2, 11
>>> list (reversed(d.items()))
[('four', 4), ('three', 3), ('two', 2), ('one', 1)]

WA 38014 W7A: GA e oAl AL & AsdTh

& v 17

types.MappingProxyType & dict 8 §17] A& F& W=+ o AL ¢ syt

4.11.1 SIMLi2] & 24|
dict.keys() dict.values(),dict.items () 7} & i ]
e 54 HEAFTUL S, DA ¥ AEE R oleie WA A
YU E Hi olEdolde B3 42 Hlolgg 42 4 9u
len (dictview)

gy d+ 35 5 5 Yh
iter (dictview)

gAdelel A 7], 3k, FE((key, value) FZ2 ZHFHUho| thet olH el o|HE 2 F Yt
o]

712} T2 A TAE ol o] FUth o]l WlFo zip ()= AFEINA (value, key) S TWE
4 95Ut} pairs = zip(d.values(), d.keys()). ZL HP2rEE N =02 Y H L pairs =
[(v, k) for (k, v) in d.items ()] YYT}.

A ol F5-S F 718 A L AA Sk B 9§28 ol Bl o] d B runtimerrror
BEFEL oled ol d 84 2 5 YU
WA 3704 HAE: dAA g9 A7 AFY A Do) B Yt

x in dictview

x7FsHE g e 9 7], 3t 5ol dv AF True EEHFUTH(HA Y A x & (key, value)
FZololokgyrh.

reversed (dictview)

gAy el 7], g Ee FE AE 0 olH e olHE vt Be A d-o g o]
geolEg Yt

WA 38 WA G B oA o gAT 5 AFUTh

dictview.mapping

i
A
[o
N
L)
v

Return a types.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.

g el B A9 of:

>>> dishes {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys|()
>>> values

dishes.values ()

(TH5 sl el Aol A)
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(e14 =
>>> # 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]

>>> # 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'] == {'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

ol Aol A Al%)
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contextmanager.__enter__ ()
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contextmanager.__exit_ (exc_type, exc_val, exc_tb)
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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 not an __exit__ () method has actually failed.

ol 2 42 2= 5713 oy thE AA S AEKE 7], 223 B A o e AEAEl]
o 23S A 0}7] Al R A A AE FAE AU AHGAE dE] 2R EE
&2 o :,Lzﬂzq o PL EWs] HFHA LFUTE B 7R A= context1ib RES BHAA L

Python’ s generators and the contextlib.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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4.13 Type Annotation Types — Generic Alias, Union

The core built-in types for type annotations are Generic Alias and Union.

4.13.1 MU oYz|oiA

GenericAlias objects are generally created by subscripting a class. They are most often used with container classes,
suchas 1ist or dict. For example, 1ist [int] iSa GenericAlias object created by subscripting the 1ist class
with the argument int. GenericAlias objects are intended primarily for use with type annotations.

v

0 Fx

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 subscription
of the class will often indicate the return type(s) of one or more methods defined on an object. For example, reqular
expressions can be used on both the st r data type and the bytes 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 str. We can represent this kind of object in type annotations with the

GenericAlias re.Match[str].

e If y = re.search(b'bar', b'bar'), (note the b for hytes), y will also be an instance of re.Match,
but the return values of y.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 1ist containing f1oat elements:
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def average (values: list[float]) —-> float:
return sum(values) / len(values)

7] 3 g F2 vetll= F e & w7 A E 7t sk Al g A dictE ARS8k i A4 2
ETE . o] oA, T st F Y 713} int B9 g& Z=dict E 7IHFYThH

def send_post_request (url: str, body: dict[str, int]) -> None:

1}]7‘1’ @—r— isinstance ()ﬂ— issubclass () ‘ﬂyﬂ OJX]—E GenericAlias @& @'O}%O] ;q ?%'QL]D}-:

>>> 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]

=3 w7 Aestd A e AR A Foll @ miAl HeE As Ytk

>>> t = list([str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

A = AN repr () ol ser ()& &S wi7) A3hd o] AIHUTH

>>> 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 rype 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]
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Standard Generic Classes
The following standard library classes support parameterized generics. This list is non-exhaustive.
e tuple
e Jist
e dict
e set
e frozenset
* type
e collections.deque
e collections.defaultdict
e collections.OrderedDict
e collections.Counter
e collections.ChainMap
e collections.abc.Awaitable
e collections.abc.Coroutine
e collections.abc.AsyncIterable
e collections.abc.AsyncIterator
e collections.abc.AsyncGenerator
e collections.abc.Iterable
e collections.abc.Iterator
e collections.abc.Generator
e collections.abc.Reversible
e collections.abc.Container
e collections.abc.Collection
e collections.abc.Callable
e collections.abc.Set
e collections.abc.MutableSet
e collections.abc.Mapping
e collections.abc.MutableMapping
e collections.abc.Sequence
e collections.abc.MutableSequence
e collections.abc.ByteString
e collections.abc.MappingView
e collections.abc.KeysView
e collections.abc.ItemsView
e collections.abc.ValuesView
e contextlib.AbstractContextManager
e contextlib.AbstractAsyncContextManager

e dataclasses.Field
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e functools.cached_property
e functools.partialmethod

e os.PathLike

e queue.LifoQueue

e gqueue.Queue

e queue.PriorityQueue

e gqueue.SimpleQueue
 re.Pattern

 re.Match

e shelve.BsdDbShelf

e shelve.DbfilenameShelf

e shelve.Shelf

o types.MappingProxyType

e weakref.WeakKeyDictionary
e weakref.WeakMethod

o weakref.WeakSet

e weakref.WeakValueDictionary

Special Attributes of Genericalias objects

BE TR WSS AN YL 55 97 4§ o= RES FAGYh

genericalias.__origin_
ol ETRHE= Wi/ W3 A k2 AV E S 2E ZHE AU
>>> list[int]._ _origin_

<class 'list'>

genericalias.__args_

This attribute is a tup1e (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] EBRE+ __args oA

A=yth Jy

)

o

H 53 W] Ao 2 A (lazily) AMHE FE2 (A US

>>> from typing import TypeVar

>>> T = TypeVar('T"')
>>> 1list[T].__parameters_
(NTI)

0 Ix

A GenericAlias object with t yping. ParamSpec parameters may not have correct _parameters_
after substitution because t yping.ParamSpec is intended primarily for static type checking.
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genericalias._ _unpacked_

A boolean that is true if the alias has been unpacked using the * operator (see TypeVarTuple).

Added in version 3.11.

o 1o

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

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 2, 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 frype 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]. For example, the following function expects an argument of type int or float:

def square (number: int | float) —-> int | float:
return number ** 2

0 #x

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:

o Unions of unions are flattened:

[(int | str) | float == int | str | float }

« Redundant types are removed:

[int | str | int == int | str }

o When comparing unions, the order is ignored:

[int | str == str | int }

o Itis compatible with t yping. Union:

[int | str == typing.Union[int, str] }
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» Optional types can be spelled as a union with None:

[str | None == typing.Optionall[str] }

isinstance(obj, union_object)

issubclass (obj, union_object)

Calls to isinstance () and issubclass () are also supported with a union object:

r N
>>> isinstance("", int | str)

True
. J

However, parameterized generics in union objects cannot be checked:

e R
>>> 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 ¢t ypes. 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

0 ix

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

e ] B

PEP 604 - PEP proposing the X | Y syntax and the Union type.

Added in version 3.10.
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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 se1f 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) iscompletely
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__), setting method attributes on bound methods
is disallowed. Attempting to set an attribute on a method results in an At tributeError 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>
AttributeError: 'method' object has no attribute 'whoami'
>>> c.method._ func__ .whoami = 'my name is method'

>>> c.method.whoami

'my name is method'
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See instance-methods for more information.

4145 [ E ZHH|

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___ with arguments obj and "__code__".
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4.14.9 Notlmplemented ZH x|

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.

4.14.10 LHE 25|

See types for this information. It describes stack frame objects, traceback objects, and slice objects.
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definition._ _qualname_
S, T AAE, daa gy £ Ay e oy Ay

Added in version 3.3.

o

T2k ©]

o

definition._ module_

The name of the module in which a class or function was defined.

definition.__doc

The documentation string of a class or function, or None if undefined.

definition.__type_params_

The type parameters of generic classes, functions, and rype aliases. For classes and functions that are not
generic, this will be an empty tuple.

Added in version 3.12.

4.16 Integer string conversion length limitation

CPython has a global limit for converting between int and str 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 such as 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.

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.
>>> _ = int ('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. The lowest limit that
can be configured is 640 digits as provided in sys. int_info.str_digits_check_threshold.

Verification:
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>>>

>>>

>>>

>>>

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 str or bytes:

int (string) with default base 10.

int (string, base) for all bases that are not a power of 2.
str (integer).

repr (integer).

any other string conversion to base 10, for example £"{integer}", "{}".format (integer), or b"%d"

o)

% integer.

The limitations do not apply to functions with a linear algorithm:

int (string, base) with base 2, 4, 8, 16, or 32.
int.from bytes () and int.to_bytes ().

hex (), oct (), bin().

227 WA vl 9 o] for hex, octal, and binary numbers.
strto float.

strto decimal.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, €.g. PYTHONINTMAXSTRDIGITS=640 python3 to set the limit to 640 or
PYTHONINTMAXSTRDIGITS=0 python3 to disable the limitation.

-X int_max_str_digits,e.g. python3 -X int_max_str_digits=640

sys.flags.int_max_str _digits contains the value of PYTHONINTMAXSTRDIGITS oOr -X
int_max_str_digits. If both the env var and the -X option are set, the —-x option takes precedence. A
value of -/ indicates that both were unset, thus a value 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 sys 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 is the compiled-in default limit.

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.
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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 is expected 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)

If you need to disable it entirely, set it to 0.
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CHAPTER B

LH & of |

OJT;L?]'L except Z%E %%b try —"Oﬂ/ﬂ I8 %"41 oA HEHE B2
(BFA % 121 o] ASTHE 9] BALE AP A LI eh, A0 214
e FHae 22 oS et FAetE A3 SEHA HAFHA X5
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 TEE WAL E dod = dsyth o2 de A& AASIAY JdEH ZEE 7 2L
AL E DABA 7= 4«22 o8] 202 K1 }“ o AHEE 5 sy 21U AR IV}
$ART A2} PANIIE AL e B0l §2€ oA L.

W e Zeias A Ao E Zostr] A A S8 2 & o"\‘%‘?‘r BaseException ©] o}U 2t
Exception aﬂ]’\ U2 B ZH A F shuol A A2 ‘#]ﬂ SN Z RS AFFU o2 Foo
)3 o e A H = shol A 2p<5 4 9] tut-userexceptions ©f <51 T

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 willbe setas ___cause__ on the raised excep-
tion. Setting __cause__ also implicitly sets the __suppress_context__ attribute to True, so that using
raise new_exc from None effectively replaces the old exception with the new one for display purposes
(e.g. converting KeyErrorto AttributeError), while leaving the old exception available in __context
for introspection when debugging.
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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___isshown only if _ cause__ is None and __suppress_context__is false.

F A 2T, o9 A2 4 A2 o9 Fol BAIFE o)A, B o] o] npx| et &2 4 uA]
2ol A&k o o] & H ol F 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 -3 4} Al|: 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 H|O|A A

O o9+ 2 th& o9 o o] Fefa2 AHEE Yth
exception BaseException
RE Yoo Woj 2 Zeh 2~k AgA o) ekl 8 A A4 £ o] obd
(T FH 08 = pxceptiona A S R). o] S 20 AT thaf ser() o] TEH M, §
~HAR AR AAHE)Y BFS EAFUT A e A9 E N EALE B F U

args
ol 9] A Ape]l F1 R AR5 {2, AF W AL (o, 0sError)= 54 59 AAE 73t
ol 729 gao] ST ouiE EFstE W, o ASL2 HE 2R/ HAAE Awets
9 2R g YT

with_traceback (tb)

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 ex-
ample 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 is raised if note is not a string.
Added in version 3.11.

_ _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.
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exception Exception
EEANAE S5 O A oo o] Sdi sMAFHUTE BE AFRAF A o9& o] SefjolA
s of of k.

exception ArithmeticError
t}ekst Al o B 7 Ao 7= YA o &9 wlo] A~ E8 At overflowError, ZeroDivisionError,

FloatingPointError.

exception BufferError

NEESERER bR e RS

0off

S o
exception LookupError

Mg e AL AREE 7] U dg AT 25 H G
| =2

55 UH LAY sk o 2] o) wlo]x Sl
o 2] Hd -

IndexError, KeyError. codecs.lookup () ‘9

5.4 Al o2l

b oot QubH o A4 Qo slH A s o 9 ek

A=)

exception AssertionError
assert i °] AT off LA ok

exception AttributeError
o] E 2] H E X (attribute-references S H A ) Yt o] Aafj & ] AU (DA 7 A EBHE
Bz} o= HE Y2 ofel ANFA FOW 1yperrror /bW T TH)
The name and obj 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.

B A 3.109)| 4] ¥ 7: Added the name and ob7 attributes.

exception EOFError

input () @47} o 0| E1 € €)7) %3 Abel o] A EOF (end-of-fle) 2 2% whd ] SHAISh oh. (591 3}
M| 8:io.I0Base.read () & io. IOBase.readllne () HIAEEEOFE vhd o ¥l Ex1<E & =8 =
Jth)

exception FloatingPointError
A A A s T

exception GeneratorExit
Aol == ZFE o] &8 uff WA ST} generator.close () &F coroutine.close() =
BAAL. 7|E€A 02 o8] 7} o B 2 Exception A9 BaseException 2 A A A%t}

exception ImportError
import 0] RES 23t EAZF YL w] AU TS from ... import oA YEE
FHE o) 5S S e wE AT

name
The name of the module that was attempted to be imported.

path
The path to any file which triggered the exception.
WA 33004 M named} parh ] EZREE F7HIFUTH
exception ModuleNotFoundError

ImportError & A B Z#2¢H, BEL 22 4 ¢S 0 import 7} 42 AUt} sys.modules
of| A None ©] T AE wf = LA ot

Added in version 3.6.
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exception IndexError

AAZ QUE 27 92 ol ) 2
A5 02 ZUth Qe 27} 34t of

Tk (Lol s AL 81 W Vo] SolAES
UMW TypeError 7F WFA U t})

exception KeyError
g (GM ) 717 71 71 Al A AR A k& v Gt

exception KeyboardInterrupt

=
‘“’*E AR A 7] 2] OE—T—‘%Q‘%D} Exceptlon* e ZEo o6 FAs] FEA, dH 2 EV}
zg3=A g 9HX] B3} T & BaseException & A Atﬂ"/lq
0 Iu

Catching a KeyboardInterrupt requires special consideration. Because it can be raised at unpredictable
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

A Qo] v 2.2 7} £ 5 W, 5ol o] A3 (A5 AAE AR M) B7E 4+ Qe A9 A
o). AP gL oW B RO () AA4te] MRS Tk A WA e L FAD YU Tk SHy
v 2 2] 2] o7 8 A (C] malloc() B4)ul 2ol AB =67 G4t o] A2

491 AL obUTh TR E SAE Moju e alol 0916 A9E A, 29
A4 4 JE= 9T Lo

A e A9 o] B HS & g2 w BAF UL o) A7 A S o] Folw 4 5H Ut
AdE F2 e 5 e olFe 2ESE ol wHAA Y

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 3.100) 4] ¥ 7 : Added the name attribute.

exception NotImplementedError

o) 91 runtinerrror A SPYF T ALgA e Wol 2 Feh 2o A, Y Fe 47
=T QI A A S, S A AT E BFo) WA THo] /b B8t
vhebd w) o] ) 91 ¥4 A1 A oF ek,

0 Iz

AR Y | 27} ofefl A9 H A tethe Ae HEH = o AR E S EUY - I A9
AR MM EE B oHA AU, A B FeEH vone 02 HA B A L.

0 Iz

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, strerror[, ﬁlename[, winerror[, ﬁlenameZ] ] ] )
o] 9] = A" FpTt Al2E B ol f & F2lE o YA S|, “3 DS S 5 /s U th(file
not found)” v} “tj 227} Z ZF<5 1 th(disk full)” o Z2-& (R E AP oy thE F4H < o 7}
ohd) 428 43l e LI T
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QA F AR BAL obefo] AW E G o= HES AFFUE o= HES AFHA
Fom 7| BA O none o FUTh oA MAT] TR ), Al o] AR A Y, aros
JEYREE AL F AR A 2R E W £FF U,

oFeh o) 05 el 9] ol A AW AN, AAAE $F osprror o) AR ZYAE BAF T A
9l A8 Fe it AF ereno 3ol Wk hEUTH o] $8L osirror 8 A4 52892 53
3% ek ol i, A B Fel @ s 445 A gheruich

errno
CHFT errmo ZHE 2 A} o8 T

winerror

LEFA A, volEH A=+
FEEPOSIX ZEZ sF 3

Ao A, winerror 2§73 2} A7} A4 B, errno O] EEREE A= ol 2] Z =004
A=Y errno AAE FA B UL O ZA;F oA A= winerror QA7 FAIE AL winerror
AEHHET QFUTH

strerror

G AA A AF et sl ol 8 WA A POSIX | A= C &5 perror () &, A=A+
FormatMessage () & Z W3]}

E AFTYTH errno o] EZHE = o] Y o]E|H 9 7

rl?L 2
>E K
o |f
v
v

filename

filename2
(open () ¥ os.unlink () 9 22) Y AL 2ok AR 99 AP, rilenane £
o] A H 7Y o] ?:Mn} (0s.rename () A H) 7 749 9t A 2" F2E Rkt
=9 AP, filenamez v F HA| 3 o] Fof sl FFuc).

H{ﬂ 3. 3°ﬂ /\1 . EnvironmentError, IOError, WindowsError, socket.error, select.error,
mmap.error 7]— OSError & W= 911, A A= AEZF Eﬂi £ HEE = sy th

WA 3.40] 4 M A: The rilename 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 PythonFinalizationError

This exception is derived from RuntimeError. It is raised when an operation is blocked during interpreter
shutdown also known as Python finalization.

Examples of operations which can be blocked with a PythonFinalizationError during the Python final-
ization:

o Creating a new Python thread.
e os.fork ().
See also the sys.is_finalizing () function.
Added in version 3.13: o] A of= H W3 rRuntimeError 7F E A WS YT

exception RecursionError

o] o9& runtimebrror oA FAF UG  AH=zZAEH I} HA AT A o] (sys.

getrecursionlimit () JFR)7} 233 P S-S AT off WA o)

Added in version 3.5: o] A o= HH S Runt imeError 7} A A H U}
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exception ReferenceError
o] of| &)= weakref.proxy () &57 F ot Z A7} o m] ZHu| 2] =4 H Fx Y of
Y RES oA 2she ol A D o) BT T oke ol e ol AA S FRE veakrer BE
HAA L.

_,d
o

o |
o
o,

N
I

o |m

exception RuntimeError
o) &3k ke ol 27k A2 w AU T AT e A8 Lolo] FRE P
et = 22 Yyt
exception StopIteration

olg g o] Elol o3 A3 FEol ¥ flvke A= &7 Adl, W & nexe ) 2 o] H 2 o] ] 2]
_next__ () WIAEZL DoY)

value

et

The exception object has a single attribute value, which is given as an argument when constructing the
exception, and defaults to None.

xﬂd Eﬂ ]E% 1’]’ EE ULA7}%H§WH,/\H StopIteration ?_] %

== A "é k0] value Ui M2 AFR3HU T}

Aoy T/t AN HALCZE stoplteration & YO 7| W, RuntimeError 2 WHEH U
(StOpIteration 2 A ol 2o YA (__cause_ ) O Z FAFYTL.

A 3304 M3 value Ol EZFES A Y oY 71 o] & &3 F

3
B A 3.5004 &H 7§Z from __ future__ import generator_stop = = 3F RuntimeError ¥ 3+
LUt PEP 4795 F 2342

HA37oA WA 71 RF o7 BE FE=o A PEP 4795 A 33U th: Ay g o] gl ol A kA 8
StopIteration o8] RuntimeError 2 H3H U T}

mlm

WA 7L, FTtE

N

I

)

e F713

rlr

%1

=]
S ©
= -

o

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 2RI

o

EEDEE
lineno

R 15
offset

SR/ MR E] D 1A AFHUTh £ R WA EAHE ofsec o] 1YY Th

(

¢

oo £ i3S, AU 3199 A A £2 lineno 7 I YU T

17

=2 2 A =
OFRE LU AAFE HAE,

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
lineno of 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 offset 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 3.1000 4] ¥ 7 : Added the end_1inenoand end offset attributes.

exception IndentationError

ArE S|l AHE B 259 o)A FHAaYUrTh syntaxError & A/ B F# A h

exception TabError

o277k B GE B} 250l 2 A§S EFFE A9 BAFUCh Indentationsrror o

ME Zdadyh

exception SystemError

Az H 7 i ol S HAPA N LE S 2718 whF d&o]l A7 oA+ = ol
G 3" g2 Fool ZREHPEA (A4Ee] §ol7) el 2AL YT

o] A& ghold AE = e E ] A & of hyrh. shold ez 2] B o] WA (sys.
version; th&}4] sto] W Al o] A2 B o= S g Uth, A3 ol 2] v A A] (o] €] 2] Aad gh)
JEn kst oy E e zr O anE 5 :

exception SystemExit

o] A& sys.exit () FF7F BeAYTh Exceptions e T o] ¢A3] F]A G =,
Exception Al BaseException & A& Th o] FA 511 o 9 7} Suk= A A 9} of QI E 22
Bl SEE U A9 A ko, gojd Iz e H 7t SR H Uth &8 Eg o] 22 Q1= A
HFUTh A= sys.exic () ol A2 A 22 AHA AAHE Wols P th grol o)l
A2®’ Z 5 AHE AZFUTHCY exit () '6‘4011 AEHUth; vone o] T8 FHl= 09T
O F (71 EAG) ol | A 9 gho] A H AL T8 el 1)U th

sys.exit () o] hE TEL o2 W o] 51 2] H2]7] (cry 9] finally &) 7} A3Pd
AEZ Utk A g A= Alojd e de A ™ ESAFT 5 AT HD} S Al
FTER7VAUACR Ho3t Ffolsos. exit () FFEANLEE T AFUTH(CIE £, 05. fork ()
TE Y A4 JE*ﬂ/‘OﬂH)

code

Akl s = S5 AJH = olE WAIA dU o (712 352 None YU T)

exception TypeError

Arkol vt 7 HA A7 G o AA Utk dad g2 @ =G A ol e Al

AW e AZSE T4
o) ol 2] Aol A5 H QA4To] AU A o] T &5 Y3 Lhehh 7] 93| AB A 2=
WA 4= syt Tk AR 7F o3 A4k AP T o A= YA T ofF] LS A BHA] Y=
A2}, Not ImplementedError S WA A] 7] = A o] Astdt T}

ZRE o AAE AL (71 int & 718t 1istE AB3}7)), rypesrror & Y2 Aok
FUoh AT ZRE S e AAE AL (U HAE @M= A valueError &

9.0 A of g},

L

=2
M)

489 o 4

=

exception UnboundLocalError

ol gho] A2 A ko WA I YT o] AL

r;
:OL_';

o E A oA R HEE F2eA| T

NameError-/] AB ZHPAgyrh

exception UnicodeError

FUTE B AT B T T o2 Lol wl BAGU T valuesrror o) B 22T

UnicodeError + ‘ﬂi‘%olb‘rﬂ:’ﬂ & AHde= oE -u‘grE E 7N dsUth A E &

err.object [err.start:err.end] + :”:‘“ 0] /,%_xﬁﬂﬂ';f:_} = 1} Zﬂ»‘—‘d'q E}
encoding
o e & WA AT o] 5dYth
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reason
TAA 7Y 272 st 2AAYYh
object

Fdlo] 91T Y w g I Y s 1 A3 A4 U

start
object o gl AR E wlolE 9 H 2 Agaguth

end

object o Qi Ao 2 AR H o Ee whe the gy ek

exception UnicodeEncodeError

A3 E Foll FUZE & o2 7F Doy BAZYTE vnicoderrror & B e Pyt

exception UnicodeDecodeError

Hig ol FUzE &4 27 dojubd DAY vnicoderrror & A B FefA Yt

exception UnicodeTranslateError
e Foll FUZE &9 o7 dolubd DA} YT Unicoderrror o] A B 29Utk
exception ValueError
Ao} Bt SubE Yol A wk A Ak g ha AAE Wk, AFro] rndexrrror A T
TFAA ez A A k= B
exception ZeroDivisionError
el Ee BE R Ao F A Ax7H0 D wf 3t oh A3E g 3] AR §3 Aske
e e Bxrd Q.
= ol 2l o] d Wi e] T8 e Asl A Ut 3ol W 33 - B = osError & AP

g

exception EnvironmentError
exception IOError

exception WindowsError

AL A AT AT 5 AU T

5.4.1 OS dl|2]
U2 A9l = oserror o A H Sefj o v, Al AH o3 ZEof wheh A gy ok

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 & Z 2o %, BlockingIOError = EZHEE 31 o 712 4 Q5 Yt}

characters_written

B2 7)ol 2ol & 27 £ LR A% o] o=l me o R BN AT B
92 FULE AT 2 5 U5y

exception ChildProcessError

Raised when an operation on a child process failed. Corresponds to errno ECHILD.

exception ConnectionError
A4 #HA FA ol g wo] A S~ YU Th
A1Ei %%EHZ:%f BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError E%

ConnectionResetError‘ﬂLJE%

112 Chapter 5. LHZ} 0f|2]



The Python Library Reference, Z!2|A 3.13.1

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 EEXIST.

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 o)Al sfo] W& A2’ T Eo] Al s SE w), Al1d A7) 7ol 9) S
do 7= A9E ALl (o] PEP 475 & I 25 2), interruptedirror & 2 7] & thal
Nrd 552 A ST

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 directory.
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 7 : WASI’ 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: Y &] 2 E 0sError A B Z ¥ 27 E71E 5 U Tk

o 17

PEP 3151-0S 2 10 ¢ 8] A& 7 A=Y
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o

55 &4

T ol A3 HRE ASP U A FRE A W AYAE BN L,
exception Warning
WFl ol x e~
exception UserWarning
A2 T E O o3 RS0 A= A aLe] Wl ol Fef AP Th
exception DeprecationWarning
A A A 7)sol thek dare) wjols Zefad], 2 Aavk ohE shold RS tHd o R 3
gy,
__main__ ®ES AL, 718 Ao FE o ol FAE Utk (PEP 565). }o]d 7 R = F
3}std o] Fazk A Y
The deprecation policy is described in PEP 387.
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exception PendingDeprecationWarning
Ol = ARE A 3L el ol s A1 A o] A e, A7 B A A A= b2 7150l & Ao H
oj& Z AUyt

FOoE 92 4 gt A0 B Jur AR e)A 97 wjEol, o] Feak ALl AEHA
& th ol v B4E A Aol = peprecationizrning® AE G

712 A3 FE ol el FAIFE U shold il R =5 SBA3LeE o] Favt ;AIE YT
The deprecation policy is described in PEP 387.
exception SyntaxWarning
Eog 2ol ek 4are wolx iy
exception RuntimeWarning
253 A3 AIZFF A thek Aol o] FEj Atk
exception FutureWarning

F A H 750 thak Ao wlol A Zej sy, 1 Ausl sl Ao B S8 w2 1)
AHeAE o w S AUt
exception ImportWarning
BE JEE YL 5 It 5ol the A Wol s 2
718 A3 el & FAIF UL shold i R =& G436t H o] A7t :AIF YT
exception UnicodeWarning
FUIES Bdd oo wlols S Aad Yk

exception EncodingWarning

LY
of

Base class for warnings related to encodings.
See Opt-in Encoding Warning for details.
Added in version 3.10.

exception BytesWarning

oﬁ,

9] o]

[>
iy

gy

bytes R bytearrayi}d}%%

exception ResourceWarning
A AFE I FEE Ao wola gAYyt
71% A3 Bejol] &) TAP UL shold A m =g
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
hierarchy 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 sub-
classes 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 Except ion 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 an exception type or tuple of exception types, in which case each exception is
checked for a match using the same check that is used in an except clause. The condition can also be
a callable (other than a type object) that accepts an exception as its single argument and returns true for
the exceptions that should be in the subgroup.

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 omit-
ted 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.

Added in version 3.13: condition can be any callable which is not a type object.

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 message, 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)

(TH5 sl el Aol A)
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>>> e = MyGroup ("eg", [ValueError(l), TypeError(2)])

>>> 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__, excCc.__notes_

(MyGroup ('eg', [ValueError(l), TypeError(2)]), Exception('context'),.

—Exception('cause'), ['a note'])

>>> match, match._ context_ , match._ cause_ , match._ notes_

(MyGroup ('eg', [ValueError(1l)]), Exception('context'), Exception('cause'),.

—['a note'])

>>> rest, rest._ context_ , rest._ cause_ , rest._ notes_

(MyGroup ('eg', [TypeError(2)]), Exception('context'), Exception('cause'), [

—'a note'])

>>> exc.__ _traceback__ is match.__traceback_  is rest._ traceback_

True
Note that BaseExceptionGroup defines __new__ (), so subclasses that need a different constructor signa-
ture 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, f"exit code: {exit_code}", errors)
self.exit_code = exit_code

return self

def derive (self, excs):

return Errors (excs, self.exit_code)

J

Like ExceptionGroup, any subclass of BaseExcept i onGroup which is also a subclass of Exceptioncan
only wrap instances of Exception.

Added in version 3.11.

olel AS 7=

W ool s A PR B THUTh

BaseException

0oo
0oo
0ooo
0oo
ooo

BaseExceptionGroup
GeneratorExit
KeyboardInterrupt
SystemExit
Exception
pog ArithmeticError
O ooo FloatingPointError
O ooo OverflowError
O ooo ZeroDivisionError
ooo AssertionError

(Th= sl ol Aol A1)
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ooo AttributeError
ooo BufferError
ooo EOFError
ooo ExceptionGroup [BaseExceptionGroup]
oo ImportError
O ooo ModuleNotFoundError
ooo LookupError
O ooo IndexError
O ooo KeyError
pgoo MemoryError
ooo NameError
O ooo UnboundLocalError
ooo OSError
O ooo BlockingIOError
O ooo ChildProcessError
O ooo ConnectionError
O ooo BrokenPipeError
O m} ooo ConnectionAbortedError
O ooo ConnectionRefusedError
O m] ooo ConnectionResetError
O ooo FileExistsError
O ooo FileNotFoundError
O ooo InterruptedError
O ooo IsADirectoryError
O ooo NotADirectoryError
O ooo PermissionError
O ooo ProcessLookupError
O ooo TimeoutError
ooo ReferenceError
ooo RuntimeError
O ooo NotImplementedError
ooo PythonFinalizationError
O ooo RecursionError
ooo StopAsynclteration
oog Stoplteration
ooo SyntaxError
O ooo IndentationError
O ooo TabError
poo SystemError
ooo TypeError
oog ValueError
ooo UnicodeError
O ooo UnicodeDecodeError
ooo UnicodeEncodeError
O pog UnicodeTranslateError
ooo Warning
ooo BytesWarning
ooo DeprecationWarning
ooo EncodingWarning
ooo FutureWarning
ooo ImportWarning
oog PendingDeprecationWarning
ooo ResourceWarning
ooo RuntimeWarning
poo SyntaxWarning
ooo UnicodeWarning

(o1 sl o] A ol A A1)

(TH5 sl el Aol A)
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ooo UserWarning
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6.1 string — Common string operations

A FE: Lib/string.py

6.1.1 XY At
ol REo Ad A v 25 Uth
string.ascii_letters

O]-\’/H Oﬂ \4-_9_—‘1—:— asciiflowercaseﬂ— ascii_uppercase /’;}—’;\—‘—E_- 0] Oi'tg]?_] A ?} 14 U]— 0] %):-% Eﬂ] d
o 227 o] 4] PruiTh.

string.ascii_lowercase
2B A} 'abedefghijklmnopgrstuvwxyz'. ©] 2 ZA Lol & A o] R &F11 HAHE A 51Ut

string.ascii_uppercase

T2} ' ABCDEFGHIJKLMNOPQRSTUVWXYZ'. o] g2 2 A Yol o] &4 o] x| ¢kl WA A okFTh
string.digits

B214d 10123456789,
string.hexdigits

T A}¥E '0123456789abcde fABCDEF .
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string.octdigits
EAE 101234567,
string.punctuation
c ZA DA FFH BARE 50 ASCIL A FAFG: 14886 () %+, —./:;<=>2@ [\]"_"{|}
string.printable
Q] 7t53 Aoz 7HF 5= ASCH E 219 BAY. digits, ascii_letters, punctuation,
whitespace-g] Z3rd Ut}
string.whitespace
T o2 o BE ASCH 2AE EFoHE A, of 7ol Ao, @, % W, 724
28, 2 9 W E v Bas 2 U

6.1.2 AI2A} X|H 2X1Y ZOHE!

W E2E S el PEP 3101 ol A9 E rormar () MINEE Sl 5343 W X3 2 3t 2vid S
T 5 Y= 75 ATF YL string BEE rormatter 2 2= WH rormat () HIAES} &
FAL ALE o] AR BAD Eol T BAL WHET AR AT 5 QA Tk

class string.Formatter
Formatter e 2ol tha 22 F70 WA =7 A5y Th
format (format_string, /, *args, **kwargs)

712 APLWAEdUTh 29 243 4919 92 DAY Q5] L BolE P,
VAL vrormat () & BEE AN L BYUTh

WA 37004 A 2 AL A A= oAl #4] A& AUt

vEormat (format_string, args, kwargs)
o gt e AAl 2 AYS FAFYTE *args & **kwargs —Ev-‘?é% Ab
Hﬁéﬂﬂ A= A 3 3ok & ohA] 3l A sk Al v g ﬂ-JE] A2 4
‘6}— AFE A EE e ESF{UTh viormar () S W FAL
Els}h e FAFU ofdfoll Ad BT HMA=EE T
o

ol EﬂoH Formatter & A H Z# 20 &) thAlE F4 oz @2 =S 4
parse (format_ string)

format_string-& %
sEghU T o) 4
U,

o g A9 A0 dER 9250 35S Bk shis) A% 20 WIS ey
.HHE 57]'11/«\_ 35 (7 709 ]Q"’J‘:ﬂoi/\xqoi‘)rgr‘)r%%’ S s
b]l’/}),lltera xt= Zo] 7102 Exd d Yt X & Bt Qles A S field_name, format_spec

conversion 3k "3 None Yt}

3t A T (literal_text, field_name, format_spec, conversion) 2] ©] € & &
L vrormat () o] BAE L BHE H2EQ X3 I 2 UFrE o AL

m[m

4 5Ke)
'C

g\i

7

E

S

get_field (field_name, args, kwargs)
parse () 7} Wb&3t field name & (1€ EAM L) 2HE AAZ WU {FZ (obj used_key)
E urgshy o) 7] 2 8 AL “Olname]” ©] L “label.title” I Z+o] PEP 3101 of] o= Al &
2E & wolEdYth args & kwargs = viormat () o] AEH A} ZH5Uth WS 7k used_key
= get_value() 9 key W7} W42} 22 o] m] 7} Q15 th

get_value (key, args, kwargs)
ARE A=) G2 ARG ey AT A5 B2 BALYIY T B A2 el
e

A At AEAE e YT EAFE 9 B9, kwargs ol & 0] I+ AAE VERY YT
args M7 W= viormat () & 1A AR HF 02 HAAHH L, kwargs " 7] A4+ 719 = A3}
gAvelz d-E Yt

E3 o] 59 A ol g FE o] A WA A f4o "l ZEH U
SEHE I 4E Ut oERRE B Ad A AxS 53 APy
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o], 2 32 ‘O.name’ L get_value() 7} key O1x0LC 2 TEEEE k.
Erxget_value() 7t &S F o WA getater () F4E EE3] 23] FUt)
Aus e A9 ms 24 G B B2

U,

check_unused_args (used_args, args, kwargs)
Aol 39 AHEoH A S ARE AAFES TG o) Fol @ AR £ B
ol BEHE BE A2} 719 Ao (914 AR A A, ol B UL Al A9 EAL),
vformat © 2 AZH args & kwargs o o) 3 2FE J Ytk /\]——QLQ A 9k o1 x}o] AL o] uj 7f
HFEE AT 5 JF UL check_unused_args () © AAZFANE A2 o) & 82 2
Ao 2 7

format_field (value, format_spec)
format_field() & @8 AY formar () W& TS TS Utk AH ST AT
+ =% WMAEAATE T

convert_field (value, conversion)
(get,field () 7} Wk h(value) = (parse () WA= 7} Hhehels 2ol e AR 22
o] X M 79 (conversion) & 2 HEF U} 7|2 AL s (str), ‘T (repr) ¥ ‘a’ (ascii) HE+
$3¢ AAguT.

5}, IndexError W KeyError 7} 223 &

6.1.3 =0 Ex}HE 28

str.format () A EL} Formatter e TW BEXGo taiA 22 EHE Z58YT (Formatter
o) A%, 48 FAoE I5 AN EAEAL LU A9 S SGuth. gL TR 2L A
32 YA, E A, 58 oo BAAE A QskA) Fech

29 EAGel e FBE () 2 BA B D" 7L Sol AUtk FBE oo YA e AL
Pe e Hree ek MR A 41 IhE 20 BAR U Y Hase 3258 2
ok st A7, THOE o|aAolz T dFUTH ({ ).

A e e 23 25Ut

replacement_field = "{" [field_name] ["!" conversion] [":" format_spec] "}"
field name = arg_name ("." attribute_name | "[" element_index "]1")*
arg_name w= [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string = <any source character except "]"> +

conversion = "r"™ | "s"™ | "a"

format_spec format-spec: format_spec

g PAHQ B2, X2 BE & field_name 22 A 2T 4= Ql=d], ko] 2o 2 Hof X F= thAl
A2 AAE AZ U field_name Th-goll= A H o2 =713 11 7} &oll = conversion B =9}
FE ' o] &l @& format_spec ©] FUTE ©] Fh2 X2 grell sl 7] 2 ko] obd WS A At
2 A uY o] AHAE FABA AL

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 acall to st r. 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 O, 1, 2, --- will be 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__ ().

WA 310 WA A AR AAH A= str.format () AN =T = JAFUch 2HA, () (1.
format (a, b) &= '{0} {1}'.format (a, b) I} TS T}

WA 34004 HA: X AR A A A= rormaccerol A AT 4 gl Th

6.1. string — Common string operations 121



The Python Library Reference,

2alA 3.13.1

2 7HA gk 29 2 oAl

thou shalt count to "

S

"First,

"Bring me a

=

—argument

"From to " #
"My quest is " #
"Weight in tons " #
"Units destroyed: " #

References first positional argument
Implicitly references the first positional.

"From {0} to {1}"
References keyword argument

Same as
"'name’
'weight' attribute of first positional arg

First element of keyword argument 'players'

The conversion field causes a type coercion before formatting. Normally, the job of formatting a value is done by the

_ format_
string, overriding its own definition of formatting.
the normal formatting logic is bypassed.

A7) A A B St AQE U s

= 7ol ascii() & ZEFUh

sk, vrar

2 7HA o

() method of the value itself. However, in some cases it is desirable to force a type to be formatted as a
By converting the value to a string before calling __ format___

0,

E#dstr) S EEA, i 2 FN repr() E3E

"Harold's a clever "
"Bring out the holy "
"More

# Calls str() on the argument first
# Calls repr() on the argument first
" # Calls ascii() on the argument first

format_spec B E 0= S E A=

o g WA 7} 2 g of gl A=

g ol A, A= AR EE

T Sol 2 FUTh 7 3L F-& AA 2" v Y Ao = format_spec O] A= B & 4 Qs Th
BREe] e ohe Fol A Ashe 5 Eid vy ol & AT,
A format_spec BEE 1 o]l HE AV 2B TRV 4% JSUTE o HT FH D A Feojt
o5, MB Feh 1Y £ FALEFD £ AW H 2L FPL 5854 eh I th format_spec
W ¢ 1§P DT = format_spec EA L o] FHAE 7] Aol X BFUTh o] DA BN gre] TmjEL THo T
;(]ZJ‘JI—/\ glﬂ] -61—141:].

2 7FA] A= 29 oA S HAAL
o HA| OfL| 2404
“EP PA £ ER EAGe) TFY AT D ol A A ghe BA AL A S ol A H Y
(9 F2E 5 Ff-strings S BAR). o] A2 WA format () 5ol AP A2 = 5k Z
I b5 gL 20 WAE AASE PHL A T4 dFUn
R e U Ao el ohe S S TAA Y, AR ZU AL SA Gl g A AP e
AubAl A=Wl 2R HAZFFl str () £ £ AT ZL2 AHE HEE AYGUTh vlo] QLA 2
Wl A= BE AHRE - EYTH
22 2 A4 AR Y42 b g

format_spec = [[filllalign] [sign] ["z"]1["#"]["O0"] [width] [grouping_option] ["." precision] |

fill = <any character>

align = "<" ‘ ">" | n_n ‘ nAmn

sign = "+" ‘ n_mn I n "

width = digit+

grouping_option = LR

precision = digit+

type — "b" ‘ "C" | "d" ‘ "e" | "E" ‘ "f" | "F" ‘ "g" | "G" ‘ "n" | "o" ‘ "S" | ">(
+ & 3 align grol AW, fill =AF7F Soll = = =l 499 EA7FE o o, AHd Avode

2Fo]a7 7|2 e g ARREH U 29 FArd

=)
=

e AN AU str. format () HIAE

JE Y SR EE ) EMRAR AR S YUk 2ed, FHE A IER FREE A
g 4= dF Yt o] AlgkE rormat () FFolle FFS v A A FFUTH
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B Y gAY vt e 2E U

g ol

M

< A s R B UAA BEA 9% AL =S T SR AR A o] Aol 7B
oh.

s g s BT U BEA 2 2% FYHEE TSR A ol o] R 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, excluding complex. It
becomes the default for numbers when ‘0’ immediately precedes the field width.

o bg PS5 3R elA BEE Fheuel wx gt

dE U7t Ao H A ¢fod, 2 vnle A FEE A dHolEe 2L A7]olng, AE F42
[e] s
T |

gd o
e S5wTk ol 4ol E HBE AF8aloF B e T

o S50 thal AUk 52 ALESHoF 3L b U Th (ol 2 o] 7 £ TR AU Th.

20 o] ol AW A3 ol A8 ARSI, Sl vl L R EE ALG ) oF B2 hebd Lk

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] 4] ¥4 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"', '0x ', 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.

The ', ' option signals the use of a comma for a thousands separator for floating-point presentation types and for
integer presentation type 'd'. For other presentation types, this option is an error. For a locale aware separator, use
the 'n' integer presentation type instead.

A3 A |, FAS TS U THPEP 378 & A 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.

MA360A WG FAE F7HH YT PEP 515 & A R).

width = 3 4 % BE WS 95 A7 A48, ATAL FEA D e 28 2AE
A1 stA] ko™, & Yul= W&ol o 28F Ut

When no explicit alignment is given, preceding the width field by a zero (' 0') character enables sign-aware zero-

padding for numeric types, excluding complex. This is equivalent to a fill character of '0' with an alignment type
of '='.

o
&

U

WA 3.109) A ¥ A : 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 '£' 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.
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02!
|fe)
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n

0
do -

_>‘1,
ofo
N
olf
R
ox
i
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rlo
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o
X
s
xfy
i
v

02" 40
10
=

X X% 0 0 a o
T

TAZ HEg Yo

3l :
67 F4. 9R Tt 2 S}e] B £EAE LGB 16702 A4S FYF U
' Hex format. Outputs the number in base 16, using upper-case letters for the digits above 9.
In case '#' is specified, the prefix ' 0x' will be upper-cased to ' 0xX' as well.

S22} ot AA 2AL A S A3 A9 24 TR EAS FA DI BL
A stas rar & ZFUh

a9 2T

=

o 22,

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 W Decimal gFoll A E 4= = A 3L oS3 25 Uth
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7 2o

=x|

o

'e' Scientific notation. For a given precision p, formats the number in scientific notation with the

letter ‘e’ separating the coefficient from the exponent. The coefficient has one digit before
and p digits after the decimal point, for a total of p + 1 significant digits. With no precision
given, uses a precision of 6 digits after the decimal point for 71oat, and shows all coefficient
digits for becimal. If p=0, the decimal point is omitted unless the # option is used.
B0 B BoDE. TR BAR GEA B S A BTH AL AL e 9 2EY
22
'£'  Fixed-point notation. For a given precision p, formats the number as a decimal number with
exactly p digits following the decimal point. With no precision given, uses a precision of
6 digits after the decimal point for rloat, and uses a precision large enough to show all
coefficient digits for Decimal. If p=0, the decimal point is omitted unless the # option is
used.
Bt IAASA E7)H. e & AU nan S NAN O 2 inf  InF 2 WY T
‘gt WY FAA AUE p >= 1 o B3, 242 FE SAp 2 Ael £ B},
A9E =710 Wk 14 A5 B0t He Bo P o2 ERF FUE 0
=)
H

rlo

AT A2 2 2EUTh TA 79 3}75‘ 45 p- 1EE‘3‘354 4] A4
7bexp 2HAL ZHE A A L. ojuf -m <= exp ol ™ (714 m2 ﬂoat°ﬂ/\1 el
Decimal °|®H -6 AU, RA= EA B4 £ 9} FYUE p-l-exp 2 TAFH YT
a3 o, TX}L FEA 7Y e G AU Ep-1 E ZWFYL F 7§—°r st

A 42 FH 02 BF FAXARAAM A AL, Foll FobdE A ek 4
A o] AR A ¢ °}L FarHEA 7%5‘ Yt
AEET} Xl%ﬂxl wowd, floatA 3% 6 & AT FEEE A F Y
pecimal®] B¢, A3 Age ] A A2 F4F U #3H4 JJl‘ES% A
dol te-e Bt 2o g3t A9l 2o Asigtel 1neh 2 ol A8, 29
oo A A4A F7)H o] AFE Yt
%3} 2] Zatel, o} 29 0, nanss A WE S FASA 212 in, —int, 0, -0, nan
oz Uy Ych

6 A8 A A YT AAY v 2 ABSE AL AL g 9 BEUTE T
33} NaN o A% P EAE oAU

n SR A 2AQ AL A AR SA TR BAS FABTHE G A9
3hel g 9} gk,

50 MBS S2o] 1002 FHA 1A (1£) FALE BN DTS HEE 715 E BYY
=

@l For rloat thisis like the 'g' type, except that when fixed-point notation is used to format the

< result, it always includes at least one digit past the decimal point, and switches to the scientific
notation when exp >= p - 1. When the precision is not specified, the latter will be as large
as needed to represent the given value faithfully.

Decimal®] A, A AR A AE context.capitals Zroll @Wa}t 'g' Y 'c' 9}
Z&Ut.

ARA EFE ctr() o 2L ThE W S0 o3 AAH AN Y BEE=
AUt

N8

The result should be correctly rounded to a given precision p of digits after the decimal point. The rounding mode
for f1oat matches that of the round () builtin. For becimal, the rounding mode of the current context will be
used.

The available presentation types for complex are the same as those for f1oat ('%' is not allowed). Both the real
and imaginary components of a complex number are formatted as floating-point numbers, according to the specified
presentation type. They are separated by the mandatory sign of the imaginary part, the latter being terminated by
a j suffix. If the presentation type is missing, the result will match the output of st~ () (complex numbers with a
non-zero real part are also surrounded by parentheses), possibly altered by other format modifiers.
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) o |
o] AL str.format () =0 A& Al A s-2uj g v wE EFEY

e 2ylo] oo s 2ol Yok FABIY, () 7F AT s A B ;o] ASF UL o] & Sol,
'$03.2£"' £ '{:03.2£}' E HAF = FYth
Al 2o 2 ok ol Alol] Hol= A Zol AF g s AE A dd T
A2 AR} WA 2
>>> '{0}, , '.format ('a', 'b', 'c'")
'a, b, c'
>>> '{}, {}, {}'.format('a', 'b', 'c') # 3.1+ only
'a, b, c'
>>> '{2}, 1}, '.format ('a', 'b', 'c'")
'e, b, a'
>>> '{2}, {1}, '.format (*'abc") # unpacking argument sequence
'c, b, a'
>>> '{0}{1 '.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra'’
SETE TP P PN
>>> 'Coordinates: {latitude}, longitude}'.format (latitude="'37.24N', longitude="'-
—115.81W")
'Coordinates: 37.24N, -115.81W'
>>> coord = {'latitude' '37.24N', 'longitude' -115.81w"'}
>>> 'Coordinates: {latitude}, {1 '.format (**coord)
'Coordinates: 37.24N, -115.81W'

QA}e] o= HE AN

>>> C

( v

3-57

>>> The complex number

'and the imaginary part

'The complex number (3-57)
—=5.0."
>>> class Point:
def _ init_ (self,
self.x, self.y
def = str_ (self):
return 'Point ({s

>>> str (Point (4,

{0/

is formed from the real part {0.

).

] format (c)
is formed from the real part 3.0 and the imaginary part.

{0. 1

X, Y):

Xy

el

'.format (self=self)

2))
'Point (4, 2)'
QAo B2 A~
>>> coord = (3, 5)
>>> 'X: J}; Y: {0[1]}'.format (coord)
'X: 3; Y: 5!

ss 3 sr ThA:

>>> "repr () shows quotes: {/r}; str() doesn't: ".format ('testl', 'test2'")
"repr () shows quotes: 'testl'; str() doesn't: test2"

gE FEt viul A4
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>>> '

:<30}".format ('left aligned')
'left aligned !
>>> !

J

:>30}" . format ('right aligned')

v

right aligned'

A5

>>> '{:730}'.format ('centered')

' centered !

>>> ' /:4730)" format ('centered') # use

'***********Centered***********'

as

a fill char

£ thAl oF F & 24

f}; {:+f}'.format (3.14,
'+3.140000; -3.140000"

>>> '/ f); {: f£}".format (3.14,
' 3.140000; -3.140000"

>>> '"{:-f}; {:-f}'.format (3.14,
o{:f}!
'3.140000;

>>> '/ -3.14)
-3.14)
-3.14)

-3.140000"

# show

# show

# show

it always

a space for positive numbers

only the minus —-- same as '{:f};

$x, 5o A ¢} Th 2 A o= g Mk

>>> # format also supports binary numbers
"int: }
42;
>>> # with 0x,
>>>

>>> o};

101010"

hex: oct: {0:

{0:x};
52;
or 0Ob as prefix:

{0:d};

'int: hex: 2a; oct: bin:

0o,
‘N

eetcs {0s
0052;

"int: {0:d}; Thex: #0};
hex:

42;

[ () e s 1o
WV H#HX sy

'int: Ox2a; oct:

bin:

bin: 0b101010"'

J

{0:b}" . format (42)

bin: {0:#b}".format (42)

A

o9 FRAE A

>>> '{:, }' format (1234567890)

'1,234,567,890"

WEe EH:

>>> points = 19

>>> total = 22

>>> 'Correct answers: :.2%)" . format (points/total)

'Correct answers: 86.36%"'

cEEL RS

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)

>>> '"{:%Y-%m-%d SH:%M:%S}'.format (d)

'2010-07-04 12:15:58"

A2 FH I} B H 33t Al

>>> for align, text in zip('<">', ['left', 'center', 'right']):

'{0:{fill}{align}16}"'.format (text, fill=align, align=align)
'left <<
L} AA/\AAcenter/\A/\/\/\ A
'>>>>>>>>>>>right!’
>>>
>>> octets = [192, 168, 0, 1]
>>> ' {:02X}{:02X}{:02X}{:02X}"'.format (*octets)
(e sl o) Al o] Al<)
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(e]A sl o] A ol A A<

'COA80001"
>>> int(_, 16)
3232235521
>>>
>>> width = 5
>>> for num in range(5,12):

for base in 'dXob':

print ('{0: }'.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
10 A 12 1010
11 B 13 1011

6.1.4 HIZal 2X1N

= A =

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 118n, see the flufl.i18n package.

MES EAYL 0 FAS A 5718 A B A AT T
o 88 & o]aA ]z YT o] AL shite] s B X & Ut
e Sidentifier «= W3 7] "identifier" & Y X oF= X3 A} 8] BEAAE X AU TH 7| EA o =7,
"identifier" & WE O]} ASCII ¢utdl o 2 X 235l oA 78 9l ASCIL 2 AHEE 2
W BAAR AGE T s B2 5] 2w v] A8 2R o] A2l EAA BAE 2R
e ${identifier} = Sidentifier & TSIt} [ &3 2 E X B217) 2] A AF FH ol 2 A 5}
2t EAAS] GE 7oty H o gt 718 "${noun}ification™.
ALl thE WA S 7 5 o] T valuerrror 7F AU T
string BEL o] FRAEES FAS= Template 2 AE Al ZTYTE Template & HAEE T2
2%t
class string.Template (template)

A DB BAG SIS B E AU

substitute (mapping=i}, /, **kwds)
HE8 X282 ek, A A S WU T mapping & B39 A1) B AR} D A S

715 7HA 9] ¢ ‘ﬂ/‘%L‘]E]E A A 1:]14‘:} T, 7I9E7F A ZAA 1HE A AlE
& 5 A5 th mapping 9 kwds 7} BF AFH AL FE o] Qe A9, kwds O] Zpe] A AL
g

safe_substitute (mapping=i}, /, **kwds)
substitute () 2} B8R T, mapping ZF kwds o AF2] BA| A7) Qs A S, KeyError 9|21 &
QFAY A 7] 2] ka1 e AHE *”\]47} A FAE ] 22 YEebg Y th S substitute ()
=2, s 7 AR AFEE = A valueError 5 4207 Al ©@d] s & WU T
T2 97t oA S BT F AT, o] HIAET A A9 E A= A AHE T}
S8 ALY S HhEstE A A =37 ul Foll “OPZ‘i(Sﬁfe)" okl Utk o2 9 uof A,

safe_substitute () = SFASITE & 4 gl Ut 4 942 (dangling) & 7|5, B2 o] F
A Qe 505, 4 ES ol A WA oPd Afel EAAE TS 2R DEAL 285

A7) ol = 4y ek
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is_wvalid()

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.
remplate QA A= E7) B0 o B HEE sh} Al B E o

template

|2 A template Q742 AL AR YU ARA 02, WANAE ok 5| A, 7]
Ag WA 27 ZAH A = ek

Th5 -2 Template AH§- HH 9 of 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 $Swho $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 S$what') .safe_substitute (d)
'tim likes S$Swhat'

g AHEW: remplate O A B ZFEAE TS, AbE] ZAA W, FRE VS A EE RS E
A S sHA st AR E & A A AFEA A T 5 AdF Ut ol g A st Y, oy FEla
AEYHREEZE AAFYT 5 JdFUTh

o delimiter - 2} 2] EAIAE &Y ot= FRAE 1/}5}‘41 gHE 2AE AT 71282 s dUth
TAA = 22T o] AL re.escape () E TEIEE, o] FAL-L A 4] o] of]of ok 3
O 3, Zol s A4 ol PRAT BAT 5 fwUith (S, T FRAE HEA A8 o2
Fef 2 o] F 7ol Aok Y h.

patern - 3HEZ FENRA e AP EAAY A DL AFH AFA YUY L GE AT
(?a:[_a-z][_a-z0-91*) YUY} braceidpattern ©] None Q1 7 = = 27

A A e

0 #x
7|2 flags 7} re . IGNORECASE ©] 7] wfj&of], W | [a-z] & ¥] ASCII £2}9} 4 %] & 4= gl Th.
ol W&ol AFAlol a 22 E AHEAFYTH

WA 3700 X W73 braceidpattern 2 FEZ 2 Ao Qg w2t TF A 2wl AHEHEEE
g el st=l /‘P*"“" T A5yt

1o
B
I
tlo

« braceidpattern - idpattern 3} -F- AL SE A B, S E T & A4l Z42] A A S s H S AT 712
#-2 None {1, idpattern & A}&ﬁ}% 25 uPUth (S, 22 ddo] FZE 7 AES w2 3l o
EEAREHUD. o] & 79, T2 e w o }l& w o) Ah2] mA Al A= e s E S A

@ % g%
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Added in version 3.7.

. flags - AT AA o) AEHE AFAL ARG W) 48 A4 TehadUTh ARG
IGNORECASE YU T}. re.VERBOSE 7} A} 2 of Z7lE B2, A&} A9 idpattern < *1'/‘1] 3}
X%:F’r/\l_/] _ﬁLzl ]:q.;q.o]: Uqu.

Added in version 3.2.
Ei, 24 O ETBE parern & A A2l Bo] A AFA AL AT L4 AHUT oA
el o) ol E 9 AA 180 Y ArA AA ok FUTL AA TEL S0l AR AT WA
RESHA b Ahe] AR 2ol g gch
o escaped - ©] T1F - o] A Z A ALE AAGUL, A& S0 72 S oA ss.

« named - °) THL FBET Gt A2 BAA | BS ANFUTh AA 1) TEAE 2GS

)
>
rlr

o braced- °] 152 5232 {2 2] EAIA oS A AUTE AA 250 L EAIY TEZTE
Zas| A= o H U

o invalid - ©) 15 1 9)o] TR} (Ao 7 b TR S XA 7] 2L 21 9] upz] ko]
[BRS AR R JR =

The methods on this class will raise ValueError if the pattern matches the template without one of these named
groups matching.

6.1.5 =2 gt
string.capwords (s, sep=None)

ARE sersplic() & AGHA ol R el s capitalize ) & 8310 2 dhole] 31 2
AE NEAE BB, o] B BEOIA Bl EL cirsoin) & ATl ATTILE AEA =
W el sep 7t 617 Lhione o], €198 3 Bxb B 2ol ol 22 vk 1 b 3 0] A1
Utk 284 0¥ sep 7k ol & vhr i BX = v AHgE Utk

6.2 re — Regular expression operations

Source code: Lib/re/

o] REL Perlo] Q= AT} SAFSE AFAl A x| AXLS A 23 T

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 Syntaxiarning 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.

242 474 Lol shol el & AR (raw swing) F7 WS A3E AYUTh o LW E =
REoI7l £ BAL Dol SR B o AelH A SFEUTh BelA o o
EYAE T 2A BALO| L, Nor £ WS ERSAE @ 2A ALY AWH 2 AL, o
A B7)H 2 AHg 3ol ol AEZ e

R AT AL BE 55 849} 7

Uk s A7 AAE WA 3
S 7hwhA % .

Ky

fifo o,
ki
01.
e fjo

fortt ¢ o
oX,

[e:

b

Bl
.

=
o

FA HAER AT 5 ATk Aol R 8o}
HYEE e vk 7p] ol A w, QR v A £ o)

i)
o
o
i 1o
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e ] B

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.

6.2.1 A 2
A4 (EERE) S A3 EA4L AFS AU o] BEY G4 54 £A4Go] oA 3747
AR S HAT 5 YES FuTH(EE Fold FFA 0] 54 EAAF AR sH=A, A7 22 2A9HE

ZUh,

AFAL ool A Mg ATAL BE 5 AgUth A% 87 B
UX =

AFAlolH ABE AH AUt
durd oz 2L prh A X33 2 F A4 g7t B %
7

< pg7t ABSE A A gt of
A A B7L $41481 7 52 14k, A9} B ALo o
AR Geha, B3He A7 AL ol 7o) A
ek AUl SIE o A8 A

£ AHAE FEHAN L.

Zé-?’r@,-/] Ao o gk Zhetst A w o] ojoj J Ut tf Al A B ) ] XA 8 A7) = regex-howto & F R

EL5A 1§ AR EAHA e @
o Hedt 7] A54) ez gAFAE S
9], = Ad & 7A o B3+ AY

mfy

1:1

AFAL 5 B4 AW EAL BE T T 5 FU A, a2 BE 007 2L B REY Iy
2 44 Bes AT A GUTh 15 B3] AT A G A EAES o]0 £ 4 glo]A,
last & 'last! BAHGT AN Fch (o] B9 A FR AL, RES (HF S E glo]) 92 52
AR, AT EALL Fe g ool Furh)

(9 2 QR EAE ELRFUTh 54 BAE AU B 24 Gehh AL, 17U
AA o] A = B IS FLe,

Repetition operators or quantifiers (*, +, ?, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the
non-greedy modifier suffix 2, 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.

54 BAE thes 25Uk

(Dot.) In the default mode, this matches any character except a newline. If the boTA L flag has been specified,
this matches any character including a newline. (?s:.) matches any character regardless of flags.

R 2AL Y A 2 DA 6ka, munrinive REANXE 2 7f 3 A o= d A gt

$
AL Tol L} £AY o) AW A vh 487 QA worriiie REAE AW £
Qo A% AXFYUT} foor ‘foo’ &} “foobar’ & RF UX A 7]& ¥, BF 4] foosE “foo’ ¥H Y
AU th Tu|EAE, 'fool\nfoo2\n' o A] foo.sE AMIA “f002° = 7§/‘1‘7‘4 o2 dAF 11 U}
“fool” & MurTInINE REO|A AAH YUt} 'foo\n' 01]/\1 g s & 74/\“6} = 9 (2) g x 7}
LAFUTh shve A A -ol], v shube 2 £l

*
A3 REZF A RES /58 8 B2 03] o] 48] M3} AAHEF FUth s 0, b’ E

2’ thZoll 4ol 9 ‘b 7= AR AP
+

3 RE7} A% REY] 13] o] 4] 93} XSS FLith aprs o T2 Sht o] 2] b 7}
£ A% A G BA 2 9 A A BTk

fo i,

A REZF A RES] 0 == 1 ¥HE} X3t 5 Gy th ab?+ ‘a” U} ‘ab” & X T

*2, 47, 2?
The '*', '+', and '2' quantifiers are all greedy; they match as much text as possible. Sometimes this be-
haviour isn’ t desired; if the RE <. *> is matched against '<a> b <c>"', it will match the entire string, and
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not just '<a>'. Adding 2 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>".

*+, +4, 2+

Like the '*', '+', 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
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*+a is 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 2+ are
equivalent to (?>x*), (?>x+) and (2>x?) correspondingly.

Added in version 3.11.

{m}
AR RES] B33 m HA7 AN HEF ARG h 42 049 A2 A REZ AR 34 2
U ol & Sol,ai6)E AT 6709 12t AL} A AT, 5749 BApehe A 5A) L,

{m,n}
A3} REE A3 RES] mol| A n Ako] <] -:JEHE}E%-S le=nis O‘X]?S}EEWJI/]D} A& E°],a({3,51=3
oA 574¢] rar X}i} AU Th m st 8Fsh g 00] A Q= a1, ng Ay 2FetH F-3ks A sho]
XV*%‘JD} o & ,a{4,}b¥ 'aaaab' L} 1000709 'ar AL} o' 7 LA FHA T, rasab' &
A 2] ekA] FF ‘4‘3} Fub= AT ¢ glsyth 28R o sHAgAL Qo A A r sl 3 45
sEg 2 9y

{m,n}?
Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as few
repetitions 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.

\
EF EARZ olaAolZ AL (1+, 12 52 EAE XA $ UAESE T, ST AFAE
Ut EF A Eae O}FﬂMW@.“é?;ME}.
G EAE S AFR o] E S 2R Gevhd, o] o] Ea1d BlE] oA o] aAo|Z Al FARE
o LA S AL BT AL 7)1 ABIAA A L; o] A A o] = A BT sho] WY LE B A 7o o) 2l
AE 2] ko, o SefA|e} S & EAVF A EAG o ZEE UL 28y st M o] A AlEAE
A4t o S A= F A dbEE o of F ). o] A& B i}etal o]sl3hr] of /] 7] wiEell, 7+
<=l £ o] Qo= Bl S AFESHE Ao E5 UL
[l
A A5 e & o ARE Ut g ekell A
c A AEAcE Y E stk oS S0 [ank) £ 'a’, 'n' B k' AA YT
e B2 WY E 7 TRHE T EXANE FUE AT YENY £ dH UL A E 50 [a-z]
= RE AF2FASCI +X}2} A x| 3}FaL, [0-5] [0-9] = 000 A 597} Q] BE = z}E] =212}
A A8l H, [0-9A-Fa-f]+ BE 1652t X FUth -7 o]aFA o] = A 2] H A (A & £
[a\-z]) A AR opx 2 22 v X E (S Eo] [-al U (a-]) S EHE - & X
e S5 A= AT Yol 5E8% g E AUk oA E o, [(+x) 1= BHE A,
thr, e IE= ) 1 9L A XS )
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o 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.

< B9 ol 9K ke AL ol A THcomplementing) & WE O} AAE £ ek A A
A 227} o), A ol 3 9L BE £} U Sof, (51 1518
A9 e RE BA AH BB, () 0 E AR WE BAY QAFUL ~E AT A
A E217] obd ol 529 vl 7} Rl .

o To match a literal '] ' 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.

- HUTE S EF I8 A BB 3 AT A A4e) A Hol kel F718 4 Q]
th o] A& EH S MBI R, o] HA S &ol5kA 517] A8l T Zl’FutureWarnlngO] 2353
A9l HAGULE o ot d B e 2 AGHAL IHE BAAAL 1, har,
W 2E Aol ZFR U Z0E Wstel W o el AR ol 2 A o) A s Al L.

WA 37004 A 2 Aol meEfel o m 7t §id L2 E 36t YT Futuremarning©] ¥

A5k o}

215(0] 7141 A9} B 1919 RED 4 15U th & AL B9} 43 5He A7 42 w5t o] o 24
% delel FARES |12 Rel &= Qg o 2 2 ol & FaaAl o A8
G SIS o BAdo] A Ew R TREREE UK 4 S EHOR NRH L) @
) 3hd, S5 7] 7h oS ol ALt o] AT AV AA5HY, B AA H 02

| ok P

ﬂ%il—g—*ﬂ*é‘e}ﬂ 1‘474/\@1] A= %a%%gqp} Z, ' A4 AU 2 gEF o] 7

syt gHE e AAI 7 E W, \ | E AR A L | X%Ed TAFFEl 2 ko)l oA 2
(...)

2% ot = AFAF A s, 25 A FFH ES UrEHEHD‘r I YE2 dx7t 34

S 23T 4 9oy, YyFo TAE A A \number 55 A/ AAE XA Z 5= JAF YT} (oF 2 Al A

AglaYoh. gEHE U ) & XA T EE, N\ ( bP\ E AFSSHA Y, A FEl A Qo] Y o4 A

L0, 0]

(?...)
R FF B/ AU (THA Fow (ko] 2 e e &S s e
o) A WA BAE S ouis) ol Fe) WS ARFUL L o) A 21FL BEX
s UTE o] Ao gt F LS &= (2P<name>...) YU 2 A A HH = YU T
(?ailmsux)

(One or more letters from the set 'a', "i', 'L', 'm', 's', 'u', 'x"'.) The group matches the empty string;
the letters set the corresponding flags for the entire regular expression:

e re.A (ASCII-only matching)
e re. I (ignore case)

e re. L (locale dependent)

o re.M(multi-line)

o re. s (dot matches all)

e re. U (Unicode matching)

e re.x (verbose)

(The flags are described in =25 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 3.11 9] A ¥ 7 : This construction can only be used at the start of the expression.

At Fo o) vl A WA, BE ) AFAF A AW, 1FF A e BE EALS A E
T T 23] AU Yol sidolA FxE 5 glsdt
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(?ailmsux—-imsx:...)

(?>..

(Zero or more letters from the set 'a', 'i', 'L', 'm', 's"', 'u', 'x', optionally followed by '-' followed
by one or more letters fromthe 'i', 'm', 's', 'x'.) The letters set or remove the corresponding flags for the
part of the expression:

e re.A (ASCI-only matching)
e re. I (ignore case)
e re. L (locale dependent)
o re.M(multi-line)
e re. S (dot matches all)
e re. U (Unicode matching)
e re.x (verbose)
(The flags are described in =& 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.
WAITANA WA A ar, L D E A AEE S AL

-)

ttempts 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.

o1 It 1E A 7P FHoIA F2D 5 ik F o] (2p<quotes[7]) . *2 (2p=quote)
W(F, AengEY 2L ER A58 FALT AA):

HeH

& “quote” of| CHSH &= F9H 5 e

il

FR 5}

rr

22 e ApA A A

(?P=quote) (Ho]& =)
e \1

ol x] A x S Aask
E]"lﬂma %ﬂaﬁﬁ e m.group ('quote')

e m.end ('quote"') (%)

re.sub () 9 repl A2 ALEH = FALE ol A
e \g<quote>

e \g<1>
e \1
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WA 3.1290| 4 7 In bytes patterns, group name can only contain bytes in the ASCII range (b'\x00'-
b'\x7£").

(?P=name)

ol e Iwol i AF=E; nameo)he )52 $d IFH QA G HAESS} AT
(2#...)
FA; 280 Y& s FAE YN

(?=...)
o AR DA A R FAFE 2 A sHAl = ks U T o & vl B 7] oA A (looka-
head assertion) ©] 21 U Tl o] & £9], Isaac (?=Asimov) = 'Asimov' 7} HWE o 'Isaac

ERE LA

e x5 A] ko™ AUt o) AL A A u|g] H 7] o] A A (negative lookahead
assertzon) JqUrth o E & 01, Isaac (?!Asimov) <+ 'Asimov'Z7} HWE R & o 9 'Isaac 'F

Qg o,

(?<=...)

2249 AR 92 ol A YA Brs .. .9k 7 god AxFUL o] ZAA
HEolH 7] oA A (posmve lookbehind assertion) ©| F/}I’_ Uttt EEZolR 7|7 3EXE WY Et

e e o] YA FHE=A] FAH7) wiiol| (2<=abc)def i 'abedef' oA XS ZH T
S8 34 oje] EALT QA oF Gt abcif a bt S4H A ax2ha(3, 415
Al dFUth S HFotR Y] ol Ao % A Ashe H2 AAE = FAD Y A A FE A

DA A ol 52 BHIA 2 nacen () BoHIbE soarch () B5-8 B2 DT AUk

_% Hil
olo 1t
M e bl o

i)

l

|

(

il

e Y
>>> import re
>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)

'def’

o] ool A= Bhol 2 the o] el B H& Uk

>>> m = re.search(r' (?<=-)\w+', 'spam-egg')

-

>>> m.group (0)
leggl

L

WA 3504 A7 24 doje] 2F Fxol e Aldol F7HE st

(?<!...)
EAd @A A2 Lol ... 99 QX7 GO A LTk o] 2 B A
(negative lookbehind assemon) oz} Ut FAH A FHEolH 7] oA AT upAIIRE, =
He w7 dolo £4A7 AR sk FUTh LA HEokH ] o HHOE Ao
A EA4QY A4 LHol A AR B 4 A& uTh

(? (id/name) yes—pattern|no-pattern)
ZF o] R id Y name 2] 1%—0] Ao yes-patternd}, TH X ¥ O M no-patternd X311 A| =
Gtk no-pattern 4'5”7(40]‘11 AekE AU A& S0, (<) 2 Qwre\wt (2:\ . \wh) +) (2

1)>1$) = AR G2 AR H Y 4] e Ay, '<user@host.com>' % 'user@host.com' I}

A %] &} A 2}, '<userlhost .com' O] L} 'user@host .com>' I= L X 8HA] k5T

4n
it
o
kr
[N,
% o
>
x

W7 3.129]] A ¥ 7 Group id can only contain ASCII digits. In byt es patterns, group name can only contain
bytes in the ASCII range (b'\x00'-b'"\x7£").

ANd2e oot &0 Exz TAAE YT 4y F217F ASCH 2 Ay ASCI 2 AH7) oy
TAF s

U —

AT REL = WA 2219} AU o 2 Sof, \s - RSEESEY
\number
4 W5 1§ 483t AATIT 2L 1P EA WAL AE £, 1) (1€ ene

the'U} 55 55! 9} A 2] 5} g, ‘thethe! ‘: A x5t syt (2F FY Tl 18t Al
Q). ol S AL A 9N 2F F vkt €A sk dloll vk AREE 5 s Yt number o] A

AR —’F7P0°]741Jr, number 7} 3 A2} Eﬂ, I AR A S A 4L, 8K G number & ZEE AR

AU ZA A2 ok Folld e, BE A 1é7ﬂ°li7}fﬂiﬂﬂ5‘qﬁ‘r-
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\a

\b

\B

\d

\D

\s

\s

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 Asc 171 flag. Word boundaries are determined by the current locale if the LOCALE

flag is used.

@ Fx
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!'. \B is the opposite of \b, so
word characters in Unicode (str) patterns are Unicode alphanumerics or the underscore, although this can be
changed by using the Asc 171 flag. Word boundaries are determined by the current locale if the LocALE flag is

used.

0 #x

Note that \ B does not match an empty string, which differs from RE implementations in other programming
languages such as Perl. This behavior is kept for compatibility reasons.

FUZE (str) Y wj:
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 Asc1T flag is used.

81| E (bytes) S &1 uj:
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 Asc1T flag is used.

FUSLE (str) AL o
Matches Unicode whitespace characters (as defined by st r. i sspace ()). Thisincludes [ \t\n\r\f\
v1, and also many other characters, for example the non-breaking spaces mandated by typography rules

in many languages.
Matches [ \t\n\r\£f\v] if the 2s5c1T flag is used.

8H| E (bytes) s &1 ufj:
ASCH Z A} F el A g o &2 h53he F ARt A G T o] 212 [ \t\n\r\f\v] 9} 55

.

Matches any character which is not a whitespace character. This is the opposite of \s.

Matches [~ \t\n\r\f\v] if the ascrT flag is used.
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\w
FUIZE (str) s uff:
Matches Unicode word characters; this includes all Unicode alphanumeric characters (as defined by st r.
isalnum()), as well as the underscore ().
Matches [a-zA-70-9_] if the 25c17 flag is used.
8H] E (bytes) S| Y uff:
Matches characters considered alphanumeric in the ASCII character set; this is equivalent to
[a-zA-20-9_]. If the LocALE flag is used, matches characters considered alphanumeric in the current
locale and the underscore.
\W
Matches any character which is not a word character. This is the opposite of \w. By default, matches non-
underscore (_) characters for which str.isalnum() returns False.
Matches [~a-zA-70-9_] if the A5C17 flag is used.
If the LocaLE flag is used, matches characters which are neither alphanumeric in the current locale nor the
underscore.
\z
G 2w QX G

Most of the escape sequences supported by Python string literals are also accepted by the regular expression parser:

\a \b \f \n
\N \r \t \u
\U \v \x ARY

(\p& ©o] A Uet = ol AFEH W, FA4F 22 & ol A et A5 o] 27 2 o) w] kol 2] 3H A 2.)

"\u', '\U', and '\N' escape sequences are only recognized in Unicode (str) patterns. In bytes patterns they are
errors. Unknown escapes of ASCII letters are reserved for future use and treated as errors.

8714 oladlolz e WA BAow 2FFUTL A A £A7 00 A, 3719 8457} g, 8
A% ol aAolme gtk 294 gow, 1% 22Uk £AY 2 HAT AR 2, 8%

ojxAlolZ Aol A Hul 3x+E] Y th
WA 334 HAG: e} \ur o] aA o] Al ALV FLE 5 UL
WA 36004 HA: '\ ASCIH ZAE TAH & 5 Q= o) AA o]z o)A of 3] YUt}

W A 3.89 4] ¥ 7: The '\N{name}' escape sequence has been added. As in string literals, it expands to the
named Unicode character (e.g. '\N{EM DASH}"').

]/\
T

6.22 2= LHE

B2 9 717 &4, A 2 9 E A = A
WAZS TSt ARt R RS s g 38 T2 1Al 4 A%dn AL AT
.

Flags

A 3.60A WA Z2H L A5 oA enum. IntFlag? A B F 2 Q RegexFlag? AAE AT}

class re.RegexFlag

An enum. IntFlag class containing the regex options listed below.
Added in version 3.11: -addedto __all_

re.A
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re.ASCII

Make \w, \W, \b, \B, \d, \D, \s and \s perform ASCII-only matching instead of full Unicode matching.
This is only meaningful for Unicode (str) patterns, and is ignored for bytes patterns.

Corresponds to the inline flag (?a).

0 Iu

The U flag still exists for backward compatibility, but is redundant in Python 3 since matches are Unicode
by default for str patterns, and Unicode matching isn’ t allowed for bytes patterns. UNICODE and the
inline flag (?u) are similarly redundant.

re .DEBUG

re.I

Display debug information about compiled expression.

No corresponding inline flag.

re.IGNORECASE

re.L

Perform case-insensitive matching; expressions like [A-z] will also match lowercase letters. Full Unicode
matching (such as U matching i) also works unless the As5c 17 flag is used to disable non-ASCII matches. The
current locale does not change the effect of this flag unless the LocarE flag is also used.

Corresponds to the inline flag (?1i).

Note that when the Unicode patterns [a-z] or [A-z] are used in combination with the 7GNORECASE flag,
they will match the 52 ASCII letters and 4 additional non-ASCII letters: ‘T (U+0130, Latin capital letter |
with dot above), ‘1> (U+0131, Latin small letter dotless i), ‘{” (U+017F, Latin small letter long s) and ‘K’
(U+212A, Kelvin sign). If the asc 11 flag is used, only letters ‘a’ to ‘z’ and ‘A’ to ‘Z’ are matched.

re.LOCALE

re.M

Make \w, \W, \b, \B and case-insensitive matching dependent on the current locale. This flag can be used
only with bytes patterns.

Corresponds to the inline flag (?L).

A 3>

This flag is discouraged; consider Unicode matching instead. The locale mechanism is very unreliable as
it only handles one “culture” at a time and only works with 8-bit locales. Unicode matching is enabled by
default for Unicode (str) patterns and it is able to handle different locales and languages.

WA 3.69 4 ¥ . 10CcALE can be used only with bytes patterns and is not compatible with AscTT.

¥ A 3.7 4] ¥ 7 : Compiled regular expression objects with the 7.0CcALE flag no longer depend on the locale
at compile time. Only the locale at matching time affects the result of matching.

re .MULTILINE

When specified, the pattern character '~ ' matches at the beginning of the string and at the beginning of each
line (immediately following each newline); and the pattern character ' $' matches at the end of the string and
at the end of each line (immediately preceding each newline). By default, ' ~ ' matches only at the beginning
of the string, and ' $' only at the end of the string and immediately before the newline (if any) at the end of
the string.

Corresponds to the inline flag (?m) .
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re .NOFLAG

Indicates no flag being applied, the value is 0. This flag may be used as a default value for a function keyword
argument or as a base value that will be conditionally ORed with other flags. Example of use as a default value:

def myfunc (text, flag=re.NOFLAG) :
return re.match(text, flag)

Added in version 3.11.

re.S
re .DOTALL

Make the '. ' special character match any character at all, including a newline; without this flag, ' . ' will
match anything except a newline.

Corresponds to the inline flag (?s).

re.U
re .UNICODE

In Python 3, Unicode characters are matched by default for st r patterns. This flag is therefore redundant with
no effect and is only kept for backward compatibility.

See A5CT11T to restrict matching to ASCII characters instead.

re.X

re .VERBOSE
This flag allows you to write regular expressions that look nicer and are more readable by allowing you to
visually separate logical sections of the pattern and add comments. Whitespace within the pattern is ignored,
except when in a character class, or when preceded by an unescaped backslash, or within tokens like *?, (?:
or (?P<...>. Forexample, (2 : and * ? are not allowed. When a line contains a # that is not in a character
class and is not preceded by an unescaped backslash, all characters from the leftmost such # through the end
of the line are ignored.

RS JAF DA T The F AFA AN N5 H R 2ee FFUh

a = re.compile(r"""\d + # the integral part
\. # the decimal point
\d * # some fractional digits""", re.X)

b = re.compile (r"\d+\.\d*")

ekl Ze 1 (2x) ol G

Functions

re.compile (pattern, flags=0)
At RS At A A2 Aepd gyt A AR obefoll A E = match(), search() 4
=S DA A7) o AT 4 T

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

AlF

prog = re.compile (pattern)
result = prog.match(string)

t o B 5 AT

Eresult = re.match (pattern, string) }

AT AT A B m2 IRl A o W AT W, re. compile )& A HT AT BT A
AE A Askel AALg e Aol B A YY)
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re.compile () B BE £F 94X ol A" 7 H2 9 AspdA WAoo AX HEZ,
3 Wol 2 7bA AFA R ALS S 22 e A4 Askdel s 473 £ B2k gtk

re.search (pattern, string, flags=0)

Scan through string looking for the first location where the regular expression pattern produces a match, and
return a corresponding Match. Return None if no position in the string matches the pattern; note that this is

different from finding a zero-length match at some point in the string.

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags

variables, combined using bitwise OR (the | operator).

re.match (pattern, string, flags=0)

If zero or more characters at the beginning of string match the regular expression pattern, return a corresponding
Match. Return None if the string does not match the pattern; note that this is different from a zero-length

match.

MULTILINE REO|AXE, re.match ()= Z+ 29 A|ZH

Fol f2)5H4 A 2
CEERE!

g ke

string®] =
441 2)

o] ohiet BAAY A

2, A search () & AFEIHE AL

330 AT

e
(

(search() o match() = Z+ZF

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags

variables, combined using bitwise OR (the | operator).

re. fullmatch (pattern, string, flags=0)

If the whole string matches the regular expression pattern, return a corresponding Mat ch. Return None if the
string does not match the pattern; note that this is different from a zero-length match.

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags

variables, combined using bitwise OR (the | operator).
Added in version 3.4.

re.split (pattern, string, maxsplit=0, flags=0)

stringS pattern ©. 2 5 UTH patterno| A 25t = o571 AREH W HY R E QS HAER Fi}
g A~E Q] AR & kS YT maxspliro] 00] oW, | o) maxsplit & 3o] HAY 5131, L 2] £ A o]
e ~e] vhA o & 42 wHEE Uk,
p
>>> re.split(r'\W+', 'Words, words, words.')
['"Words', 'words', 'words' ']
>>> re.split(r' (\W+)', 'Words, words, words.')
['Words', ', ', 'words', ', ', 'words', '.', '']
>>> re.split (r'\W+', 'Words, words, words.',K maxsplit=1)
['"Words', 'words, words.']
>>> re.split('[a—-f]+ '0a3B9', flags=re.IGNORECASE)
['Ol, '3', '9']
FRA EATHE TF 0] YT BAYG AR RRe|A AN TR, Aohe W BALE ARk
AL 2ol thal A= w271 U o
>>> re.split(r' (\W+)', '...words, words...")
ey, oot 'words', ', ', 'words', '...', '']
za@ EH%VFPﬂﬁi%%%éﬂﬂééﬂwwé%%w%@éﬂﬁéﬁﬁwq
o
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p
>>> re.split(r'\b', 'Words, words, words.')

['', 'Words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\W*', '...words...'")

['l’ l', ‘W', IO', lr|, ldl, lsl’ l', ll:l

>>> re.split(r' (\W*)', '...words...")

[", l'..V, l', 'l, VWI, ", IO’, l', ’r', ’l, 'd', 'l, ISI, "-"I IV, l" VIJ

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

WA 31004 A A9 A flags A F7HF U T
HA3TANA WA N BALT A F 5 Qe RO R BB S FAYL U
WA 3.135 €] #| A 2 : Passing maxsplit and flags as positional arguments is deprecated. In future Python
versions they will be keyword-only parameters.
re.findall (pattern, string, flags=0)
Return all non-overlapping matches of pattern in string, as a list of strings or tuples. The string is scanned

left-to-right, and matches are returned in the order found. Empty matches are included in the result.

The result depends on the number of capturing groups in the pattern. If there are no groups, return a list of
strings matching the whole pattern. If there is exactly one group, return a list of strings matching that group.
If multiple groups are present, return a list of tuples of strings matching the groups. Non-capturing groups do
not affect the form of the result.

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
['foot', 'fell', 'fastest']

>>> re.findall (r' (\w+)=(\d+)"', 'set width=20 and height=10")

[ ('width', '20'), ('height', '10")]

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

WA 3704 | v]o] YA 2 dA)= ol Al o] 2] vlof e dA A5 AFE = AF YT
re. finditer (pattern, string, flags=0)
Return an iterator yielding Mat ch objects over all non-overlapping matches for the RE pattern in string. The

string is scanned left-to-right, and matches are returned in the order found. Empty matches are included in the
result.

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

B0 3790 WA: ulo] 91 eke AR ol A o] e ulo] gl AX Aol AFT 4 ATk,
re. sub (pattern, repl, string, count=0, flags=0)

string | A A 2| A] ¢F+= pattern 9] 7?’5}534_5 A& replE 2 gete] AL FAE S wEs YT HE S
27 el ring o] WAS A R MR Tk ropl© $AQoIt B4 7HE & Yrleh £4d
olF & o S A| o] A 147} AUt S, \n2 ‘?_‘r?:l N B2 HEE I, \re AP A
JHoR WHH L, 55, & 5 gl ASCH 27 o 27 o] =& el AL§3H7] A ol ok of 9]
onf oz APk \e 9 2L oHE LA A G2 01"7ﬂ°14—1ﬂ1i Assyth \63% %8
GAz el A 12 63 QX e HE BALE JFF UL o] S S

>>> re.sub(r'def\s+ ([a—-zA-Z_][a—-zRA-Z_ 0-9]1*)\s*\ (\s*\) :"
r'static PyObject*\npy_\1(void)\n{"',
'def myfunc():")
'static PyObject*\npy_myfunc (void) \n{'

If repl is a function, it is called for every non-overlapping occurrence of pattern. The function takes a single
Match argument, and returns the replacement string. For example:
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IS N

>>> def dashrepl (matchobj) :
if matchobj.group(0) == '-': return ' '
else: return '-'

>>> re.sub('-{1,2}', dashrepl, 'pro——--gram-files')

'pro-—gram files'

>>> re.sub(r'\sAND\s', ' & ', 'Baked Beans And Spam', flags=re.IGNORECASE)
'Baked Beans & Spam'

. J

The pattern may be a string or a Pat tern.

A A A2 count= X 2-E | DA Hoh = JUTE count= 557 obd Aol o F Tk Ak
HA0od, 2 g o] X uth el thet Rl DX o] M Rl P&} A 5kA] b2 wf v
ABE B F sub('x*', '-', 'abxd') = '-a-b--d-'S WS T}

AL @ repl AAFNA, Aol A EA}F o] A o] 22} JHZE 9]0, \g<name>+E (?P<name>...)
WO R o3 name o] gh= IF Ol Aot FiE AL S AHE AU TE \g<number>+ S &
WS 5 AU mhebA] \g<2> = \28F 55 AT \g<2>0 9} - 2| Fhof| A R F 51| FF Yt
\20-2 25 20 oi gk Fxol e e 24 ror o] Heoll &+ Ze] ok}, 25 200 o & I 2 54
HUth 3= \g<0>2 RES} YA 8h= AA| F& 2L <= A2y

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

WA 3104 W A A flags A2 275 o,
MA3SNA W QA FA e TFL W BALE A B
WA 3.600 A4 W A: pattern®] '\ ' 2} ASCII 2 A} (letter) & A
Ut

WA 3.7 4] ¥ 7 : Unknown escapes in repl consisting of '\ ' and an ASCII letter now are errors. Empty
matches for the pattern are replaced when adjacent to a previous non-empty match.

&4 4= gl o] o] L= o] A o ]

gt
=

H A 3.129 A ¥ 7 : Group id can only contain ASCII digits. In byt es replacement strings, group name can
only contain bytes in the ASCII range (b'\x00'-b'\x7£").

WA 3.13% €] 5| 2| & : Passing count and flags as positional arguments is deprecated. In future Python
versions they will be keyword-only parameters.

re. subn (pattern, repl, string, count=0, flags=0)

sub ()2} 2L AXE F33} A T FLE (new_string, number_of_subs_made) & Y& o).

The expression’ s behaviour can be modified by specifying a flags value. Values can be any of the flags
variables, combined using bitwise OR (the | operator).

re.escape (pattern)

ZIN=INHINFNF [ \*

patterno| ] 55 £A4E o] 27 o] = el Gtk ol 2 A4 et BA g ol 9 5 A
SEEREEERE EO PR R KR RS AN ES-tF

>>> print (re.escape ('https://www.python.org"'))

https://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#$%&'*+—." " [~:"

>>> print ('[ ]+" % re.escape(legal_chars))
[abcdefghijklmnopqrstuvwxyz0123456789 1 \#\S3\& '\ *\+\ -\ . \*_"\[\~:]+

>>> operators= [|+Y, |7|, l*ll '/'I l**v]

>>> print ('|'.Jjoin (map (re.escape, sorted(operators, reverse=True))))

J

1

o] 3
=
=

o

sub () 2} subn ()] X T FAFL A AR o E 1, o

AN
T
:

>

2 A7 o] 27 o) 2 3 o FLTh.

I~

T

=
=
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>>> digits_re = r'\d+'

>>> sample = '/usr/sbin/sendmail - 0 errors, 12 warnings'

>>> print (re.sub (digits_re, digits_re.replace('\\', r'\\'), sample))
/usr/sbin/sendmail - \d+ errors, \d+ warnings

WA 37004 A At Aol

Vo mr rgr v/
L ) ° y o7 ’

WA 33004 R F A= H olaA o]z H A ks th
A EMH g M £ gl AR o)Al o)z Hyn). AFA o7,
V.o > .“:«‘_O]/\?ﬂO] QZ] O}/\l/]q
re.purge ()

374 A& g eh

Exceptions

exception re.PatternError (msg, pattern=None, pos=None)

Exception raised when a string passed to one of the functions here is not a valid regular expression (for example,
it might contain unmatched parentheses) or when some other error occurs during compilation or matching. It

is never an error if a string contains no match for a pattern. The PatternError instance has the following
additional attributes:

msg

Autd o] A3t A X5 7Fel 7] <= pattern®] I E 2 (None d 5 3

>

Jeh.

colno

pos© 3 F3= &€ (None D = Y Th.

WA 350 A WA 2o} ol 2l REL 2o st
¥ A 3.130]| 4] M 7 : patternError was originally named error; the latter is kept as an alias for backward
compatibility.

6.2.3 MAl ZHA|
class re.Pattern

Compiled regular expression object returned by re. compile ().

WA 3.9 A ¥ A: re.patternsupports [] to indicate a Unicode (str) or bytes pattern. See A U] 2] o] &

#o] 2 7.
Pattern.search (string[, pos[, endpos] ] )

Scan through string looking for the first location where this regular expression produces a match, and return a

corresponding Match. Return None if no position in the string matches the pattern; note that this is different
from finding a zero-length match at some point in the string.

A8 WA o) W post S A AT EAAS QUAS ABT LS 2B e 0Tk
oA e FALL Lol A AT BAH FEAAL AHUTH A E AL AL AA
A 2R AY AT AAAA LARAW, A4S AR Ao BEA DA &

Y,

AR A w7 M4 endpos= TAE S AT 7HA AR E AU TH £ AHE ©] endpos ZAF A ] Q1
AAH F 55 o, eil £ 27] 91380 posoll Al endpos - 17k o] FARE A H Utk endpos 7} pos
Hopztow dx= gl L]T/}, agA) ko, 7t ALY A AA Y W, rx.search (string,
0, 50) = rx.search(string[:50], 0)<}FTS5S T}
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>>> pattern = re.compile ("d")

# Match at index 0

>>> pattern.search ("

<re.Match object;

span=

dog")

>>> pattern.search ("dog",

(0,

1)’
1)

match="'d"'>

# No match;

search doesn't include the

nqn

Pattern.match (string [, pos[, endpos] ] )

If zero or more characters at the beginning of string match this regular expression, return a corresponding
Match. Return None if the string does not match the pattern; note that this is different from a zero-length
match.

A &} A pos 2} endpos 1 7l

W= search () WA

=0l A9} 22 o Qo

>>> pattern = re.compile ("

O")

>>> pattern.match ("dog")

# No match as

"o" is not at the start of "dog".

>>> pattern.match ("dog", 1) # Match as "o" is the 2nd character of "dog".
<re.Match object; span=(1, 2), match='o'>
string®] A2 YA QX2 oW, Al search () S AFLBIIA L (search() T maich() % B2

344141 2)

Pattern.fullmatch (string[, pos [, endpos] ] )

If the whole string matches this regular expression, return a corresponding Match. Return None if the string
does not match the pattern; note that this is different from a zero-length match.

A e} A pos 2} endpos 1 7l

W= search () WA

=0 A2} 2L o m Uy

-
>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog")

# No match as

"

o

"

is not at the start of "dog

"
— .

>>> pattern.fullmatch ("ogre")
>>> pattern.fullmatch ("doggie",

# No match as not the full string matches.

1, 3) # Matches within given limits.

<re.Match object;

span=

(1,

3),

match='og'>

Added in version 3.4.

Pattern.split (string, maxsplit=0)

split () % ‘4\—3]’ 7]"2‘13] 74-’4'0131 ”H Tﬂ% /‘]"g‘—g'q I}]—

Pattern.findall string[ pos[ endpos] ] )

R R EOE
A e} A pos S} endpos M 7| 4=

findall () &
arahe

=

Pattern.finditer string[ pos[ endpos] ])

e LS T BB
whol 5 ]y o,

=

, search() A8 AM JI & A

finditer () &5t FAMSH], 3L E @S AU AT search ) AE AN 49
A5k A9 A poss} endpos W) WA= WokE I Tk,
Pattern.sub (repl, string, count=0)
sub() W49k 2o, A5Q R AL AL
Pattern.subn (repl, string, count=0)
subn () B9k e, At E AE S AL FU T

Pattern.flags

The regex matching flags. This is a combination of the flags given to compile (), any (2..

.) inline flags in

the pattern, and implicit flags such as un7coDE if the pattern is a Unicode string.

Pattern.groups

Aol 9 £ 1 4.
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Pattern.groupindex
(2p<ic>) 2 49 7@:?— o5 15 Wzl Pk B e s hel 715 1F o AL A
o gMue e vo] dFyrth

Pattern.pattern

e A 7 A9 e A,

WA 3704 A copy.copy ()2} copy.deepcopy () AW el 7t A5 Uth AL H A4 A=
A4 ol 2l ZFEghy ok

A= AA = FA E8A ZtrueE 7FH YU match () &} search ()& X7 Y2 uf] None2 WS}
wj2oll, b i g o2 X7 YA AAAL  dsyth

match = re.search(pattern, string)
if match:
process (match)

class re.Match
Match object returned by successful matches and searches.
W7 3904 M A: re.Matchsupports [] to indicate a Unicode (str) or bytes match. See A 4] 2] of] & 2]
o~ .

Match.expand (template)

Return the string obtained by doing backslash substitution on the template string template, as done by the
sub () method. Escapes such as \n are converted to the appropriate characters, and numeric backreferences
(\1, \2) and named backreferences (\g<1>, \g<name>) are replaced by the contents of the corresponding
group. The backreference \g<0> will be replaced by the entire match.

WA 3504 A dAeHA] obe 252 W EAEE AFFH U

Match.group ( [gmmp] ]

Q79 it o] 4o NE TFS HHFU B AAst 9oH, A B ALY A%

7h e i, A= AT ] o e E*%MD} AR} 1o 9, groupl &} 71320
JUTh AA A7} wgg I, groupN W}ﬂoolﬁﬂﬂ%g e AA AX) BAL YUk
BAE o= WA [1.9910] Qloed, alF 2o 2 72 25 % Aot 2ALJUTE 15 HE
7ol AV dEd F9d 25 *ED}EU Tndexirror o & 7F AU o} 9 € o] °‘Z]?5W
v ol 2Fo] 2o o, sF 2= None YU T TFo] o W LRS- HEH Y
5o E 3w of 91w, upx|ut o 2] 7} wkekg U,
(>>> m = re.match(r" (\w+) (\w+)", "Isaac Newton, physicist")

>>> m.group (0) # The entire match

'Isaac Newton'

>>> m.group (1) # The first parenthesized subgroup.

'Isaac’

>>> m.group (2) # The second parenthesized subgroup.

'Newton'

>>> m.group(l, 2) # Multiple arguments give us a tuple.

("Isaac', 'Newton')

A4 0] (zecnanes ) BUEALESHW, goupN AAE T 01§02 25 S AN B4
Z= Qguh BAD AR A HY 1F o] F 02 ASH A FOH, Indexrrror o 9] 7H R

=

Age Batat o

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')

(Th= sl ol Aol A1)

6.2. re — Regular expression operations 145



The Python Library Reference, Z2|A 3.13.1

(e]A sl o] A ol A A<

'Malcolm'

>>> m.group ('last_name')

'Reynolds’

.

et gL ddaz F2FSE drunh

-

>>> m.group (1)

'Malcolm'

>>> m.group (2)

'Reynolds'

aFol ojg W AXFE, upA 2 A wk AH 2 B 5 H YT

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.

>>> m.group (1) # Returns only the last match.
|C3l

Match.__getitem__ (g)

o] Z1Z m.group (g) & ZFUth dAoA A8 ZF B G4A A= S 5 JA d ok
-

>>> m = re.match (r" (\w+) (\w+)", "Isaac Newton, physicist")

>>> m[0] # The entire match

'Isaac Newton'

>>> m[1] # The first parenthesized subgroup.

'Isaac’

>>> m[2] # The second parenthesized subgroup.

'Newton'

Named groups are supported as well:

>>> m

re.match (r"

"]

(?P<first_name>\w+) (?P<la
>>> m['first_name
'Isaac’

>>> m['last_name'

]

'Newton'

st_name>\w+)", "Isaac Newton")

Added in version 3.6.

Match.groups (default=None)

114 ShE o] 9l 15
Ape A FolohA e 1F

1o
oﬂi;;; .
=2 2 -

F7HA), A BE B T

of AHEE U

FS ZYFHE FEL W

Fehstu o). default

7] 2 32 None Y Y Th

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")

>>> m.groups ()

('24', '"1632")

LU £5AT T FY BE AL AYHOE BHEY, RE TF o] AN o] FoldH) e 5
AU Th o] 5L defaulr 1747k 501 7] 7] 9 2 7] # gk vone o] Flth:

>>> m = re.match (r" (\d+)\.?2 (\d+)?2", "24")

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups ('0") # Now, the second group defaults to '0'.

(1241, IOI)
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Match.groupdict (default=None)
Qo] BE o] 2 gl B 1R TFSI, A 129 o] L 72 AT
}

U o}, default A A= L A9l 7] 31A] ¢

My E wket
< 5 AR YTh 7]E%}—None?41413]- oE EW:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")

>>> m.groupdict ()
{'"first_name': 'Malcolm', 'last_name': 'Reynolds'}

Match.start ( [group] )
Match.end ( [group] )

groupTt DA 8= FIE FAFD o] A2 2 e A S vk U T group o] 712 g2 04 Utk (KA

A

A EAE S SFYTH. groupo] QAT Xl 7]ofetA] koW, -1 WhEgHU T X A m
T LAl 7|3t 17 gol A, L& g2t °‘X]5}%%j—%% 2+ (m. qroup(g)-@r%%%‘%r/}) & oh
24Ut

[m.string[m.start(g):m.end(g)} J
group©] 'd FALL T} A3 m.start (group) = m.end (group) 2 ol Fo Al L. A&
€9, m = re.search('b(c?)', 'cba') ©|F9|, m.start (0) 2 1°]3, m.end(0) 2291, m
start(1)T}m.end(l)—%E—?—ZO]T_,m.start(Z){—IndeXError o Q& AP A AU h

AR} v Y Fa 0N A remove_thisE A 7 3= ol

>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match. span ( Lg@up])
A2 7FmY of], 2-F%<= (m.start (group), m.end(group)) = WFEEU T} group o] Q] of 7] 3}
2 ko, o] AL (-1, -1) Bl F 34 Al L. group2] 715%}‘) 0°=, AA A Ytk
Match.pos
At A AR Q] search () U match () WA= A2H pos . ©] 22 RE A R o] X & 2H7] A =3
string ] t gk Sl A~y T}
Match.endpos
At AA Y search ()Y match () WA Z A AEH endpos 3. ©] 21> RE Al 7 o] Yo 71A] ¢b&
string®f] T gk QA1 AUt}

Match.lastindex

upR et o 2 JX| sk 22 IF9 F4 Add A, e OF0 A8 A SHA] Y S W None. EE
A4 (a)b, ((a) (0)) F ((ab)) &= EAE rab’ Oﬂ 282 7% lastindex == 1°] H AT, (a)
(p) FA42 o 22 FAE o 82 ] 1astindex == 27} FUtTh

Match.lastgroup
A et g A2 et 22 A5 o) F, Ev I olF°] AW, 50l AE dAeHA e
None.
Match.re
match ()W search () WA ET7} o] Qx| AXEAE A S G474 A A
Match.string
match ()t search () o] AEd FA4

W 3.7 A |7 copy. copy ()& copy. deepcopy () AAo] F7ke 5 UTH 4] AA = AAA ol gt
N1 Z?&ﬂ‘?‘r
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6.2.5 Z 4| ol

& HAkst7]

ol AN =, 2 22 =71 &5E AFE St & H Al FEA &4 AA S G Th

def displaymatch (match) :
if match is None:
return None
'<Match: 0 >' %

return groups=

(match.group (),

match.groups () )

Sl HESEAEALE Yt 27 22 T7)

A4 3k ek A FAI T a7 o o]

ukn_x‘;___ 701’ “q” ‘?—,1’ “j”“\;__‘ _n‘ “ E3] 1__ 10 “2” oﬂ/ﬂ “979 L 1 %}\_‘4 7}_E-E'_ H'E]Jﬂqq'

ZojQ BArgol RET A Welw, ok 2ol & 4 Ak

>>> valid = re.compile(r""[a2-9tjgk] ST

>>> displaymatch(valid.match ("akt5gq")) # Valid.

"<Match: 'akt5q', groups=()>"

>>> displaymatch (valid.match ("aktbe")) # Invalid.

>>> displaymatch (valid.match("akt")) # Invalid.

>>> displaymatch (valid.match ("727ak")) # Valid.

"<Match: '727ak', groups=()>"

A o ) n727akn = o], B 2L G A= F ge TRGUH o] AL AF AT AN AR, 47
25 g 2ol AT % AUtk

>>> pair = re.compile(r".*(.).*\1")

>>> displaymatch(pair.match("717ak")) # Pair of 7s.

"<Match: '717', groups=('7',)>"

>>> displaymatch (pair. match("718ak")) # No pairs.

>>> displaymatch (pair.match ("354aa")) # Pair of aces.

"<Match: '354aa', groups=('a',)>"

sloj7} @ 7= 2 A o] A dohf e, kg3t 2ol A AR group () MHEE AT 5

g

>>> pair = re.compile(r".*(.).*\1")
>>> pair.match("717ak") .group (1)

v

# Error because re.match ()
>>> pair.match("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1,
X (L) *\1", "718akM)
'"NoneType'

re.match (r"
AttributeError:
>>> pair.match("354aa") .group (1)
lal

returns None,

which doesn't have a group() method:

in <module>

.group (1)
object has no attribute

'group'

scanf() A|22|0|M

Python does not currently have an equivalent to scanf ()

also more verbose, than scanf ()

between scanf () format tokens and regular expressions.

. Regular expressions are generally more powerful, though
format strings. The table below offers some more-or-less equivalent mappings
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scanf () Token HFAl

sc .

$5¢ > (S}

sd [—+]2\d+

%e, 3E, $f, %3g [=+]12 (\d+ (\.\d*)?2|\.\d+) ([eE] [-+]?\d+)?
%i [-+]1?2(0[xX] [\dA-Fa-f]+|0[0=-7]*|\d+)

%0 [-+]12[0-7]+

$s \S+

$u \d+

%%, $X [-+1?(0[xX])?[\dA-Fa-f]+

e g BALNA HA A 5A4E FE 4

[/usr/sbin/sendmail - 0 errors, 4 warnings ]

you would use a scanf () format like

[%s - %d errors, %d warnings }

S5 AFAL he T 2HUT

[(\S+) - (\d+) errors, (\d+) warnings }

search() CH match()

Python offers different primitive operations based on regular expressions:
e re.match () checks for a match only at the beginning of the string
e re.search () checks for a match anywhere in the string (this is what Perl does by default)
e re.fullmatch () checks for entire string to be a match

& =4:

il

"abcdef") # No match
>>> re.search("c", "abcdef") # Match
<re.Match object; span=(2, 3), match='c'>
>>> re.fullmatch("p.*n", "python") # Match

>>> re.match("c",

<re.Match object; span=(0, 6), match="'python'>
>>> re.fullmatch("r.*n", "python") # No match

2 A AR AL search () 9 B AHE SOl BAAG A& RS AN E A T 5 Jgth

<re

.Match object;

>>> re.match("c", "abcdef™) # No match
>>> re.search(""c", "abcdef™) # No match
>>> re.search(""a", "abcdef") # Match

span=(0, 1), match='a'>

YU MULTILINE REOA match ()& EAFE A2 FZo A rE A SHA T, 1~ = A A Sk A S
search ()l AH&3HE ZF 28] A& 2o A AT o

# No match
# Match

>>> re.match ("X", "A\nB\nX", re.MULTILINE)
>>> re.search(""X", "A\nB\nX", re.MULTILINE)
<re.Match object; span=(4, 5), match='X"'>
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split ()& TALEE, A2d fdos T RYE AR FEFUTh o] fA=EE ARSI EE e+
T2 Al Al oA Ho] o] BlAE H o] B & shol ol A GA il A4S 5 e HolH 22 Mdste

ol oh ¢ 2 g ok

WA, 7] dFol s Uth B FdoA & ¢ syt VA= A4S S22 7 24 E S

A& T

>>> text = """Ross McFluff: 834.345.1254 155 Elm Street

Ronald Heathmore: 892.345.3428 436 Finley Avenue
Frank Burger: 925.541.7625 662 South Dogwood Way

Heather Albrecht: 548.326.4584 919 Park Place"""

2 st ol o) Ao s PR BT oAl ol A ke 2 2o FRel NES BAAL PaER

>>> entries = re.split ("\n+", text)

>>> entries

['Ross McFluff: 834.345.1254 155 Elm Street',
'Ronald Heathmore: 892.345.3428 436 Finley Avenue'
'Frank Burger: 925.541.7625 662 South Dogwood Way'
'Heather Albrecht: 548.326.4584 919 Park Place']

1 o, A, ASHSE I FAZ FAHH FAERE YL Fad Y £
g E ol Ano]A7} S| Q7] W&o, split () 2] maxsplit P/ WS AR Tk

>>> [re.split(":? ", entry, maxsplit=3) for entry in entries]
[['Ross', 'McFluff', '834.345.1254', '155 Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436 Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662 South Dogwood Way'],
['"Heather', 'Albrecht', '548.326.4584"', '919 Park Place']]

2 NS A P 2o ehbA GES, 4 A9 BED QX G th maxsplit 2 4 AL§SHH, WA
+2 A o83 el &4 AFUh

>>> [re.split (":? ", entry, maxsplit=4) for entry in entries]
[['Ross', 'McFluff', '834.345.1254', '155', 'Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436', 'Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662', 'South Dogwood Way'],
['Heather', 'Albrecht', '548.326.4584', '919', 'Park Place']]

]

Qo) 340 AT A BFUTE o] dA L sub (o HAEE 4]
A BASH VPA T BAE AL G RE BAY €A B oL
o}

>>> def repl (m):
inner_word = list (m.group(2))
random.shuffle (inner_word)
return m.group(l) + "".join(inner_ word) + m.group (3)

>>> text = "Professor Abdolmalek, please report your absences promptly."
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Poefsrosr Aealmlobdk, pslaee reorpt your abnseces plmrptoy.'

(Th= sl ol Aol A1)
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(o] sl o] A ol A AI)
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

ZE RAHET

findall ()<= search () A A WA SERob ek s d o] RE ST AUt ol & S0, &7}
oW ElAEc A RAS BE 2T HOW, 0hg 2L A0 R rindall ()2 AT AUtk
>>> text = "He was carefully disguised but captured quickly by police."

>>> re.findall (r"\w+ly\b", text)

['carefully', 'quickly']

DE RAlRL O IR 7]

If one wants more information about all matches of a pattern than the matched text, finditer () is useful as it
provides Mat ch objects instead of strings. Continuing with the previous example, if a writer wanted to find all of the
adverbs and their positions in some text, they would use rinditer () in the following manner:

>>> text = "He was carefully disguised but captured quickly by police."
>>> for m in re.finditer (r"\w+ly\b", text):

. print (' = 3 ' % (m.start (), m.end(), m.group(0)))
07-16: carefully

40-47: quickly

o 2AIE EIIE
g EAG B e 2 AFAS G FHZ GG oA gols, A4 RE o
SN\ o2 o % 57 A 1 Gl E Fhpe] o el AE Bolof Fuink. o F Fol, e F
IE 287540 25k

>>> re.match (r"\wW(.)\1\w", " £f ")

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\W(.)\\1\\w", " f£f£f ")
<re.Match object; span=(0, 4), match=' ff '>

g o SeA 2} dAA 71 W, AFa oA o] aAol = FHojof Ut & EAE B HE AFESHH,
ol BUTh & EAY B S AR FOH, M\\\" 8 ALg ok S, ohe = 25
71 o g ZEyrh
>>> re.match (r"\\", r"\\")
<re.Match object; span=(0, 1), match="\\"'>
>>> re.match ("\\\\", r"\\")
<re.Match object; span=(0, 1), match="\\"'>
E3LIO|IXN EHA517]
Eavol A A= BAE S B4 A 152 EREUTH oA AsdH U IEZHE

A3k vl £-88 3 0A BA G o

grEwrs 4oz AGPUch o PEL ol 5L ke viad Ao s 2GS A44
QA& v et 29tk

<
re

from typing import NamedTuple
import re

class Token (NamedTuple) :
(Th o] Aol A%)
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(o] A s o] Aol A A 45)
type: str
value: str
line: int
column: int

def tokenize (code) :
keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}

token_specification = [
("NUMBER', r'\d+(\.\d*)?"), # Integer or decimal number
("ASSIGN', r':="), # Assignment operator
('"END', r';"), # Statement terminator
('ID"', r'[A-Za-z]+"), # Identifiers
('op', BN, # Arithmetic operators
('"NEWLINE', r'\n'), # Line endings
('SKIP', r'[ \tl+"), # Skip over spaces and tabs
('"MISMATCH', r'."), # Any other character

]

tok_regex = '|'.join (' (?P<%s5>%s)' % pair for pair in token_specification)

line_num = 1

line_start = 0

for mo in re.finditer (tok_regex, code):
kind = mo.lastgroup
value = mo.group ()

column = mo.start () - line_start
if kind == 'NUMBER':

value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:

kind = value

elif kind == 'NEWLINE':
line_start = mo.end()
line_num += 1

continue
elif kind == 'SKIP':
continue
elif kind == 'MISMATCH':
raise RuntimeError (f'{value!/r} unexpected on line {line_num}")

yield Token (kind, value, line_num, column)

statements = '''
IF quantity THEN
total := total + price * quantity;
tax := price * 0.05;
ENDIF;

for token in tokenize (statements):

print (token)

Eadel A b 2L 28 AT h

Token (type="'IF', value='IF', line=2, column=4)

Token (type="'ID', value='quantity', line=2, column=7)
Token (type="'THEN', wvalue='THEN', line=2, column=16)
Token (type='ID', value='total', line=3, column=8)
Token (type="'ASSIGN', wvalue=':=', line=3, column=14)
Token (type='ID', value='total', line=3, column=17)

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

Token (type='OP', value='+', line=3, column=23)

Token (type='ID', value='price', line=3, column=25)
Token (type='OP', value='*', line=3, column=31)

Token (type="'ID', value='quantity', line=3, column=33)
Token (type="END', value=';', line=3, column=41)
Token (type="ID', value='tax', line=4, column=38)
Token (type="'ASSIGN', value=':=', line=4, column=12)
Token (type='ID', value='price', line=4, column=15)
Token (type="'OP', value='*', line=4, column=21)

Token (type="'NUMBER', wvalue=0.05, line=4, column=23)
Token (type="END', value=';', line=4, column=27)
Token (type="ENDIF', wvalue='ENDIF', line=5, column=4)
Token (type="'END', value=';', line=5, column=9)

6.3 diff1ib — Helpers for computing deltas

B

2 FE: Lib/difflib.py

e AL MDE D FA AL FEE AR
JHTML 2 2 “ (context) 2} &3} (unified) diff & 1] =3}
I Uk Ol 2 el 2] 9} 5k A2 W] a shel W, £ leonp B

class difflib.SequenceMatcher
O AL AR 8027} 514 Tsel /14 Seke, RE YO AL AL v g

th o & 59 TL}%_‘% ¥ 23} o AE f\;_}:,:
Fohoksl 3 4] Y oo B3 A RS A}

¥ [o o,
0 ji}ﬂ
nqn
fifo
nN'
N
oy
mﬁ
>
I-o
rusi' 39,

A S

¥
30,
rr
Jo

AUt} 71E L8] =2 1980 d ol Z ko]l Ratcliff 2} Obershelp 7} ‘Al 2 E 3 © ul] %] (gestalt pattern
matching)’ o] 2}+= JJrZ‘Q oo B URI FuE7HA AL Sl IR Y= O Y FE
EAFULh otolro = AT 8 A7 7 0 AE5H R A= ABEAEAE = A4
Uth ol st “d3” g4 Wl Eolu T} T2 ofF YA = T FA 32 8 A5 Yth
(8 2 A 8] = Ratcliff &} Obershelp ¢l 8] & 2] 4 JUth) 18 thx 22 ofo|to] & X 3t= A B
AlA2S AET L 250 Y= AlEAE 2o AAF SR AUt o] Ao A A HY A|lFAE
A& 3R = A T AME Ol 7“ “1Ex OH Hol=" A& A=dts Aol dsUTh

E}lo] ™ : 7] E Ratcliff-Obershelp & 17 2] Z-& ] oF2] AF3}(worst case) o A A5 Al 7bo] 1, 37 &

]
el
(eXPCCth case) Al Al ZFd Yt SequenceMatcher 2 oto] A3o) A2 Al 7ho| W, HFA o ==}

Az FEor T 249 o wheh Hapsh A o= gepdynh 449 39 (
—t— A3 A7kt

=

e AT Fe] A8 sequenceMatchere= ERZ A FAFES AZT 07 A XEd= A A
W S 23Uk A8 A wH L J)E g8 o] Al P20

T o) Fo)) B2 FEol AW 1% o 48 AA 31 ANLS 20| H % 20035 o
W, 0] $ELVEQ A0 TAH U AWL AL A A2z AUk o 2B Y
SequenceMatcherS WE 0 autojunk AAE FalseE A A & 4 A5 Yt

WA 3.2 A ¥ 7 : Added the autojunk parameter.

class difflib.Differ
AL AAE 2o AAAE WIS, Aol 9L
Ut} Differs &9 A)AAE v w3}, —f—i—/\]—b‘]—(ﬂ_,]
SequenceMatchers A& )

piffer YEFS 2+ 2222 I =2 A At

% Qi Aol e ek AG o 2049
SEERS

Aete) & Wl A A EAE vl stk

CC
I= =

A
B E P e R
o AR22eB e E
N P EPEES DE
2 FAF A2 Y B
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Lines beginning with ‘2’ attempt to guide the eye to intraline differences, and were not present in either input

sequence. These lines can be confusing if the sequences contain whitespace characters, such as spaces, tabs or
line breaks.

class difflib.HtmlDiff

o] Ze|2=HIML E& (& 8 T8 FAFHIML 512 2) et o 488 5 gy ch
ol HIML-E % 703} & o) WAL 2238 A, 25 S Jehs] 2 we) 2 ] wsho] Mol FUh,
Bt A e 2 Ao meg 448 4 At
o Zeh2e] HAAHE TheT 2H U
__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Htm1DiFFe] QI2ABEAE Z 7|35
tabsize'= ¥ 7+ A& A Qs AH A 719 = AAto| ] 7] E g2 s YU Th
wrapcolumn+= 0| A5 2 30 H = d WIS E XA AEAE 7Pz, 22 A5 £ 397
B} A] 94+= None ©] 7|23k ‘4‘:]'
linejunk 2} charjunk= ndiff ()(Htmlpif£7F k3] vl X} HTML 2}o] & 2= = d] AF&-3
the Ags s A8 /)9S AUk A2 A 8ghat ABE naire ) AHAE FEIHA

Al L.
theat 2L A= FAY U

make_file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset="utf-8")

fromlines 2} tolines(Z A+ 2] B ~E)E Wwetal, & gl S U] WALS FxsuA, &
99 Ao HolFt RS TS FAAHIML A S TG = MBI

=

fromdese Sk todesc = from/to 7} & S £AHAE A F o WA 719 = AR YT (]2
e B BALAU T,

context & numlines= 25 A9 A 7|9 & o1z Uth &

£ Z A5 E contextS True &
ARSI, T2 okow 7]%%}%3 Ax BL L =

1se YU T} numlinese] 7] &
2k s Uth context7t True & W, numlines= x}o] stolglo] EE ST A= B Z9] & A
Oﬂﬂ’b]D} context7} False H numlines= “next” sfo] 3 H 3 & }—% & ol x}o] dlolgtolE ?loﬂ
EAEHE E FEAITYUL (022 A3 “next” 30 ¥ 37} th 2lo] 3o gl EE
SENFEE T E FNEETSER R )

9 7ol
E A5 ra

W —

0 3z

fromdesc &} todesc= o) AA| O] = F) 2] kS HTMLE sjAE ™M A& 5 gls A2 HE
Q182 W 591 4 23] 0|27 o] 3 F of of T .

W7 3504 WA charset 719 = AA7F F 7k 5 U T HIML 241 8] 7] £ 2} 3 3o
'1S0-8859- 1'01]/\1 Tutf-8! Etﬂ E] <t}

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5)
fromlines &} tolines(FAFE Y] S| 2E)E v|w3tal, & HE & WH A S AREHEA, &

G 2 2ol 2 HolF = AASHIML £ 5 Ex1d 2 ks th
o] A= 9] QAF= make rile() FIAE2] olx}9} s T).

difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")

v diff = &4 W3E &9 2 4 pk ks

7B A 07 diff A|o] F(++*L}-———7
IOBase.readlines ()& Treo]Z &
diff & A4 st= % o= ol F+&Foh 9“‘4:_} »ﬂa#%e—ﬂ' L

a2t b(EALS B 2E)E Ha Uty LdeH(LE 22 AP st Al Lol B € £ diff FA o=

ukekghu o,
SE/SEFNDEENE S EREE

A AR e 4 g
=y

el 97l WE gk,
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N

dol 9l Aol W, lineterm AAHE " & AN A S0 dAHA & o] 2FHA

HI AT 2.

52 M
22
ofr

U

W diff A QA0 2 557 A7 B S B PR o] 5 S A EL A
frOmﬁle, wfile, fromfiledate R tofiledate | T8 -& AH&3t] A1 FE 5 AFUh £ A2 44
©2 1508601 §Al oz EAFUTH AR3A ho W, B4R S 7 Bgre vl E4A A o)

>>> import sys
>>> from difflib import *
>>> s1

['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py',
tofile='after.py'))

>>> s2

*** before.py
——— after.py

K*hkhkhkkkhkhkkk )k Kk x*k

* K * * K Kk K
1,4

! bacon

! eggs
! ham

! eggy
! hamster

guido

o2 ZHA 3 G A= difflibe] W E = 2 EH o] A5 FRIAAL.

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)
__‘,]/\]—_/] “zl:lo] o o]x]_,] E]/\E—.‘ H]—j?j_i]—qq word= %7&1 01217],‘2_;—,_ 5‘]—‘—5-/\]-:@__/_\_(021
WA o g #2 a)‘ﬂ,posmbllztzesb word®t A A D AJF20] BlAEUTH (IRHH o7 FAHd 9]
2| AE).
A A QA n(7) B3k ) ek 24 QA ) Ao A5 AU om ) Aok g
A A A} curoff (71 -7k 0.6) & [0, 1] B2 2] float Y T word2}e] A3 F4-7F o] R T 22
possibilities+= F-A] 5 U T}

possibilities 514 714 £ (Hthn ) QA 7h G2 M= 2o, FAHY 42 ZLH o]
931 747 fALEE 2] MA g Uk,

>>> get_close_matches('appel', ['ape', 'apple', 'peach', 'puppy'l)
['apple', 'ape'l

>>> import keyword

>>> get_close_matches ('wheel', keyword.kwlist)

['while']

>>> get_close_matches ('pineapple', keyword.kwlist)
[]

>>> get_close_matches ('accept', keyword.kwlist)
["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)
aStbEAE Y Y 2E)E vtk pifrer-2 B DEHEEF 22 A3t Alv# o) E vt
g oh.
AME A 719 = vl 7)) M4 linejunk 2} charjunk= B €] 3 4= (T None) Y Y T

lingjunk: &9 FA D AAE WolEo]m FAGo]l AAW FL WAHI, 1A Fow AL

o n
wskal s Utk 712 None YU TH BE £330 4 15 LinE JUNK () & %lttﬂ, Ao
Z MY = FA(#)E AL Foll Hol= EAVL e 28 2y It - A w5

N
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SequenceMatcher 2|t o]® Zo| L o078 BN AF A =X T A o2 B A

B o] §48 A3 AR ARG T

charjunk: EAH(Z 0] 19] A1 Q) & ol S o) 3, £A7F AW FL MBI, 12A 0w ASS
Wigtst= St Ut 7| B3 B E 59| 3 1S CHARACTER_JUNK () 1], &M BExp (2 H o] 2~
G a7 BAE THE AL F2

Azto] o Uth & A& Y th

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
'ore\ntree\nemu\n'.splitlines (keepends=True))

>>> print (''.join(diff), end="")

- one

2 A

+ ore

- two
- three

+ tree
+ emu

difflib.restore (sequence, which)

WEE BE T ANS F S BRI,
Differ.compare () L]'ndiff () 2 W50 A sequence 7} =] A A, THQ 1 0] L} 2(uf 7] ¥ 4= which) ol A
A AEH YD 2L 22, & 4TS AATUDL,

-

o
N
>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> diff = list(diff) # materialize the generated delta into a list
>>> print (''.join (restore(diff, 1)), end="")
one
two
three
>>> print (''.join (restore(diff, 2)), end="")
ore
tree
emu

difflib.unified_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")

ashb(B A A Bl 2E) S W LTk ek} 28 ARSI Aol ) E BRdr B0

MRS

%3} (unified) diff = ©HA] M A

g2 (HE 2 o] /0| F B

7183239 Yt

NRA R, Gt Ao F () +++ T 0ot EFE AL Bol 2 UUL Bol EolFUG. o

21L& io.T0Base.readlines ()& WE X JZHo] i0.10Base.writelines () A AF-&3}7] 9

Age TS AR TS S ol FETUT FahE, Q83 28 2% 2ol £ Wl 9]
=YY

2o = d7 ol 9l dY oI, lineterm AAFE "2 AR A S0 dAHA =

A S Al

AN

jsivs

170 £75 4

=4

The unified diff format normally has a header for filenames and modification times. Any or all of these may
be specified using strings for fromfile, tofile, fromfiledate, and tofiledate. The modification times are normally
expressed in the ISO 8601 format. If not specified, the strings default to blanks.
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>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']
>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']
>>> sys.stdout.writelines (unified_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))
—-—— before.py
+++ after.py
@@ -1,4 +1,4 @@
—bacon
-eggs
—ham
+python
teggy
+hamster
guido

o2 ZHA 8 G| A = difflibe] W E = S E T o] A8 FZRIIAAA L.

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3, lineterm=b’\n’)
as} b(iHo| E A AR 9] ¥ AE)E dfincE M-S 5] W LI U T dfunc7t HBSHE B4 o= Ak
Z (A vl EE)Y A FAAE A& YT dfunces Z]Eo|o|oksty, B% unified difr() Y}
contextfdiff()ﬁl%tk

%5 QALY A Pt AT P HolHE nwe 4 YA T g AL RE 3
= Aojo gtk swol otk RE Qe AL o ¥4 WL ar
fromfile, tofile, fromfiledate, tofiledate, n, lineterm) S ¥ &3}= vl 3]
Uth dfunc®] 382 THA Hlol ER HigtH B ofelfo] d=de E2a b AHH & 5 9/
A4 e dxd S syt

Added in version 3.5.

difflib.IS_LINE_JUNK (line)
FAE F Ad+= E0)H True s BT UTL lineo] ¥l Eo] ALt st} ' & X33, & line
FATE 5 %GHD}, a9 ko FAIE = glsyth ol ALY nairr () ol A vl 7 W4~ linejunk
o] 7| B2 A H A5 U T

difflib.IS_CHARACTER_JUNK (ch)

FAF 5 Qs BAE rrue S BT dirt Ao o] 2k Ho B A chts FAE 5 Arvinh,
237 oW FAG 5 G ndirz () o)A whH W charjunk ] 71 ¥2k 0. 2 MM Uk,

& o 17

Pattern Matching: The Gestalt Approach
Discussion of a similar algorithm by John W. Ratcliff and D. E. Metzener. This was published in Dr.
Dobb’ s Journal in July, 1988.

6.3.1 SequenceMatcher ZH ]|
SequenceMatcher Z 8| AaE thS 3} & AA RS 25U T

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)

/‘m‘ A 2} isjunk+= None (7] 2 3h) o] ALk, Al D2 8 A E HhobA] @ 47« 3 o)1, B A5 o] of 3l=
°ﬂ TS 9EEeh= Bkt AR} o] oF FU T isjunk ol None & A8 A2, lambda x
False = X* d3le A3 ZH UL &, oFF 845 FAISHA S5 Uth Oﬂ—‘% Sl

[lambda X: x in " \t"

e TAY A Iz v stal, Aso] A28 jlS FA AL Ao, H ok 22 A dLstd gy
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AHA Ara 9ot ML ARLIUTE E ol BADo] ABFAUh F DAY 24t
25 5] 4] b5 ok g ek
A A auojunk = A% B3 Fe 28-S MBI} E ) ST 5 A5

WA 3.2 A ¥ 7 : Added the autojunk parameter.

SequenceMatcher A= A 71 2] ©| o] E] A E 2| R EE 25Ut bjunk= isjunk 7} True 91 b 2.4 9]
AF AT bpopular+ 2] 2~ € (W] /4 31t A] dtid) ol Al E3tttal A dsE = F 37 otd &
29 AFYYUtt b2j= be UM A 845 50 YR 9149 g|A2E R P 3t= dict YU T b
7} set_seqgs () Y set_seq2 () 2 AR E wjuith Al 7§ 25 A FH Ut

Added in version 3.2: bjunk & bpopular 9] E 2| HE
SequenceMatcher AR o=t} 22 wlA =7t &5 Ut

set_segs (a, b)

WEE A ALE AR o
SequenceMatchert 7 WA A/ A0 3t AA| g B E A 4betar 7|A] st =, g2 /\]'?ﬂéﬂ]
Gl S A AAE WIS, ccc_scz() € B AT AEH £ AU L AR,
set_seql ()2 TFE2 AP ZHZbo| O] 3t W wlE A 0 2 T E23AA L
set_seql (a)

H 2 A HA A F2E AZTYUth Ha e F A AJd2aE 935 A gsUth
set_seq2 (b)

W WA A A2E AU N2 E A A A AAE WAE A S

find_longest_match (alo=0, ahi=None, blo=0, bhi=None)
alalo:ahi] &t b[blo:bhi] oA 7} 71 4% BE=2& o)

isjunk7]— A2k A} None ©| W, find longest_match()=ali:i+k] 7Fb([3:5+k1 &} 2L (4,

5, W33l =], o] 7] 4] alo <= 1 <= i+k <= ahi ©]3 blo <= j <= j+k <= bhi ¢
4ﬂz1252%#Mﬂbuc(i,j,k>ﬂﬂwhﬁﬂiﬁk>=WJ<=fﬂd==
¥y <= EWEPUTL 5, BE A AR 85 S04 acl A A2 0A A s 25

RERSEAL, aol| A 71 WA Al A sk BE X 7<] 5 FolA boll A 71 WA A st

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=0, b=4, size=5)

isjunk 7} A &= W, WA 74 71 G A] EF 0] A7)} 2ol
UbA] ghofof ghthe 7} Al oFo] A5 Utk 18 The 1
AZtss AN E SFFEUT 2H8A A EF
549 0 A9 Sk, B2} A A ok

ol 7] of] o] A3} 22 A7} QAT AT o] AE AR FFUTE o] A FFH ' abed' 7t F
WA AA2Y B Qi ¢ abcdr 9 A QA4 A FUTh DA rabed’ W A & 5
Qom =R A|D 2o A 7 D& rabed &F G X gL T}

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=1, b=0, size=4)

QA S B2 o
o WA =L <)

W 3.900 A WA

Fod (alo, blo, 0)E Wt}
T == Match(a, b, size) = wFssht}
: 9l

A7) 8gke] 3 7bs 945U Tk,
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get_matching blocks ()

AR e QA= AMEAA2E V€3 E3-F29 g2EE 03U 43-F32
(i, 3, n) FAolH,a(izi+n] == b[j:j+n] & EFYTE 3-FZL2 i} ol ts] 4= 5713
Yt}

R ek 3% 22 fuloly, (len(a), len(b), 0) B2 7FAUTh n == 09 § Y93 3-F=
dych i, 3, mF @i, ', n >7P1’4/\E°ﬂ/\1 01535?3-%20]1,%%3‘117}174&594
u}X]EH-FT%O] O}Hfﬂ itn < i'EEg+n < YU S, A -FES I AF A e

M
rlo
m[n:
m[o
T
o
o)
<
:L

>>> s = SequenceMatcher (None, "abxcd", "abcd")
>>> s.get_matching_blocks ()
[Match (a=0, b=0, size=2), Match(a=3, b=2, size=2), Match(a=5, b=4, size=0)]

get_opcodes ()

aB b2 WAL PP S AYFE 573 PdLES NAFYTL A REL (tag, i1, 12,
ol 29} 21, npIIA =2 j1-2 o] A j29t 25yt

A ==
HA A
'replace' al[il:i2]E b[j1:32]2 X &3] oF g}
'delete'  al[i1:12] 5 APAISoF FYth ojuf 51 == 52 & Ew4%}ﬂ/\l£.
'insert' b[j1132]%a i1:117 9] /,;]—?Jdiolzﬂl/]li} ]‘IH == 12 94L& FYFHAA
2.
'equal' alil:i2] == b[j1:92] KB A|R27} 25U Th.
oAE &9
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, i1, i2, j1, j2 in s.get_opcodes|() :
print (' al 9 1 —> bl 8 ] -——> '.format (
ce tag, 11, i2, 3j1, j2, alil:i2], b[jl:321))
delete af[0:1] ——> b[0:0] 'q' —> "!
equal all:3] ——> b[0:2] 'ab' ——> 'ab'
replace al3:4] ——> b[2:3] 'x' ——> 'y!
equal af4:6] ——> b[3:5] 'ed'! ——> 'ed!
insert a[6:6] ——> b[5:6] L e

get_grouped_opcodes (n=3)
A neo 29 Ze 259 Al ol HE Hag o
get_opcodes () ol A WHetd IF 08 S| A, o]l A =L T &2 WA e AEHE YR,
WA Aol gle U RAE AAG U

52 get_opcodes () 2 22 FA L2 Wk Ut

l

ratio ()
[0, 1]19] R4 float 2 A| A~ FAMS H =& EHFUTH
T/ 5 Adae) 849 5 A0 2, ME A2 A5 wl, HEE200M/ Ttk AL}
Zow 1003, 3% aartgowo.0duch
get_matching blocks () 1} get_opcodes () 7} o} A S5 A 9kgko W, A ALSHE= © v
o] Yt o]F ull, quick_ratio() W real_quick ratio()S WA A|E3}o] A3tk
04.9__/,\_ O]_L\.]J\;].
T = A A .

BN oto
tlo O,
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~
0 Iz
F9): ratio) 389 A AR w40l met ek £+ ek ol Eol:
>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25
>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5
J

quick_ratio()

H A 2] ratio ()] e REgHY ok
real_quick_ratio ()

obs= e ratio ()] A3k Wk th

The three methods that return the ratio of matching to total characters can give different results due to differing levels
of approximation, although quick_ratio() and real quick ratio () are always at least as large as ratio ():

>>> s = SequenceMatcher (None, "abcd", "bcde")
>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real quick_ratio()

1.0

6.3.2 SequenceMatcher Ol|A|

o A A= B L A2 = Fshel, T EADL L P th

>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")

ratio () returns a float in [0, 1], measuring the similarity of the sequences. As a rule of thumb, a ratio () value
over 0.6 means the sequences are close matches:

>>> print (round(s.ratio(), 3))
0.866

If you’ re only interested in where the sequences match, get_matching blocks () is handy:

>>> for block in s.get_matching_blocks() :
.. print ("al ] and bl ] match for elements" % block)
al0] and b[0] match for 8 elements
al[8] and b[17] match for 21 elements
al29] and b[38] match for 0 elements

Note that the last tuple returned by get_matching blocks () is always adummy, (len(a), len(b), 0),and
this is the only case in which the last tuple element (number of elements matched) is 0.

If you want to know how to change the first sequence into the second, use get_opcodes ():

>>> for opcode in s.get_opcodes() :

.. print (" al g ] bl 3 1" % opcode)
equal af[0:8] b[0:8]
insert af[8:8] b[8:17]

equal a[8:29] b[17:38]
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e ] 1)
e O] BE Y9 get_close_matches () &G+ SequenceMatcherS AFE3F 7Hhdl T & 2HAJ -8 53]
&3 e TPt Y= HosUTh
« Simple version control recipe for a small application built with SequenceMatcher.

6.3.3 Differ Z{x|
pifferZb RbE WEhE F & diff bl 514 ol oA L. Bt g, H 4 diff & 5 W
Adl, 7hs 3 BE oA A& H?‘fﬁl =AU W2 e d oz 1003 o] 2] 7} @ o] X 32
A7) 71 & %“45}- F713 A AR AR AT 7HE H 2 diff & BE s Al 59 A
HEgUoh
bifrer BEA0E TR} 2L A AT YU Th
class difflib.Differ (linejunk=None, charjunk=None)
A 71 = w7l W4 linejunk £} charjunk+= 2 E 4 (E+ None) & 9ot A J Y}
lingiunk: £+ £219 914§ oo 1 E AL 0] YW & WS FHYUTh 1R wone
o], ol oM B& AT 2Fetx] S o vk,
charjunk: £3H(A o] 19] £A1 Q)& ol 5ol i, BRI/} Aaw FL MHsE B dUTh A RGL
None o], o] = o|® E2t% F I8 3614 9h52 9u
o8 A2 BE Y Fot Aol AL 27 08 DA SEE Fo) 3 Aol 7} s Bol U EAE FA
3

312 kU th Aol BREYH rind longest_match () WA E2] isjunk tl 7l H=of] o 3k A
o] O Al }\]J_
=

o]
R
o 0 i
flo XNy X,

ol
o
18

e

piffer A= dd WA=

compare (a, b)

ZAALE Z YRoE B AE BY & 24D

AR Z3soF Utk oA A AAE
HAF AA G readlines() MINER 2 F A5t A LEF A L7 AA 9
writelines () A EE T8 AHE JE ¢ A== =& %@33% < = eE F4H

U,

6.3.4 Differ Oi| |

This example compares two texts. First we set up the texts, sequences of individual single-line strings ending with
newlines (such sequences can also be obtained from the readiines () method of file-like objects):

>>> textl = ''' 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.
. """ .splitlines (keepends=True)
>>> len (textl)
4
>>> textl1[0] [-1]
'\n'
>>> text2 = ''' 1. Beautiful is better than ugly.
3. Simple is better than complex.
4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

© 2 Differ AA|e] AAEHAE w5 T
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[>>> d = Differ() ]

frt
=
g
]
4
30,
o
=
Jo
o
ok
>
>

piffer Ao AL RS W), £ A A A7 S DH Y5k T
L. AA T W2 pirfer () RS FRIFUA L.

A ute 2, F )& v mE L ok

[>>> result = list (d.compare (textl, text2))

result+= XYY g|AEo| B Z o oY & | EA|rT}:

>>> from pprint import pprint
>>> pprint (result)
[ 1. Beautiful is better than ugly.\n',

2. Explicit is better than implicit.\n',
U= 3. Simple is better than complex.\n',
3

'+ Simple is better than complex.\n',

" ++\n',

V= 4. Complex is better than complicated.\n',
l? A P /\\nl,

Uk 4. Complicated is better than complex.\n',
i ++++ N “\n',

LS 5. Flat is better than nested.\n']

o) o] 2 s} EAAR B o2 By

>>> import sys
>>> sys.stdout.writelines (result)

1. Beautiful is better than ugly.

2. Explicit is better than implicit.
= 3. Simple is better than complex.

3 Simple is better than complex.
? ++

|
S

Complex is better than complicated.
? ~ N

4. Complicated is better than complex.
? ++++ A 2
+ 5. Flat is better than nested.

6.3.5 difflib2] HH = CIE{m|0|A

This example shows how to use difflib to create a di £ £-like utility.

""" Command line interface to difflib.py providing diffs in four formats:

* ndiff: lists every line and highlights interline changes.

* context: highlights clusters of changes in a before/after format.
* unified: highlights clusters of changes in an inline format.

* html: generates side by side comparison with change highlights.

mrn

import sys, os, difflib, argparse
from datetime import datetime, timezone

def file mtime (path) :
t = datetime.fromtimestamp (os.stat (path) .st_mtime,
timezone.utc)

(TH5 sl el Aol A)
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return t.astimezone () .isoformat ()

def main() :

parser = argparse.ArgumentParser ()
parser.add_argument ('-c', action='store_true', default=False,
help='Produce a context format diff (default) ')
parser.add_argument ('-u', action='store_ true', default=False,
help='Produce a unified format diff')
parser.add_argument ('-m', action='store_ true', default=False,
help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction) ')
parser.add_argument ('-n', action='store_ true', default=False,
help='Produce a ndiff format diff')
parser.add_argument ('-1', '--lines', type=int, default=3,
help='Set number of context lines (default 3)"')
parser.add_argument ('fromfile')
parser.add_argument ('tofile")
options = parser.parse_args()

n = options.lines
fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file _mtime (tofile)
with open (fromfile) as ff:
fromlines = ff.readlines()
with open(tofile) as tf:
tolines = tf.readlines|()

if options.u:
diff = difflib.unified_diff (fromlines, tolines, fromfile, tofile, fromdate,
— todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file(fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate,
— todate, n=n)

sys.stdout.writelines (diff)

if name_ == '_ main_ ':

main ()

6.3.6 ndiff example

This example shows how to use difflib.ndiff ().

"""ndiff [-q] filel fileZ2
or
ndiff (-rl | -r2) < ndiff_output > filel_ or_ file2

(TH5 sl el Aol A)
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Print a human-friendly file difference report to stdout. Both inter-
and intra-line differences are noted. In the second form, recreate filel
(-rl) or file2 (-r2) on stdout, from an ndiff report on stdin.

In the first form, if —-g ("quiet") is not specified, the first two lines
of output are

—-: filel
+: fileZ2

Each remaining line begins with a two-letter code:

We W line unique to filel

e line unique to fileZ2

"o line common to both files

" r line not present in either input file
Lines beginning with "? " attempt to guide the eye to intraline
differences, and were not present in either input file. These lines can be

confusing if the source files contain tab characters.

The first file can be recovered by retaining only lines that begin with
" " or "- ", and deleting those 2-character prefixes; use ndiff with -rl.

The second file can be recovered similarly, but by retaining only " " and
"+ " lines; use ndiff with -r2; or, on Unix, the second file can be

recovered by piping the output through

sed -n "/N[+ ] /s/"..//p'

mrn

_ version__ =1, 7, 0

import difflib, sys

def fail (msg):

out = sys.stderr.write
out (msg + "\n\n")

out (_ doc )

return 0

# open a file & return the file object; gripe and return 0 if it
# couldn't be opened
def fopen (fname) :
try:
return open (fname)
except IOError as detail:
return fail ("couldn't open " + fname + ": " + str(detail))

# open two files & spray the diff to stdout; return false iff a problem
def fcompare (flname, f2name):
f1 = fopen (flname)
f2 = fopen (f2name)
if not f1 or not f2:
return 0

(TH5 sl el Aol A)
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a = fl.readlines(); fl.close()

b = f2.readlines(); f2.close()

for line in difflib.ndiff(a, b):
print (line, end=' ")

return 1

# crack args (sys.argv([l:] is normal) & compare;
# return false iff a problem

def main(args) :
import getopt
try:
opts, args = getopt.getopt (args, "gr:")
except getopt.error as detail:
return fail (str (detail))
noisy = 1
gseen = rseen = 0
for opt, val in opts:

if opt == "-gq":
gseen = 1
noisy = 0

elif opt == "-r":
rseen = 1

whichfile = val
if gseen and rseen:
return fail ("can't specify both —-g and -r")
if rseen:
if args:
return fail("no args allowed with -r option")
if whichfile in ("1", "2"):
restore (whichfile)
return 1
return fail ("-r value must be 1 or 2")
if len(args) != 2:
return fail ("need 2 filename args")
flname, f2name = args
if noisy:
print ('-:', flname)
print ('+:', f2name)
return fcompare (flname, f2name)

# read ndiff output from stdin, and print filel (which=='1"') or
# file2 (which=='2"') to stdout

def restore(which):
restored = difflib.restore(sys.stdin.readlines (), which)
sys.stdout.writelines (restored)

if name == "'_ _main_ ':

main (sys.argv([l:])

6.3. difflib — Helpers for computing deltas
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6.4 textwrap — Text wrapping and filling

A2 FE: Lib/textwrap.py

textwrap R E-E EE A YL £ o= FH 2 Textwrapper BT OPH 1“/‘r 7}A] ‘_F/] S AT
Ut o= 79 B2 E R A5 ¥l 38 (wrapping) 3} U Al 2 (filling) T, A #] R = FF el oF F T
dZ R o 8-S Y3l rextirapper A2EHAE AFR-3] of 3 1—4_

textwrap.wrap (text, width=70, *, initial_indent=", subsequent_indent=", expand_tabs=True,
replace_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, placeholder="
[...]")
text(FAL D) ol A= DL
uhgol gt 28 29 o

T2 WA BE S 2ol A widh A7 H = FUTL HF =
~EE wE o,
Optional keyword arguments correspond to the instance attributes of Textwrapper, documented below.

wrap () ZHZ WFAof] T 3k 2}A| 8F W R-& Textlirapper.wrap () HIAEE ZR AL

textwrap.£ill (text, width=70, *, initial_indent=", subsequent_indent=", expand_tabs=True,
replace_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, placeholder=’
[...]"
fextol] 9= B £ AFHT, o P PO BPSE 0 B BBFUTh £111 ()2
el 29 BRI

["\n" .join (wrap (text, ...)) }

53], fill () wrap ()3 22 7|9 E JAAE TolE P YT

textwrap.shorten (fext, width, *, fix_sentence_endings=False, break_long_words=True,
break_on_hyphens=True, placeholder="|...]")

50121 widholl A 5012 tex & % OF5HA L A-F U .

First the whitespace in text is collapsed (all whitespace is replaced by single spaces). If the result fits in the
width, it is returned. Otherwise, enough words are dropped from the end so that the remaining words plus the
placeholder fit within width:

-

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")

'Hello...'

L )
AE A 719 = ozt oo HYPH Textwrappers] A2E A ojEBHE g3 ch =
~EV} TextWrapper £i11() ol A 7] Ao o] ZE 2 2 tabsize, expand_tabs,
drop_whitespace B replace_whitespace 3k< 34733—‘5 AL ol F a7} 9L o G AN L

Added in version 3.4.

textwrap .dedent (fext)
text®] BE S A T2 A8 TS A AT

O A2 4T R RE JF2 EALES A2 T A W3] E9227] A FEHE A A A, S
glole] A& 7HgA el o st vl AR 5 sy T

B g BE g oz A A o] 50| ZA] o FY3AI AL " hello" £} "\thello”
Eollv 3E AP Fo] gl Ao g P}

Fulgl 23ets 22 QP ZAH T ZHoA Y A EAE FF3g UL

& Ed
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-

def test():
# end first line with \ to avoid the empty line!
s = "UIy
hello
world
R
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

.

textwrap.indent (text, prefix, predicate=None)

texto] A A BB Fo] A2 RE o prefinE 3 7Hehu o}
text.splitlines(True)%%iiég—}a1%3%%%%§}§}L4t+

NEA R, prefive FMOET FAH A g BE (AT £ F/4FUTh

=)

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

A8 A redlcate A = oJH £& 527182 Alojst= ol AHE = dF5UTh oA & 59, W &3
TN 9= S % prefixE 713817+ HeUth

>>> print (indent (s, '+ ', lambda line: True))

+ hello

+

+

+ world

Added in version 3.3.

rlo
l:‘;olr _]Q m-l)jr
o [ o
o e
{12 r:l[] _L>|“_4

wrap (), fill () 5 7< shorten ()—8— TextWrapper ‘_] ‘ﬂi\_% ]'E_]_ .174.4 ?:_1 Uﬂ/ﬂE%
5“45} o] JA2H A= A AR Z] :7] W oll, wrap () B/EE £i11 ()& AHEte] B
2 AEsteE {8 20 AL, & AA Y Textirapper AA S WEE= 7] 9]

Suth

1=

-4

1

gO

)
[> El

break_long words7F AR L E AAH o] QLA ¢tow I vt 7] ol 5 B& .

class textwrap.TextWrapper ( **kwargs)

rextirapper ARAE ol 7o) A A 795 AAE Wol S YUTh 7 A E AR daEA

SEEEEEE L NEEE R EE Y

P Lok

Ex w7 sto] o] Y @9 sto]E utE HoA HBete Ae AT T rextirapper.

[wrapper = TextWrapper (initial_ indent="* ")

£ e 25U

wrapper = TextWrapper ()
wrapper.initial indent = "* "

|

You can reuse the same Textiirapper object many times, and you can change any of its options through

direct assignment to instance attributes between uses.
Fextirapper QAT 2 O B2 HE (2 A Aol B3 719 = AR = ohe 3 B o
width

(123 70 HF A £ Hff 2o]. o

TextWrappers width =AtE Tl £8 &

€l
2l
s Bgych

o
[>

Eo widchBth 71 718 ol 7} 9l 3
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expand_tabs

(default: True) If true, then all tab characters in fext will be expanded to spaces using the expandtabs ()
method of text.

tabsize

(Z1E3k: 8) expand_tabs7h 2o] 1, ewe] BE & B b= AR o
PSR PECEE N

Added in version 3.3.

jg
N
9
™
)
i
N
o
a
©
S

replace_whitespace
(7) 232} True) Zo|d, B 313 5 7)) 9 N
A@FUch AR £ 3 A b2 25Utk 9, 20, AR 9, F 9= 2 AR
28 (" \t\n\v\f\r').

0 Fx

expand_tabs7F AA 0|1 replace whitespace’} ZFo| W, 2+ 8] EX}= b AFo]AE

A @5 £, @ g oy

0 Fx

replace _whitespace’} AR o] HA, & Z71o|| & vl o] UEFLEA o] AFSE A7) Ay e 4=
AUt o2& o] &, | AE = (str.splitlines () U -FARE 2E ALSSiA) £ o2
st Fo AE 2 e g of Tt

drop_whitespace
(712 3k True) FolW, BE S AF5H 2 U ENE o) F 527 A) o] AAIE U £
AE B2 o] e g o] obd Zlo] Hol 9w A A ehrUth AAE £ B & AN E
A7) 541, & A A 7+ A2 F U Tk

initial_indent
123 ) A3 A 28 A AR & ol F7HE FAL YU A A £2] Do) ALtol
EFF UL W EALLS Fof 27 FHUh

subsequent_indent

25 ) RS AAD AP B 299 RE Z Fo] 718 EASYUTE R AA 2L
A9 e 7 2o Do) Aol £3H LTk,

fix_sentence_endings

(default: False) If true, Textwrapper attempts to detect sentence endings and ensure that sentences
are always separated by exactly two spaces. This is generally desired for text in a monospaced font.
However, the sentence detection algorithm is imperfect: it assumes that a sentence ending consists of a
lowercase letter followed by oneof '. ', "1 ', or ' 2", possibly followed by one of '"' or "' ", followed
by a space. One problem with this algorithm is that it is unable to detect the difference between “Dr.” in

[[. ..] Dr. Frankenstein's monster [...] J

Thgoll Lo = “Spot.” Abol9] Aol WL BAT 4 gtk AU

[[‘..] See Spot. See Spot run [...] }

fix_sentence_endingswe 7| 2A 02 AA YU Th

T AA LA F 2 “aTA 2 Fo o string. lowercasedl] 2] &3l 22 EAM EFE
w2ek7] Aol v E Fofl F o] Aol g AR StE F RS WERER, o] HAE T
AgE Ut
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break_long_words
(712 3k: True) oW, widehHth 2 %01 U== 7] ok, widchE ok 2 Tol & B& o
AR O, 71 o] 7L A A A] erom, AF Fo] widehth A 4 Sl idthE 2
Fe Hazst] f8l A dole % <ol ¥5yth)

break_on_hyphens

(712 3k True) ol ™, B o], Gojol Ao AR, T} £ o] 8] Sto]E HER F o] A
H"‘E‘S‘/l“/} Ao, *“““%% e A2 AR oA RE IS £ 89 2] o=
ol & g3ty breakflong wordsE AR 7 AAsof st} o] d v 7VE 2L
g otolEoz AAH dol & Fel T 4 A S Aol ALt

max_lines

(7]1¥-3k: None) None ©] o} H, &8 -2 | )| max_lines & £33}, placeholder 7} &3 Zol|

ey o
Added in version 3.4.
placeholder
123 N FHe Y 2B o A E EAE.
Added in version 3.4.

TextWrapper—= B8 ¢F A g2 FASE 714 28 HA=E AlFdyc):

wrap (fext)
text(EAQ) ol Y& B BHE WE 29 Lol AT wioen A7 S Bk B E o)
FAZ Textiirapper ALH 2] ALE X o] E2]JEOf A 7%% HE} HAF EvkEol e
29 29 el2E8 v o)F @ Z el Ulgo] glow ukahe el 2= vlo] gl th
£ill (text)
texto] Y= T Fd= AHBeL, HF A wAS ot G AL S v

6.5 unicodedata — Unicode Database

This module provides access to the Unicode Character Database (UCD) which defines character properties for all
Unicode characters. The data contained in this database is compiled from the UCD version 15.1.0.

RES FUIE BF BEA #44, “FUIE 2o} do]elu]o] o] Ao E A 22 o) FH 71 TE A
g3t the ) 2L e wzmq
unicodedata.lookup (name)

olFLr FAE 23T AAH o5 FAVEAAY, St wAE ST 2
A F oW, keyError7b A G U T

W 33004 ;o) F 2 F W R E A AL F A ek

unicodedata.name (Chr[, default] )
chr E2boll A o] 55 AL = vkttt o] o] Hof= A of 0, default7} W= A1,
] A= A orto ValueError7} kA @'14 c}.

unicodedata.decimal (chr[, default]
chr BALO] BEE 10245 g A2 waTTh 1ele o] A H ol YA %o defauti
WL ALk, A A A @08 valuerrror b AT T

unicodedata.digit (Chr[, default]

chr 27249 D 57 digh) e A5 2 WEFUTE 128 ghol Ao s o] 9A) %0 W defauds 7}
Wbk AL, A B A SO v tucion7h G T

1 https://www.unicode.org/Public/15.1.0/ucd/NameAliases. txt
2 https://www.unicode.org/Public/15.1.0/ucd/NamedSequences. txt
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unicodedata.numeric(chrLckﬁbuh])
chr = A10 $FH 4] (numeric value) & float 2 QF&H3tU ) 1238k gro] Hoj= o] glA ko
default 7} WY =] ALy, A Q= 2] F O W valuesrror7F 2y g th

unicodedata.category (chr)
chr &7l &d AWk 5 (general category) & A2 &2 WHehet Ut
unicodedata.bidirectional (chr)

chr Aol FH Fubak Z el 2 (bidirectional class) & FAE 2 Wk o} 28 3 gho] A 2] 5 of
AR ko, Wl Expd o] wkekg ).

unicodedata.combining (chr)

chr B2}ol] et H A= 23 Z 2 2 (canonical combining class) & A4 2 W&o} 2%
AolE 2] ko™ 02 WY T}

unicodedata.east_asian_width (chr)
EAF chroll & 5 obA] of % (east asian width) & £ A2 2 WHEhet U o

iy

E By

unicodedata.mirrored (chr)
£ crell L8 A3 S (mirored popery) & 452 WAL £ PUF ALEAA
A A A 2 e 8] e oE A
unicodedata.decomposition (chr)
B2} chroll &3E 221 £3) vl 3 (character decomposition mapping) 2 A} Z wHEHghu . 18
37 o] A ex o] Q)2 ko vl FA}G o] vkEkg Ut}
unicodedata.normalize (form, UNISIr)

FUIZE BXE unistrol] o) 3 A 43} & 4 (normal form) formS ¥yt forme] &3 ke
‘NFC’, ‘NFKC’, ‘NFD’ % ‘NFKD’ 9]t}

&

4
v
Ry
[

EEL A& 55 A (canonical equivalence) 2 & 3t 55 A (compatibility equivalence) 2] 7 2]
2, /FUIE }OU ThFs At FAS A FUTh FUIZEAA, o8] FAE S
2R F IdFUTh o E £, U+00C7 (LATIN CAPITAL LETTER C WITH CEDILLA)
U

]
N

g

Q6

)
—

30 rlo
oy » o
<
O

4 oE
> [o fo

=

ZF 2 ol =, T MY At P A o] s Utk At F 4 CoF F 3t 4] D. A3} 3 4] D(NFD)
£ AF B etuE o, 7 248 28 9402 MaAgUh A58 G4 CNFO L BA 32
EalE AL v, v g a?} 3t Z 212 ThA ifgw t}.

o] F ZA Qex, 5% 7S 7Nt ® st F A 7 A3 4 o] JdFUth FUIE
AN A=, dukH OED}% T B3 = 54 A AdE Y oﬂ £ 0], U+2160 (ROMAN

NUMERAL ONE) < U+0049 (LATIN CAPITAL LETTER I) 3} A Al & 25 Uth 3FA| 1, 7| & 22}
AT (A E S0, gb2312) F2] TS H3l FUZ =M A LdF Uch

7713} 3 4] KD(NFKD) & 5 % &3]
%33} 3 4] KC(NFKO) & H A &

unicodedata.is_normalized (form, unistr)

FUZE BXL unistr o] F4-3F A form QA A& WUt} forme] £33 2 ‘NFC’, ‘NFKC’,
‘NFD’ 9 ‘NFKD’ Ut}

Added in version 3.8.
T, o) BEL U3 458 =&tk

unicodedata.unidata_version

o] gl A FUIE t o] Bl o] 29 WA,

l
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unicodedata.ued_3_2_0

o AS AR BET 2L WA TE A5 G AR o] AT U T e
AT o] =4 WA §UTE do]Hulo] Az} B st
A<y,

o]~ WA32E EH/‘]
I (7} IDNA)S ¢ st

QO
oo |1
[ =
tu o,

o A :

>>> import unicodedata
>>> unicodedata.lookup ('LEFT CURLY BRACKET')
e
>>> unicodedata.name ('/")
'SOLIDUS'
>>> unicodedata.decimal ('9")
9
>>> unicodedata.decimal ('a')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: not a decimal

>>> unicodedata.category ('A") # 'L'etter, 'u'ppercase

lLul

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'

6.6 stringprep — Internet String Preparation

B

A F Lib/stringprep.py

re

AEYAA FACLS SAE O 2) S WP, 55 292 A0 3] 557 W2 P L2} 9]
Gt o) vl duEt e due $8 22w ool gef geld & gy o ol
AT AE TESEA 18K oA, me Q) b5 FA 7Y A Y 5§57 A, 5D
e Aol ¢ 4% Q&

o g

0_|.4

HO x

RFC 3454 Qe S22 o4 $UTLE £4292 1S ol gtk BALL A4
A7) Ao, £ ARE B3| LAAE AelsA o) Atag 942 2E2 E T RFCE 22
Eh A Rae i 5 FIAC HR R I R el
@4
vl <

=z
U
bl

> N
o

axis}
N
I~

FF

A FEo] z2atd dF A Folsfof & HD} stringprep Z 23} 2| 3 7}A] ol = = A 34
Al o] F-ofl AH&-% = nameprep Y Y TH
The module st ringprep only exposes the tables from RFC 3454. As these tables would be very large to represent

as dictionaries or lists, the module uses the Unicode character database internally. The module source code itself was
generated using the mkstringprep.py utility.

Ao 02, ol Yt Hlo] 8L Holg P&/ ohd B4 EPULh REC L F S5 Hol2o] 9%
Otk AT 1. A% A9 s rinoprept “BA4 47, 2 v1) 947 A QR True B WS
G528 AFTFU e 4%, 1 5 AT Ik Tl 7)o i), AE g wAIU

L5 TR A A e L wed E e
stringprep.in_table_al (code)
code7} tableA.1(F+ U= 3.20 A4 A= A] ¢k-& T = XA E)of =4 Fd ]t
stringprep.in_table_bl (code)
code7} tableB.1(ZHEA 2 2 op i A &= v g5 2] k3 th ol Ql=A eyt
stringprep.map_table_b2 (code)
tableB.2(NFKC £} 37| A8 = Al o] & £ vl 33) o] Wt code®] w33 | ks &3 oh

stringprep.map_table_b3 (code)
tableB.3(78 713} 7} §l= Al ol & EH -8 vl 3F) of] whet coded] 33 A FH= WESHU T
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stringprep.in_table_cl1 (code)

code7} tableC.1.1(ASCII 25 o] 2 E2}) of] §l=%] S gt}
stringprep.in_table_c12 (code)

code 7} tableC.1.2(8] ASCII 23] o] 2~ B2} of 9l =% FhH shu ).
stringprep.in_table_cl1l_c12 (code)

code7} tableC.1(2 5| o] & E 2, C.1.17 C.1.29] &3 ol Q=% Hd ok
stringprep.in_table_c21 (code)

code 7} tableC.2.1(ASCII Al| o] 2} o] 9l==] #d3 ).
stringprep.in_table_c22 (code)

code7} tableC.2.2(H] ASCII A| o] &2} of 9)+=A] ¥ gt}
stringprep.in_table_c21_c22 (code)

code7} tableC.2(A| o] &4}, C.2.13 C.2.29 A H o =% s+d g}
stringprep.in_table_c3 (code)

code7} tableC.3 (7] 21 AR-&) ol Ql=A] ghE g o)
stringprep.in_table_c4 (code)

code7} tableC.4(B]| & A T & Z A E) | =% T
stringprep.in_table_c5 (code)

code7} tableC.5(t) 8] T E) o] 9J=%] TE gk
stringprep.in_table_c6 (code)

code7} tableC.6( LWt Bl AE of = .2 F) of] QL= FE 3 h
stringprep.in_table_c7 (code)

code7} tableC.7(7t A o= £ 4 H) o &= FHEF )
stringprep.in_table_c8 (code)

code7} tableC.8(FEA] &4 W7 &= F X))o Q=x] IHEH Tk
stringprep.in_table_c9 (code)

code7} tableC.9(F A} e ) of] =] =

&
E
L
*

stringprep.in_table_dl (code)

stringprep.in_table_d2 (code)
code7} tableD.2(¥FHF EA4J o] “L” ¢l BAP ol YA 2

&)
i

o
v
I

6.7 readline — GNU readline interface

ceaiine 55 kol Q1E] 0] 1 944 (compltion) 1 81 2.2 2] 519 171122718 o)) B
ol2) B8 Ao T ) of REL 40 AEF A, thahA) 2E 2 2o] A sold A 24 A Bk
cleompleter BES E9 AT £ JUTh o) RES AHE ] 44T e Az E e a4

2EZER WY inpur () BRI AT EREY A FFES ST

Readline keybindings may be configured via an initialization file, typically . inputrc in your home directory. See
Readline Init File in the GNU Readline manual for information about the format and allowable constructs of that file,
and the capabilities of the Readline library in general.

Availability: not Android, not i0S, not WASI.

This module is not supported on mobile platforms or WebAssembly platforms.
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0 Iz

The underlying Readline library API may be implemented by the editline (1ibedit) library instead of GNU
readline. On macOS the readline module detects which library is being used at run time.

The configuration file for editline is different from that of GNU readline. If you programmatically load
configuration strings you can use backend to determine which library is being used.

If youuse edit1line/libedit readline emulation on macOS, the initialization file located in your home direc-
tory is named .editrc. For example, the following content in ~/.editrc will turn ON vi keybindings and
TAB completion:

python:bind -v
python:bind "I rl_complete

Also note that different libraries may use different history file formats. When switching the underlying library,
existing history files may become unusable.

readline.backend

The name of the underlying Readline library being used, either "readline" or "editline".

Added in version 3.13.

6.7.1 x7|3} o}
o 4 2718 91 9 A8 A 74T B o) dF T
readline.parse_and_bind (string)
string AAFoN| Alg-H 273} 25 AP th 3t gro] B g oA r1_parse_and_bind() & &

S o,
readline.read_init_file ([filename])

readline % 7]3} 31 2-¢ A Fch 7|2 5
()

Q] o]l =&
gtol B & gl A r1_read_init_file () 2 &%

& oo n A48 oIS

6.7.2 & B
ohe B4 2hel wwlel oia) 83 ok

readline.get_line_buffer ()
= W3 AR W& (e 2tel B 2]9 r1_line buffer)< RESHGHUTH
readline.insert_text (string)
E 9919 AN 9120l BaE g AT SHRE 2ol B 2ol A x1_insert_text () & A
o, kg e BA g o
readline.redisplay ()
E W3 A W& REFS

rl_redisplay () & i%ﬂ’q

= 3tdol ZAE = WS AAF T U s 2holE g oA

L—‘—'

6.7.3 S|AEE| u}
o2 e slaEe] o dof thef 28t th
readline.read_history_file ( [ﬁlename] )
readline 3| ~E 2] 3} & 2 =310, | AE g F50|
BH glo] B ]| A] read_history () € £ &Y
readline.write_history_ file( [ﬁlename] )
3 aEe 552 readine 52 E 2] F o] AFaol, 71 E FAL DolHUTh 7B FAFL -/,
history Ut} 5 Fo]l B g 8]0 A write_history () & T&S Yt}

g h 712 S H L~/ history AU Th

R
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readline.append_history_file (nelements[, ﬁlename] )
B| A~ E 2] 9] uhA] wt nelements F5-5 st ol 7Y TH 712 3tA 2 ~/ history YU Th T 0]
olu] & sf of Tt} sHi 2ho] B 2} 2] o A append_history () & ZE YT o] = Tholxi o]
o) A s ol mee WMo AnAE Aol v EA G o,
Added in version 3.5.

readline.get_history_length()

readline.set_history_length (length)
s|laE 2] gdo) A Fst7] Hete & 78 AAFAY IR U write history file() &
o] Th= AH-§-3to], sHt 2hol B2l gl o A history_truncate_file() & &&38t] d|aE2] 914
AU 5 B2 AE gle slaEE] 9l 2718 o v Fy

o rr

6.7.4 S|AEE| 55
o e A SlaEE BEof tis] 283

readline.clear_history ()
@A) S| 228 AU h S ol uelelof A clear history () & EEIVTE sheld ot
glo] o] o] & A Yst= ol B Mo g Hupdd Aot 24T
readline.get_current_history_ length ()
AA sl2E ol e F5E T g Urh (o] A2 slaE ] gdof 7| 52 A & 45 WHdshe
get_history_length ()2 +5Yt})
readline.get_history_item (index)
index®l Q= 3l2Ee FE A &S v
glo]lH 2] g ol A] history_get () = T =St}
readline.remove_history_item (pos)

2B g oA X (pos) 2 A A o]/\Erﬂ FES AAGUL A XE= 05 AU 5
g}o] B & 8] of| Al remove_history () & T Z 9]

readline.replace_history_ item (pos, line)
A (pos) & A BH S| AT 2] FEHZ linel Z WA FUTH 9 A& 05 H A&} s 2ho] B g
ﬂoﬂ/“] replace_history_entry() E% ]'1413]-

ki
_VL

readline.add_history (line)

Al Zo] JHH AANY 2% WH lines F7FE U sHE 2ho] B g g o A
add_history () & E&gUTh

readline.set_auto_history (enabled)

readline S 53 482 ¢S Wl add_history() ol i3 A5 TE2S EA3 =+ v A3
enabled A A= F L uf] AH5 S| AEE S A5, AR L u] A5 7E5S v A4S e B8

zkol o of g,
Added in version 3.6.

CPython -3 4} A)): Auto history is enabled by default, and changes to this do not persist across multiple
sessions.

6.7.5 Al &

readline.set_startup_hook ( [function]

SHF 2Fo] B2l 2] 9] r1_startup_hook Tl o S &5 = g AA A U A AR YT function
o1 #1741 A A % (hook) ¥ AHg 5 Th "@E‘EEWLPN ne o9, oju] A& 7k A A G U th
o] &2 readlineo] 2 WA ZFIZES A7) Al A2 glo] LEFH YT
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readline.set_pre_input_hook ( [function])

35 2ol B & 29l r1_pre_input_hook =W &l F| T &= T4+ E AANA Y Al AT
anCinﬂo] AREE, A F T2 AR E U TH A= A None ol |, o] n] AXH ST AIAFHY
A0 g2 E 7 QA F readlineo] 98 EA-E 2] 2o 221 94 glo] &
ZRUD o Yot stol 2ol ol & AU eholnele) WA o= AntelH A gol = AT

=
o
-H
r

6.7.6 2o

S B A A dol 9 71 785 8ol gy olsie 202 T s12 459
5 & Dol B AU AFO R AYT 5 AUk 7B 02, Readline 2 )34 JE ZelE
A9 1 4G BAGE conpioe o NBHES 495 AT, rencttine 5 S AT
871 Qo] 947191 B A5l w, ohE Tro TR A Y3 A4 oF Gtk

readline.set_completer ( [function] )
43 s AA AV A AR function o] 2] 78 =
None o] W, o] u] A ¥ 94 3H4 7} Al AR Tk 94
0,1, 2 =9 stateol] N3 function (text, state) B2 &
2432 W] of T,

A ez L") AeEsk AL
FE 2Arg el obd #g v Ed mf7hA)
AU} text 2 A A3t= 20 7 713

AR E A = s ﬂ—o]_‘:‘_aﬂ 2]9] r1_completion_matches () & AEH entry_func ZWof 9
) TESH YT text BALE L 3 glo] B89 r1_attempted_completion_function ZWo] A
HA w7 W2 7Y \:11’]1_4'

readline.get_completer ()
g et & Tt AAH A E koW Nones @

z

U,

readline.get_completion_type ()
ANE A B FES 7P s Ut S 2ho] B2 29 rl_completion_type RS B2 Nhet
.

readline.get_begidx ()

readline.get_endidx ()
Get the beginning or ending index of the completion scope. These indexes are the start and end arguments
passed to the r1_attempted_completion_function callback of the underlying library. The values may

be different in the same input editing scenario based on the underlying C readline implementation. Ex: libedit
is known to behave differently than libreadline.

readline.set_completer_delims (string)

readline.get_completer_delims ()
DAL Y8t o] TRAE HAAINAY A S YT o] AELS AL 95 e T o] o] A ZHHA
HONE ZAT ) o] T4 dlE glo]H 8] 8|9 r1_completer word_break_characters HE
£ AN 2Tyt

readline.set_completion_display_matches_hook ( [function] )
A FA FeE AAS AU AAGUT functiono] AFEHH, 22 4 A T2 AFEH
Ut A EFst A L None o |, o] m] AAH &4 BA] T Al AH ‘45} S 2ho] B 2 2] of A
rl_completion_display_matches_hook EE'—H—“] £ A4A Jot AL A Uth &4 A s dAE
F A oF gt ujulct 31 A function (substitution, [matches], longest_match_length) & &

25 o).
6.7.7 Ol|X|
g olE readiine BES 28T 279 27 F5E AL AL & A o] A

python_history 2tz 0] 59 S| A E g ﬂro‘ S AToR ECﬁ}i At Y-S HoF Uk o
Fee ditH o g AREALY] pYTHONSTARTUP 3 ol A T E}A] Al Fofl A5 o2 A3y Ut

FI

import atexit
import os
import readline
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

histfile = os.path.join(os.path.expanduser ("~"), ".python history")
try:
readline.read_history_file(histfile)
# default history len is -1 (infinite), which may grow unruly
readline.set_history_length (1000)
except FileNotFoundError:
pass

atexit.register (readline.write_history_ file, histfile)

o,
=
i
rlr
>
)
fu
1=
o,
X
o,
=
Lo
ottt
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[
fu
>
o
e
2
2
offt
[o
i
>
o2,
biail}
<
v
=
S

S
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-
oX
o
ks
N
o
>
>
fo

import atexit

import os

import readline

histfile = os.path.join(os.path.expanduser ("~"), ".python history")

try:

readline.read_history_file(histfile)

h_len = readline.get_current_history_length ()
except FileNotFoundError:

open (histfile, 'wb').close()

h_len = 0

def save(prev_h_len, histfile):
new_h_len = readline.get_current_history_length ()
readline.set_history_length (1000)
readline.append_history_file(new_h_len - prev_h_len, histfile)
atexit.register(save, h_len, histfile)

e =S AEF AHEYE AU EE code. InteractiveConsole S| A2E 33t}

import atexit
import code
import os
import readline

class HistoryConsole (code.InteractiveConsole) :

def _ init_ (self, locals=None, filename="<console>",
histfile=os.path.expanduser ("~/.console-history")) :
code.InteractiveConsole._ _init_ (self, locals, filename)

self.init_history(histfile)

def init_history(self, histfile):
readline.parse_and_bind ("tab: complete™)
if hasattr(readline, "read history_file"):
try:
readline.read_history_file(histfile)
except FileNotFoundError:
pass
atexit.register(self.save_history, histfile)

def save_history(self, histfile):
(T2 sl o] Aol Al%)
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(o] A | o] A oA A A %)
readline.set_history_length(1000)
readline.write_history_file(histfile)

6.8 rlcompleter — Completion function for GNU readline

A2 F = Lib/rlcompleter.py

The rlcompleter module defines a completion function suitable to be passed to set_completer () in the
read]line module.

When this module is imported on a Unix platform with the readline module available, an instance of the
Completer class is automatically created and its complete () method is set as the readline completer. The method
provides completion of valid Python identifiers and keywords.

o) A :

>>> import rlcompleter

>>> import readline

>>> readline.parse_and_bind("tab: complete™)
>>> readline. <TAB PRESSED>

readline.__doc_ readline.get_line_buffer( readline.read_init_file(
readline._ file readline.insert_text ( readline.set_completer (
readline._ name_ readline.parse_and_bind(

>>> readline.

J

The rlcompleter module is designed for use with Python’ s interactive mode. Unless Python is run with the -S
option, the module is automatically imported and configured (see Readline -d).
readlineo] Y BAEAA, o] RE O] HE)Fhe conpleter AL o] A5 ALgA W] B o) AFET
% A%t
T x| .
class rlcompleter.Completer
Completer A A= o} 3 22 WA =& 71 Utk
complete (fext, state)
Return the next possible completion for zext.
When called by the readline module, this method is called successively with state == 0, 1, 2,
. . . until the method returns None.
TAZC. )7 EFER] G fextE TESHH, main , builtins Y 7|} E (keyword BE
oA gelgtthz)oll FA) Fold o]l 5 o' SAFH U
If called for a dotted name, it will try to evaluate anything without obvious side-effects (functions will
not be evaluated, but it can generate calls to __getattr__ ()) up to the last part, and find matches for

the rest via the dir () function. Any exception raised during the evaluation of the expression is caught,
silenced and None is returned.
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Hho| 2] Ci|0[Ef AfH|A

o B 4 R e ol ol dol0E HR A 81 A2 A A ST e, 5 2
H=R2 22289 e AT Wl el WOl AT A e T 39 GFThIh
e A2 A o A AW e QR eho] Bef ol ASCI S8 vholUe] §4] (18 B, ro) & BE

o] 2] dl o ¥l (| & S, airriip) ol AFEE 5 YHUTh
sk, shol d Ul vhol vl el ol o] Bl gl thek 4y e

EAE FasiA e

vlol v 8] Al A & — bytes, bytearray, memoryview

7.1 struct — Interpret bytes as packed binary data

1'>

A F E: Lib/struct.py

This module converts between Python values and C structs represented as Python bytes objects. Compact format
strings describe the intended conversions to/from Python values. The module’ s functions and objects can be used for
two largely distinct applications, data exchange with external sources (files or network connections), or data transfer
between the Python application and the C layer.

0 ix

When no prefix character is given, native mode is the default. It packs or unpacks data based on the platform
and compiler on which the Python interpreter was built. The result of packing a given C struct includes pad
bytes which maintain proper alignment for the C types involved; similarly, alignment is taken into account when
unpacking. In contrast, when communicating data between external sources, the programmer is responsible for
defining byte ordering and padding between elements. See H} o] E <=4, = 7] 2 A & for details.

k

o8] struce B4 (LI seruce O WA L)1 buffer 91715 A F1 T ©] 1= bufferobjects & 7 85} 92
ZAAY AT Z 5 9= HE A Zs= AAE YA UL o] EF 07 A8 EH = 713 dutAol Ho
bytesShbytearrayA W Hho = M2 B 3t B ThE Yol M3 TREBE FHLE, bytes
2 xﬂ oﬂj\‘] 7]'i —‘;—]-/\]—O}-X] 0]—_]‘15‘__ %JI -7 ZH% Z"_ 9}%1/] q_
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e e 99 BT B Tk
exception struct.error

ol & Aol A T st o 9); AdAbe Fo o] ARH A=A A ste EAL I U
struct.pack (format, v, v2, ...

o Q8 T % EA o ok 17 8 ol £ AAE BT T, A
E900] 875 ghot B8] AR 3 of Pl o,

struct.pack_into (format, buffer, offset, vi, v2, .

)
2l

ER AL formaro) ek gEvl, v2, - & AL 37 © vio| ELS 7] 7he 3 W 3 buffer ol
offset ) X A FE F U T offser> B AR ol o] 5HA A L.

struct .unpack (format, buffer)

Z W E2Y formarol vt ¥ ¥ buffer(©}Ul = pack (format, .. Z 97 =)o A A 37 st
g gs] stute] FES et etE e FE YU HiolE 1’/}—&«] WH Z7)= (calesize () ol
of s kg &) E¥o] 75 279 AR sl of g Tk

struct .unpack_£rom (format, /, buffer, offset=0)

sz Bxpy formatoﬂ w2}, offser 9 X ol Al Al 2&H3}o] bufferoll A A )7 Ut A 83 shtel =
< XFsteets s FEYUTH offser I A oA Al &S] vlol E B9 = S A3 v 27+

(calcmze ()l 23 ¥ =) ZW o] 8 3= 3 7] o]Afo]ofoF g th
struct.iter_unpack (format, buffer)

Iteratively unpack from the buffer buffer according to the format string format. This function returns an iterator
which will read equally sized chunks from the buffer until all its contents have been consumed. The buffer’ s
size in bytes must be a multiple of the size required by the format, as reflected by caicsize ().

Zoleglolde T A de] AFE 2 FES A&
Added in version 3.4.

struct.calesize (format)

FW E2Y formarol] | Fot= FZA (pack (format, ...) o Y3 AT = vlo|EY AA) 2
/1% wa.

7.1.2 =i FX}A

Format strings describe the data layout when packing and unpacking data. They are built up from format characters,
which specify the type of data being packed/unpacked. In addition, special characters control the byte order, size and
alignment. Each format string consists of an optional prefix character which describes the overall properties of the
data and one or more format characters which describe the actual data values and padding.

HIOIE =M, 37| ¥ MH

By default, C types are represented in the machine’ s native format and byte order, and properly aligned by skipping
pad bytes if necessary (according to the rules used by the C compiler). This behavior is chosen so that the bytes of
a packed struct correspond exactly to the memory layout of the corresponding C struct. Whether to use native byte
ordering and padding or standard formats depends on the application.

, O 2ol mheh, 29 2249 A HA FAE ARG sto] 9 A HiolE o] wiolE £, 27] ¥

A5 ATk

X R
e |
tlo

ZXAL  HROIE &M 37| ==
@ vleol g B HlelglE  dolEl B
= o]l B *xF none
< & Q¢ xE none
> vl Qg ek x= none
! HEYZ (=9 ddb =T none
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A AA 2247t ol 5 F stk obU ™, e 2 P g ok

0 Iz

The number 1023 (0x3£f£ in hexadecimal) has the following byte representations:
e 03 £f in big-endian (>)
e £f 03 in little-endian (<)

Python example:

>>> import struct

>>> struct.pack('>h', 1023)
b'\x03\xff"'

>>> struct.pack('<h', 1023)
b'\xff\x03"

Native byte order is big-endian or little-endian, depending on the host system. For example, Intel x86, AMDG64 (x86-
64), and Apple M1 are little-endian; IBM z and many legacy architectures are big-endian. Use sys.byteorder to
check the endianness of your system.

folEl2 79} FEL C AL )2 sizeof EFA L AFE3to] AFF YT o] AL FA volglR
o|E A9 Ayt

EE 7= 2R AT E ek 29 B A4 RE FERAAL.

e =19 Aol ol FOSAAIL; & Th o] Bl B Hlo] E $AE AFESAI R S Ak 279 A E o]
3P YT

v F AL IETE REC 170000 o] ¥ th & 37 ] <lt] kel Y E 93 uho] E A& vebd Ut

W o] B] 57} obd ol £ 42 (] Hhol £ 2 9}3)
GELSRES

o

:

< Oﬂjﬂ
B) FxAY & 54 Y A8 27 Aol 59, vkE A4 0d 7 PO I xS
YA L. o & FRIAA L
ZO 22Xt
ER A 53 22 907t 5 Utk CeF hol A gk Abol o Mg S S Eaf o T ‘%
£ de BF 372 AT T A7 9 o) 27 vlolE B2 YUtk %, 29 £ )
r<n s e = B SR A S AUtk volHE A E AR, s | #el 271=
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ol N 0= o[ EE IJ| LE
P ol g&uth ™
c char Zo]7F1<9 bytes 1

b signed char AL 1 (D), @
B unsigned char A 1 2)
? _Bool bool 1 (1)
h short A4 2 2)
H unsigned short A4 2 2)
i int A4 4 (2)
I unsigned int A 4 2
1 long A4 4 2)
i unsigned long A4 4 2)
q long long A4 8 2)
0 unsigned long long R 8 2
n ssize_t A4 (3)
N size_t A 3)
e (6) float 2 (€))]
f float float 4 4)
d double float 8 4)
s char[] bytes 9
P char|] bytes (8)
P void* A4+ (5)

WA 33004 A a3} e ZHO| g A F o] 71 AU T
Hd 3.600A WA rer 2o B A A o] 7 5t

EE:

(D

)

3)

“4)

5)

(6)

(7
(8)

The ' 2' conversion code corresponds to the _Bool type defined by C standards since C99. In standard mode,
it is represented by one byte.

When attempting to pack a non-integer using any of the integer conversion codes, if the non-integer has a

__index__ () method then that method is called to convert the argument to an integer before packing.

W A 3.20 A ¥ 7 : Added use of the __index__ () method for non-integers.

3 AE IES (Rl e vhol = ¢4 BAE A ) ol B8 Ao e LS 4
vk BF 2719 A%, S 22 6] BE OhE 35 RS ST 5 AU

e, R e WS HES] B9, 97 B EALS TAFNA NS BE 45 H AT BA ]
IEEE 754 binary32, binary64 &=+ binary16 & 21-& A&t} (2 e, 'a' =& re).

P B R CHEGO 0r ol s A BAR A9E) dolEii ol S0l i A8 4
Sl dHol = E 4 £A =k SAE AL et elEol AT A E AETHES
AUt struct BE S 0] 2 Lﬂoma AR S48 A SholAl, pr AL AET 5}z

“

IEEE 754 binary16 “3F 2 > 3.2 2008 W [EEE 754 %2 A do A £ Qd5Uch 2o uE,
SHIE A4 2 1IHE @‘QEUOH]Eﬂ PA Ao 2 A7 %‘4"/}) S 7R, AA FU o)A ek
6.1e-05%} 6.5e+04 Ato] & RAE YEHE 4 Q5T o] F2 C FAspd oA de A 45 A
sy th 4REA QI 7] Ao A<=, unsigned short— A 7o A}ﬁg—_/; o) A uk, £ 8} of Abof| = A}R T 2~
&Ytk ZFA 8 W22 half-precision floating-point format2] Wikipedia 3| ] A& = FZIAHAIL

When packing, 'x' inserts one NUL byte.

p' T EAbE “otaZ FAL S AFA G o=, ol 7 El o Folxl LA H Hio] E o
AAE "o 71 do] EXEE ottt A FAH A HA] vlol| EX B o] Zo]i}255% 2+
AU 2Dl uhol =7k 1 5o SUTh pack () ol A2E EAGo] T A (35 w7 1485}
Z_:’.t& 7 ‘:'x],oﬂ_/] /“]@ count-1 H]’O]EU]’ ;q Z]’qu/]' _'__;(],O:] 0] count— j_ET/]— 311‘_13:] 7(4 =] X‘]Q—?ﬂ—
HpolE 7 H 2 g HPO]EE A AU unpack ()2 A%, 'p' W FAFE count HP 1ES
ZH] A WheE EA G L 25510 EE 2 he = QlSof F-2 3l Al
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(9) For the 's' format character, the count is interpreted as the length of the bytes, not a repeat count like for the
other format characters; for example, ' 10s' means a single 10-byte string mapping to or from a single Python
byte string, while '10c' means 10 separate one byte character elements (e.g., cccccccccc) mapping to or
from ten different Python byte objects. (See ]| for a concrete demonstration of the difference.) If a count is
not given, it defaults to 1. For packing, the string is truncated or padded with null bytes as appropriate to make
it fit. For unpacking, the resulting bytes object always has exactly the specified number of bytes. As a special
case, '0s' means a single, empty string (while ' 0c' means O characters).

2 A ol A5 MR D57 2 4 Aotk oS Bol, 2 EAD 4 nnnn 9 4G
ER

EZW Aol e] T EAb= FAIH U 8ok @4 Abololl= g o] flojoF Futh

R4 WA (b, 1B, h, Y A T L L T, 10) B SE AR Ek] gt A AT, 7}
g e %JJ_‘_ HAE sy struct.errorZF AT T

HA 310 A ojdelles, dF F 22 4 E Yol g WAL struct.error A

DeprecatlonWarnlng‘% ‘i‘—l’"g }‘] Zig 1/] D]—

o B EAY A%, W gL rruet) ralseUTh HAE wl, A4 AR} =2 gke] AEH YT
o o B HLL 5% bool E @ell A 00]Lh 0] 517 =31, o 348 wf 2 00] oby e rrue7t YT

all

0 Iz

Native byte order examples (designated by the '@ ' format prefix or lack of any prefix character) may not match
what the reader’ s machine produces as that depends on the platform and compiler.

Pack and unpack integers of three different sizes, using big endian ordering:

>>> from struct import *

>>> pack (">bhl", 1, 2, 3)
b'\x01\x00\x02\x00\x00\x00\x03"

>>> unpack ('>bhl', b'\x01\x00\x02\x00\x00\x00\x03")
(1, 2, 3)

>>> calcsize('>bhl")

7

Attempt to pack an integer which is too large for the defined field:

>>> pack (">h", 99999)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

struct.error: 'h' format requires -32768 <= number <= 32767

Demonstrate the difference between 's' and 'c' format characters:

>>> pack("@ccc", b'l', b'2'", b'3")

b'123"
>>> pack ("@3s", b'123")
b'123"
A7 B BEL Wgol A ARE VYE FER PAA 0B 2D 5 A5k

>>> record = b'raymond \x32\x12\x08\x01\x08"'
>>> name, serialnum, school, gradelevel = unpack('<10sHHb', record)

>>> from collections import namedtuple
(TH5 sl el Aol A<)
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(o] sl o] A ol A AI)

>>> Student = namedtuple ('Student', 'name serialnum school gradelevel')
>>> Student._make (unpack ('<10sHHb', record))
Student (name=b'raymond ', serialnum=4658, school=264, gradelevel=8)

The ordering of format characters may have an impact on size in native mode since padding is implicit. In standard
mode, the user is responsible for inserting any desired padding. Note in the first pack call below that three NUL
bytes were added after the packed '#' to align the following integer on a four-byte boundary. In this example, the
output was produced on a little endian machine:

>>> pack('@ci', b'#', 0x12131415)
b'#\x00\x00\x00\x15\x14\x13\x12"
>>> pack('@ic', 0x12131415, b'#")
b'\x15\x14\x13\x12#"

>>> calcsize ('@ci"')

8

>>> calcsize('@ic")

5

The following format '11h01' results in two pad bytes being added at the end, assuming the platform’ s longs are
aligned on 4-byte boundaries:

>>> pack('@l1hO1', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"

& o 17

=4
X &5 array

55 dleolEle] A utely 8] A4,

Module json
JSON encoder and decoder.

Module pickle
Python object serialization.

7.1.3 Applications

Two main applications for the st ruct module exist, data interchange between Python and C code within an ap-
plication or another application compiled using the same compiler (nafive formats), and data interchange between
applications using agreed upon data layout (standard formats). Generally speaking, the format strings constructed
for these two domains are distinct.

Native Formats

When constructing format strings which mimic native layouts, the compiler and machine architecture determine byte
ordering and padding. In such cases, the @ format character should be used to specify native byte ordering and data
sizes. Internal pad bytes are normally inserted automatically. It is possible that a zero-repeat format code will be
needed at the end of a format string to round up to the correct byte boundary for proper alignment of consecutive
chunks of data.

Consider these two simple examples (on a 64-bit, little-endian machine):

>>> calcsize('@Qlhl')
24
>>> calcsize('@11h")
18
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Data is not padded to an 8-byte boundary at the end of the second format string without the use of extra padding. A
zero-repeat format code solves that problem:

>>> calcsize('@11h01")
24

The 'x' format code can be used to specify the repeat, but for native formats it is better to use a zero-repeat format
like '01".

By default, native byte ordering and alignment is used, but it is better to be explicit and use the '@ ' prefix character.

Standard Formats

When exchanging data beyond your process such as networking or storage, be precise. Specify the exact byte order,
size, and alignment. Do not assume they match the native order of a particular machine. For example, network byte
order is big-endian, while many popular CPUs are little-endian. By defining this explicitly, the user need not care
about the specifics of the platform their code is running on. The first character should typically be < or > (or !).
Padding is the responsibility of the programmer. The zero-repeat format character won’ t work. Instead, the user
must explicitly add 'x' pad bytes where needed. Revisiting the examples from the previous section, we have:

>>> calcsize ('<ghoxg')

24

>>> pack ('<gh6xqg', 1, 2, 3) == pack('@lhl', 1, 2, 3)
True

>>> calcsize('@1l1h'")

18

>>> pack('@llh', 1, 2, 3) == pack('<qgh', 1, 2, 3)
True

>>> calcsize ('<qgh6x')

24

>>> calcsize ('@11h01")

24

>>> pack('@l1h01', 1, 2, 3) == pack('<ggheox', 1, 2, 3)
True

The above results (executed on a 64-bit machine) aren’ t guaranteed to match when executed on different machines.
For example, the examples below were executed on a 32-bit machine:

>>> calcsize ('<qgho6x')

24

>>> calcsize('@11h01")

12

>>> pack('@l1lh01', 1, 2, 3) == pack('<gghéx', 1, 2, 3)
False

71.4 ZiA

struct EEL E3 o}

12

o,

9

e

Ytk

o
0O

class struct.Struct (format)

Return a new Struct object which writes and reads binary data according to the format string format. Creating
a Struct object once and calling its methods is more efficient than calling module-level functions with the
same format since the format string is only compiled once.

0 #x

The compiled versions of the most recent format strings passed to the module-level functions are cached,
so programs that use only a few format strings needn’ t worry about reusing a single St ruct instance.
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25199 Struct AR & Thg WA=} 22 HES AAG Tk
pack (vI, v2,.

pack () & _/;945013}1 Antd" WS AL TE (len (result) & size9 24 FUth)
pack_into (buffer, oﬁ"set, vl, v2,.

pack_into() & —?9}50‘6}5’—, Aotdd x9S AHE YT

unpack (buffer)

wnpack () B59 S USIL, ATAR AL ST vho| = B9l o) W 27| size9)
Zolok g,

unpack_from (buffer, offset=0)

unpack_from() 58T Lk, AILH WS AFS U T offser 9 2| ol A Al Z31= Hlo]
E 99 v 37] = size o]/4Fo]ojof 3

iter_unpack (buffer)

m

k%

S R A S EREERS

iter unpack () G52 431, A

<iz9] W40 o of k.
Added in version 3.4.

format
o] Struct A& 448k dl AHEH T A4,
MA 3704 W7 2 FAL YL o)A bytes Al ser Ut
size
format ol | b= F2A (pack () WA =0l 5] A H violE L AA)|) 9 ALtd 27
¥ A 3.139)| A ¥ 7 : The repr() of structs has changed. It is now:

>>> Struct ('i'")
Struct ('i'")

7.2 codecs — Codec registry and base classes

22 F E: Lib/codecs.py

This module defines base classes for standard Python codecs (encoders and decoders) and provides access to the
internal Python codec registry, which manages the codec and error handling lookup process. Most standard codecs
are fext encodings, which encode text to bytes (and decode bytes to text), but there are also codecs provided that
encode text to text, and bytes to bytes. Custom codecs may encode and decode between arbitrary types, but some
module features are restricted to be used specifically with zext encodings or with codecs that encode to bytes.

o) mEL ele mHo g AnYI fnYse the B A Ptk
codecs .encode (0bj, encoding="utf-8’, errors="strict’)

encoding 913 525 TEL A-L5to] ohjE QLT T}

Aot o2 A HA S A6 H‘H errors7F 01 A = QL5 U Th 7] ol 2 A 2] ]

W A FY o] 7} valueError(¥= UnicodeEncodeError & 22 o W 39l 73
DA T AUt 28 ol 2] A 2] o] th ek ApA| g W82 T H] o]~ Fef~E Jiﬁ}ﬁ/\]i-
codecs .decode (0bj, encoding="utf-8’, errors="strict’)

encodingS 13 559 TS AL831] ohjE I G T T

Qs ole] Ae] A2 A7) 918 ermors7} 012 5 AT, 71 ol e A2l 7 rstrice o
W O3y o &7} valueError (2= UnicodeDecodeError & 24 o W2 Fdl I A H Fg )
S AT EAUT 29 e Aol tfak Mg dae mel ol s el AE BEaa
Al L.
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Zmde] e AA G NS E A4 AT 5 dg vk
codecs . lookup (encoding)
sho]d 3e| H A AE oA 8] JHE 2853 ofe] B H codecinro A7 WA T

Amge U AALEY ANl 2 FUTH 2L 5 gow, 528 A4 P4 D AEE B
St} codecinfo AA7F YL W, LookupError7F AU T 12X ¢F 0 W, codecinfo AR 7}
A e A= 31 5 ZE Xl Al vhEg U Tk

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalencoder=None,

incrementaldecoder=None, name=None)

To A 2= g 28 T whe) 8 AR FR. AR AR 2L o] B9 o= el HEo] 44YY
c}:
name

AFH Y o] &.

encode

decode

FH (e JdIFEHR UIY T ol52 ZH A2"- A9 encode () &} decode () HIA =2}
2 AEF o]~ E Zte T HAE o Ut (1H QI E I o] A5 FX A Q). Tt

HAEE dH e EEZ AT A2 7 g vt

incrementalencoder

incrementaldecoder

329 dmdd gad FAs wE ARy B AEe A Aol s o
IncrementalEncoderS’} IncrementalDecoderﬂ- 7@-0/] 5‘]"‘5 ?_]_EJ ﬁﬂ -)—\%‘ Zﬂ"‘—OH ]: ?:1 14 E]’
ﬁ_‘?—slt-ﬂ ;(] 1—/\ 01"\141;].

streamwriter
streamreader
SEY 718715} @57 Gol L A G o] 5L AL Mol 2 G2 st roqinicons)
StreamReader?} 93 AEFH )25 AFa ok FULh 2EY ZHL2 JEE FAT
Ut
Chepe w74 Ldo] e A AT FeBEs] A, ol BES 2 280 Lookup () S AHEFHE
e e F B4 E ABTUTh

codecs.getencoder ( encoding)
FolR Az Gl e ZE S FobA s F 2 Y TS Wy oh
ATYE 2L 5 Qe A9 rookuprrror® WA QYT
codecs.getdecoder (encoding)
ZoQ d ol g & Fobd ST o T e $4 8 g ok
N3G S e e A7 LookupErrorE LAYAI YT
codecs.getincrementalencoder (encoding)
Fo A Aol the TS FobA] FE AxH SHAU AR FHE BIFY
AFYL 22 5 gAY Ao S AATE A VA G 3
codecs.getincrementaldecoder (encoding)
%ﬂﬂﬂi%ﬂﬁ@iﬂ%%ﬂﬂ%% st Ze) ot A gL F4g e
A& 2 5 YAL Tl R AL E A QA ghe 2

[¢]
codecs.getreader (encoding)

>4>4'
ﬂ.l

FolR AT FU-E ZFolA] streamReader FE| 22U HE 2] 45 WS T
ATYL BL 5 e A9 tookuprrrord WA YU
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codecs.getwriter (encoding)

Fol ARG S FobA sereamizicer B BE R 4T VHEUTH
AFYL e 5 A& B Lookuprrrord FAA AU
A4 Y 44 58 SSoel A5 A B9 ASE S YT Ttk

codecs.register (search_function)

Register a codec search function. Search functions are expected to take one argument, being the encoding
name in all lower case letters with hyphens and spaces converted to underscores, and return a CodecInfo
object. In case a search function cannot find a given encoding, it should return None.

WA 3.9 4] ¥ 7 : Hyphens and spaces are converted to underscore.

codecs.unregister (search_function)
Unregister a codec search function and clear the registry’ s cache. If the search function is not registered, do
nothing.
Added in version 3.10.

W o) B o BEEATIY ALE AL AN AL A2 IYAND ) mRE

ouel e AT wl o B WA DY AT 5 YES FH

A 23t

codecs . open (filename, mode="r’, encoding=None, errors=’strict’, buﬁ”ering=-l )
T2 modes A&t AIFH Tde €0
StreamReaderiiriter 2] AXHA 3 ElageigBh=y 7] H o d

2 A= =gyt

0 Iz

If encoding is not None, then the underlying encoded files are always opened in binary mode. No automatic
conversion of ' \n"' is done on reading and writing. The mode argument may be any binary mode acceptable
to the built-in open () function; the 'b' is automatically added.

encoding & 3910 N8 Q1514 & A AL, vhol = ol ALY o] S 1] 1Y 3
RE o] 345 v}, 5w A =7} A Yok o8 Fe A H FHo] whek chE U
Oi‘%

g Ae]& Ao st7] Al errors7t A58 = AFUTh 712 FE rstrict o] <l
WA SHE valueError7F WA U o)
buffering> W7 open () Faroll A&} 22 o mdUth 71232 -10]9 7] & W3 2717 AHEE e
ERESEEN
B A 3.119 4] ¥ A: The 'U' mode has been removed.

codecs.EncodedFile (file, data_encoding, file_encoding=None, errors="strict’)

ot EWNAFT S A F3HE filed A F H HAQA streamRecoder A2EAE QS T}, 2]
Fd ﬂMOl =3 f °m < o] &3]t}

_{

#3930 7129 glo]EH = 7 data_encoding Y| 2} t] TP H L file_encoding S A-&3Ho]
HfolEE 2 YH 3ld 7]%%‘4‘3}- GE g dof A -2 ulo] EL-L file_encoding ol ™} Tl T =

v, 4 3}+= data_encoding& AH8-31o] 917 Ytk
file_encoding o] A| 5% A 9} W, 7] & gk data_encoding 4 Y T

ole] Ae]E B et7] Al errors7t Al F2 5 dFUTE 71232 'stricer oW, AFAY of 27}
WA SH valueError7F A U o).
codecs.iterencode (iferator, encoding, errors=’strict’, **kwargs)
T AIZYE AHESHA dteratoro| A AlF o= 482 WHEH o2 AF G FYth o] T4 Al
ol El YU th. errors QAAH(THE 7| & QJAAHETE op ] 2h) = %-E# AFH = Adgrh
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o) §4E AW T o)A ALY BAE sc- AR S 3-89 oF Gk BFehA basecs_codec
3} 22 o EQ-rho] £ AzEl & A AekA) 5 UTh

codecs . iterdecode (iferator, encoding, errors=’strict’, **kwargs)
FEOTAZ Aol i 4 AT S YRS WA A 02 ARYPUS, o] B A1

pul o
ol AU Th errors AAH(THE 719 = AAFER olYh £ T2 HEHE A2 Uth
ol §+& g3t ZHAA YA bytes AAE 553 F?a‘%"/} et A rot_13 0]
lterencode()i S5 AFEE 5 AT rot_ 133 22 HAE-HAE QA F = A YA
FEUth
O RESEIGZAEZ TS ILE Y 2=H FEF U AFE ATTYLH

codecs .BOM

codecs .BOM_BE

codecs .BOM_LE

codecs.BOM_UTF8

codecs.BOM_UTF16

codecs.BOM_UTF16_BE

codecs.BOM_UTF16_LE

codecs .BOM_UTF32

codecs.BOM_UTF32_BE

codecs.BOM_UTF32_LE
o] 4 oy AZ A FUZE Hlo]E 4] A (BOM) ¢l T} 3t vie]| E A F A H o7t
yrth UTF-167} UTE-32 Hj o] B A E do A AHEH Hlol E A& UYE W+ o AH85 1, UTF-
Al SUFE Agoz AP Ytk Bov vrried ZAE] Yol gl H Hlo)lE £ A9 uwhet
BOM_UTF16_BEY BoM UTF16_LE®|W, BoM& BoM UTF162] B A, BoM 1EE= BoM UTF16_LES] HA,
BoM BE+ BoM UTFi6_BrS] WA Y UTH 2 A2 UTF-83} UTF 32 217 Yo A BOME L}EFY
S1=8

7.2.1 [H| H|o|A A

codecs BES 8 AAZ 2A57) 918 B o A8 o) sk ol Fel A (L A 5o, A8
Ao e 73 7|22 AHE T 5 d5UT

Zt Fd 2 Fo|HoA T oz AFLE 4 QT2 Y 1A odEHH o] AE Aol of 3t} AH §=
?—]-i]:r /?)LEH %i}f I—’]:H:_] /\E% %%7] ol /_\E% 7]%7] /\Ea _),]_,‘;_7]9’]_ 7]37]1_ OTH]—ZJ_Q‘E }\o]—EH
o] o

H&ﬁﬂ@ﬂﬁzg E2g pATL 29 AL 20 AT YT 2

ollzd ®z2|7|

To simplify and standardize error handling, codecs may implement different error handling schemes by accepting the
errors string argument:

>>> 'German B, O'.encode(encoding='ascii', errors='backslashreplace')
b'German \\xdf, \\u266c’
>>> 'German B, O'.encode(encoding='ascii', errors='xmlcharrefreplace')

b'German &#223;, &#9836;"'

The following error handlers can be used with all Python 325 <1 5 o codecs:
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ot | o|o|

Igieeidet Raise UnicodeError (or a subclass), this is the default. Implemented in
strict_errors().

"ignore' ZEH HolBE FAISL F71 54 glo] AL X F o
ignore_errors () oA FHE PFUTH

'replace’ Replace with a replacement marker. On encoding, use ?» (ASCII character). On

'backslashreplace' | Replace with backslashed escape sequences. On encoding, use hexadecimal form of

'surrogateescape’ T Z Y A, v}o] E & u+pcg0 ol A] u+DCFF S 9 7l A ZA0|E T &

decoding, use @ (U+FFFD, the official REPLACEMENT CHARACTER).
Implemented in replace_errors ().

Unicode code point with formats \xhh \uxxxx \Uxxxxxxxx. On decoding, use
hexadecimal form of byte value with format \ xhh. Implemented in
backslashreplace errors ().

(surrogate code) 2 HF’;LLJ t} o] I= Lol E 7Y T
'surrogateescape' 9| & A& 7|7} AFEEH 22 H]—O]EE THA]
A Yk (A8 W82 PEP 3838 FR3A4AI L)

The following error handlers are only applicable to encoding (within zext encodings):

A
HA

olo|

'xmlcharref Replace with XML/HTML numeric character reference, which is a decimal form of Unicode

code pOint with format &#num; . Implemented in xmlcharrefreplace errors ().

'namereplac' Replace with \N{ . . .} escape sequences, what appears in the braces is the Name property from

Unicode Character Database. Implemented in namereplace_errors ().

3 g2 ol A7l Add 2w A8g Uth

3 o/

'surrog utf-8, utf-16, utf-32, utf-  Allow encoding and decoding surrogate code point (U+D800 - U+DFFF) as

16-be, utf-16-le, utf-32- normal code point. Otherwise these codecs treat the presence of surrogate
be, utf-32-le code point in st r as an error.

Added in version 3.1: 'surrogateescape'®} 'surrogatepass' ol & X g 7].

B A 340 A ¥17: The 'surrogatepass' error handler now works with utf-16* and utf-32* codecs.

Added in version 3.5; 'namereplace' 2] X & 7].

WA 3594 ¥ 7: The 'backslashreplace' error handler now works with decoding and translating.
A elE Lo o2 A 7|8 S5t s 8 # Ades FAL AU h

codecs.register_error (name, error_handler)

o8] A& &4 error_handler & name©)|gt= o] 208 'E U t}. error_handler  AF= name ©] errors
oA 4 iﬂﬂgﬁﬁ1i“#ﬂqﬂzlﬂw1} ST

AT G A, ol Aol et K7} 23 vni
A5Gt o el Qe 71 e o oSl e «

o
EH%" 71—-‘4’ O]ilﬂ el 7;“_;.6‘]._'4;-(] %%%%

o]l‘l

icodeEncodeError Q2B A ??j 7| error_handler
27 AL, Q9] AT 5 g R

Hhgts) of fhu Tk th A gk Stro]urbthS%‘ -
045 221 0310 B o oA gtol £kl
=

g1t thAl gho] wlo] = dolw, AT H & o]
ojwl, AT T oA e AT DU AFE Al A Qe AP o2 AT o] ASB UL S5
ARe A BAL 2L A12ow AUtk A7 947 84S Rl rndexsrror7)

g ok
UnlcodeDecodeError Ur UnicodeTranslateError 7} X} ﬂ 7] z % %"Q al Oﬂ 31 ﬂ 1‘4 7]«] T/HXﬂ %}: S
S99 AH gt A5 A9 e, t] 79 7} ¥ 2 (translating) & B] 52 31A] 25U ok

190

Chapter 7. H}O|L{2| HIO|E{ AMH|A


https://peps.python.org/pep-0383/

The Python Library Reference, Z!2|A 3.13.1

ol el S5 ol A7 (& o2l A7 2o £ o5 R 23]
codecs.lookup_error (name)

name°| 2= o] 522 oA 54 ol A2 7€ &gyt

A 715 2L 4 9o rookupirrorE WA A Y
tew g BE o APt EE £F G52 ALY

codecs.strict_errors (exception)

n@

F ggdth

:L—Yl

Implements the 'strict' error handling.
Each encoding or decoding error raises a UnicodeError.

codecs.ignore_errors (exception)

Implements the 'ignore' error handling.

Malformed data is ignored; encoding or decoding is continued without further notice.
codecs.replace_errors (exception)

Implements the 'replace' error handling.

Substitutes 2 (ASCII character) for encoding errors or € (U+FFFD, the official REPLACEMENT CHAR-
ACTER) for decoding errors.

codecs.backslashreplace_errors (exception)

Implements the 'backslashreplace’ error handling.

Malformed data is replaced by a backslashed escape sequence. On encoding, use the hexadecimal form of
Unicode code point with formats \xhh \uxxxx \Uxxxxxxxx. On decoding, use the hexadecimal form of
byte value with format \xhh.

WA 3.5 A ¥ 7 : Works with decoding and translating.

codecs.xmlcharrefreplace_errors (exception)

Implements the 'xmlcharrefreplace' error handling (for encoding within text encoding only).

The unencodable character is replaced by an appropriate XML/HTML numeric character reference, which is
a decimal form of Unicode code point with format & #num; .

codecs.namereplace_errors ( exception)

Implements the 'namereplace’ error handling (for encoding within 7ext encoding only).

The unencodable character is replaced by a \N{ . . . } escape sequence. The set of characters that appear in
the braces is the Name property from Unicode Character Database. For example, the German lowercase letter
's ' will be converted to byte sequence \N{LATIN SMALL LETTER SHARP S}.

Added in version 3.5.

o g AT E g U aue) 4 e o] A E

N,
e
(@)
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Q,
[0)
Q
of, iy
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rlr
iu}
o
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M
rlo
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>
[
frt
oX,
1o,
ok
rlr
K}
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class codecs.Codec

encode (input, errors="strict’)

AR inpur 2 AFF S [ 3 (EFH AA, 2HF Do) S WHFUH. A & Fof, F2E 9
TS 5 FA A ALY (] F =01, cp12521 is0-8859-1) = ARE3t] LA A&

Hlo|Ed A A 2 W3t
errors QA A48 o8] A 2] & A FUTh 7| BGL 'strice' A PYrh

o) WA S codec A2 E 0] FENE AF3A &+ AFUT ALY E&L Fol 7] A3

A S A8 oF 3l = U oA = Streamiiriters ARSI Al L.
AFE = 20710 8-S Aelstar o] AFol A== AA Fo ¥l AA & 93 5= glofof
FuTh

7.2. codecs — Codec registry and base classes 191



The Python Library Reference, Z2|A 3.13.1

decode (input, errors=’strict’)

A inpu & Y LY FE (2 AA, 2l 5 Ao & WA ). ol & Fol, WA=
299 A%, Unge 54 B4 A% AR Y2 A el AT YA whol =G AN E 244D
A7 2 AL o,

9)7] 4§ w5

g e o7t} ulo]EQ o] EY F o] o—,—,znput——H]-O]EOﬂ AR o] Ak
Y %

?lEﬁﬂO]~ Alg3he Ao of FUth- o & S0, W3 AA 2 L v =
errors QA= A& ol g A 2] & AYFYTh 7|2 F2 'strict' A YYTh
o] MM == codec AnBE X0 AE)E A F3HA] &S 4 dF UL HIH E&S =017 Y3l
e E FA S ofF 3t T H ol A= streamrReaderg AHE S Al L.

A& Zol7109 98 A estar o] Aol =8 A 3o W AA &

.

ok
4
30,
9
o

JERRRSEL

o
HI

IncrementalEncoder®} IncrementalDecoder FE|E
= ;q]q.s]-qq. AAEL AFY/UFI Y= Aol A 9l
O]"Jﬂ' i iﬂ/r/]:”:ﬂ«] encode ()/decode () HIAEE
dIde A= 35 5o ARG/t Y 2228

encode ()ldecode () WA Eo] st T=2] A 4=
AdFT/YIEZ AFF/H TGS+ 27 g5k

IncrementalEncoder ZHA|

TncrementalEncoder | AE o] GHAZ JHEE A7 Y5}

S SHES BE SE AIZY T Z o oF sh= th HA =

class codecs.IncrementalEncoder (errors=’strict’)
IncrementalEncoder Q1B A0 A A A},

BEZR ARG E o AR A o A AFH ok FUTE 7 AYE A4E AFEA 2
T QAR of 7)o Aold 7] = PRt -ﬂrol“d 9 A 2E oA AHEE YT
IncrementalEncoder<= errors 7| & QIALS Al &35te] T2 o g A& AAE T+ = A5yt
7be @ g2 e A2V E FEReAA L.

errors A A= L o5 oEZRE HdF UL o oEFREC Y
IncrementalEncoder AL 9 S0 t}& o8] A g A=k 7ho] A8e 4~ <5t

encode (object, final=False)

objectZ (12T 2] AA & ejsto]) Az H st 23 A3 A S eyt o] A
O] encode () Oﬂ W@U}X]‘l}iéol‘?iﬁnal% 7;{:]{0]010]: @.qq(ﬂ_‘g—_%}.o 74 )

reset ()
AFHE 27 Az ALAFUT 2EL AU ARHE ARSI 2L Ao
W, Q35 H Hl vlo]|Edo| U EHAE BRIES ALSo], .encode (object, final=True) =
TEIANL

getstate ()
Azt e] AA Ae) S wesh], B4 o] of gtk FAL 00] 7HE E T e 7 H =% o}
YT (5T B3 el AE S vhrR/ 2 e A7 EAdel o =g e A4 R

A:gstol A4 MR 5 dFUTh)
setstate (state)
AT A E state 2 A AT state= getstate () 7} ¥HEFEF Q1 A T AHE] of oF U T}
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IncrementalDecoder ZHA]|

IncrementalDecoder ZElAat o] AR JHEE UIYst=d AFEH Ut JlolH Zd A AE
S ERYEE B E S Ol A B of S Tk WA= E Aok

class codecs.IncrementalDecoder (errors=’strict’)

IncrementalDecoder Q1B 20 A A A},

BEZE OR0E o 44 AR o) A8 AFH ok Gk 717N E AAE AR EA 27
S AT, o710 OB A9 AR shol 1l Tl e A A= 2 o4 A4F o

TncrementalDecoder=errors 7| ¥ E QA AS A|Z 5kl thE o8] A 8] AAES F+3T 4 IS5t
P g ol 478 BEIAAL.

errors A A= T2 o] F9 oE E : E
IncrementalDecoder 11‘1;'(1]_0,] —T—Ué % i = 0113% ﬂﬂ s J'Oﬂ Zﬂ :_t:f—-_ "F /v]\
decode (object, final=False)

objecr S T F 3T (R Eie) @A) AE)E wefste]) A3t O T A WE ) o] A

o] decode () o] B8k n}R| & & = 0| ¥ final & XLO]CHO]: Uk (71232 AA). finalo] ol ™
OIE 99 4A 3] Dli‘%ﬂwﬁ}u% 52 224 3 of gtk o] Aol 7h53kA
Bod (& S0l 949 29 248 vt 1 Az Qda), Fef fle 472k 2ol ol &
el g A =sl ok Bt (a2 7 A 2 5 Yl op.

reset ()
OFHE 27 A E QLA Eh
getstate ()

BT T Yol s F2ololoh ool A WAL A3 0
3] 3] o] of I T, = WAl B4 olof shu] 7} e HH e

0 &8 71 4l 4575 % 5 oF T T o] F7HAH AR Ao
oW, 91 W3 7k L 27 el A0 AE 2 T SEE BAT 5 9ol A, ol Ao W3
9 Qg are] FFoHE 98 A5 4 o) Ae)= 5 Fobg 4 glofof Ttk
(A HohRakeh 27k ) AN AN S vpda/m el A 2 ApQe vlo| 28 A

setstate (state)

DT AEIE state 2 ARG state = gerstate () 7h M8 T T 4FE of of gk,

The st reamiriterand St reamReader classes provide generic working interfaces which can be used to implement
new encoding submodules very easily. See encodings.utf_8 for an example of how this is done.

StreamWriter ZHA|

Streamiiriter 2L codec?] JH Ze)ioln sto]W T YAAED ) TIAHLE 12
71277} Bl s ok sHe the WN =S Ao gk

class codecs.StreamWriter (stream, errors=’strict’)
Streamiiriter QANEI A0 A AR},

A E T
—-1:!

rln

BEAEY 7)B7)E o AAA Ao A% ATk FUTh 371 A9 = AAE AR A 37}
e REEEEENSEE R

AT, o1 710] 2l E 719 = Qe sho

57 2oo] AYHES Gt uol e B0l 8 27 98 2 AR A ook
Streamiiriters= errors 7| & QA A}E A Fst] thE o8] A AAS 3T
e nel AHE 4 9 R e Ael ol AR S 2] A S e

errors O]Z]—% Zo o]E oEZHEY YFHYTE o] JJEBHE YA streamiriter A
Ao v o2 ol A Ao AESE 5 JdF Utk

= A5 o
4]

_4
_4
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write (object)
~Egd AT A9 W&

o
off

U,

writelines (list)

Writes the concatenated iterable of strings to the stream (possibly by reusing the write () method).
Infinite or very large iterables are not supported. The standard bytes-to-bytes codecs do not support this

method.
reset ()
FAHE FASIE d AFSE = 28 WA E A2 AT Th

ol HNEE SEH S99 to|H 7P AR AFEN7E = o FEE E5H7] A AA ~2EH

< A 2482 FAE 2L H A HoHE F71E 4 =S Fhth
A9 WAL QO E, sereamiritert S AEYoIA & THE BE WAL} o 22 HES F&3 of
.
StreamReader Z4i]|
StreamReader ZY 2= codecd] AH ST 2ol JolH T YA AEZA TIHEE RE AET]

#4577} 7§4"H°]E o} s HMAEE Fo gt
class codecs.StreamReader (stream, errors=’strict’)
StreamReader QB A0 A AR},

£EY BE] of 4AA AR o 28 AT} FUTH 37 A AAE AFEA F7H
A5k, o710 B9 7191 = QA ool 4l 2] el 2| A= 2 o] A A8 U,

3 meo] AgaA gAs ) o2 tlol B 917] 98] A A F AH o of

=
L
P
T

not fo

)
AR
[}

stream QA=

StreamReader~ errors 7] Y & A AE AF3dlo] T2 o 2] A 2 Al 73“ T+ £ JdF5 Y sHE
2~Edg o] AT 5 9= o] A 7)ol sl ofl 8] A 2] 7] & FReHAH A L.

errors Q7 & 0l $] o] Zel 3 =0) ol A F UL o] o] =e) i 20 0 YR st reamieacier B
A v TG ohE ol A Ao ASE 4 JdF Utk
errors QAo &5 = 7 AL register_error () 2 F34E 4 Id5Yth
read (size=-1, chars=-1, firstline=False)
~EolA Hlo|El g t el A} A4 & Waghch
chars QA= w3s )3y H T = ol Eo & YEPY YT read() WA EE
8349 A8t o] B2t o] e & wEhetA] kA v
N
size A A= AP 915
WUtk O e s o] 4%
gagee tepdyd o
Ao,
solFEodtvzd oyt o A HA Ev v & 2 S YEFE U T
o] w4 E% %iﬂ%—%(g eedy) 9] 7] A 2FS ARg3l oF Fth
=02 BS ol E) 2 2ol oF Fh Tk o2 B0l
o8, o A% o] oF Fuiuk.
readline (size=None, keepends=True)
A 2EYol A B¢ A2 0P dloje 3 Wz,
FOA AW, size= 2EH Y read() WA Z size QA2 AZH U Th
keepends7} A A oW & 2871 W3H oA Al AE YTt

i
il
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readlines (sizehint=None, keepends=True)

Ao 2EHNA A 7He R RE 22 1 29 s ey h
Z T8+ 399 decode () MIHNEE AHE3L0] T 1 keepends 7} 7o) H B2 E 5 of X
st Ut
F O A |, sizehint= 2E G Q] read () WA E size AAZ AdH YTh
reset ()
YE JHE FASIE Ul AHSE = 29 WA E QAT oh
2EF 92 A o] LAY EFA] gFotof o] Fol Al L. o] MIAEE 2 YA o ol A
B3 5 JEE 7] At Ad Yt

Qo YA E Qo % 5t reamreaders 3t AE | A T2 R E Y =9} o] E|HEE A3 o 3 Th

StreamReaderWriter ZH ]|

StreamReaderiiriter &= 97|} 27| RE B A Z5dte= 2EH S HFIESE ot HY FHA Y
Ut

lookup () &5 7 g st A E 8] 45 AMR ] JAAEAE FAT £ JEF AAHASFYH

class codecs.StreamReaderWriter (stream, Reader, Writer, errors="strict’)

StreamReaderiiriter A 2B AE WS UTH stream-2 3 L7 AR o oF S th. Reader &+ Writer=
2+ 7}y streamReader®} Streamiriter A E]H o) A& A F o= HEF S S| 2o o S,
o] Aol ~EY B5719h /)20 AR A 2L PA 0 FAH T

StreamReadeririter AANEAE St reamReader®} Streamiiriter 2 7F 23 QA E]H o] A5 A9

FUTh R AE Yol A T2 RE WA=} ol E el HE S A4 e,

StreamRecoder ZHA|

StreamRecodert St AT G T2 AT F O Z Hlo]HE HEA3=, ol w2 2 A3 A
oE o 8ok
lookup () -7 Hi3st A E 2] 45 ALL-31o] QAAEAE AT = AT & A FHAF YT

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors=’strict’)

Creates a St reamRecoder instance which implements a two-way conversion: encode and decode work on
the frontend — the data visible to code calling read () and write (), while Reader and Writer work on the
backend — the data in stream.

oleldt AA g AHgsto]l FHF ER2TYL £ T4 YT o8 Sof, Latin-1 914 UTF-8=
=Yg .

stream Q7= P} 5 A o] oF FL T,

encode &} decode Q1 A= codec QE|H o] 25 Z4 8 oF gYtl  Reader 2} Writer = Z+7Z}
StreamReaderQ} StreamWriter O] E% Jﬂ O] A-/] 7“ xﬂ% 1]%'—:5]"‘6 = EB] ?J—’F\/} %BH_/_\OZ] O]: _@"4 E]’
2 o

ole) el ~=d BE7)9) 71570 BolH A = sagych

StreamRecoder JIAEI A= St reamReader®} Streamiiriter 8|27 283 Qe H o] 25 A o] g th

SE AE A 2 BE YA =9} o]ERHEE A& T)

_r,d
o
© ¢

722 QQAYN FLIFE

Strings are stored internally as sequences of code points in range U+0000-U+10FFFF. (See PEP 393 for more
details about the implementation.) Once a string object is used outside of CPU and memory, endianness and how
these arrays are stored as bytes become an issue. As with other codecs, serialising a string into a sequence of bytes
is known as encoding, and recreating the string from the sequence of bytes is known as decoding. There are a variety
of different text serialisation codecs, which are collectivity referred to as fext encodings.
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71 A EAE Q1 F Y (Tlatin-1' B 'is50-8859-1'0| L U THE T E I E (0-2555 vl E

0x0-0xff 2 W3t} o] AL U+00FF—A4 FT ZIEE 2T Lx}oﬂ Aol Yo g AFY
T4 Q5SS YLh 284 s 33 FAFSE UnicodeEncodeError ZF A3 FHU T (o 2 H A] 2]
Aﬂj~A}§}8_E}§ 41QlﬁiL]EH.UnlcodeEncodeError: 'latin-1' codec can't encode character

'\ul234"' in position 3: ordinal not in range (256).

T FEZRJAE 2 RE JF o] Y3 = EE T} uFo] E 0x0-0x££ o) v 5]

O A3Y 25 (& charmap QT ) o] AFUTE o] P2 T3t PHS
| o] encodings/cp1252.py(AEFA A FE AR EH = AT H)E GolEAA L. o
Fol E Fholl Mg = =25 UEtH = 25670 #2412 4" w42 457 syt

All of these encodings can only encode 256 of the 1114112 code points defined in Unicode. A simple and straight-
forward way that can store each Unicode code point, is to store each code point as four consecutive bytes. There are
two possibilities: store the bytes in big endian or in little endian order. These two encodings are called UTF-32-BE
and UTF-32-LE respectively. Their disadvantage is that if e.g. you use UTF-32-BE on a little endian machine you
will always have to swap bytes on encoding and decoding. UTF-32 avoids this problem: bytes will always be in
natural endianness. When these bytes are read by a CPU with a different endianness, then bytes have to be swapped
though. To be able to detect the endianness of a UTF-16 or UTF-32 byte sequence, there’ s the so called BOM
(“Byte Order Mark™). This is the Unicode character u+FEFF. This character can be prepended to every UTF-16
or UTF-32 byte sequence. The byte swapped version of this character (0xFFFE) is an illegal character that may not
appear in a Unicode text. So when the first character in a UTF-16 or UTF-32 byte sequence appears to be a U+FFFE
the bytes have to be swapped on decoding. Unfortunately the character U+FEFF had a second purpose as a ZERO
WIDTH NO-BREAK SPACE: a character that has no width and doesn’ t allow a word to be split. It can e.g. be used
to give hints to a ligature algorithm. With Unicode 4.0 using U+FEFF as a ZERO WIDTH NO-BREAK SPACE has
been deprecated (with U+2060 (WORD JOINER) assuming this role). Nevertheless Unicode software still must be
able to handle U+FEFF in both roles: as a BOM it’ s a device to determine the storage layout of the encoded bytes,
and vanishes once the byte sequence has been decoded into a string; as a ZERO WIDTH NO-BREAK SPACE it’sa
normal character that will be decoded like any other.
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There’ s another encoding that is able to encode the full range of Unicode characters: UTF-8. UTF-8 is an 8-bit
encoding, which means there are no issues with byte order in UTF-8. Each byte in a UTF-8 byte sequence consists
of two parts: marker bits (the most significant bits) and payload bits. The marker bits are a sequence of zero to
four 1 bits followed by a 0 bit. Unicode characters are encoded like this (with x being payload bits, which when
concatenated give the Unicode character):

H elag

U-00000000 *** U-0000007F  OXXXXXXX

U-00000080 *** U-000007FF  110xxxxx 10XXXXXX

U-00000800 *** U-0000FFFF  1110xxxx 10xxxXxX 10XXXXXX
U-00010000 *-+ U-0010FFFF  11110xxx 10xxxxxX 10xxxXXX 10XXXXXX

fUTFE B2 246}-?4 MEE b e 2% gt x =AU

UTF-8-2 8H| E Qg o]gtA] BOMo] B8 31A okon tigdH FALY B E u+FEFF = AHA A A
A & E}E) = ZERO WIDTH NO-BREAK SPACE= X2 Uth

Without external information it s impossible to reliably determine which encoding was used for encoding a string.
Each charmap encoding can decode any random byte sequence. However that’ s not possible with UTF-8, as UTF-8
byte sequences have a structure that doesn’ t allow arbitrary byte sequences. To increase the reliability with which a
UTF-8 encoding can be detected, Microsoft invented a variant of UTF-8 (that Python calls "ut £-8-sig") for its
Notepad program: Before any of the Unicode characters is written to the file, a UTF-8 encoded BOM (which looks
like this as a byte sequence: Oxef, Oxbb, 0xbf) is written. As it’ s rather improbable that any charmap encoded file
starts with these byte values (which would e.g. map to

LATIN SMALL LETTER I WITH DIAERESIS
RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK

INVERTED QUESTION MARK
), HFo] E Al A Ao A utt-8-sig A TGS B 52 5 = 7Fe S =4 WA 0#7“1
BOM2 Hlo|E AJALE A 8h= v AMSH = vl E €4S 24 S 5 =T skt ARSH A= AT
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-8-sig T 92 Oxef, 0xbb, 0xbf
A A& 3utol Eofl 5339 of

%

4.0 2 53] of gt

)

723 = Ql3Ad

sto] Mol = C &4 2 7= A o ﬂﬂeﬂﬂﬂﬂHENﬁdLﬁ%i@ﬂﬁﬁﬂﬂﬂﬁﬁﬂﬁ}
S REE AR S EAF AT 0] AR FHE oot 3 o) B R 7L AT A B2}
do] B2o] BT AAFA L &k A Exgk th2 AL B2 Al 3lo] 28 A3 AR gots
SaEI P Ao G AN L; WA, o] S S0 rutr-8 L rurr_g' ZEo FE3HYYUTh
CPython 78 AHA: AH = o539 7 23] WAYZLS 3510 452 e 4 g5yt o
2] 8k 2 A 3} 7] 3] = CPython ol A 4k A HE () 4 BAFE TRBH=) B4 J o] s A AAH U Th: utf-8,

Y
utf8, latin-1, latin1, is0-8859-1, is08859-1, mbcs (Y = -¢ A -8), ascii, us-ascii, utf-16, utf 16, utf-32, utf32
4 REL AT AS. o2l T Aol oA Bl WAL Ag e AR SEA el 4 vk

WA 3.600 4 ¥ 7 us-asciiof| A F] A 3} 7] 3] 7} 1Al Ut}

e o Aol 2 A8 AUFUT. A8 £AIE S0l EUROSION A3 o1)9) 1. 5170
EAE R Y Aol M Ut 53] 97 doje] A%, AA o the 22 M o] YHUth
« 1SO 8859 7= 3%
« Microsoft 9 =-¢- I = s o] #], Ak 0 = 8859 I = F ol A 3B 2wk, Al o] A F7F 229
222 Al g
« IBM EBCDIC Z & 3| o] #]
« IBM PC Z = ¥ o] X, ASCIL&} & 35 vt}
el R | ofof
ascii 646, us-ascii o o]
big5 big5-tw, csbig5 ZLo] WA
big5Shkscs big5-hkscs, hkscs ZLo] WA
cp037 IBMO037, IBM039 4 o]
cp273 273, IBM273, csIBM273 =dof
Added in version 3.4.
cp424 EBCDIC-CP-HE, IBM424 3] B g o]
cp437 437, IBM437 3 o]
cp500 EBCDIC-CP-BE, EBCDIC-CP- | A]-3-3 o]
CH, IBM500
cp720 ool
cp737 18] 20
cp775 IBM775 1 E o]
cp850 850, IBM850 /H —.‘%— o]
cp852 852, IBM852 Hol = .o &0
cp855 855, IBM855 g7}ﬂ oo, Wl 2 F A oo, u}
A Z Y oto], B Alokof, Al = H]
ofol
cp856 3] B 2] o]
cp857 857, IBM857 B 7] o
cp858 858, IBM858 A3
cp860 860, IBM860 X2 E 7o
cp861 861, CP-IS, IBM861 ool E
cp862 862, IBM862 3] B g o]
cp863 863, IBM863 7] e} of
cp864 IBM864 o}2}o]
cp865 865, IBM865 dlufz0], =2 9] o] of
cp866 866, IBM866 2 A o}o]
cp869 869, CP-GR, IBM869 gl 20
CFS HOTXIO A
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H 1-0|™ bf|o|X[of| M AlH

BT =R |
cp874 Efj =7 o]
cp875 a0
cp932 932, ms932, mskanji, ms-kanji, | Qo]
windows-31j
cp949 949, ms949, uhc g0
cp950 950, ms950 S0 Al
cpl1006 L 2o
cp1026 ibm1026 g 7] o]
cpl125 1125, ibm1125, cp866u, ruscii © 3 g}o]L}o]
Added in version 3.4.
cpl140 ibm1140 Al 3 o]
cp1250 windows-1250 R FHHEA
cpl251 windows-1251 E7}elofo], Ml =2 A|oFo], u}
A=Y oto], Al ofo, Al 2]
o}oj
cpl252 windows-1252 A8 o]
cpl1253 windows-1253 a8l
cpl254 windows-1254 E] 7] o]
cpl255 windows-1255 S R=REIE
cpl256 windows-1256 o]
cpl257 windows-1257 HE o]
cpl258 windows-1258 H| E o]
euc_jp eucjp, ujis, u-jis o Hof
euc_jis_2004 jisx0213, eucjis2004 g H ol
euc_jisx0213 eucjisx0213 SR
euc_kr euckr, korean, ksc5601, ks c- | 3F=o]
5601, ks_c-5601-1987, ksx1001,
ks_x-1001
gb2312 chinese, csis058gb231280, euc- | F=o] 7HA
cn, euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 THFT
gb18030 gb18030-2000 g F=]
hz hzgb, hz-gb, hz-gb-2312 F= ol THA|
1502022_jp ¢sis02022jp, is02022jp, is0-2022- | Y o]
ip
i502022_jp_1 i502022jp-1, is0-2022-jp-1 dE o
i502022_jp_2 i502022jp-2, is0-2022-jp-2 dE o, gt=ro], F=ro] ZHAl, A
frio], 182
i502022_jp_2004 | is02022jp-2004,  is0-2022-jp- | YE o]
2004
is02022_jp_3 i502022jp-3, is0-2022-jp-3 dHof
502022 _jp_ext 1502022 jp-ext, is0-2022-jp-ext A Eof
1502022 _kr csis02022kr, is02022kr, is0-2022- | 3F=o]
kr
latin_1 i50-8859-1, is08859-1, 8859, | A5 ]
cp819, latin, latinl, L1
is08859_2 is0-8859-2, latin2, L2 TR ErHEA
is08859_3 is0-8859-3, latin3, L3 o A3 T E of, B E}o]
1508859_4 150-8859-4, latin4, L4 W E o]
is08859_5 i50-8859-5, cyrillic B 7}g] oo}, Wl & F x| ofo], n}
A =Yoo, 2l Al otof, A2 4]
o}o]
i508859_6 is0-8859-6, arabic o} 2o
1s08859 7 is0-8859-7, greek, greek8 A=l Paye

CrS HolxIol AL
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E 1-0|™ H|o|X|0l| M A=
BT EH |
i508859_8 i50-8859-8, hebrew CIR=RE R
is08859_9 is0-8859-9, latins, L5 B 7] o]
is08859_10 is0-8859-10, latin6, L6 2559
is08859_11 is0-8859-11, thai Efj =]
1508859_13 150-8859-13, latin7, L7 HlLE o]
is08859_14 is0-8859-14, latin8, L8 A€o
is08859_15 is0-8859-15, 1atin9, L9 A o]
is08859_16 is0-8859-16, latin10, L10 5 o
johab cp1361, ms1361 Sh=of
koi8_r 2] A] of o]
koi8_t E}A] F o]
Added in version 3.5.
koi8_u 2 3 ao| o]
kz1048 kz_ 1048, strk1048_2002, rk1048 712} 5 0]
Added in version 3.5.
mac_cyrillic maccyrillic E7}g| ofo], Wl 2 F A] ok, u}
A ofol, 2 Al ofol, Al 2]
ofof
mac_greek macgreek 82~
mac_iceland maciceland ofo] & T E o
mac_latin2 maclatin2, maccentraleurope, | S5 2 579 ]
mac_centeuro
mac_roman macroman, macintosh A5 o]
mac_turkish macturkish B 7] o]
ptcpl54 csptepl54, pt154, cpl54, cyrillic- | 7FAFE o]
asian
shift_jis csshiftjis, shiftjis, sjis, s_jis g
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 dHof
shift_jisx0213 shiftjisx0213, sjisx0213, | GE o]
s_jisx0213
utf_32 U32, utf32 BE Q9
utf_32_be UTF-32BE 2E A9
utf_32_le UTF-32LE HE Ge
utf_16 U16, utf16 BE o
utf_16_be UTF-16BE B ge
utf_16_le UTF-16LE 2E A9
utf_7 U7, unicode-1-1-utf-7 2E 29
utf_8 U8, UTF, utf8, cp65001 B2E A
utf_8_sig BE o
H A 34004 M7 utf-16% 7} utf-32% QA1 F B = Bl = A Z A 0]E T = F 9 E (U+DB00-U+DFFF) S 21 T H
g YEUth uf-32* 3H = He ARAE ZE ZAE o s Fdte Hpo]E A AL S YA YA
Fruh
WA 3.80) A WA cp65001-2 oA utf_se] HAYYtT}.
7.2.4 ToO|M S o13L
A4 A28 gre el o] sho] Aol vk s ko], ) o] 52 who] Al 9] 5o A o m] 7k gl e o) 4
Q12131 22 ol whet okl Foll LS| of AUt (A 2E QIag e Tele] 7bg urm ol ALg Abe] o
A%, 513 7d 9z e ] BaE md o] of oloe] HolE WEHe A g, vj R 2ee)
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ANZ G FASHA, stroll A bytes® ] AR Y vpo] EAF A 4] o A

B EE of] |

idna RFC 34905 T & %Y th
encodings.idna® TR A
Al L. errors="strict'%F
EE=RR=g

mbcs ansi, dbcs A= AL: ANSI Z E H| o] #]
(CP_ACP) o] wte} 3] AAAHE
NEREcY

oem YEF A&: OEM Z E # o] 7|

(CP_OEMCP) ©f| w2} 3] A 2kA}
A e
Added in version 3.6.

palmos PalmOS 3.59] ¢1 7 4.

punycode RFC 34925 33Ut} AMH)
EEEEERE BRI s ]

raw_unicode_escape Latin-1 encoding with \uxxxx

and \uxxxxxxxx for other code
points. Existing backslashes are
not escaped in any way. It is used
in the Python pickle protocol.
undefined EE HE o) tfaf of| & & 2B A
AU Rl FAE 24} ol 2] A
271 FAIE Yt
unicode_escape w2 7} o] A o] = T A o=
AL A2 sk, ASCIIE 917
9 sho]d 42 = A FU 3
cegd fgoz Aga Az
9. Latin-1 &2 FE=oA UF
Utk sholdl a4 mE
AA 2L 7122 o7 UTF-8&

A8 g,

A 3.89 A ¥ 7 “unicode_internal” & o] A AS &1L th

Hio[LA2| HHE

oS Z 92 vlol v gl M-S Algytt: nlo] ELF AR A A bytes22 M. (str EH W YA 3E)
bytes.decode () | A= A DH A gF YT
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EE gy | o] RECIEECEN
base64 codec! = base64, 3 A A 2}E o 2] = MIME base64 2 ¥ &gt th base64.
base_64 (Aol = &4 23] r\n' o] £3FH U }. encodebytes () /
WA 34004 ¥4 JFPFH I IGS A3 BE base64.
HolEXA R AAE JH o Z dholE¢ Ut decodebytes ()
bz2_codec bz2 bz2 & AFL5te] 3] A ARRLE =3 T} bz2.compress ()
[ bz2.
decompress ()
hex_codec hex Hlol E o F 18] RS AFE5He], 3 AARE 16 binascii.

A ExEAo=Z AZSH T} b2a_hex () /
binascii.
a’lb_hex ()

quopri_codec quopri, 3] o 4FA}E MIME quoted printable 2 ¥ 33} T} quotetabs=True
quoted- = A} 83
printable, quopri.
quoted_print encode () /
quopri.
decode ()
uu_codec uu uuencode & AH-§-3te] 3] AAMARE HEE U T
zlib_codec zip, zlib gzip= AFE3He] 3] A4RLE E U o) z1lib.
compress () /
z1lib.
decompress ()

Added in version 3.2: v}o]\ ] HEo] 2.
W 3400 4] 9 7: vhol i) W gkl o3k 8 4] B,

| [y )
Uy 292 HAE A2 Al ZFUTh scrol A ser2 2 M. (bytes YA TIE) str.encode ()
M A9 A stk

e |

rot_13 | rot13 | ¥ A4k} Al A 43 (Caesar-cypher) $3 315 WaHgu ). |

£

Added in version 3.2: rot_13 HIAE W E Y

WA 34004 HA: rot13 8 E4.

J_l

7.2.5 encodings.idna — & T Z ] |A 2| ZH|StE =02l 0|

o] &2 RFC 3490(Internationalized Domain Names in Applications) ¥ RFC 3492(Nameprep: A Stringprep
Profile for Internationalized Domain Names (IDN)) & & &4 T}. punycode A Z Y} stringpreps 7]HWES
= g

If you need the IDNA 2008 standard from RFC 5891 and RFC 5895, use the third-party idna module.

o] RFC= 37 =<l o] FollA vl ASCHI 2 A5 A dste 2282 Ayt ] ASCH 2=}
(7}3 www.Alliancefrancaise.nu) S Z&slE =1 ¢ 0|52 ASCI T3 AT Y (ACE, 7} www.
xn--alliancefranaise-npb.nu) 22 H3FH UL 18 t}2 =92 o]E2] ACE & A& DNS %3],
HTTP Host BE 53 o] 2R EF o) 93] 499 £A471 885 A ehs ZE A XA AHEF YTt ©]
HEHE S8 T2 IWA PP Yk 7Hs ot AFS A Al HolA] kUt §8& ZE WS HAE
Aol FUZE =1 ¢ glo] 82 £ 317 IDNAZ W33t 1, AF-g Aol Al EA3}7] Aol ACE ol &S
ThA] fUmE 2 A Eke of LT

I 'base64_codec' = Hlo|EQ R A Qo gAY 3 ASCHTF QL= str AAEAE 323}

7.2. codecs — Codec registry and base classes 201


https://datatracker.ietf.org/doc/html/rfc3490.html
https://datatracker.ietf.org/doc/html/rfc3492.html
https://datatracker.ietf.org/doc/html/rfc5891.html
https://datatracker.ietf.org/doc/html/rfc5895.html
https://pypi.org/project/idna/

The Python Library Reference, Z2|A 3.13.1

glto] -2 o 2] 712 WA 0 2 o] HEHE A AT idna ZE -2 FUZ =2} ACE 7] W3S #3510,
RFC 3490 2] A4 3,10 Fojd & FAE 7|vte 2 o8 FAE S do 82 B8t 28 uep zt
H o] &S ACERZ HE3ta, W2 Y Hlo|E EXE S . TR 7|EE 7|WeE ol B2 B3t ZE
ACE o] 8& FUFZ=2 HEsUth T3 socker RELS FUIE TAE o] 52 £Y317 ACEZ
HEEE, S § T2 TP TAE FS 2 REZ AT U] TAE o5 A& HET T o7}
AsUth oo Bsll, http.client®} replin®t T2, S 7] M4 E TAE o] Fo] JE EES FY
FE T2E o] ES WMolE AUt (http.client= W T EE AL30}H gost TE| IDNA TAE
o]l 52 T AL Yh.

JHAAM TAE o] F& FAIT ul (7FE & o] 5 23] (reverse name lookup) | A]), FUIZEE A5 H 2
HA Utk o]yt SAE o5& AFE R A AAFH = S8 22 AW FUIER tyI g oF

g,
LS B F encodings. idnas nameprep S FA UL o] &= ZA =H| <l o] &
2 3L FAREE ZAFE FEH7] Al A E o] Fol el 54 A3E 3 U th 9 g th nameprep
$4E 49 e > deroh
encodings.idna.nameprep (label)
label 2] nameprep © WA WISt 2L AR He EAE S 7132 E, AllowUnassigned
£ ZuTk
encodings.idna.ToASCII (label)
RFC 34900] A A= t &2 & o] B ASCIIE ¥H33H T} UseSTD3ASCITIRules= AR Z 714
U,
encodings.idna.ToUnicode (label)

RFC 34909 A1 d ti =2 gloj8< FUZER dagdnh

T

o

7.2.6 encodings.mbes — 2IE ANSI T E 10| X]|
o] ZE-2 ANSI Z E 3| o] X] (CP_ACP) & & gt}
Availability: Windows.

W2 3,200 41 W ;32 0] Aol errors AA7F FAH ATk A Yol F4 replace’ 7 AL T,
Hagelt P4 ionore’ 7} ALEE AU

WA 33004 A BE olg] A2l7]E Adduth

BOM<& UTF-8= ol¥# g3
Uth (HFe] E 2 E g o tj gt
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CHAPTER 8

o 0| E4 3

R Rk

rlo

ol Fol X A ste RE2 SR AL, A ZF WL, . v, dAZH 2
AZ

J o118, &3] dict, 1ist, setT} frozenset, tuple;-_ AZgdUth scrZFE
FShe O A8 11, byt oS bytearray 2ol At o] el o] B8 A8

ON o

o] ol A= the ol Tl 4w itk

8.1 datetime — Basic date and time types

1'>

A F E: Lib/datetime.py

The datetime module supplies classes for manipulating dates and times.

DA AT o] AAH AT, 7R 2P Y TYF 24 AT A
Y.

=4

o~
o

ol fE

0

Skip to the format codes.

e o 1)

B 5 calendar
Qg B P4

gul

mln

B E time

PR PNARCES
Module zoneinfo

Concrete time zones representing the IANA time zone database.
9] 7] A] dateutil

AP TE B4 A 9] B A A gho] B e
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Package DateType
Third-party library that introduces distinct static types to e.g. allow static type checkers to differentiate
between naive and aware datetimes.

8.1.1 O{¥J[o{2} LIOo|E ZHA|

Date and time objects may be categorized as “aware” or “naive” depending on whether or not they include time zone
information.

A Zveio} A Aot A\ A W9k e AL T
3, o1$llo] AR = T2 o}slo} A7) e}e] Arh
AN T A Qe 54 A JE U

A naive object does not contain enough information to unambiguously locate itself relative to other date/time objects.
Whether a naive object represents Coordinated Universal Time (UTC), local time, or time in some other time zone
is purely up to the program, just like it is up to the program whether a particular number represents metres, miles, or
mass. Naive objects are easy to understand and to work with, at the cost of ignoring some aspects of reality.

olglo] AA7F 2R3 28 =2 1WE YJol, datetime I time BA| o= FA tzinfo ZH 2L A B
FHxA2E A= /gx']ﬁ'“r‘ A= /dx—:ﬂ;d AZH) AR A EZHEQ tzinfol} 01/\1/]1’/]— o]|#] 3t tzinfo
A2 & UTC Al 7o 2 BEje] 24, Al7ke] o & 2 Q% Aot A 7ho] A5 Aol o & 40 S w o
ek,

Only one concrete ¢ z i nfoclass, the t imezone class, is supplied by the dat et ime module. The t imezone class can
represent simple time zones with fixed offsets from UTC, such as UTC itself or North American EST and EDT time
zones. Supporting time zones at deeper levels of detail is up to the application. The rules for time adjustment across
the world are more political than rational, change frequently, and there is no standard suitable for every application
aside from UTC.

e 53 A A G20 3 FRA A4S 5
1 AN E SHebE 5 AU Th o flo] AA L A H o=

8.1.2 Al
The datet ime module exports the following constants:

datetime.MINYEAR
The smallest year number allowed in a date or datet ime object. MINYEAR s 1.

datetime.MAXYEAR
The largest year number allowed in a date or datetime object. MAXYEAR is 9999.

datetime.UTC
Alias for the UTC time zone singleton datetime. timezone. utc.

Added in version 3.11.

}

|'0II

8.1.3 A2 7l

class datetime.date

A9 Tl me) o] QA A gH ol 2T, FOE 18 Zoleh ARkl o] AAQ Lhe]n
Idxt JJEBHE: year, month @ day.

class datetime.time
=7 drks} A Qlo), a2 7 4
g2 e ldel fsyTh) of

class datetime.datetime

3}3] 24¥60%60 2 & Z=THe 7pg hol] 0] 44 ¢l A7k (o] 7] o=
E

24
He- =1
TE.: hour, minute, second, microsecond ' tzinfo.

‘é"“}ﬂ— /\] Zl'-‘i] i@‘. OJEH-‘FF-E: year, month, day, hour, minute, second, microsecond‘g—l tzinfo.

class datetime.timedelta

A duration expressing the difference between two datetime or date instances to microsecond resolution.

N

AU BoHE ARk
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class datetime.tzinfo
A A B AR Fd wl o)l Fej. o) AEL datetimed} time FE 20X AREAF H o) T 4~
Qe A7 24 A (N E Sol, A7t AF A AFS TR ) AF57) A3 AL

Ut
class datetime.timezone
tzinfo FA WlolA ZHAE TS ZYAE, UTCERE Y 14 L= A1 Yehdyrh
Added in version 3.2.
ol st Fof A= BWYUTh
AR Fex FA:

object
timedelta
tzinfo
timezone
time
date
datetime

dE &M
oS S o

olr
flo

date, datetime, time B timezone - b2 2 F5 7| Z83t}:
« ol FY AR = BAYUTH

« Objects of these types are hashable, meaning that they can be used as dictionary keys.

e 0|83 Y AN = pickle BES E 2 EFA JEFHS ALYt

A7} 019018t X| LtO|EBHA| EHEHS

date B9 AR L G4 hol B gk,

timeo] U datetime B Al AG AT 5 o] B

A datetime object d is aware if both of the following hold:
1. d.tzinfo 7} None ©] o} g Ut}

2. d.tzinfo.utcoffset (d) 7} NoneS HF& 6} %] k5 th

_,_
N

m%
m
30,
>
v
Iu}

Otherwise, d is naive.
A time object t is aware if both of the following hold:

1. t.tzinfo 7} None©] o} g Ut}

2. t.tzinfo.utcoffset (None) ©] None& HI3H3} %] 9k5Urth
Otherwise, t is naive.

o9 o] &} o] B 7he] xpol AL timedelta AR o= AL A k5T

8.1.4 timedelta ZHHA]|
A timedelta object represents a duration, the difference between two datet ime or date instances.

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,
weeks=0)

All arguments are optional and default to 0. Arguments may be integers or floats, and may be positive or
negative.

days, seconds X microseconds Tt Y F- 2 © 2 X ZAH Ut} AX}= o] Y Z HEFH Y h:
o Ug Z2E=1000T}0o)]a 2R A U
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e 0 <= seconds < 3600*24 (3} W< = F)
e —999999999 <= days <= 999999999

th-2 of| = days, seconds L microseconds ©] 2] 2] QI A} 7} o) B A I F o] A e AT olEFHER
A3EEAE EAE ‘4"/}

r

>>> from datetime import timedelta
>>> delta = timedelta(

days=50,

seconds=27,

microseconds=10,

milliseconds=29000,

minutes=5,

hours=8,

weeks=2

)

>>> # Only days, seconds, and microseconds remain
>>> delta
datetime.timedelta (days=64, seconds=29156, microseconds=10)

L

Lol R vl a2 2 o 22 el g R el a2 BAAD, LG
A A5 2 WS YSHe PA O APg 7ke nre| A2 22 W H U Th float A4} Lo
B, 987} A5} 22 A A RS g T (R A8 A s,

A 3He days grol A E WSS Hlojyd, OverflowError7]' Ll ki gRh=
= #Y A AL Ed Bk S ds Ut A E

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(-1, 86399, 999999)

S22 oEHFE
timedelta.min
7Hd 24291 timedelta A, timedelta (-999999999).

timedelta.max
7y A& oF 4 Q9 timedelta A A|, timedelta(days=999999999, hours=23, minutes=59,

seconds=59, microseconds=999999).

timedelta.resolution
ZEA) kL timedelta AR 7+ 7453t 7 ZH2 x}9], timedelta (microseconds=1).
Note that, because of normalization, t imedelta.max is greater than -t imedelta.min. ~timedelta.max is not
representable as a ¢ imedelta object.
A2R2 O EFRE (97] H8):

timedelta.days
Between -999,999,999 and 999,999,999 inclusive.
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timedelta.seconds

Between 0 and 86,399 inclusive.

Y
e =2

It is a somewhat common bug for code to unintentionally use this attribute when it is actually intended to
geta total seconds () value instead:

>>> from datetime import timedelta

>>> duration = timedelta (seconds=11235813)
>>> duration.days, duration.seconds

(130, 3813)

>>> duration.total seconds ()

11235813.0

timedelta.microseconds

Between 0 and 999,999 inclusive.

AdE = A4t

e gt
tl = t2 + t3 Sum of t2 and t3. Afterwards t1 - t2 == t3andtl - t3 == t2 are true. (1)
tl = t2 - t3 Difference of t2 and £ 3. Afterwardst1 == t2 - t3andt2 == tl1 + t3aretrue.
(1)(6)
tl1 = t2 * i & % Delta multiplied by an integer. Afterwards t1 // i == t2 is true, provided i !=
tl =1 * t2 0.
Ingeneral, t1 * i == t1 * (i-1) + tlistrue. (1)
1 =t2* £ % & WDEo flatE FHPUT ZHA= FEL W A2 e Hes YHow
tl = £ * t2 timedelta.resolution ] 7} 7} 71-& HH—,—E Z]—ﬂ 23 FHuth
£f=1t2/ t3 Division (3) of overall duration t 2 by interval unit t 3. Returns a £1oat object.
tl =t2 / £ % & HeEEfloatyint2 Y 3L A= SEL W B2 v dt=vilog
tl = t2 / i timedelta.resolution®] 7}3 7} 712 HHf,\—E Z}F/] <2 FHuUoh

€1 -t2// i EE foors} AL I LR A (QTHE) S M AL h = AR Ao, A4} U
tl =t2 // t3 HUYth (3)

it

tl = t2 % t3 U 2| 7} timedelta AR 2 AAFE Ut} (3)

g, r = divmod(t1l, Computes the quotient and the remainder: g = t1 // t2(3)andr = t1 % t2.g

t2) is an integer and r is a t imedelta object.

+t1 2L e A& cimedelta AAE RIS T (2)

=ed, Equwakntto timedelta(-tl.days, -tl.seconds, -tl.microseconds),
andtot1 * -1.(1)@)

abs (t) Equivalent to +t when t .days >= 0, and to -t when t.days < 0. (2)

str(t) [D day[s], ][H]H:MM:Ss[.uuuuuu] @419 EAES vkt o714 D

=29 e ) 252 AYUTE ()

repr (t) THH NEYRE B2 7N AR TEE A timedelta A Q] EALE
F9S vhEE U o
T E:
(1) o)A AF&sA o eMEz & 5 5 Uth
2) o] AL sy, oW ZE & fFUTh

(3) Division by zero raises ZeroDivisionError.
(4) -timedelta.max is not representable as a t imedelta object.

(5) timedelta A FAE W2 W 2 F I FAFSHA A5t 3Hg U th o] 212 59 timedelta7} Th4
oA A= AHE oAUtk oAl & Sol:

8.1. datetime — Basic date and time types 207



The Python Library Reference, Z2|A 3.13.1

>>> timedelta (hours=-5)

datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00

£2 o e Al =16, t3°] timedelta.max & Tk o 2] YY)
ol o S AE ATE B AT, Hh S AL S MELE 2o

Ao ydH A4 A%, timedelta BAE datel} datetime AR 2} o H &3} 25 X P gt} (o}
e

A 3204 AA: YA AAH divmod () 5 vl 7R £, timedelta AR S TFE timedelta 2
AR AL \4-—,—7] (ﬂoor division) &} A4~ L} 7] (true division) 7} o] Al A LH Yt} timedeita AR S rloat
7“?4]3 A5 U719 HAE o)A O]Zﬂ Aldg Yt

timedelta objects support equality and order comparisons.
B2 EWMoA] timedelta AA| = timedelta (0) 2 ZA] kS ufj vt o7 7hFSHY ).
Ar" 2 HAE:
timedelta.total_seconds ()
71 7ve] £ E EF A 7FE Z(seconds) 2 ¥FE ST} td / timedelta(seconds=1) 9 &
T, 2 o9 7 BfolE, sl FAE AH AEFANL @12 Bol, ta

timedelta (microseconds=1)).

W) 2 A 7E b0 A= (TR 2
gy,

Added in version 3.2.

\‘qn

m]u

HZolA 270 o)), ol MM =g nfol a2 2] AH=E G

A2 0f]: timedelta

A F 1o

>>> # Components of another_year add up to exactly 365 days

>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,
minutes=50, seconds=600)

>>> year == another_year

True

>>> year.total_seconds ()

31536000.0

timedelta ﬂ'%-ozl C‘ﬂ:

>>> from datetime import timedelta
timedelta (days=365)
>>> ten_years = 10 * year

>>> year =
>>> ten_years

datetime.timedelta (days=3650)

>>> ten_years.days // 365

10

>>> nine_years = ten_years - year

>>> nine_years

datetime.timedelta (days=3285)

>>> three_years = nine_years // 3

>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)
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8.1.5 date ZHA|
date AA& AL a2 P 73] FYFO G, o] FAA 2HA L IR(d, Y, DE
e Y T
191919231, 1d 19298 G iZ2etu Ray, ol Aoz ALY
class datetime.date (year, month, day)
EE QA7 QU Ak v B9 ol Je Aolof ok
e MINYEAR <= year <= MAXYEAR
e 1 <= month <= 12
e 1 <= day <= F T month< year®IMY S %
o] HE Hloj}= QA7 oA W, valueError?
o2 AL BE FUa A E:

classmethod date.today ()
AR Ao Irg uksgh ok

f
e
3
L=
v
I

o] A& date.fromtimestamp (time.time () ) 4 TS5}
classmethod date.fromtimestamp (fimestamp)
cine.tine () ol &)%) WEE A -2 POSIX ehl gl zol ek A o g W@ o

Atz Z9E C localtime () oA A A3t 3t B E HA U overflowError7t
HL/}E SF1, localtime () A3 Al 0sError7} WA T} o] A o] 19703 ol 4] 2038 W 2. & A| 3ty =

Jol S e T ATz 2 7ol £ 22 s POSIX7] o A~ He A £, 201
fromtimestamp () oA Al F2 54 Al L.

WA 3304 WHA: timestamp 7} Z W ZE C localtime () oA X] 18t= 3 HHE oy
W valueError YAl overflowErrors WA Al 7Y th localtlme A3 Al valueError thAl
0SErrors WA Al Yt}

classmethod date.fromordinal (ordinal)
o4 ) 7)) A 4ol B EHEh date E WBFICH 19 19 10] A% 191Uk

ValueError is raised unless 1 <= ordinal <= date.max.toordinal (). For any date d, date.

fromordinal (d.toordinal ()) ==

classmethod date.fromisoformat (date_string)

Return a date corresponding to a date_string given in any valid ISO 8601 format, with the following exceptions:
1. Reduced precision dates are not currently supported (YYYY-MM, YYYY).
2. Extended date representations are not currently supported (+YYYYYY-MM-DD).
3. Ordinal dates are not currently supported (YYYY-000).

o A :

>>> from datetime import date

>>> date.fromisoformat ('2019-12-04")
datetime.date (2019, 12, 4)

>>> date.fromisoformat ('20191204")
datetime.date (2019, 12, 4)

>>> date.fromisoformat ('2021-W01-1")
datetime.date (2021, 1, 4)

Added in version 3.7.

H A 3.119) A ¥ 7 : Previously, this method only supported the format YYYY-MM-DD.

2 o] -2 Dershowitz 2} Reingold ©] @ Calendrical Calculations©)| W} = “A 2+ 18] 11 2] (proleptic Gregorian)” &2 Q) X
th o] @2 BE A 7|2 GE duth 4k 29 18] 8 A S (ordinal) 2} THE -2 D8 A A Aol o] WSS 95 &arE
AN o] A BEARA S
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classmethod date.fromisocalendar (year, week, day)
4, F 9 Q2 AR IS0 2 Gro] el daed RBFUD AL FH asce.

ALY

isocalendar () 9/] °_E], ‘ﬂ 14 E]—

Added in version 3.8.
o2 o E Y HE:
date.min

X3 7153 71 o] £ date, date (MINYEAR, 1, 1).
date.max

X3 7153 71 =2 date, date (MAXYEAR, 12, 31).
date.resolution

A 9F8 date AA| 749 7158k 7FA ZHS X} o], timedelta (days=1).
AxEs o= BE (97] 1 8):
date.year

MINYEARS} MAXYEAR AFo], 73 A 3},
date.month

13412 Apo], A g
date.day

13} Fo] X year9] 0] X month 9] & 4= Abo].

A4 = Ak

otk Z5

date2 = datel + timedelta date2 will be timedelta.days days after datel.
(1

date2 = datel - timedelta Computes date2 suchthatdate2 + timedelta ==
datel. (2)

timedelta = datel - date2 3)

Equality comparison. (4)

datel == date2
datel != date2

Order comparison. (5)

datel < date2
datel > date2
datel <= date?2
datel >= date?2

T E;:

(1) date2 = timedelta.days > 09| U] 2 &, timedelta.days < 0°]H I AZE o] =3k
7,%——"5" date2 - datel == timedelta.days O] % 14 E]— timedelta.secondsﬂ- timedelta.
microseconds+ F-AlH Ut} date2.year 7} MINYEARKE T} ZF AU MaxyeEARE T I A & &1 3}
W overflowError7F A3 gHU o}

(2) timedelta.seconds®} timedelta.microseconds— FA|E Yttt

(3) This is exact, and cannot overflow. timedelta.seconds and timedelta.microseconds are 0, and
date2 + timedelta == datel after.
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)

®)

W

date

date objects are equal if they represent the same date.

date objects that are not also dat et ime instances are never equal to dat et ime objects, even if they represent
the same date.

datel is considered less than date2 when datel precedes date2 in time. In other words, datel < date2 if
and only if datel.toordinal () < date2.toordinal ().

Order comparison between a date object that is not also a datet ime instance and a datet ime object raises
TypeError.

3.139 A ¥ 7: Comparison between datet ime object and an instance of the date subclass that is not a
time subclass no longer converts the latter to date, ignoring the time part and the time zone. The default

behavior can be changed by overriding the special comparison methods in subclasses.
EAd ZHoA, BE date A= Fo 2 HF T
A2E 2 A E:

date.

date

date

date

date.

replace (year=self.year, month=self.month, day:self day)
719 E QAR A E-E Zho] Tl i Hp5S Al sta, 22 g2 77 date & W3 ok
o A :

>>> from datetime import date
>>> d = date (2002, 12, 31)
>>> d.replace (day=26)
datetime.date (2002, 12, 26)

date objects are also supported by generic function copy . replace ().

.timetuple ()
time.localtime ()©] ¥WF&et= AL 2L time. struct timeS BFEFSHU T}

A, B9 2001, DST Ze 2= -1t}
d.timetuple () & b T 5 FUth

[time.structftime((d.year, d.month, d.day, 0, 0, 0, d.weekday(), yday, -1))

where yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 is the day number
within the current year starting with 1 for January 1st.

.toordinal ()

Return the proleptic Gregorian ordinal of the date, where January 1 of year 1 has ordinal 1. For any date
object d, date.fromordinal (d.toordinal ()) == d.

.weekday ()

A2 84S stk 9e8d2 002 48 g2 6Y9Uth A& £9], date (2002, 12, 4).
weekday () == 2,358 4. isoweekday () & %} S Al L.

isoweekday ()

Az ades gyt ded2 101 48 d2 79Utk A E 591, date (2002, 12, 4).
isoweekday () == 3,58 4. weekday(),isocalendar()fi,%}Ziﬁ}é}A]SL

date.isocalendar ()

R EE P B e iy
150 @& 9ol 145 = 20

ISO A=+ 521} 537IM AAS F2 T, FE 22 g AFE 48 dof] Edyt) ISO
Az A HMH = 139 (liﬂﬁﬂ 2H A FPo
HE 1o]a}1 s}uﬂ,zﬂgou ISO 95 zfﬂl g A=e} ZFyTh

WEE S T} year, week & weekday.
’%

3 See R. H. van Gent’ s guide to the mathematics of the ISO 8601 calendar for a good explanation.
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£0],2004 2 H 2 Poj] AAEZ R, ISO A% 20049 A F+= Y2, 2003 129 299
,2004d 14 4ol 2y

>>> from datetime import date

>>> date (2003, 12, 29).isocalendar ()
datetime.IsoCalendarDate (year=2004, week=1, weekday=1)
>>> date (2004, 1, 4).isocalendar()
datetime.IsoCalendarDate (year=2004, week=1, weekday=7)

WA 39M WA A7k FEAA A= FER A= 5
date.isoformat ()
ISO 8601 P4l o2 d#-5 Ut = A2 < &3t vyyy-Mu-pD:

>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

date.__str ()

For a date d, str (d) is equivalent to d.isoformat ().
date.ctime ()

IRE el 2x 9 waeh o

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002"

d.ctime()%}f}é}ﬂ}

[time.ctime(time.mktime(d.timetuple())) }
Ho]ElH Cctime () T (time.ctime () 2 TE3FA T date. ctime () & TEFA S5 Uth 7 C
BEES T R EAA F5FULH

date.strftime (format)
Return a string representing the date, controlled by an explicit format string. Format codes referring to hours,
minutes or seconds will see 0 values. See also strftime() and strptime() Behavior and date. isoformat ().
date.__format__ (format)

Same as date.strftime (). This makes it possible to specify a format string for a date object in format-
ted string literals and when using str. format (). See also strftime() and strptime() Behavior and date.

isoformat ().

A2 0f|: date

oM EZFA] & & 5 A4 el

>>> import time
>>> from datetime import date
>>> today = date.today ()
>>> today
datetime.date (2007, 12, 5)
>>> today == date.fromtimestamp (time.time ())
True
>>> my_birthday = date(today.year, 6, 24)
>>> if my_birthday < today:
my_birthday = my_birthday.replace(year=today.year + 1)

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
>>> my_birthday
datetime.date (2008, 6, 24)
>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days
202

date® 2t 8= F71 o

>>> from datetime import date

>>> d = date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

datetime.date (2002, 3, 11)

>>> # Methods related to formatting string output
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/%m/Sy")
'11/03/02"

>>> d.strftime ("$A 2d. B $Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"

>>> 'The {1} is {0:2d}, the {2} is {0:%B}.'.format (d, "day", "month")
'The day is 11, the month is March.'

>>> # Methods for to extracting 'components' under different calendars
>>> t = d.timetuple ()
>>> for i in t:

.. print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year
=1

>>> ic = d.isocalendar ()

>>> for i in ic:

print (i)
2002 # ISO year
11 # ISO week number
1 # ISO day number ( 1 = Monday )

>>> # A date object is immutable; all operations produce a new object
>>> d.replace (year=2005)
datetime.date (2005, 3, 11)

8.1.6 datetime ZHA|
datetime Zﬂiﬂ}i— date Zﬂiﬂgr time 7_]1;2]]9/] REARRE Eﬂ?f}% l2 ! ﬂﬂ] ?:}1/]1;]’

= = =
date AR} v} 7R B, datetimeS AAQ 2d 18P Fulsko g
AA S} v 7HA &, datet ime-Z SHF7F B 23] 3600%24 291 A C & 74 3ok

347
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class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *,

fold=0)

vear, month, day A= DU tzinfo= None | A tzinfo A B F#| 29 A2HAd = 5

Utk o 2] AR the 9l 2] A4 o) of of gtk
e MINYEAR <= year <= MAXYEAR,

e 1 <= month <= 12,

e 1 <= day <= F 97! month<f year®IMS St %,

e 0 <= hour < 24,

e 0 <= minute < 60,

e 0 <= second < 60,

e 0 <= microsecond < 1000000,

e fold in [0, 1].

ol A E Holue AT FA A, valueError7b T Y T

A 3.6 4 X7 : Added the fold parameter.
chE Y BE Fe A
classmethod datetime.today ()
Return the current local date and time, with t zinfo None.

U= s dyth

[datetime .fromtimestamp (time.time ())

>
fo

now(), fromtimestamp () & P o

A=}
ol AN EE 7|5 A O R now() & 55 5A T £z w7

classmethod datetime.now (fz=None)

AR o] 7 of G} A 7HS WAF T

A e A 212} 177} None o] AU A A H X
time() EBFY2BlZE B3] AL

2~ 0]
T = AN
L
=

gettimeofday () TFE Al F 5}

FOW, today (% FAFUTH FAW, 455 cine.
)£ AT H 5L AUEE AT (18 S0, C
AENA 7H5FU .

tz7F None©] oFY ™, tzinfo A H S| 20 Aa®Aojof shn, FA| @R} A o] 1z9] AT =2

e U
o] B4 today () S utcnow () BTk AEH U Th

0 #x

Subsequent calls to datetime.now () may return the same instant depending on the precision of the

underlying clock.

classmethod datetime.utcnow ()

tzinfo7F None Q1 @A} UTC E&9} A] 7+ wislkshy I}]—

O] A& now () & B SHAI 7, @A) o] UTC G #be} Al ZE
o] ¢ 01 UTC datetime-2 datetime.now (timezone. utc)
25H A 2

ine AR 2 WU A7)
AL ¢+ Jd&Uth now() & F
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A3

Hd atetlme AA = L datetime HIA Eo] 93] X H A7tz HFEHEZE, UTCE A7
B = o] 9| o datetime & AME-3H= A o] 5T wetA UTCE E A A7 U B =

= E’l“: = AA U H L datetime.now (timezone.utc) S T=3h= A Yt}

J§ o & B>

°|
dl

A 3.128 € #| X E: Use datetime.now () with UTC instead.

classmethod datetime.fromtimestamp (fimestamp, tz=None)

time.time () 7} ¥WrEshE AT} 22, POSIX timestamp o] 3l F5}= A & I#e} A| 7HE vkE-shuy o}
A A A} 177} None o] AL} A A E A] ¢80 W timestamp= ZAEZ 9] 2] IR} A| 7Fo 7 W 3y
o, 9F3LE datetime 2 A= o] B Th

1z7F None ©] O}FU W, tzinfo AH Fe22] AAEH A oF 811, timestamp 1z2] Al 7| 2 WA 3
Sh=2

timestamp 7} Z2 Y= C localtime() ©] L+ gmtime () oA A :5]'“5 ZFHYE o yH
fromtimestamp () 7} OverflowError,—_._ A 2 5 9}_1—_’_, localtime ( ]1/]' gmtime () ©] AT
9 osErrorg HHgA]—,z;_ = A5 uth 1970 d 0l A 2038 A 7k A =2 Al fﬂﬂ Zlol dwtA dytt. g
A"tz X 7/ ,:,;:,j F3F5F= d] POSIX Al 2" oA, fromtimestamp ()= XS FA|5tE2
2,12 A7t = F /NS U227 2 datetime AAE AT 5 A5 YT o 2
utcfromtimestamp ()E_E]— AT H Yt}

A}

¢

tﬂ A 3394 WA timestamp 7} 2 A E C localtime () ] U gmtime () oA A D3t= 3 HE

E Yol valueError Al overflowErrors ‘jﬂ"‘g A YTt localtime() ©]Y gmtime () ©]

A 9|3} valueError thAl 0sErrors WA Al B Yt

B A 3.600 A WA: rromtimestamp ()= fold7}F1E AARZEH AAEHAE uIEst 4 9G] oh
classmethod datetime.utcfromtimestamp (timestamp)

tzinfo7F None €1 POSIX timestampoﬂ A F3t= UTC datetimeS wistahu ot (A AA|= ol B

FUch)

timestamp 7} £ W= C gntime () TG A Qo= 3 WY E vl U overflowsrror7} A5}

1, gmtime () ©] AR 0sError7b AU TE 1970 ol A 2038 W 7}A] 2 A 3he] = A o] YutA

Ak

H .

ol9o] datetime BAE D28, rromtimestamp () = TEZIAA]L:

[datetime .fromtimestamp (timestamp, timezone.utc) }

POSIX &8t ZAZol A, th3 A} T 5 YTH

[datetime(l970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp) }

Fd AA Ax WY E ADdF Ut mIinvEARS) MAXYEAR AFO], A 2

&
o
R

&

tetlme AA =28 datetime HAE0 &3] A H A 7te 2 HFEHEZE,. UTCE A7+
= ol 9l o] datetime S AHE-3h= Zl o] 5 Ut ek UTCE 57 timestamp & L ERY

= ?ﬂﬂ' ‘:Q"ﬂq L datetime. fromtimestamp (timestamp, tz=timezone.utc) =

At

fole rr o &

gl

mlm =g
e

N
i—";

ok
r[r

WA 3304 WA timestamp 7} Z A F C gmtime () T oA A D3t 3 B E Hojyd
ValueError WAl overflowErrorE WA ZAYTE gmtime() ©] A SH valuesrror th Al
0SErrorsS WA A Yt}

WA 3128 € | X =H: Use datetime. fromtimestamp () with UTC instead.
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classmethod datetime.fromordinal (ordinal)

AA 18 28 8 A4 (ordinal) o] | B8t datetimeS WSS UTH 13 1€ 1ol A5 19Ut 1
<= ordinal <= datetime.max.toordinal () ©] o)UY valueError7} Ayttt 2342 hour,
minute, second 2 microsecond= 25 0] 11, tzinfo-‘f None Y U t}.

classmethod datetime.combine (date, time, tzinfo=time.tzinfo)

Return a new datet ime object whose date components are equal to the given date object’ s, and whose time
components are equal to the given ¢ ime object’ s. If the #zinfo argument is provided, its value is used to set
the tzinfo attribute of the result, otherwise the tzinro attribute of the fime argument is used. If the date
argument is a datet ime object, its time components and t zinfo attributes are ignored.

For any datetimeobjectd,d == datetime.combine (d.date(), d.time(), d.tzinfo).

8 3.6 A W7 info AX7E 3 71E A4 T

classmethod datetime.fromisoformat (date_string)

Return a datet ime corresponding to a date_string in any valid ISO 8601 format, with the following exceptions:
1. Time zone offsets may have fractional seconds.
2. The T separator may be replaced by any single unicode character.
3. Fractional hours and minutes are not supported.
4. Reduced precision dates are not currently supported (YYYY-MM, YYYY).
5. Extended date representations are not currently supported (+YYYYYY-MM-DD).
6. Ordinal dates are not currently supported (YYYY-000).
o A

~ 7
>>> from datetime import datetime

>>> datetime.fromisoformat ('2011-11-04")
datetime.datetime (2011, 11, 4, 0, 0)
>>> datetime.fromisoformat ('20111104")
datetime.datetime (2011, 11, 4, 0, 0)
>>> datetime.fromisoformat ('2011-11-04T00:05:23")
datetime.datetime (2011, 11, 4, 0, 5, 23)
>>> datetime.fromisoformat ('2011-11-04T00:05:232")
datetime.datetime (2011, 11, 4, 0, 5, 23, tzinfo=datetime.timezone.utc)
>>> datetime.fromisoformat ('20111104T000523")
datetime.datetime (2011, 11, 4, 0, 5, 23)
>>> datetime.fromisoformat ('2011-WO01-2T00:05:23.283")
datetime.datetime (2011, 1, 4, 0, 5, 23, 283000)
>>> datetime.fromisoformat ('2011-11-04 00:05:23.283")
datetime.datetime (2011, 11, 4, 0, 5, 23, 283000)
>>> datetime.fromisoformat ('2011-11-04 00:05:23.283+00:00")
datetime.datetime (2011, 11, 4, 0, 5, 23, 283000, tzinfo=datetime.timezone.utc)
>>> datetime.fromisoformat ('2011-11-04T00:05:23+04:00")
datetime.datetime (2011, 11, 4, 0, 5, 23,

tzinfo=datetime.timezone (datetime.timedelta (seconds=14400)))

Added in version 3.7.

WA 3.119] 4 ¥ 7: Previously, this method only supported formats that could be emitted by date.
isoformat () Or datetime.isoformat ().

classmethod datetime.fromisocalendar (year, week, day)
d, 32 42 (HH IS0 28 A g3t datetime S Wk o). datetime o] A7) obd
T 24t durEel R gko 2 AP MU o AL B4 daretine. isocalendar ()9 SYuIT,

Added in version 3.8.
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classmethod datetime.strptime (date_string, format)
Jormato)| whe} 7 B9, date_string | | F3H= daterimes WY T

If format does not contain microseconds or time zone information, this is equivalent to:

[datetime(*(time.strptime(datefstring, format) [0:6])) }

ValueError is raised if the date_string and format can’ t be parsed by time.strptime () or if it re-
turns a value which isn’ t a time tuple. See also strftime() and strptime() Behavior and datetime.
fromisoformat ().

WA 3139 A H A If formar specifies a day of month without a year a DeprecationWarning is now
emitted. This is to avoid a quadrennial leap year bug in code seeking to parse only a month and day as the
default year used in absence of one in the format is not a leap year. Such format values may raise an error as
of Python 3.15. The workaround is to always include a year in your format. If parsing date_string values that
do not have a year, explicitly add a year that is a leap year before parsing:

( N
>>> from datetime import datetime
>>> date_string = "02/29"

no

>>> when = datetime.strptime (f" {date_string/;1984", sm/ %d; $Y") # Avoids leap..
—year bug.
>>> when.strftime ("%B ")

'February 29'

L

Ze)nojEeHE:
datetime.min

£ 7}53E 71 o] 2 datetime, datetime (MINYEAR, 1, 1, tzinfo=None).

datetime.max
Z2d 753 M =& datetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution

A FL datet ime AR 74e] 7F53F 7bF &L 2}0], timedelta (microseconds=1).
Axd2 o ELRE (97] W8
datetime.year

MINYEARS} MAXYEAR Abo], 7 A 23
datetime.month

13412 Abo], BA =3t
datetime.day

13} 0} 7 year2] 0} 7 month 9] & 4= Alo].
datetime.hour

‘ﬂ% range (24).
datetime.minute

‘ﬂ% range (60).
datetime.second

‘?3‘94 range (60).

datetime.microsecond

H 2] range (1000000).

datetime.tzinfo
datetime “§/3 bl wzinfo AALE AEH AA| o) Ak, A= A 23S A None YU T
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datetime. fold

In [0, 17. Used to disambiguate wall times during a repeated interval. (A repeated interval occurs when
clocks are rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased
for political reasons.) The values 0 and 1 represent, respectively, the earlier and later of the two moments with
the same wall time representation.

Added in version 3.6.

SEEER RS

% 21t
datetime2 = datetimel + timedelta (1)
datetime2 = datetimel - timedelta )
timedelta = datetimel - datetime2 3)
Equality comparison. (4)
datetimel == datetime?2
datetimel != datetime2

Order comparison. (5)

datetimel < datetime?2

datetimel > datetime2

datetimel <= datetime2

datetimel >= datetime?2

(D

2

3)

)

5)

datetime2 is a duration of t imedelta removed from datetimel, moving forward in time if t imedelta.
days > 0, or backward if timedelta.days < 0. The result has the same tzinfo attribute as the
input datetime, and datetime2 - datetimel == timedelta after. OverflowError is raised if
datetime2.year would be smaller than MTNYEAR or larger than MaxyEAR. Note that no time zone ad-
justments are done even if the input is an aware object.

Computes the datetime2 suchthatdatetime2 + timedelta == datetimel. As foraddition, the result
has the same ¢ zinfo attribute as the input datetime, and no time zone adjustments are done even if the input
is aware.

datetimeo| A datetimed W& AL F 3 ALAF BF Yol Bt AL, 25 of o] & ulf A o]

Utk sk} ol 910] o] 1 ThE SFU) o] B, ryperrror7h S B T,

If both are naive, or both are aware and have the same ¢ z i n fo attribute, the t z i n fo attributes are ignored, and
the result is a t imedelta object t such that datetime2 + t == datetimel. No time zone adjustments
are done in this case.

If both are aware and have different tzinfo attributes, a-b acts as if a and b were first converted
to naive UTC datetimes. The result is (a.replace(tzinfo=None) - a.utcoffset()) - (b.
replace (tzinfo=None) - b.utcoffset ()) except that the implementation never overflows.

datet ime objects are equal if they represent the same date and time, taking into account the time zone.
Naive and aware datet ime objects are never equal.

If both comparands are aware, and have the same tzinfo attribute, the tzinfo and fold attributes are
ignored and the base datetimes are compared. If both comparands are aware and have different tzinfo
attributes, the comparison acts as comparands were first converted to UTC datetimes except that the imple-
mentation never overflows. datet ime instances in a repeated interval are never equal to datet ime instances
in other time zone.

datetimel is considered less than datetime2 when datetimel precedes datetime2 in time, taking into account the
time zone.

Order comparison between naive and aware datet ime objects raises TypeError.
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If both comparands are aware, and have the same tzinfo attribute, the tzinfo and fold attributes are
ignored and the base datetimes are compared. If both comparands are aware and have different czinfo
attributes, the comparison acts as comparands were first converted to UTC datetimes except that the imple-
mentation never overflows.

W 33004 WA o]0 2k Yol B datetime 2R M) FF5 ¥ A& Typebrrors WA 71 A] ¢F55

Yok,

¥ A 3.139)| 4] ¥ 7 : Comparison between datet ime object and an instance of the date subclass that is not a
datetime subclass no longer converts the latter to date, ignoring the time part and the time zone. The default
behavior can be changed by overriding the special comparison methods in subclasses.

A" A YAE:

datetime.date ()
Z+2 year, month, day 2] date A A& WSS T

datetime.time ()

Z+S hour, minute, second, microsecond L fold2] time AAE &3 UTh tzinfo= None Y YT}
WAE timetz ()5 FRIFAA L.

A 3.600 A ¥ 7 fold g2 WHHE time A A o] BARE U

datetime.timetz ()

742 hour, minute, second, microsecond, fold @ tzinfo o] E 2] H-E 9] time A E WIEI T} HA =
time () & FEYAIL

W 3.6004 |7 fold FE-2 WHEHE «ime A o] HARE Ut

datetime.replace (year=self.year, month=self.month, day=self.day, hour=self.hour, minute=self.minute,
second=self.second, microsecond=self.microsecond, tzinfo=self.tzinfo, *, fold=0)

719 AAZ 2L F O] FolR AEGREE A, 22 oJEHEE 714 datetime 2 Vb
33t} tzinfo=None2 A A5 I#®8} A 7} glo]l el M3 glo] o]go] datetlmeoﬂ/ﬁ Lol B

datetime 2 W5 4~ 95U rth
datetime objects are also supported by generic function copy. replace ().
A 3.6 4 ¥ 7 : Added the fold parameter.

datetime.astimezone (tz=None)
MEE tzinfo JEBRBE 172 2t datetime AAE t&3t-=4|, 237} self & 2L UTC A 7ho)
AWk z8] A A A Zbo] H =5 @t AT H o H & 2 th

If provided, 7z must be an instance of a ¢ zinfo subclass, and its ut coffset () and dst () methods must not
return None. If self is naive, it is presumed to represent time in the system time zone.

If called without arguments (or with t z=None) the system local time zone is assumed for the target time zone.
The .tzinfo attribute of the converted datetime instance will be set to an instance of timezone with the
zone name and offset obtained from the OS.

If self.tzinfois #z, self.astimezone (tz) is equal to self: no adjustment of date or time data is per-
formed. Else the result is local time in the time zone 7z, representing the same UTC time as self: after astz
= dt.astimezone(tz), astz — astz.utcoffset () will have the same date and time data as dt -
dt.utcoffset ().

If you merely want to attach a t imezone object £z to a datetime df without adjustment of date and time data,
use dt . replace (tzinfo=tz). If you merely want to remove the t imezone object from an aware datetime
dt without conversion of date and time data, use dt . replace (tzinfo=None).

718 tzinfo. fromutc () “ﬂ/ﬂ X astimezone ()l -/];H =] a] 7;3&]'01] S FLEE tzinfo /\‘]

B 2o A AR T 5 ATk e F BATRE AL E FABTL, ot inerone (£ T2
2ol A5k
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p
def astimezone (self, tz):

if self.tzinfo is tz:
return self
# Convert self to UTC, and attach the new timezone object.
utc = (self - self.utcoffset()).replace(tzinfo=tz)
# Convert from UTC to tz's local time.

return tz.fromutc (utc)
.

WA 33004 W o)Al 1B AT 5 AU Th
WA 3.600 4 W A: o)A ast imezone () Bl EE o] A Lol B Al AE A A T2F 4 91, Al A
& A A0S el Ao g Eg

datetime.utcoffset ()

tzinfo7]- None O]EE, None:% v}3} ]-_J_, 2‘_‘32] ‘E%’,Citﬂ self.tzinfo.utcoffset (self) & 5
1, A7} None o] U 8}5 1| Tke] 7] E 71A timedelta AR S ¥FEHELA] ¢k o W o 9] & WFAY A

Sh=3
WA 37004 HA: UTC 2 =AS B o9 2 A3k #] g5y th
datetime.dst ()

tzinfo’} None ©] ¥, None& W36} 17, 18 X 9O self.tzinfo.dst (self) = ¥3tstar, &2}
7} None ©] L} ﬂ—? k] F71E 7HA timedelta A E WEEFA] F oW o 9] & A A Y Th

WA 37004 HA:DST L Z AL B k9 g A3l ®] 95U o).

datetime.tzname ()

t21nfo7]- None O] ‘Eﬂ, None 2 w3}
=]

, 18 %] 9k O™ self.tzinfo.tzname (self) = ¥WH3ksla,
F A 7hvone ol U 4D AAE ;

5.3
11315 X] ko oo E WA YT
datetime.timetuple ()

time.localtime ()©] H]—ﬂ—‘é‘]——‘f A XL time.struct time ‘ﬂ'?}@‘q t}.

d.timetuple () < O3 55 FUh:

time.struct_time((d.year, d.month, d.day,
d.hour, d.minute, d.second,
d.weekday (), yday, dst))

where yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 is the day number
within the current year starting with 1 for January 1st. The tm isdst flag of the result is set according
to the dst () method: tzinfois None or dst () returns None, tm_isdst is setto —1;else if dst () returns
a non-zero value, tm_isdst is set to 1; else tm_isdst is set to 0.

datetime.utctimetuple ()

If datetime instance d is naive, this is the same as d.timetuple () except that tm_isdst is forced to 0
regardless of what d.dst () returns. DST is never in effect for a UTC time.

If d is aware, d is normalized to UTC time, by subtracting d.utcoffset (),anda time. st ruct_time for
the normalized time is returned. tm_isdst is forced to 0. Note that an OverflowError may be raised if
d.year was MINYEAR or MAXYEAR and UTC adjustment spills over a year boundary.

A Fx

Because naive datetime objects are treated by many datetime methods as local times, it is preferred
to use aware datetimes to represent times in UTC; as a result, using datetime.utctimetuple ()
may give misleading results. If you have a naive datetime representing UTC, use datetime.
replace (tzinfo=timezone.utc) to make it aware, at which point you can use datetime.
timetuple ().
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datetime.toordinal ()
o] At 2d 18] E A4S ¥ESH Ut self.date () .toordinal () ¥} Z5 U Th

datetime.timestamp ()
datetime AT 20 3 F3H= POSIX EF Y ~R = & WU o W8k 3h2 cime. time () ©] REE
3 AT v T rloat YU Th
Naive datetime instances are assumed to represent local time and this method relies on the platform
C mktime () function to perform the conversion. Since datetime supports wider range of values than
mktime () on many platforms, this method may raise OverflowError or OSError for times far in the
past or far in the future.

o9 o] datetime QB0 72 w3} ghe t}-& 3} o] A4 Ut

[(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)) .total_seconds ()

Added in version 3.3.

WA 3604 AA: tinestanp () WAEE fold o B2 HEE ALgate] WIBE = 7209 AL
TEFT.

0 #x

There is no method to obtain the POSIX timestamp directly from a naive datet i me instance representing
UTC time. If your application uses this convention and your system time zone is not set to UTC, you can
obtain the POSIX timestamp by supplying t zinfo=timezone.utc:

[timestamp = dt.replace(tzinfo=timezone.utc) .timestamp () }
x4 Q0 BHYsgLE ALY 5 dFUT
[timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1) J

datetime. weekday ()

A4z gdeussiyrnh 989800 d2Ud& 6Tt self.date() .weekday () & 50
t}. isoweekday () & ZZ 34 /\]_,_.

datetime.isoweekday ()

Az Q48 Hststyrn) 92 d2 1011 98 UL 79Ut} self.date().isoweekday () <}
5 Uth weekday (), isocalendar () & ZFRSHI A L.

datetime.isocalendar ( )
Al 1Y AT UEE 71A Y d = 5= wshghyt}: year, week @ weekday. self.date().
isocalendar ( 9]—?:1”,;145}

datetime.isoformat (sep="T, timespec="auto’)
ISO 8601 @ 4] o & F#te} A 7hE Yetl & A48 2 vy oh:
e YYYY-MM-DDTHH:MM:SS.fff£f£f, microsecond’}0o] o}y
e YYYY-MM-DDTHH:MM:SS, microsecond’F0°]H
utcoffset () O] Nones WHEHeHA] F o™, UTC L 22 Al 3t A4S 29 Uth
e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.££E£££] ], microsecond’} Qo] oFud

e YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.ffffff]], microsecond’}0o] ¥

A A

>>> from datetime import datetime, timezone
>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
'2019-05-18T15:17:08.132263"'

(Th= o] A ol A1)
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(o] A | o] A oA A A %)
>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc).isoformat ()
'2019-05-18T15:17:004+00:00"

AR A sep( B3k TS B EA T EAE, AT IR} A7 Aol ol Wi X F T o &
Sol:

-
>>> from datetime import tzinfo, timedelta, datetime

>>> class TZ(tzinfo):
"""A time zone with an arbitrary, constant -06:39 offset."""
def utcoffset (self, dt):
return timedelta (hours=-6, minutes=-39)

>>> datetime (2002, 12, 25, tzinfo=TZ()) .isoformat (' ")

'2002-12-25 00:00:00-06:39"

>>> datetime (2009, 11, 27, microsecond=100, tzinfo=TZ()) .isoformat ()
'2009-11-27T00:00:00.000100-06:39"

AR AR timespec > EFT A F7h A4 24 55 AAFUT (1R GL 'auto YU TH.
el

S el £ alg ek

e 'auto': microsecond7]—0°]@ 'seconds'®} 7, 1"—%}]1] oo 'microseconds'ﬂ- <

ek,

e 'hours': hours & A8] <<Atun gAlo =2

1]
ofr

ety T
e 'minutes': hour®} minutes HH:MM P A 07 Z &3t}
e 'seconds': hour, minute ¥ secondS HH:MM:SS @4l o7 a3k}

e 'milliseconds': AA| A|ZHE 2&3FA 0 = v vk W] = 9] 2 A5 U T HH:MM:SS.ss5s
FA AU

e 'microseconds': DA A|7FS HH:MM:SS.ffffff FA O F Z &S}

29 timespec QA= valueErrorS WA Yt

>>> from datetime import datetime

>>> datetime.now () .isoformat (timespec="minutes")
'2002-12-25T00:00"

>>> dt = datetime (2015, 1, 1, 12, 30, 59, 0)
>>> dt.isoformat (timespec="microseconds"')

'2015-01-01T12:30:59.000000"

WA 3.6 4 X 7 : Added the fimespec parameter.

datetime.__str_ ()

For a datetime instance d, str (d) is equivalent to d.isoformat (' ').

datetime.ctime ()

e} AZFE hehl & 2 AES g

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime ()
'Wed Dec 4 20:30:40 2002"'
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r
H

22 BAL2 Q10 ofslol 2l vho el A 9k BAlo] Al e) AR E EFEA ek
d.ctime()%%f}%%i4:

[time.ctime(time.mktime(d.timetuple())) ]

W olEl B Cctime () S5 (time. ctime () ©] & AT, datetime. ctime ()2 EZ&3HA| FHUTH
7FCHEES EFote EAFNA TFFUTH

datetime.strftime (format)
Return a string representing the date and time, controlled by an explicit format string. See also strftime() and
strptime() Behavior and datetime.isoformat ().

datetime.__ format__ (format)

Same as datetime.strftime (). This makes it possible to specify a format string for a datetime object
in formatted string literals and when using str. format (). See also strftime() and strptime() Behavior and
datetime.isoformat ().

A2 0Of]: datetime

Examples of working with datetime objects:

>>> from datetime import datetime, date, time, timezone

>>> # Using datetime.combine ()

>>> d = date (2005, 7, 14)

>>> t = time (12, 30)

>>> datetime.combine (d, t)
datetime.datetime (2005, 7, 14, 12, 30)

>>> # Using datetime.now ()

>>> datetime.now ()

datetime.datetime (2007, 12, 6, 16, 29, 43, 79043) # GMT +1

>>> datetime.now (timezone.utc)

datetime.datetime (2007, 12, 6, 15, 29, 43, 790060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime ()

>>> dt = datetime.strptime("21/11/06 16:30", "&%d/%sm/%y SH:%M")
>>> dt

datetime.datetime (2006, 11, 21, 16, 30)

>>> # Using datetime.timetuple () to get tuple of all attributes
>>> tt = dt.timetuple ()
>>> for it in tt:

print (it)
2006 # year
11 # month
21 # day
16 # hour
30 # minute
0 # second
1 # weekday (0 = Monday)
325 # number of days since 1lst January
-1 # dst - method tzinfo.dst () returned None

>>> # Date in ISO format
>>> ic = dt.isocalendar ()

>>> for it in ic:

(TH5 sl el Aol A)
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print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

>>> # Formatting a datetime

>>> dt.strftime ("%A, 2d. %$B %Y %$I:
'Tuesday, 21. November 2006 04:30PM'
>>> 'The {1} is {0:%d}, the {2} is {0:%B}, the {3} is {0:%I:%M%p}."'.format (dt, "day
", "month", "time")

'The day is 21, the month is November, the time is 04:30PM.'

obe] o Al 1945 d 71 7] +4 UTCS AFR3F & +4:30 UTCE W A3 o= 7 A8k 7HE o] A7) AR
HAABE tzinfo AH ZFe2S Ao th:

il

from datetime import timedelta, datetime, tzinfo, timezone

class KabulTz (tzinfo) :
# Kabul used +4 until 1945, when they moved to +4:30
UTC_MOVE_DATE = datetime (1944, 12, 31, 20, tzinfo=timezone.utc)

def utcoffset (self, dt):
if dt.year < 1945:
return timedelta (hours=4)
elif (1945, 1, 1, 0, 0) <= dt.timetuple()[:5] < (1945, 1, 1, 0, 30):
# An ambiguous ("imaginary") half-hour range representing
# a 'fold' in time due to the shift from +4 to +4:30.
# If dt falls in the imaginary range, use fold to decide how
# to resolve. See PEP495.
return timedelta (hours=4, minutes=(30 if dt.fold else 0))
else:
return timedelta (hours=4, minutes=30)

def fromutc(self, dt):
# Follow same validations as in datetime.tzinfo
if not isinstance(dt, datetime) :
raise TypeError ("fromutc() requires a datetime argument")
if dt.tzinfo is not self:
raise ValueError ("dt.tzinfo 1s not self")

# A custom implementation is required for fromutc as

# the input to this function is a datetime with utc values

# but with a tzinfo set to self.

# See datetime.astimezone or fromtimestamp.

if dt.replace(tzinfo=timezone.utc) >= self.UTC_MOVE_DATE:
return dt + timedelta (hours=4, minutes=30)

else:
return dt + timedelta (hours=4)

def dst (self, dt):
# Kabul does not observe daylight saving time.
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:

(TH5 sl el Aol A)

224 Chapter 8. C[O|E{H




The Python Library Reference, 2| A 3.13.1

(o] A | o] A oA A A %)
return "+04:30"
return "+04"

2] 9] KabulTz AF&H:

>>> tzl = KabulTz ()

>>> # Datetime before the change

>>> dtl = datetime (1900, 11, 21, 16, 30, tzinfo=tzl)
>>> print (dtl.utcoffset ())

4:00:00

>>> # Datetime after the change

>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=tzl)
>>> print (dt2.utcoffset ())

4:30:00

>>> # Convert datetime to another time zone

>>> dt3 = dt2.astimezone (timezone.utc)

>>> dt3

datetime.datetime (2006, 6, 14, 8, 30, tzinfo=datetime.timezone.utc)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=KabulTz())

>>> dt2 == dt3

True

8.1.7 time ZHHA|

A time object represents a (local) time of day, independent of any particular day, and subject to adjustment via a
tzinfo object.

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)
B E oxt= A A UL} info= None, = tzinfo AH F 29 Ad2adAY = &5 T
WA QA TR 8 91e] 4ol of of gt
e 0 <= hour < 24,
e 0 <= minute < 60,
e 0 <= second < 60,

e 0 <= microsecond < 1000000,

fold in [0, 1].

If an argument outside those ranges is given, ValueError is raised. All default to O except #zinfo, which
defaults to None.

Sz EFRE:
time.min

£8 753 7FE o] 2 time, time (0, 0, 0, 0).
time.max

3

Fild

ke

L time, time (23, 59, 59, 999999).

A

e R

time.resolution
2R OF8 time AA 749 7153 71 ZL 2} 9], timedelta (microseconds=1), SFA 2t t ime A A
of th &t J 2 A Q= A kFUTh

QA2E 2 o T HE (317] 48
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time.hour
E{,‘—ﬂ range (24).
time.minute
‘?3‘9& range (60).
time.second
%‘—CH range (60).
time.microsecond
H 2] range (1000000).
time.tzinfo
time /3 Aol rzinfo QA2 AdE AA o) A, L= A ¢k %W None YU T

time.fold

In [0, 17. Used to disambiguate wall times during a repeated interval. (A repeated interval occurs when
clocks are rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased
for political reasons.) The values 0 and 1 represent, respectively, the earlier and later of the two moments with
the same wall time representation.

Added in version 3.6.
t ime objects support equality and order comparisons, where a is considered less than b when a precedes b in time.

Naive and aware time objects are never equal. Order comparison between naive and aware time objects raises
TypeError.

If both comparands are aware, and have the same t zinfo attribute, the t zinfo and fold attributes are ignored and
the base times are compared. If both comparands are aware and have different t zinfo attributes, the comparands
are first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()).

¥ A 3.30]| A M 7 : Equality comparisons between aware and naive t ime instances don’ t raise TypeError.
= A FHANA, cime A= T Fo g

WA 35014 WA: Shol A 35 ol Ao, cine AA L UTC AAL ol o] ARow 25B5U T o
B2r2 offm star of 2 7} A 3] 41 A o' 8k shol Al 35004 Al A A F U T AAI S W82
bpo-13936& FZ 34 A L.

R EEE
classmethod time.fromisoformat (fime_string)

Return a t ime corresponding to a time_string in any valid ISO 8601 format, with the following exceptions:
1. Time zone offsets may have fractional seconds.

2. The leading T, normally required in cases where there may be ambiguity between a date and a time, is
not required.

3. Fractional seconds may have any number of digits (anything beyond 6 will be truncated).
4. Fractional hours and minutes are not supported.

Examples:

r B
>>> from datetime import time

>>> time.fromisoformat ('04:23:01")
datetime.time (4, 23, 1)

>>> time.fromisoformat ('T04:23:01")
datetime.time (4, 23, 1)

>>> time.fromisoformat ('T042301")
datetime.time (4, 23, 1)

>>> time.fromisoformat ('04:23:01.000384")
datetime.time (4, 23, 1, 384)

(Th= sl ol Al ol A1)
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>>> time.fromisoformat ('04:23:01,000384")
datetime.time (4, 23, 1, 384)
>>> time.fromisoformat ('04:23:01+04:00")

—~timedelta (seconds=14400)))

>>> time.fromisoformat ('04:23:0172")

datetime.time (4, 23, 1, tzinfo=datetime.timezone.utc)
>>> time.fromisoformat ('04:23:01+00:00")
datetime.time (4, 23, 1, tzinfo=datetime.timezone.utc)

L

datetime.time (4, 23, 1, tzinfo=datetime.timezone (datetime.

(o] sl o] A ol A AI)

Added in version 3.7.

H A 3.119] A ¥ : Previously, this method only supported formats that could be emitted by time.

isoformat ().

HA2A A=

ol

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond,

tzinfo=self.tzinfo, *, fold=0)

7195 AAR AR Fho] FojA AJEGREE AL, 22 g
tzinfo-Noned A A1 A7+ Hl o] E o] WM& §lo] oo timeol A o] B ineg BHE

g},
t ime objects are also supported by generic function copy. replace ().
WA 3.6 4 X7 Added the fold parameter.

time.isoformat (fimespec="auto’)
ISO 8601 B 4] . & A7+ YEtY = 4}
e HH:MM:SS.ffffff, microsecond’}

e HH:MM:SS, microsecond’}0°]d

e HH:MM:SS.ffffff+HH:MM[:SS[.ffffff]], utcoffset () 0] None%

7FA times REEHU T
‘{"\_

42 UL, o F A A Y oh
0

HHESHA g w

e HH:MM:SS+HH:MM[:SS[.f£££f£ff]], microsecond’} 09| utcorfset () ©] NoneS HFE3} %]

orom

v —
QY4 A mepec e EFY AL F7HTA 84 SE AU 12 oo JUITh.
the % Shiel 5 ek

e 'auto': microsecond’} 0] ¥ 'seconds'Q} T, TR oy

e},
e 'hours': hours ¥ A}8] <A un A1 o7 st}

e 'minutes': hourﬂ— minutes HH:MM —5§ /Q,.QE E?}?ﬂ\% 1:]-

U
e 'seconds': hour, minute ¥ second= HH:MM:SS @4l o & Z 33}

e 'milliseconds': AA| A|ZHE 23R 0 = v vk W] = Oh9] 2 A-F U T HH:MM: SS.ss5s

AUk

e 'microseconds': AA| A|ZFS HH:MM:SS.ffffff FA 0 F Z &S T

0 #x
ALA A7 A 4= v HE R ok T

Z2 9 timespec QA= valueErrorS A3 A Yt}

o A :
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-

>>> from datetime import time
>>> time (hour=12, minute=34, second=56, microsecond=123456) .isoformat (timespec=
—'minutes')
'12:34"
>>> dt = time (hour=12, minute=34, second=56, microsecond=0)
>>> dt.isoformat (timespec="'microseconds"')
'12:34:56.000000"
>>> dt.isoformat (timespec="'auto")
'12:34:56"
WA 3.690 4 ¥ 7 : Added the fimespec parameter.
time.__str ()

For a time t, str (t) is equivalent to t . isoformat ().

time.strftime (format)

Return a string representing the time, controlled by an explicit format string. See also strftime() and strptime()

Behavior and time.isoformat ().

time.__ format__ (format)

Same as time.strftime (). This makes it possible to specify a format string for a ¢ ime object in format-

ted string literals and when using str. format ().
isoformat ().

time.utcoffset ()

tzinfo7]— None O] ‘?‘1, None & ‘ﬂ':ﬂ:%}i, :,_{%4_;(] ?%'—Q—EE
t

31, F 47 None ol L} 315 B §e) 271§ 742

Y.
W 37004 W4

.dst ()

tzinfo7} None ©] ¥, None &
7} None o]} 8} W] 72

WA 37014 ¥7: DST &=

.tzname ()

UTC 2 A& B

time
Hhsketal, 19 A

time
tzinfo7} None ©] ¥, None 2 935111
% 27k None o) L} 242 7 7] S WEH3HA]

, 1EA
o} o
A2 0f]: time

time AR 2 Z+Yst= A A:

ol o

o — v

3715 7 timedelta AAE RHESHA] koW o 9] 5 DA “4"/}

A2 2 GHE AT A sy

o} o 1

10—

w9l 2 A1 8 4] kT

self.tzinfo.utcoffset (None
imedelta AA|E vl35}A

self.tzinfo.dst (None) = Y35 ]’ F A

See also strftime() and strptime() Behavior and time.

s
%o ool & YA

_F“

self.tzinfo.tzname (None) = W3} 11,

ko oo & WA G U

>>> from datetime import time, tzinfo, timedelta
>>> class TZ1l (tzinfo):
def utcoffset(self, dt):
return timedelta (hours=1)
def dst (self, dt):
return timedelta (0)
def tzname (self,dt):
return "+01:00"
def _ repr_ (self):
return f"{self. class_ . name__ } ()"
>>> t = time (12, 10, 30, tzinfo=TZ1())
>>> t

datetime.time (12,
>>> t.isoformat ()

10, 30, tzinfo=TZ1())

(TH5 sl el Aol A)
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'12:10:30+01:00"
>>> t.dst ()
datetime.timedelta (0)
>>> t.tzname ()
'+01:00"
>>> t.strftime ("$H:$M:%S %Z")
'12:10:30 +01:00"
>>> 'The is {:%H:%M}.'".format ("time", t)
'The time is 12:10."'

8.1.8 tzinfo ZHA|

class datetime.tzinfo

o AL FFuolx SHAPUTE F, o] ZUAE AF dadaz UEd G Hyth 53 AN
o th3t AR E AAS2IH tzinrof] B ZYPAE A AN L.
da

tzinfol] (T4 AH FH29) AXHAE datetimed} time AAY YA A2 = AdFY
t} o] AAE2 A4 AJEBREE A Aoz 723, tzinfo A& A A7) UTC
ZHE Qu A A7 o] & W DST L ZAS 25 A Iy A 7F AA o] Atjzoz d=

HAEES l?ﬂﬂ‘%v}.

You need to derive a concrete subclass, and (at least) supply implementations of the standard ¢ z i n fo methods
needed by the datet ime methods you use. The datetime module provides t imezone, a simple concrete
subclass of tzinfo which can represent time zones with fixed offset from UTC such as UTC itself or North
American EST and EDT.

Special requirement for pickling: A tzinfo subclass must have an __init__ () method that can be called
with no arguments, otherwise it can be pickled but possibly not unpickled again. This is a technical requirement
that may be relaxed in the future.

A concrete subclass of tzinfo may need to implement the following methods. Exactly which methods are
needed depends on the uses made of aware datetime objects. If in doubt, simply implement all of them.

tzinfo.utcoffset (df)
A9 A7 UTCERE Y L ZAZ UTCY FFol & o ¢ 7S 2= timedelta BA|E QHEE
FUh 29 A17Fo] UTCS] Aol o]

o] ZZUTCEZRE Y F J_iéﬂ% Uet iUt ol & E9l, tzinfo AR 7L A I} DST 28 & 57
VBN W, utcofrset ()& 159 FAE Bl of Utk UTC L Z A& & 4= glod Noneg s
ety 224 o Wisly = 78 Ul E A] —timedelta (hours=24) 9}t1medelta(hours—24)
AbolQ] timedelta AA|dof Ut (L ZAS] T 7= 6F w|gto]o]of U}, utcorrset ()9

HEL TALE obukE o] £ 7bA] F st A g

return CONSTANT # fixed-offset class
return CONSTANT + self.dst(dt) # daylight-aware class

0{

utcoffset () ©] None< WF&3}A] kO W, dst () = None < HFES}A] ¢Folof shuth.
utcoffset ()9 7|8 FHL Not TmplementedErrore YHA A 7 U T}
WA 37004 WA UTC L AL & T 2 A3t 7] g5y th
tzinfo.dst (df)
qF Ak A ZH(DST) ZAS timedelta AA R, E=DST AH S 2 2 None2 BFHgH T}

}:I

Return timedelta (0) if DST is not in effect. If DST is in effect, return the offset as a timedelta object
(see utcofrfset () for details). Note that DST offset, if applicable, has already been added to the UTC
offset returned by utcoffset (), so there’ s no need to consult dst () unless you’ re interested in obtaining
DST info separately. For example, datetime.timetuple () callsits t zinfo attribute’ s dst () method to
determine how the tm_isdst flag should be set, and tzinfo. fromutc () calls dst () to account for DST
changes when crossing time zones.
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BN LG EFANNS BT BY38H= tzinfo A B FEP 2 AAHA 7= TS0 -2 o] of A
919 of of g o)

tz.utcoffset (dt) - tz.dst (dt)

must return the same result for every datetime df with dt .tzinfo == tz. For sane tzinfo subclasses,

this expression yields the time zone’ s “standard offset”, which should not depend on the date or the time, but
only on geographic location. The implementation of datetime.astimezone () relies on this, but cannot
detect violations; it’ s the programmer’ s responsibility to ensure it. If a tzinfo subclass cannot guarantee
this, it may be able to override the default implementation of tzinfo. fromutc () to work correctly with
astimezone () regardless.

dst ()& HF L2 oputi o] F 742 F b APtk

def dst(self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

=

rlr

rdef dst (self, dt):
# Code to set dston and dstoff to the time zone's DST
# transition times based on the input dt.year, and expressed
# in standard local time.

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

else:
return timedelta (0)

dst ()9 7]3?- 32 Not ImplementedErrors A A AUt}
WA 37004 W7 DST L Z A2 & 9] 2 A ke A] k5t
tzinfo.tzname (dt)

Return the time zone name corresponding to the datet ime object dt, as a string. Nothing about string names
is defined by the datetime module, and there’ s no requirement that it mean anything in particular. For
example, "GMT", "UTC", "-500", "-5:00", "EDT", "US/Eastern", "America/New York" are all valid
replies. Return None if a string name isn’ t known. Note that this is a method rather than a fixed string
primarily because some t z i n fo subclasses will wish to return different names depending on the specific value
of dt passed, especially if the ¢ zinfo class is accounting for daylight time.

tzname ()] 7|8 T &L Not ImplementedErrors WA Z U Th.

o] AN EEL datetime} time AN A 2L o]52] WA= 3t SF o7 TEH UL} datetime
A= AA S QALZ ALG3H, time AA = AAE NoneS AEEY ) WabA tzinfo AH E8 29

WX == None ©| U datet ime 2| 29 df QAAFE WholE d FH] 715 o] lofoF Tyt
Noneo] A=W, H o] SHE ZAst= A2 FH~ *;ﬂﬂ]x]"’ﬂ A G syt A&

=2 =2 —_—
tzinfo T2 EFO| time AA| 7} Frod st A k=t E3tal A vhd Nonei Hke3h= 2 o] ’—‘ﬂ A3
EZE IAL A= tFE F3o0] 908 F utcoffset (None) ©] £F UTC L Z AL vlE3l= A o]

E11letﬂAA 0])‘L]t+

When a datetime object is passed in response to a datetime method, dt.tzinfo is the same object as self.
tzinfo methods can rely on this, unless user code calls tzinfo methods directly. The intent is that the tzinfo
methods interpret dt as being in local time, and not need worry about objects in other time zones.

ANE ZHATFARZI T = = tzinfo A E7F Y T FUTh
tzinfo.fromute (dr)

This is called from the default datetime.astimezone () implementation. When called from that, dt.
tzinfo is self, and df’ s date and time data are to be viewed as expressing a UTC time. The purpose of
fromutc () 1is to adjust the date and time data, returning an equivalent datetime in self” s local time.
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Most tzinfo subclasses should be able to inherit the default fromutc () implementation without problems.
It’ s strong enough to handle fixed-offset time zones, and time zones accounting for both standard and daylight
time, and the latter even if the DST transition times differ in different years. An example of a time zone the
default Fromutc () implementation may not handle correctly in all cases is one where the standard offset
(from UTC) depends on the specific date and time passed, which can happen for political reasons. The default
implementations of astimezone () and fromutc () may not produce the result you want if the result is one

of the hours straddling the moment the standard offset changes.

AN 7h WS A8 AT LES AR, ¥ sromuce ) TRS HE T 2] §

Ytk

-

def fromutc(self, dt):
# raise ValueError error if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError if dtoff is None or dtdst is None
delta = dtoff - dtdst # this is self's standard offset
if delta:
dt += delta # convert to standard local time
dtdst = dt.dst ()
# raise ValueError if dtdst is None
if dtdst:
return dt + dtdst
else:
return dt

T}2 tzinfo_examples.py Qo= tzinfo F 29 B 71A] o 7} &} 95Ut

from datetime import tzinfo, timedelta, datetime

ZERO = timedelta (0)
HOUR = timedelta (hours=1)
SECOND = timedelta (seconds=1)

A class capturing the platform's idea of local time.
(May result in wrong values on historical times 1in
timezones where UTC offset and/or the DST rules had

HH R W H

changed in the past.)
import time as _time

STDOFFSET = timedelta(seconds = —_time.timezone)
if _time.daylight:

DSTOFFSET = timedelta(seconds = —_time.altzone)
else:

DSTOFFSET = STDOFFSET

DSTDIFF = DSTOFFSET - STDOFFSET

class LocalTimezone (tzinfo) :

def fromutc(self, dt):
assert dt.tzinfo is self
stamp = (dt - datetime (1970, 1, 1, tzinfo=self)) // SECOND
args = _time.localtime (stamp) [:6]
dst_diff = DSTDIFF // SECOND
# Detect fold
fold = (args == _time.localtime(stamp - dst_diff))
return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

(TH5 sl el Aol A)
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def utcoffset (self, dt):
if self._ isdst (dt):
return DSTOFFSET
else:
return STDOFFSET

def dst (self, dt):
if self._ isdst (dt):
return DSTDIFF
else:
return ZERO

def tzname (self, dt):
return _time.tzname[self._ isdst (dt) ]

def _isdst (self, dt):

tt = (dt.year, dt.month, dt.day,
dt .hour, dt.minute, dt.second,
dt .weekday (), 0, 0)

stamp = _time.mktime (tt)

tt = _time.localtime (stamp)

return tt.tm_isdst > 0

Local = LocalTimezone ()

# A complete implementation of current DST rules for major US time zones.

def first_sunday_on_or_after (dt):
days_to_go = 6 — dt.weekday ()
if days_to_go:
dt += timedelta (days_to_go)
return dt

US DST Rules

This is a simplified (i.e., wrong for a few cases) set of rules for US
DST start and end times. For a complete and up-to-date set of DST rules

http://www.twinsun.com/tz/tz-1ink.htm
https://sourceforge.net/projects/pytz/ (might not be up-to-date)

In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.
DSTSTART_2007 = datetime(l, 3, 8, 2)
# and ends at 2am (DST time) on the first Sunday of Nov.
DSTEND_2007 = datetime (1, 11, 1, 2)
# From 1987 to 2006, DST used to start at 2am (standard time) on the first
# Sunday in April and to end at 2am (DST time) on the last

#
#
#
#
# and timezone definitions, visit the Olson Database (or try pytz):
#
#
#
#
#

# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime (1, 4, 1, 2)

DSTEND_1987_2006 = datetime (1, 10, 25, 2)

# From 1967 to 1986, DST used to start at 2am (standard time) on the last

# Sunday in April (the one on or after April 24) and to end at 2am (DST time)

(TH5 sl el Aol A)
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# on the last Sunday of October, which is the first Sunday
# on or after Oct 25.
DSTSTART_1967_1986 = datetime (1, 4, 24, 2)
DSTEND_1967_1986 = DSTEND_1987_2006

def us_dst_range (year) :

# Find start and end times for US DST. For years before 1967, return
# start = end for no DST.
if 2006 < year:

dststart, dstend = DSTSTART_2007, DSTEND_2007
elif 1986 < year < 2007:

dststart, dstend = DSTSTART_1987_2006, DSTEND_1987_2006
elif 1966 < year < 1987:

dststart, dstend = DSTSTART_1967_1986, DSTEND_1967_1986
else:

return (datetime (year, 1, 1), ) * 2

start = first_sunday_on_or_after (dststart.replace (year=year))

end = first_sunday_on_or_after (dstend.replace (year=year))
return start, end

class USTimeZone (tzinfo) :

def _ init_ (self, hours, reprname, stdname, dstname):
self.stdoffset = timedelta (hours=hours)
self.reprname = reprname
self.stdname = stdname
self.dstname = dstname

def _ repr__ (self):
return self.reprname

def tzname (self, dt):
if self.dst(dt):
return self.dstname
else:
return self.stdname

def utcoffset (self, dt):
return self.stdoffset + self.dst (dt)

def dst (self, dt):

if dt is None or dt.tzinfo is None:
# An exception may be sensible here, in one or both cases.
# It depends on how you want to treat them. The default
# fromutc () implementation (called by the default astimezone ()
# implementation) passes a datetime with dt.tzinfo is self.
return ZERO

assert dt.tzinfo is self

start, end = us_dst_range (dt.year)

# Can't compare naive to aware objects, so strip the timezone from

# dt first.

dt = dt.replace(tzinfo=None)

if start + HOUR <= dt < end - HOUR:
# DST is in effect.

(TH5 sl el Aol A)
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def

Eastern
Central
Mountai
Pacific

return HOUR
if end - HOUR <= dt < end:

# Fold (an ambiguous hour): use dt.fold to disambiguate.

return ZERO if dt.fold else HOUR

if start <= dt < start + HOUR:
# Gap (a non-existent hour): reverse the fold rule.
return HOUR if dt.fold else ZERO

# DST is off.

return ZERO

fromutc (self, dt):
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
start = start.replace(tzinfo=self)
end = end.replace(tzinfo=self)
std_time = dt + self.stdoffset
dst_time = std_time + HOUR
if end <= dst_time < end + HOUR:
# Repeated hour
return std_time.replace(fold=1)
if std_time < start or dst_time >= end:
# Standard time
return std_time
if start <= std_time < end - HOUR:
# Daylight saving time
return dst_time

= USTimeZone (-5, "Eastern", "EST", "EDT")
= USTimeZone (-6, "Central", "CST", "CDT")
n = USTimeZone (-7, "Mountain", "MST", "MDT")
= USTimeZone (-8, "Pacific", "PST", "PDT")

(o] sl o] A ol A AI)

J

DST A4 ol A 3 A} A Aok AIZHS BF 18] 8he czinco A0 Fe 2o 2 dof F
748 v B ol 9-gel #) HIA 2. A A 02,39 F wAl 28 Q9] 1159 (EST) o2 2ol A%

1Y€ 3 14 €2 < 1:59 (EDT) th2 £l b= v]=F Eastern(UTC -0500) = 228 314 Al L.

\=]
=
al,

o)

UTC
EST
EDT

start

end

3:MM 4:MM 5:MM 6:MM 7:MM 8:MM
22:MM 23:MM O:MM 1:MM 2:MM 3:MM
23:MM O:MM 1:MM 2:MM 3:MM 4:MM

22:MM 23:MM O:MM 1:MM 3:MM 4:MM

23:MM O:MM 1:MM 1:MM 2:MM 3:MM

J

DST 7} Al ZF gk uff (“start” &), A1 HA] A= 1:59001 4] 3:00 2 =gt 2o 2:MM A1 2] ¥ AJ7F
AZAAQ oJu| 7} PO B Z astimezone (Eastern) = DST7} A Z8F= doll hour == 2¢ A& AL3}
2] FF YT A& £91,2016d B2 AR A3 (forward transition) | A, Th-33} 22 A5 dHFUTth

>>> from datetime import datetime, timezone

>>> from tzinfo_examples import HOUR, Eastern

>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i in range(4):
u = ul0 + i*HOUR
t = u.astimezone (Eastern)
print(u.time (), 'UIC =', t.time (), t.tzname())
(th sle] Aol Al%)
234 Chapter 8. C[O|E{H



The Python Library Reference, Z!2|A 3.13.1

(o1 | o] A o M Al4)
05:00:00 UTC = 00:00:00 EST
06:00:00 UTC = 01:00:00 EST
07:00:00 UTC = 03:00:00 EDT
08:00:00 UTC = 04:00:00 EDT

When DST ends (the “end” line), there’ s a potentially worse problem: there’ s an hour that can’ t be spelled un-
ambiguously in local wall time: the last hour of daylight time. In Eastern, that’ s times of the form 5:MM UTC on
the day daylight time ends. The local wall clock leaps from 1:59 (daylight time) back to 1:00 (standard time) again.
Local times of the form 1:MM are ambiguous. astimezone () mimics the local clock’ s behavior by mapping two
adjacent UTC hours into the same local hour then. In the Eastern example, UTC times of the form 5:MM and 6:MM
both map to 1:MM when converted to Eastern, but earlier times have the fo1d attribute set to O and the later times
have it set to 1. For example, at the Fall back transition of 2016, we get:

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for i in range(4):
u = u0 + i*HOUR
t = u.astimezone (Eastern)
print(u.time (), 'UIC =', t.time (), t.tzname(), t.fold)

04:00:00 UTC = 00:00:00 EDT
05:00:00 UTIC = 01:00:00 EDT
06:00:00 UTC = 01:00:00 EST
07:00:00 UTC = 02:00:00 EST

o = O O

Note that the datetime instances that differ only by the value of the fo1d attribute are considered equal in com-
parisons.

Applications that can’ t bear wall-time ambiguities should explicitly check the value of the ro1d attribute or avoid
using hybrid t zinfo subclasses; there are no ambiguities when using t imezone, or any other fixed-offset tzinfo
subclass (such as a class representing only EST (fixed offset -5 hours), or only EDT (fixed offset -4 hours)).

& o 17

zoneinfo
The datetime module has a basic timezone class (for handling arbitrary fixed offsets from
UTC) and its t imezone. utc attribute (a UTC timezone instance).

zoneinfo brings the IANA time zone database (also known as the Olson database) to Python,
and its usage is recommended.

TANA time zone database
A 74l o] o] E] Bl 0] 2 (£% tz, tzdata T = zoneinfo 2}l U Tth ol = A A A o 2] A Hof| A #] <
AZHe) Sl aE R E RS+ Eﬂtﬂolﬂﬂi?}ﬂﬂ 1’\‘45} % ]"/P;ﬂ]ﬂtﬂ%‘ Sk A2
AA, UTC @ =1 9 3 Aok A7 #2483 ah7] 19 =714 o2 Aok

8.1.9 timezone ZHA|

The ¢ imezone class is a subclass of ¢ zinfo, each instance of which represents a time zone defined by a fixed offset
from UTC.

Objects of this class cannot be used to represent time zone information in the locations where different offsets are
used in different days of the year or where historical changes have been made to civil time.

class datetime.timezone (offset, name=None)
offset QA= A A 7k} UTC 7+9] 2}o] S UMY & timedelta AAE A A& oF FUth 4 23
(BAZS £T5}1A %) -timedelta (hours=24) & timedelta (hours=24) Afo]ooF Ut} 18
A ¢Fo W valueError7} WAL Th
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name A= AH A QU A Q=W datetime. tzname () WA E7} ¥k3Fel= o & AFEE 4
g o of of g k.

Added in version 3.2.

H A 3704 HA: UTC L ZAS B

s\

A= A A FUh
timezone.utcoffset (df)
timezone QIABE A7}
dr Q2= FAF Ut g3 C
WA 37014 HA: UTC L =AML B a9 2 A3hs A k5Tt
timezone.tzname (dt)
timezone JIA®AZF FE5E wf A H 1A 3k vHEHU
B

name-2 A /3 Zpoll A& 8FA] 9% S W, tzname (dt) o] &3 Bt < O 2ol offset
oz HE AP UTE offser©] timedelta (0) ©| W, o] 52 “UTC” o], 18 %] ko FA<¥
UTC+HH: MM Y U T} o 7] A £& offsetd EF ol 3, HHF MM Z+ 7} offset .hours 2} offset.

minutes® F A2 ALY YT
H A 3.6 A ¥ 7 : Name generated from of fset=t imedelta (0) isnow plain 'UTC',not 'UTC+00:00".
timezone.dst (df)
6;}/}:]' None‘% ‘ﬂ'%’@'q 1‘4—
timezone.fromute (df)
dt + offset2 HISSHU T} df QA= tzinfo 7} self 2 AAEH oY o] datetime A AE A o] of
e =y
2o oz ey
timezone.ute

The UTC time zone, t imezone (timedelta (0)).

8.1.10 strftime () and strptime () Behavior

date,datetime D time AA| = BT strftime (format) WA EE X Q5to], HA| A T B2 2 A o]

A0 GE s E A e BE o

WO 2, datetime. strptime () 2 HAEE A A S Ut BAER slE 2l EAEE
datetime A E TE YT

The table below provides a high-level comparison of st rftime () versus strptime():

strftime strptime

8= Zoj2 Zoo| wet AAE BAD FolA AF EROET BADL dacetine AA
= Agghct = 38 2AFIG

L PR ArEAHAME SR A=

WA E7F Al S date; datetime; time datetime

He 2

/\1 Ué strftime (format) strptime (date_string, format)

strftime () and strptime () Format Codes

These methods accept format codes that can be used to parse and format dates:
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>>> datetime.strptime ('31/01/22 23:59:59.999999"',
! /%m/%y $H:%$M:%S. ")

datetime.datetime (2022, 1, 31, 23, 59, 59, 999999)
>>> _.strftime (' b %Y, $I:%M%p')

'Mon 31 Jan 2022, 11:59pPM'

el
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offt
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rlr
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rln

PEEEE R
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rlr

T}22 1989 C o] 73}
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R|AIxE o|o| of CE
sa 29% =AY FF 0
T o] = o
delgos Sun, Mon, -+, Sat
(en_US);
So, Mo, -+, Sa (de_DE)
SA 89S 2ALY AA 1)
o]lEoF
Sunday, Monday, ---,
Saturday (en_US);
Sonntag, Montag, -+,
Samstag (de_DE)
Sw LIS 104,08 01,6
98 o768 £2
Syt
sd 4% 4 (day of the 01,02, 31 9)
month) & 022 A Z
1072,
b 4L 2ALY &4 (1
ojEo =,
Jan, Feb, -+, Dec
(en_US);
Jan, Feb, -+, Dez
(de_DE)
%B S 2ALY AA 1)
Eo07,
January, February, ---,
December (en_US);
Januar, Februar, -,
Dezember (de_DE)
sm gL 0oz AYR108 01,02, -, 12 )
T2,
sy A 71 7F 9 3l (year) & 00,01, -+, 99 ©)
022 QYA 10R4=.
Y Al 717} = 3l (year) & 0001, 0002, ---, 2013, (2)
10342, 2014, ---, 9998, 9999
%H ANRANZFANE 022 00,01, -, 23 )
AP A2
ST AI(R2AZHAD S 022 01,02, -+, 12 9)
A CEREES
4p 2ALY 2R @ (1), 3)
S o] )| Jal= A
il SiERRS A AM, PM (en_US);
am, pm (de_DE)
$M T=0o&2 A" A 00,01, -+, 59 ©
T2
%S ZE002 QYA 104 00,01, -, 59 @, (9)
T2
Sf Microsecond as a decimal 000000, 000001, -, (5)
number, zero-padded to 6 999999
digits.
Sz +HHMM[SS[.f£E£££] ] Mmoo A-L), +0000, - (6)
el 9] UTC 2 = Al 0400, +1030, +063415, -
(AA 7} Yol Bl 11 030712.345216
221Y)
238 A ZH o] & (AA7F v (M9 =), UTC, GMT  (6)Chapter 8. H|O|E{
o|B3lH ¥l EX4F).
%5 = < (day of the year) 001, 002, ---, 366 9
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C89 A 27547 G B 74 2 7E AN AT B £ o] druin. o] SHehi] B E L BF IS0
8601 24 groll s g ek,

X <9lo| ol =

Al E

Xt

56 ISOF(v)9 9 2 RES 2835+ A= E YehdlE= 0001, 0002, -+, 2013, 2014, -, (8)
Al 7] 7} J=1S0 8601 A =. 9998, 9999

su ISOS601§L°E‘§_ 10{1 2,12 9894Uth 1,2, 7

sv  ISO8601 FE AR IS F A Fo 2 = ARA¢+Z. 01,02, -+, 53 (8),
F01S 19 4de £33t FHYYTH )

$:z  UTC offset in the form +HH:MM[:SS[.££££££]] (empty (empty), +00:00, -04:00, +10:30, (6)
string if the object is naive). +06:34:15, -03:07:12.345216

These may not be available on all platforms when used with the st r7time () method. The ISO 8601 year and ISO
8601 week directives are not interchangeable with the year and week number directives above. Calling st rptime ()
with incomplete or ambiguous ISO 8601 directives will raise a ValueError.

The full set of format codes supported varies across platforms, because Python calls the platform C library’ s
strftime () function, and platform variations are common. To see the full set of format codes supported on your
platform, consult the st rrtime (3) documentation. There are also differences between platforms in handling of
unsupported format specifiers.

Added in version 3.6: 5G, su % sv7} 715 15 Y T
Added in version 3.12: % : z was added.

713 ME AL

Broadly speaking, d.strftime (fmt) acts like the t ime module’ s time.strftime (fmt, d.timetuple())
although not all objects support a t imetuple () method.

Forthe datetime. st rptime () class method, the default valueis 1900-01-01T00:00:00.000: any components
not specified in the format string will be pulled from the default value.*

datetime.strptime (date_string, format) 2 g 553k

[datetime (* (time.strptime (date_string, format) [0:6]))

except when the format includes sub-second components or time zone offset information, which are supported in
datetime.strptime but are discarded by time.strptime.

For t ime objects, the format codes for year, month, and day should not be used, as t ime objects have no such values.
If they’ re used anyway, 1900 is substituted for the year, and 1 for the month and day.

For date objects, the format codes for hours, minutes, seconds, and microseconds should not be used, as date
objects have no such values. If they’ re used anyway, O is substituted for them.

2o olfm, dA 2AYY A NGO RE AT S Qs FULE I TASS T T £
do A2l EHFol wet Ut A5 SAFANAME Olaﬁ}ic i‘ﬂEﬂl"ﬂE%"% | 2 EE A,
}2 Lo A= strftime ©] UnicodeErrors WA Z] AL Al Wl E214E & 913+e 4= 95U th

TE

(1) Because the format depends on the current locale, care should be taken when making assumptions about the
output value. Field orderings will vary (for example, “month/day/year” versus “day/month/year”), and the
output may contain non-ASCII characters.

(2) The strptime () method can parse years in the full [1, 9999] range, but years < 1000 must be zero-filled to
4-digit width.

W A 3.20| A ¥ 7 In previous versions, st rftime () method was restricted to years >= 1900.

4 Passing datetime.strptime ('Feb 29', '$b 3d') will fail since 1900 is not a leap year.
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3)

WA 339 4] ¥ 7A: In version 3.2, st rft ime () method was restricted to years >= 1000.

When used with the st rpt ime () method, the $p directive only affects the output hour field if the $1 directive
is used to parse the hour.

(4) Unlike the t ime module, the datet ime module does not support leap seconds.

(5) When used with the strptime () method, the %£ directive accepts from one to six digits and zero pads on
the right. %£ is an extension to the set of format characters in the C standard (but implemented separately in
datetime objects, and therefore always available).

(6) For a naive object, the %z, %: z and %z format codes are replaced by empty strings.

SEEEEBEEE
%z
utcoffset () is transformed into a string of the form +HHMM[SS[.f£fff£ff]], where HH is a 2-digit
string giving the number of UTC offset hours, MM is a 2-digit string giving the number of UTC offset
minutes, SS is a 2-digit string giving the number of UTC offset seconds and ££££££ is a 6-digit string
giving the number of UTC offset microseconds. The £ £ £ £ ff part is omitted when the offset is a whole
number of seconds and both the f£ffff and the ss part is omitted when the offset is a whole number
of minutes. For example, if utcoffset () returns timedelta (hours=—3, minutes=-30), %z is
replaced with the string '-0330".
WA 3704 W7: UTC L Z A2 & T 2 A ke A ek5yth
H A 3.79]| A ¥ 7 : When the %z directive is provided to the st rpt ime () method, the UTC offsets can have
a colon as a separator between hours, minutes and seconds. For example, '+01:00:00" will be parsed as an
offset of one hour. In addition, providing 'z ' is identical to '+00:00".
%:2z
Behaves exactly as %z, but has a colon separator added between hours, minutes and seconds.
%2
In strrtime (), %2 is replaced by an empty string if ¢ zname () returns None; otherwise %z is replaced
by the returned value, which must be a string.
strptime () only accepts certain values for %2:
1. AFE9 A Lol N3t time.tznamed] BE Zf
2. 3t T H Zrurce} oMt
weta] Ao AFste AHE-2 gsT, uTc R vt E FE S o' b 4 YA Y ofuhE BST
< obduth F &84 o4& ol thal A= valueError 7b A Y ot
¥ A 3.20] A ¥ 7 : When the %z directive is provided to the strptime () method, an aware datetime
object will be produced. The tzinfo of the result will be set to a t i mezone instance.

(7) When used with the st rptime () method, $U and %W are only used in calculations when the day of the week
and the calendar year (%Y) are specified.

(8) Similar to U and %W, %V is only used in calculations when the day of the week and the ISO year (%G) are
specified in a st rpt ime () format string. Also note that $G and %Y are not interchangeable.

(9) When used with the st rptime () method, the leading zero is optional for formats %d, $m, %H, $I, $M, %S,
%9, U, W, and $Vv. Format %y does require a leading zero.

(10) When parsing a month and day using st rptime (), always include a year in the format. If the value you need
to parse lacks a year, append an explicit dummy leap year. Otherwise your code will raise an exception when
it encounters leap day because the default year used by the parser is not a leap year. Users run into this bug
every four years--+
>>> month_day = "02/29"
>>> datetime.strptime (f" {month_day};1984", "S$m/%d;%Y") # No leap year bug.
datetime.datetime (1984, 2, 29, 0, 0)
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Deprecated since version 3.13, will be removed in version 3.15: strptime () calls using a format string
containing a day of month without a year now emit a DeprecationWarning. In3.15 or later we may change
this into an error or change the default year to a leap year. See gh-70647.

8.2 zoneinfo — IANA time zone support

Added in version 3.9.

Source code: Lib/zoneinfo

The zoneinfo module provides a concrete time zone implementation to support the IJANA time zone database as
originally specified in PEP 615. By default, zoneinfo uses the system’ s time zone data if available; if no system
time zone data is available, the library will fall back to using the first-party tzdata package available on PyPI.

e ] B

B 5 datetime

Package tzdata

party) 3] 7] A].

ZoneInfo S AN AR EH EE A H timed} datetime § S A=Yt}

PYPIE 53 Al 2be) o o B8 A1 5-817] 3] CPython 3141 7N Ap7} £7] W4 5he A} (hrst-

Availability: not WASI.

This module does not work or is not available on WebAssembly. See WebAssembly platforms for more information.

8.2.1 zZoneInfo A}23}7|

ZoneInfow datetime.tzinfo 3AF W o]l S0 A4+
T = datetime.astimezones E3)] tzinfool 2435

T3olH, A4 A}, datetime. replace Uﬂ/HE
A

dyrk:

3
L
-

>>> from zoneinfo import ZoneInfo
>>> from datetime import datetime,

>>> dt = datetime (2020, 10, 31, 12,
>>> print (dt)
2020-10-31 12:00:00-07:00

>>> dt.tzname ()
'PDT"'

timedelta

tzinfo=ZonelInfo ("America/Los_Angeles"))

ol Ao 2 4 datetime 5 -2 datetime A&7 T &F v F71 | Y glo] dF A AAl A

o

r U
o
AL

>>> dt_add = dt + timedelta (days=1)

>>> print (dt_add)
2020-11-01 12:00:00-08:00

>>> dt_add.tzname ()
'PST!

o] AlZtdl= PEP 4959 =4 rold o] ERFELE A LI BT A1
(718 GF A F AN & Ao 2] A 5, gAY 2= A0] fold=0Y
1

o]:

duj AHgEUTEL A€ =
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>>> dt = datetime (2020, 11, 1, 1, tzinfo=ZonelInfo ("America/Los_Angeles"))
>>> print (dt)
2020-11-01 01:00:00-07:00

>>> print (dt.replace (fold=1))
2020-11-01 01:00:00-08:00

the A kool A M aE o), fold = SuHE o= A Uk

>>> from datetime import timezone
>>> LOS_ANGELES = ZoneInfo ("America/Los_Angeles")
>>> dt_utc = datetime (2020, 11, 1, 8, tzinfo=timezone.utc)

>>> # Before the PDT -> PST transition
>>> print (dt_utc.astimezone (LOS_ANGELES) )
2020-11-01 01:00:00-07:00

>>> # After the PDT —-> PST transition
>>> print ((dt_utc + timedelta (hours=1)) .astimezone (LOS_ANGELES))
2020-11-01 01:00:00-08:00

8.2.2 H|O|E| A

The zoneinfo module does not directly provide time zone data, and instead pulls time zone information from
the system time zone database or the first-party PyPI package tzdata, if available. Some systems, including notably
Windows systems, do not have an IANA database available, and so for projects targeting cross-platform compatibility
that require time zone data, it is recommended to declare a dependency on tzdata. If neither system data nor tzdata
are available, all calls to ZoneInfo will raise ZoneInfoNotFoundError.

HOlH &4 £

ZoneInfo (key) 7} £EE ], A 2= WA rzrareol] A FH e 2ol A key ot X o IS
otaL, Ao sh e tzdata 3 71 A o] A DA Bk A& ZAFUT o] T2 A A e R AT S s UTh

L 22 XA A b2 wfj o] 712 rzparas H3k Ak 42 5 sy
2. TZPATHE 37 W2 AFLsle] AT 4 95yt

3. AW ARbel s, reser_tzpach () BB ST A4 A2 E 2T 4 YT
HIY AIZH 7Y

The default 7zPATH includes several common deployment locations for the time zone database (except on Win-
dows, where there are no “well-known” locations for time zone data). On POSIX systems, downstream distribu-
tors and those building Python from source who know where their system time zone data is deployed may change
the default time zone path by specifying the compile-time option TZPATH (or, more likely, the configure flag
—--with-tzpath), which should be a string delimited by os.pathsep.

REZYPZA, FAHH F2 sysconfig.get_config var ()| A TzPATH 7|2 A 7tk

83 31y

TzPATHS 2 7]3} of (Y EE A Aot} @12} §lo] reset_tzpath () 7} £ZE wjult}) zoneinfo R EL

37 M4 pYTHONTZPATH(QITHA) & AR5l A A2 E AA T

PYTHONTZPATH
A A AN AR E 38 os.pathsep S 2 FEEH FAE YU T AT 75&’&7} OP‘d Ay
dEZR A H o] of gt pyTHONTZPATHO| A FH ) FEZHAE= AHEH A 9FAI 7 T 519
A A2 AAZE A9 522 33 o] Ao gt} CPython 1nv alldTZPathWarnlng*— oA
A ZIA R T2 TR A= Z5E 7 848 283 FAISIAY A9 & 2AAZ = JdF5 U
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A" o] AJAH] H| o] B & F A8} tzdata 9] 7] A] & T Al AFS 8= & A 318 W, PYTHONTZPATH=""&
A AT AL

reset_tzpath () %‘43 Argate] AP AN TZ AN A28 AT 45 g5yt dutd oz A%
H= 22 obdunhel 54 A A 25 ARSSl of sk (= Al E A of] T & A A E v A
3}l o Bl=) HIAE 2&*011 AHEetE A2 FE A Yy

8.2.3 ZoneInfo Z2HA

class zoneinfo.ZoneInfo (key)
EAE key 2 A AE IANA A ZHE JELY = T A datetime.tzinfo A B Zea, 712 A
Aol BB 32L 4 EA ety vl wE = AA S N Th thE A Behd, sonernto.
clear_cache ()5 Z3% 7H /\] —?—Eﬂ—‘% HJ—Z]?_]—E}-@, 1:]-% o]/\-]/‘d_o] iy 73:}?; ‘4[—/}'

a
b
assert a is b

ZonelInfo (key)

ZonelInfo (key)

key A9 2 F27 Qe A A 7319 POSIX 7 &9 & Al o] ojof ). AgatA] ke
key 7} A 2= H WA A7) valueErrors WA U o}

key S} Aot gpdo] glow, WA A= ZoneInfoNotFoundErrors WA Al U T},
zoneInfo Z e Adl= T 719 thA] BAX7F Y5 o
classmethod ZonelInfo.from_£file (fobj, /, key=None)

Hhol £ @S WAL SHAR AR (15 S vl U] RER A kol io. yresro AR oA
zonetnfo AAE AR U Th /1% A Ao} 22, B4 Mze ARE BAFU

key M7l I E _str_ O3 _repr_ () & Al AW o] 52 AP
o] 34AHE Foll HEol W AAl= 92 T+ AFUT (9 2 A L3 E xRN L).

classmethod ZoneInfo.no_cache (key)
AR AN AE 8 5HE DA A A )R A AR 5 QA
JRAL P AEVHE BHOR 4§ &5 AW, T2 A R
o A48 = g

o] BHAE B3 Bl AR &

gk,
=

2 nHN'

upo}
2

=
3}

[*

o 92 EH o o AE3) Z2AM29 A E 3] S}

»

a
SELY

4

O

1 44 AE AHGSHE o 71X 2 A 0 2 G A7k o7k A8 4 917w, 8L
Aol vk AL B 2

T 2L Fola WASE 8T 4 sk
classmethod ZonelInfo.clear_cache (¥, only_keys=None)

ZoneInfo FE oA FAIE FER st= WA E. AX7 ALH A o, BRE A7 F&E7}
a1 7F 719] 7] A Al ti g ok &2 /‘HOJ H t}.

7] o] 5] °lH &£ 0] only keys "I/ Woll AW, A 7
only_keys©ll A2 AT, A A Zhg 5§l 7= FAE U

A Fx

Invoking this function may change the semantics of datetimes using ZoneInfo in surprising ways; this
modifies module state and thus may have wide-ranging effects. Only use it if you know that you need to.
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o] Zej ol Bt o=l HEL YU
ZonelInfo. key

o] A2 817 Ag A ETFEH FAdA ALH keyd Fh HEEHs=t], IANA A 7H) o o] B #|
o]~ 9] %3] 7]olojofF T} (o] & 5] America/New_York, Europe/Paris ¥+ Asia/Tokyo).

key MW7) RS A A 8kA] ¢har shd oA B E AT -7, none o2 A F YT

0 Iz

ole= FF AR ANA =S8t Aol tha dnbAd # O]X]UL ol =2 AA AU E
GEh = A2 72 AA DS B, A8 o E 49 B8 gtk CLDR (the Unicode
Common Locale Data Repository) ¥} Z+2 Z 2 A E & AL} o] & :} 7)o A o] AF&A} 213} ol

A de T dFUH

2AE ®

ZoneInfo A Y3l str& TS uw vIdE = EXE &
73

AU (I EFRE AA o AFS ol &

,__—?; 7|BA O F zoneInfo.key Q| ETHEE

>>> zone = ZonelInfo("Pacific/Kwajalein")
>>> str (zone)
'Pacific/Kwajalein'

>>> dt = datetime (2020, 4, 1, 3, 15, tzinfo=zone)
>>> f"/dt.isoformat () [{dt.tzinfo /"
'2020-04-01T03:15:00+12:00 [Pacific/Kwajalein]'

key W/ W48 A 84 9w kAol A A B AR A9, ser repr () EEE HAH UL ZoneTnto
of repre 7@ B9 o] v W Zholl A AL DL YA, §E D zoneTnto 717 E S Ggo
8 ok

EREL

E A HolHE F Eﬂﬂﬁ} Al zoneInfo AA = 7| 2 A A3 W gl oA A E zoneInfo A

(A4 key 22 7 AR ZA) 52 & 4 vk

zoneInfo 3} Y9 Z 22 uld WA =4l o wha} St}

1. ZonelInfo (key): 7|2 AAXZ YA E W], zoneInfo AA|= 7|2 AA3H W, o 2 H35}E o,
Qe sh A2 A8 AR AE A A 22 Aol e ohE Aask 22 A4 71D A
A Uth o & 591, europe_berlin_pkl©] ZonelInfo ("Europe/Berlin™) oA AAAH 1 &

TS EADo W, The 3 2L 5] g UTh

rlr td

J
-
=
o
=

>>> a = ZonelInfo ("Europe/Berlin")
>>> b = pickle.loads (europe_berlin_pkl)
>>> a is b

True

2. ZoneInfo.no_cache (key): 7HA] 93] A A2}l A] A E ul], o] ZoneInfo AAE 7|2 A H3)E X
v o A83d ], o 483} 22 A A WA 3] BAEAE AHE U T europe_berlin pkl nc
7} zoneInfo.no_cache ("Europe/Berlin") oA A H 3 F & =345 = ExGo|d, th2 22
F 2ol ol g vth

>>> a = ZonelInfo ("Europe/Berlin")
>>> b = pickle.loads (europe_berlin_pkl nc)
>>> a is b

False
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3. ZoneInfo.from_file (fobj, /, key=None): LA A E ul, zoneInfo AA= ¥ & 5l8] 2
Spul o 2] A A UTE HE AEAT F AN AR H soneinro 32 32 A,
Fo| b ALEA 2] 48§ E ASTE 2o] FEUDH 72 AABAAL 32 A9 1} 8-S
Agaa A s

o) A3 AEol A A 3ke) of A3 BA mEAA Fehxs Bhol Y 2 EAT o} e
AT A, A0 2909 5 el 929 1) A0 Ao E A9 olofsiu
TS T2 WA A7 H o] Bl 7} 9= S el A & H zoneInfod 4 9| Z % T uf] 279 A4
ol B 2] kst

ﬂ

8.2.4 &4
zoneinfo.available_timezones ()
A2l A 29] o] = ol 44 AR 715 8 TANA Al 7PEH of & RE 7|7t
Utk o 2L F5E 22 wjnick oA AR Y

o] 84+ 37 ¥ A (canonical) A] ZFtf o] & vl L3} 5}—1—’— posix/$} right/ Y e E o] I+ Aot
posixrules A| )&} & “E4” A 7= £ 851A] 5T

ke

o4d A4S A=

A‘A )‘\:}

170t 2ol J& stdo] Fa3 ALY AR FAsE b E L UHS A F RE Ys
“mjF EAE” S e AolgA, ol drE 2 udes d = dH5Unt
0 #x

°|=°
E
[:o
B>
1o
N,
:{o
o
fo

o] e HE AL ANA =EHEE HAEA Fus UL A Jo o
2182 CLDR (the Unicode Common Locale Data Repos1tory) U ZEL% ;i% A3t T AF
318 A FAE S 7HA 2ok Ut ZoneInfo.keyl Y& T A=

zoneinfo.reset_tzpath (fo=None)
REY A AN A Z (1zraTH)E AR AU A DA FUTE A3 §lo] &5, rzpaTaZ} 7] 2
oz AAg Ut

reset_tzpat ths i%ﬁﬁ_x_ ZoneInfo 7H /\] 7]- -‘-?—_,-f?.__7]- ﬂ X] ?%‘O]—/K‘], 7]—1—‘% zoneInfo }‘g /\g X]—Oﬂ ﬂ]‘t?_]_—
S22 A T Aol vk A rzpAaTHE AHSE Y T

to M7 M EAD o)UY os. pathLike] Al 0 ofof 3t Ex1d o] op Ut B Ao) 4=
ojofF Ut At A= o] Aol AL valueErrorZ} A S th

8.25 MY

zoneinfo.TZPATH
A7) AN A2 E et E 97 A8 AP - 7)o A zoneInfod AT uf, 7]+ rzpatae] Z
FEof Zgaiel, wAH A WA o] AHET U o
rzeate s T4 T BAGo) Ao) A T 4 9w, AT A2E Aoh EFIA b,
zoneinfo.TZPATH 7} 7}8] 7] = A A& reset_tzpath()ol]l 3t TEo) wet HAE 4 Yol A,

zoneinfo o A TZPATH‘E AXZE StAY 3o 71 M9 zoneinfo.TZPATHES W 01:]6 = Al
zoneinfo.TZPATHE AR 3l+= A o] &5 Ut

Azt A B2 Aol e AR A H = | ol B s A S FERSAAL.

<]
o.
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8.2.6 o2t H1

exception zoneinfo.ZoneInfoNotFoundError
A" 715 A" A Zg 5 fLoJ A zoneinro AA| Ao AT of TAF YT o] AL
KeyError?] A B Z 2P Yt}

exception zoneinfo.InvalidTZPathWarning
pyTHONTZPATHO At F 29} o] BH P B FRSHA &2 74 47 2T gle o LAt

U,

8.3 calendar — General calendar-related functions

A2 F = Lib/calendar.py

o zEaddOe gelg e F den 9o Bl 18T 3
2 S o) A e s 9595 ot s o
T _

2 QA7 AAH Y setfirstweekday () S AT A
A 3= uj 7H ﬂ/\ = Z-l_/,:i AggUch A 7|50 A, datetimed time R EE

o AodE gl FHlae o]l ddd S S AL e s Foby S X 19
18] 3. o] Z1-& Dershowitz 2} Reingold 2] #] A “Calendrical Calculations” o] 1} 2 += “<3 A} 18] 17 2] (proleptic
Gregorian)” 22 2] Ao ¢} A stm, £ A4te] 7|2 @ JUth 03 &2 A% =10 8601 EF
FRE gz g UL 0deBC1d,-1dLBC2d 54Uk

class calendar.Calendar (firstweekday=0)

Creates a Calendar object. firstweekday is an integer specifying the first day of the week. MONDAY is 0 (the
default), SUNDAY is 6.

inj

e B A HA=E Al
o) g el .

Calendar AAl= T8-S 93] 243 to]EH = Ev|st=t] AR S 5
Ut o] Flae 222 ZiE S oA GFUTH ol A B Z
Calendar AAE 2o = T3 222 yiA =7 95U th:
iterweekdays ()
3 EFALE 29 MBS olHdoHE NBFUL oHIEY A WA FL
firstweekday =2 ¥ ¥ 7} 25U th
itermonthdates (year, month)
year Ax=9] month B (1-12) &<t olElH o] Bl & E‘JL%‘HD} ol olE{ElolH =l Lo B
‘é’(datetime.date 7—].47?1]&)*} %ﬁ J’ ‘12—5‘ Oé]. o]
49 FEY o5 BE G2 HHFUh
itermonthdays (year, month)

itermonthdates ()2} FAFSHA year A= 2] month | =

datetime.date HYZE A=A GHUth 93E G2 3| € F 2 HsdYnh AA

2 9 k2ol gt gl A%, ¢ uEE otk
itermonthdays2 (year, month)

itermonthdates ()} FAFSHA year A= 2] month @ 5 9HS] o] € g o] H & W& 3} A 1,

detetine.date W2 ABE A GHUTH BHHY BE 5

S e

itermonthdays3 (year, month)

itermonthdates ()2} FAFSHA year A X 2] month B 5 <2 o] gl d ol E & HI33} A 1,
datetime.date WY ZE At A eF5UTh Higtd G2 dnr 4 2 Y S S E 724

d Ry
Added in version 3.7.
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itermonthdays4 (year, month)
itermonthdates ()& FAFSFAl year A X 2] month |4 5 <2 o] 18l &
datetime.date ‘iﬂ—ﬂi xﬂ":ﬂ'ﬂ Z] ?z]{%"]qi ‘iﬂ':ﬁ_‘% %% o\jE, 'oé» '?‘if]_ % ‘él' E‘g
TAH4E FE2YYh
Added in version 3.7.

monthdatescalendar (year, month)
year®] month Dol Q= Fo] FfAEE AA =
ey,

monthdays2calendar (year, month)
year®] month B0l = F9] B A2EE AA| F
e} g AEQIYth

monthdayscalendar (year, month)

year®] month Aol Y= 7 B 2EE AA F2 Ut = d T 7749 gl2E] YTt

yeardatescalendar (year, width=3)

i
r]I,
rit
%
<
v
N
rr
~J
=
Lo
Q,
Q
o
[)
o
[
5
[)
Q,
Q
<8
[]
i~
i—‘a

fu
2
g
L
<
v}
N
rlr
119
g
kol
o
ko
1o,
g
fofs
i
i

Yol = H | width B (7] 23k 3) o] 2T

FH T G datetime.date AA YUl
yeardays2calendar (year, width=3)

2ojg] FujE A AFH A= v olHE vt} (veardatescalendar () 2F AU TH.

FoaEe] gue g st e Wael FEAUL ol el I WsE 0o
yeardayscalendar (year, width=3)

Euls 208 A4 Axo HolHE

ZYrEe] $Be U MU o)

class calendar.TextCalendar (firstweekday=0)

o) Zelat HE daE GG A4S E O AT 4+ AT

TextCalendar Q2AE Ao= v} 22 g =7} 95U h

B8 3 T} (yeardatescalendar () &F AP U Th).
ol T =0 Yt

formatday (theday, weekday, width)
Return a string representing a single day formatted with the given width. If theday is 0, return a string of
spaces of the specified width, representing an empty day. The weekday parameter is unused.
formatweek (theweek, w=0)

Return a single week in a string with no newline. If w is provided, it specifies the width of the date
columns, which are centered. Depends on the first weekday as specified in the constructor or set by the
setfirstweekday () method.

formatweekday (weekday, width)
Return a string representing the name of a single weekday formatted to the specified width. The weekday
parameter is an integer representing the day of the week, where 0 is Monday and 6 is Sunday.

formatweekheader (width)
Return a string containing the header row of weekday names, formatted with the given width for each
column. The names depend on the locale settings and are padded to the specified width.

formatmonth (theyear, themonth, w=0, I=0)
4o 282 oy & FAEE v UTh wrt AleHE, 7hed AEEE Ex 49 Y
H S AU o] AZHH, 24 27 AEE & +5 AZFUh A A AAH AV
setfirstweekday () MINEEZ AR A A& & oj u}a} t}S1h

formatmonthname (theyear, themonth, width=0, withyear=True)

Return a string representing the month’ s name centered within the specified width. If withyear is True,
include the year in the output. The theyear and themonth parameters specify the year and month for the
name to be formatted respectively.
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prmonth (theyear, themonth, w=0, [=0)
formatmonth () o Al WS Do) & Qg

<
o

formatyear (theyear, w=2, I=1, c=6, m=3)
A A=l m-d @8-S ot & AL AU AR i) A w, ( Hees 42424 2
whl, £33 55 9 Y g Aol o] A o]a AUt AR AR H A setfirstweekday ()
uﬂ/\iEi ’“7‘*% &4 @’%H dol et Utk 2SS s A= M mE A 2
2o ue} gL o)

pryear (theyear, w=2, I=1, c=6, m=3)
formatyear () oA ¥k A ] @S5 Qs gt

class calendar.HTMLCalendar (firstweekday=0)

o] 2 &= HTML 282 A ste vl AH8E = 5 U th

HTMLCalendar Q12 E 2o = o3} 22 wiA =7 95Ut

formatmonth theyear, themonth, withyear=True)

49 &85 HTML Hl o] &2 vt&3tU ot withyear 7} 3ol d A= 7} 8l vl of] 23531, 18X
o A o] & W A H YT

formatyear (theyear, width=3)
A= 9] &8 HTML H o] &2 B3 th widih(7] 2352 3) = 3 T 718 8 A )

—

formatyearpage (theyear, width=3, css="calendar.css’, encoding=None)

QE0) B 97T HIML 5] o] A 2 W o widdh(7] 2312 3)% 8 2 719 4% A
FUTh o AH2 S A2 )Y 2HY A ES o] 2T 2B A ES AFE5A o
Nones AL 5 QU5 U encoding> Z 3ol AHEE AF G = AZFUT V] 232 Al=E
ERECTIS =

formatmonthname (theyear, themonth, withyear=True)

Return a month name as an HTML table row. If withyear is true the year will be included in the row,
otherwise just the month name will be used.

HTMLCalendar ol &= &8 of| A AR&8l= CSS F A AFE A B Y 5t7] el AT 5 Y+ the
7} 2L o e HES} Uk
cssclasses

7} 2 Qo) AL £ CSS Fe) 2 Bl AE. J B Fe 2 P AEE e 2

[cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"] }

7 gl o B ~E9 e F7hE 4 A5tk

cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red J

;}HJ

o] PrEe] Aol 779 T2 o] fo 54 <.
cssclass_noday

Ao} thg 2ol 543HE 2 Ae) €SS 2 2.

Added in version 3.7.

cssclasses_weekday head
] Ao Q= 2 o] 2o AFRH = CSS Z Y~ B AE, 7| BHIFE cssclassesSd 25U T
Added in version 3.7.

cssclass_month_head

¥ 3= CSS Z ;A (formatmonthname () A AFEFUTH. 7122 "month" Y U th
Added in version 3.7.
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cssclass_month
4 A o] 82 CSS FeN A (Formatmonth () oA AHEFHUTH. 71232 "month" YU T}
Added in version 3.7.
cssclass_year
& AA #9] CSS UL (rormatyear () oA AHEFHUTH. 7] 232 "year" YU T
Added in version 3.7.

cssclass_year_ head

A AA S H ol & 3| =9 CSS e (formatyear () NA AHEHYTH. 7| 2352 "year"”

Qe
Added in version 3.7.
oA A ZYP 2 JEFGHEL o]EL oA ut (dﬂ% £ o] cssclass_month
cssclass_noday), ‘:/_]' A CSS ZH s Ado]lag FLEEHCSS = 2207 ulE 4 95y
th oA & =9 o3 25Ut
["text—bold text-red" J

T}2 L grMLCalendar & AFE A} A o] 31 wh o o 8t o Ut}

-

class CustomHTMLCal (calendar.HTMLCalendar) :
cssclasses = [style + " text-nowrap" for style in
calendar.HTMLCalendar.cssclasses]
cssclass_month_head = "text-center month-head"
cssclass_month = "text-center month"
cssclass_year "text—-italic lead"

L

class calendar.LocaleTextCalendar (firstweekday=0, locale=None)

This subclass of TextCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale.

class calendar.LocaleHTMLCalendar (firstweekday=0, locale=None)

This subclass of #TMLCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale.

i JEiin]

The constructor, formatweekday () and formatmonthname () methods of these two classes temporarily

change the L.c_TIME locale to the given locale. Because the current locale is a process-wide setting, they are
not thread-safe.

Edasass

)

~EgEL A o RELS UL
calendar.setfirstweekday (weekday)

13 Al 2 Y-S weekday(0S D2 Y, 62 I ) AATULE HYE Y3 MonDAY, TUESDAY,
WEDNESDAY, THURSDAY, FRIDAY, SATURDAY“‘ SUNDAY %kol AZF UL o & S0, 39 A HA G
Qedz dgstel:

%
i

AZ Gk

2~
T

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()
7 78 A2sts 299 A4 432 e
calendar.isleap (year)

vear7} ' A 0| ¥ Trues, 18X O ralses WFESY T

ful
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calendar.leapdays (y/, y2)

yIolA y2(-5 A A 9) WA &de 5 wdunh o714 yi 2+ A= JUth

o] gh== Al 7] (century) & W 3 -& 23k W9 oA ZHsFU

calendar.weekday (year, month, day)

year (1970—+++), month (1-12), day (1-31)2] 24 (02 42 ¥) S waghh
calendar .weekheader (n)

ob4] 2.9 o] Bo] P HE WAFTH 0 F 9 UulE FA 22 ARG
calendar.monthrange (year, month)

2178 & year 2t montholl el 4] A AA o] 2 A} Ao F & W
calendar.monthcalendar (year, month)

3F o] 2 el FE S mEdstyth 2 3L 3 =2 el Utch 9 apge 42 ooz

EAE 1/]D]- setflrstweekday ()E A3 ?;% St 7t &= 48 gl AlZF Y T
calendar.prmonth (theyear, themonth, w=0, I=0)

month () 7} WrHel= D9 &8 & A4 gtk
calendar.month (theyear, themonth, w=0, I=0)

Returns a month’ s calendar in a multi-line string using the formatmonth () of the TextCalendar class.

calendar.prcal (year, w=0, [=0, c=6, m=3)
calendar () oA B13F 3t A% AA S-S 243}

calendar.calendar (year, w=2, I=1, c=6, m=3)
Returns a 3-column calendar for an entire year as a multi-line string using the formatyear () of the
TextCalendar class.

calendar.timegm (fuple)

time RE gntime () TH7F WHEEE A 22 A FEZ F 8L, 197099 A 23} POSIX
AT Y AR AT FU2 BALUE 42 NBE Belo] gA R BT Be. AA 2
time.gmtime ()3} timegm ()2 A &Y

=

calendar EEZ T}E H|o]g o] Eg B

calendar.day_name

A sequence that represents the days of the week in the current locale, where Monday is day number O.

>>> import calendar
>>> list (calendar.day_name)
["Monday', 'Tuesday', 'Wednesday', 'Thursday', 'Friday', 'Saturday', 'Sunday']

calendar.day_abbr

A sequence that represents the abbreviated days of the week in the current locale, where Mon is day number
0.

>>> import calendar
>>> list (calendar.day_abbr)
['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']

calendar.MONDAY
calendar.TUESDAY
calendar .WEDNESDAY
calendar.THURSDAY
calendar.FRIDAY
calendar.SATURDAY
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calendar.SUNDAY
Aliases for the days of the week, where MONDAY is 0 and SUNDAY is 6.

Added in version 3.12.

class calendar.Day
Enumeration defining days of the week as integer constants. The members of this enumeration are exported
to the module scope as MONDAY through SUNDAY.
Added in version 3.12.

calendar.month_name

A sequence that represents the months of the year in the current locale. This follows normal convention of
January being month number 1, so it has a length of 13 and month_name [0] is the empty string.

>>> import calendar
>>> list (calendar.month_name)
'March',

'November',

['", 'January', 'February', 'April', 'June', 'July', 'August',

'October’',

'May',

— 'September’', 'December’']

calendar.month_abbr
A sequence that represents the abbreviated months of the year in the current locale. This follows normal
convention of January being month number 1, so it has a length of 13 and month_abbr[0] is the empty
string.

>>> import calendar
>>> list (calendar.month_abbr)

(', 'dan', 'Feb', 'Mar', 'Apr', 'May', 'Jun', 'Jul', 'Aug', 'Sep', 'Oct', 'Nov

—"', 'Dec']

calendar

calendar.

calendar

calendar.

calendar
calendar
calendar
calendar
calendar
calendar
calendar

calendar

.JANUARY

FEBRUARY

.MARCH

APRIL

.MAY

.JUNE
.JULY
.AUGUST

. SEPTEMBER
.OCTOBER
.NOVEMBER
.DECEMBER

Aliases for the months of the year, where JANUARY is 1 and DECEMBER is 12.

Added in version 3.12.

class calendar.Month

Enumeration defining months of the year as integer constants. The members of this enumeration are exported
to the module scope as JANUARY through DECEMBER.

Added in version 3.12.

The calendar module defines the following exceptions:

exception calendar.IllegalMonthError(monM)

A subclass of valueError, raised when the given month number is outside of the range 1-12 (inclusive).

month

The invalid month number.

8.3. calendar — General calendar-related functions
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exception calendar.IllegalWeekdayError (weekday)
A subclass of ValueError, raised when the given weekday number is outside of the range 0-6 (inclusive).

weekday
The invalid weekday number.

e ] B

B 5 datetime
time BE I} FAF

ot

715 7H @R} A Zbol| th 3 A A A F QLB 3 o] 2.

B E time
AeE A AHE T

N

8.3.1 Command-Line Usage
Added in version 2.5.

The calendar module can be executed as a script from the command line to interactively print a calendar.

python —-m calendar [-h] [-L LOCALE] [-e ENCODING] [-t {text,html}]
[-w WIDTH] [-1 LINES] [-s SPACING] [-m MONTHS] [-c CSS]
[-f FIRST_WEEKDAY] [year] [month]

For example, to print a calendar for the year 2000:

$ python -m calendar 2000

2000
January February March
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 1 2 3 4 5 6 1 2 3 4 5
3 4 5 6 7 8 9 7 8 9 10 11 12 13 6 7 8 9 10 11 12
10 11 12 13 14 15 16 14 15 16 17 18 19 20 13 14 15 16 17 18 19
17 18 19 20 21 22 23 21 22 23 24 25 26 27 20 21 22 23 24 25 26
24 25 26 27 28 29 30 28 29 27 28 29 30 31
31
April May June
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 1 2 3 4 5 6 7 1 2 3 4
3 4 5 6 7 8 9 8 9 10 11 12 13 14 5 6 7 8 9 10 11
10 11 12 13 14 15 16 15 16 17 18 19 20 21 12 13 14 15 16 17 18
17 18 19 20 21 22 23 22 23 24 25 26 27 28 19 20 21 22 23 24 25
24 25 26 27 28 29 30 29 30 31 26 27 28 29 30
July August September
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 1 2 3 4 5 6 1 2 3
3 4 5 6 7 8 9 7 8 9 10 11 12 13 4 5 6 7 8 910
10 11 12 13 14 15 16 14 15 16 17 18 19 20 11 12 13 14 15 16 17
17 18 19 20 21 22 23 21 22 23 24 25 26 27 18 19 20 21 22 23 24
24 25 26 27 28 29 30 28 29 30 31 25 26 27 28 29 30
31
October November December
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 1 2 3 4 5 1 2 3

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

2 3 4 5 6 7 8 6 7 8 9 10 11 12 4 5 6 7 8 910
9 10 11 12 13 14 15 13 14 15 16 17 18 19 11 12 13 14 15 16 17
16 17 18 19 20 21 22 20 21 22 23 24 25 26 18 19 20 21 22 23 24
23 24 25 26 27 28 29 27 28 29 30 25 26 27 28 29 30 31
30 31

The following options are accepted:
—--help, -h
Show the help message and exit.
——locale LOCALE, -L LOCALE
The locale to use for month and weekday names. Defaults to English.
——encoding ENCODING, —e ENCODING
The encoding to use for output. ——encoding is required if ——Iocale is set.
——type {text,html}, -t {text,html}
Print the calendar to the terminal as text, or as an HTML document.
——first-weekday FIRST_WEEKDAY, —f FIRST_WEEKDAY
The weekday to start each week. Must be a number between 0 (Monday) and 6 (Sunday). Defaults to O.
Added in version 3.13.
year
The year to print the calendar for. Defaults to the current year.

month
The month of the specified year to print the calendar for. Must be a number between 1 and 12, and may only
be used in text mode. Defaults to printing a calendar for the full year.

Text-mode options:

—-width WIDTH, -w WIDTH
The width of the date column in terminal columns. The date is printed centred in the column. Any value lower
than 2 is ignored. Defaults to 2.

—-lines LINES, -1 LINES
The number of lines for each week in terminal rows. The date is printed top-aligned. Any value lower than 1
is ignored. Defaults to 1.

—-—-spacing SPACING, -s SPACING
The space between months in columns. Any value lower than 2 is ignored. Defaults to 6.

——months MONTHS, -m MONTHS

The number of months printed per row. Defaults to 3.
HTML-mode options:

-—-css CSS, —-c CSS

The path of a CSS stylesheet to use for the calendar. This must either be relative to the generated HTML, or
an absolute HTTP or file:/// URL.

8.4 collections — Container datatypes

A2 F.E: Lib/collections/__init__.py

& W AH ol dict, 1ist, set R tupledl] e tf hg Algdh= S AEl oY

e,

&£ 0
L
L
ﬁﬁrb
moﬂ
+ o
Lz
% o
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namedtuple () ©|F B IAEE A= FEAESY2E N7 AT A= I
deque FE ol ) W2 A £71e} AR S B 4 Y& P 2ER A o|v
Chainiap del fEel B BE BEL Gl R

Counter dict subclass for counting hashable objects

OrderedDict gtEo| 271E £AE 7| dst= d U A B

defaultdict 23 7S A|Z2sl7] Y dED TS Ega} /;]Liﬂ AR Zgx
UserDict o4 9qe AR 2RAS S8l 9 AAE RS o
UserList H 412 g aE A8 AL 99 P AE AR E AR oS
Userstring W AeEAND AR ZHALS A 24D AA 2 HRE

8.4.1 chainMap ZHA]|

Added in version 3.3.

Chainvap Se#&E o MlFZ w2 A4t dd I 2 HF S 5 A== FUth TFM2L
gAY e & WHEIL o8 update () EES AP AR AR wHE T
ol e THA 2Tz A EH A U AR S = Jlom 'S8
class collections.ChainMap ( *maps)

Chainuap o2 SRV U T B L B Bol B4 A58 B HE WEUTh maps7} A 4
WA srow, A A Qlol] A st o Abe] i o] Y= F, W B4 e st Al FE YT
ol =g

B3 w32 ] 2=l AE Tk of 822t B 7ol maps o 22 HEE AL§ 5] A 23k A

ANE 5 AUk B dEls ek
23)& 712 22 WA S i g AATTh whelel, 7], A R AR & 3 v v ol w
453

Chaintap® S W32 22 B ch weba SH7 vl 5 Shisk s B sl w7 Akl
ChainMapoﬂ t\l}oé] % ‘4 I‘/]—

AutA R gAY E A7 BF DG UTE E8h maps JESJRE, A A B A AEE vlE =
A= A A UHJJ"Zﬂﬂ} %Zﬂoﬂ‘?‘q‘*ﬂid“ ZZHE7L dFUTH

maps
AR BN AR Y B A, HAEE WA AAHE A A UFe) AAH L #2412
WUtk A4 498 Feloln AAY e AAREE 24T 5 ASUTh i

a4 sht o] ko] vl 3 o] Z3kw of of k.
new_child (m=None, **kwargs)

Returns a new ChainMap containing a new map followed by all of the maps in the current instance. If m
is specified, it becomes the new map at the front of the list of mappings; if not specified, an empty dict is
used, so that a call to d.new_child () is equivalent to: ChainMap ({}, *d.maps). If any keyword
arguments are specified, they update passed map or new empty dict. This method is used for creating
subcontexts that can be updated without altering values in any of the parent mappings.

#7340 4] W 73: A A o) W47) 27k 91 o
¥ A 3.100] A ¥ 7 : Keyword arguments support was added.

parents
U S AT A AAE A RE UE EYSE A it YA 2T,
241 3 2 ARSI B FE U A A S A A
nonlocal 7] Y E 9} F AU th AR ALl = W& super () @495 FAFSU T d.parents

o] th 3l B X += ChainMap (*d.maps[1:]) & =53 ch

PM

I

Note, the iteration order of a ChainMap is determined by scanning the mappings last to first:

>>> baseline = {'music': 'bach', 'art': 'rembrandt'}
>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> list (ChainMap (adjustments, baseline))
['music', 'art', 'opera']

o) A& BhA T ool A A ASHe AR dict.upaate ) BET B £AE AFHUTH

>>> combined = baseline.copy ()
>>> combined.update (adjustments)
>>> list (combined)

['music', 'art', 'opera']

WA 3,994 W PEP 5840] A4, | 9 = Aakael f gk A Aol F7bs] & e

e t] 17
« Enthought CodeTools 3] 7] 2] &] MultiContext =2 2~ o= A Qo] RE wjg o 2 o] » 7| & X Y3l=
4o] Ygth
o HZ 25 23} Django 2] Context Zef| A= 7] AR vfd A AYJUTth T3} new child() WA
E %} parents ZEIHE| &} FASHA AEX2EES F A (push) 3+ F (pop) sH= 715°] AFY T
o The Nested Contexts recipe has options to control whether writes and other mutations apply only to the
first mapping or to any mapping in the chain.

o T D=stE Al e 9] B8 WA

ChainMap Of|A|2} =2|H
o AN L AG WO w A chFd 42 WAL Mol F Uk
glol M o] W5 23] A2 Al E# o] st o:

import builtins
pylookup = ChainMap (locals (), globals(), vars(builtins))

ARG W E QA B MRy eAdska, &7 He

rit

rr

7| &g E T A= sk ol

import os, argparse

defaults = {'color': 'red', 'user': 'guest'}
parser = argparse.ArgumentParser ()
parser.add_argument ('-u', '—-user')
parser.add_argument ('-c', '—-color')

namespace = parser.parse_args ()
command_line_args = {k: v for k, v in vars (namespace).items() if v is not None}

combined = ChainMap (command_line_args, os.environ, defaults)
print (combined['color'])
print (combined['user'])

A8 ADAES AR A A chainvep FU2E AFIE A A H:

c = ChainMap () # Create root context

d = c.new_child() # Create nested child context

e = c.new_child() # Child of ¢, independent from d

e.maps[0] # Current context dictionary -- like Python's locals()
e.maps[-1] # Root context —- like Python's globals ()

e.parents # Enclosing context chain —-- like Python's nonlocals

(TH5 sl el Aol A)
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(o] A s o] Aol A A 45)
dl'x"] =1 Set value 1in current context
d['x"]
del d['x"']
list (d)
k in d
len (d)
d.items ()
dict (d)

Get first key in the chain of contexts
Delete from current context

All nested values

Check all nested values

Number of nested values

All nested items

FHoFHF FHE HE HE O K K

Flatten into a regular dictionary

Chainuap S 2t A9 3 AR Rk AN (279 A FA B, 235 AR A
2}, 22 2719 AR B aste, Ae] § 2L Rl A AW 718 A A
WE S etk

class DeepChainMap (ChainMap) :

E o
iy
R i)

'Variant of ChainMap that allows direct updates to inner scopes'

def _ setitem_ (self, key, value):
for mapping in self.maps:
if key in mapping:
mappingl[key] = value
return
self.maps[0] [key] = value

def _ delitem__ (self, key):
for mapping in self.maps:
if key in mapping:
del mapping[key]
return
raise KeyError (key)

>>> d = DeepChainMap ({'zebra': 'black'}, {'elephant': 'blue'}, {'lion': 'yellow'})
>>> d['lion'] = 'orange' # update an existing key two levels down

>>> d['snake'] = 'red' # new keys get added to the topmost dict

>>> del d['elephant'] # remove an existing key one level down

>>> d # display result

DeepChainMap ({'zebra': 'black', 'snake': 'red'}, {}, {'lion': 'orange'})

8.4.2 counter ZHA|
At wi2A NFE NES At A7 =727 AFZ Uk A& 49

>>> # Tally occurrences of words in a list

>>> cnt = Counter ()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue']:
cnt [word] += 1

>>> cnt
Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # Find the ten most common words in Hamlet

>>> import re

>>> words = re.findall(r'\w+', open('hamlet.txt').read().lower())

>>> Counter (words) .most_common (10)

[('the', 1143), ('and', 966), ('to', 762), ('of', 669), ('i', 631),
('you', 554), ('a', 546), ('my', 514), ('hamlet', 471), ('in', 451)]
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class collections.Counter([ﬂenﬂﬂ&orJnmmﬂng])

A Counteris a dict subclass for counting hashable objects. It is a collection where elements are stored as
dictionary keys and their counts are stored as dictionary values. Counts are allowed to be any integer value
including zero or negative counts. The Counter class is similar to bags or multisets in other languages.

S ol B BERE AN Ak o v P (£ A5 ol A 271348 Uk
>>> ¢ = Counter () # a new, empty counter
>>> ¢ = Counter ('gallahad') # a new counter from an iterable
>>> ¢ = Counter({'red': 4, 'blue' 21) # a new counter from a mapping
>>> ¢ = Counter (cats=4, dogs=8) # a new counter from keyword args
A7) AAl= Fetd 5o tall keyerrorE A 7l = Al 05 WHehgith= S Al Qs
gAy e s o] 25 Zh5Uth
>>> ¢ = Counter(['eggs' 'ham'])
>>> c['bacon'] # count of a missing element 1is.
—~Zero
0

MeE 008 AN E AT 7oA 847 A A A ks th &3 38] Al AdHeE | del-& AHE3HA]
Al L
>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry

Added in version 3.1.

R

3.7 A

¥ A Asa dict subclass, Counter inherited

the capability to remember insertion order. Math

operations on Counter objects also preserve order. Results are ordered according to when an element is first
encountered in the left operand and then by the order encountered in the right operand.

Counter objects support additional methods beyond those available for all dictionaries:

elements ()
Asutg BEs s g oo g o e el ol Bl g NEFTh 2ot AL BAT = e
g EH Utk 49 M7 1RET 2O W clements () & ©] & FA Yt}
>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[lal’ la', lal, lal, lbl’ lbl]
most common([ ])
n Y M ETF QAL A NFTE T ESTARH T AL A SR LS B rEE
Bk o nol] A 2k At None O]‘ﬂ, most_common ()= AT718 BE 8 4F ¥
A7t ge pat AL BAE 4 E RATU
>>> Counter ('abracadabra') .most_common (3)
[('a', 5), ('bB', 2), ('r', 2)]
subtract ( [iterable—or-mapping] )
ol Ej 2] o]} ThE wg (kA5 RN E & RaEE WY dict.update ) 9%
52| vF W A oF= th Al 7H$§ WUtk dEF =Y EF0olv 59 AsUTH
>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> d = Counter (a=1, b=2, c=3, d=4)
>>> c.subtract (d)
>>> ¢
Counter({'a': 3, 'b': 0, 'c': -3, 'd': -6})

Added in version 3.2.

8.4. collections — Container datatypes
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total ()

Compute the sum of the counts.

>>> ¢ = Counter (a=10, b=5, c=0)
>>> c.total ()
15

Added in version 3.10.

At g el Ml EE counter ARl AHEE = AFUTH, F U= A7)0 A B2 A
=28},
fromkeys (iterable)
ol 22 MM EE counter A FHH A ok U
update ( [iterable-or-mapping] )
2arolgHy B AAY 2 m|F (= A7) oA gl AUtk dice. update () 9 H] S
ShA 'k, WA e A Sy th B3, o] H B2 (key, value) B AlALTFold, 849
NA2Q Ao g g,

Counters support rich comparison operators for equality, subset, and superset relationships: ==, !=, <, <=, >, >=,
All of those tests treat missing elements as having zero counts so that Counter (a=1) == Counter (a=1, b=0)
returns true.

¥ A 3.109]| 4] ¥ 7 : Rich comparison operations were added.
o

WA 3.109 A ¥ 7 : In equality tests, missing elements are treated as having zero counts. Formerly, Counter (a=3)

and Counter (a=3, b=0) were considered distinct.

S
b
Counter AR 2 A Q5= dukA 2l o H:

c.total () # total of all counts

c.clear () # reset all counts

list (c) # list unique elements

set (c) # convert to a set

dict (c) # convert to a regular dictionary

c.items () # access the (elem, cnt) pairs

Counter (dict (list_of_pairs)) # convert from a list of (elem, cnt) pairs
c.most_common () [:—n-1:-1] # n least common elements

e # remove zero and negative counts

Several mathematical operations are provided for combining Counter objects to produce multisets (counters that
have counts greater than zero). Addition and subtraction combine counters by adding or subtracting the counts
of corresponding elements. Intersection and union return the minimum and maximum of corresponding counts.
Equality and inclusion compare corresponding counts. Each operation can accept inputs with signed counts, but the
output will exclude results with counts of zero or less.

>>> ¢ = Counter (a=3, b=1)

>>> d = Counter (a=1, b=2)

>>> ¢ + d # add two counters together: cl[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter ({'a': 2})

>> ¢ & d # Intersection: min(c[x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

>>> ¢ == # equality: c[x] == d[x]

False

>>> ¢ <= d # inclusion: c[x] <= d[x]

False
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B QAT WAL W A5 S e AU AL E W A0 29 BAQY

>>> ¢ = Counter (a=2, b=-4)
>>> +¢

Counter({'a': 2})

>>> —¢

Counter ({'b': 4})

Added in version 3.3: @& Z A, & ulo] A A A 2] HE] Al A Ao tf 3 2] Qo] F71E 95Ut
0 In
As7le 72 ¢ A2 FFoto] e YW ES dAE IS U, 238U, o Folu &+
ol 2T AG AHEHE EE L }71] A BHA] FEF 25 7l AF YTtk ol Y& AR AbElol &
o) 5%, o] AL A2 WA § A AL AT

o counter ZE A ZHA| = 7|2} gl Alsto] gle 9 B Z
EXAZRYEHJAT FEEo o AolE AT %\%‘4

» most_common () X E& kol thal A4 T2 873tk

o clkey] += 13 22 xﬂx]—a] A4te] A4, 3 P2 AT WA T X
(fractions), 5% A 4A (floats) ¥ Al 214~ (decimals) 7} 2= 2.4 2F ] 214 1/]1:]— update ( )2}
subtract ()oﬂEH"HHE_U]—?QJ]—Z]?JH],?:]EJJ}%ﬁ <} "]

o HE Al (multiset) WA == F2 gholl & AFS AL
oA 0YE 4= JA Tk, o]:‘/l\_ FS AU

87 2 ¥ 2 E A Qs oF Tk,
e clements () WA EE 3% A4S 2 P 03 24 ASE BAT

l

Fﬂo
E

2=
X, i

£ do
X
rd
Wik
X
i)
32,
ofy T

~
v
A
i)
rlo
o
+

4o

] 27
o 2B & J (Smalltalk) &) Bag = 2jj .
« Multisetsol] ™ $+ 9] 7] 3] T] o} 35
o A 7} EH C++ multisets AF5A].

o HE] Alof tf 3t =35 A 43} T ARE Abe o] s A= Knuth, Donald. The Art of Computer Program-
ming Volume II, Section 4.6.3, Exercise 195 3234 Al L.

o Z20]A 24 At U3 =R 3.7]4 BEEANE OE HE NS A Y, itertools.

combinations_with_replacement () S R SFAIAL.:

=

map (Counter, combinations_with_replacement ('ABC', 2)) # —-—> AA AB AC BB BC.
—CC

8.4.3 deque ZHA|

class collections.deque ( [iterable[, maxlen] ]

iterable?] W 0| E] & Y Z o X L 2X 0 F (append () S AHEINA) 27139 A o]l 3 (deque) 2 A =
¥l 8 U T} iterable S A A 3HA] koW, A Wl 3= w)o] 95U

Deques are a generalization of stacks and queues (the name is pronounced “deck™ and is short for “double-
ended queue”). Deques support thread-safe, memory efficient appends and pops from either side of the deque
with approximately the same O(1) performance in either direction.

Though 1ist objects support similar operations, they are optimized for fast fixed-length operations and incur
O(n) memory movement costs for pop (0) and insert (0, v) operations which change both the size and
position of the underlying data representation.
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maxlen©] 2| 4= 2] AU None ol |, 2= 4] 9] Doz A- ¢ J5Uth 234 ol tas
AR A1) 2ol AP UL A AT dolo] H 27 A5 AW, A B o] #7149 F
She o) FRol Wl % Lol A AAF ek AE Folel vt f929] cail eIt FALS
75g ATFUT B3 Pg A2 BEW B0 e ERAAT T HloE £ 2L

ST,

pul
[e)]
AN

TE A9 TH

deque A= th =] A
append (X)
b=29 2 250 x5 F7HE YT
appendleft (X)
£ Z7hghch

d 39 A& xE

clear ()
E A A

3o A ZE 84 201740l el & sy th

“

*

copy ()
HEs ey

t o] e B

Added in version 3.5.

tlo

count (x)
xo} 2 va 849 £8 AT

Added in version 3.2.

extend (iterable)

iterable AAFN A 2 S AE F7Fet U39 LEX£S &
extendleft (iterable)

7}= iterable Q1 Z}ol]

iterable | A & 24§
St 849 2AEHAL ATE S
(el A stgrt EE= T 0] &, 7331 Q18 A stop 0] F). A HA

index x[ start[ stop ])
- T
Val ueError€ ‘il-:_“‘g /‘] 7 14 E]’

ol =0l 9l x8] 914 WY
AX & WNAFAL FS 5 glo

Added in version 3.5.

rEL_‘rL

insert (i, x)
ARA W, rndexError7} WA e th.

xE v 2 iAo Ay
Ao s Agd 2ol vl 27} maxlen 0] /2

Added in version 3.5.
pop ()
W29 o2& L48 AASDL WBYUTH L2427 OW, IndexrrrorE YA AU
popleft ()
39 AFA 245 A AT Y 847 O, IndexErrors WA P UTH
remove (value)
value2] A AA] FEL A AU 2 = JO2W, valueErrors SAAAI A YTth
reverse ()
2] 2252 AAE A A5 7 5 3L None= WHEHIU T
Added in version 3.2.
rotate (n=I)
HaEn oA e X H AT no] S50, A% o2 S AT
HlZ7br]o] QA Fow, o2& O i 3l A 3] A= 2L d.appendleft (d.pop () B 55
3, 9&Eo 2 ?l’ A 3 Ast= AL d.append (d.popleft () &} 53}
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U3 AR sty 9] Ag ol ERHEE AlF g th
maxlen
=29 Ao 327 =& A|sto] ¢l M None.

Added in version 3.1.

In addition to the above, deques support iteration, pickling, len (d), reversed(d), copy.copy (d), copy.
deepcopy (d), membership testing with the in operator, and subscript references such as d[01] to access the first
element. Indexed access is O(1) at both ends but slows to O(n) in the middle. For fast random access, use lists instead.

WA3SHE, U3+ _add 0, _mul 0 F __imul_ (& ALFYTH

o :

>>> from collections import deque

>>> d = deque('ghi') # make a new deque with three items
>>> for elem in d: # iterate over the deque's elements

print (elem.upper())

>>> d.append('j") # add a new entry to the right side
>>> d.appendleft ('f'")

S

add a new entry to the left side
>>> d # show the representation of the deque
deque(['f', 'g', 'h', 'i', '3'])

>>> d.pop () # return and remove the rightmost item
'jl

>>> d.popleft () # return and remove the leftmost item
lfl

>>> list (d) # list the contents of the deque

['g', Vh', Vi']

>>> d[0] # peek at leftmost item

lgl

>>> d[-1] # peek at rightmost item

'il

>>> list (reversed(d)) # list the contents of a deque in reverse
[li', lhl, ‘gl]

>>> 'h' in d # search the deque

True

>>> d.extend('jk1l'") # add multiple elements at once

>>> d

deque(['g', 'h', 'i', '3', 'k', '1l'])

>>> d.rotate (1) # right rotation
>>> d

deque(['1l', 'g', 'h', 'i', '"3', 'k'])

>>> d.rotate(-1) # left rotation
>>> d

deque(['g', 'h', 'i', '3', 'k', '1l'])

>>> deque (reversed(d)) # make a new deque 1in reverse order
deque(['1l', 'k', '3', 'i', 'h', 'g'l)

>>> d.clear () # empty the deque

>>> d.pop () # cannot pop from an empty deque

Traceback (most recent call last):
File "<pyshell#6>", line 1, in -toplevel-
d.pop ()
(Th= sl o] A of] Al%)
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(o] sl o] A ol A AI)

IndexError: pop from an empty deque

>>> d.extendleft ('abc') # extendleft () reverses the input order
>>> d

deque (['c', 'b', 'a'l)

deque X 2|2

o] A A s tFe 2 WAL HolF Ut
AFE Bolel i mt FY2 tail BHY FAR 7SS AT

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (f, n)

[
i
>
fo
o
Ir
q
i)
it
i)
rd
¥
rlo
to
rlu
4B
2
o
_}1_4
o
H
JBi

ANA B Bho] H 2ol F7be 8o AALE
FA#E A

def moving_ average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) ——> 40.0 42.0 45.0 43.0
# https://en.wikipedia.org/wiki/Moving_average
it = iter (iterable)
d = deque (itertools.islice(it, n-1))
d.appendleft (0)
s = sum(d)
for elem in it:
s += elem - d.popleft ()
d.append (elem)

yield s / n

J

2} = 24l A~ A = 2] (round-robin scheduler)+= dequedl] A ZAH A o]y dlolgHzZ F+AE ¢ J5ch
A 0 A= 243 olElH o] ol 4] ghol AFEH U th L oJEH o] H 7 &K H W, poplert () 2 A AT 5
UFUTH ZH A GOH, rotate () MINER o8 WY £33 5+ syt
def roundrobin(*iterables) :

"roundrobin ('ABC', 'D', 'EF') -——> A D E B F C"

iterators = deque (map(iter, iterables))

while iterators:
try:
while True:
yield next (iterators[0])
iterators.rotate (-1)
except Stoplteration:
# Remove an exhausted iterator.
iterators.popleft ()

rotate () I EE deque €2to] A AAE FH ot WU S AT FUTE ol & £0],del din] & &5
oW TS FHE 849 AAE F7) ﬁaﬂ rotate () WA =0 o] &3 th:

def delete_nth(d, n):
d.rotate (—n)
d.popleft ()
d.rotate (n)

deque efol AL A H Y, A 2425 U3 dE 02 7127 Y3l rotate () & B3 FAHS
HAIHES A B A L. poplert () &2 | A FEE A ABLAL, extend () 2 M FEE F7ISH oS, 3| A&
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N
1

g 19, dup, drop, swap, over, pick, rot W rol13} 22 Forth
sebd 28 228 44 FAT - Ui

8.4.4 defaultdict ZHA|

class collections.defaultdict (default_factory=None, /[, ] )

Return a new dictionary-like object. defaultdict is a subclass of the built-in dict class. It overrides one
method and adds one writable instance variable. The remaining functionality is the same as for the dict class
and is not documented here.

R WA QA deraule_factory B RES] 2 AR AT T 71 E G2 vone JU T U
A BE QAL NI E ARE E£35] aice AG A A2 vl npRAA = A7E U

defaultdict BA= FF dict Ao E L HAEE XY}
_ _missing__ (key)

default_factory 9| EB]HE 7} None 0| ¥, key S AR Z AF§3}E= KeyError o 9] 7} A &

S8

defaultffactoryﬂ- None 0] 0]—‘4 o, —?—01 Pl keyoﬂ EH?_’\} 7]%%}:% Zﬂ:’g_:‘ﬂ'ﬂ 'ﬂsﬁ ?_]Z]— %H/\O] el
=5 M, 9 2 key = A ol 4F ) 31 kg U T

default_factory® BE T U o2 7 RS o] o2l WA A k1 AhE U Th

This method is called by the __getitem_ () method of the dict class when the requested key is not
found; whatever it returns or raises is then returned or raised by __getitem__ ().

Note that __missing () is not called for any operations besides __getitem__ (). This means that
get () will, like normal dictionaries, return None as a default rather than using default_rfactory.

defaultdict AR = TS A AEHA W4 S 193}

default_factory
O] EFREE missing () WAZNA AREF UL A2 A AA AA7F gl
JACZ, 9O None 2 2 X 7|3 Yth

H 2 3904 M7 PEP 58401 244, (1) AHlE(1=) A7 =7 AU

defaultdict 01'

listE default_factory® AHESHH, 7-h 2] Al BBl gM e A 253 2 4 9l

Yk

ol

>>> s = [('yellow', 1), ('blue', 2), ('yellow', 3), ('blue', 4), ('red', 1)]
defaultdict (1ist)
>>> for k, v in s:

>>> d
d[k] .append(v)

>>> sorted(d.items())
[("blue', [2, 4]1), ('red', [1]), ('yellow', [1, 31)]

When each key is encountered for the first time, it is not already in the mapping; so an entry is automatically created
using the default_factoryfunction which returns an empty 1ist. The 1ist.append () operation then attaches
the value to the new list. When keys are encountered again, the look-up proceeds normally (returning the list for that
key) and the 1ist .append () operation adds another value to the list. This technique is simpler and faster than an
equivalent technique using dict.setdefault ():

>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 41), ('red', [11), ('yellow', [1, 31)]
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defaul tffactory*% int® }éxé 5’]—% defaultdicts /\ﬂ%(counting) E‘ﬂ %%5}7'“ A}%Q 9}%‘4 E]' (E]'
£ do]9] = (bag) o] L+ H E] Al (multiset) 2] H):

>>> s = 'mississippi'’
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items ())

tera', 4, ('m', 1), (‘p', 2), ('s', 4)]

SAF AL AL o), ol M FEE QO BE, derault_factory FFE int ()5 TET] 7| B Ag
0& AFFUTH S2 942 4 24 A+ Fohbuh

B4 0E W&ok 4 int )€ A5 T4 SEF ALY R9UTE A FeE dEsHuEan
FAT UL (FA 00] ofeh Fel o] A AT &+ A goh 4 A8k AUt

>>> def constant_factory(value) :
return lambda: value

>>> d = defaultdict (constant_factory('<missing>"))
>>> d.update (name='John', action='ran')
>>> ! to v d

'John ran to <missing>'

default_factorys setl B AASIH, defaultdictES AT dAAYEE PtE = o 8354 w5

c}:

>>> s = [('red', 1), ('blue', 2), ('red', 3), ('blue', 4), ('red', 1), ('blue', 4)]
>>> d = defaultdict (set)
>>> for k, v in s:

dlk] .add(v)

>>> sorted(d.items ())

[('blue', {2, 4}), ('red', {1, 3})]

8.45 0|EQ= LWEE 717l EE2 2|8l namedtuple () HEZ| §H4

Qe FES Ee 7 940 o)ul g Holaln Y 7] 41 AcE ARes TEE BEEE g
QI o] ALEE L oot ol ol ALk AHE T 4 910w, 94 e~ g4l o] g o= Dol oA
e A5 2gn

collections.namedtuple (typename field_names, *, rename=False, defaults=None, module=None)
ppename |2k o8] ) FE A2 EA2E AYYTE A2 AR Fel2e A9 4R o)
HeEd Bt ol ol EYHE 232 AN~ F £ Q== 2 FEF AAE U=+ 0
AFEEUTH A B A adE Ao = 83 %’\ E a (typename_»} field_names S E st th
7 FE W82 name=value YA 22 }Hdl= "rjr%@_repr_ HA=ZF J5 U

field names= ['x', 'y'19 22 BEXE Al H
YrEE=4d3s 2EH Y EXdEd = A5 UTH A E 0] 'x vy U 'k, v
=

mziﬂﬂﬁhﬂ%%ﬂﬂ =go A2 4 YHUth FES

kil ==

AP RE= 22 A D D22 TAE AW, 223 BEE A AR 9o v dlass, for, return, global,
pass == raise2} T2 keywordd 4= 9l YT

rename©] oW, FEIA 2 2 QA o]Fo 2 AF AF UL A E & 'abc',
'def', 'ghi', 'abc']+ ['abc', '_1', 'ghi', '_3']1°22 ¥H3F o 7|t q fﬂ' %%é
£ abcE Zﬂﬂﬂ\/]l’/]’

defaults = wone | L 71 £ 3t8) o] /212 @ 4 vt ARGl 9t W= el g 9
ol 2ok stB 2, defaults= 71 2 8%9] w7 Wl H&F Uth o & 5], field_names7} ['x ",
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'y', 'z'lo]aldefaults7} (1, 2) oW x& B AAFolL, vy V]RGS 1, 29 VR FLE 2P Tk
If module is defined, the __module__ attribute of the named tuple is set to that value.

MY FE gAEsoE A2E2d YA} Qlol A, /b T Guk FERTHY B v R e
2 g 547 ekt

2L Adeted, NYE T2 Fe2E openamet LA 3k Wo) v 5 oF F ok

WA 3.1 4 A rename®l] O] Sk X Qo] F71= A5 U T

WA 3.69 4 HA: verbose2} rename W) 7)) 4= 719 = AE A7 EH A5 T

¥ 3.691 4 W73 module W) ) W58 743551 o

B A 3.7 A ¥ A verbose Wl 7] M52} _source QJEZHEE A AP ST

WA 3. 700X WA defaults "} 7] A5} _field_defaults O]EHE 7} F71E 95 Uth

Ao

>>> # Basic example

>>> Point = namedtuple('Point', ['x', v'l])

>>> p = Point (11, y=22) # instantiate with positional or keyword arguments
>>> p[0] + pl[l] # indexable like the plain tuple (11, 22)

33

>>> x, y =p # unpack like a regular tuple

>>> x, y

(11, 22)

>>> p.Xx + p.y # fields also accessible by name

33

>>> p # readable __repr.__ with a name=value style

Point (x=11, y=22)

HYE FEL cov it} agiices BE| MAF A3 R D= o] 5 FY5HE o 53] #8F1th

EmployeeRecord = namedtuple ('EmployeeRecord', 'name, age, title, department, .
—paygrade')

import csv
for emp in map (EmployeeRecord._make, csv.reader (open("employees.csv", "rb"))):

print (emp.name, emp.title)

import sqlite3
conn = sglite3.connect ('/companydata')
cursor = conn.cursor ()
cursor.execute ('SELECT name, age, title, department, paygrade FROM employees')
for emp in map (EmployeeRecord._make, cursor.fetchall()):
print (emp.name, emp.title)

FEAAA S5 A= ol v dE FE2L2 A 7HA] F7F A =0t F 7R o] ERHEES A I
ZE o]5He SE& WA A, vl =St o] ERRE o] 52 SR A AT

classmethod somenamedtuple._make (iterable)
ZIEAFaY o HEEZ A A2EAE W= FHY A HAE.

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()
= o2 AP o WPt A dice S wBFUTh
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>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

B A 3104 A3 ut gict Al orderedpnictS vFEgHU T}

WA 38004 WA: orderedpict thAl AWt diceE ¥HFHUth shol A 3.7 78, dxt 94129
A7 FAHEE AU orderedpict®] F7F 715 0] Z2E ulf, A|¢tstE AL AAE
)

Asl=gd o7 NAE = AYYTh orderedDdict (nt._asdict ()

somenamedtuple._replace (**kwargs)
ARD BEES MER FOE NS U dE FEY A AT A E by

-

>>> p = Point (x=11, y=22)
>>> p._replace (x=33)
Point (x=33, y=22)

>>> for partnum, record in inventory.items():
inventory[partnum] = record._replace (price=newprices[partnum], .

—timestamp=time.now())

L

Named tuples are also supported by generic function copy. replace ().
W A 3.139 A ¥ 7 : Raise TypeError instead of ValueError for invalid keyword arguments.
somenamedtuple. fields

FE 0|52 IS E BAGY FE QER AT /2 WIS FENN A2 VIS RE
58] U].I: A= Eﬂ o _9_6‘1-]4\;].

>>> p._fields # view the field names

("x', 'y")

>>> Color = namedtuple('Color', 'red green blue')

>>> Pixel = namedtuple('Pixel', Point._fields + Color._fields)
>>> Pixel (11, 22, 128, 255, 0)

Pixel (x=11, y=22, red=128, green=255, blue=0)

somenamedtuple._field_defaults

SRR E R ER TR EE =P EE)

>>> Account = namedtuple('Account', ['type', 'balance'], defaults=[0])
>>> Account._field_defaults

{'balance': 0}

>>> Account ('premium')

Account (type='premium', balance=0)

ool 2ALN AFd BEE 23S W getartr () FFE A TAAI L

>>> getattr(p, 'x'")
11

gAY E VY E FE2 WSl | o5 o 2E 2|2 AAAE ARS8 Al L (tut-unpacking-arguments
oA A dyeh.:

>>> d = {'x': 11, 'y': 22}

>>> Point (**d)

Point (x=11, y=22)

& AWAQ sfold Felnolnw, HE FUAE AE3te] 75 & FA FAAAY WAL
o
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>>> class Point (namedtuple ('Point', ['x', 'v'])):
slots = ()
@property
def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def _ str_ (self):

return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
print (p)

Point: x= 3.000 y= 4.000 hypot= 5.000

Point: x=14.000 vy= 0.714 hypot=14.018

J

Aol EAA AE ZFeAre=__slots_ SN FEE AZTULH o)A st A"~ gAY B
A shel B2 87 S A AT 5 dE YT

NB 2R AR A BEES F5HE Bl R854 FEUTh A, riclds JERER Qe
UYE FE S BEgdAe

[>>> Point3D = namedtuple('Point3D', Point._fields + ('z',)) }

_doc_ BE A Yt F2EH S AHEA AL 5 A Uth

>>> Book = namedtuple('Book', ['id', 'title', 'authors'])

>>> Book._ doc__ += ': Hardcover book in active collection'

>>> Book.id. doc_ = '13-digit ISBN'

>>> Book.title._ doc__ = 'Title of first printing'

>>> Book.authors._ doc__ = 'List of authors sorted by last name'

WA 35004 M 22HE] SAEFo] 27 71554 H 5y

e ] B

e UAE BEZo & I EE 275 = WHE typing. NamedTuples FRSHAAAI L. o] AL class
AH=E AFEotE Fob 7

class Component (NamedTuple) :
part_number: int
weight: float
description: Optional[str] = None

e HFZ A R gAY E Jwer e M o2 F o] YA E types.
SimpleNamespace () = 7;‘:1’5_6']'/?:} Al L.

o dataclasses REL AL A Ao S 2o AH EF WA EE XF 02 Z2715HE v F g 9

B9} §42 A BT

8.4.6 orderedDict ZHA|

A de "= 4t Q’#Hﬂﬁ‘r HRSHA R A S thfe A4 #dE 2 7hA] 271 750
AU WA dict E’EH/V} HY £AHE 7198k 7158 e RE (A=

AN BZEJFUH, ol Al & S8 AFUTh
2 712 dict2be] o] F-2 o A3 Hol dFyth
o b aicts vig A4kl mij¢ At & AAEASF U A A4 F

e OrderedDict+ S£AE vl E A4t A= E AT USUTE Z7H S84, o|HE oA &5
W A4 el S AT

A
rlo
-[LE
)
2
ro
A
ﬂ
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e The Orderedpict algorithm can handle frequent reordering operations better than dict. As shown in the
recipes below, this makes it suitable for implementing various kinds of LRU caches.

s Orderedpict®] §% Wl A4S &4 A& ATt
A regular dict can emulate the order sensitive equality test with p == g and all (k1 == k2 for ki1,
k2 in zip(p, 9)).

o Orderedpict®] popitem() WA EE Aol hEUth o F&52 F A= A A3t
A2 wobE Utk

A regular dict can emulate OrderedDict’ s od.popitem(last=True) with d.popitem () which is guar-
anteed to pop the rightmost (last) item.

A 4

\_“‘l

rlr

A regular dict can emulate OrderedDict’ s od.popitem(last=False) with (k := next (iter(d)),
d.pop (k) ) which will return and remove the leftmost (first) item if it exists.

e OrderedDictol+= 8AE EEA O F 20 F A X]3}+= move_to_end () WA EZF JE5 YT}

A regular dict can emulate OrderedDict’ s od.move_to_end (k, last=True) withd[k] = d.pop (k)
which will move the key and its associated value to the rightmost (last) position.

A regular dict does not have an efficient equivalent for OrderedDict’s od.move_to_end (k,
last=False) which moves the key and its associated value to the leftmost (first) position.

o Tto]l M 3.8 o) Hol =, dictol _ reversed_ () WIAEZF 995U T
class collections.OrderedDict ([items])
gAY g ¢A Ao E31E AT} Y dice A B FEA9 AAEHAS wEF L)
Added in version 3.1.

popitem (last=True)
A e 9B Y popiten() WA EE (7], gh) %= REgEsta Al AU T last 7F Zo] W
2-0] LIFO <=4 2 k8] 31, A3l o] FIFO (first-in, first-out - A QA Z) <A 2 Wkgkg Yt}
move_to_end (key, last=True)

Move an existing key to either end of an ordered dictionary. The item is moved to the right end if last is
true (the default) or to the beginning if last is false. Raises keyError if the key does not exist:

>>> d = OrderedDict.fromkeys ('abcde'")
>>> d.move_to_end('b")

>>> '' . join (d)

'acdeb'

>>> d.move_to_end('b', last=False)
>>> ''_ Join (d)

'bacde’

Added in version 3.2.
kA ol o) WA E 9o = <A Gl BA Ul reversed () B AHESHE o ol Bd o] 4 A AFI T,

Equality tests between OrderedDict objects are order-sensitive and are roughly equivalent to list (odl.
items () )==1ist (od2.items ()).

Equality tests between OrderedDict objects and other Mapping objects are order-insensitive like regular dictio-
naries. This allows OrderedDict objects to be substituted anywhere a regular dictionary is used.

WA 3504 HA: orderedpict?] items, keys D values F-+= O] A reversed () & AR 5= o o] g g o] A

2 Adgeh

WA 3.600 4 HA: PEP 4682 4=2t5to)| uh&}, orderedpict A3 AL} update () HIAEZ AEH 7|9 =
QAxte} A 7L HEH U T

w7 3,900 A W7 PEP 5840 #1785, W3H() 3} ATl o) E (1) A7 27bs A o
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OrderedDict Of| M|} =2|H

77k uhA o] A A4S A s £4 e 94U MY BEE AL AU Th A G5 ol
NE GBS dojad, Aol 449 SN M AH T Bow o F P Tk

class LastUpdatedOrderedDict (OrderedDict) :

'Store items in the order the keys were last added'

def _ setitem_ (self,
super () .__setitem__ (key,

key, value):
value)

self.move_to_end(key)

An Orderedpict would also

be useful for implementing variants of functools.lru_cache():

from collections import OrderedDict

from time import time

class TimeBoundedLRU:

"LRU Cache that invalidates and refreshes old entries."

def _ init_ (self,
self.cache = O
self.func =
self.maxsize =
self.maxage =

def _ call_ (self,

func, maxsize=128,
rderedDict ()

maxage=30) :

# { args (timestamp, result)}

func

maxsize

maxage

*args) :

if args in self.cache:
self.cache.move_to_end(args)
timestamp, result = self.cachelargs]

if time ()

return result

- timestamp <= self.maxage:

result =

self.cachel[args] =

if len(self.cache)

self.func(*args)

time (), result

> self.maxsize:

self.cache.popitem(last=False)
return result

class MultiHitLRUCache:

""" LRU cache that defers caching a result until

it has been requested multiple times.

To avoid flushing the LRU cache with one-time requests,
we don't cache until a request has been made more than once.

mn

def _ init_ (self, func, maxsize=128, maxrequests=4096, cache_after=1):
self.requests = OrderedDict () # { uncached_key request_count }
self.cache = OrderedDict () # { cached_key function_result }
self.func = func
self.maxrequests = maxrequests # max number of uncached requests
self.maxsize = maxsize # max number of stored return values
self.cache_after = cache_after

def _ call_ (self,

if args in self.cache:

*args) :

self.cache.move_to_end(args)

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
return self.cachelargs]
result = self.func(*args)
self.requests[args] = self.requests.get(args, 0) + 1
if self.requests|[args] <= self.cache_after:
self.requests.move_to_end(args)
if len(self.requests) > self.maxrequests:
self.requests.popitem(last=False)
else:
self.requests.pop (args, None)
self.cachel[args] = result
if len(self.cache) > self.maxsize:
self.cache.popitem(last=False)
return result

8.4.7 userDict ZHA|

vserpict S22t 9 ANE AR A @S FUTh o] Fejae) BLAL aiceol A A7
12 274 @ 4 QS eol o9 BE AR gAH A5 UTh 21U R gAYl S s RER
AN 2 5 9loIA, o] 2eAE SR Y87 H 412 4 YT

class collections.UserDict([hﬁﬁahhna])

Class that simulates a dictionary. The instance’ s contents are kept in a regular dictionary, which is accessible
via the data attribute of UserDict instances. If initialdata is provided, data is initialized with its contents;
note that a reference to initialdata will not be kept, allowing it to be used for other purposes.

Userpict 2Rt WBY B S A4 AT Bk oleh, THe T BE ] EYHES AT
gk
H

data
vsernict Se 220 Y42 At ol AHSH = A4 GG .

8.4.8 userList ZHA]|

o] 22 F2E AAE S AE A &S FUh o
ZNEHMAEE ARG AYANEL HAEE =

dasd A2 A 78 5 dF Uk

o] Gejsg BRAL ool AH AR SAYT S Yt 5 3 R0 A AU
T B P20 JERRER ANAT 5 oI, of ZUAE ASFHE AP U AL

sl ek

class collections.UserList([ﬁﬂ])
YAEF A EYE ot FHo. 1A &2
29 data O ERRES T A2 T 5 9l
AR, 7| Bk 9 B2 () AUk live BE

A% Userrist Y92H
L& 27 liste] AHEo =2
29 5 54, A8 S0} A4 sholn

B AEV Userrist AA.

vsernist A2EaE 7 A A2 BN} AL A Q% Bk o]} L O EHEE A
Fuk

data

vserpist U 20) Y& A G ek o] AL AA s A,

MB 2 9.7 AF: vsernisc®] AN FeAE A7t A S AAE 5F B 5 AE AYAE
AZ Aok FUTh A ADLE VBFE 2 AE AL AR 7A Fehso AAHAE VEALAE
gk o2 9o, Hlol8 £z AEHE AR AR B WA S YAAE 2T S Yk

A4k

sh S 27t ol 85 S F5 3 A o
3

] o] 2
Sok itk olu) Al s of sh v A =0l ek AR 4

20 A PeE REEF HAEE A H Y
£ FxA L.

=9
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8.4.9 userstring ZHA|

. } s }ﬂ l
AR EAAY % It 5ol oal ReAow oAE sk eGSR £ d e o EeRER
AN 2 oI, o] Zel 28 ARET A5 7L H 418 >
class collections.UserString (seq)

TAE AAE A EHOE 3t A i

UserString A2H A9 data OJEZHEE E5 AN~ T 4+ dS5 UL d~H

=l seq®] AHE O ® AP Th seq AA+= r() %
RE AR/ & AUk

vserstring AoEAE BAGY HAE9} A4S (AT Bk ol e 2L ojEYRHEES

Als i ch

data

Userstring Fe 20 W8 A4k ol AbEH = AA st AA.

WA 3504 HA: MEE WA E _ getnewargs_ , _ rmod_, casefold, format_map,
isprintable % U maketrans.

8.5 collections.abc — Abstract Base Classes for Containers

Added in version 3.3: ¢ A=, o] REO] collections BREY B A5 T

22 F = Lib/_collections_abe.py

This module provides abstract base classes that can be used to test whether a class provides a particular interface; for
example, whether it is hashable or whether it is a mapping.

An issubclass () or isinstance () test for an interface works in one of three ways.

1) A newly written class can inherit directly from one of the abstract base classes. The class must supply the required
abstract methods. The remaining mixin methods come from inheritance and can be overridden if desired. Other
methods may be added as needed:

Direct inheritance
Extra method not required by the ABC
Required abstract method

class C(Sequence) :
def @ init_ (self):
def _ getitem__ (self, index):
def _ len_ (self):
def count (self, wvalue):

Required abstract method

H % W W W

Optionally override a mixin method

>>> issubclass (C, Sequence)
True

>>> isinstance (C(), Sequence)
True

2) Existing classes and built-in classes can be registered as “virtual subclasses” of the ABCs. Those classes should
define the full API including all of the abstract methods and all of the mixin methods. This lets users rely on
issubclass () or isinstance () tests to determine whether the full interface is supported. The exception to
this rule is for methods that are automatically inferred from the rest of the API:

class D: # No inheritance
def _ init_ (self): # Extra method not required by the ABC
def _ getitem__ (self, index): # Abstract method
def _ len_ (self): # Abstract method
def count (self, wvalue): # Mixin method
def index(self, wvalue): # Mixin method
Sequence.register (D) # Register instead of inherit
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>>> issubclass (D, Sequence)
True

>>> isinstance (D (), Sequence)
True

In this example, class D does not need to define _ contains_ , iter , and _ reversed__ because the
in-operator, the iferation logic, and the reversed () function automatically fall back to using _ getitem__ and
len

3) Some simple interfaces are directly recognizable by the presence of the required methods (unless those methods
have been set to None):

class E:
def _ iter_ (self):
def _ next_ (self):

>>> issubclass (E, Iterable)
True
>>> isinstance(E(), Iterable)

True

Complex interfaces do not support this last technique because an interface is more than just the presence of method
names. Interfaces specify semantics and relationships between methods that cannot be inferred solely from the pres-
ence of specific method names. For example, knowing that a class supplies __getitem_, len_ ,and__ iter
is insufficient for distinguishing a Sequence from a Mapping.

Added in version 3.9: These abstract classes now support [1. See A U] 2] o]l & 2] o] 2~ & and PEP 585.

8.5.1 Collections FAH H|0|A Z2iA

collections 252 T2 3 242 ABCE Al & th:
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| ABC ek | FaoME 9jAQl HME
Container! __contains_
Hashable] __hash___
Tterable'? __iter_
Iteratorl Iterable __next_ __diter
Reversiblel Iterable __reversed_
Generator! Iterator send, throw close,_iter_ ,_ next_
Sized! _len_
callable! __call_
Collection! Sized, __contains_ ,
Iterable, | _ _iter_ ,_ len_
Container
Sequence Reversibl|{ __getitem__, __contains__,__iter__,
Collectiol __len_ __reversed_ , index ‘;’—l count
MutableSequence | Sequence | __getitem_ , Inherited Sequence methods and
_ _setitem_ , append, clear, reverse, extend,
__delitem_, pop, remove, and __iadd__
__len_ ,insert
ByteString Sequence | __getitem__, Ay2 5 sequence WA E
__len___
Set Collectio|l _ contains_ , _le ,_ 1t , eqg ,__ne_,
__diter_,__len_ _gt_,_ ge_,__and_,__or__,
__sub_ ,_ xor_ ‘;’—l isdisjoint
MutableSet Set __contains__, }\o]—é':% Set Uﬂ HEE]— clear, pop,
__iter_ ,__len_ , remove,_ _ior_ ,_ iand__,
add, discard _ixor_ % isub__
Mapping Collectio| __getitem__, __contains__, keys, items,
__iter_ ,_ len_ values, get, ___eq_ ‘;’Q __ne___
MutableMapping Mapping __getitem__, /}]'—/—‘,‘—% Mapping uﬂ/ﬂ EB]- Pop,
_ _setitem__, popitem, clear, update ‘;-l
__delitem__, setdefault
__iter_ ,__len_
MappingView Sized __len_
ItemsView MappingVi _ _contains_ ,_ iter_
Set
KeysView MappingVi __contains_ ,_ iter
Set
ValuesView MappingVi __contains__ ,__iter_
Collectio
Awaitable! __await__
Coroutine! Awaitable| send, throw close
AsyncIterablel __aiter
AsyncIterator' Asynclter|{ __anext_ _ _aiter_
AsyncGenerator1 AsyncIter|{ asend, athrow aclose, __aiter_ ,__anext_
Buffer! __buffer__

8.5.2 Collections Abstract Base Classes - Detailed Descriptions

class collections.abc.Container

ABC for classes that provide the __contains__ () method.

! These ABCs override __ subclasshook__ () to support testing an interface by verifying the required methods are present and have not
been set to None. This only works for simple interfaces. More complex interfaces require registration or direct subclassing.

2 Checking isinstance (obj, Iterable) detects classes that are registered as Iterable or that have an __iter () method, but it
does not detect classes that iterate with the __getitem__ () method. The only reliable way to determine whether an object is iterable is to call
iter (obj).
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class collections.abc.Hashable

ABC for classes that provide the __hash__ () method.

class collections.abc.Sized

ABC for classes that provide the __1en__ () method.

class collections.abc.Callable

ABC for classes that provide the __call () method.
See Annotating callable objects for details on how to use Callable in type annotations.

class collections.abc.Iterable
ABC for classes that provide the _iter () method.
Checking isinstance (obj, Iterable) detects classes that are registered as Iterable or that have an

__iter () method, but it does not detect classes that iterate with the __getitem__ () method. The only
reliable way to determine whether an object is iterable is to call iter (ob7).

class collections.abc.Collection
Z o7} JE olH & Al o] Fe 22 ABC.
Added in version 3.6.

class collections.abc.Iterator
_diter. ()2} __next_ () MINEE AFs= FE; 29 ABC. o] E{#H o] EH 9] Y E FRIIAHA L.
class collections.abc.Reversible

ABC for iterable classes that also provide the __reversed__ () method.
Added in version 3.6.

class collections.abc.Generator
ABC for generator classes that implement the protocol defined in PEP 342 that extends iferators with the
send (), throw () and close () methods.

See Annotating generators and coroutines for details on using Generator in type annotations.
Added in version 3.5.

class collections.abc.Sequence
class collections.abc.MutableSequence

class collections.abc.ByteString
9)7) 243} 7h¥ 4|71 29| ABC.

Implementation note: Some of the mixin methods, suchas __iter (), reversed_ () and index (),
make repeated calls to the underlying __getitem__ () method. Consequently, if _ getitem_ () isimple-
mented with constant access speed, the mixin methods will have linear performance; however, if the underlying
method is linear (as it would be with a linked list), the mixins will have quadratic performance and will likely
need to be overridden.

WA 35004 W7 index() Wl A == stop 3 start AZFe)| T gk A A F7H5 U T

Deprecated since version 3.12, will be removed in version 3.14: The Bytest ring ABC has been deprecated.
For use in typing, prefer a union, like bytes | bytearray,or collections.abc.Buffer. Foruse asan
ABC, prefer Sequence or collections.abc.Buffer.

class collections.abc.Set
class collections.abc.MutableSet

ABC:s for read-only and mutable sefs.

class collections.abc.Mapping
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class collections.abc.MutableMapping
917] g3} 714 v 7 o] ABC.
class collections.abc.MappingView
class collections.abc.ItemsView
class collections.abc.KeysView
class collections.abc.ValuesView
w3, 5, 71 2 3k 5] ABC.
class collections.abc.Awaitable
ABC for awaitable objects, which can be used in await expressions. Custom implementations must provide

the _ await__ () method.

FFE AAL} coroutine ABCY AAEH A= B X o] ABCO QA" AU T

0 Iz
In CPython, generator-based coroutines (generators decorated with @t ypes. corout ine) are awaitables,
even though they do not have an __await__ () method. Using isinstance (gencoro, Awaitable)

for them will return False. Use inspect.isawaitable () to detect them.

Added in version 3.5.

class collections.abc.Coroutine

ABC for coroutine compatible classes. These implement the following methods, defined in coroutine-objects:
send (), throw(), and close (). Custom implementations must also implement __await__ (). All
Coroutine instances are also instances of Awaitable.

0 Ix
In CPython, generator-based coroutines (generators decorated with @t ypes. corout ine) are awaitables,
even though they do not have an __await__ () method. Using isinstance (gencoro, Coroutine)

for them will return False. Use inspect.isawaitable () to detect them.

See Annotating generators and coroutines for details on using Coroutine in type annotations. The variance
and order of type parameters correspond to those of Generator.

Added in version 3.5.

class collections.abc.AsyncIterable

ABC for classes that provide an __aiter__ method. See also the definition of asynchronous iterable.
Added in version 3.5.

class collections.abc.AsyncIterator

__aiter_ 9} anext_ WIMEE AlFst= FH 29| ABC. H57] o]H o] H Y Fo = FxT}
AL

Added in version 3.5.

class collections.abc.AsyncGenerator

ABC for asynchronous generator classes that implement the protocol defined in PEP 525 and PEP 492.
See Annotating generators and coroutines for details on using AsyncGenerator in type annotations.

Added in version 3.6.

class collections.abc.Buffer

ABC for classes that provide the __buffer_ () method, implementing the buffer protocol. See PEP 688.
Added in version 3.12.
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8.5.3 Examples and Recipes

ABCs allow us to ask classes or instances if they provide particular functionality, for example:

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

Several of the ABCs are also useful as mixins that make it easier to develop classes supporting container APIs. For
example, to write a class supporting the full sec API, it is only necessary to supply the three underlying abstract
methods: _ contains_ (), __iter (),and __len__ (). The ABC supplies the remaining methods such as
_and__ () and isdisjoint ():

class ListBasedSet (collections.abc.Set):

''!" Alternate set implementation favoring space over speed

and not requiring the set elements to be hashable. '''
def _ init_ (self, iterable):

self.elements = 1lst = []

for value in iterable:

if value not in Ist:
lst.append (value)

def _ iter_  (self):
return iter (self.elements)

def _ contains_ (self, value):
return value in self.elements

def _ len_ (self):
return len(self.elements)

sl = ListBasedSet ('abcdef'")
s2 = ListBasedSet ('defghi'")
overlap = sl & s2 # The __and__ () method is supported automatically

Setd} MutableSetg WA 02 AR uf o] 9] AFSH:

(1) Since some set operations create new sets, the default mixin methods need a way to create new instances
from an iterable. The class constructor is assumed to have a signature in the form ClassName (iterable).
That assumption is factored-out to an internal classmethod called _from_iterable () which calls
cls (iterable) to produce a new set. If the Set mixin is being used in a class with a different construc-
tor signature, you will need to override _from_iterable () with a classmethod or regular method that can
construct new instances from an iterable argument.

(2) To override the comparisons (presumably for speed, as the semantics are fixed), redefine _ 1e () and
__ge__ (), then the other operations will automatically follow suit.

(3) The set mixin provides a _hash () method to compute a hash value for the set; however, _hash__ () is not
defined because not all sets are hashable or immutable. To add set hashability using mixins, inherit from both
Set () and Hashable (), then define _ _hash__ = Set._hash.

o 1

e MutableSet L & FZ3I o] A| OrderedSet & | .

=
« ABCo] th3t 24| 8 Y &2, abc R EF PEP 31192 234X 2.

Nt
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8.6 heapqg — Heap queue algorithm

A2 FE: Lib/heapq.py

o] BEL S %9 F GBS S ¢ (heap) F ST B B AT

Heaps are binary trees for which every parent node has a value less than or equal to any of its children. We refer to
this condition as the heap invariant.

This implementation uses arrays for which heap [k] <= heap[2*k+1] and heap[k] <= heap[2*k+2] for all
k, counting elements from zero. For the sake of comparison, non-existing elements are considered to be infinite. The
interesting property of a heap is that its smallest element is always the root, heap [0].

otef o] API= 7 7HA] SWollA A 3 e S tEyth (@) $2= 057 H A &sts P84S
ARSI T o] 21 == Qe A8} 2pA o] e~ ALo] o] FAE 7 E Y SHA WS A Tho] A o]

HE Al ete AG2E AR SH7] wi ol § AU Th (b) pop FIA=EE 7HE 2 @50l obd 7+
22 o ey (LA ol A “H 4 3 (min heap)” o] 2Fal U tf; “F of 9 (max heap)” 2 A| A2
gdol Agetr] 2o B A T .

ol T 7177 9¢ wehA T Uik ool d BEOE B 4+ UL H BEUDH neap(0] S 71 L
8}E 0] 11, heap.sort () & ¥ 2 £ A] (invariant) & 7 X g cH

02 BEAY, (1% 27138 258 ABAAY, B neapiry (2 FH R0l 5ol Yt PLEE
o=z HE fé F dsYth

e 2 g4t AIBE Utk
heapqg.heappush (heap, item)
FBWAE FASUA, fom L heap 2 2 AT o,
heapq.heappop (heap)
U EAGE F AU, heapol 4 7

o
IndexErrorﬂ' AUt F oA ¢ 7 FHe &R of
Al L.

3osgtdTh el Wel glo,
EPES

heapq.heappushpop (heap, item)

3o itemS F A S TS heap"ﬂ/ﬂ 71 AL FES F gy AFs 44
heappush () 3F TF& heapp@p() SHZZ TES= BT Y EE8FoE AgPg

heapg.heapify (x)
P aE g AP Ao AatE oA Poz Waghtt
heapq.heapreplace (heap, item)
heap ol N 7V & F S T WSk, R iem = FAFITE Q) 271E WAH A gk
ok g ol ulo} 91O W, Indexirror7b AR T
o] 3t A AL heappop () 3 THS heappush () 3= A HTHE &84 oW
B AR S S duch HEA 2T P4 N 228 BT TAG irom 2 2 A T T}

H
NhehE g2 b iem Xtk 2 5 QU vk 2 5to] vheb A SkA] v |, Al heappushpop () A
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heapq.merge ( *iterables, key=None, reverse=False)

4% 429 482 Y YD 2HO2 FFFUT (] F Fof, o 21 AN B 2z
922 WP Th. A2 H gol o o e e o) 5 & wagh o,

sorted(itertools.chain (*iterables)) ﬂ— H] ?3}1] o} 0] E1 H% = 2
HEe & 7t A ko, 7t 8 AEF o] ojn] (HaoA HUE) L A= 7M.

9= ARz A A of sz T o] A A Ax7} 5T,

keyt 2 9 2 4o A W3 ) § FESE W ALSE £ B AR 7] B8 AR U ARG
None YU TH(24 & 34 vla

Eov m]ru

2z
FuTh.
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reverse= =2 FrAUT TrueZ A5, ZhWlu kRt 2 F AAYH 98 247 ¥EE U
sorted(itertools.chain (*iterables), reverse=True) &} FA}3 SZS DA H BE o

HelEo] oA H a2 FEH o] glojof T
WA 3504 WA M A key2} reverse Ml 7 M-S 271315 Yt
heapq.nlargest (n, iterable, key=None)
iterable®)| ] 3 A E vl o] 7oA nhY 7 E 842 7444 FA&EE HEekS U o} key 7t
A 2= W iterable] Zt L 4 A ¥ 7)1 & FE8t= ¢ AFLH = T Y A2 42 (AT TS
S0}, key=str.lower). b2 53T} sorted(iterable, key=key, reverse=True) [:n].
heapqg.nsmallest (n, iterable, key=None)
iterable®l 3 o] H vl o] 6] JFoNA n WY 7HF A2 S 4R FAH S 2EE WS T key 7t
A= A iterable®] 7k S A0 A ¥ 7] & FE 0= ] AFSEH & @ AA TS AZFYTH (S
£ 9], key=str.lower). F2 553t} sorted (iterable, key=key) [:n].
upA gt = e Z2 o groll A 7Hg & &Y el 39, sorted() 7o /\}%3} 7l o] ‘:1 bl
AT £, 012 W, WA i () Frox ) BEE AEFE Aol B BEALT o BT
MRS A AFE5 oF S, iterable-2 A 1.0 2 MRS Ao] FHUTH

>>> def heapsort (iterable) :
h =[]
for value in iterable:
heappush (h, wvalue)
return [heappop (h) for i in range(len (h))]

>>> heapsort([1l, 3, 5, 7, 9, 2, 4, 6, 8, 0])
(o, 1, 2, 3, 4, 5, 6, 7, 8, 9]

o] A& sorted (iterable) I B3R U sorted () 2 &8, o] + &L oFA A (stable) ©] A] 95Ut}

P24t RED S AFUT FASE AR AT A AT FOH A AL S AFtE T

>>> heappush (h, , 'write code'))
, 'release product'))

, 'write spec'))

( (
>>> heappush (h, (
>>> heappush (h, (

(

>>> heappush (h, , 'create tests'))

>>> heappop (h)

(1, 'write spec')
8.6.2 4= 7 78 FI AIE
T e FY GubE A Abg o, 2 7] 3 A7 s U TH

o BE B AT ELE F Y FAA S ol B A A FHE AT E vk 7

o FAEHAT 2 ZAYl 712 va EA Tl H (A, 2 el di e FE v a4 | EkA

Fsurth

o AP FAEATE HAEHY, o DA JY MEL AXE FHUZP

o B AR A ZAE2 AHAIS oF Y, 2= o] B Al FaL Foll A A A 7R
A F A A NG A DAL G2 SAeH, G2 50 YL EPHE3- 04 B mER AT
AU G2 5= w9 244 QAL sne S e} 2L F A0] 2hd AT 2wy
T RE 57} 2L ASE QoA FE W2 F A9 A v asdn oA dsuth
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HEE S gl Ao EAG e E e AL A FBS TARTL SAE oW WL

Ao Seas s AYUth

from dataclasses import dataclass, field

from typing import Any

@dataclass (order=True)
class PrioritizedItem:
priority: int
item: Any=field(compare=False)

Um 2 JAl= AfF 52 Ad= 2 A E " AY 8] Al At AR AH o] dsUTh
e HE AL Fol Y FBL e AU E ASHA AT 5 A

Y 72 2L Az g Ro] FES A AN SHE WA AL o oAt wetA,
b 22 FES AAR 2o g ZASL FAEA7E R D A FES Tk AdTh

pa = [] # list of entries arranged in a heap

entry_finder = {} # mapping of tasks to entries

REMOVED = '<removed-task>' # placeholder for a removed task

counter = itertools.count () # unique sequence count

def add_task (task, priority=0):
'Add a new task or update the priority of an existing task'
if task in entry_finder:
remove_task (task)

count = next (counter)
entry = [priority, count, task]
entry_finder[task] = entry

heappush (pg, entry)

def remove_task (task) :
'Mark an existing task as REMOVED. Raise KeyError if not found.'
entry = entry_finder.pop (task)
entry[-1] = REMOVED

def pop_task():
'Remove and return the lowest priority task. Raise KeyError if empty.'
while pqg:
priority, count, task = heappop (pqg)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')

8.6.3 0|=

F20RE 845 A u], BELA U3 atk] <= al2*k+1]18alk] <= a[2*k+2] 7} FAH =W E YUY
ok B R E )], EAFA = 4= Fool Aoz EFYLh §o Tu2e EAL2 a0] 0 A
7 AL g4 AYYth

Yo Eo)St EUAL EHEE 3t F A m Ry T3S Y3t AYUth ofe] <24= a(k) 7F obY
gtk d Ytk

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

9 =eol A, 2 Akt 2eke1 3t 2029l o] G UTh et 2EZe)A B 5 Qi AuAI o7
EUwEe A, 2t A2 ool gt T o] Ao Aok H M, Ev) ol = A2 F A ]

- d5Uth 28 ol BT EWHEES] W2 AFH S&olA A olg e AT de

Mg 284E Eol7] flsl, A A4E o, 5k FEolA e Ao tAsE L Al =
= AT A ot o] F o] Al )2 thE FHS EFetAIRE Ao AL ot o] F Aof “o] 7
If this heap invariant is protected at all time, index O is clearly the overall winner. The simplest algorithmic way to
remove it and find the “next” winner is to move some loser (let’ s say cell 30 in the diagram above) into the 0 position,

and then percolate this new 0 down the tree, exchanging values, until the invariant is re-established. This is clearly
logarithmic on the total number of items in the tree. By iterating over all items, you get an O(n log n) sort.

o] 429} A %S AYE FEo| FET AT 0RA LARTH T UL GEo] o2, Aol

%
5

rl
A
o

A= EA A FEE GEAOE 4 T 5 Atk AYU T o= 2217l BojeE RE o MES
91, 5 e)” 2e] /g AL o of AIZE o m st Al B o] H F el H 53] £85I UTh o=}
A2 913 THE o[ MES o] 517, o] 52 w] ol ol oFs] o] A, 97 Fol Told 4 & viTh webA,
Yo sAlzeE AN £ T2YUTH(o]Zo] A 7F MIDI A DA o AL§ 8 A AU o).
sAZHE TAR) QB IR TR BAN A A7H Yo, L Aoz wan), SE7AY
QA Th oo A9 BF 499 27 A 9] W] 2AZH A EEUTh SHA T, 3 o
AL BAT 4+ dgUnhe AWAoR o 2840 b Bdo] 7] gk,
g2 )aa AgolE e G LTh o R ofnhs 2 UL <@ (runs)” (27) 7 YUHAH 0.2 CPU
|2l 279 B E A ALE AAL) S AT T o & ATl v g B 927} Hehg e oy
e, ol H A WL 55 NS G 29D D0 Y AU, 27 B ol A5 A b1 AL
AR e Ao N FLFUT EYUEL o2 2487 93 2L AUt EYAES 25
oA S S Gt BE RS ALgslel @A) de B BEES WASHT AFEAIE, A9 dd 2
Agmel 2719 F ol A2 A 1, A 3D ol AL o FH U
g hoboh, 8 Tl aZo] 00 452 250 A EURES wA ohs 48e wow (2 ghol v

A 22 ol /1717 mel), Feoll 92 5 folA W) 2717 ZolFch AAE W= = A
; A A~ WA ol ek SEE A WA Qo]
Cde Asam Al 4 AR delsa

8.7 bisect — Array bisection algorithm

A2 F E: Lib/bisect.py

This module provides support for maintaining a list in sorted order without having to sort the list after each insertion.
For long lists of items with expensive comparison operations, this can be an improvement over linear searches or
frequent resorting.

The module is called bisect because it uses a basic bisection algorithm to do its work. Unlike other bisection tools
that search for a specific value, the functions in this module are designed to locate an insertion point. Accordingly,
the functions never call an __eq__ () method to determine whether a value has been found. Instead, the functions
only call the 1t () method and will return an insertion point between values in an array.

A Az WA Fe)ES 2k Bk 7B, o) T A 0] B (seek) 7] 502 @ AR ULk 2
Ho} o] BAE 5 G FA ML, o] okr1 7k 4TS 2eton, ol z g4 Yo) 1 EFAL 5 S (5,
- - 1S

EN

=]
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e gL g4 AR Uk

bisect .bisect_left (q, X, lo=0, hi=len(a), *, key=None)
A8 A E FASTEF el xE AT AXNE Z5Uth W7 §5lo 2 hive Deldf o T 2l
o] BEAFE AG ke ol 48D & dEUTh A RA o AA] el 27 AL F U Th x7)ao]
o] glow, 4] 91X 71E 2 SHAZ) o] FUTh. W e a7t o] B Yk AR )
list.insert () & 3 WA w7} W= ARGsh7]of Ao

The returned insertion point ip partitions the array a into two slices such that a11 (elem < x for elem in
al[lo : ip]) is true for the left slice and all (elem >= x for elem in al[ip : hi]) is true for the
right slice.

key specifies a key function of one argument that is used to extract a comparison key from each element in the
array. To support searching complex records, the key function is not applied to the x value.

If key is None, the elements are compared directly and no key function is called.
H A 3.109) A ¥ 7 : Added the key parameter.
bisect .bisect_right (a, x, lo=0, hi=len(a), *, key=None)

bisect .bisect (a, x, l0=0, hi=len(a), *, key=None)

Similar to bisect_left (), but returns an insertion point which comes after (to the right of) any existing
entries of x in a.

The returned insertion point ip partitions the array a into two slices such that all (elem <= x for elem
in a[lo : ip]) is true for the left slice and all (elem > x for elem in a[ip : hil) is true for
the right slice.

H A 3.100] A ¥ 7 : Added the key parameter.

bisect.insort_left (a, x, lo=0, hi=len(a), *, key=None)

Insert x in a in sorted order.

This function first runs bisect_left () to locate an insertion point. Next, it runs the insert () method on
a to insert x at the appropriate position to maintain sort order.

To support inserting records in a table, the key function (if any) is applied to x for the search step but not for
the insertion step.

Keep in mind that the O(log n) search is dominated by the slow O(n) insertion step.
H A 3.109 A ¥ 7 : Added the key parameter.

bisect.insort_right (q, X, lo=0, hi=len(a), *, key=None)
bisect.insort (a, x, l0=0, hi=len(a), *, key=None)

Similar to insort_left (), butinserting x in a after any existing entries of x.

This function first runs bisect_right () to locate an insertion point. Next, it runs the insert () method
on a to insert x at the appropriate position to maintain sort order.

To support inserting records in a table, the key function (if any) is applied to x for the search step but not for
the insertion step.

Keep in mind that the O(log n) search is dominated by the slow O(n) insertion step.
A 3.109 A XA 7 : Added the key parameter.

8.7.1 Performance Notes
When writing time sensitive code using bisect() and insort(), keep these thoughts in mind:

« Bisection is effective for searching ranges of values. For locating specific values, dictionaries are more perfor-
mant.

 The insort() functions are O(n) because the logarithmic search step is dominated by the linear time insertion
step.
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« The search functions are stateless and discard key function results after they are used. Consequently, if the
search functions are used in a loop, the key function may be called again and again on the same array elements.
If the key function isn’ t fast, consider wrapping it with functools.cache () toavoid duplicate computations.
Alternatively, consider searching an array of precomputed keys to locate the insertion point (as shown in the
examples section below).

e ] B

« Sorted Collections is a high performance module that uses bisect to managed sorted collections of data.

o The SortedCollection recipe uses bisect to build a full-featured collection class with straight-forward search
methods and support for a key-function. The keys are precomputed to save unnecessary calls to the key
function during searches.

8.7
The

2 HUE B|AE HMEY|

above bisect functions are useful for finding insertion points but can be tricky or awkward to use for common

searching tasks. The following five functions show how to transform them into the standard lookups for sorted lists:

def

def

def

def

def

index (a, x):

'Locate the leftmost value exactly equal to x'
i = bisect_left (a, x)

if 1 != len(a) and al[i] == x:

return i
raise ValueError

find lt(a, x):
'Find rightmost value less than x'
i = bisect_left (a, x)
if i:
return a[i-1]
raise ValueError

find_le(a, x):
'Find rightmost value less than or equal to x'
i = bisect_right(a, x)
if i:
return af[i-1]
raise ValueError

find_gt(a, x):
'Find leftmost value greater than x'
i = bisect_right(a, x)
if 1 != len(a):
return ali]
raise ValueError

find ge(a, x):
'Find leftmost item greater than or equal to x'
i = bisect_left (a, x)
if 1 != len(a):
return al[i]
raise ValueError
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8.7.3 Examples

The bisect () function can be useful for numeric table lookups. This example uses bisect () to look up a letter
grade for an exam score (say) based on a set of ordered numeric breakpoints: 90 and upisan ‘A’,80to 89%isa ‘B’,
and so on:

>>> def grade(score, breakpoints=[60, 70, 80, 90], grades='FDCBA'):
i = bisect (breakpoints, score)
return grades|[i]

>>> [grade (score) for score in [33, 99, 77, 70, 89, 90, 100]]
[VF" YA', YCY, ’CY, lBY, lAl, IAlJ

J

The bisect () and insort () functions also work with lists of tuples. The key argument can serve to extract the
field used for ordering records in a table:

>>> from collections import namedtuple
>>> from operator import attrgetter
>>> from bisect import bisect, insort
>>> from pprint import pprint

>>> Movie = namedtuple('Movie', ('name', 'released', 'director'))

>>> movies = [
Movie ('Jaws', 1975, 'Spielberg'),
Movie ('Titanic', 1997, 'Cameron'),
Movie ('The Birds', 1963, 'Hitchcock'),
Movie ('Aliens', 1986, 'Cameron')

>>> # Find the first movie released after 1960

>>> by_year = attrgetter('released')

>>> movies.sort (key=by_year)

>>> movies[bisect (movies, 1960, key=by_year)]

Movie (name='The Birds', released=1963, director='Hitchcock"')

>>> # Insert a movie while maintaining sort order

>>> romance = Movie ('Love Story', 1970, 'Hiller')

>>> insort (movies, romance, key=by_year)

>>> pprint (movies)

[Movie (name="'The Birds', released=1963, director='Hitchcock'),
Movie (name='Love Story', released=1970, director='Hiller'),
Movie (name='Jaws', released=1975, director='Spielberg'),
Movie (name='Aliens', released=1986, director='Cameron'),

Movie (name='Titanic', released=1997, director='Cameron')]

If the key function is expensive, it is possible to avoid repeated function calls by searching a list of precomputed keys
to find the index of a record:

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]

>>> data.sort (key=lambda r: r[1]) # Or use operator.itemgetter(1).
>>> keys = [r[1l] for r in data] # Precompute a list of keys.

>>> data[bisect_left (keys, 0)]

('black', 0)

>>> datal[bisect_left (keys, 1)]

('blue', 1)

>>> data([bisect_left (keys, 5)]

('red', 5)

(TH5 sl el Aol Al)
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(o] sl o] A ol A AI)

>>> data[bisect_left (keys, 8)]
('yellow', 8)

8.8 array — Efficient arrays of nhumeric values

This module defines an object type which can compactly represent an array of basic values: characters, integers,
floating-point numbers. Arrays are sequence types and behave very much like lists, except that the type of objects
stored in them is constrained. The type is specified at object creation time by using a type code, which is a single
character. The following type codes are defined:

br

Im

33 CH ol = =N IJ7|(HOIE) EE
'b' signed char int 1

UjR)0 unsigned char int 1

"ut wchar t FUIZE EAR 2 (1)
"w' Py_UCS4 FUIZ=E B2 4

T 0 signed short int 2

"H' unsigned short int 2

040 signed int int 2

i unsigned int int 2

oo signed long int 4

'L’ unsigned long int 4

U g " signed long long int 8

Q' unsigned long long  int 8

Tf! float float 4

'ar double float 8

) ZRE o W} 16HE EE 32U E I £ JH YT

A 3904 M7 array ('u') now uses wchar_t as C type instead of deprecated Py_UNICODE. This
change doesn’ t affect its behavior because Py_UNICODE is alias of wchar_t since Python 3.3.

Deprecated since version 3.3, will be removed in version 3.16: Please migrate to 'w' typecode.

The actual representation of values is determined by the machine architecture (strictly speaking, by the C implemen-
tation). The actual size can be accessed through the array. i temsi ze attribute.

The module defines the following item:

array.typecodes

Ag A RE § 5579

3 2= A=A

rr
S

BEEL o S A

class array.array (typecode [, initializer] )

A new array whose items are restricted by fypecode, and initialized from the optional inifializer value, which
must be a bytes or bytearray object, a Unicode string, or iterable over elements of the appropriate type.

If given a bytes or bytearray object, the initializer is passed to the new array’ s frombytes () method;
if given a Unicode string, the initializer is passed to the fromunicode () method; otherwise, the initializer’
s iterator is passed to the extend () method to add initial items to the array.

Wi AH & QE g, Serol 4, ool o] 7] R FAT S YukAl AL A4S AAFU T &
ehol s Tl ¢ e A8 ul, th T = ghe 2L @ m=of w9 AR o of Ptk ThE BE Pl
rypesrror7h HAITE WA AA £ W e o] A% FAB, wlo| =R 277} A AE =

Folw ool Aup AL F 4 gl U T
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typecode, initializer QUAFZE ZFA} o) Wl E (auditing event) array.__new__ = 2HAAA AUt}
typecode
& wr=+= ol A8 typecode & At
itemsize
R Ao A shte] wi g 59 Zo] (Hho] E)
append (X)
wede] 2o gham Al P2 F AT
buffer info ()

Return a tuple (address, length) giving the current memory address and the length in elements
of the buffer used to hold array’ s contents. The size of the memory buffer in bytes can be computed
as array.buffer_info () [1] * array.itemsize. This is occasionally useful when working with
low-level (and inherently unsafe) I/O interfaces that require memory addresses, such as certain ioct1l ()
operations. The returned numbers are valid as long as the array exists and no length-changing operations
are applied to it.

0 #Fx
CUC+HZ AANE F=(0] FRE a8F 02 AL L )0l wiE AAE
&%ﬂﬂtwﬁﬂﬂﬂﬂl = W3 A FH o] AE AR 3= Ao] EH UL o HAEE

o] M| TS 913l TO:Z]E]DJ] A ZE A= ARG SHA] koo Ttk W H S
7] o] 2= bufferobjects o] A H = o] JYH

byteswap ()
W go] BE FES “nlo] E AL (byteswap)” F U T 1,2,4 == 84} E 3 7] 9] gholl v 3l A
DA DU o2 49 gold runt imeError7b AU T u}o] E X7t AFE oA
2 E st oA Hl ol E ele o 783 rh

count (x)
Wl ol A x7} 5 8452 wag o

extend (iferable)
iterable®] 2L ] Qo] Zof| 271Ut iterable©] TFE Bl o)W, A3 2L 3 F=E J1A
of gtk 1‘1“ A 92 W, ryperrrorZt WA T iterable ©] vl & % o] ofUH, o] H 2 E Ol of of
sho} 84 W Dol F718 SuE g olof of Pk,

frombytes (buffer)

Appends items from the bytes-like object, interpreting its content as an array of machine values (as if it
had been read from a file using the fromfile () method).

Added in version 3.2: fromstring () is renamed to frombytes () for clarity.
fromfile (f, n)

Read rn items (as machine values) from the file object f and append them to the end of the array. If less
than n items are available, EOFError is raised, but the items that were available are still inserted into
the array.

fromlist (list)

ZAEoA FES F7IFUTH o] A2 3 o7t QLo s o] MAE A =tk AU AL
3l for x in list: a.append(x) 2 55U}

fromunicode (S)

Extends this array with data from the given Unicode string. The array must have type code 'u' or 'w';
otherwise a valueError is raised. Use array.frombytes (unicodestring.encode (enc)) to
append Unicode data to an array of some other type.
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index (x[, start[, stop] ] )

Return the smallest i such that i is the index of the first occurrence of x in the array. The optional argu-
ments start and stop can be specified to search for x within a subsection of the array. Raise valueError

if x is not found.
W A 3.100] A ¥ 7 : Added optional start and stop parameters.
insert (i, x)
i 1A kol grol xA A} B-E& aj ol AdFUTE S5 T2 vl d Eoll A& <l
AUk
pop ([i])

Wi o] A Qe o] gl B2 A A5 o] & WBFUTH A A AR 7RG
71802 ubA G5 o] A 7% 1 9HEHg Ut

remove (X)

el A A AR x5 Al AU
clear ()

Remove all elements from the array.

Added in version 3.13.

reverse ()
el F2 2 HASYTH
tobytes ()
W EE 7 AZ IR HEe T ulo|EQ B8 (torile() WA ER 5o 7129 vlo]E A

O TN A i
Added in version 3.2: tostring () is renamed to tobytes () for clarity.

tofile (f)
REFEZ (VIAFRCRE) 5t AA fol] FUT

G 2L FFo] g At P e AHFU

tounicode ()

Convert the array to a Unicode string. The array must have a type 'u' or 'w'; otherwise a ValueError
is raised. Use array.tobytes () .decode (enc) to obtain a Unicode string from an array of some

other type.

The string representation of array objects has the form array (typecode, initializer). The initializer is
omitted if the array is empty, otherwise it is a Unicode string if the fypecode is 'u' or 'w', otherwise it is a list of
numbers. The string representation is guaranteed to be able to be converted back to an array with the same type and
value using eval (), so long as the array class has been imported using from array import array. Variables

inf and nan must also be defined if it contains corresponding floating-point values. Examples:

array ('1l")

array ('w', 'hello \u2641"')

array('l', [1, 2, 3, 4, 5])

array('d', [1.0, 2.0, 3.14, -inf, nan])
& o 51

©] A <l (heterogeneous) HFo] 1] 2] o] o] &1} 3 3} A 3 7).

NumPy
The NumPy package defines another array type.
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8.9 weakref — 2SI &I

2 F E: Lib/weakref.py

weakref BEL Tto|W = & T2 w7} AR o oS 23l JZ (weak references) S e T YEE Tk
o] alof| A, %01 FZ N (referent) 2 <Fol 22 2T
Sl

Aol U)ok ket Az uko 2= AR 2 Aol A G2
oel 27, 7P| A 4 AE A EA BN AS 547 5 v
e A A2 AL oA ok e A AR

FEAES £ 8 2 ANE 2L AN AL 7S
AR (A

S =0°f, Z utolv g o|u A AAZF A 7l Qe ], o]l 55 24 AA L} AF A= F 2 %‘4‘4 ool
AU ) ALg5Fel o) 58 ol vl Aol |G 3 L} ol w1 o] Sl w G, o] ul 2] AA = A el o]
Zroly 71 2 53517 & ol Al Aol A Ut weakrer EE A A& 35t= WeakKeychtlonaryﬂ—
ek lueict fonary S8l TRk U, S A E AHE ool WS 257 w2l v Ao
AT ol frRto R AAE A TR syt "1 £ E o] u] ] A A| 7} weakvalueDictionary 9
grol |, alf F o] w] 2] A A o] o g wpA ek -2 2 7F kS mf G ol S0 = kgt Fx oW, 7R A A=
AR 2 553 5 9o, oka v e % =L 2hers] AAlE U o).

S e s
o ﬂlewﬂ§¢%ﬁuw
3 Ae

oftt 12,
o, r
r°l'

2
[t
In

L.

WeakKeyDictionaryf?/]— WeakValueDictionary~— ;[_Lfﬂ‘_oﬂ 9}:5_]' 7;‘:1'_:2_
wol 929 ), 8 A elel 2ol ok Fxol o 2 P2 43
H o] AE AR T, weakKeyDictionary A8 W40 tf g ksl AR E -,‘%—Z]‘@-L] t}.

2 AFFUh o] =
%aﬂﬂTﬂ%wmﬂ

5] 527 ol2l e o AEIOI 1ol £inet - § AR AE AS2 FEUIT Ao
AYE iz o F2ET AW VE DL 9% :

=gy

Not all objects can be weakly referenced. Objects which support weak references include class instances, functions

written in Python (but not in C), instance methods, sets, frozensets, some file objects, generators, type objects, sockets,
arrays, deques, regular expression pattern objects, and code objects.

B A 3.20 4] ¥ 73 : thread.lock, threading.Lock ¥ T & A )| o] th 3+ &Y o] 715 PS5 )

list@dice b 22 o2 WP L oFe F2E A3 A AskA FA L MH ZY 2 Fo A4
T AUtk

]
filo
P
N
N
[

class Dict (dict):
pass

obj = Dict (red=1, green=2, blue=3) # this object is weak referenceable

CPython 78 AHAl: cupleih incs} 22 THE WP A2 2e04 B W= oF 228 A UsHA 9
Y,

$gge 47 F B2 ADHEES BE 5 51T weakref-support & FE A1 2.

When __slots__ are defined for a given type, weak reference support is disabled unless a ' __weakref__ ' string
is also present in the sequence of strings in the __slots__ declaration. See _ slots__ documentation for details.

class weakref.ref (object[, callback] )
objectol] T3k OFe F £ B WAL Th Fxr)do] of 4 Aolgl oW Fx AN EE o] Al A
£ 5 AG U, ool B S5 Fom 4 ANE 3ED W voncol Wi
None©| o} callback ©] A| &%) 3L, WH2HH oFgk 2 A )| 71 o - 8] arotdl A 7}y ske] dgto] =
EE NS e S R i R P A

4o v AT 4 s,
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e Aol B3 o e ke F2E THY 4 AU 7 G Fzo] S2H Fwe Y
2o s5d SN M e dell SE5E EW cor TEE YUY

Exceptions raised by the callback will be noted on the standard error output, but cannot be propagated; they
are handled in exactly the same way as exceptions raised from an object’ s __del__ () method.

k3l Z2 = object 7} 3l Al 7]——‘6]—111 A 75 A Y object 7} 2R E = Oﬂ ;A FES FAFU
2 A object 7} AYA|H Z0l hash () & XS &3, TEL TypeErrors WA A 7114\:}

e FxE 55 ANE AQAA L, £ £ A QA Fych G2 o] o As] dof ek,
T ZZEE (callback?}t BA glo)) F2 3 22 55 AAE Zsdth IFxd/dol A 1o,
Fx AN 2 AA D o Fx7t é‘%\%i‘r.

o AL WEe 57k ohyet A 2ely B4 e Ik

__callback___

o] 917] A& oJEEH sFabU o} =9 o] ¢l AL} okst

_‘5 = R
B2 ) do] B AotslA] GO H of o E el =] g2 None o] B LIt
WA 3400 MA:  caliback  EFREE F7HAFUTH
weakref.proxy(ohkcﬂ;caﬂback])

Return a proxy to object which uses a weak reference. This supports use of the proxy in most contexts instead of
requiring the explicit dereferencing used with weak reference objects. The returned object will have a type of
either ProxyType or CallableProxyType, depending on whether object is callable. Proxy objects are not
hashable regardless of the referent; this avoids a number of problems related to their fundamentally mutable
nature, and prevents their use as dictionary keys. callback is the same as the parameter of the same name to
the rer () function.

Accessing an attribute of the proxy object after the referent is garbage collected raises Re ferenceError.

WA 3804 W7 A E FA At et o= TSI T Z A AA o o gt A4kA A A &
ik
weakref .getweakrefcount (object)
object® FE 1= oF7 F29) ZebAl o] |4 & WEgh o,
weakref .getweakrefs (object)
object RZ = BE ok g2 ok mekAl AAe) P 2E S wagh

class weakref.WeakKeyDictionary ( [dict] )

716 koA Fxohe g B HE Ao Be A G20} glow Gu e g A
oo e £8 % adsl qE wael o8 Y Aol sf=eiEg 2o g 2}
dole g dAste o 88 & AF UL o= HE A2 AR s AR 53] £ 8T 5
%tk

Note that when a key with equal value to an existing key (but not equal identity) is inserted into the dictionary,
it replaces the value but does not replace the existing key. Due to this, when the reference to the original key
is deleted, it also deletes the entry in the dictionary:

>>> class T(str): pass

>>> k1, k2 = T(), T()
>>> d = weakref.WeakKeyDictionary ()

>>> d[kl] = 1 # d = {k1: 1}
>>> d[k2] 2 # d = {kl: 2}
>>> del k1 # d = {}

A workaround would be to remove the key prior to reassignment:

>>> class T(str): pass

>>> k1, k2 = T(), T()
(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> d = weakref.WeakKeyDictionary ()

>>> d[kl] = 1 # d = {kl1: 1}
>>> del d[k1]

>>> d[k2] = 2 # d = {k2: 2}
>>> del k1 # d = {k2: 2}

H 2 3.900 4 M7 PEP 5840 A1 d th2, | & |= AAbxte] gk Al o] 2715 5yt

WeakkeyDictionary Aol WH F2E AH =&dte F7HAE7 d5Uth Fx2= AH8HEE
Aol “atobglrir” Wgw A ghobA], HxE T2 AWE AHE3HY] Aol Fashof gtk FhulA
SAANN NS AR o)A 2 A RAFES b F2E VEA FES b ol AHER 5 A5
WeakKeyDictionary.keyrefs ()

7)ol th 3k oFgt =2 9] olH 2l &2 Wty th
class weakref.WeakValueDictionary ( [dict] )

e oFetA Bz sk vl 2. ol i@ 39 B2k HE 2AeHA @ w) SA UV 2le) FE ol

AAE U T

H A 3904 M7 PEP 5840 A QA the, | & = AbAbe] th gk 2] o] 2715 S5yt

WeakValueDictionary objects have an additional method that has the same issues as the ieakkeyDictionary.
keyrefs () method.

WeakValueDictionary.valuerefs ()
gholl th gk oFgh =29 olH 2l &2 Wty th
class weakref.WeakSet ( [elements]

o] TS o A2 E RASE A Teha ol OB AW F2A HE EARA L 0
A7k AR e,

class weakref.WeakMethod (method [ callback]

AZHE MAE(S, S0l BYH I A2 2o A 23] H WA ) o gk okt 2 E Al o E
ah4£4ﬂ@ﬂﬁﬁ 2o AR HMASE AN Ho B, B2 4 F2E fAT 5
ZUth weakMethodoll = AA U Q] 47 =L wi71x] 929 WA EE TOA BtEE= 53

S dega

>>> class C:
def method(self):
print ("method called!")

>>> ¢ = C()

>>> r = weakref.ref (c.method)

>>> r ()

>>> r = weakref.WeakMethod (c.method)

>>> r ()

<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> v () ()

method called!
>>> del c

>>> gc.collect ()
0

>>> r ()

>>>

callback is the same as the parameter of the same name to the rer () function.

Added in version 3.4.
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class weakref.finalize (0bj, func, /, *args, **kwargs)
obj7t 7V A = AE of T &FH = F2E ol detol A AAE Wkt dut
Yo, stol detol At A2 AA £ HE WK FH AEFER, £ F
|
spoldzto] A& (FAI Ao 2 7H 2] A | X)) SEE ulf 7HA] ”0}% Eds 5
th. Aot Fteoldeto] A E TE5HW func(*arg, **kwargs) & B7Fe Z237F wiele a1, &
gtoldetol A & T &8 noneo] RERHH YT
Exceptions raised by finalizer callbacks during garbage collection will be shown on the standard error output,

but cannot be propagated. They are handled in the same way as exceptions raised from an object’s __del_ ()
method or a weak reference’ s callback.

2o FRY W, arexic JEYHEI AN O AR A @S B 7 L Aokl ol d
ol 47t 2P U BEold A9 W) 42
BE QY] woneO 2 AAW FS Az H FRe
347 sy,

_call_ ()

self 7} Arol QQo ™ o] & =2 A1 0 Z F A} func (*args, **kwargs) o= A5 WISt
Ut self 7} & 02 W Nvones HERHEH T}

detach ()
self 7} Adof Qlod o] & 2 AR EAISIL {FE (obj, func, args, kwargs) S RI&EH
Uth self 7} 5 R 2 nones ¥HEHU T

peek ()
self 7} AFo} Qo /& (obj, func, args, kwargs) & WP YT self 7} £ PO Nones
LlsiagRh=

alive

sho] deto] A 7} kol Lo o)1, 18 A) oW AR Zz .
atexit

P1Egke] #9127 b5 @ el xe e, x2ade] FRT W, arexich FOl FL BE
Aro}gle sol Qelol 4 & T2 FILh 1ASL wEol W £A ikt £ T2 U

0 Iz

func, args 3 kwargs 7t A3 o] 1t 213 2 © 2 obj] qa?:f_ ﬂé% 2087 gt Aol T2y
28R ko obj= 7HH| R S AFH A GaULh E <

k.

Added in version 3.4.

weakref .ReferenceType
okt 2z AR F A

weakref .ProxyType
Fej o] o A o) ZBAE AT AA.

weakref.CallableProxyType
ZYE AR A S A3 Y AA.
weakref.ProxyTypes
zgA) 9 BE Y AAE 2T+
Fot

5 2 o AL E metA) § REe) o8 A Ao g EeA %1
A7 7 TeA AR AL

G s 5 syt

o B
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>>> import weakref
>>> class Object:

pass
>>> o0 = Object ()
>>> r = weakref.ref (0)
>>> 02 = r()

>>> o0 is 02

True

Fzo el v EAHA =, = AAE £S5 voneS WY TH

>>> del o, 02
>>> print (r())

None

2 A}§ o] S s o
o 82 w2fof gtk

# r is a weak reference object
o= r()
if o is None:
# referent has been garbage collected
print ("Object has been deallocated; can't frobnicate.")
else:
print ("Object is still live!")

o.do_something_ useful ()

“AEZO| s E o] AAE AFE S A E & 22O A A 2 o] DA F YT ok Fx U}
TEH 7] Aol th2 2 =7t ok F2E FRH T dFUth o BAE FEFE DL 28 = S8
Zeaduenolyel bF 2d= $§ 22 aNME AT

NE 2R Bl rer AR S50
g5 o) ) o] 7t F=o et v
ST 5 QA FE S 7 2o %7} A2l 2
o AL rero] AH SHAE G Ite] Ao hE 71 FRE AL FRAAF AH 2T o)
HHEHE = grol B e Fe Pe Bl Fych

=

s & AFUYTE Ol= wWeakValueDictionary =& 9

WAl =S 29Ut o F7H AEE 28 dFA 7= 1
o

import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, /, **annotations):
super () ._ _init__ (ob, callback)
self._counter = 0

for k, v in annotations.items() :
setattr(self, k, v)

def = call (self):

(TH5 sl el Aol A)
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"""Return a palr containing the referent and the number of
times the reference has been called.

mrn

ob = super().__call__ ()

if ob is not None:
self._counter += 1
ob = (ob, self.__ counter)

return ob

8.9.2 0f

o) AEB AL & meaGo] A IDE ALG] ool & AN G 235 g wol Sy ok
28 g AR RAE LoLUEE A o WA e AR T2olH 449 IDE AR 5 AT
gotglthel AA & ol A3 D2 23 & 4 YUt

import weakref

_1d20obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id2obj_dict[oid] = obj
return oid

def id2obj (oid) :
return _id2obj_dict[oid]

8.9.3 mo0|=a}0| x| ZH|

finalizeS AFES|A] o
el S5 4 ek Ak o g Sol

>>> import weakref
>>> class Object:
pass

>>> kenny = Object ()

>>> weakref.finalize (kenny, print, "You killed Kenny!")
<finalize object at ...; for 'Object' at ...>

>>> del kenny

You killed Kenny!

FoldetolAE A 22T £ JFUTh 2 stoldetolA = 2l AU W TSP Th

>>> def callback(x, y, z):
print ("CALLBACK")
return x + y + z

>>> obj = Object ()
>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> assert f.alive

>>> assert f() == 6

CALLBACK

>>> assert not f.alive

>>> f() # callback not called because finalizer dead
>>> del obj # callback not called because finalizer dead
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detach () M =8 AHB3te] sto] detol 4 & 55 A4 T 5 gtk 2eE shol et A g Folw
wrs o} w44 Aol ARE A7k waE Ut

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)

>>> f.detach ()

(<...0Object object ...>, <function callback ...>, (1, 2), {'z': 3})
>>> newobj, func, args, kwargs = _

>>> assert not f.alive
>>> assert newob]j is obj

>>> assert func(*args, **kwargs) == 6
CALLBACK
J
crexit SR HES ralse® 43K g @, vhol detol A7t Aotgirtd m2 o] FRY W) 53
Hyth 9 &
>>> obj = Object ()
>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.9.4 Comparing finalizers with __de1__ () methods

A2EAT QA DA E P S Geh & 29 A8 BED ATkn A A L. ThE o WE 5 A WA

Zo) WA u) vl el el -3} A ALAIE o] oF Sh o}
o AR A S AF U,
« the object’ s remove () method is called, or
. zeawo] R

We might try to implement the class usinga __del_ () method as follows:

class TempDir:
def _ init__ (self):
self.name = tempfile.mkdtemp ()

def remove (self):
if self.name is not None:
shutil.rmtree (self.name)
self.name = None

@property
def removed(self):
return self.name is None

def = del (self):
self.remove ()

J

Starting with Python 3.4, _ _del_ () methods no longer prevent reference cycles from being garbage collected, and
module globals are no longer forced to None during interpreter shutdown. So this code should work without any
issues on CPython.

However, handlingof __del () methods is notoriously implementation specific, since it depends on internal details
of the interpreter’ s garbage collector implementation.

o5 el et df k2> 7“z4H Zhﬂ ”Eﬁoﬂ W27 BT RS EA T4 A v FREE gholde}
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class TempDir:
def _ init_ (self):
self.name = tempfile.mkdtemp ()
self. finalizer = weakref.finalize(self, shutil.rmtree, self.name)

def remove (self):
self. finalizer ()

@property
def removed(self):
return not self. finalizer.alive

o] 4% oA shol detol At YA E S 283 ookt o BRI AR Aol o g Fxw AL,
AR 7 7P A S AR A oW B8 Ao shol dekol AL ol 43| 52 Tk

oFe 22 7)uk o] Qo) Ao} the B AR Bl & Aol s Ze 2l sl sho] detol A 8
S2oE o AT 5 drks AU 74 BEo) 2T P uf 5= AR e:

import weakref, sys
def unloading_module () :
# implicit reference to the module globals from the function body

weakref.finalize(sys.modules[ name ], unloading_module)
0 Zx
223 25 ) BlE A =04 S| Yol A AN E BHEW F& Ao st detolArt 5

TR S TS Aol dF5Uth 2y HlE AY X atexit.register () A, try: ... finally:

| A5
Swith: Lo = A A S B SR ek y Tk

8.10 types — Dynamic type creation and names for built-in types

A2 FE: Lib/types.py

s MER F2 T4 BES AYste e EH d-E AT

2
F shold AW Zel Bk AL HA W, inet} s WFOER = BH A gt AR AR B o BE

Al eto 2, g 7ol S8 712 o)A g2 R UMK 271 F B frEElE S FrE AT S

rJ

8.10.1 S & AN
types.new_class (name, bases=(), kwds=None, exec_body=None)
A4 e SR AT ASF] FH0R S s ANE BEULH

A AR AAE FHs Y s HE A%k a5 dUth FHl2 ol F, Hlol& S (& A]
g 2), 7|9 & 22} (718 metaclass).
The exec_body argument is a callback that is used to populate the freshly created class namespace. It should

accept the class namespace as its sole argument and update the namespace directly with the class contents. If
no callback is provided, it has the same effect as passing in lambda ns: None.

Added in version 3.3.
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types.prepare_class (name, bases=(), kwds=None)
At et S E AL FE 2 o5 T

o} ZP A Ao FHYE A= 24Uk =

= QA (7}% metaclass).

2

Lo

U,
2 o) &, Wlo) 2 Ze A (AU R) D 719

Ll %}:O -5 O\:]\/]T/]— metaclass, namespace, kwds

metaclass= 7 A 3t W €} Z 2] 2 0] 11, namespace= 8| H S 2 o] &5 F7Ho| W kwds+= 'metaclass'’
o] A ﬂlf*]_ 75%% kwds QL] 73 ATE AR QU T kwds AXF7F A EE 2] ¢F oW, vl g 2] 7}
AU,

=)

Added in version 3.3.

H A 3.6004 W7 vk

H FZ°] namespace 849] 7|2 Fko] WA H JFUth oA v g Fef 20
__prepare__ HIA =7} ¢l 4

w4k 4 B ol AT T,

=
T
o

] 27

metaclasses
o] gt o] A Yo FHU A A

__prepare__ lE TN EFS =SS

types.resolve_bases (bases)
PEP 5602] §A|ol m}e} MRO 52 54 &2 A3t

This function looks for items in bases that are not instances of ¢ ype, and returns a tuple where each such object
that has an _ mro_entries_ () method is replaced with an unpacked result of calling this method. If a
bases item is an instance of type, or it doesn’ t have an __mro_entries__ () method, then it is included in
the return tuple unchanged.

Added in version 3.7.

types.get_original_bases (cls, /)

Return the tuple of objects originally given as the bases of cls before the __mro_entries__ () method has
been called on any bases (following the mechanisms laid out in PEP 560). This is useful for introspecting
Generics.

For classes that have an _ orig_bases_  attribute, this function returns the value of cls.
__orig_bases__. For classes without the __orig_bases__ attribute, cls.__bases__ is returned.

Examples:

-

from typing import TypeVar, Generic, NamedTuple, TypedDict

T = TypeVar ("T")

class Foo (Generic[T])

class Bar (Foo[int], float):

class Baz (list[str]):

Eggs = NamedTuple ("Eggs", [("a", int), ("b", str)])
Spam = TypedDict ("Spam", {"a": int, "b": str})

assert Bar. bases == (Foo, float)

assert get_original_bases (Bar) == (Foo[int], float)
assert Baz. Dbases == (list,)

assert get_original_bases (Baz) == (list[str],)
assert Eggs. Dbases == (tuple,)

(TH5 sl el Aol A<)
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(o] sl o] A ol A AI)

assert get_original_bases (Eggs) == (NamedTuple,)
assert Spam. bases == (dict,)

assert get_original_bases (Spam) == (TypedDict,)
assert int._ bases_ == (object,)

assert get_original_bases (int) == (object,)

Added in version 3.12.

& o 17

PEP 560 - typing 257} AW & Fof v st T o] X

8.10.2 & QE{ZZ[H ¥

ol x5 ol JAHZ B E TS =t R WS F o] 52 AT FUrh listiterator FH
Zol A2l Foll ¢-As] B ste dF F & rH o g 2361 O}JAQE}

o]2] 3t o] 29 YHIAQ &5 = isinstance ()W issubclass () 757\]'01:]‘/]1_4'.

ol g P& AT B wf= A o] sto] W wAdntt tohE 4 A5 oll o8l oF

Che3 2 Y S ol vl £ o 2o] B H Tk

types.NoneType
The type of None.

Added in version 3.10.

types.FunctionType
types.LambdaType
A& AL 7 8] 49} lambda @A 0] WHE o F.
Q1 2} code 2 ZhA} o] W E function.  new & WA YT}

Aol MES 4 AAY A QXA B v B, Ak Aok Do) = TAFA G
U,
types.GeneratorType
Aol 7t vbE, Al @l ol H-olE &l o] B A 2] F.
types.CoroutineType
async def &7 e I FE AR 9 3.

Added in version 3.5.

[>

types.AsyncGeneratorType
H]5 7] Ald ol e g7k vhE, vl5 7] Al o Bl-olH @l o] B A A9 &.
Added in version 3.6.

class types.CodeType ( **kwargs)
The type of code objects such as returned by compile ().

Q] X]- code, filename, name, argcount, posonlyargcount, kwonlyargcount,nlocals, stacksize,
flags®E 7FA} oW E code._ new_ = WAIA] U TH

A AAke 2713447} 2 Fahe ol ol A A9k A A e 5 9lgol ol A 2. A}
o]u] RERT A= 7911]_/] 2] 7<4 olA~E A §]_oﬂ/\~1t!]— al—Aﬂg}u.—] 1Rz 74_4.0101]/\1 A alxg-g]_x] ?%‘qu/}.
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types.CellType

The type for cell objects: such objects are used as containers for a function’ s closure variables.
Added in version 3.8.

types.MethodType
A8 Ao 2ela AadA WAL .

types.BuiltinFunctionType

types.BuiltinMethodType

len (ol th sys.exic () 9 2 W e WG S 2 WA F. (714, W ol ehe
golx “CE AAE” & 9 uFych)

types.WrapperDescriptorType
object.__init_ () Yobject.__1t_ ()2} 22, AR YA dolH P tojx F 9] HAM=

BE)
Added in version 3.7.

types.MethodWrapperType

QR 4 ool B B} Wl o] 2 el 0] AAH (bound) WA =] B, o S0} opject () ._str
o vk,

Added in version 3.7.

types.NotImplementedType
The type of Not Implemented
Added in version 3.10.

types.MethodDescriptorType
str.join(B 2 AR YF dlolE el WA 3.
Added in version 3.7.

types.ClassMethodDescriptorType

dict._ dict_ ['fromkeys'] 2} Z-2 B YA tole ] AAHXA L (unbound) Z 2 2 W A
o 3,

Added in version 3.7.
class types.ModuleType (name, doc=None)

559 P YA BHE BE SR AYHOoR EheTS

A
o

Y.
o o 1]

Documentation on module objects
Provides details on the special attributes that can be found on instances of ModuleType.

importlib.util.module_ from spec ()
Modules created using the ModuleType constructor are created with many of their special attributes
unset or set to default values. module_from_spec () provides a more robust way of creating
ModuleType instances which ensures the various attributes are set appropriately.

types.EllipsisType
The type of E11ipsis.

Added in version 3.10.
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class types.GenericAlias (¢ origin, t_args)
list [int] 2} 22 w7} Wb Al 2] Py rh

¢_origin® List, tuple Ei= dice 9} 2] 7] W45 2] 932 AW Zeol ok FUTh ¢ _args
Et_origin w7l WHBkeHE Wl cupre(do] 19 4 YU Th ol o of gt

-
>>> from types import GenericAlias

>>> list[int] == GenericAlias(list, (int,))

True

>>> dict[str, int] == GenericAlias(dict, (str, int))
True

Added in version 3.9.

WA 3.92004 WA o] P oA AME S| S 5 9

>

et

e o 17|

Generic Alias Types
In-depth documentation on instances of types.GenericAlias

PEP 585 - Type Hinting Generics In Standard Collections
Introducing the types.GenericAlias class

class types.UnionType

The type of union type expressions.
Added in version 3.10.

class types.TracebackType (tb_next, th_frame, tb_lasti, tb_lineno)

The type of traceback objects such as found in sys.exception() .__traceback__.

Mg TFs R ol SRl RS} Ao ThE A AL S A0 Ed o] Mg BEL Zo] Bl A
2 Qo] AN AAE FRFAA L

N

types.FrameType

The type of frame objects such as found in tb. tb_frame if tb is a traceback object.

types.GetSetDescriptorType

The type of objects defined in extension modules with PyGet SetDef, such as FrameType.f_locals or
array.array.typecode. This type is used as descriptor for object attributes; it has the same purpose as
the property type, but for classes defined in extension modules.

types.MemberDescriptorType
datetime.timedelta.days®} 22, PyMemberDef 7} Y= S EE A FoJH AA 2 &, o] F2
EF NGB AL IS 2T CUloE W T 2T AB = AF AU property B3 2L
=222 AW, g RE J W SHAE AT AQU T
In addition, when a class is defined with a _ slots__ attribute, then for each slot, an instance of

MemberDescriptorType Will be added as an attribute on the class. This allows the slot to appear in the
class’s __dict__.

CPython & FA): sto] % 9] thE F & 4], ©] P& GetSetDescriptorTypedt 2 5 JFUTH
class types.MappingProxyType (mapping)

mgo] e} 7] A8 =A]. wisg FEo thet T4 JFE Algsterl, vigol WAE wf {7} o

W7 AL g g o v gt

Added in version 3.3.

—

CIkis
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H A 3.90] 4 WA : PEP 5842] A} W3 (1) AAAE AL StE = B A5 &3] s w3 o
A
key in proxy
32w o] 7] key7t Y0 TrueE, THA| koW ralseE WHEHELITH
proxy [key]
7) key® AF&5to] SHR o) FES WBTTH keyh R Bl QO keyrrrorE W
Atk

iter (proxy)

SHE- g o] 7)o ti ek ol H el ol B & WU T o] AL iter (proxy.keys () & EY £

Ut
len (proxy)

S WP G5 £2 NAFh
copy ()

2w e AL wkskgh o,

get (key [, default] )
key7} 3+ wi P o] 9O W keyo] 3rS, 1A 9O W defaultE W T default S A A 814
How, 7| EH O E None L Z AAHBE, o] A E+= A keyErrorE BAA 71 A] g5 U T

items ()

&5 o 34 9] - (items) ((key, value) 2 A} HE ukstshych
keys ()

313 1) 3 9] 7] (keys) o] A 22 B2 wkahgh ok
values ()

SH- 1] 33 &k (values) o A H-& WU o}

reversed (proxy)
SH- 138 2] 7] (keys) ol Hh & o o] Bl #| o] H & W& -
Added in version 3.9.

hash (proxy)
Return a hash of the underlying mapping.
Added in version 3.12.

class types.CapsuleType
The type of capsule objects.
Added in version 3.13.

8.10.3 7| KE2|E| EejA} &

class types.SimpleNamespace
o] F Tl th et ol E T R E A 29} o] Q= repra AlFShs HA S object AH S,
Unlike object, with SimpleNamespace you can add and remove attributes.

SimpleNamespace objects may be initialized in the same way as dict: either with keyword arguments,
with a single positional argument, or with both. When initialized with keyword arguments, those are directly
added to the underlying namespace. Alternatively, when initialized with a positional argument, the underlying
namespace will be updated with key-value pairs from that argument (either a mapping object or an iterable
object producing key-value pairs). All such keys must be strings.

B the ZEo e FEFUTh
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g
class SimpleNamespace:

def _ init_ (self, mapping_or_iterable=(), /, **kwargs):
self. dict .update (mapping_or_iterable)
self. dict_  .update (kwargs)

def _ repr_ (self):
items = (f"{k}={v " for k, v in self. dict .items ())
return " ({})".format (type(self). name , ", ".join(items))

def _ _eg (self, other):
if isinstance(self, SimpleNamespace) and isinstance (other,.
—~SimpleNamespace) :
return self. dict == other. dict
return NotImplemented

SimpleNamespace+= class NS: pass® DJA|ZEoE F8 5 AS5Yth A, +2334 d 32
T o= namedtuple ()& thAl ARSI Al 2

SimpleNamespace objects are supported by copy . replace ().

Added in version 3.3.

WA 3.9004 WA repro] AEZRE A7 SopllEol A A o2 WAH AT U (dict
A=).

W A 3.139 4] ¥ 7 : Added support for an optional positional argument.

types.DynamicClassAttribute (fget=None, fset=None, fdel=None, doc=None)

FPAY AJEFRE AMAE _ getattr_ =2 BT

Haage o, JdAagdAael ZHAFE 3 AT o 5}37‘” AEote A ERREE B o=
o AR YTH A" ANAE FAH R FAHA G FHAE B AEGFE M A
S 29 _ getattr WA E=Z B Yt} o] = AttributeError & WA A1 A =3 E Uttt

o8 B3 Axd i BANY Z2AEE AT SO, FehaolA 2L o F S A Ay
NS HEE 4 4 A5 (NS cnun. znun FEFHA 2).

Added in version 3.4.

8.10.4 D FEI QEIZ|E| &

types.coroutine (gen_func)

This function transforms a generator function into a coroutine function which returns a generator-based corou-
tine. The generator-based coroutine is still a generator iterator, but is also considered to be a coroutine object
and is awaitable. However, it may not necessarily implement the __await__ () method.

gen_func7} Al & o] ¥ g A| A} (in-place) o) A 74 H Y ot

gen_func7t A d o) g 7t ol U, Bl H Ut} collections.abe.Generatord AAEHAE
HEEEstE, JAAE AL ofglolE & _—1/\] AAZ 23 gUch o & F9 A= I E 0
=N,

Added in version 3.5.

8.11 copy — Shallow and deep copy operations

1'>

A F E: Lib/copy.py

shole| A Hl 2 e A & #ALS) 21, T3t AR Aol whl g e L o7k (muable) 3 A
P (miable) B8 S £ %19 AAAe AL AL 0 A B L B S
17 AL R0l BEE AN TE B2 BA A8 AE . (o) A F2)

300 Chapter 8. C[O|E{H


https://github.com/python/cpython/tree/3.13/Lib/copy.py

The Python Library Reference, Z!2|A 3.13.1

A sfo] 2 g o
copy . copy (0bj)
Return a shallow copy of obj.
copy .deepcopy (obj[, memo] )
Return a deep copy of obyj.
copy . replace (0bj, /, **changes)
Creates a new object of the same type as obj, replacing fields with values from changes.
Added in version 3.13.

exception copy.Error

g 54 oo A HAH YT

Qo B ALS} 710 BAe] Aol LB AN (P AE B Fejs AAHAEY 2L T2 AN E T
AA) N §EF U
C Te BAL AR B AANE BELCHS B WA7A) AL AAE AL FRE AL
B3 AR 4T
c Qe BN AR B ANE HELAA GO AL AR ARG A2 BE B AH o 4
gk
2 HAL QA Fe B} Akl gl T A £AI7E Q54T
A AR (AR EE AR AN R FEE TR B AR L £F 72 A ]
2 5 95U
. 2 BAE RE A2 BAS] g2l AUAA Fol BAT 5 AU Th 7H, BAHR o] B 6
g =7t g AR =,

g4 el g AN T dG U 2e 1
A sk EE BAE T a4 RS AR ES T

This module does not copy types like module, method, stack trace, stack frame, file, socket, window, or any similar
types. It does “copy” functions and classes (shallow and deeply), by returning the original object unchanged; this is
compatible with the way these are treated by the pickle module.

reh
2
e
_|>:
L -
[»
ofy
2
o,
=
-|—‘ _II.E
>
)
N,
T
=}
D
3
O

219 e HARE dict.copy 8 AHEE] AR 4 A4 UI T2 T 8BS e HAH of
E0] copied_list = original_list[:] A PAA B|AEQ &2to]A~E Y Ydl] | AEE BALS

‘FE AsHTh

S SIS YE Acks) A 4B AT 2 ALK £ E AB31) 2E ASIY S A

olgg MINESY AR = pickle BE AHS FASA L. AAZE copy REL copyreg BE| 5549

52 9o AT

In order for a class to define its own copy implementation, it can define special methods _ copy__ () and
__deepcopy__ ().
object.__copy__ (self)

Called to implement the shallow copy operation; no additional arguments are passed.

object._ deepcopy__ (self, memo)

Called to implement the deep copy operation; it is passed one argument, the memo dictionary. If the
__deepcopy___ implementation needs to make a deep copy of a component, it should call the deepcopy ()
function with the component as first argument and the memo dictionary as second argument. The memo dic-
tionary should be treated as an opaque object.

Function copy . replace () is more limited than copy () and deepcopy (), and only supports named tuples created
by namedtuple (), dataclasses, and other classes which define method _ replace ().
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object.__replace__ (self, /, **changes)
This method should create a new object of the same type, replacing fields with values from changes.
& o 17

Q& pickle
AR e 23] 9 BEAES A3t AFEEHE S5 wA = &3t =9

E2 9o sl A HlolE FEE AL H ] PO AEY 5 Y BE|E o mA A
%52 ABPUTh 2R F2o] 718 shol A Go by A £IH W, EAL 25 A
L9}, 7 EE Feae 2 AR ek ook shol A H YR BAY & gl TE

The formatted representation keeps objects on a single line if it can, and breaks them onto multiple lines if they don’
t fit within the allowed width, adjustable by the width parameter defaulting to 80 characters.

gAY g e Hasg ol & Axtetr] Aol 712 AEg Ut
WA 3904 HA: types. SimpleNamespaced oA A4f ot A Y o] F715 A5 Uth
¥ A 3.109] A WM 7 : Added support for pretty-printing dataclasses.dataclass.

8.12.1 Functions

pprint .pp (object, stream=None, indent=1, width=80, depth=None, *, compact=False, sort_dicts=False,
underscore_numbers=False)
Prints the formatted representation of object, followed by a newline. This function may be used in the interactive
interpreter instead of the print () function for inspecting values. Tip: you can reassign print = pprint.
pp for use within a scope.

) 7} 4
» object - The object to be printed.

o stream (file-like object | None) — A file-like object to which the output will be written by
calling its write () method. If None (the default), sys. stdout is used.

e indent (int) - The amount of indentation added for each nesting level.

e width (int) — The desired maximum number of characters per line in the output. If a
structure cannot be formatted within the width constraint, a best effort will be made.

e depth (int | None) - The number of nesting levels which may be printed. If the data
structure being printed is too deep, the next contained level is replaced by . . .. If None
(the default), there is no constraint on the depth of the objects being formatted.

e compact (bool) — Control the way long sequences are formatted. If False (the default),
each item of a sequence will be formatted on a separate line, otherwise as many items as
will fit within the width will be formatted on each output line.

e sort_dicts (bool) - If True, dictionaries will be formatted with their keys sorted,
otherwise they will be displayed in insertion order (the default).

e underscore_numbers (bool) - If True, integers will be formatted with the _ character
for a thousands separator, otherwise underscores are not displayed (the default).
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>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff)
>>> pprint.pp (stuff)
[<Recursion on list with id=...>,
'spam',
'eggs',
'lumberjack’',
'knights',
'ni']

Added in version 3.8.
pprint .pprint (object, stream=None, indent=1, width=80, depth=None, *, compact=False, sort_dicts=True,
underscore_numbers=False)
Alias for pp () with sort_dicts set to True by default, which would automatically sort the dictionaries’ keys,
you might want to use pp () instead where it is False by default.
pprint .pformat (object, indent=1, width=80, depth=None, *, compact=False, sort_dicts=True,
underscore_numbers=False)

Return the formatted representation of object as a string. indent, width, depth, compact, sort_dicts and under-
score_numbers are passed to the PrettyPrinter constructor as formatting parameters and their meanings
are as described in the documentation above.

pprint.isreadable (object)
object®] ZWH FTHo| “Q& 5 A" A, S eval ()= A3

2 ek ok A7) 2 A ol s A

>>> pprint.isreadable (stuff)

o g AT O ART S e
B

rlr
o
oy
g3l
()]
L,
[0)]
[0]
|
(L
;
)

False

pprint.isrecursive (object)

Determine if object requires a recursive representation. This function is subject to the same limitations as noted
in saferepr () below and may raise an RecursionError if it fails to detect a recursive object.

pprint .saferepr (object)

Return a string representation of object, protected against recursion in some common data structures, namely
instances of dict, 1ist and tuple or subclasses whose __repr__ has not been overridden. If the repre-
sentation of object exposes a recursive entry, the recursive reference will be represented as <Recursion on
typename with id=number>. The representation is not otherwise formatted.

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni
‘}’]"

8.12.2 PrettyPrinter Z{ x|

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None, *, compact=False,
sort_dicts=True, underscore_numbers=False)

Construct a PrettyPrinter instance.

Arguments have the same meaning as for pp (). Note that they are in a different order, and that sort_dicts
defaults to True.

>>> import pprint

>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])
>>> pp pprint.PrettyPrinter (indent=4)

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)

>>> pp.pprint (stuff)
[ ['spam', 'eggs', 'lumberjack', 'knights', 'ni'],

'spam',

'eggs',

'lumberjack’',

'knights',

'ni']
>>> pp = pprint.PrettyPrinter (width=41, compact=True)
>>> pp.pprint (stuff)

[['"spam', 'eggs', 'lumberjack',
'knights', 'ni'],
'spam', 'eggs', 'lumberjack', 'knights',
'ni']
>>> tup = ('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead',
('parrot', ('fresh fruit',))))))))

>>> pp = pprint.PrettyPrinter (depth=6)
>>> pp.pprint (tup)
("spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead', (...)))))))

WA 3.4 WA compact W} 7] A7 F 71 S5 U ok

A 3.800 4 WA sort_dicts W | W47 F71E 95U ok

H A 3.109 A ¥ 7 : Added the underscore_numbers parameter.

¥ A 3.119 A ¥ 7 : No longer attempts to write to sys . stdout if it is None.
prettyPrinter IAE 2= b3} 22 WA =7 A5 U th

PrettyPrinter.pformat (object)
object®] TRH B S W3S} prettypPrinter A AL AEH &

rx
o
kl
And
s
<
o

PrettyPrinter.pprint (object)
T4 E 2E | object2] >

qDWHctgeﬂ B
erbglome, dag oA o e g A

8 LA & U AR

of

S AlFdUTh MEZE pPrettyPrinter AAE WHE
B Aol oHghH B A,
PrettyPrinter.isreadable (object)

object®] W H FHo] “l 5 Y7 A, Feval ()& AHEHA F2 AT A s Wl AT = QL

2 Ik Al 7“21] Oﬂ ol False S WHGH F O S Al L. preteyprinter®] depth v 7}
W57t A D AR S EE AR 20, False 2 W T T,

PrettyPrinter.isrecursive (object)
object7} A7 A HE QF3=A] FdAgT)
o MASE Y Felart AN BALR W £ P 5

7182 FAL sarerepr () +AY YEE AR T}

PrettyPrinter.format (object, context, maxlevels, level)

ox
st
b
30,
Frl
I
31_'4
rr
Hot
o
u
2
oH
A}
A
v

Al 7HA 3he ey o 29 E HV*J object TALE, At e AEAE U= =
2 AT 7 A P=AE e = 22 A AR s 2AE AA QY. F iR = A
2 AY2ERI dF= F= Object«] A3 9 3 Ao dFA AR a0 E TR
BRI D‘/‘%Lﬂﬂl‘ﬂ‘%ﬂr ol u] context°ﬂ 46451 7“2117}4345101 of & dartglod, Al WA vet
2 Trueol o oF U format () A= T A7 T2 AEl o]y the 27 FH 2 o
gAY glel] F7Fa oF Futh Al AR AR} maxlevels= A7 ol 873 H A S FUth 249 A gte]
fled oduh o] Axk= A7 2ol A A 2 A A o of itk vl A AR} level 2
A FES ATTUE AT 222 A T2 22 oz dgsofof gyt
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8.12.3 Oi|A|

To demonstrate several uses of the pp () function and its parameters, let’ s fetch information about a project from

PyPI:

>>> import Jjson

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/1.2.0/json') as resp:

project_info = json.load(resp) ['info']

In its basic form, pp () shows the whole object:

>>> pprint.pp (project_info)

{'author': 'The Python Packaging Authority',

'author_email':

'pypa-devl@googlegroups.com',

'bugtrack_url': None,
'classifiers': ['Development Status :: 3 - Alpha',
'Intended Audience :: Developers',
'License :: OSI Approved :: MIT License',
'Programming Language :: Python :: 2°',
'Programming Language :: Python :: 2.6',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3',
'Programming Language :: Python :: 3.2°',
'Programming Language :: Python :: 3.3',
'Programming Language :: Python :: 3.4',
'Topic :: Software Development :: Build Tools'],
'description': 'A sample Python project\n'
= —— 7777\1,1!
n\nu
'This is the description file for the project.\n'
] \I’l'
'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
n\nu
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’',
'description_content_type': None,

'docs_url': None,

'download_url':

" UNKNOWN ',

'downloads': {'last_day': -1, 'last_month': -1, 'last_week': -1},
'home_page': 'https://github.com/pypa/sampleproject’',

'keywords': 'sample setuptools development',

'"license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

'package_url':

'https://pypi.org/project/sampleproject/’',

'platform': 'UNKNOWN',

(TH5 sl el Aol A<)
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'project_url': 'https://pypi.

'project_urls': {'Download':

(o] A = o] A ol A Al )
org/project/sampleproject/"',
'UNKNOWN',

'Homepage': 'https://github.com/pypa/sampleproject'},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",
'requires_dist': None,
'requires_python': None,

'summary': 'A sample Python project',

'version': '1.2.0'}

Ealie] Eal
T A5

Aie 574 depth 2 A7 Yok (H 22 W&ol
depth=1)
'The Python Packaging Authority',

'author_email':

>>> pprint.pp (project_info,
{"author':
'pypa-dev@googlegroups.com',

'bugtrack_url': None,
'classifiers': [...1,
'description': 'A sample Python project\n'
1 \nl
V\nl
'This is the description file for the project.\n'
l\nl

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI,
'should be written for\n'

and '

'that purpose.\n'

l\nl

'Typical contents for this file would include an overview of '
'the project, basic\n'

'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’,
'description_content_type':

'docs_url':

None,

None,

" UNKNOWN',

fooolky
'https://github.com/pypa/sampleproject’,

'download_url':
'downloads"':
'home_page':

'keywords': 'sample setuptools development',
'license': 'MIT',
'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',
'package_url': 'https://pypil.org/project/sampleproject/’',
' UNKNOWN ',

'project_url':

'platform’':
'https://pypi.org/project/sampleproject/"',
{oooly
'https://pypi.org/project/sampleproject/1.2.0/",
'requires_dist':

'project_urls':
'release_url':

None,
'requires_python': None,
'summary': 'A sample Python project',

'version': '1.2.0'}

=3, o) AL widih S A ke 4 9) A

AR

sUth Al
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>>> pprint.pp(project_info, depth=1, width=60)

{'author': 'The Python Packaging Authority',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
|l \nV
l\nl

'This is the description file for the '
'project.\n'
n\nu
'The file should use UTF-8 encoding and be '
'written using ReStructured Text. It\n'
'will be used to generate the project '
'webpage on PyPI, and should be written '
'for\n'
'that purpose.\n'
"\n'
'Typical contents for this file would '
'include an overview of the project, '
'basic\n'
'usage examples, etc. Generally, including '
'the project changelog in here is not\n'
'a good idea, although a simple "What\'s '
'New" section for the most recent version\n'
'may be appropriate.’',
'description_content_type': None,
'docs_url': None,
'download_url': 'UNKNOWN',
'downloads': {...},
'home_page': 'https://github.com/pypa/sampleproject’',
'keywords': 'sample setuptools development',
'"license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/’',
'platform': 'UNKNOWN',
'project_url': 'https://pypi.org/project/sampleproject/’',
'project_urls': {...},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/',
'requires_dist': None,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

8.13 repriib — Alternate repr () implementation

A2 FE: Lib/reprlib.py

The reprlib module provides a means for producing object representations with limits on the size of the resulting
strings. This is used in the Python debugger and may be useful in other contexts as well.

o) BEL Zes, Asbs W S E AT YU
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class reprlib.Repr (¥ maxlevel=6, maxtuple=6, maxlist=6, maxarray=5, maxdict=4, maxset=06,
maxfrozenset=6, maxdeque=6, maxstring=30, maxlong=40, maxother=30, fillvalue="...",
indent=None)
W repr 0T AR 4 FRSRE O $ 88 EoHY A A8 AT HE S FESA 2
£A9 AL 35t aA AR YE 2 2] Algte] F7hE vk,

The keyword arguments of the constructor can be used as a shortcut to set the attributes of the Repr instance.
Which means that the following initialization:

[aRepr = reprlib.Repr (maxlevel=3)

Is equivalent to:

aRepr = reprlib.Repr ()
aRepr.maxlevel = 3

See section Repr Objects for more information about Repr attributes.
WA 3.1290 A X 7 : Allow attributes to be set via keyword arguments.

reprlib.aRepr
ol#o] AHWH repr () 2 FEE AT H ALH S repro] AAE AU o Ax9] o E g
HEﬁﬂﬁﬁﬁwmwéﬁﬂﬁﬂﬂﬂﬂH&%ﬂLiﬂﬂ@ﬂ%%%%WW
reprlib.repr (0bj)
aReprJ repr () WA EQUTH Z& o] 5 UF
A 9h g B E o] 3 7)o = A Sko] <5t

In addition to size-limiting tools, the module also provides a decorator for detecting recursive calls to __repr__ ()
and substituting a placeholder string instead.

PR A

o
oft
nl[o

e

S

ks
er

whaka)

M

@reprlib.recursive_repr (fillvalue="...")

Decorator for __repr__ () methods to detect recursive calls within the same thread. If a recursive call is
made, the fillvalue is returned, otherwise, the usual __repr__ () call is made. For example:

>>> from reprlib import recursive_repr
>>> class MyList (list):
@recursive_repr ()
def _ repr__ (self):
return '<' + '|'.join (map(repr, self)) + '>'

>>> m = MyList ('abc')
>>> m.append (m)

>>> m.append ('x")

>>> print (m)
<fa'|'b'|'c'|...|'x"'>

Added in version 3.2.

8.13.1 Repr ZUX|
Repr Q2B AE o] A7) PO BA NG 27 AGTH 53 AA FL TR WA =S AT e
A8 S U
Repr.fillvalue
This string is displayed for recursive references. It defaults to . . ..
Added in version 3.11.

Repr.maxlevel

A xd A T A= A 71272 6 AU T
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Repr.maxdict
Repr.maxlist
Repr.maxtuple
Repr.maxset
Repr.maxfrozenset
Repr.maxdeque
Repr.maxarray
EEEREE
U,
Repr.maxlong

A 28 A A AUtk A 7ROl A ARl U th 71232 409 Yok

Repr.maxstring

oL
o
El
r U
ok
rlr
ot
I
4
)
oL

L 7B L maxdictL 4, maxarray—=5°]1 1 2]E 64

EAG EW) BA 5 AL AL “FA BH0| BA £A2A A Qo) Fe3 FAL
E@e o] ~A0) = AlRLsL BoskH, @] Fobd ) o) zie] B 4 gtk 7R 5

U,

Repr.maxother

o] AT repr AA AN TAA LW HAZE S 5 gl AA H) 278 Aol s o
AR U Th maxstringTh vl 58 A 02 A H Utk 18k 209t

Repr.indent

If this attribute is set to None (the default), the output is formatted with no line breaks or indentation, like the
standard repr (). For example:

s R
>>> example = [
1, 'spam', {'a': 2, 'b': 'spam eggs', 'c': {3: 4.5, 6: []}}, 'ham']
>>> import reprlib
>>> aRepr = reprlib.Repr ()
>>> print (aRepr.repr (example))
[1, 'spam', {'a': 2, 'b': 'spam eggs', 'c': {3: 4.5, 6: []1}}, 'ham']

If indent is set to a string, each recursion level is placed on its own line, indented by that string:

>>> aRepr.indent = '—-—>'
>>> print (aRepr.repr (example))

[

—>1,
—-—>'spam',

,7>{

==>==3>"alg 2,

-——>-——>'b': 'spam eggs',

==>==>Yg3 {

——>-—>-->3: 4.5,

-——>-—>-—>6: [],

——>-—>},

——>1},

——>"'ham',

]

L J

Setting i ndent to a positive integer value behaves as if it was set to a string with that number of spaces:

e N

>>> aRepr.indent = 4
>>> print (aRepr.repr (example))
[

1,

(TH5 sl el Aol A<)
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'spam',
{
'‘a': 2,
'b': 'spam eggs',
'c': |
3: 4.5,
6: [1,
br
s
'ham',

(o] sl o] A ol A AI)

Added in version 3.12.

Repr . repr (0b))
Q12® o] o3 27 Tol P A EHE U oo S 5T

Repr . reprl (obj, level)

repr () oA AFEE = AAD FE. oS FE AF

level S A23Urc)h 39 fA== ZH:H;G ) g

o g g,

AN T Z A A level %kii level - 1S

Repr .repr_TYPE (0bj, level)
54 39 2vjgd WA =% 7 o]Fol 7IREshe o] 59 WA ERE FEF UL HAE o] Foll A,
) o2 ASP Yt o] A=z e tas) A=

TYPE & ' ' .join(type (obj) .

level - 1) =23 %OHOIZB‘]’L]D]—

8.13.2 Repr ZHX| ME 2

The use of dynamic dispatching by Repr. repri () allows subclasses of Repr to add support for additional built-in
object types or to modify the handling of types already supported. This example shows how special support for file
objects could be added:

__name___.split(

copet ol S5 AL H IO ANA 0% 58 ERoF o1

oo o
o

AU

FE A=

T E 2735t obj 2}

eprl ()= T &3 of 3=,

+ self.reprl (subobj,

aRepr =

import reprlib
import sys

class MyRepr (reprlib.Repr) :

if obj.name in {'<stdin>",

return obj.name
return repr (obj)

MyRepr ()

print (aRepr.repr (sys.stdin))

def repr_TextIOWrapper (self, obj, level):
'<stdout>",

# prints

'<stderr>"'}:

'<stdin>"'

[<stdin>

8.14 enum — Support for enumerations

Added in version 3.4.

A2 F E: Lib/enum.py
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Important

This page contains the API reference information. For tutorial information and discussion of more advanced
topics, see

o Basic Tutorial
¢ Advanced Tutorial

¢ Enum Cookbook

An enumeration:
« is a set of symbolic names (members) bound to unique values
« can be iterated over to return its canonical (i.e. non-alias) members in definition order
« uses call syntax to return members by value
« uses index syntax to return members by name

Enumerations are created either by using class syntax, or by using function-call syntax:

>>> from enum import Enum

>>> # class syntax
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3

>>> # functional syntax
>>> Color = Enum('Color', [('RED', 1), ('GREEN', 2), ('BLUE', 3)1])

J

Even though we can use class syntax to create Enums, Enums are not normal Python classes. See How are Enums
different? for more details.

0 IFx
H
e The class Color is an enumeration (or enum)

o The attributes Color .RED, Color.GREEN, etc., are enumeration members (or members) and are function-
ally constants.

o The enum members have names and values (the name of Color.RED is RED, the value of Color.BLUE
is 3, etc.)

8.141 2= LS
EnumType
The type for Enum and its subclasses.
Enum
Base class for creating enumerated constants.
IntEnum

Base class for creating enumerated constants that are also subclasses of int. (Nofes)
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StrEnum
Base class for creating enumerated constants that are also subclasses of st r. (Notes)
Flag
Flag WA 9 3 HIE AL Ag el AT 5 9
7] A3l o] & Fef .

IntFlag

A Y A

rlr

Base class for creating enumerated constants that can be combined using the bitwise operators
without losing their 7ntF1ag membership. IntF1ag members are also subclasses of int.
(Notes)

ReprEnum
Used by IntEnum, St rEnum, and IntFlagto keep the str () of the mixed-in type.
EnumCheck

An enumeration with the values CONTINUOUS, NAMED_FLAGS, and UNIQUE, for use with
verify () to ensure various constraints are met by a given enumeration.

FlagBoundary

An enumeration with the values STRICT, CONFORM, EJECT, and KEEP which allows for more
fine-grained control over how invalid values are dealt with in an enumeration.

EnumDict
A subclass of dict for use when subclassing EnumType.
auto

Instances are replaced with an appropriate value for Enum members. St rEnum defaults to
the lower-cased version of the member name, while other Enums default to 1 and increase
from there.

property ()

Allows Enum members to have attributes without conflicting with member names. The
value and name attributes are implemented this way.

unique ()

3k gkoll shbe] o] & ¥ A4 E =% Sk Enum 222 v | o] E].
verify ()

Enum class decorator that checks user-selectable constraints on an enumeration.
member ()

Make ob- a member. Can be used as a decorator.
nonmember ()

Do not make ob§ a member. Can be used as a decorator.
global_enum/()

Modify the st r () and repr () of an enum to show its members as belonging to the module
instead of its class, and export the enum members to the global namespace.

show_flag_values ()
Return a list of all power-of-two integers contained in a flag.
Added in version 3.6: Flag, IntFlag, auto

Added in version 3.11: StrEnum, EnumCheck, ReprEnum, FlagBoundary, property, member, nonmember,
global_enum, show_flag_values
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Added in version 3.13: EnumDict

8.14.2 Data Types

class enum.EnumType

EnumType is the metaclass for enum enumerations. It is possible to subclass EnumType — see Subclassing
EnumType for details.

EnumType is responsible for setting the correct _ repr_ (), _ str_ (), _ format_ (), and
__reduce__ () methods on the final enum, as well as creating the enum members, properly handling du-
plicates, providing iteration over the enum class, etc.

__call__ (cls, value, names=None, *, module=None, qualname=None, type=None, start=1I,
boundary=None)

This method is called in two different ways:
« to look up an existing member:

cls
The enum class being called.

value
The value to lookup.

« to use the c1s enum to create a new enum (only if the existing enum does not have any members):

cls
The enum class being called.

value
The name of the new Enum to create.

names
The names/values of the members for the new Enum.

module
The name of the module the new Enum is created in.

qualname
The actual location in the module where this Enum can be found.

type
A mix-in type for the new Enum.

start
The first integer value for the Enum (used by auto).

boundary
How to handle out-of-range values from bit operations (#1ag only).

__contains__ (cls, member)

Returns True if member belongs to the c1s:

>>> some_var = Color.RED

>>> some_var in Color

True

>>> Color.RED.value in Color
True

¥ A 3.120]| 4] ¥4 7 : Before Python 3.12, a TypeError is raised if a non-Enum-member is used in a con-
tainment check.
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__dir__ (cls)

Returns ['_ class_ ',

o ', '_members__ ', ' module__ '] and the names of the
members in cls:
>>> dir (Color)
['"BLUE', 'GREEN', 'RED', '_ class_ ', '_ contains_ ', '__doc__', '__
—getitem_ ', '__init_subclass_ ', '__iter ', '__len_ ', '__members_ ', '_
—_module_ ', '__name__ ', '_ qualname_ ']
__getitem__ (cls, name)

Returns the Enum member in cls matching name, or raises a KeyError:

>>> Color['BLUE']
<Color.BLUE: 3>

__iter__ (cls)

Returns each member in c¢ls in definition order:

>>> list (Color)

[<Color.RED:

1>, <Color.GREEN: 2>, <Color.BLUE: 3>]

__len__(cls)

Returns the number of member in cls:

>>> len(Color)
3

members

Returns a mapping of every enum name to its member, including aliases
__reversed__ (cls)

Returns each member in cls in reverse definition order:

>>> list (reversed(Color))
[<Color.BLUE: 3>,

<Color.GREEN: 2>, <Color.RED: 1>]

_add_alias_ ()

Adds a new name as an alias to an existing member. Raises a NameError if the name is already assigned
to a different member.

_add_value_alias_ ()
Adds a new value as an alias to an existing member. Raises a ValueError if the value is already linked
with a different member.

Added in version 3.11: Before 3.11 EnumType was called EnumMet a, which is still available as an alias.
class enum.Enum

Enum is the base class for all enum enumerations.

name

The name used to define the Enum member:

>>> Color.BLUE.name
'BLUE'

value

The value given to the Enum member:
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>>> Color.RED.value
1

Value of the member, can be setin ___new__ ().

0 Ix

Enum # 8] gt

Member values can be anything: int, str, etc. If the exact value is unimportant you may use auto
instances and an appropriate value will be chosen for you. See aut o for the details.

While mutable/unhashable values, such as dict, 1ist or a mutable dataclass, can be used, they
will have a quadratic performance impact during creation relative to the total number of mutable/
unhashable values in the enum.

_name_
Name of the member.
_value_
Value of the member, can be setin ___new ().
_order_
No longer used, kept for backward compatibility. (class attribute, removed during class creation).
_ignore_
_ignore_ is only used during creation and is removed from the enumeration once creation is complete.

_ignore_ is a list of names that will not become members, and whose names will also be removed from
the completed enumeration. See TimePeriod for an example.

_ dir__ (self)

Returns ['_class_ ', '_doc_ ', '_module_ ', 'name', 'value'] and any public
methods defined on self.__class__:

>>> from datetime import date
>>> class Weekday (Enum) :
MONDAY = 1
TUESDAY = 2
WEDNESDAY = 3
THURSDAY = 4
FRIDAY =
SATURDAY = 6
SUNDAY = 7
@classmethod
def today(cls):
print ('today is ' % cls(date.today () .isoweekday ()) .name)

Ul

>>> dir (Weekday.SATURDAY)
['"_class__ ', '_doc__'", '_eq_ ', '__hash_ ', '__module__', 'name', 'today

—"', 'value']

_generate_next_value_ (name, start, count, last_values)

name
The name of the member being defined (e.g. ‘RED’).

start
The start value for the Enum; the default is 1.
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count
The number of members currently defined, not including this one.

last_values
A list of the previous values.

A staticmethod that is used to determine the next value returned by auto:

>>> from enum import auto
>>> class PowersOfThree (Enum) :
@staticmethod
def _generate_next_value_ (name, start, count, last_values):
return 3 ** (count + 1)
FIRST = auto()
SECOND = auto ()

>>> PowersOfThree.SECOND.value
9

__init__ (self, *args, **kwds)

By default, does nothing. If multiple values are given in the member assignment, those values become
separate arguments to __init_ ;e.g.

>>> from enum import Enum
>>> class Weekday (Enum) :
MONDAY = 1, 'Mon'

Weekday.__init__ () would be called as Weekday.__init__ (self, 1, 'Mon')
__init_subclass__ (cls, **kwds)

A classmethod that is used to further configure subsequent subclasses. By default, does nothing.
_missing_ (cls, value)

A classmethod for looking up values not found in cls. By default it does nothing, but can be overridden
to implement custom search behavior:

>>> from enum import StrEnum
>>> class Build (StrEnum) :
DEBUG = auto()
OPTIMIZED = auto()
@classmethod
def missing (cls, value):
value = value.lower ()
for member in cls:
if member.value == value:
return member
return None

>>> Build.DEBUG.value
'debug!’

>>> Build('deBUG')
<Build.DEBUG: 'debug'>

__new__ (cls, *args, **kwds)

By default, doesn’ t exist. If specified, either in the enum class definition or in a mixin class (such as
int), all values given in the member assignment will be passed; e.g.

>>> from enum import Enum
>>> class MyIntEnum(int, Enum):
TWENTYSIX = 'la', 16
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results in the call int ('1a', 16) and a value of 26 for the member.

0 Fx

When writing a custom __new__, do not use super () .__new__ — call the appropriate __new___
instead.

__repr_ (Self )

Returns the string used for repr() calls. By default, returns the Enum name, member name, and value,
but can be overridden:

>>> class OtherStyle (Enum) :
ALTERNATE = auto ()
OTHER = auto()
SOMETHING_ELSE = auto()
def _ repr_ (self):
cls_name = self. class . name_

return f'{cls_name/. {self.name}'’

>>> OtherStyle.ALTERNATE, str (OtherStyle.ALTERNATE), f"{OtherStyle.
—ALTERNATE } "

(OtherStyle.ALTERNATE, 'OtherStyle.ALTERNATE', 'OtherStyle.ALTERNATE')

__str__ (self)

Returns the string used for str() calls. By default, returns the Enum name and member name, but can be
overridden:

>>> class OtherStyle (Enum) :
ALTERNATE = auto ()
OTHER = auto()
SOMETHING_ELSE = auto ()
def = str_ (self):
return f'{self.name}'

>>> OtherStyle.ALTERNATE, str (OtherStyle.ALTERNATE), f"{OtherStyle.
—ALTERNATE } "

(<OtherStyle.ALTERNATE: 1>, 'ALTERNATE', 'ALTERNATE')

_ format__ (self)

Returns the string used for format() and f-string calls. By default, returns __str () return value, but
can be overridden:

>>> class OtherStyle (Enum) :
ALTERNATE = auto ()
OTHER = auto()
SOMETHING_ELSE = auto()
def _ format__ (self, spec):
return f'{self.name /'

>>> OtherStyle.ALTERNATE, str (OtherStyle.ALTERNATE), f"{OtherStyle.
—ALTERNATE } "

(<OtherStyle.ALTERNATE: 1>, 'OtherStyle.ALTERNATE', 'ALTERNATE')

0 #Fx

Using auto with Enum results in integers of increasing value, starting with 1.
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WA 3.129]| 4] ¥ 7 : Added enum-dataclass-support

class enum.IntEnum

IntEnum is the same as Enum, but its members are also integers and can be used anywhere that an integer can be
used. If any integer operation is performed with an IntEnum member, the resulting value loses its enumeration
status.

s N

>>> from enum import IntEnum
>>> class Number (IntEnum) :

ONE = 1
TWO = 2
THREE = 3

>>> Number.THREE
<Number.THREE: 3>

>>> Number.ONE + Number.TWO
3

>>> Number.THREE + 5

8

>>> Number.THREE == 3

True

0 Iz

Using auto with IntEnum results in integers of increasing value, starting with 1.

WA 31194 M7A: __str__ () isnow int.__str__ () to better support the replacement of existing
constants use-case. ___format__ () was already int.__ format__ () for that same reason.

class enum.StrEnum

StrEnum is the same as Enum, but its members are also strings and can be used in most of the same places
that a string can be used. The result of any string operation performed on or with a StrEnum member is not
part of the enumeration.

0 Iu

There are places in the stdlib that check for an exact st r instead of a st r subclass (i.e. type (unknown)
== str instead of isinstance (unknown, str)), and in those locations you will need to use
str (StrEnum.member).

0 #x

Using auto with St rEnum results in the lower-cased member name as the value.

0 Iz
__str__ () is str.__str__ () to better support the replacement of existing constants use-case.
_ format__ () islikewise str.__ format__ () for that same reason.

Added in version 3.11.

class enum.Flag

Flag is the same as Enum, but its members support the bitwise operators & (AND), | (OR), ~ (XOR), and ~
(INVERT); the results of those operations are (aliases of) members of the enumeration.
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__contains__ (self, value)

Returns True if value is in self:

>>> from enum import Flag, auto
>>> class Color (Flag):

RED = auto()

GREEN = auto ()

BLUE = auto()

>>> purple = Color.RED | Color.BLUE

>>> white = Color.RED | Color.GREEN | Color.BLUE
>>> Color.GREEN in purple

False

>>> Color.GREEN in white

True

>>> purple in white

True

>>> white in purple

False

__iter_ (self):

Returns all contained non-alias members:

>>> 1list (Color.RED)

[<Color.RED: 1>]

>>> list (purple)

[<Color.RED: 1>, <Color.BLUE: 4>]

Added in version 3.11.

__len__ (self):

Returns number of members in flag:

>>> len (Color.GREEN)
1

>>> len (white)

3

Added in version 3.11.

__bool__ (self):
Returns True if any members in flag, False otherwise:

>>> bool (Color.GREEN)
True

>>> bool (white)

True

>>> black = Color (0)
>>> bool (black)

False

__ox__ (self, other)
Returns current flag binary or’ ed with other:

>>> Color.RED | Color.GREEN
<Color.RED|GREEN: 3>

__and__ (self, other)

Returns current flag binary and’ ed with other:
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>>> purple & white
<Color.RED|BLUE: 5>

>>> purple & Color.GREEN
<Color: 0>

__xor__ (self, other)

Returns current flag binary xor’ ed with other:

~

>>> purple white
<Color.GREEN: 2>

>>> purple ”~ Color.GREEN
<Color.RED|GREEN|BLUE: 7>

__invert_ (self):

Returns all the flags in type(self) that are not in self:

>>> ~white

<Color: 0>

>>> ~purple
<Color.GREEN: 2>

>>> ~Color.RED
<Color.GREEN|BLUE: 6>

_numeric_repr_ ()

Function used to format any remaining unnamed numeric values. Default is the value’ s repr; common
choices are hex () and oct ().

0 Ix

Using auto with F1ag results in integers that are powers of two, starting with 1.

WA 3.119 A ¥ 7 : The repr() of zero-valued flags has changed. It is now::

>>> Color (0)
<Color: 0>

class enum.IntFlag

IntFlag is the same as F'1ag, but its members are also integers and can be used anywhere that an integer can
be used.

-
>>> from enum import IntFlag, auto

>>> class Color (IntFlag) :
RED = auto()
GREEN = auto ()
BLUE = auto ()

>>> Color.RED & 2
<Color: 0>

>>> Color.RED | 2
<Color.RED|GREEN: 3>

If any integer operation is performed with an IntFlag member, the result is not an IntFlag:

>>> Color.RED + 2
3

If a F1ag operation is performed with an IntFlag member and:
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o the result is a valid IntFlag: an IntFlag is returned
« the result is not a valid IntFlag: the result depends on the F1agBoundary setting

The repr () of unnamed zero-valued flags has changed. It is now:

>>> Color (0)
<Color: 0>

0 Ix

Using auto with IntFlag results in integers that are powers of two, starting with 1.

WA 31194 WM 7A: __str__ () isnow int.__str__ () to better support the replacement of existing
constants use-case. ___format__ () was already int.__ format__ () for that same reason.

Inversion of an TntF1lag now returns a positive value that is the union of all flags not in the given flag, rather
than a negative value. This matches the existing 71ag behavior.

class enum.ReprEnum

ReprEnum uses the repr () of Enum, but the st () of the mixed-in data type:
e int._ str_ () for IntEnumand IntFlag
e str._ str_ () for StrEnum

Inherit from ReprEnum to keep the st~ () / format () of the mixed-in data type instead of using the Enum-
default st~ ().

Added in version 3.11.

class enum.EnumCheck

EnumCheck contains the options used by the verify () decorator to ensure various constraints; failed con-
straints result in a ValueError.

UNIQUE

Ensure that each value has only one name:

>>> from enum import Enum, verify, UNIQUE
>>> @verify (UNIQUE)
class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3
000 CRIMSON = 1
Traceback (most recent call last):

ValueError: aliases found in <enum 'Color'>: CRIMSON -> RED

CONTINUOUS

Ensure that there are no missing values between the lowest-valued member and the highest-valued mem-
ber:

>>> from enum import Enum, verify, CONTINUOUS
>>> @verify (CONTINUOUS)
class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 5
Traceback (most recent call last):

(TH5 sl oA ol A%)
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(o] sl o] A ol A AI)

ValueError: invalid enum 'Color': missing values 3, 4

NAMED_FLAGS

Ensure that any flag groups/masks contain only named flags — useful when values are specified instead of
being generated by auto ():

>>> from enum import Flag, verify, NAMED_FLAGS
>>> @verify (NAMED_FLAGS)
class Color (Flag):

RED = 1
GREEN = 2
BLUE = 4
WHITE = 15
NEON = 31

Traceback (most recent call last):

ValueError: invalid Flag 'Color': aliases WHITE and NEON are missing.
—combined values of 0x18 [use enum.show_flag_values (value) for details]

0 Iz

CONTINUOUS and NAMED_FLAGS are designed to work with integer-valued members.

Added in version 3.11.

class enum.FlagBoundary

FlagBoundary controls how out-of-range values are handled in 71ag and its subclasses.

STRICT

Out-of -range values cause a ValueError to be raised. This is the default for F1ag:

>>> from enum import Flag, STRICT, auto

>>> class StrictFlag(Flag, boundary=STRICT) :
RED = auto()
GREEN = auto ()
BLUE = auto()

>>> StrictFlag(2**2 + 2**4)
Traceback (most recent call last):

ValueError: <flag 'StrictFlag'> invalid value 20
given Ob0O 10100
allowed 0bO 00111

CONFORM

Out-of -range values have invalid values removed, leaving a valid 71ag value:

>>> from enum import Flag, CONFORM, auto

>>> class ConformFlag(Flag, boundary=CONFORM) :
RED = auto ()
GREEN = auto ()
BLUE = auto()

>>> ConformFlag (2**2 + 2**4)
<ConformFlag.BLUE: 4>
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EJECT

Out-of-range values lose their 712 membership and revert to int.

>>> from enum import Flag, EJECT, auto
>>> class EjectFlag(Flag, boundary=EJECT) :
RED = auto ()
GREEN = auto ()
BLUE = auto()

>>> EjectFlag(2**2 + 2**4)
20

KEEP
Out-of-range values are kept, and the 7129 membership is kept. This is the default for TntFlag:

>>> from enum import Flag, KEEP, auto
>>> class KeepFlag(Flag, boundary=KEEP) :
RED = auto()
GREEN = auto ()
BLUE = auto()

>>> KeepFlag (2**2 + 2**4)
<KeepFlag.BLUE|16: 20>

Added in version 3.11.

class enum.EnumDict

EnumDict is a subclass of dict that is used as the namespace for defining enum classes (see prepare).

It is

exposed to allow subclasses of EnumType with advanced behavior like having multiple values per member. It
should be called with the name of the enum class being created, otherwise private names and internal classes

will not be handled correctly.

Note that only the MutableMapping interface (__setitem__ () and update ()) is overridden. It may be

possible to bypass the checks using other dict operations like | =.

member_ names

A list of member names.

Added in version 3.13.

X2 E|= dunder O|E

__members__is a read-only ordered mapping of member_name:member items. It is only available on the class.

new___ (), if specified, must create and return the enum members; it is also a very good idea to set the member’ s

_value_ appropriately. Once all the members are created it is no longer used.

X2 E|= sunder O|E

e _add_alias_ () - adds a new name as an alias to an existing member.

e _add_value_alias_ () - adds a new value as an alias to an existing member.
e _name_ — name of the member

e _value_ - value of the member; can be setin __ new

e _missing_ () - alookup function used when a value is not found; may be overridden

e _ignore_ — alist of names, either as a 1ist or a str, that will not be transformed into members, and will

be removed from the final class
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e _order_ -no longer used, kept for backward compatibility (class attribute, removed during class creation)

e _generate_next_value_ () —used to get an appropriate value for an enum member; may be overridden

0@ Fx
For standard £num classes the next value chosen is the highest value seen incremented by one.

For F1ag classes the next value chosen will be the next highest power-of-two.

e While _sunder_ names are generally reserved for the further development of the £Znum class and can not be
used, some are explicitly allowed:

- _repr_* (e.g. _repr_html_), as used in [Python’ s rich display
Added in version 3.6: _missing_,_order_, generate_next_value_
Added in version 3.7: _ignore_

Added in version 3.13: _add_alias_, _add_value_alias_, _repr_*

8.14.3 Utilities and Decorators

class enum.auto

auto can be used in place of a value. If used, the Enum machinery will call an Enum’s
_generate_next_value_ () to get an appropriate value. For Enum and IntEnum that appropriate value
will be the last value plus one; for F1agand TntF1ag it will be the first power-of-two greater than the highest
value; for St rEnum it will be the lower-cased version of the member’ s name. Care must be taken if mixing
auto() with manually specified values.

auto instances are only resolved when at the top level of an assignment:
e FIRST = auto () will work (auto() is replaced with 1);

e SECOND = auto (), -2 will work (auto is replaced with 2, so 2, -2 is used to create the SECOND
enum member;

e THREE = [auto (), -3] will not work (<auto instance>, -3is used to create the THREE enum
member)

WA 3.11.19 A ¥ 7 In prior versions, auto () had to be the only thing on the assignment line to work
properly.

_generate_next_value_ can be overridden to customize the values used by auto.

0 #v

in 3.13 the default _generate_next_value_ will always return the highest member value incremented
by 1, and will fail if any member is an incompatible type.

@enum.property

A decorator similar to the built-in property, but specifically for enumerations. It allows member attributes to
have the same names as members themselves.

0 ix

the property and the member must be defined in separate classes; for example, the value and name attributes
are defined in the Enum class, and Enum subclasses can define members with the names value and name.
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Added in version 3.11.

@enum.unique
A class decorator specifically for enumerations. It searches an enumeration’ s ___members__, gathering any

aliases it finds; if any are found valueError is raised with the details:

s )
>>> from enum import Enum, unique

>>> @unique
class Mistake (Enum) :

ONE = 1
TWO = 2
THREE = 3
FOUR = 3

Traceback (most recent call last):

ValueError: duplicate values found in <enum 'Mistake'>: FOUR -> THREE

@enum.verify

A class decorator specifically for enumerations. Members from EnumCheck are used to specify which
constraints should be checked on the decorated enumeration.

Added in version 3.11.

@enum.member

A decorator for use in enums: its target will become a member.
Added in version 3.11.

@enum.nonmember

A decorator for use in enums: its target will not become a member.
Added in version 3.11.

@enum.global_enum

A decorator to change the str () and repr () of an enum to show its members as belonging to the module
instead of its class. Should only be used when the enum members are exported to the module global namespace
(see re.RegexFlag for an example).

Added in version 3.11.

enum.show_£lag_values (value)

Return a list of all power-of-two integers contained in a flag value.

Added in version 3.11.

8.14.4 Notes

IntEnum, StrEnum, and IntFlag

These three enum types are designed to be drop-in replacements for existing integer- and string-based
values; as such, they have extra limitations:

e _ str__ uses the value and not the name of the enum member

e _ format_ , because it uses __str__, will also use the value of the enum member instead of

its name

If you do not need/want those limitations, you can either create your own base class by mixing in the
int or str type yourself:
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>>> from enum import Enum
>>> class MyIntEnum(int, Enum) :
pass

or you can reassign the appropriate st r (), etc., in your enum:

>>> from enum import Enum, IntEnum
>>> class MyIntEnum (IntEnum) :
__str_. = Enum._ str_

8.15 graphlib — Functionality to operate with graph-like structures

AA F E: Lib/graphlib.py

class graphlib.TopologicalSorter (graph=None)

Provides functionality to topologically sort a graph of hashable nodes.

214} <= A] (topological order) = 12} 3= (graph) o| A] 2 31 4 (vertex) &] A& A2, HAH uol| A F31 4
vE 7}= B E #7-3F ¥ (directed edge) u->v ol 3], ZAA w7l ZAA vETE Yo SUTH o E &

Sne) BARL S0 AL ekl 5 9, WL Spe] elo) E A HhEA 59
of oF T A|2FE LieRE 4 g e o) ol 4, S 41 58 29 A Qe el
FF Dol gt 4%, 5 AT e 12 F ol n AAT A4 Aol AF5FUTH
A graph QA7 AT E B 7] 7} e S 0] 3 gro] DA T A A e E 9] B E HD =] S
ZFel 7= Wol Sl =5) 9 O]E%fﬂ%?l H]j’f%‘rl ZE Yehli= Ayl ole]of Fyth. add ()
WASE AESS] Tefzol 27 wEg 27T 4 e,
At ow, Fojd ez AL S sHste v 22 A= thwd ZsUth

o MElA 7] T =& AFE3FY] Topologicalsorterd] AAHAE WU T

NEE T RS s

o I Z A prepare () S TE3 T
o is_active ()7} TrueQl F <, get_ready ()7} RF&el= = EF o|H o] EStaL o] 55 A
Futh. A7t sl meh 24 =20 done () & TEFUTL
e zol A 2= S Hdo] 228ty WEIIF /fdskA o, Ao WA=
TopologicalSorter.static_order () S A AR = JH YT

>>> graph —_ {HD": {YIB", "C"}, "C": {"All}’ IIBH: {"All}}

>>> ts = TopologicalSorter (graph)

>>> tuple (ts.static_order())

(IAI’ lcl’ IBI’ IDI)

ol Fdlae ==Vt ENE A Wt E A GA Adst=F AAH NS U A€ Eol:

-

topological_sorter TopologicalSorter ()

# Add nodes to 'topological_ sorter'...

topological_sorter.prepare ()
while topological_sorter.is_active():
for node in topological_sorter.get_ready () :
# Worker threads or processes take nodes to work on off the
# 'task_queue' queue.
task_queue.put (node)

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

# When the work for a node is done, workers put the node in

# 'finalized tasks_queue' so we can get more nodes to work on.

# The definition of 'is_active()' guarantees that, at this point, at

# least one node has been placed on 'task_queue' that hasn't yet

# been passed to 'done()', so this blocking 'get ()' must (eventually)
# succeed. After calling 'done()', we loop back to call 'get_ready()'
# again, so put newly freed nodes on 'task_queue' as soon as

# logically possible.

node = finalized_tasks_queue.get ()

topological_sorter.done (node)

. J

add (node, *predecessors)

Add a new node and its predecessors to the graph. Both the node and all elements in predecessors must
be hashable.

Z2rEAz Y M EE2H Y, FE5A JT2 A9 ZE 549 FATIUTh
TEH 0] v ==& St AV predecessors 7t Al EH A = A FEAAE FRAATE
AFUTh o Hof AlF= A 2 =7} predecessorsOll ZFEH, L E= 1 ALY A =
Aol Az oz Tz 7 Utt

prepare () o]|Z o =5 W valueError/F AU

prepare ()
JH=E %E—;i
4 3k v
UJ—O T
ekl B
is_active ()
B AW 5 9o Trued, T9A O ralse T VAP w0 RS AUHA
31 TopologicalSorter.get_ready () O &3l oF2] ¥1& = 2] k2 Fu|H = =7} o}2 9l A
TopologicalSorter.done () 2 x 3t 5= F/F TopologicalSorter.get_ready ()
U Topolog °% ZANH =E $7} ropolog g v ()l
o3 hekd srT oW AYT 5 gk

o= AAFE U 2ol ZAH W, cyclebrrorZt
get_ready () & AFE5}o] o] A 3] 7]._5],
o] 42 T3 To=, T2 5T S QoA add () =

|
flo
o
[
2
N
X

The __bool__ () method of this class defers to this function, so instead of:

if ts.is_active () :

ol Al prepare () & TETHA WL TEH W valueError7b AT T
done (*nodes)
TopologicalSorter.get_ready ()°l &3 ¥H2H =& o] X 2]H 2 &2 F A3+, nodes
o Q= LEQ BRE Z & LT E0] TopologicalSorter.get_ready ()9 3 T &2 U=

of W35 = = Ak 34 g U o

nodes°l| Q1 =E7} o] A =l tf gt o] T Eof o3) ojn] A2d ALz AU AY
TopologicalSorter. add() = /\]-—9—6']-0:] llﬂ] of & 71+ A] & /\)\'ﬂ U, prepare () & TZE3}HA|
O STE2H YAV B getr_ready () 7F oFR = E & WI36HR] o W valueErrors WAY

A,
get_ready ()
THE ZE =719 tuples BPE}E}‘/]D} Agolle A =7 Qe B =5 Rhshst
W, At TopologicalSorter.done ()2 T=3t] AB|H AL E FAHY, F/ETESL EE
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ot

it

A w70l Al RE A = EE WA B ART S gow, W F
ek

14 o prepare ()& TESHA] U1 TEHYH valueError7F A U T}

el
)
rE

O

)

static_order ()

Returns an iterator object which will iterate over nodes in a topological order. When using this method,
prepare () and done () should not be called. This method is equivalent to:

def static_order (self):
self.prepare ()
while self.is_active () :
node_group = self.get_ready ()
yield from node_group
self.done (*node_group)

J

e = S SA @50 ezl Add 53 Ao wEt 2t = dsUth AdE
S
>>> ts = TopologicalSorter ()

>>> ts.add(3, 2, 1)

>>> ts.add (1, 0)

>>> print ([*ts.static_order()])
2, 0, 1, 3]

>>> ts2 = TopologicalSorter ()
>>> ts2.add (1, O0)

>>> ts2.add (3, 2, 1)

>>> print ([*ts2.static_order()])
[0, 2, 1, 31

o] Z1Z e o A “0” 3«27 7F 2 ol AL (get_ready () ol thE 2-& T E oA WHEH
U o5 7ol A= A A ol wheEt éxéil 7l w4y o
T8o] ZAHW cyclebrror7b LAY T

Added in version 3.9.

8.15.1 0| 2|

graphlib R E-2 T & AP oh

exception graphlib.CycleError
A gz of ££3o] QO TopologicalSorter.prepare () 7F WA A 7= valueErrord] A B
:’EH/\ of 2] %ko] A, 15 F 24 stite] AojH A ke e v B uE T o 2o 234
Ot

The detected cycle can be accessed via the second element in the a rgs attribute of the exception instance and
consists in a list of nodes, such that each node is, in the graph, an immediate predecessor of the next node in
the list. In the reported list, the first and the last node will be the same, to make it clear that it is cyclic.
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o ol Lhehgl RES & 249 450 HRH §49 ool 8 B AFFUTh numbers BE L 57
olel Bl S 98 34 AS P2 FAFUC nach & cnach BE L RFL59} BASE 98 o]
5o 448 AT YU decina) BES 9919 AUE AL Agotel FT 1045 EDL

9.1 numbers — Numeric abstract base classes

B

2 F E: Lib/numbers.py

The numbers module (PEP 3141) defines a hierarchy of numeric abstract base classes which progressively define
more operations. None of the types defined in this module are intended to be instantiated.

class numbers.Number

A A2 A ZEadUh o] AAglo] AAbx 7 A A F¢1 32 ¥ isinstance (x

Number) & AF&3IA| &

9.1.1 =X} AS

class numbers.Complex

Subclasses of this type describe complex numbers and include the operations that work on the built-in complex
type. These are: conversions to complex and bool, real, imag, +, -, *, /, **, abs (), conjugate (), ==,

and !=. All except — and ! = are abstract.
real

Z4 Basd 4458 MBFUG
imag

(]

abstractmethod conjugat
FAUAME. 8 HALFE BT o & 59] (1+39) .conjugate () == (1-33) YYth
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class numbers.Real

To complex, Real adds the operations that work on real numbers.

Q95 rioat 29 W3 math. trunc (), round(), math.floor (), math.ceil (), divmod (),
//» %’ < <E, >, >= 7}‘;—@—%14]:]—-
o] 2 T8 complex (), real, imag, conjugate () & 918 7| 2 S AT FUh

class numbers.Rational

Subtypes Real and adds numerator and denominator properties. It also provides a default for f1oat ().

The numerator and denominator values should be instances of Tntegral and should be in lowest terms
with denominator positive.

numerator
ZEHE (FAHAE)
denominator
Z2HE (FA MAE)
class numbers.Integral

Subtypes Rational and adds a conversion to int. Provides defaults for rfloat (), numerator, and
denominator. Adds abstract methods for pow () with modulus and bit-string operations: <<, >>, &, *,

|’~

9.1.2 Notes for type implementers

Implementers should be careful to make equal numbers equal and hash them to the same values. This may be subtle
if there are two different extensions of the real numbers. For example, fractions.Fractionimplements hash ()
as follows:

def _ hash (self):

if self.denominator ==
# Get integers right.
return hash (self.numerator)

# Expensive check, but definitely correct.

if self == float (self):
return hash(float (self))

else:
# Use tuple's hash to avoid a high collision rate on
# simple fractions.
return hash ((self.numerator, self.denominator))

n

B2 <A F& H|o]a Ee2A(ABC) FIt

B XAE AT ABCE F71et= 2ol 7Hsduth 1
Tﬂ-. Complexi]—Real Arol ol &3 o] MyFoo & F 7}

i o{&i
{2
30, &

z)
o
kv

class MyFoo (Complex) :
MyFoo.register (Real)

A o1

We want to implement the arithmetic operations so that mixed-mode operations either call an implementation whose
author knew about the types of both arguments, or convert both to the nearest built in type and do the operation there.
For subtypes of 1ntegral, this means that __add__ () and __radd__ () should be defined as:

class MyIntegral (Integral):

def _ add_ (self, other):
(th sle] Aol Al%)
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(e]A sl o] A ol A A<
if isinstance (other, MyIntegral):
return do_my_adding_stuff (self, other)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (self, other)
else:
return NotImplemented

def _ radd__ (self, other):
if isinstance (other, MyIntegral) :
return do_my_adding_stuff (other, self)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (other, self)
elif isinstance (other, Integral):
return int (other) + int (self)
elif isinstance (other, Real):
return float (other) + float (self)
elif isinstance (other, Complex):
return complex (other) + complex(self)
else:

return NotImplemented

Complex 2|29 B Z P 2o= thA 71X A2 o2 £33 d4to] 95Ut Yo ZEoA
MyIntegral 3]— OtherTypeIKnowAbout = Xﬂ&] la L]—ﬂ Z]-‘;; ]% F'/} '6]—§E = \/] 1'4— a — Complex
oY HAaAY Ad2rHAYUTHSZ a : A <: Complex YUTH. B]=8A b : B <: Complex YU th
a + bl AE AT EZﬂlQ‘%E‘r-

1. If A defines an __add__ () which accepts b, all is well.

2. If n falls back to the boilerplate code, and it were to return a value from __add__ (), we’ d miss the possi-
bility that B defines a more intelligent __radd__ (), so the boilerplate should return Not Implemented from
__add__ (). (Or A may not implement __add__ () atall.)

3. ThenB’ s __radd__ () gets a chance. If it accepts a, all is well.

4. 7)ETE DER Sol2rhd O N2 & £ e wAS/ gong JEgos 299 1AL
24 3 of g Tk,

5. @ee < AghA SOl He. sad WAZ A5 raad & AT Al O Lo
7F 785 917) W o] & W52 B A Q5T WebA] conpiex o 914871 Aol o]
A YU

If A <: Complexand B <: Real without sharing any other knowledge, then the appropriate shared operation is
the one involving the built in complex, and both __radd__ () sland there, so a+b == b+a.

2 Fol X ofE Yol gk A4S v vl RotE =z, ol A4kAbe] b (forward) Q12T 29} vt
P (reverse) JAAEAE A oh= AH F4E Aot 2ol F&FUTH oAl E E0] fractions.Fraction

Zoax the 3} o) A2 FU T

def _operator_fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):

if isinstance (b, (int, Fr