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In addition to the standard library, there is an active collection of hundreds of thousands of components (from individual
programs and modules to packages and entire application development frameworks), available from the Python Package

Index.

Contents
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1.1 7120l cHst &0 ALE

CHEA: Y B AFE o] A0l YA ALTA Ao AR A EFUL
3 2 AA O o] 7150] EA LA o B oG X 5 Qb ok

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

« If an availability note contains both a minimum Kernel version and a minimum libc version, then both conditions
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/O,
file system, and Unix permission-related functions are restricted, too. Emscripten does not permit blocking I/O. Other
blocking operations like sIeep () block the browser event loop.

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

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

« Process-related APIs are not available or always fail with an error. That includes APIs that spawn new processes
(fork (), execve ()), wait for processes (waitpid ()), send signals (kil1 ()), 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.

4 Chapter 1. A7H
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Lzt Bt

A E L R
abs () enumerate () len () range ()
aiter() eval () 1list () 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%

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

iter() __import_ ()

abs (x)

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

aiter (async_iterable)

Return an asynchronous iterator for an asynchronous iterable. Equivalent to calling x.__aiter__ ().
Note: Unlike iter (), aiter () has no 2-argument variant.
WA 3.100] 7.

all (iterable)
iterable &) B.E 8.4 7) oW (= iterable o] ¥] o] Q1 2 W) True & EHF UL th3 55 U th

def all (iterable):
for element in iterable:

(THS sl el Aol A<)
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(o] A | o] A e A AL
if not element:
return False
return True

awaitable anext (async_iterator)

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 israised.

WA 3.100) F7}.
any (iterable)
iterable 2] 84 % o] = dtUetE Ho) W True & B8 F U Th iterable©] H] o] Q1o False & B8 F

Utk 53 55 gtk

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 characters
in the string returned by repr () using \x, \u, or \U escapes. This generates a string similar to that returned by

repr () in Python 2.
bin (x)

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

-

>>> bin (3)
'Ob11"

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

L

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

-

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

>>> f'{14:4b}', £'{14:b}"'

('Ob1110', '1110")

L

ZPA S U2 format ()& BA K.
class bool (x=Fulse)

Return a Boolean value, i.e. one of True or False. x is converted using the standard rruth testing procedure. If x
is false or omitted, this returns False; otherwise, it returns True. The boo class is a subclass of int (see <=4}
& — int, float, complex). Tt cannot be subclassed further. Its only instances are False and True (see +=2] 3f).

H A 37004 A x= o)Al Y2 A& w7 HeduTh
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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.

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 & QA& 7FA} o] ¥l E (auditing event) builtins .breakpoint & WA Al U Tk
WA 3.7 =7k

class bytearray (source=b")

class bytearray (source, encoding)

class bytearray (source, encoding, errors)
A2 Wl E &g FRAS T byrcarray SUAE0<=x <256 WA e A4 b A~
JUth bytes o] 7k th 729 A =81 of] 2} (v}o FutelE v A4S BA L), 7hd
AlAx 9 71%-’?1_ 7HH Al A 20 AREA Q] w4 = ﬂ}-‘:}—ﬁr% 3%1 AFUTH
/‘\iEHZ;]' source UH7H \_T\_ Dﬂ 7]—;(] E]—E ‘:ﬂ"g S =2 HHO:]‘;%__‘ }_7]§'~]’L\:‘ E“ }\]_%t;}z[l g)]\{:lll’]q_
o B2} o)W, WLE A] encoding " 7| R4 & A 230 of ;}1%11]- gz A Fo =z
bytearray () © str.encode () & AFR3lo] EAE S vlo]EE HESH T
o B, Mg 2 375 20, d Hlol ER RS YT
. 07 AEH o) A8 Al FE AAH, AR 27] AL W} vlo]E M AL Z7)Fe o AL
g,
o OJE|EE o]®, M2 0 <= x < 2569 ALE 2|23 o] Eo|ojok s, 1 grEo] w9
27| W& EE AHEEUTH
QA7 glom 7] 09) whdo] BE o Atk
vlol 8] Al A2 & — bytes, bytearray, memoryview2} B}o| E vl 2 & H A Q.
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 inthe range 0 <= x < 256. bytesis
an immutable version of bytearray - it has the same non-mutating methods and the same indexing and slicing
behavior.

webA] A A QAR bytearray () 2F Zo] 3 A H Yt}
o] EE AA & 2EE & AFE3te] T 5 JF U T (strings & B A 8).
vlol v 2] Al & — bytes, bytearray, memoryview, B} E G A @ vio]E Y 7} vlo]E v g A =
AL
callable (object)

Return True if the object argument appears callable, F'a 1 se 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.

WA 3.20] 27} o] B4t gho] M 3.00) 4 WA A AH TS 5ho] M 320 A thA] ® Y 35Ut
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chr (i)
FUTE FE ZAE} A5 BAE B & 242 S F U o8 S0, chr (97) S £
'a' B BRI, chr (8364) £ EAY 'e' B EHF UL o] 2L ord() o w gtk

zte] & WYE 004 1,114,111(16 A5 2 OxI0FFFF) 7-A U th i 7} o] ¥ wholl 9L )
T+

@classmethod
AAEE S22 mAEE WYk

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:

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

@classmethod F A2 g o 7 g o] B Yt} - AFA| §F Y &2 functionS E A 2.
SdavAEEZd2(C.f() AR Ee Jdad2(CO) y A EFIH 2T 5 A5 UL A
2"HAEF CJ’;‘:}—;}—LT/\]QQ‘*/]’ Ay qﬁﬁ’“"ﬂ q]ﬂ ;’aﬂf\ HAE7SE5 W, b S
A7 FAZ QA AR A= AdH YTt

Zels WASE Crr £& Aue 34 WAES GEU IAES A5, o 449

staticmethod () S BA| L. S wA o o3 o AA 8 A H =, typesS 1 3HA 2.
WA 3904 A FHA WA E= oA property ()} 22 HE U AIAHEE HE T 5 JdH5YTh

B A 3.109) A M A: Class methods now inherit the method attributes (__module_ , _
_ _qgualname_ ,_ doc__and __annotations_ ) and have anew __ wrapped___ attribute.

name__,

¥ A 3.11 ) A ¥ 7 : Class methods can no longer wrap other descriptors such as property ().

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

source & AT E=AST AA 2 AL Ut TE AR Eexec () Exeval () B A3
source = YRF FAFG, o] E QD BE= AST A 4 4 Q5 U Th AST A A = 2 ot =
ast g wAE ZFR3AM L

filename A TES AL QL ATk FUTE Lol A 97 o A4 AT % A2
o (' <string>' o] A¥A R ALHT.

mode AA = oLl of = T = FHE AQGUTE source 7k 7] A @22 FA4H ] Jvhd
exec, @ AT P T 'eval', T I FFCE FAHFY 'single’ o] E F
AFUTH (WA 2] - None 0] 9] 9] gho 2 P3| A= FHA B2 A Th.

B A AR} flags 2} dont_inherit = 018 7 3} L ] 541 0] @A 35 of oF AL o H FA] 7]L°] 3] 25 of
oF A AU th £ A THA G+ A (EEE U0 F%), T+ compile () & EE3E

Eoﬂ AL Y= AR 2L ZH a2 AardF Ytk flags Q1A 7} 0 X 2, dont_inherit 7} YL H
(=0 G A2 A B3l flags AALZ A 7‘4% Antd —,S,—/}j‘»} FA o] A& U Th. dont_inherit
7}001 old B4 flags AA7F AFSHUTH- SR T2 S A(GFA 7 ALY F4)=
FAE Y

A3 g %’ﬂf’/}w—rﬂ T2 MY FHS A7 91 HIEOR E 5= Q&= v Eo 94511 X]H%‘Jf)r
FAR FA 7sS AA3ed QA E I=E  future  BEY Feature YL /\Oﬂfﬂ
compiler flagolEBHER S ¢ JHULh Aude 1= pryCr_ FFAIE ast REJA]
e Adsyrh

Q1 2} optimize = -L]-‘”Eﬂ
go) 445 ~22 A9
AAFD U

o

O] HAZ 4£2S AATYLE 7B -1 2 -0 %A 93] o] R A=
} A A 220 (H A3} %1—%, __debug__ °] FYYTh, 1 (assert7}
L2 (E2EEE AAFYL.
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b gutex] ghom syntaxirror & 007 W, 420 W HRo] E7} Soj gl

50 2 ulAStE W, ast.parse () & HA 8.

source, filename AA}Z FHAF o| ¥l E (auditing event) compile WA Al YTt}
uf

Z3: 'single' E¥ 'eval' modeE o8 & ZEE VX EXE S AL = el 78y
Falz A8E Zulok gt o] AL code REA EF o] EGATA FAFAE GA ©A S

7] 9.

ok
E=)
o
M
1
]

A3 shol el AST A el ol A 228 Zo] A Go2 s, AST AA 2 A5
e 2ALE vold AEzelE s A S o ER BE 4 A5 Th

H A 3.200 4 ¥ 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 35004 87 o] Ao, source o A W kol EZL AL W) Typerrror 7F ARG UTH
WA 3.80] &7} o] A ast .PyCF_ALLOW_TOP_LEVEL_AWAITE flags® A3t} JAY 4= await,
async for Wasync with& Ag& 4 A5t

class complex (real=0, imag=0)

class complex (string)

a3 3 HA o)
5 A A
2 4 A5 Ytk imag 7}
H

real + imag*1j < 71 Ba4+E
A7 Exlgold a2 34
TE 23 Y o 5+ s d
Ak 712 -2 0032, FAX
AeE 0 & B FUTh

-

<
o
1
o
N
X
t
=

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__ ().

F1: 2ALL BT, EALL S + i - AR 290 FAS Ea AL P o) B
Eo],complex ('1+23"') = A A A T complex ('l + 23') & ValueError & 4oz Yrth

a4 §L 23 — int, float, complex 9| A 4 g T}
HA36olM WA 7= HE AY A2 DER 25T 5 dF5UT
w7 3.8 A W7 Falls back to__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 exam-
ple, delattr (x, 'foobar') isequivalentto del x.foobar. name need not be a Python identifier (see
setattr()).

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

class dict (iterable, **kwarg)

A YA E BEUTh dict AAE GV A2 o] Feao] tha ABAE dict B
g & — dict & BAM L.
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t}E Ad ol A$ 1ist, set W tuple Z2d collections EES HA Q.
dir ()
dir (object)
AZZF o™, AR Ao A3
TRETFAEYREEY Z2E
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.

) BE0) BlaEE BHF UL QX Yo, A Aol

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__ ().

18 dir () MAYSS oS F9f AA o tisli A th=A F28kcd, S FEE o 7 A 23
FEE eI A= w2 Yyt

« AR RE AAY, P LB BE o EHE] o] Fo] L3k

C AN G EE S AN, P AEAE TR o= BE o] B W02 o= BE o] F
Sol A7) 4 02 TFF Lk

« 25k A, BlaE = AAY o ERE )&, 3

)
o] FHAEY AEHE o]FS AMA LR TP TH
43 PrEs e oz FPPych e 5
>>> import struct
>>> dir () # show the names in the module namespace
['"__builtins_ ', '_ _name_ ', 'struct']
>>> dir (struct) # show the names in the struct module
['Struct', '__all__'", '_ _builtins__ ', '_ _cached__ ', '__doc__', '_ file_ ',
' _initializing__ ', '__loader__ ', '__name__ ', '_ package_ ',
' _clearcache', 'calcsize', 'error', 'pack', 'pack_into',
'unpack', 'unpack_from']
>>> class Shape:
def _ dir_ (self):
C return ['area', 'perimeter', 'location']
>>> s = Shape ()
>>> dir (s)
["area', 'location', 'perimeter']

3 dir() & X2 Y 2EnE A9 A RIS A5 ABE ) whRel, 9 A5 Aus] A
Aol H ol & AL AFH| Hek TV 2L ol & A TS AT e 3 A £ 5e, A& 52 W Evpeh
MAE 5 LUtk o & Sol, At Ze AW HE 2o s o= RES A 2l asd ggth

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 ¢ is usually math.floor (a / b) but may be 1 less than that. Inanycase g * b + a % bis
very close to a, if a % b is non-zero it has the same signas b,and 0 <= abs(a % b) < abs(b).

enumerate (iterable, start=0)
A AAE EelF YT iterable 2 A A2, o] H #H o] B & o]H# o] A AWt ThE AA| o of
5“43} enumerate () ol 23 9r3H °1Eiﬁﬂ°lEi4 __next__ () INEE 72 E (71230 2+
start F-¥1) &} iterable & ©|E & o] A A DA A & e 2= FES =85 UTH

11
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g
>>> 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 F5 T

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

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

ol A= B ].0:1 9 A A globals 9 locals T, A3 7, globals = Y A 2o o o Al &5 = 47,
locals = B2 uﬂ% A7 2 4 Jd5 YT

The expression argument is parsed and evaluated as a Python expression (technically speaking, a condition list)
using the globals and locals dictionaries as global and local namespace. If the globals dictionary is present and does
not contain a value for the key __builtins__, areference 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 dictionary is omitted it defaults to the globals dictionary. If both dictionaries are omitted, the expression
is executed with the globals and locals in the environment where eval () is called. Note, eval() does not have
access to the nested scopes (non-locals) in the enclosing environment.

Hhe g2 A E 23840 A2Ad Utk 29 e e A2 Eugyh of:

>> x =1
>>> eval (
2

Tx+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 1ocals ()
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.

ZEE w23 2349 7S FAFA & 5 = T ast. literal_eval () 5 BEA L.
1513
=

AA QYT

=
code_object QAZE ZFA} o) Wl E (auditing event) execE

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

This function supports dynamic execution of Python code. object must be either a string or a code object. If itis 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.

TE AL BolEol A FAAL HUAN =B AE I T UYL wEE AL

12
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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.
If exec gets two separate objects as globals and locals, the code will be executed as if it were embedded in a class
definition.

globals B8] 7} __builtins_ S 7|2 3= 2 20 JAA GoHA, 2 7|2 WA 2F builtins
of gk Fx7F Adg k. old Ao () ol A23L7] Aol globals o of )& 2HAl<]
__builtins_ HMUIESAATo=ZHN, Y Feo of| W AA 5ol AlFEAE AAL
A&k

The closure argument specifies a closure-a tuple of cellvars. It’ s only valid when the object is a code object

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

Xe

)
fr ©

code_object ARXZ ZFA} o] ¥l E (auditing event) execE WA A 71 U T}

FHa: WF T4 globals ()& locals () 44 EA A9 2L A9 I & B8 FEH|, exec ()
2 AgE s A 9 A A A AR ]

F3: 718 locals = oFel &4 locals () ol AHE & 25Utk 7182 locals A o B3l =7 9]
AT ol = ot B Ut 34 exec () 7F B Fof| locals ol TE7FHE 39S Hejd A F o=z

locals G A 2l & A2l oF gt

WA 3.119 A ¥ 7 : Added the closure parameter.

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 uf Al d ojg FTHA (item for
item in iterable if function (item)) I}, None ¥ HH (item for item in iterable
if item) 2} FF ol F AL,

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

class float (x=0.0)
SR EL BAG xR RE 4SS w5 BHF

If the argument is a string, it should contain a decimal number, optionally preceded by a sign, and optionally
embedded in whitespace. The optional sign may 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 £ loatvalue production rule in the following grammar, after leading
and trailing whitespace characters are removed:

sign = ngmopom_nm

infinity = "Infinity" | "inf"

nan = "nan"

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

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

13
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exponent = ("e" | "E") ["+" | "-"] digitpart
floatnumber = number [exponent]
floatvalue u= [sign] (floatnumber | infinity | nan)

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

IR o, AATF A e AL (Fole 5 2 AUE YollA) 22 e 7H A7t
Hhehg U o OJZP} 3}o] A float %’4% Hojuhd, overflowError 7k A gy th

For a general Python object x, f1oat (x) delegates to x.__ float__ (). If _ float__ () is not defined
then it falls back to __index__ ().

AA 7L FAAA ko™, 0.0 S EiE
o

(>>> float ('+1.23")

1.23

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

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

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

>>> float ('-Infinity')
—-inf

float - 5= A} & — int, float, complex o A8 = o] JF Yt}

WA 360A WA ZE 2 HE AY 2AE BER 25T 5 dFYTh
WA 37004 A xe oA YA AL vl Gy

WA 3.8 4 W 7: 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 format_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: 2291 A nj L] o],
718 format_spec & Wl BAG oW AWH O 2 str(value) & TEdE A3 22 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 ob ject and the format_spec is non-
empty, or if either the format_spec or the return value are not strings.

WA 34904 HA: object () .__format__ (format_spec) -2 format_spec ©] ¥l E=2F g o] o} d A
TypeError & 01 o Ayt

class frozenset (iterable=set())
M frozenset BAS Z8|F =], AHA O Z jerable o 4] 7FA & 848 T3 T} frozenset 2
Y 2@ agUch o] Zeixd tiet AWM= frozenset 3 A3 — set, frozensers BA| L.
t}E Ad ol A$ set, list, tuple Wdict E 2 collections EES HA Q.

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')
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is equivalent to x . foobar. If the named attribute does not exist, default is returned if provided, otherwise
AttributeError israised. name need not be a Python identifier (see setattr ()).

ZF31: 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)

A2 AA Y EALAUTE EAL o]l AA o &4 F se] o] 5ol A= True o]al, 213 A
oo False 7} HUUT) (0] AL getattr (object, name) 2 S &3} AttributeError S 4t
A A E He Aer FEFUL)
hash (object)
AA S A g= S F U GIAIZE Sls A9). A2 Atk MU e] 23] S 9Mv e 71&
W] vustE o AR E Ut 20 v uE = A g2 22 A e eyt (13 1.09] 499
2ol gol e A9z AE 185U,
ZF31: 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)
W =2 ALELS BEFULE (o] G4t 3 Y 52 AT AYUTh) A7 AFH A ow
APz ZEAA 3 S AIS"H o] AZFE U AR A ol BAE 2 25, %‘T,
S, MAE, 1A= B ABA FA9 o]l or 23| H I, =T o)A 7t & AAF U
A7} ThE 50 AR W, AA ol )& =2 3] o] 2] 7} ¥HEo] F L ek,
Note that if a slash(/) appears in the parameter list of a function when invoking heIp (), it means that the param-
eters prior to the slash are positional-only. For more info, see the FAQ entry on positional-only parameters.

o] e site ZE| o8| WA o] F F 2ol F7HE YT

W7 34014 WA: pydoc # inspect o WA AFE Fej L] AlTUH 7L o)A o TBH o3 A
ol de= «lnlﬂun}.
hex (x)

Convert an integer number to a lowercase hexadecimal string prefixed with “0x”. 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'

A5E QA B 282 16352, YFAF QA gt ez 8aeE ohs P she
A8 5 gl

>>> ! ' % 255, " ''% 255, ! ' % 255

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

>>> format (255, '#x'), format (255, 'x'), format (255, 'X'")

('oxff', 'ff', 'FEF')

(TH& sl oA ol A1)

15
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(o1 sl o] A ol A A <)
>>> £'{255:4x}', £'{255:x}', £'{255:X}'
('"Oxff', 'ff', 'FE')

ZRA S U §-& format () & BA 8.

1635 2242 A 16 AHE8l A Az ddsteid int () & ZALR

ZH31: floato]] T3 1635 BXE BHE Jo 8, rloat.hex () WA EE AFR3HA 8.

d (object)

jud

H A & o] A= B9

A 9 ool HE|E)” & EelZrh o AL AR £ 5§
Utk sdol FAA b 5l AAE 2L id() e M 5 A%

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

id AR}Z FFAF o) ¥l E (auditing event) builtins.id S A A Ut}

input ()

input (prompt)

prompr 717} 92 ¥, 2ol A\ £ AL o)) 4 EF Eol Frith 1A ThE T JHolA B
£2 93, FAEE AE A (& B & vHE EAE Al A 23S Ut EOFE ¢l oW EoFError
= go Yt} 9

>>> s = input ('--> ')

—-—> Monty Python's Flying Circus

>>> s

"Monty Python's Flying Circus"

readline B2EO| REF YT, input () < IS AE3t] st = ARHA I 2EE] 75 Al

BT
prompt AR}FZ 7FA} o] ¥l E (auditing event) builtins . input < YA Al A Y Th

result QA2 ZHA} o] ¥l E (auditing event) builtins.input/result & A H Yt}

class int (x=0)

class int (x, base=10)

Return an integer object constructed from a number or string x, or return O if no arguments are given. If x defines
_int (),int(x) returns x. int  ().Ifxdefines index_  (),itreturns x. index__ (). If
xdefines ___trunc__ (),itreturns x.___trunc__ (). For floating point numbers, this truncates towards zero.

If x is not a number or if base is given, then x 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 represented
by any Unicode decimal digit. The values 10-35 can be represented by a to z (or A to 7). 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 O also disallows leading zeros:
int ('010', O0) isnotlegal, while int ('010") and int ('010', 8) are.

B4 B =23 — int, float, complex o] A HE o] Y5 Th

B A 34004 WA base 7} int & AXE AT} oL T base A 7} base.__index_ WA EE 7}A| W,
IR EARZTE L7 A8 2 HAEE SEFYLE oA HAA &= base.__index__ T4l
nt__ 7} AREE A5 Y TH
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WA 3604 HA: ZE BHE A AE EEE A7 T s
WA 3704 HA:xe= o)A A A§ H BRI R

B A 3.80) A4 7 Fallsbackto __index_ () if __int__ () is not defined.
WA 3.119 A ¥ 7 : The delegation to __trunc___ () is deprecated.

WA 3.11| A XA 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 x to an int or when
converting an int into a string would exceed the limit. See the integer string conversion length limitation docu-
mentation.

isinstance (object, classinfo)
Return True if the object argument is an instance of the classinfo argument, or of a (direct, indirect, or virfual)
subclass thereof. If object is not an object of the given type, the function always returns False. If 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.

WA 3.109 4] ¥ A classinfo can be a Union Type.

issubclass (class, classinfo)
Return True if class is a subclass (direct, indirect, or virfual) 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.

WA 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 pro-
tocol (the __iter__ () method), or it must support the sequence protocol (the __getitem__ () method with
integer arguments starting at 0). If it does not support either of those protocols, TypeError is raised. If the
second argument, sentinel, is given, then object must be a callable object. The iterator created in this case will
call object with no arguments for each call toits __next__ () method; if the value returned is equal to sentinel,
StopIteration will be raised, otherwise the value will be returned.

olefolH ¥ = HA 8.

=0 FEe] iter() o WA 8T 8L BE 2K S vEs AQUTh g So, vl
Aol el ol 2 3ol A o] 2714 1 % 2% 97l

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)
A7) Dol (32 5) & EFUTh A ADL (BAY, vholED, §F, 2] AE E+ range 22)
wrAdA (94, AT EE W AT 22) A5 5

CPython 3 A Al: lenS range(2 ** 100)9 Z+o] sys.maxsizel TF 71 Z o] o] A]

class list

class 1list (iterable)
Strol 7| B}, 8| AE @ A| A & — list, tuple, range o) EASFE AAH, 1ist = AAZE7FH A|E~
F o,

17
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locals ()
AR A A E H ol
529 o AF U
locals ()@} globals ()

map (function, iterable, *iterables)
Return an iterator that applies function to every item of iterable, yielding the results. If additional iterables argu-
ments 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 Al 713 2 g2 o)L} = 7] o] Ae] oA 2 1R = AL SHE U
shte) 912 QA7) A BE W, TAL o€ 2] 2 o]of of G T iterablecl| A 713 2 FEL Sl F Tk
TN o] A AR AFEH W, A AR F M E A sHF U
A A A YEAG AR A QLU key AAE List.sore () o AHSHE AN B A%
4 58 AAFUTh defaul A= AT dterableo] ¥ o] gl A B E AAE AF g ch
iterable ©] B] o] Q111 default 7} A|-2= A &4 2™ valueError 7F &3t}
odel gEo] HAgeld, ¥4t AL B FHL EAFU ol AL sorted (iterable,
key=keyfunc, reverse=True) [0] &} heapg.nlargest (1, iterable, key=keyfunc) Z
o Y AR BE Tro ABAL HATUTL
WA 3.40 4 ¥ 7: Added the default keyword-only parameter.
W 3.8 A M7 key= None 4 = 54U TH

class memoryview (object)
A8E QA2 E whEol 3 “H| 2] §” AAE SHF U A A H = v e { & BHAL.

min (iterable, *, key=None)

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

min (argl, arg2, *args, key=None)
iterable ol Al 7} 2H-& ol F 7H o] AR F 7 AL A = FUTH
shuke] $1 2] AA7F Al H W, 2L o] Bl 2l & o] o] of kY T iterable o A M 22 FE g =2
ok ) ol A QA ATH W, AH A% F Y AL AL B F U
AE A 79 EA g A7} F A AU Th key AAHE List.sore () o AEHE AAY B AR
<A T2 AZ T default AA= Al FH iterable o] vl = A EHE AA S A F T
iterable ©] B] o] Q111 default 7} A% A 42 valueError 7F A3t}
ofg] FFo] HgholH, e Ag Ut FES FHFUTE ©] A& sorted(iterable,
key=keyfunc) [0] £} heapg.nsmallest (1, iterable, key=keyfunc) Z< 2 A4 oA
A REET QRS FATUT
A 3.4 A H 7 Added the default keyword-only parameter.
H A 3.8 A M7 key= None ¥ 5 5 Y th

next (iterator)

U

iz
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next (iterator, default)

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

class object

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

B3 object £ __dict & 7HAA Utk 1AM, object Feh2e] dxd o elg] o=
PHRES AT 5 AUk

oct (x)

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

>>> oct (8)
'0010"

>>> oct (-56)
'-0070"

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

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

('0o012', '12")

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

>>> f'{10:40}', £'{10:0}"

('0o12', '12")

A W 2L format ()& HA L.

open (file, mode="r’, buffering=-1, encoding=None, errors=None, newline=None, closefd=True, opener=None)
fle @ AT AF 7 A4 & SAFUL HAL A 5 oW, oszrror 7F HAFY T o B4 E
A1 5he Mg ol 2 B B ol Al wtfiles B 23141 Al 2.

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:

N
I8 E GUT (712D

r
w' 227|802 Juth dS HA AF YT

x'  FHAYL A} WSS U ojF] EASE Ffole A I
a

b

MO

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

't "HAE RE (7123

o AAETI R 278 s Ut

19



The Python Library Reference, E2|A 3.11.10

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.

S oA AFE 0], o] AL Hhol 1] 2] 9} 8 A E VOF 8 ek, who] W e] BE (mode A7l b
£ 2IFUDE I AL 82 039 ol bytes AAZ TeF UL SrE RE (R, EE
mode A7} '+ L ZFE WAL, FAY o] ser2 MBH |, vo|= o] EAE JEH
Q515 o] U} 012 encoding & AH§-31 4 AA T2 F U ek,

Aol BlAE st Tig ol o E6kA] efsuth BE A 2l vhol A ApA ol

buffering is an optional integer used to set the buffering policy. Pass 0 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
TextIOWrapper (i.e., files opened with mode="r+"') would have another buffering. To disable buffering in
Text IOWrapper, consider usingthe write_throughflagfor io. Text IOWrapper. 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.

« B MAE 59 (isatty () 7} True & BHFE B L E WAL ASFUTh ThE
g2E 3 o el shedel ofs ol 2 e A e AU 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 1ocale.getencoding () returns), but any text encoding
supported by Python can be used. See the codecs module for the list of supported encodings.

errors 1= 9137 W T3 ]2 & A2l 3 W2 AASHE AE A B vhol v g 2ol A
= A = stk g ge 2E de HE 77 AlsgE U (ol # A 27 ol yEg U, A,
codecs.register_error ()2 SEH g A7) o]& A AL 5 dSH5 YT EFE o] 5L 012
3} 2 Uch

e 'strict'=AFIY I Y= A valueError & BAPA A YL 7 E

a3 Yy
+ 'ignore' & ol elE RA T AmY ol 2 & FAISHY Hlo B 7 £ AT 4 ggol T 3hA £
+ 'replace’ & RE vlolE 7k Yt Aol thAl v (2 9 2)E AAFU T

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 un-
known encoding.

2L

None & Z+&

(0]

f

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

+ 'backslashreplace' & ZXd tlo|B & sfo|u o] & SefA] o] aAo]Z AJ AL ThA| Ut

o 'namereplace’' (A I E i AP Uh = A YE A = A \N{. ..} o|aHAo|=
A A2 hA T

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

o« 2ERA IS g5 wl, newline ©] None o] ¥, FUWMAH & d 7 R=7t 43g Ut 4el
== '\n', "\ B \r\n' 2 2 5 oy, TEAANA FF7] Aol BF '\n' 2

T =
Ut 1200 o, RUMAE B 99 REA BASS AR, B 2 ABH A 3L A2

rE 32
il ]
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Aol

o
-

A WEH U, O § 58 gol W, U8 B Foj7 24
f = i% 2L Al =8 F U T

B & ul, newline ©] None °|¥H, & '\n' EX= A" 7|2 & L EZ}Q] os.
WA U Tth newline ©] ' 4= '\n' o] W, W 3o] o] Fo] A A] k5 U Th newline ©)
grold, 20l BE "\n' FAE Fo|X FALdE A&AF U

2

W&

rlo

ZHEYY, &

mi

X [of
M 5o HHN'
N

:lom ot

Oﬂ

oD
%

e

[i/s]

fu-

r°*' Hﬁ mm.

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.

Y8 openeri dgstod A~d 2 d E AT AF5Uh 3d AAE AS sk Y Haa
% B] = opener = (file, ﬂags) 2 SEA S5 YT opener = € E 3tY Y2~ I HE S ¥k ofF gyt
(opener | os.open < A3t A2 None & Dot A w3t 7|52 T3 3HA FUoh.

A2 Eol A Y A4 B by g,

o ole ol b e o A A A st A7) A3l os.open () F5 dir_fd ) NRFE A F
Yk

]o

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

>>> with open ('spamspam.txt', 'w', opener=opener) as f:
print ('This will be written to somedir/spamspam.txt', file=f)

>>> os.close (dir_fd) # don't leak a file descriptor

open () Frpol o WhEhE sk A o 2 REof o EYJUth open() O] HAE RE('w', 'r',
'wt', 'rt', SR LS = o AFSE Y, io. Text I0Base 9 AH FH2E 85U (:rLZﬂZ—*,
O & jo.TextIOWrapper). 3 P} T7 violye] RER 31YE of & o] AHEE & 761—?—, Hhehe =
S 2& io.BufferediOBase o A B FEiAadUth &3 Feias thFFunh: ¢7] ‘ﬂ}ol Sk
REX+z, io.BufferedReader 5 E8F YT 27] vlo] Y 2] &} Bl & o] 7] v}o] HE] c o A=,
io.Bufferediiriter & B8 F 1, Q7|/A7] RENA =, io. BufferedRandom EE:]ZL]E} Hﬂ
HYgL nd, d2EHY, io.RawlOBase & AH Ze X, io. Filelo, & E8EFYtT}

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

file,mode, flags QA2 7FA} o) ¥l E (auditing event) open-& A Al 7 Ut}
node 8} flags Q1 AF= Qe T2o)A 2AH A 225 QL 4 g5t
W 33004 W7
« opener "} 7| W7} F 7k Q5 U T
o 'x' BEZF M S UTH
« T0Error & 4o AGFULE o|Alx 0sError o EAJUth
« EAAFYBEY] BE(1x') 2 o= 51 o] o|n] 2, o|A| FilefxistsError 2 203
‘41’%.
WA 340004 ¥4
o Y2 o)A A& EVsdyoh

H A 3,504 W73
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=

s A2Y BE0 AHYPE N1 A9 A7 oS BN A GO, o] FHE oA
2l PEP 475 =

1513
Interruptedirror o9& 407w thA A2d TE2& AA=F YT (o] fre

-

HAR).
e 'namereplace' &% A 8|77} F71= ¢] t}.
w2 3.600 4 W7
e 0s.PathLike & F8st= AR E HolSo| =& X Qo] 2715 g5t

7
w—
e A=A, ZEHHE I i0.Filel0 7} ol io.RawIOBase & A B 27 vidtd 4=

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

ord (c)

st fUIE A4S el x}‘ﬂolToixl%l sig A FUIE IE ZQAE
A4E BgFUh ol& Eol,ord('a") £ AF 97 S BE L ord ('€ (RE 71Z)E
RE Tk o] 212 chr () €] H&W?MD}.

pow (base, exp, mod=None)

base ° exp A5 A F< Ee1FUTH mod 7} Q= 73-F, base & | exp ASAFS REE mod & E81FUTH
(pow (base, exp) % mod HTH T wWEA A YTh. F 7He] A A B 42 pow (base, exp) &
AFAF AAAE AHE s A 55 UTH base* *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 f1oat and
a non-integral exponent, a complex result is delivered. For example, pow (=9, 0.5) returns a value close to 3.

int 3 AAR} base B exp ] $-, mod7} YL H, mod = B4 & o] o] oF &1 mod= OO] ol ofok gt}
mod7} Q131 exp7} 8 G, base= mod2} A2 A (relatlvely prime) o oF & t}. o] A9, pow (inv_base,
—exp, mod) 7} HF& = W, o] 7] A inv_base+= base B-& Z mod 2] & Y U T}

T2 38 BER 979) 9L A4l o gtk

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

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

WA 38014 WA: int 3] AR P, pous] 3 A7 FAL oA T A AR S5 & AL
Hg3kol, BEY 52 AT 5 QA T Tk

H A 3804 WA 7|9 = AAE ST o] Ao, 2] AAR A L= sy T

print (*objects, sep="", end="\n’, file=None, flush=False)

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

BE ¥ 7Y = AA}E= str() o] 6}': o] FAEE HEH T AEHo| 2ot sep B FF AL end
< Aol YU sep Fend = BF —rZP"ﬂO]OJO]E Utk None d & &0, 71 23S ARS Sk
=AUttt objects 7F FA A A O™ print () £ end T EH YT}

file A =write (string) WA EE 7F AR of of Tt A4 514 2 741/}None °|¥, sys.stdout
o] AE-H Ut} AN A A= E“CE AL E w3 7] UHT°1],prlnt () = vrel g B 5td AR
ot FA AHEE 5 s Th ol & A= thAl file.write(...) E ARSI TH

Output buffering is usually determined by file. However, if flush is true, the stream is forcibly flushed.
WA 330 A WA flush 7] 9 = A7} 27k AU o
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class property (fget=None, fset=None, fdel=None, doc=None)
ZE2HE o EREE E2FUT

feet & ET]HE 712 AL L UL fier 2 ] ETHE 7S A= S5 YUTh flel 2 o EE
FE S AAete &gtk 28]l doc & o] ER|RES S2ER S WEYTH
AP A A AMEL He|E = AJEFRE x & A9t AUtk

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

def getx(self):
return self._x

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

def delx (self):
del self._x

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

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

deleter.

Z0}7 A%, doc & 22 E| o] EPREY SaEYo] FUrh 18R %O, frer 9 SAEY (e
-Hﬂﬁﬂﬂﬂﬂ:ﬂ%ﬂdﬁpmmmwwEEMRWWﬁi&ﬁﬂﬂgﬂﬂ£JEﬂﬂ§ﬁﬂ
BE 4 AUk

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

@property

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

mmn

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 volfage to “Get the current voltage.”

@getter
@setter

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

class C:
def _ init_ (self):
self. x = None

@property
def x(self):
H”HIIm the !XY property. mrrn

(Th= sl o] A ol A%)
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(o] A | o] A e A AL
return self._x

@x.setter
def x(self, wvalue):

self._x = value
@x.deleter
def x(self):

del self._x

o] =& A WA A9 A2 FEFUE FAAA FHEo] Ao Z2 e (o] A9 09 2L

KeR
B =29 AL AR AR G fget, fset B fdel o EREES A UL
WA 354 W7: o)A 22 HE QAL AP o] 27 ATt

class range (stop)

class range (start, stop, step=I)

Sl 7| Bt} range & AAZE U @F AJA 2 & — list, tuple, range ] A HH 2 B A

BT,

i

Eal

repr (object)

Return a string containing a printable representation of an object. For many types, this function makes an attempt to
return a string that would yield an object with the same value when passed to eva 1 () ; 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 defininga ___repr__ () method. If sys.displayhook () is not accessible, this function will
raise RuntimeError.

This class has a custom representation that can be evaluated:

p
class Person:

def _ init__ (self, name, age):
self.name = name
self.age = age

def _ repr (self) :
return f"Person('{self.name}', self.age})"
reversed (seq)
Return a reverse iterator. seq must be an object whichhasa ___reversed__ () method or supports the sequence
protocol (the __len__ () method and the __getitem__ () method with integer arguments starting at 0).

round (number, ndigits=None)

number & A~57 TH29 ndigits AR T2 ¥H-&
Aol 13 ke A5 T FeF U

ol

3t ZHS =8 S YTt adigits 7} A 25 7 U None ©] |,

For the built-in types supporting round (), values are rounded to the closest multiple of 10 to the power mi-
nus 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 (pos-
itive, 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.

AutA Q] gfo] W AA| number & 3%, round = number.__round__ °f § It
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ZF3: floatol] o $k round() o] T2 A4 YE = JdFUTh o9& 9], round (2.675, 2) &
2. 68\'41*10112 67 S X1l+€MEP o] A duy ANA 27 HoatZ F 33 239
o+ gltke Hjli—“rlﬂ = A3 J Y 2pA 8 A H = tut-fp-issues & H A 8

class set

class set (iterable)

M set AAE ESlFUTE A9 A O 2 iterable | A 7HA 2 245 %
o] Fefxol T AWM= set R A & — ser, frozenset & HA
=

Ut set 2 WH S 2dUn-

=

2
2 Aol A W frozenset, list, tuple Wdict F 22 collections RES BEA 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.

name need not be a Python identifier as defined in identifiers unless the object chooses to enforce that, for example
inacustom ___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..

ZF31: 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, 1i].See itertools.islice () foran alternate version that returns an iterator.

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

iterable o] YEESZ A AEH g ~EE sHFYTH
7|19 = AR Z gk X A 5| of 3= F 2] A8 A A7} 5T

key = stte] AAE Wb S4E XA 8=, iterabled] ZF S ASEHE vl 7| & 5
Ut} (o & E90], key = str.lower). 712 Z2FE None YU T (8.4

=
=2 "1

reverse = =2 VT True 2 45 W, 2 wmARAY AN A= 8

oA 2L cmp T4 E key T4 2 HESE A functools.cmp_to_key ()

W sorted () 4+ A A (stable) o] EFHUTH AL 2T vuE = 249 A4 TAE
H 7 514 O}thopg’%?:]qr/}—o] A A AZAEZ o FEFUTH(AE 5], F ks
T TEEE ZE)).
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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. Implementing
all six comparisons also helps avoid confusion for mixed type comparisons which can call reflected the gt __ ()
method.

AE A A2} 7heke A 8 b5 A] = sortinghowto S H A 2.
@staticmethod
HAEE FA A=z Aagyh

AR A= FAZA A A AXE A GHUth A4 WA =E AAdse W, o] F-8+& AHE3}
AL

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

@staticmethod 42 g+ ¢ & o] & YUYt} - A ek U &2 functionE E A L.

A static method can be called either on the class (suchas C . £ () ) or on an instance (suchas C () . £ () ). Moreover,
they can be called as regular functions (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.

REEuZdole e} uf7tR 2, staticmethod & A T+ =2
gt o2 Zeh 2 vhelol A ol g Fx 7t B sk <)
sl g 2k o) 39 e H§TE AHSIA 8

523te] 1 A%z oW A B4 E
AHAHASE A% AEEE A2

def regular_ function() :

class C:
method = staticmethod (regular_function)

A vl A=l ik o ARA| S A H E, types= 284 2.

B A 3.109) A ¥ 7A: 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 MAE EHFUTH AT WL str() & HA L.
str 2 W AL el JUth FAE o s A A A R = HAE A A Y —ar & BA S
sum (iterable, /, start=0)
start D iterable 8] FEHEE YZEA LE2X£0 F 311 A E S F UL iterable & 52 dutE o
= 5A0 A% e B
o™ Foll= sum() of B E2 thto] d5UTh 2 <E =]
242 "' . join(sequence) § $E3E AYUTh g AuEe B
math.fsum() S BALR. dH o]l B EES I A58 itertools.chain() & A3 HAH L.
W2 3.8 4 WA start W] 7] W4 7| E 2

class super
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class super (type, object_or_type=None)

MAE EES npe o BEL YA Fehse] 9 A5 ZekA] AAE B F U o & Fej 2ol A
AR oA A A vl A =g AT ) f8 3 oh

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

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

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

A QA7 A e B, W ) AR 954 9ok thunbound). R A A5 A
9, isinstance (obj, type) & FFolojoF Futh F HA AX}7 Po|W, issubclass (type2,

type) & Folojof FUtt (o] A2 ZH 2 WA = F&FYTh.

siper 92 5 7170 DAY AL AN} DG T DY 44 FA AS T2 2 super & 8510
BAHOE oS¢ AYFHA u RE FAAE ARV S gone Due o 44 Bel ol A
US4 QST o) AR T2 =2 T 050101]/\1 super%i\_ 23} w9 Fr AR U o

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).

F A9 BE, QA 73] U2 5EL oA AUtk

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

HAE 23] 9o, super ()€ A EZFE 23 AF5dUth A7HA 7Hed AL AbelE FE Y
FA FA ol de HEAHEE LS A9

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 itsown __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].

T3k AA7E e FAL AL Bl super () +© A E WRAA T ALS =5 A S A] =T
Aol FYtA 8. 7 719 AR F AL S FEetA A Qe A F2E U h AR e
PA2 Fex F o] ol A vt 2Hg sk, 74«4'01?47]' qu/]ﬂ al O]% FHAE SvlEA 7P 3 gt
A=A A Ao ANASE= o BRI AHE JRE A7) &Yt
super ()& AHE3te] A FHAE HASE Yol st 484 AL super() AHE ] & B
ML

class tuple

class tuple (iterable)
ol 7| BTl tuple & AAZE 5= I A A2 8 — list, tuple, range 9 A3 H ZAXH B2 A
53 dytt.

class type (object)

Ea

o
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class type (name, bases, dict, **kwds)
AR} shte] B, object & & = FUTh 92 32 ¥ AW WA O & object._ class_ 7t
selrt A9 2L AAYYTh
AA Y & AASHE tl= isinstance () W& 57 A= =, AE S22 E 1837 &<
g},

Al 7R A2HE = A9 M B AAE SelF U o] 2L 2 cla

)]
0
Mo
o
offt
o
r [¢
ot
fuj
A
A
0
S
Q
3
Q

TAEL Fe2x o]0l name_ AAEEREZI P UTh bases FE2 W o]~ FEAES E35HaL
__bases__ OJEHEZFH Utk U] QlOoH, object, BE qﬂﬂé-"/l A w o) A7 F7FE YT

il :
dict el e vty ] o ER REG WA= HolE2 T dict  oEFRFET}
71 Aol FAE AU A 5 A5 U S F 282 22 type A4AE WY th

>>> class X:
a=1

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

o AAE BHAS.

Al AL Aol AlFE 71N E A= el A 2] 9 (metaclass & A 27 7| =9k 22 Ao e A D5
Hel S AR (WA 02 init_subclass__())o] A& Yt

class-customization = X A &.

WA 36904 WA type._ _new_ S ANABYFA G type o AH Zeat oA AR FL A7)
98l stel QA § AL AL

vars ()

oo
st
-
20
ofy
L
g

vars (object)

2E D Adrdae 2o AR E du|o]E 7b53 dict oERHEE Uty a2, g2
AR dict_ AEFREC 27| AgE 7HE £ A5 U (& o, 2el2= AH A A 9- Y g
B2 & WA 37 $130 types. MappingProxyType & AU TH.

A
AR} YLOW, vars () = locals () A8 FZFUTH locals YA U g o) T & ¥ 7 o] A5 7] uf &0

f

locals €A1 2] & 9] 7] ol % §-8 31T} 2 o] 2] 4] .

AR 7L AR PGA N dict. AEBFHRHEVI GO Typerrror A7 AU T (A E o, 3l
Y27 __slots_ oJEFHEE AHosHH).

zip (*iterables, strict=False)
Iterate over several iterables in parallel, producing tuples with an item from each one.

Example:

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

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

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

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

28 Chapter 2. L{ZE! &t


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

The Python Library Reference, 2l2|A 3.11.10

zip () islazy: The elements won’ t be processed until the iterable is iterated on, e.g. by a £or loop or by wrapping
ina list.

One thing to consider is that the iterables passed to zip () could have different lengths; sometimes by design, 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:

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

(0, 'feel)
(1, 'fi")
(2, 'fo')
T

raceback (most recent call last):

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

Without the st rict=True argument, any bug that results in iterables of different lengths will be 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 is
done 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 clustering
a data series into n-length groups using zip (* [iter (s) ] *n, strict=True). This repeats the same
iterator n times so that each output tuple has the result of n calls to the iterator. This has the effect of dividing
the input into n-length chunks.

e zip ()= * AR} A 21 Bl AE S unzip & 5 AFUTH

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

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

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

[ 4050 (2, 50, (3 6]

>>> x2, y2 = zip(*zip(x, V))

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

H A 3.109 A ¥ 7 : Added the st rict argument.
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__import__ (name, globals=None, locals=None, fromlist=(), level=0)

e
I:l

: O|AL importlib. import_module () I &g AR sto]lH =2 1Yo DR 3R

2o 37 oAUtk

o] &4+ import ol Y3 TEF Utk import 9 v E WA A& HAE 5 AdFTh
(builtins RE S YFXEJF I builtins . import_ o] tfddYch. 28} 224 "G}X] =i
A2 ohl Aokt HE Q2 R4S SASET] YLE SPEPI2E HAL)S AT A0
6 0T 718 JEE 7ol A8 Aolehn Yo T ES EAE U oA 97w e
_ _import__ () & AR AFE G A 3|8} importlib.import_module () 2 AFEE AL A3t}

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 & Bt == A X EE ARG ZAE AU 0 (V1872 24 2 dEEE 33t
&‘%-4‘315‘141:} —’F%klevel— import_ () & 3Zd=RE U 1aoﬂ AT A o 7 AT ALY
ga g =9 /& 7He AUt (RFA S W82 PEP 3282 E A R).

name W47} package .module F A Y wlf, AwlA © Z name ol Q3 HHH ZEo] ofyeh, H A 3 7]
A (A _A F7FA 9 o] 5) 7F kg Y th lﬁi‘/]r v o] QAR kL fromlist A A7} 30 X M name | 2] 3|

B9 E 25 o] wkekgch
oA & o, ¥4 import spam < Thg ZEE G2 Ulo]E Z =& A FUh
[spam = _ _import__ ('spam', globals (), locals(), [], 0) ]

2 import spam.ham 2 o8 T & & o]o]Ft}:

[spam = _ _import__ ('spam.ham', globals(), locals(), [], 0) ]
A71NA __import_ () 7} HAH BES E85E A FEIHAI L. o] Z o] import wof &3 o] &
o 017551% A A o] 7] wf & Y T}

vl o, 2% from spam.ham import eggs, sausage as saus + o] AAE Yt}
_temp = _ _import__ ('spam.ham', globals(), locals(), ['eggs', 'sausage'], 0)
eggs = _temp.eggs

saus = _temp.sausage

01714 span. han BE|__inport__ () A MERUG. o] AAZ R, dZEY ol FEL AL
F g ol 252 01 Tk

£33 o2 o= ug—r% dxE 7] A3 (AR 3|71 A Wl A), importlib.
1mport_module () & }\]‘“8"6]‘}\1].1_1.

WA 33004 HA: S5 level = T A DH A ghFU T (P EFE 02 E HAFYTh.

HA39A WA W & 54 -EY-1E AHS 5 Y o, 87 ¥ PYTHONCASEOK= ©] Al A Ut

>
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CHAPTER 3

W

A2 )40 A4t U ol B Bl YgTh 1A S
False

bool @ AA k. False ol YT 4= §laL SyntaxError & 2 Yth
True

bool §e] 23t True o AT 4 YT syntaxsrror & Jo At
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 None Type type.

NotImplemented
A special value which should be returned by the binary special methods (e.g. _ _eq (), 1t (O,
_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.

ZFa: 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 at-
tempts return Not Implemented, the interpreter will raise an appropriate exception. Incorrectly returning
Not Implemented will result in a misleading error message or the Not Implemented value being returned
to Python code.

o & ihe ik A S HAlL.

ZF31: NotImplementedError and NotImplemented 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 4 ¥ 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] & Fpol ol -0 AL E A A A eFkthE Fo] Utk assert

H

Z31: None, False, True 18|31 debug S TA YT 4 IS5 YT (O] AES
HE o]5 02 AL 5, SyntaxError & oY}, 2 A o] AEL “A R AA4

quit (code=None)
exit (code=None)
o1 E uf, “Use quit() or Ctrl-D (i.e. EOF) to exit” 7} Z-2 WA| A & ¢ 3l1, & uf, A FH 8
FTF SystemExit & o 7|= AA.
copyright
credits
A4 B AL B3], 22 A%
license

Q12 = u “Type license() to see the full license text” &} ZH-2 HA| X & QI2f5l7, T &F uf] AA| gloj Al
S5 g 0] A 7|9 28 WAl (3 ol 9 SR ) 0= A sk A1 YU,

299 922 A5 AR ALk,

rlr
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CHAPTER 4

r
=0
)
ok

ke A Aol A SE z el o] e £2 Y] Bl A ch

712 WE 782 <2 AL, 3, S, dad A oo gyt

QR BeH Se st ARGUTh AR oA WS S A4 E AW A S 5 GBS wEetA) g
M= A AAE 2 A E WH3HE1A] 954l None & WHEHEHY DP.

QR Q5L el A Pol 4 AAFUTH 58] ALY BE AAE 55 ¥l L5, =25k A,

(repr () & Ee e str () FFEARAA) EALZ HEE 5 A5UTE FAA FeEprine ()

Bz AAE 20 ZAHo2 AP

4.1 =2|gt dAl

BEAAE Ege AR 4 Y, if B vhile 24 B o] ek el A4 FAduAz

A48 4 A= g

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

__len__ () method that returns zero, when called with the object.l Here are most of the built-in objects considered

false:

o constants defined to be false: None and False

e RE A ¥HE9 9:0,0.0,073,Decimal (0),Fraction (0, 1)

e WIAIFG2} AAA: "', (), [],{},set (), range (0)
=S EFE A NF s D] HAISHA e S A AR o OMFalse* Zhold 1
oY True & S8 ZUth (2239 9: ﬂw}org}and%f& A} 3] A XA Z 5 =85 Uth)

Lol E4 gl =of T3l 27 AR E slol A &5 A A A] (customization) o] A ZHS 2= 9l th.
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42 =2| 444t — and, or, not

ojlES A HEt LEAAE o R AL =2 ANEAYTh

% £t LE
X Or y if x is true, then x, else y (1)
x and y x*7F 7R o)W x, T8 oWy 2)
not x x7F AR o]l True, 18X koM False (3)
rE:
() oA -3 2 Aol Bg A HA) A7 AR Y wj vk F AR 9] Fhe 7+
(2) oA G-I = Aiatolnz A HA A2 Y wf i F WA S ks YT
(3) not & ¥l AASHT XL SAHAEAE 25U 28X, not a == b not (a == b) Z
A=, a == not b= LHFHIUH
4.3 H|n
sho] ol =874 vl A4ko] JF UL o€ BRE 22 AT E 7H UL (=8 d4tE Y= 54 th
HaE Y2 A28 F AsUth dE Eolx <y <= ze=yY @2 A b= AS AL otae
x <yandy <= z & F5IUH GHAN F AF EF x < y 7t ARCE g A H 7 9 kg F51HA
FUTh.
LER=]

o1&t =

< A48 Frt

<= A7 2

> 73 Aot

>= a7 2o

== 2o

= 22 ok

is AA ofo] Wl E &

is not FAH AR ofoldlE
M= ohe 22 FE AL stas AR o 39 AA S 2ol v a4 st == AkAbe 34 49
AR AR AA G5 501, Sl AA 2] A is9h FFFUE <, <=, > B >= A= 9 u) 7} Sl

Aot B Ut AE E0l, AR F sttt ool TypeError o & 7F 3 g o
Non-identical instances of a class normally compare as non-equal unless the class defines the __eq_ () method.

Instances of a class cannot be ordered with respect to other instances of the same class, or other types of object, unless the
class defines enough of the methods ___1t__ (), le_ (),_gt__(),and __ge__ () (ingeneral, __1t__ ()
and __eqg__ () are sufficient, if you want the conventional meanings of the comparison operators).

is9is not ANAY FAL AHEA YT 5 QUth £ dojo) F Ao 48T 5 gov o)
1o PR PR S8 R

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

e
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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. fl1oat_info. Complex numbers have a real and imaginary part, which are
each a floating point number. To extract these parts from a complex number z, use z . real and z . imag. (The standard
library includes the additional numeric types fractions.Fraction, for rationals, and decimal.Decimal, for
floating-point numbers with user-definable precision.)

SAbE A} Pl Y s U §ast Adbake) ARE B Ptk FUYs A4 elER0674, 834,
"o A5 g wEULL 54 2

204 2L AT WEUL &5 4 £E A5 /13 29 524 e
Lol 15 o8l 4 (A5 R 7109 Hag) 7h B ol A L, B4k Aol Hal 4 A4}
o)

vlo] -2 E3 4t : e AL ORE 2 9 3 ALARE MR o, ‘] F 27
POl AL T2 9 A4Rte] oz Y Ptk A ALEg Fi, A5 BasEg S5t
02 & Ak Aol HluE I RS AES o vuE = AAH P’

A} int (), float (), complex ()& &A 9 A& B o AT 4= 5 UL

(BaTE A3 RE 223 L 023 22 AAEES A Ayt (A Ae] 94 <=9 = operator-summary S

F2HAA 2):

ALk 21t SE  FH EAM

x +y x2Fy o] g

X -y x 2y o] 2

Xy x4yl §

x /'y x ey o] 5%

x /]y x2tyd A2 WE S & )
(2

X %5y x / y9 ymHA 2

-x 29 x

+x x 192

abs (x) x9 EYZrEE 37 abs ()

int (x) Ar-=2 A x 3) int ()
(6)

float (x) A2 HEEH 4) float ()
6)

complex (re, ALH e daHEimoer FAE BEA5. imo 72220 (6) complex ()

im) Ayt

c.conjugate () EAFco A

divmod (x, y) Bi(x /]y, x3%Y) 2) divmod ()

pow (x, V) x 9 y AEAlE 5) pow ()

x **y x 9 y A ®)

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 f1oat. 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//2is 0, (=1) //2is=-1,1//(=2) is
-1,and (-1)// (-2) is 0.

2ARHoR, g 2E [1, 2] £[1.0, 2.0] F 20T HAFHI, FEE vk 7A G th
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2) Eagde AT ¢ flsUrh AER A abs () § AHE S AR WA L.

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

(4) float’s T3 5227k obd (NaN) 3} 9 = 9] R 30h & Lheh) & BAF “nan” 34 B AR <+ 1} =7 7}
AHACZ 25 4 Y+ “inf” & Wols YU th

(5) FolW e zraery AdojSollA &3] 2 %o
Ao g,

6) HolEAAE A HHEZ 0 A 97H] = RE FFTTF FUIEES NdHES 7 2=
Es) zdgynh
See https://www.unicode.org/Public/14.0.0/ucd/extracted/DerivedNumericType.txt for a complete list of code
points with the Nd property.

o

= AA - pow (0, 0) &0 ** 0010 HEE

y AN

kel
o

BE numbers.Real & (int & float) & T3 b2 248 AAEE 3

(S 21t

math. x¥= Integral 2 ZH Yt}

trunc (x)

round (x/[, xEn A E S Es=d, AR 2 B2 2 HdUTh n S Akt 712320
nj) Yyt

math. 7V & Integral <=x

floor (x)

math. 7V AL Integral >=x

ceil (x)

)
-
=2
=
%
>
rEI
1o
H
N
30
f>
<
T
k7
[t
re
2
1o
(i)
i)
rlr
o
r
ol
4z
fol
ks
il
it
b
rir
[\)
1o
4
4
fru

o] HIE At £+ BT A AR T Y v BT =5 h 43 AAab~ 2 T 4F AAE
(+9h) 3 BE S HEAE AT
o] FE=HE AME Ygst=t], $AsH o met LS Ao R AEE o] 5Tt

Sl Zn} cE

x |y x&yYuEEor @

x ~y  x%yQ v EE vl erE or (exclusive or)  (4)

x &y x&ydHEEand @)

X << n xSnHEUZIJEOFZ A|ZE (D2

X > n xSpHEWUIQQEEOZ AZE (A3

~X x 2 | E 9bd

EE:
(1) SYANZE =R ¢ valueError & oYt
2 nHEWRFY AZ AN ZEEpow (2, n) & Fdhes A 55U
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B) nHEWE LEZ0F AJZE 3= AL pow (2, n) & A YA (floor division) 3= 23} 55
Sy

4) FoS RS HEZE= AR T2 AHE Jodd, Fasl2Y Ky Rd 02 HJoj& st 714
BT A uEE AFES}Y] (1 + max(x.bit_length(), y.bit_length()) oAt & H|E &)
olH S AE A= A oE FEFYTH

4.4.2 M4 S0l cist FIHAME

int & numbers. Integral 4 o]~ FE4 & FHTY

o
tr
o
¥
N
ﬁ
E

£ 9 Az
int.bit_length(()
5ol A9 02 AL, o] A4 A4 E dehis vl e B wE £8 SeF Uk

>>> n = —-37

>>> bin(n)
-0b100101"

>>> n.bit_length ()
6

Z o] A5 TR, x 7H00] obYUH, x.bit length() Loxx (k-1) <= abs(x) < 2**k &
BEohe 4% Fel 44k gtk 55 6}711 abs (x) 7} 3&s7] wedd 2agke /M B
ol oW k = 1 + 1nt(log(abs( x), 7}%141;}. x 7}0°]¥, x.bit_length() =0 <
e 2= 55

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

B A 3.10] &7}
int.bit_count ()

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

>> n = 19

>>> bin (n)

'0b10011"

>>> n.bit_count ()

3

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

0hg =9 5

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

L

H A 3.109) F7}

int .to_bytes (length=I, byteorder:’big’ *, signed=Fulse)
e UetdE Al B uld e 8 FYth
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(>>> (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\XFA\XEF\XEF\XEE\XEE\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 byteorder is "1ittle", the most
significant byte is at the end of the byte array.

signed QA= A5 R A3 29 B4V AMSE XS AA Tt signed 7} False o1l 59 F4
7} o] R4, overflowError 7F Yol G Ut} signed o] 7| 22 False YUt}

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

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

However, when using the default arguments, don’ t try to convert a value greater than 255 or you’ 1l get an
OverflowError

U= 2=t ssduth

(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) & O0xff for i in order)

L

B & 3.20] &7}
WA 3.119 A ¥ 7 : Added default argument values for length and byteorder.

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

Folx el E P BAF & A58 e F ULk

-

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

16

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

4096

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

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

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

16711680

.-

212} bytes = vho] =5 217 o] AL} vho] 22 A4 3hi o] B 2] & o] o] of T,
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The byteorder argument determines the byte order used to represent the integer, and defaults to "big". If byteorder
is "big", the most significant byte is at the beginning of the byte array. If byteorder is "1ittle™", the most
significant byte is at the end of the byte array. To request the native byte order of the host system, use sys.
byteorder as the byte order value.

signed QA= 48 BAS ) 29) W47} AFEH =X YR T
e mEg EEg ok

(def from _bytes (bytes, byteorder='big', signed=False):
if byteorder == 'little'
little_ordered = list (bytes)
elif byteorder == 'big'
little_ordered = list (reversed (bytes))
else:
raise ValueError ("byteorder must be either 'little' or 'big'")

n = sum(b << 1*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
.

B A 3.20 =7}

WA 3.119 A ¥ 7 : Added default argument value for byt eorder.

int.as_integer_ratio()

Hlgo] g Ao AEs]) 21 g BEE 72H= A5 A8 E8 5 Utk A S (whole numbers) 2]
HE2 G BRI 2 Aol BEEE 1YY

WA 3.8 F7}

=
o
8
rlo
]
c
5
&
D
H
[9)]
)
1)
Q
e~
o
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=2
-
[>
f(y
R
[>
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rlr
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P
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float.as_integer_ratio()

H]%O] Qo floate} F &3] 21 Fo] ERE Zt= A+ S sHSYUT F3to= overflowError
£ NaN o|=a ValueError & 4o 7t}

float.is_integer ()
float A7 AR FE 7H F 3ol d True &, 18X S W False & 85 Yth

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

>>> (3.2).is_integer()
False

T 7HA mA =716 EAFE o] M2 A A h sto]x Y float+ WR A S E o] A4 E A AH 7]
uf) 2 ol ﬂoatE *‘ZJ —EZ}%E U2 el A2 HE e /75 Tubgych o]of wial,
1605 FAAL BE 250 249 4D AR AF S 5o GUTh o AL W7 W 2 2ol
ogﬂ/\ 01/‘\1/]1;].
float.hex ()
g o5l 1675 £ 2
0x 9} FHBHE p 9 A2 ZFFU T
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classmethod float.fromhex (s)

1635 £AL s 2 BAH £ float g EFE ZH2MAE. AL s £ 2 FUL AL 5 Az

float.hex () = A2EAWAMEQ WY, Float. fromhex () = S 2 A= o344 8.
16715 BAG L The ) e P42 At

[[sign] ['0x'] integer ['.' fraction] ['p' exponent] ]
ME A sign &+ -7FE 4 Q3, integer & fraction 2 1634 Ex} Y o] 11, exponent & A HA
R AW BT ES 5 e A4S AUt BAHE F 2844 .20 integer U fraction & o] = htol
Ao 511} 162157} 9lojof Ttk o] BH-& 099 EE0) 6442 Ao A AH EHTH w235, A} 1.5
o Foll A AHEE = AR v 53, Float. hex () 9] 292 C E& Al T = A 1659
BE 42534 YJEHEE AFLT £ gon, CY sa T EX1} AHHLE] Double. toHexString 7F BFE o=
1634 BAL & rfloat. fromhex () 7F 2to}= <L T}

A2 16757} obd A5 2 20| 3, Sexpel] Fo AL 29) ARAFES AFTCHE Holl F2)5H4A 2. of
£ 59,1635 EAE 0x3.a7pl0 = R 5 A2+ H =2 (3 + 10./16 + 7./16%*2) * 2.0**10 FE&
3740.0 & e UTh:

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

3740.0

3740.0 o] AWHS AL HA 2 £AE JEE T2 1645 24D L AL & A5UT
>>> float.hex (3740.0)

'0x1.d4380000000000p+11"

444 X} S| sljAl

For numbers x and y, possibly of different types, it’ s a requirement that hash (x) == hash (y) whenever x ==
y (see the __hash__ () method documentation for more details). For ease of implementation and efficiency across

a variety of numeric types (including int, float, decimal.Decimal and fractions.Fraction) Python’s
hash for numeric types is based on a single mathematical function that’ s defined for any rational number, and hence applies
to all instances of int and fractions.Fraction, and all finite instances of fl1oat and decimal.Decimal.
Essentially, this function is given by reduction modulo P for a fixed prime P. The value of P is made available to Python
as the modulus attribute of sys.hash_info.

CPython;l—L% /g‘/('“: @ZH,/\}-%QE{,\_Z,\—I‘: 32 H]ECIOHg% 7]'%_]_ 7]75“01]/\13‘;_‘-]_3 = 2**31 _ 10]1,64-H]E
Clong& 7FA 7Z1Al A =p = 2**61 - 1 YUtk
S Aol PR A AGY
ex =m / nol Lol ol Sg4o|in ol p & U A =t} hash (x) Sm * invmod(n, P) $
PE Aot} oJ7] A invmod (n, P) End EEZ P Id4E FSYth

x =m / nol o) obd fefolin ol P AW (AN S A GOoW)n S REZP 45 E
A7) G Aol FHE AR A FHUTh o] AP hash (x) B 45 sys.hash_info.inf 2
A G

e x =m / nol 29 fe)5o) W hash (x) & -hash (-x) 2 AIFUTE Lol AN -1 oW 2 =
HHE U o,

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

o BAF(complex) 2.9] 7%, hash(z.real) + sys.hash_info.imag * hash(z.imag) & 7|
Abste] A4H ol s4R o A 7S 285+, 2**sys.hash_info.width & EEZ 2 3]
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Al range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1)) ¥
Eol7bw S R Th ohA] @, A9k -1 olehE -2 & uh ek

99 392 J23] 37 93, o17)0] el 4, float, complex o HAE AT, WG AN FE,
ol W TEE o Al gL T

import sys, math

def

def

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 ==
m, n=m// P, n// P
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:

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

hash_value = -2

return hash_value

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())

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

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

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

return hash_value

4.4.
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4.5 O|Ed0|E &

gpold 2 A oltfol th gt o] B o] 2 ALdFUh o] AL F 7 MM EE AFSSiA FEE YT
O] AEE A AL o ZElaTt olH e ol de AL = A EF St vl AHEF YUTh ofgfoll A B AHAI ]
AR AALE FF olHE ol MAEE Ad gt

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

container.__iter__ ()

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

olElH o] ¥ AA A= th23 22 F 7HA] M =g A D oF st=d, Eo] 34 olHHolH 22 EF
(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 iterator. If there are no further items, raise the St opIteration exception. This
method corresponds to the tp_iternext slot of the type structure for Python objects in the Python/C APL

stol 2 bR ol Ay ST A A2 F, gX e, 71e B 531 Fejol et ol e o] & A5}
A3l A2 olel g ol H AAE G FUch olEdlolH 22 EZS] FHLZ ol HEAA o] F 2=
dsUTh

Aok olE @ olEle _ next_ () MINET} Stoplteration S Yo7 W, 1 0] % 2] TZof thaj A= 2ol
S FUTE o] £AE WEA ke FHL WU Aoz HE P

4.5.1 HM|L{2l0lE &

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

4.6 AMEHA S —1ist, tuple, range

A AR AR D2 Fol AUtk PAE, FE, 89 AAL vlel v glolE o B aE 244 o Helg
98l 27h8 A2 PSS Aw o) A o)A Ao,
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461 BE AHA 014t
O 19 A4S U5 71 B AJd oA AFgUTh AFSAF Ao Al 2o A o] AdAES
2utEA £A37]) g A S8l collections.abc. Sequence ABC7) A5 Yt}

ol = AT e LEAFTOZ A AL AAES YEFTUTH FollA, s b= T2 P A A2, n,
i j, k= BFolal, x s 7 873t F3F g Al ShS ‘?}——‘.—3}% oo AA Yt

in ¥ not in AR ¥ A4 SHER 7 2 U + (o]0 E0]7)) 8+ (WHE) A4t W3t A
A 2o M9 E 25yt

AL Z LE

x in s s 8 =3 rtx 2 T O True, 12X O™ False (1)

x not in s s 82 =S tx T False, 18X kO True (1

s +t s 8}t 8] o]o] E0]7] (6)
(7)

s ¢ nEEn * s s B 2 A4 0¥ E5He A% 24T @
(7

s[1i] s i AR FE, 004 Al 2ot 3)

s[i:]] s &l io A j7FR o] & Efol 3)
4

S[i:9:K] 591 iR j 7R 27 k o] ol & G
®))

len (s) s 2] Zdoj

G (S) sol 714 He g

mas (s) ool 1 = 9=

s.index (x[, i, (e~ i T o]Z o, QdlA j A 5F3=)s S A HA x 9 (8)

311) A~

s.count (x) s E=x S S

2o g NA2E BT ALFUD 55, FEF 25 3o FRES QA0 vuF]

o] A2 i v uE 7] YA, BE o] 2ot vluEal, F A EAY 3} Do 7f Zofop &g 94‘3]

FU o (ARAISE U 82 A o] & 3 -2 2] comparisons S ZZ A A L)

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 IndexError
ora StopIteration isencountered (or when the index drops below zero).

T E;

(1) in T not in FAFE gurA

Ao 2 e 23 HALE HE‘HH‘?}/\}%QX]‘?},“;%?Q S5 A AL (st
bytes, bytearray Z&) E2 A 1B Ea

A

o fl

>>> llgq" ln "qusﬂ
True

2 ne golo Kt eow ooz AHe|gurh(s & 22 Fof Wl AlA27FFYh. Al
EAL 2] oFFoll s of Futh 252 o2 | FxrF YUt o] A2 FF A mhold
AFPUth o] ZES Ao EA L

ll:l I>
LI L
o
©

>>> lists = [[]] * 3
>>> lists
te1, 1, 11
(Th2 sl o Aol A%

SRAN AN F S S F ROBR 1Y Sl Rsrich
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5) =

(6)

(7

)

>>> 1lists[0].append(3)
>>> lists
[[31, [31, [311]

>>> lists = [[] for 1 in range(3)]
>>> lists[0].append(3)

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

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

>>> lists

] 2pA| 3 A -2 FAQ &= fag-multidimensional-listol A 42 4= 95U T

A= A A s 2 o AR YUt} len( + i9°)tlen(s) + 7 &
A3 0 YUk

o8y} lEE‘;j7]-len(s) Rt} 39 len(s) . A e 0

AU j 7 B2k Atk None o] | len (s) S AR EUTH i 7Fj B 270 2o Wl Efol A7)
Hyrh

= <=n < (3-1)/k & WHS3= Ag L x = 1+ n¥k
o FuEs=2 744 }\]i]/\i 9 b, AF e i, ik, 1427k, i+3%k 509 j o]
uﬂv.ﬂ%;umsm FAY S 3 %ﬂﬂ—t—%ﬁﬂﬂ).kﬂ"“ﬁz9h~ﬁ1 3¢ len(s) 2
o 2 4% len(s) - 1 E FFYhiE+L 7 A2 7 v None
< ko] F5of wet ZEb Y. kL0?=l¢%i:3°ﬂ T sHAl 2. k

i oA j 74 A 2] ko

Ekfl
UNN
o rlr
e
>N

AL e e gol B0 (@
oW1 = # vek.

o]

3 Al

N

]

o ﬂllﬂl

oo St

> 2,
o m-IE
flo >

o

. str 7—’1?1]% ojo] 2ol 71 & 3t H, Bl2EE WS npA T str.join() & AMES AL Q0.
StringroAagad 2y g5 o gS Ad 5 AF Ut

e bytes AAE AA3E= 2 ¥t A bytes. join() B¥ io.BytesIO & AR 3 AL,
bytearray A& AH-g 8}k Zﬂﬂ'ﬂ"ﬂ’ﬁ O]‘ﬂ o718 & 4 JFUth bytearray A& 7hA
o)1 -8 A ¢l 73+ (overallocation) ¥ A U &S 712 11 gl th

o tuple AA|E oloj & o] 7] & SthH, thAl 1istE extend 3H4 Al L.

.2 Y A9 B Fehs BAE ZAAA L.
Q3 AU2 W (18 5] range) 54 VL G2t = A A2 7 A Q7] uEol AA2 o]0}
2ol 7 wEg A A5HA U ok

solx 7} L2 o index— valueError & ?:l oAUTH BE Fdo] F7FAA I Y j AGS A H3HA
= g5 o B E2gd0=2 AT £ JdF Yt F7 AAE
AGste A2 ‘41‘“* ] lndeX( ) % }%5}% A3} v g, ol ol B & B AFSHA] ¢kal wkeke
A7} &epo] Al /\]ZLO] obd AJA 29 A A 7]

o
_?L
O
_|>i
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>
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o
)
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>
L
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EH A AN Yol Iuthg o g FHEA T 7HH A AN Fol M= T A k= A4k WA hash () of st
o] A YL tuple A2HAR AL BEH A FAE dict 7| B AR set W frozenset A2EH 2o A 78

Zo3t= EH A FAAE A s 31 TypeError & 4o ZUrh

g E AUEL Ap AR Fol Aol YTk ALeA 4] AU2A o] AUEL Srh=A
F3A3}7] g4 A St 1L collections.abc.MutableSequence ABC7} A& YTt

FAAM s = 7MAAIE A PO Adad2o|al, 1= Ao olHHE AA|olH, x =57} 0‘7‘3}% 3§ AT

TEA7I= 49Y AA AU (N F S9], bytearray & # AT 0 <= x <= 255 & ©E3dt= F5vt

vhot= <yt

il 21t =
E

s[i] = x 59 FEi g x 2 ATk

s[i:j] =t iol A j7EA Y sgetolaTtolH e B r o W&o E A E YTt

del s[i:7] s[i:j] = [1 & 25Ut

s[i:j:k] =t sli:j:k] Y FEE0] 19 FESE AP U} (1)

del s[i:j:k] BlaEo A s[iz]:k] g %‘%%%Zﬂﬂ%“%ﬂr

s.append (x) A B2 ZoxE 7Yt (s[len(s) :len(s)] = [x] & 75

yrth

s.clear () solM BE FES AATUT (del s[:] k25U Q)

s.copy () 59 &2 BAHES e YT (s[:] 2FZFUH (%)

s.extend(t) EE s g YygozsE FAIYUYG (UEE s[len(s):len(s)] = t ¢}

=t Zsyth

g o WgolnH IEHEZ s S FAT YTt (6)

s.insert (i, x) x 559 iZ2 FARA A2 AT (s[i:1] = [x] & ZFY

=)

s.pop () or s.pop (i) io J= FESAYTH FA Ol s ol A Al AT 2)

s.remove (x) s[i] 7hx 9 28 A HA FEL 5o A A ATt (3)

s.reverse () Azt oA s & FEEY €A AR-SFUT @)

T E:

() t+= AT &) a8} Dol 7t Zrofok .
(2) Aeld Ax}io 7| Ege -1 dUth T 7|2 F o7 ulx|u} & o] A A% WA S Ut}
(3) x 7} s ol A HAE A

o} o
@) 2 Ad2E AR 3 DS 8 reverse () AIAE= A A AA AlEAE TZFUTE 72
|07 A5t AS AR A 714171 7] 18] A 8 Al A g EE A F5 Ut

(5) clear() <}t COpy() Sfol A AAbE A DA = (dict &F set 2-2) 7HH AH oY &9 UH
slojxgl dASE 7A L S+ 1/]1’/} copy () & collections.abc.MutableSequence
ABC °1H7]' O]"Jx] ,REE 7P AR A Fela s o] A AT

a}
© 9 remove () ¥ ValueError & 4o 7 Yth
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6) n & Aol AU, _index () & F&3= AAIUT n o] 0 o] AY S A AL Ag U
Ald 2o FEE2 BAFA 5 U 55 Al s At s+ n & e A AAH o A
%‘i%‘qﬂ}.

46.4 2|AE

PrEL N AAAE, ANAOR 52 FREY BLS AFAE o ASHUG (B FAEE S8
=2t g 4 95U .

class list ( [iterable] )

2EE o8 7HA o2 whE £ JdFYth

o« ZSE AE3I] ¥l E|AEE EAE}H): []

s BT E AL dRE FF FE5H7): [al, [a, b, c]

o F2E HZ A AFE3H]: [x for x in iterable]

o & AAAE AFL B} 1ist () B 1ist (iterable)
AR = FEET} 7547} zterable-»]- 2o g AEE WU iterable & XA, o] B Hl o] A2 A D3}
= ZH oY, ole o] AA 7} 2 4= AF U th. iterable ©] o] 7] B]~E 2}, iterable[:] I} B EHA
BAMRE S ThE oA vEE gy o 01]% Eo],list ('abc') = ['a', 'b', 'c'] W3 1list (
(1, 2, 3) ) =11, 2, 3] EW3FUch AATF FA AR gFod, BdA = MER W F2EQ
R =i i=
O g2 AMdE g2ES e =, WA sorted () & 17 A F sttt
YrEL F5 F A AEL AAES EF FEFYLE B3 HrEE o9 22 FULHAES
AFFUch

sort (*, key=None, reverse=False)
o] {AE = 5 7He < v ¥t AE-3to] B]|AEE A At oA AEF Tt o9& A=A &
T o) A S f A 1ol Al (e A 08 A e
Fotel A g oh.

sort () EAAEERAZE 5 AE T AL AAE WISV (19 =-A-F AAb:
key £ 917 118 Wol ol §4E AR e, 4 P AE 8204 Wa A& FEtE

AEE U (5 =1, k y=str.lower). B AEQ] Z+ §Eo 3 Fal= 7] 3k Myl

AP AE9he Zﬂ%ﬂ‘ﬂ@‘/ll’/}.
functools.cmp_to_key () TR E & 2.x 28Y cmp FFE key T4 & HEsH= o] AHEE
T As Yo
A A
reverse = = AU UTE True 2 AASH W, Z4v|w 7 4318 A g2E 4S50 AEg Y
ol MAEE ZAFLEFET o I HAFS A ANA=E . °
2 ZAF ke AS AR AN A A7IA1 7171 S8 BERA A A2 E EHFA AU (A A8 9
2E 1¢%¢% BAHo R @ FetH W sorted () & AHEBIA AL

(¢}

CPython -3 /},"Kﬂ: =
o) 22}, B Ao A ¢
3, AE Tl glaE

46
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AN
O,

fn)

kT

f

o
i
2~
ro
T,
o
n
o

F
o
o
)

X,

ok

u rr
n)
>,
ofo
A}
-
v
2

(& 59, set o) dict A2E Ao A3} 3F= A9,
class tuple ( [iterable]

)
RE2 oy /A g o

z s 5 dsych
o 235 AHESt] Bl FEE UEY ) ()
s Y FEFES AN BN HREE 017 a, EE (a,)
o« FESHRE LES]:a, b, cEE (a, b, c)
o WA tuple () AF&3H7]: tuple () =+ tuple (iterable)
A o

G253 I =AM 7} iterable 3 22 FZ2S WU iterable & AW, o] H o] S A Y
| o1, o]l &l ol ¥ AA| 7} 2 = AF U iterable ©] o] 0] FZoletd HAE A 2 JEE
th & E°] tuple('abec') = ('a', 'b', 'c') E WS, tuple( [1, 2, 3] )
) = WU T} QA7 oA A] ko, AR = A2 Wl FE9 () & HE Yk

Fﬂ rlr ox
)

it
N

o 2 31 ol rZ ok o
=

S vEc AL AR Eo7obd AR Yol oA L. BT = Wl FEo A9E A stale
Aol AU EHAAS Rads gt B d Yt ol& S0l,f(a, b, c) 3709 AAE 7K
dr TE0JARL £((a, b, ¢)) €3 AARI-FES A= T 2Pt
FE2 T35 AA2 IS EF AU
ol Fol o gt MM 2TF A 2o o] 3t MM AH T PEHE o] A Ho|y MO B, collections.
namedtuple () °] @3 F& AR Et o] AEd AL 5+ syt

466 HS

range 3L SAke] BW AA2E et o for 2LAA 57 A5uF M o £9) A8H U
class range (stop)

class range (start, stop [, step] )

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

__index__ () special method). If the step argument is omitted, it defaults to 1. If the start argument is omitted,
it defaults to 0. If step is zero, ValueError is raised.

Frstep ] A, HA Y W82 A r[i] = start + step*io Y& ZHF U oJwj i >= 0
o]a1 r[i] < stop YYT}h

= step o] A9, B WL A A r[i] = start + step*iol & AR AT A F 2
23i >= 03 r[i] > stop o] YT}

£ (0] A 2 AL WEAFA) go v M9 AA L 6l A Byt W9lE 2o duAE AAA W, o]
A 28] Zo A RE o] e vtz Woj e Az sl A E T

=
sys.maxsize Bt} Z BUZES 2= B = s 8HAT, (len() 3 22) dF 72
overflowError & WRAAZA 4 &5t

oA

>>> list (range (10))

(0, 1, 2, 3, 4, 5, 6, 71, 8, 9]
>>> list (range (1, 11))

(1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

(TH& sl oA ol A%)
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(o] A | o] A e A AL
>>> list (range (0, 30, 5))
[o, 5, 10, 15, 20, 25]
>>> list (range (0, 10, 3))
[0, 3, 6, 9]
>>> list (range (0, -10, -1))
o, -1, -2, -3, -4, -5, -6, -7, -8, -9]
>>> list (range (0))

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

B e ojo] Eo 7| MRS A9 3 35 A AL AL BE AFUL(ES) AL JFAfEL
The = Al A T LR gt W) olo] o)7L 1 58S fukeithe Ao 713
oh).

start

start W 7§ A 2] gk (2= v 7R A7 Al 25 2] 52 0)
stop
stop W 7} H 9] Zk
step
step WA WS] g (- WA W47 AR A grod 1)
A 1ist Y tuple o] B3l range 89 FAL range AR = T8sH= HY 9 a7)o &
(42) o] W22 ALSBTHE A UL (start, stop, step &EHE A 2341, B ool the}
R EEE RER R Ry
W AR = collections.abc.Sequence ABCE F£&3I11, T AAL 24 Qalx AN Lo, &4
AE A~ AP} 2L 752 AFFUTh (A A & — list, wple, range 5 B A R):

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

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

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

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

18

== 1} 1= 2 W AR 7} 222 AASHH Al gyt &, F A1 AA7 22 A8y 3
Uebd o] 2oy Agguch (2o vlaEE F R ‘?.ﬂ-ﬂ AA 7t M2 T2 start, stop, step O E rﬂ
HEE 714 4= 920 Fo3AM 8. o| & £9], range (0) == range (2, 1, 3) =¥ range (0, 3,

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

WA 32004 WA A2 ABCE FRFULE int AR 2 AAHe BE F5L o8 o] =atE Al
A% Azro g,

WA 33004 WA (A obol e ol 7] Whe Fa= thAl) W WA A el g5 A Aue =
MR E e == 9} 1= & Ao

[>
_1)1_14
o

~

4=
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Added the start, stop and step attributes.
o B7):

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

47 BIAE A|EA & — str

EdoH & str, B AL (strings), BAE AHE3to] AP Ut #AE2 FUIE I =
L/‘;‘J/\?Q\%E‘r TAE gHE e th gt e s g Uk
SWEIE: R TTEE T 4 AgH

Z}
2

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

J—%_Eq_%_lri UL B K<) J;]—otn:r%g_l",uuuk“ R %u:r%__n__uun

HFEER 5 EALL oY 2ol AAYL 5 A5t AN LE o] £ e Qo] £
g}

€Y E AL AP T E Al FAD At BAY AL FA4 02 B EAY AR YR WD
]/][;]_ _é_, ("spam n "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.

PADE str AAAE AHE3e THE AR R E BEo A 2% dFUTh
BES) g7 Yol gonz £AYe A Lok 12l Aol BRI 5 w0 2 e
EAG 5o A, s[0] == s[0:1] YUtk

E3H M FAEE L AT A DGR R RE FAE S S 8H 0 E FASET str. join() ¥ io.
StringloE A 4 U5

W 3.300 4 WA Fho] A 24 A, u - Fol 7t AL gl B ol thA] 3 5 8-
Utk 229 629 oo g w7 kol r §TAS A% E 5 fL
class str (object=")
class str (object=b", encoding—’utf-S’ errors=’strict’)
object 2] A2 MBS 85 ‘4 t}. object 7} A S A ¢k o W, Wl AL S EHFUTH 2184 ¢kod,
str() o &2 encodmg = errors 7F o] H A ol wpet EebA] =], 53 Z5 U th
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 T== errors —5‘ = St ol A 4, object = bytes-like object (o], bytes = bytearray)

o]o]ok Ut} o AL, ob]ect 7} bytes (2= bytearray) AA o] W, str (bytes, encodlng,
errors) ¥ bytes.decode (encoding, errors) & T% ?J‘l/]ﬂ— 1 o] 9 AL, bytes.
decode () 5% Aol W3 AN T v = ANE QST W3] Aol B AR vho] ]
2] Al A2~ & — bytes, bytearray, memoryview 2} bufferobjects & X 4 A] &

]

encoding T errors 1A} Qlo] bytes AAZE str () o] AZst= 22 1] Zl

A AR gl PRI T (hold WA §4 b = B9, of

A9 %

o

uh ek

o

et

Mnmﬁ

ﬂijh
Hd

>>> str(b'Zoot!")
"b | Zoot! ™rn
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strSei2ash 1o ol the o AT GRS B aE AU G s obele] EA1 WA = A
HANS. £0Y EALS 25 W fstrings B =9 AL 2 AN FRIAA L. £,
A2 AH) s AAE BAA L.,

471 2XIE HIME
BAGE FE AAL ANEL BT TARL, ofehol] 718 /A WA EE 2AG k.

EAQL B F A 26de BAD EMP2 AAFPUTh e 2 2o SANT SR AFL A
BOL (RE str. formar (), 20 EAD B, -84 A% 24D Zo|DE B2 L) T e C
printf 2EHo] 79 Fu, B FL A9 G2 Aok b2 Ag e E tha o PA W, Al T
F e Aol E 3% o wEUT pring 25t F44D o] ),

22 gojnejele) BaE e qus AN IR HAE B 9 E (e REY AFA A AL
23U AFoe Be e RESS e

str.capitalize ()
R EAZL d B AL T ] 2| 7 2R A ) B A

3}@’% il Z*Zﬂ fx}ﬁﬁﬂ A AT AR AT YUt

str.casefold()

A3 8] 23R T FAE o] BE Ao A RS
|5 S0, 59 284 '8 & "ss" G FFHULE o|n] 2R AC|BE Jower () &
n X A] kU T casefold() & "ss" 2 W o}
=

o] A 3.13 o A

0
2
)
iy
o

WA 330 27}

str.center (width[, fillchar])
4 o] width Q1 FA+E 9] 7h-e-d 7é g3 = =HFU 1‘/} Z] A H fillchar (712352 ASCIL 25 o] 2) &
AF&-3te] A& U Th. width 7} len ( ED} XLA U 22 A A EAE o] vk Ut

str.count (sub [, start[, end] ]
HL [start, end) oA B85 FAE sub 7 TS A 93 53 AFE EHFUG AHF AR} swart

Stend = €80l H7|H R ﬂﬁ%‘%‘i‘r-

If sub is empty, returns the number of empty strings between characters which is the length of the string plus one.
str.encode (encoding="utf-8’, errors=’strict’)

Return the string encoded to by tes.

encoding defaults to 'ut £-8'; see 3£ <1 5 for possible values.

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

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

WA 3104 M 719 = AR} AP o] F7bE 5T

H A 3.99)| A ¥ 7 : The value of the errors argument is now checked in 3} o] %1 7| 2} 2 = and in debug mode.
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str.endswith su]ﬁx[ start[ end]]

Exd o] A1 A H su]ﬁxi‘ﬂl}tﬂ True € 831, 28X o HFalse & EHF YL suffix = 2313}
She AU AEe] REo B 4% stk QWA sar 7 AFH W 1 9 A A AAE A e
A end & A-S SR K A AN A )0 E FRIULE

str.expandtabs (tabsize=8)

BE 9 2RSS AR A3} o2 § 270 whe} i) 1 o 4be] sslo]Am A BE BRI e
BAEE EFUT 9 912 S absice EATLATUTHO1E e 8913, 0.8, 16 59 9 A€
ARG, AL Bge7] A Al dol 008 44N 7 FALES B4 92 AT,
SAZL R (1) o7, A7) Dol 43 & 91415 2ok wl7hA St o) 48] sl ol 2 E AL A H U
(R B4 A & BAR A 5 Th) 247 B4 (\n) £ A A 29 (\x) o)W Habs] 1 AR
e 0oz AAFHYTh ThE FAE WAH A i BAE 1 A DL AT @) £47} o @A
EAH Ao Bl 14 SR 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]]
2 AL sub 7k €2Fol & s [start:end] Woll 8= 7MY 22 AR Y] A9 28 EHF U
AE A 2 start 9 end = Zehol 2 B W02 S AF UTh sub 7t 9o -1 BelF T,
Z3: rind() WA ELE sub Y H?ﬂ% ool & Aol vk AbE-3f oF U Th. sub 7} & AL AA]
Folste ™ in O:]/\]-X]-E ARSI A 2
>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)
EALZRN ARE AT o HAEA EEH L FALL AHT HAEY 38E () 2 7HY
N8 HEE 29 4 Daul . o AB B e S L] A 2 S
S Ut 4 AR =S AP Qo] BAD o E AR EAL) RS Sl F VT
>>> "The sum of 1 + 2 is ".format (1+2)
'The sum of 1 + 2 is 3!
9 BAGe) A 4 D THFS EU S0 B AP U B4 B & FEFHAL,
3. A} (int, float, complex, decimal.Decimal®} AH FA)EnFA oz T uf (o:
"{:n}'.format (1234)), o] &= A A S Z 1L.C_CTYPE EA Y-S LC_NUMERIC EA YR AAsH
o] localeconv () & decimal_point 2 thousands_sep =& ﬂ F T 3=, o] =5 o] ASCII
7} ob] AL} 18}o ]EED} 117, LC_NUMERIC ZA Y ©°] LC_CTYPE i?ﬂ Ayt w vk 28 A Sk
o] YA WAL 2 Eo g FUTH

A37NA A AEnFA g S, o] 4= o] F ol AIH S Z LC_CTYPE B

9S LC_NUMERIC 2A Y& A A3}

str.format_map (mapping)
str.format (**mapping) I B3R 2 dict 2 BALE A] 94 mapping = A At} o
S o] mapping ol dict A/ B Ze) AT §83h ok
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str

str.

str.

str.

str.

str.

str.

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

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

A 3.20 F7}.

.index(subLsﬂnTLend]])

find () HFHSHARE RE FALE 2S5 e B¢ valueError & 4ot

isalnum ()

B9 42 B8 R S el Aol el @k ol B9 1rued B2
IR el rFralsed =8 FULE 4 c & U 5 3tU7F True € ¥HEsHA sl o] Ayt 221
Ut} c.isalpha(),c. 1sdec1mal(),c.isdigit(),c.isnumeric().

isalpha ()

AL W] BE A7 gupdl o], Aol v o}bH EAZF EA = AS TrueE 2L, 13 A
ot ralsed EHF UL &bl FA= FURE 4 tl o] g H o] 20 Al “Letter” = o] & 4}
AUtk 5, k- M £ 0] “Lm”, “Lt”, “Lu”, “LI”, “Lo” & 3tuh #2dUTh o] A2 fFUZE=E
FZ oA A 2] 9 “Alphabetic” 44 3} T} o] 3] 8H4 Al 2.

isascii ()

A o] vl o] AAU EAL Y] BE FAZFASCHOIHE TrueE S8 31, IHA Fo W Falses &
2] &t} ASCII £ 2}= U+0000-U+007F 9] o] F & ZAEE 7 U th

W2 3.7 F7L.

isdecimal ()

A WO B FAF AR F Aol AL, Aol = shute] A EA Bl B TrueE S8, 18
ﬂ%ﬁﬁpﬂwaaazuwﬁﬂTfﬂ:NﬂﬁOETA—%Hﬂw&%%¢ﬂ%%x%ﬂ
Yt} o] & E9], U+0660, ARABIC-INDIC DIGIT ZERO. Al & 0 7 A 24 BExE= fFUIZE dul S
“N&” o %3k 2 ek,

isdigit ()

BAQ o) RE BA7 U Aol 1, Aol % Site] Ba EATE P True s BHFT, 18
oW Falses FHFULL A= AT BA} S84 9 A 2ot 22 S+ A7t 288
SAPLERHU. o710l A5 E 2AAY A AR 2L FAT 0 A8E 5 PE A5
Z3E Utk g4 Ao 7, T 32 £ A 3ol Numeric_Type=Digit === Numeric_Type=Decimal Q1 &%} ¢
e,

isidentifier ()

FALE o] A A section identifiers & o] oj ol b2 F &S AEAEH TrueE EHF YT

TAE s7hdef W class @ 22 o o A -AJAX] GAFete W keyword. iskeyword () 8 ZETHA
Al Q.

| A :

>>> from keyword import iskeyword

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

(True, True)
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str.

str.

str.

str.i

str.

str.

islower ()

AL 4] BE AolL BAI 2B A0 W, A% Bhte) Aolx BAN EATE S True
E8F, 382 o Falsed EEFYtTh

isnumeric ()

A ] ZE EAE A0l T, A% Shite] AN EASE B True® AT, 18A 2
SWralsed BAFU AL UAH $UDLE 24 548 2= BE BAE ERIU. A F
9], U+2155, VULGAR FRACTION ONE FIFTH. &A1& o 2 $x}+& £ 4] Zko] Numeric_Type=Digit,
Numeric_Type=Decimal, Numeric_Type=Numeric 91 =2} ¢ 4 t}.

isprintable ()

TAE U e EAVE AT = QAU FAE ] v Y O H True & EHF01, 13 A koW False
E=85Uth A48 F Qe A= FUIZE A Y o] H Hﬂ o] 2~ o] “Other” =+ “Separator” 2 & 2] ¥
TAFY Ut ASCII 25 o] 2 (0x20) += of| ] Q1 e, J14) 7Fe 3t 2o & 7k L‘413} (o] EHof| A, 14§ 7}
58 F A£Gl repr () 2 B2L W o]20)5 57 grofok s AU Th. sys. seout
X sys.stderr 2 285 = B9 7o 43&FS A &H5UTH)

isspace ()

A ol 39 AT T, Aol % shel £ EATHE S Trued BelET, 294 Fod
FalseE & &5 4t

FUZE= B2 dolgu o)A (unicodedatals FZ2 A L) oA, Lul ¥ 3 (general category) 7}
Zs(“Separator space”) o] Ay gk & 2 2 (bidirectional class) 7} WS, B == s & ol d A= &
W (whitespace) Y U T}

istitle()

EA o] A% A o) 2 EAL o)1 3 o) 9] BATE S A9 True® BHFUh A€ Sol 2 A
shell= Aol gl A & 4 QAL v Abe Aol 2 A AT & ¢ s Ut A9 S B
FalseE 8 &Uth

isupper ()

A el e Alolx EAZF Aol AL, Holx stite] Alojx EATE EA S ¢ Trued

=833, 38%] goHrFralses EEF YT

>>> 'BANANA'.isupper ()
True
>>> 'banana'.isupper ()

False

>>> 'baNana'.isupper ()
False

>>> ' ' isupper ()
False

str.join (iterable)
iterable &) AL EE °10] 2 FAL S S FUT iterable o bytes A} 718 AL o] opd gho]
Ae™ TypeError & UL 845 Abolo] FEAE o] I ES Al F st AL YUt
str.ljust (width [,ﬁllchar]
Y=oz 499 809 o) vidh A $AG2 EAT A flohr (7] 808 ASCH 2012
= AH&ske] g U th width 7} 1en (s) BTk A AU 22 39 A F2Fd o] vhgkg Yth
str.lower ()
BEAol2 BA 7l £EAT MHT BRI HARS EFUT.
AEE e 2R AT SR ES FURE F29) A4 3.130] AwE o] Y.
A o) BabE dul W E £ 4 o] “Lu” (Letter, th& AP, “LI” (Letter, 228 AP, “Lt” (Letter, Al & &2 & 3 7}x 2 42Ut
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str.lstrip( [chars] )

A FATF AAE FAL Y EARE S EHF U chars A= AAD Z2A HES AF = =

A1tk A2k A None o 2HR, chars AA12] 7| B gHe 2L A A SHE S FU T chars <)
BEAPF ol U Th R gk 23to] Al AR Ut

2

SETS

>>> ! spacious '".1strip()
'spacious !

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

FEAL R3] BE Ao] ofd b HFAF AL S A| A= MM EE str.removeprefix ()&
AL, 8

S

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

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

static str.maketrans (x[, y[, z] ] )
ol AA MM ExE str.translate() ol AT 5 e HIRE EHF U
QA7 sl lom AU TE EAE (B4) Ex BA(Zo7H

(9} 20]) E= None 2 2 B ek €41 2l ofof FTh B} 7 fUFE TelE g Mag .

QA7 AW o) 7t 2L A ol ojof ahul, A} A 2ol A, 0] 7 EA = yo] 2L 9 Ao
222 gegUth Al 8RS AA7} e AP, £ 2 °
EEEE S

str.partition (sep)

sep 7} A& LER U 9

A o]
Bos 24U 3RIE gy
EREERE EEMERR-E e T
str.removeprefix (prefix, /)
T A o] prefix TAFA = A28, string[len (prefix) :] S WU 2¥X ofowd, &

o) A g o)

EHU

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

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

WA 3909 7}

str.removesuffix (suffix, /)

E 21 G o] suffix FALL 2 T S T suffic 7t Bl o] A koW, string[:-len(suffix)] & 9Hagt

Utk 134 show, Ae BAE ) AES MEE ok

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

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

B A 3.9 F7}.

str.replace (old new[, count] )

=

RE VR BXY old 7} new 2 X FH FALH ] EAR
+e] count 7H WA g-g Yo

tlo

=HS5YUY A" A QAR count 7 Fo] X 4,
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str.rfind sub[ start[ end]]
B2 24D b 7}s [startend) WOl S35 7Hg 2 2 ALY A9 A8 U A9H AR
start 9} end = 2o 22 B/ 0 2 APt Ashste -1 & B FIch,
str.rindex (sub [, start[ end] ]
rfind ()} VA B ZXAL sub & S Qv A valueError & 4o Yth
str.rjust ( width[ ﬁllchar]
o=2xog AEE 249 2 o] width © —I_v—X]-"di =8 F4h X]@%ﬁllchar (7)1 EZF-& ASCIIL 2~ 3
olx) S AHE o].o:] A&tk width 7} 1en (s) Bt} ZhAV 22 ¢ A8 #ALG o] vhghg Y th
str.rpartition (sep)
sep 7F A 50 2 e 114 £ 4D hed, 22 o] gl 92, TR A, P22
e Rpos pAHIEES BAFUL. TRAI BAHA Fod, % 9 1 EALS 1
et E4d Ao E PAEAFES SHFYh
str.rsplit (sep=None, maxsplit=-1)
sep 5 T A wAAE 2 ARG S A Ol = Tl 59 BlAEE SEF Y Th maxsplit ©] o] A A 7}
& L&A A maxsplit 2] o] FFHUTh sep o] AFH A kA None o, FREAR BE
S9 BAABHUT. 0 B Rl Belshs AS AN, ropiic ()& ool f A A8
split ()AE B2,
str.rstrip( [chars])
£ LA AAD B BAEL Sel S chas A= AAD 2 AT AR £
d Yt Ak At None o] 2HH, chars Q1A 712 g2 WS A ASGEE Futh chars A A=
A A7 o ok R E gk 23] Al AT Y ok
>>> ! spacious '.rstrip()
! spacious'
>>> 'mississippi'.rstrip('ipz')
'mississ'’
T2} Aote] 2 E Ao old T HAuA EALE L A A= A EE= str. removesuffix () S xR
AL o E B
>>> 'Monty Python'.rstrip(' Python')
lM’
>>> 'Monty Python'.removesuffix (' Python')
'Monty'
str. split (sep=None, maxsplit=-1)
sep & TRA BALE ALEEI] EAE A = ©@ol 59 FaEE EYHEFUTH maxSPlit o] oA
2 ™ maxsplit 2] 2o FFFUT (WA, ] 2EE Hthmaxsplit+l 7] 8485 7HAA U th.
sl o) 41351 7] SH9A Y1 o] ohel S o0 A o) Gl (7 6 8 Bl el 1 ich)
sep Ol FolAH, AEKH FE A= FolA Rl FAL S Fiote 2oz Z‘HD‘r(Oﬂ "1,
csplit (", ) =01, Y, '2']1 & SEFYUDH. sep A= oY EAR F %4;} 14“%
(Oﬂa Sol, 11<2<53 L split (<> ') £ (117, 120, 3] EEBHFUD. AFH FEAR 0
TAES UYFA '] EEHFUSh
A& =d:
>>> '1,2,3".split (', ")
['1" '2" '3']
>>> '1,2,3"'.split (', ', maxsplit=1)
['1|, '2,3'1
>>> '1,2,,3,"'.split (', ")
['1" '2" 'l, |3|, 'l]
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sep ©] AR A kA None oW, t}2 £ g Fol AP Urh 4

L7
\=} RS RS h T R
Bz 2178w, BAde] 4dol} $8 B EF = At A%t Boll W EALL F3A
AUtk Aoz, W EAdol FUo 2 PHE 4L None TRAE W (] & B
U

o EH

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

[Ill, '2!, '3!]

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

['1" '2 3'}

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

['1" '2" '3']

str.splitlines (keepends=False)
AANA e EAE Y & H2EE EHF UL keepends 7} O R F o)A 2] b= S A3} 2] A E
€ vk 2AEA sy

ol MM EE thz & AAlNA vs Ut 53], A

o
Fel

g

FUNA E Y7

rr

=9 My

\n £4d7

\r el A e

\r\n MR b+ & 27
\vEE=\x0b 3% H

\f E+=\x0c =3t

\xlc vt 7‘—}?‘7‘]’

\x1d 15 FEA

\xle GlEASER

\x85 2 = (C1 Ao Z =
\u2028 = TEA

\u2029 = TFEA

WA 32004 A \v &\ f & F A FFol F7HAF U
A =4

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

['ab c¢', "', 'de fg', 'kl']

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '\n', 'de fg\r', 'kl\r\n']

[>
m
e
i
v

?'—r‘xl’—r‘;q'asep ol FoIRE W split () 2, ol MINELE ¥ FAE o i A 1l
Z3, v e E ukE LS A &S HEA gEUth

>>> "" splitlines ()

[1]

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

vl ws) B, split ('\n') & o] ZA FYh

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

['"]

>>> 'Two lines\n'.split('\n")
['"Two lines', '']
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str.startswith (prefix [, start[, end] ] )
TAFE o] A ZH prefix 2 A &S True € 83, 1384 oW False § S8 F YT prefix =
37 S AT AES FEO B £ AGUTE 494 van Ak ABH W 2 AANA GAE AAG
Utk AE A end & AHE-8HH oH%HiMW HwE Sy oh

str.strip( [chars] )
A3} Y £} E S AL EAGUTE, dhan A2 AN R AHE A F T
TAE Yyt A2k At None o] 2HH, chars JAFS] 712 S 3 S A A= 5 FU T chars A=
AL G AL obg U ok RE gk 2 3ol Al A Utk

>>> ! spacious '.strip()
'spacious’

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

7V a5 o] A8 = 53 chars A} S0l EAFL A A AFH U TE E A= chars ) = =4 A
ol ZAH A L TAl 2wl 7hA] W ol M Al AG Ut ol A= FARE F 2ol 3 H Ut

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

'Section 3.2.1 Issue #32'

str.swapcase ()

WEAE 2R, L RHHE b7 2 HE g 229 AR S E8FUth s.swapcase () .

swapcase () == s 7} WFEA] A H 3R] -0

str.title()
G} 7 E AR A &AL U A £ 2b = AR A EE ALY A E Ao~ HAS EEFUTh
& Ed

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

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

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

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

-
>>> import re

>>> def titlecase(s):
return re.sub(r"[A-Za-z]+ (' [A-Za—-z]+)?2",
lambda mo: mo.group(0) .capitalize(),
s)

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

str.translate (table)

Return a copy of the string in which each character has been mapped through the given translation table. The
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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 () & AH83tel THE Y49 Bab o) 2o w FE AB WS WE 5 dath
Axg B tjgt Bop A A2 HE codecs BES FAIFAHAIL

str.upper()

REFAolA EX 7t Y EAE HSE EAGe] BEAMR S 8= 14]—/], s 7} Flo] A Q= BRE mat

S 83 B8 FURE B L (Leter, ALEA) 7 o1 3%, A& Fol L (Loter, A%
Aol A), s.upper () .isupper () 7}FFalse & 4 QLo 2 3AA L
AeEE EA NE BTASS FUTE B2 A4 3130] AuE o] gy,

str.z£ill (width)
2 0] 7} width 9 EAFE S WE 7] 93] ASCIL ' 0" FALE PZof -2 EAF 2] EALR %%azqq
A‘]?fg‘:'i?g—,—o](' ' '—')‘E‘]‘T‘—i“r‘x]'-/] Qo] ol e} 5 o XH‘OFJ %]—‘E -

Ten(s) Hoh A7 g 49 A7) £A9E BelF

o g EH:

>>> "42" z£fill (5)
'00042"

>>> "—42" z£fill (5)
'-0042"

3 o7)o) AgE 2w A2 o kA dHbE < L FE (A E ol FEH YAV EE SutE A A%
2 ot A) FEete g AR E] dFUTh A 29 FAE 2lEH ¥ U str. format () AEH o]~
S22 HEZ8 FAYE S A E o] Y 7 E AT dHUTh o] AE2 ESHAE 2ujgof o
A8t sty B rhe e S ATy

TX}"E‘ AA L S7HA] LR W Aabg ZEa JFUTH % OVPZH EZ). o) 22 EAE 2vld =& A3
AxAtetr = FUTh format % values 7} o1& ufl (formar & XD QU Th, formar W 5F-2] 5 A3 HA|
£ 070 1732 values ] S 42 hAIH YT} o] E3= C Ao A sprintf () & AHE3H= 23 vl ot

format ©) SLEe] ARHE L7, values = SIS vl FE AR A 4 AFUTH TEA B0 W, values
formt S 101 A4 5 B8] S 20 520 : 2 Sof, gA 1 e) olojo} Ptk
WS AL T ) o4 £AE RS T2 2L T4 225 EFE, HEA o] AT 2 1glo}

gk

Lorsr 220 gAY Al AE YebE Y

2. w33 7] (A AL 23R Sl RAEY AlE2E A U (Ol E £9], (somename)).

3. A ZE L (A E A GF wig F3 9 Ao dEFS FYTh

4. A4 FE Z (A A '+ (2B EaT) 2 AR, AA F2 values T2 Tha 84004 €3]
a1, HEE AA = H 4 %ﬂ‘: F0 A AU FHol| STt

5 U= (AEARD: 'L () theoll AE =Y e (laEHEa3) B AR, A Y E+
values 522 thS Q A oA 21311, HE S 7S AW E Ho St

SaUA, FEE Zujgsled 20 B shuwhg 235 1-5ES Algd o guth
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2})

has quote types.
"number" :

"Python",

. {'language':
Python has 002 quote types.

>>> print ('

‘H M NN AN SN AN AN S S S ~ oo leon)
o oe H )0 (G Q) Qo 0 S/ ) D) (el
B i3 R
3 Mo
o W T
= ° U
< %
P w oy o
A aY T
Tk | m .
N i<
ket K
RCI I o
i Urﬁ. C oy op
= EJU B 4 T
o ol T ~ il J
‘_on_H 7 N \mv \.mv
ol Wﬂ‘_ N R o o
~ T ® T x ok o8 | B
p o7 W & T X FRE
= @ o N ).Uvﬂrm'd.u
T | W T TmI e
- E) B W o
TR — 1 o
Jn ?° my X oo i ﬂh‘%m‘b@
= R 3| T S B e
) sk et had hud ofo *" B o
T .o 9 = By B L
e L Hpo o ﬂoqﬂoqaﬂei”fr
‘El E.E]r A _vA,]II7_|L|
FICHE T B UrHUrUuo_Eﬂﬁ_nﬂdx
RETT | Tl 2 W
=R @ < : Koo N ofo N = B 5 =
T N X - IR 0 — T o
Ny FUET B o 5 =& 444&%ﬂwww
iy MMWOH_M%_ ~ ) <o S (I m&aw._‘ﬁw_ao]‘ﬁlwaw
ay A NE o < sy - ﬂehﬂhﬁiﬂnﬁ . .L_l&.l__l,A_-uu|‘_|_m|1.|o‘.wvj
{|n Zr ok m g oy NN NXIETTNBNB oo o L0
NIl _w__moﬁo 0| O _ﬁ_vo ‘Dr el Wﬂu_ﬂ_ uTLNﬁNﬁﬁo@OATATATAT7 nA_lm._,m,A _L,
™ =i¥y 2 = = RECEIIOL - Ny T c_?EA W %
on T L S R i hick sk RS
ny me_m@ ol S~ AITHqoww_ﬂﬂmumuao@aoﬁﬂo i w.mﬂ
o WA_.A_/] mw_ L,ﬂr ﬂ- R ook 2 S magaRETERE O e o] & T 5 & &Y
= ,% o} %$ =5 gn A g0 0 AR A AR AR LE SRR R 28 OB
np) ’ z ﬂuﬂu M_)._E m\ﬁ iy SRR R gz R X« <« <« & < = OF gwgwgy
A T et ol B Y iof o} 1ol 7 o} ief b o bo Lo o TP Lo T T R R N K
Gl ﬂmﬂ am IO e e e e e e e i e B el e e
Hw ] < o
.- - = ko] ~ - - - - = .- M- B
o Il T w+ o | + o e Y | O 08 XNX OEHE D O U 4 W © o
= - S = _ct N - BE- BEN- - B B = - - -
5 W o |
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(1) tHAl A2 A HA A2 ol A3 8 A2 (100" E A AT Th

2) thAl AL R AR =2 o] A 'ox' B 0x' ('x' U 'X 58 F o] AL AL st kol whet
e ynh & A9 dd

3) Al FA2 2 FAoll A7 e deets 4 -2 2T
AEE = 4a5H o3 ABFE AR 7232 69Ut

@) Al B4 Aol Fd a-HS T8 Foll 2+ 02 AAH A Ut
AU+ 2503 IF 9 FE2 AT E AR e 7|22 69Utk

5) ALE7INolgtd, 292 N EAZ YUtk

BAA Dol S 7HAAL e B g, o M2 FAFE ) Eo] '\0' o]kl A skA] kT

Fo = A=A FF U

R
=
(98]
p—
2
>,
2
o,
1)
PRUR!
)
o
—
[¢]
(9,1
(e}
filo
eirg
rlr
My
R
=2
)
%
o
o
g
rit
flo
n
rlr
o\
Vo]
rE

4.8 HiO|L42| A|RHA & — bytes, bytearray, memoryview

A R=e]
=«

bytes & bytearray YU rth moryview o

Hhol U] ol e & 22157 A3 A WP L NRAEL me
melof %Ak glo] A257] A5 Mo Z2EF & A FUTh

ﬂﬂﬂ%ﬂ%wQ%Mﬂuaﬂm;ﬂ%

array RE232-0E A EEETM WA E 5 &4 22 7|2 HolHE 2889 AFE AEF
Utk

4.8.1 H}O| ZHA

dtolEd A= v wlo|ES ] B AA~YYTh B F utoe) 2R EF 1AmHﬂAEJi%%
7o 2 e g dlo]EY AA = ASCIL $3 Ho|HZ 2y & o vk 533 o 7HA] WA= E A& 3ty
G 0E I e £AY AA e WA Helol sk

class bytes( [source [, encoding[ errors] ] ]
Az, ko= elel o) B BAY e e @3t Ae) 2R vk BEAV R bR T A o] thE ok
e Zrew 2 F:b'still allows embedded "double" quotes'
e Double quotes: b"still allows embedded 'single' quotes"
e AE=UWLX:b'' '3 single quotes''',b"""3 double quotes"""

Hho] =9 2 B Fojl & ASCIT EA18H 31§ P Ut (A AR £ = JAng3} BAGEUD. 127 2k 2
whol 2] G A A o] 2A)0] = Al UL E ALE Yol vho] 2 2l el 2ol 13l of ik

AL HE P Ff-o v A 2 vle| E 2lH E 2 o] aA o]z Al A A A2l E v EA 3 e 6l
r FFARE AT T AU AQEH = o] aA o] Z A AL E E3 St Hlo]EA 2 H B thdst
2l o off 3k }A| 3+ U] -8 strings & X3 A L.

ol EE 2B E 3 1 W2 ASCH HAEE 7|00 2 SHA|Rh Hio] EE A= AA 2= A9 &9
/\]i’\ﬂ‘j’q FAetaL, Al 829 ZH g2 0 <= x < 256 o] HEF AP YT} (o] AT AutetE 1L
A= valueError & 42 7]‘4‘;}) o] 21 W2 vtoly g F A o] ASCI 7|¥F @ A E Z3eta d 7

ok

_4

e A% QT E O FEIA 2D 5 YA, 992 vol i 2 voleo] YA 45T
SE Qe AR A AQUTHEAE 42 S0 52 PEH 0T ASCI T Fo] ohd Hho] e
dlole] 4o g3k thol o] e 402 olo] FU T,

JHY Y4 ool =, ulol Ed AR+ of e /A ThE HoE BE 5 dFUTh:
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o« AR Zolo) 0oz YA ule]EL AA: bytes (10)
o A9 olE B EZHE]: bytes (range (20))
o M3 ZREFS Fof 71E vtely g o] B HAL: bytes (obj)
W bytes & R 3IA L.
3]

2749] 16715 B33 Shpe) upol = ol o) 35}7]
Qi 02 AL F AT ahebA, vpo] £ 3
=€ 2%tk

classmethod fromhex (string)

o bytes S 2 WASE Fo] 1 24D AAE TG A vlol = AR E SeAFUTh £
Q2 whol £ 5% /8] 162157 3] o] of 5} ASCI 292 A5 1.

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

3k
L
1

-

w o 1645 Hho] v e H o5& 49
EEE PEEREEFEUEESRER

WA 370 A MA: oA bytes. fromhex () & 2¥ o] 28T oy 2} A F of] 9l EE ASCII
S AVgE Y

Ho| EE AZE 1635 A o2 WEsl7] 915 i 471 sy th

hex ( [ [ bytes_per_. sep]]
Adxd o] vlo]Entrl2 A4Bl4) 652 BAT FAY AAE EHFUTh

>>> pb'\xf0\xf1\x£2'.hex ()
'fO0f1£2"

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

>>> value = b'\x£f0\x£f1l\x£2'
>>> value.hex ('-")

"fO-f1-f2"

>>> value.hex('_', 2)
'fO_f1f£2"

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

'55554444 4c524c52 4142"

W7 3.50] F7%

WA 3804 M7A: o)Al bytes. hex ()= 165 S 2] vlo]E Atolof] 7 7| T & AF Y st7] Sk

A e A sep} bytes_per_sep W 7| W5 A Qg T
ol EG A= A4 ANFB2(FEH FAD ol 7] 2ol vl EQ AA| b ol sl A, b[0] + B+7FEY
oh ¥, p[0:1] = 2ol 1A vl EE AR 7 FUth (o] AL AE A S2fold BF 4ol 1 AL+
Agote g2 FALAI gz g Uty

Hio| EE A9 “ﬂ° alEi A (b'...") &A=, TF bytes ([46, 46, 46]) BT} {8317
EY YTk 1ist ( Z Abg35d H]—O]E—.‘Oﬂ AAE FA A4 g A2EZ W3S 4 g5 yT).
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4.8.2 HIO|E HHE ZHX|

bytearray A= bytes A9 7FA S J Ut

class bytearray ( [source[, encoding [, errors] ] ] )

Hlol E v & A= A5 Al A2 (B 2EL FAD o] 7] Wi Zell, ulo] E v & A b ol thall A, b [0] = BT
AUt 99, b[0:1] & Aol 1A volE s g AA 7 FUth (] A2 G AT &efold BF 4o |
EAAS AATE B BAL 2T U
wpol= WY AAe B whol
bytearray ([46, 46, 46]) H
A AFPrER AT £ Q5Y

HpolE ud AA o st AL B E THS oy A YHAE T &3] WUt
e Wl AAEA TS 7] bytearray ()
o7 Zojof 0oz YA AxEx W5 7] bytearray (10)

959 olE Y EZHE: bytearray (range (20))

X

X

- W3 Z2E2S 53] 71E vholv 2] Hlole H Ak bytearray (b'Hil ")
Hpo] E Wl A A £ 7hi o] 7] wholl, wpo] E < J no] E v A A4k of] A o] 9)
Hpo] E v @ Astell Hafl, b Al A4te Ay
WA bytearray = ZrZ A 2.

2709) 16255 A &3] shitel nhol 2o t)S5k7] W Eo) 165 vhol 2] to]el & A et o
durd o2 A AUk mebd, nhol= WIS 1 PAe) ol g o e e
oA =8 2
classmethod fromhex (siring)
°| bytearray S WA EE FoI A2 AA St QA vhol E w4 AA £ S5
EALL pol & B % 7o) 16715 7} £ 715 of of 3hvf ASCIH 392 A 1 o,

rlr

3% o=z

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

O

WA 370 A MA: o)A bytearray. fromhex () © 2| o]~ ut ol BEXFo) = 2L E
il

ASCII 392 A% Ut}

HlolE vl AAE 1674 B0 2 ¥Fely] 98 AW 471 Jd5 U

—_—

hex ( [sep[, bytes _per_sep] ] )
ad o) npolEvbb2 A5 16052 RAR EAL AA S ST

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOf1f2"

WA 3.50] 27}

HA 3.8 WA bytes. hex () U3, oAl bytearray.hex ()& 1674
Abolol] & 715 & A st7] A8l A el A sep3) bytes_per_sep Wi 7| W& XA 7Y
|

Ed g HE ¥4 (bytearray(b'...")) & Agst=d, 5
o 5837 Wl E YUtk list (b) &AM HlolE vl E AAE &
o}

62
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4.8.3 HIO|E¥ 1} HIO|E HiE AL

slol= st upol= W AR E B AL A0E A AP oI AEE e 9 FAUALY ol
£ bywes-like objecr9} 35 SR UTE oA B A0 o, 0% glol YL ARFA EFE 4 A%
ek e, Aot M e ol A9 Ao el el 4 9l eh

i volEd gnlo]E il d A 9] Wi Es AAE FAE S Wols oA e Th AA 9] WA ET}
HFO|E QS AR 318514 ob= A3 vE7HAI U Th ol & =0, vt 2ol A s of gt

a = "abc"

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

183

a = b"abc"

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

A7 dlo|E gl vpol E v A2 ASCIH 2 & vhol v 2] Y42 7HAstez, 9ol vtel e HolH=
2 o= FsloF du k. o] 27k Al R AP ool A thE Y T

Hi: o] 25k ASCI 7] ¥k QA4 AL§-3ho] ASCIL 7] ¥k 4 2 2 4 4% 7] ek who] Ve vlo] e & z4-ahwl
Hlol 87k <48 4 & ek

Hio] E Bl nfo] E wl G A o] th g ok WA == 429 viold g Tl o] ¥ &} FA AR 4 Ut
bytes.count (sub[, start[, end] ] )

bytearray.count (sub[, start[, end] ] )
B [start, end) AN A B A D2 sub 7} S {4 A 9L 57k A4E S2FUth A9 F AR start
S}tend = Eetol2~ 71 o2 A g Yt
AT A B A A= Q99 hyres-like object TE= 00l A] 255 Abol o] A4 4= iUt
If sub is empty, returns the number of empty slices between characters which is the length of the bytes object plus
one.
B 33004 MG B AJFLR 00| A 255 Abolo] o= 3-8 Th
bytes.removeprefix (prefix, /)
bytearray.removeprefix (prefix, /)
vo] A 2] Hl o] ] 7} prefix FAFE & A28, bytes [len (prefix) : ] & WHeyoh 23] ¢kowH,
A2} uhol L1 o] B o] AHE-S whEH o)
>>> pb'TestHook'.removeprefix (b'Test"')
b'Hook'

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

prefivs Q9] vho| =A% A7 D 5 Y&y

FaL: o] WA =e] vpolE vl WA Al A2l A F2eHA] s Uth- A A e BeEA Y
A AAE TE U

B A 3.9 &7}
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bytes.removesuffix (suffix, /)
bytearray.removesuffix (suffix, /)

Hhol U] 2] d] o] B 7} suffix £AFE = 2 WAL S T suffix 7t W o] QLA oF

S W bytes[:-len(suffix)] &
Fehghuch 224 o, e vtolui g ol g el AHR S whakgh o

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

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

suffic’s 999 vl A5 AA 4 5 AT

2A3: o A =2 vholE w A WAL AR ol A EReA Fguch- AR A G ASE A T
A AAE w5 o

B A 3.9 &7}
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= 213 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 o & #| 2] 7] for details.

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

ZF31: Passing the encoding argument to st r allows decoding any bytes-like object directly, without needing to
make a temporary bytes or bytearray object.

WA 314 HA: 7|9 = AAF A Do) F7H=E 5T
H A 3.99]| A ¥ 7 : The value of the errors argument is now checked in 3} o] %1 7| 2+ 22 = and in debug mode.
bytes.endswith (suﬁix[, start[, end] ] )

bytearray.endswith suﬁix[ start[ end]]
vhol v g dl ol B 7k A A suffix 2 U™ True & ST, lax] oW ralse & S8 F YL
suffix = XA sk HEAME S 20 2 5 01%14 o}, A A start 7} A 2= H 2 9] X 01]A-] AAE
AUtk A A end & /\}%?‘5}@ ' A oA v E FHIYTh
ARG FuAHE) = B Y bytes-like object @ 5~ AU T
bytes.find (sub[, start[, end] ] )
bytearray.find (sub[, start[, end] ] )
B A2 sub 7F & 8Fol 2 s [start:end] Wl 533F= 718 2+
A A 12} start 9} end + E‘r°1’\*7lb”oi"ﬂ”914r+ sub7}
AN B A A= DO Q] bytes-like object == 00| A 255 Abol o] A4 4= dF5 U]

§2 0
rE

iR

tlo
1
ROy
o
o
2t

Find () WA b @] 9 2F ook & Aol ek ALg s oF Fuith sub 7h R & EALAA
£ AW in AUAE AFIAA L
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>>> b'Py' in b'Python'
True

WA 33004 WA A H A AL 00 A 255 AFol o] A% 323 T)
bytes.index (subl, start[, end] |)

bytearray.index (sub[, start[, end] ] )

find() I HIREFA T A B ADAE ZE 5 Qe AF valueError & o3 Yth
AT B A DAL Q99 hyes-like object == 00 A 255 Abol o] A4 4= Ql&5 U th

W7 33004 WA B A2 004 255 Abol 9] A4w 58T o).

bytes. join (iterable)

bytearray.join (iterable)
iterable & vlol v 2] t] oY A| B 52 o]o] 0]7] FHulo]Ed K= ulo]E uj @ A
iterable | st r 2§ A} 71 €} bytes-like object 7} oA ko] JA2W TypeError & 42
o] FEAE o] M EE Al F k= Hio] EE o] v upol E v & A A Ut

static bytes.maketrans (from, to)

static bytearray.maketrans (from, t0)
o] A WM Ex bytes.translate () o A& 4 9
to 8] 22 YA A= B2 viF U} from T to =
.
WA 3.1 F7}

bytes.partition (sep)

S
=
Y
[}
=
w‘
o
S
S
)
o)
<
£
[
- <
oL
|
N,
o
N
-
m
[
-
(&4
-

bytearray.partition (s

(sep)
A AZ HEEAAAN N e PR gol S8 TR A, 224 A 2
BOog FHEIREE SATUL FA7 UANA god, Ao Aol B4R} 158
et el W ool g EE wol = MY AAE TAE IR EE EAFUG.

b2l _11?:5_:,_ T-E A= A 2] 9] bytes-like object Q@ 4 Y5 Y T

bytes.replace (0ld, new[, count] )

>

bytearray.replace (old, new[ count]
BE X E ADL2 old 7} new = A A D20 BARLS SeEUTH ABA AR} count 7 0] X 1,
9 count 7] ¥k 2] 2+ Ut}

AAG A B A D28 T WAE-S B9 byes-like object D 7 Y5 T

e o] WAEY upo = il WAL A e oA F Ao ks UTh- WAHA b A9z A
A A7 & whg Uk,

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

bytearray.rfind (sub[, start[, end] ] )
AB ANB2sub 7} s [start:end] Yol 533 714 2 ;\]fq/\4 olElAZ =5z AE A oz}

start 8} end = & 2ol 2~ 47]‘:”0%0“"4%‘4‘3]' Asfsid -1 & EHFUTH
AAS B A|A 2= A9 9 bytes-like object T== 09| A 255 AFol o] A4 4= 5 th
W 33004 WA A B AJAAE 00| A 255 Abo] Y] A= &8 Th

bytes.rindex (sub[, start[, end] ] )
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bytearray.rindex (sub[, start[, end] ]
rfind() BRI A B A DA sub & 2He 4 Q= AL valueError &
]

=
255 Abol 2] %Y % A%y

WA 33004 M B A AR 00 4 255 Abe] o] ok 58T

o] o

e,

BUNE. A}

ARG B A AAE D99 bytes-like object TE= 0] 4

bytes.rpartition (sep)
bytearray.rpartition (sep)
sep 7} FAB O UL AN A ASE e 2RA ol 5= RR, LA AL, TEA
Fol o= FEo= 7449 3- %%—%%Eﬂiﬁv} FEAZL LA A] gkod, F ho] Wl vpo]EG =
Whol= W Ao} 1H B Rt Qo) AWAY BARCE TAEIFES SR
A LB RL= 9 9] 9] hytes-like object D 4 A5 U T
bytes.startswith (preﬁx[, start[, end] ] )

bytearray.startswith preﬁx[ start[ end]])
vhoj i 2] dl o] ¥l 7} A A | prefix = Alz‘o}‘ﬂ True & S, 234 oW False & S2FHTh
prefix &= 2317 S QEAEY FE0) B £% dFUTh A8 A st 7 AFH W T AA NN AAHE
A ZFU T A E A end S A28 aﬂv‘r%i] oA v E T

AN HAEAHE)E A9 byres-like object Q 4= Y& Tth

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

bytearray.translate (table, /, delete=b")
A 2k 7158k Q1 A} delete 0] BE HFo)| EE A Aslal, U A HME%% FolA WMER
dolituto]l E v G AR o EAHES %E%ZW‘/} table-& 4 ©] 25621 Hlo] EQG A

bytes.maketrans () WA EE Al-&5to] HERE v
o

5
BAHE A7)0k Bh Mol rable A AHE None 0.2 AR FHAIA 2

>>> b'read this short text'.translate (None, b'aeiou')
b'rd ths shrt txt'

A 3.6904 HA: oA delete = 7] Y= AALZ A AE Ytk
vpo) = 2 vhol = vj < o] oh 2 h-g Wl A= ASCI 58 wpo] 1] 2] 84 2] AHE-2 ZPASHE 7| B2
DA, 2 A3 A A2 eho] A2 nol ]2l do] B9 B A8 T 5 s Th of A4 hol & u]
A 2E AR A 2E e A 2 oAl A 2 A4S ATl %8l 3HAlA 2.

bytes.center (width [,ﬁllbyte] )

bytearray.center (width[ ﬁllbyte]
A o] width Q1 )@ 29] 710 AE3E AR 9 E/\]-L S =85 Yth X] A= fillbyte (7] 2 72 ASCII
23 o] 2) & ARG st AFUth bytes AA Q| -, width 7} 1en (s) Eth ZAY 22 239 Ay
A A2 7Euk e U o,

Fa: o WA= vho]= WG WAL AAelol A BABA STt WS A G FLEA G
A AAE BEYTh

bytes.ljust (width [,ﬁllbyte] )

bytearray.ljust (width [,ﬁllbyte] )
YFos 48d Aol wAR e ol vidh d NAAE B S AT sl (124 ascr
25 o] 2) S AR Bto] A& 143} bytes WA o] B9, width 7} 1en (s) BT 2 AL 22 35 A
A E27h HP%FQHD}
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FaL: o] WA =e] vpolE v WA A A2l ol A F2EHA] b Ut - A A e Be2A Y

A A A E BHE U o

bytes.lstrip ( [chars] )

bytearray.lstrip( [chars] )
A vho] =7k A AR A B 20] BAE L B E U chars A AHE A AT o = AT A A5 o]
e Al A2 Ut o] 52 o] WA =E7F B3 ASCI Z A9} AFE-H the AP S i gy ok A s At
None o] 2}, chars A AF2] 71 B 312 ASCH & Al A= S FUTh chars A A= JFAHF obd U th
BEE 2ol AAG U

>>> b spacious '.lstrip ()
b'spacious !

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

A A vhol = ghel wpel el AR as 999 vhol =95 A4 D 4 G Th 24 A9 mE Aol
old T HFAL EALE & A AS= WA EE removeprefix ()& FZRIAA L. o & EW:

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

b'ee!!

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

b'three!'

F3: o] WA= uhol= WG WAL AlAelol A BABA Ut MR A G FLEA G

A AAE BHEY

bytes.rjust (width [,ﬁllbyte] )

bytearray.rjust (width[,ﬁllbyte] )
9EFo E AEE AA ] BAELS Z o] width 9 A]iz\i %aﬂ—gu}rﬁr A A A fillbyte (7] 2 72 ASCII

A o] A /\}-9-'6}0# AUtk bytes AAN AL, width 7} 1len (s) Kt} 2 AU 22 29 A
Al 27} t‘kﬁlgu}v}

3 o] vix=e] vlo]E @ HAL A At ol A S 3eHA] dsUth- AAHA e B2 A 3
M AAE Ut

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

bytearray.rsplit (sep=None, maxsplit=-1)
sep S FTEAF A DAE AFRSo] vlol Y 2] Al AAE 28 F o A H A AAE U5 th maxsplit ©] F0]
A 7HE 2 250l A H ) maxsplit o] 2o 3 H U sep 1 X] 4= A 0}7% L} None ©] ™, ASCII
B EAUOE ol Foldl BE AH AHAL EA L eBA Bt 48 A9,
rsplit ()<= ofeoll A AAI8] AW E split () A E T2 Th

bytes.rstrip ( [chars] )

bytearray.rstrip( [chars]
AR T3 vto| ETF A AH A B2 BEAMR S EEFUTH chars QA= A AT vo lE A= A%
S ol 91 A A G el ST o) WA= A 5 ASCH EAA A B A8 95 T
A ekE] A L]—None ol g}, chars Q1A 7] 2 ZE-2 ASCIL ZW & A ASIEZ St} chars Q1 A= FHu] A}
7 obguith =E gt 2ol Al AH ek
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>>> b spacious '.rstrip()
b' spacious'
>>> b'mississippi'.rstrip(b'ipz')

b'mississ'

A A vhe] = g1l HholLe] A
ohd wd Fo Ak BAHE S

A A=

A AL o]

U —"

A=

21o] o) no| EA % A4 2

— removesuffix()

o _{>

>>> b'Monty Python'
b'M'

>>> pb'Monty Python'
b'Monty'

.rstrip (b

' Python'

)

.removesuffix(b' Python')

;‘4—1

A AAE w5

o] Wl X =2] upo] E ul & W2 A A ol A 5

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

bytearray.split (sep=None, maxsplit=-1)
sep & TRA N A2 2 Agao] vho iz A2

A A T 247 ofd

O'T')“’]EH

BE 2o gsol gy h.

sep ©]
b'l,,2'.split(b', ") &
F42 5 et (@12

o= T MXH

£ =S Utk sep A=
A =H

[br1',
E0o],b'1<>2<>3"
Uth. A" FRAZ W A FAE U, Urs AA9 o met (b
0] 9] 9] bytes-like object

maxsplit £t

222 7 A FUTH. maxsplit o A A= A 9k

bll,

o

FolA W, AL H FE A Fol A AL vl A

SIPNE]

~EF

p'2'] 2EY
.split(b'<>") = [b'1",

o] 2~
) 4 )

=

=]

ES

1=}
Rus

yrt}). sep

B

o

3lo
Qr

ju
.

g Yt} maxsplit ©)
HA maxsplit+1 7] 9

tol gzt (7hs &

vx—%ﬂﬂ‘r(dﬂe £,

HElHlo] & Al A AR

b'2', b'3'] EEHF
] Y [bytearray (b'") ]

>>> pb'1,2,3"
[b'1l', b'2',
>>> pb'1,2,3"
[b'1",
>>> b'1127131
e?d?, b"2Y,

.split(b', ")
b'3"]
.split (b
b'2,3"]
'.split(b',
bll, bl3l,

")
bl

', ', maxsplit=1)

']

sep ©] AR = A

=954t
dE &

A} None ©]H,
TEAE 7F8kaL, Al A AT A oL F 8
AUtk 23F o=z, 1 AlA 2 ASCIH

=2 B35} o
=2 2

= ASCII ¥ Ex}+=
ﬂﬂﬂmM%AEE
None T2 22 U

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

ovdv, 27,

.split ()
b'3']

2 3 !
b'3']

.split (maxsplit=1)

.split ()

bytes.strip ( [chars] )

bytearray.strip ( [chars] )
A3y 53] vpo] EZF Al AH A

A2 BAHE

S =8 =Yt} chars Q1A= A A vlolE AL A A
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sk Hholy 2] Al A QY- o] 52 o] WA =71 Hg ASCIL & AHeh AFg-d the AMd & REG F U o
A 2= At None o] 2HH, chars Q1AHS] 7] 2H-2 ASCH 3 & A A8t = 5 U Th chars A A=
v Zm AR ob gy th BE gk 23] AlAg Yth

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

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

ofy

et

A A S ko] & o) vhol L) Al A A= 9109 bytes-like object A 5 3)

¢

i ol vix=e] vlo]E @ HAL A At oA S 3eHA] dsUth- WAHA e B2 A 3
M AAE U T

upo] = 9l
apo i 2] o
REESEP

HRo] E ulj & A A o o 3 T vl X E= ASCI S 2t vhol i 2] @A) AHg-2 7FA st 9ol 9
olefoll A&t <t Furh o] Ao o] E @ X = BF A A2l ol A AHE8hA] FaL th Al

= A4 g ok

bytes.capitalize ()

= =

bytearray.capitalize ()
7} ko] £ 7} ASCI #2442 3 45 3 3 A npo] B R A2, Lo A & £ AL2 vhE Al A 2] B
2 2 Frh ASCI vlo] 7k obdl 52 W% #) 9w g,

Fa: o WAEY whol= WG WAL AR A A BEUTE- AFH A e AP2A G4
A A E wE U,

bytes.expandtabs (fabsize=8)
bytearray.expandtabs (fabsize=8)

Az AR S 8 F U ¥ 9 A= tabsize Al Evprh DAY T (7] 2 82 80]4L, € 0,8, 1

SOl § AAE AR FUH. AB2E 2387 A FA Dol 002 AAHFH I A FLE HEo|E T
E AArY Tk vpo] EZFASCH & #4F (o' \t') o], @A) do] tha ¥ 9 x| &} Zotd wj71A] st
oj/Fel ol FAZL AR U (W 24 AA & HAE A 5y th) @A) vlo] E7FASCI 7 3
AR \n") = AR B b \r') o] FAE I FA 2022 ALEAFG YU HE Ho|EE
WA A G HAE I FA E2 A ) vio] ETF oA BAIS =R ol #A Qo] 14 S YT

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

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

i o] Wi =e] vio]E wjd HAL A AL ol A S 2eHA] s Th- WAHEA e B2 A 3
M AAE Ut

bytes.isalnum()

bytearray.isalnum ()
Alde BE vfe] E7F & obl ASCI £ A4F H+= ASCIL 4 =0l 3 Al A7) mlof 9lA &
oW True® ¥ S 2% XA ¢od Falsed E8F Ytk &3l ASCIH &4+, AlE A
b'abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' o] Q1= Hlo]E ZEI Yt
ASCII A A 4= A A A b' 0123456789 o Y= vlo]E gH U}
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& EH:

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

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

bytes.isalpha ()

bytearray.isalpha()
A28 BE dfe]EVE 4 abdl ASCH 2 AFo]l i Al A 27F vlo] QA o™ True
2 £8F0 294 oW ralsed EHFUh LWl ASCH EAE, AD2

b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' o] 9+ uHlolE 3zt ¢

e =49

>>> b'ABCabc'.isalpha/()
True

>>> pb'ABCabcl'.isalpha ()
False

bytes.isascii ()

bytearray.isascii ()
A A7 vl JIAY A D29 BRE HFOJEVFASCIIYE TrueE 851, 184 oW Falses &
2] & Ut} ASCII vl-o] E 2] H 9]+ 0-0x7F Y th
WA 3.79] 71
bytes.isdigit ()
bytearray.isdigit ()
Z]

Al 29 BE Ho] EZFASCIH A Rl g20] i Al @A7hw]o] Q1A RO W TrueS S8 18 A ko
FalseZ EHFUTH ASCI A A 5E Al B2 b'0123456789" o Y& HiolE gyt

& =4:

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

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

bytes.islower ()

bytearray.islower ()
Al A 2o Aolx dhite] ASCH A A7} 91 a1, ASCII thE 27 QLO ™ True g, 18 2] &2 W False

s EgE

o g S9!

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

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

ASCII 22 E A= A B2 b'abedefghijklmnopgrstuvwxyz' o] &= vlo]E 7k Ut} ASCI t) &
A=, A B2 b ' ABCDEFGHIJKLMNOPQRSTUVIWXYZ ' o] )&= vlolE 7k U th

bytes.isspace ()
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bytearray.isspace ()
Al 2:2) BE vlo] E7}ASCI 39 o] I, A| A7k v o] 97 koW True S S| 53 2187 o
FalseS S8 FUth ASCIH 3% EA= A B2 b’ \t\n\r\x0b\f' (& o], ¥, & up&, 712 A
g e, =4 g, & 9 5)of = vkl E g yth

bytes.istitle()

bytearray.istitle ()
A A7 ASCIT A 5 Al o] 23 AJFAT7FH o] YA koW Trued E8 T 13 A oW Falses
EHFUCE “AF Aol o Fooll that AA T W2 bytes.title() & FEIFAAIL.

& =9

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

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

bytes.isupper ()

bytearray.isupper ()
Al 2ol Aol & stihe] ASCIH A7k QAL ASCII 22 A7 QLo True s, 134 4o False
£ EgEdnh
oAE 5w

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

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

ASCII 28 A= A A b'abedefghijklmnopgrstuvwxyz' o 9l vlo]E zkd Yt} ASCI o) &

bytes.lower ()
bytearray.lower ()

EE ASCIH ) ZAHE ol & 2 A2 A A g2 BEAlR S S8 FYTh

d& &49:

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

ASCII &8 A= A A b'abedefghijklmnopgrstuvwxyz' o 9= vlo]E zkd Ut ASCII o) &
A=, Al B2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] &= vlo] E ZF Y th

FHaL: o A =o] vlo] Bl d M2 A Aol A A EHA] ks U th- MASE A b AF2A 3
A AAE WUt

bytes.splitlines (keepends=False)
bytearray.splitlines (keepends=False)

ASCII & A A oA U viol ] Al @29 & 2|2EE S8 F YT o] fiAEE &8 U=t universal
newlines - H = AH& U TE keepends 7} FF 0 2 F oA A] ¢ 3 A g AEof & vbE 2 3 A
Ut
oS 5w
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>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()

[b'ab c¢', b'', b'de fg', b'kl']

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
[b'ab c\n', b'\n', b'de fg\r', b'kl\r\n']

?——.—Z}/\T-ﬂ/\sep of FolRZwl split () e, o] A== R AIA
F, A g E v A 2 UEA s yth

2o s Rl B AEE &

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

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

bytes.swapcase ()

bytearray swapcase ()
T ASCIL £ F A8 sl thE k2, I R & w7k A 2 HEkgh Al g2 BAMR S E3F Yt

dE =d:

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

ASCII & E A= A2 b'abedefghijklmnopgrstuvwxyz' o] Y+ vl E

A=, Al DA b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o 9= Hlo]E ZF Yt}

str.swapcase () 9= &g vlol ] v]A9 A A bin.swapcase ()
ol AUt 999 FUFE ZoEA JulA o g AR = ¢

EEELIE=

A =,

.swapcase () ==
ASCIIof| A A o] 2 ¥ 2H2

YUtk ASCI th&

B3: o WA= wpol = MR WAL AR A F oA g

A AAE Ut

bytes.title()
bytearray.title()

o] 7} ASCI ) & 212 A &3l 1 L 2] & Fol A=
S F U Aol Qi vlolE e $4E A e AH 2wl
g =4

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

ASCII &8 A= A2 b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E zkd Ut ASCII o) &
2=

A= Al A2 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o Q&= B]—O]_ 7“;; Ut} o=

A o] 227} gl T,

o 2TAZE ol FAE) A5 O HE VU o) 597 Yo
o} &

FHNA TG, 5O e
o
. B

Ashe A7k obd

Hlo] £ ghe

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

AL Aol hEAER I B HE PES TAT S LUk
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-
>>> 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."

FaL: ol v =o] upo] E wld ML Al A2l A s AekA] Ut MAH A e

A AAE T U -

bytes.upper ()
bytearray.upper ()
R EASCH £AFAE 3l HEATZE HES A F o] BALR

o5 &49:

o
et
,
o)
T
Iu}

>>> b'Hello World'.upper ()
b'HELLO WORLD'

ASCII &8 A= A2 b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E zkd U th ASCI o &

A=, Al B2 b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] &= vlo] E ZF Y th

Fa: o] WAS upo|= W WAL A2 oA 5 Aok kS Th- A A o
A AAE g T

A5 22

LA}

bytes.z£ill (width)
bytearray.z£ill (width)

Qo) 7t widih ) A2 BE7] 93] ASCITb' 0" BAHE A% A AAL BAHLL e F1]ch
AR5 AT+ /b~ )& R 5 BAY ol op ek F of AS= A0 AeHUh bytes

AA 2] 7%, width 7} Len (s) Bt} AU 22 3¢ A AlAAE EHF U

oS S4:
>>> b"42".zfill (5)
b'00042"
>>> b"-42".z£ill (5)
b'-0042"

Far: o] WA= uto] E wjd W A2 A AL ol A F &R sy Tth- WA E A b AR A A
A A A2 BHE U T
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4.8.4 printf AE}Q HIO|LH2| ZOHE!

Hholu 2] AJE 2 AR = 7R /8 W A4kE
e = %3 AAxEt s Y 1’4— format % v
format LH—,—./] W3 G A= 07l o] A2 values 2] &
A48t AT v

format ©] 3} 18] QRS & 71, values = sHHe] W] /& AA A 5
format uho] L 2] A2 A7 7 A Ao FR 59 22 FEAL DY )
of of g Th.

HE YA = F R o] Y FAE 238t the i 22 74 845 X, Bt EA] o] AR U)ok
Ty

I ver B AL AL e o
2. W 7] (A A3 23 %EJMP?] TAEY A A2E FAAF UL (A& 9], (somename)).
3.WE Eel o (A8 AR AR M 53] Aol BT FUT
S 0 5 A AR GIAH A 2 AR A 5 alies FE] 01 22l 8
FY ST PR i e R
5. AWE (A AR L1 () Theol AUEAL STk 1 (Gl aB R AZ) 2 AReHE, A4 AUES
values BE 9] TH 8 4o A 253, MAF G AUE o] Sk,
6. Zo] %747 (HH A1
7. W 7.
2e® QA7 gAY (i e vR 7)o A%, vho Uzl A2 A S BT WAl BEA a
B2 ok 5100 2 9 A vols] o e T2 Se % Gl £l ok S h v e £UE S g

oz HE AdgUr). o2

>>> print (b’ has quote types.' %
{b'language': b"Python" b"number": 2})

b Python has 002 quote types.

(&AW AN 5o B2 W B,

o) A%+ AAAE AT S
Z

Ha S 2AsvsH 2

o3}
BA
Tl
=]

%Y
Yk

£ 2 =

a

g gkl “oiA 47 (oFef ol Ao H o dFYTh & AR Y Th

00 AT 54 3] A9 022 ey,

o R g A5 o2 JEAUG (F o Fol AW 101 WA 5 ST,

' (&So]) R glE W d el whe ol e el RIS WA US (e u Nl EAEAY
oh.

'+ BEEA(+or ') 7FAS G FAUT( ' FE o] AT,

Aol #42 (h, 1, 1) S Ale e & AR vl foll A B stA] of7] WiEoll FAF YT - o & S°] $1d

< sd o ey
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W FPLe e 25U

HoR =

=t E

ar RE e A4 A7 27

i BE e A% 4H £,

'o! HZ =823 (0

o ZEgE Y- a sy &

k' RE Qe 1635 (L EAD. 2)

X' RE Qe 1635 (READ. 2)

et BF A5E AL FA (B, ©)

B REASE AL B4 (hEAD, ()

TR S P RS B ()

' RE sz A4 B4 G)

gt BEASA G ASAART AAYALE BT 4 FOW ARA LGS ASAL, (@)
237 ow AR5 A2 AT T

6 REasd A A5 4RTAAY A UE Hoh AR Fow B A5 B AL ASAL, @)
237 Fow AR5 P42 ATk

'c' ©dulolE (g ol 19 vloju g AlEAE &Y.

'b' Bytes (any object that follows the buffer protocol or has __bytes__ ()). 5)

's' 's' < 'b' o WA o3 uho| A 2/30| At ARG FH o of T Tt (©6)

'a' Bytes (converts any Python object using repr (obj) .encode ('ascii', (5)
'backslashreplace"')).

'r' 'r'Er'a' 9 Ao ol 230 Atk AREE] o oF It ™

5 Qe MBE A g, A3l s B4 AR U

Ap gkoll Mg 87 A B AL (100")E A FUTH
ol A3 rox' &1 0x' ('x' WX 7§73 F ol= A& AHE St Lol et

(3) thAl &4

o

KX
& =g}
@) thAl Y42 2ol Fd a7 T8 Fol 2= 02 Al A A 5 UHh
] Py 2]
N

(5) BR=7}
6) b'ss' = FH A
(7) b'sr' = #HAH
(8) PEP 237& =z 31A4 L.

#
o} A W 3x Al 2o A= A A A kU )
o} Sl A W 3x Al g 2o A= A A A kUL

PR W)

F3: o] WA= whol= G WAL AN FAA Fgivh- WA A = AFEA G A
2312 T,

© ®7):
PEP 461 - bytes 2} bytearray ol % Z 1] & 37}
WA 359 F7}.
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4.8.5 H22| &

memoryview A7 stol W EA M mR e & A st AR W d ol Bal glo] HET 4

A FU o

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) = tolist & 4ol ZHF YT view.ndim = 0 °]™ Zol= 1YYk view.ndim =
1 o™ dol& Hol g 840 Mset Bt 1Al 49, ol Rl $HE 2 w9
Aol Z5Uth itemsize JEZHEE T Y Q49 vlol
memoryview = <glo)l AT A S 2 Adlo] HolHE &3

g Utk

Im o,

oo
U
ne
S
)y
i)
-
[>
rlr
>
[
B
i

-

L

>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v[1l:4]

<memory at 0x7£3ddc9f4350>
>>> bytes(v[1:4])

b'bce'’

format ©] struct ZES] YoJE| B A A2} F sl B9, BF Ee A5
A= AU 02 PO 7 3t fii%% HEUTh 444 Uﬂ g v‘: A
%%t FEEAEA & 5 F5 Ut thAd “ﬂE‘ﬂ e BE3] ndim N B5E

0 S M i & 34 - 10, B4 M) ] B ek A

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 44444444])
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

>>> m[::2].tolist ()

[-11111111, -33333333]

SHE A 7L 227) 7bs e, W R e fe 4k edtela U dS Addynh 27 HAE L2 58 A
A5 yth

>>> data = bytearray(b'abcefg')
>>> v = memoryview (data)
>>> v.readonly
False
>>> v[0] = ord(b'z")
>>> data
bytearray (b'zbcefg')
>>> v[1:4] = b'123"
(th= sl o] A ol Al
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(o148 s o] A oAl Al A

>>> data
bytearray (b'z123fg"')
>>> v[2:3] = b'span'
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')

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

L

WA 3.39] A4 ¥ One-dimensional memoryviews can now be sliced. One-dimensional memoryviews with
formats ‘B’, ‘b’ or ‘c’ are now hashable.

B 34004 W ;o)A B 2] B AT
WA 35004 ;o)A v me] fi ASe)
3 Q%

memoryview = 2 7}A WA =& 7} X

[o
fu
Q
o
[
e~
)
Q
a
b
0
5
0
Y
o
Q
0
o)
Q
S
o)
5
Q
D
fu
ol
&
i
AW
AU

__eq __ (exporter)

=
A tolist () 7F AQDIE struct FA £AL
tolist () Hv&w= 2S5k

>>> import array

>>> a = array.array('Il', [1, 2, 3, 4, 51)

>>> 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)

>>> x == g == y ==

True

>>> x.tolist () == a.tolist () == y.tolist () == b.tolist ()
True

>>> z = y[::-2]

>>> z == C

True

>>> z.tolist () == c.tolist ()

True

FA AL o] struct REOA AQFH A g o™ A= FA 2A vkl vl g Yok (

A3} w3 g o] ZHehE 135U Th:

ofth
1>
o
B

>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :
(T sl o] A ol Al
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(o148 s o] A oAl Al A
_fields_ = [("x", c_long), ("y", c_long)]

>>> point = BEPoint (100, 200)

>>> a = memoryview (point)

>>> b = memoryview (point)

>>> a == point

False

>>> g == b

False

HE 2T A A 2, M2 § AR BFv is wdWE v == wItEdHA =
& AUt

WA 3304 W3 o] Wdol e 35 FAF =2 i d F2E FAISHL YA v R e E v
syt

tobytes (order="C")

5o ole & ulo| Ed R BHE UL ol WRe Holl bytes JYAE TE}E AT} 55
.

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'
>>> bytes (m)
b'abc'
SulQe) 49 A BE 248 wolER WHstel YH e el AER BE AT L5
tobytes ()= struct 2E 29 e Ae 23t ZE FA FAE S AT

WA 3.8 F7}: order={C’, ‘F, ‘A } & 5 AF UL order7} ‘C U ‘P o] |, A vl E <
HOIEFC L EED £ 2 AR L, 84 1ol A9, A L 2ol A inel HEEARL
Ut 53], MR Y ZER AT EE < %, HelHE iA
C=Z W& Yt} order=None- orderz C & ZsYTh

hex ( [sep[, bytes _per_sep] ] )

W5 o] kol EE % 9] 16747 Bl EAY A4S S E U

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'

WA 3.50] =7}

A 3.80| A WHA: bytes. hex ()&} 8|53} A|, o)Al memoryview. hex () = 1634 &8 2] n}o)
E Apolo) LB 755 41937 93 A B A sepT bytes_per_sep W 7] W 4E 2] Q¥ o)

tolist ()

W3 Yo dHolEE 2459 grER EHF UL

>>> 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]
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WA 33N A tolist () £ oA struct BE THY BEGY EA Yol E| B A3} thx1d
Bde A
toreadonly ()

2] F AAe] 7] A8 WA vkt g vz F AXE HAE A 5yt

>>> 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]

H A 3.8 F7}.
release ()
H2e] F ARl g =5 ot W HE AU B2 A= 772 Aol dZ2 o
E83 2AE U (A E 5o, bytearray = dAIFo® 37 248 & < Z 23 T}); webAl,
release() & T=5 7153 & we] o] Al AR Al AL E3E A& HAE o+ AsUTh
ol HAEZFSEH &, Ho Y3 i o)A AL valueError & oYUt (o8l & 2
4 = release () AL ALY

>>> m = memoryview (b'abc')
>>> m.release ()

>>> m[0]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: operation forbidden on released memoryview object

with B AHEE AYAE Be] ZTREFL ST EHE ¥ 5 JgUh

>>> 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

WA 320 F7}.

cast ( format[, shape] )
HEg HE5 MEZE FAoY gz N8} shape & 7] 2 ZE2 [byte_length//
new_itemsize] Oldl, A% B Aakele] AThE o mlduch W g A= mm e Hol
AW 3 2 A = BAE A s U th A9E = H2" 2 1ID->C-A%5 FC-A5 > DY YT
The destination format is restricted to a single element native format in st ruct syntax. One of the formats

must be a byte format (‘B’, ‘b’ or ‘c’). The byte length of the result must be the same as the original
length. Note that all byte lengths may depend on the operating system.

1D/long & 1D/unsigned bytes 2 7| A~ E.:
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>>> import array

>>> a = array.array('l', [1,2,3])
>>> x = memoryview (a)

>>> x.format

B

>>> x.itemsize

>>> len (X)

>>> x.nbytes
24
>>> = x.cast ('B")
>>> y.format

B

>>> y.itemsize

1

>>> len(y)

24

>>> y.nbytes

24

<

1D/unsigned bytes & 1D/char 2 /| A~ 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 & 7| 2~ E &t & t}A] 1D/signed char & 7| 2~ E:

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> y = x.cast('i', shape=[2,2,3])

>>> y.tolist ()

(reo, 1, 23, (3, 4, 511, [[e6, 7, 81, [9, 10, 11]1]]
>>> y.format

'il

>>> y.itemsize

>>> len (y)

>>> y.nbytes

48

>>> z = y.cast('b'")
>>> z.format

lbl

>>> z.itemsize

>>> len(z)
48

(Th sl el Aol A<)
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(o148 s o] A oAl Al A
>>> z.nbytes
48

1D/unsigned long < 2D/unsigned long &2 7| ~E:

>>> buf = struct.pack("L"*6, *list (range(6)))
>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])

>>> len (y)

2

>>> y.nbytes

48

>>> y.tolist ()

(ro, 1, 21, [3, 4, 51]

WA 330 7L

WA 35004 WA vlo] E PAlo g Hstsu) £ 3 Ao] o= A3k A ek th
2 712 917] AL EFREL AFLT 5 9G5YTh
obj

Wl e] 5ol 55 AR

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

WA 3300 =7}
nbytes

nbytes == product (shape) * itemsize == len(m.tobytes()). BHj¥go] A% A uj
2k A 8HA] & vpol E YT F len (m) 3 22 8+ s UTh

>>> import array

>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview (a)
>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

Ak A

>>> 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 ()
(Th= sl o] Aol A%
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(e1A sl o] A ol A AI5)
(.o, 1+.5, 3.0, 4.51, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len (y)
3
>>> y.nbytes
96

WA 3.30] 27}

readonly
227k 7] A AA ARE YEh = =2 g
format

o] Z g4 et F A (struct BE &
FE 4o A EALE dEojA 5 9
94 @Aow AP UL

WA 3304 WA 'B" AL oA struct EE WOl wet AP Utk o] AL
memoryview (b'abc') [0] == b'abc'[0] == 97 o] 3L 9 u|gitc}.

B EFE BAGAUTh 2 B AFAE
A5, AR A E (O], tolist ())& A4 Vol e H g

m

itemsize

Hl 2] FZh 240 37 (MEo] E):

>>> import array, struct

>>> m = memoryview (array.array('H', [32000, 32001, 32002]))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.litemsize

True

ndim
w2 2] 7 b = thAb vl 2 o Ak & YER = B

shape
N-Z v G2 A9 Wnale RS 7le] 7=, o] ndim 9 A4 EZ Ut}
H A 3.30] 4 ¥ A: ndim =0 9 o] None t)Al ¥l EZ 9 #zZs ]}

il

strides
W de) 7 o] el 7 84S Bt DL vlo]E 58 A 2o, do] ndin A B4
2
w1 A 3.3 4] |7 ndim =0 & @ None thAl ¥l F&& A3t

suboffsets

PIL 26t wf ol -4 02 A-gguch ghe AH AlF-8Yuch
c_contiguous

W2 e 7 C-a1% XS UEhE =g

WA 330 7}
f_contiguous

Wze st EEY A% A tehfe ez

W A 3.30] 7}
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contiguous
w227t A5 AAE Yl =2 g
WA 330 E7}

4.9

Lok

I & — set, frozenset

A% o) AAE A= THE 514 715 AAlS A4 g AdAQY
oI 3 AN DA WA YT 0 AU e

HE2 WA dict, 1ist, tuple F 2 B collections
E A oA E, AL x in set,len(set),for x in se

Aolnz, e Ans AU A £AE A=A BT dhebA £

AA2 FAT E4E A A ST

A7) = 744 YA o] 95yt set-»]- frozenset. set @2 7FA YU T — Y &S add () Y remove ()

S} 22 MM EE AFS St WA T 4 5tk Ao 7] wfZell, s Al ghol glod Qﬁﬁﬂ 7l =& o

B LB A A th et g8 el o] L] B ol 1 el 8

S QaUth debd 9 e 7 ml ThE A3e] 94 A48T S gyt

UA] -2 set> (frozenset & OFHUTH set AZAHET o2} SE T ol B2 FEH AL 55

FdHFYUThH o€ 59: {'jack', 'sjoerd'}.
g é ]._‘; 71—7]] 11—531—141:].

class set ( [iterable] )

R
ok
rlo

class frozenset ( [iterable] )
iterable | A 8 45 ] 3F= Al set B = frozenset AR S S FUth Heo i wle X & A] 715 df of
Tk Aol S B, EREE QRS MEA frozenser A7 0] oF FU T irerable &
AR o v A Wl AES BelE Uk

‘_%
e ZZS S PRE FLEH 24 YUI3}7]: {'jack', 'sjoerd'}

o A A=z AFRSH7]: {c for ¢ in 'abracadabra' if c not in 'abc'}

o I AR ALEB}7]: set (), set ("foobar'),set (['a', 'b', 'foo'l)
setd} frozenset 9] AAEAE b5} 22 A4bS A3 @ ok
len(s)
Ratso] P4 (s 27N)E EHE=YL)
x in s

soll ol x & A AES HAEY T
x not in s
s ofl thahx o | WA A e
isdisjoint (other)
Aol other 94 35 AL E 24 9= A9 True & BAFU AR 2ATl FATL 9,
a3 2wk A 2 4 (disjoint) 2h1 U Th
issubset (other)

set <= other

A etel BE P47} other o] 3 =4 AAFUTH
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set < other
R 8to] other &) AFEE AT X AAL YT} =, set <= other and set != other.
issuperset (other)
set >= other
other & 25 Q47F ool 35 =4 A o
set > other
R 5lo] other &) A Al A AAFGU T =, set >= other and set != other.
union ( *others)
set | other |
A 2 E othersol] Y= AAEE AR N AFS EHF UL
intersection (*others)
set & other &
A} EEothers®] 35 YAEE 1Y A JFE =HFUTH
difference (*others)
set - other -
Aol & £8H 90 b othersol = £ A g AT FHE A RS EAF YL
symmetric_difference (other)
set * other

Aol totherol] 2= o] glof 5 BFo] 2dHAA = A2 das2 7ML= =%
Yo

copy ()
A &2 B e E2EUth

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').

set¥ frozenset BF Fg 7+ v & A LT Yth F g2
EUsjolIE ALY VAU (I e TAS FEATI At FR L
REAFOIAT OAL e A9 L AT A A ol 5 ouA Agun A%k gl e
ok A= ‘3%8 ARG ek A AR Fgo] F AR JFE o FuTh
o

SR Pt S A s
rozenset 9] AIAE A9} vl W YT},

setQ AAHAE T YLE VN0 R £ | & So],set ('abe')
== frozenset ('abc') = True & & 4—1—_1_ set ('abc') in set ([frozenset('abc')]) &

HE AW =2 vws A 4 A (total ordering) 342 Auk3lE 2] k5T o 2 o, H]o] YA
%2 F Y /\131\9_] Ao 77 ok A2 o] BE Q3to] ol d U TeA TFE L BE palse =
=8 F Ut a<b, a==b, a>b.

A2 2 A FEE A AN B st7] w2, AT elaEo| et 1ist.sort () FIA =S
A3 oI A o

gxye 71438, A ae wEA A 7 s oF gyt

set A2EAAQ} frozenset & £ 3 o] 3 AAF2 A A 3 AR} L B8 F5UTh o & 591
frozenset ('ab') | set('bc') & frozenset & A2EHAE EEF T

TS B frozenset o B A ABE A= ALE R 93 set AT AFLE 4= 9= AAE S UYY

ok
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update ( *others)
set |= other |
A2 AAA, RE othersd] A4S

HEu.

filo

intersection_update (*others)
set &= other &

AFL AAHA, 1 QG otherse] FFOE EFH ALEW FPU )
difference_update (*others)
set —= other |

A= A8 A, othersoll A= A4ES Al AT
symmetric_difference_update (other)
set “*= other

AT BANA, T AT o= @ Rol# £FH AL EW I h
add (elem)

A2 elem & ol F7H
remove (elem)

92 elem & Aol A AT elem 7 A 285 o] YA oW KeyFrror & oI
discard (elem)

A elem ©] R ol 3w o] glow A AT

pop ()

Aoz fe 4o daEAAN selF U Aol vl Qe B¢ KeyError & 42 Uth
clear ()

A BE Q45 AAZT U
ZF 1 =, update (), intersection_update(), difference_update(),

symmetric_difference_update () WA ZE2] v AAR HAL Ao o]HHELS AAZ &
ol g,

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.

410 OHE & — dict

v AA = Al 7hs Fe del el AA ol oSyt v
o] 95Ut 9 Y g (dictionary). (t}2 A o] &2 W7

BEL AXFFAAL)

£ 7h0 AA YL 8 24 shke) 5 vl

list, set, tuple E# - H collections

A dictionary’ s keys are almost arbitrary values. Values that are not hashable, that is, values containing lists, dictionaries
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 9 AR} (1o 9S4 ) ANE AGEY AFoRHE 2798 A GAUEE S F
U,

gAY e 1A e s 4 s
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e AT O PRE FEHkey: valueSUEsH7]: {'jack': 4098, 'sjoerd': 4127}
T =1{4098: 'jack', 4127: 'sjoerd'}

e AV A=A AL {}, {x: x ** 2 for x in range (10)}

o & AR AFL5}7]: dict (), dict ([ ('foo', 100), ('bar', 200)1),dict (foo=100,
bar=200)

97 AR AFH A row vl GAU e 7 wEol U Th 91X ARAE A= 3 oG AA A A,
w3 AR 2L A-gk S 2 gAYt RS F Utk 284 o, 94 AE olEjel A
Rlelok g h. o H e e 7§22 1 2pA 2 A T A AA 7} 9 o B e o] of o Ttk
2} gr5o 3 0 A s Al SV 717k 5 3, oA AR 2 ghe] Bulth 717 o4
Urebb, 7 719 mhA e gre] A 94U 2l 9] S kel Bk

YT AR A W, A A} o] FA A2 RE BE o) YA glo] FAhH ek
F745) = 717} ol v EASHE, 719 = Ao AT 2 ghol A AN A & kS hA T,

o & 5o, thx o Al= =F {"one": 1, "two": 2, "three": 3} ¢ T2 YA E =HFU
c}:
>>> a = dict (one=1, two=2, three=3)
>>> b = {'one': 1, 'two': 2, 'three': 3}
>>> ¢ = dict(zip(['one', 'two', 'three'l, [1, 2, 3]))
>>> d = dict([('two', 2), ('one', 1), ('three', 3)1)
>>> e = dict ({'three': 3, 'one': 1, 'two': 2})
>>> f = dict({'one': 1, 'three': 3}, two=2)
a

== b == ¢ == d == e ==

29 oA AEA Aol s u AE G Th 2 99

A REREFIIE A :
o2& YA Y7t Al dste A AUt (a2 H B R, AHEA B9 v F = A Asfof Fyth
list (d)
gAYE do AHEE ZE 7]9] Bl2EE EHF UL
len(d)
gAY e de Qe 5 5 selFUth
d[key]
7) key 1 d 8] FE5S FelFUTh key 7F i B o)l i B¢ KeyError & 4o th
dict 9 /‘13i?ﬂéﬂmethod_missing_() S o3l key 7} EANBHA] =T, d [key] AAE

2 7 key 5 AAR FHo] T HAE §%§W41§ﬂ%dm@]§&3
S &0 ¥33l g}o]ur Qo7 04]9,] a2 wse AL Qo U ohE o alo] Ul A==

missing_ () & ZESA BF U __missing_ () °l éJﬂoi A $ho ™ KeyError
E doYth _ missing_ () S HAE ok th AdAEA WL E £ QS YT

_ _missing__ (key)

>>> class Counter (dict) :
def _ missing__ (self, key):
return 0

>>> ¢ = Counter ()
>>> c['red']

0

>>> c['red'] += 1
>>> c['red']

1
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9] ol collections.Counter +9d AR E HF Ut € _ missing__ WA =7}
collections.defaultdict oA AFEHYTH

d[key] = value
dlkey] & value & 2 A3t}
del dlkey]
dolA dlkey] & AATUTE key 7} w0l 9l A$ KeyError & oYtk
key in d
doll 7] key 7} Y2 True &, 18 A 9t 2 ¥ False £ EHFYTH
key not in d
not key in d <554}
iter(d)
gAuele] 7o thet ol E el olHE EHF Ut o] A2 iter (d.keys () & @5AUTh
clear ()
g g e FES Al AGYTH
copy ()
YAV gL BARS SEF UL
classmethod fromkeys(haubkL1mhw])
iterable ] A& 3t= FE= 7|2 AFROIAL BE The value Z AT A MY E SHF U

fromkeys () © MELE AU E 2= FH2 WA= JUTh value & 7] B Fk-2 None YUY
o} R E Zlol 9 A AEAE iLz—o-].ui value 7].3] 223 7+o 71 7ﬂzﬂ7].5] AL dut4d

A

o oulsk YUt B9 g dodE, oA GA e A e AN AFESHIA L.
get ( key[ default]

I

key 71 9411 21 51 A% key ol S-S 8 FAFTL, TR A 0 defau & FA T,
default 7} 0] A 2] &2 0™ 7] E 7k None o] AFEH UTH 2 A o] A== ZU & KeyError &
20717 gr 1o,
items ()
gAv e FEE((key, value) BFE)Y M FE el 7 Ao 484 & FxsHA 8.
keys ()

gMuE ZIe A RE EHFUS 7 AAe] 2A = FEeHA L.

pop (key [, default] )

key 7} G glof] Q) oW A At 1 ghg EelF Ut 18 A ¢F O W default & & ¥ F U Tth. default
7} 0] A A] ¢kl key 7F DAV ol QQOW KeyError & Ao 7 Th

popitem ()
gy oA (key, value) S A Asta S8l &2 LIFO (last-in, first-out) <5 A] 2 W&
Huyth
popiten () & A% FAAZAA 55 85 Fo] GAUE ShAHo2 ol aol4 s v
834 u/\qﬂﬂﬂ H] o %12‘3_ popitem () &L KeyError & 423 Yth

WA 370 A "7 o] A LIFO &A1 7} B Yth ol d WA ol X <=, popitem () 7} 49 71/3k
S WkEksh o).

4.10. Of&
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reversed (d)
g gl 7)o gt A<= olEdolEHE B8 EF Y o] AL reversed(d.keys ()) & =<
e},
W 3.80] F7}.

setdefault(k@{,dqbuh])
key 7 AU ol SloW S ke B FUITH 18 A 90 W, defuult FhE 2 ke
default & =85 Ut} default ©] 71 E 72 None Y Yt}

update ( [oﬂwr]
other 7} A F 3 73k 02 AL AAFU T 7] %1 th None & e F UL
update () & o8 M2 AA 1} 7]/3k (2 o] Hel8) 2 £+ og4d

(do]2 |
oJH & B+ ‘f“o}‘: YUtk 719 = A&7 ARBHE, g el= 2 71/ Be 2 AAFE YT
d.update (red=1, blue=2).

= Ol 5} o
SRR

~

iy
N
rlr

)

values ()
YA 59 Al HE ESeF YT H Axe] 2

g A
3ldict.values () H thE dict.values () H 19 =
oA dict.values () € AT T = 1-&F Ut}

>> d = {'a': 1}
>>> d.values () == d.values/()
False

d | other

dsk othere) ¥R 719} oz A YA E BTk 5 o €A 2 o] o] of FLiTh. d2} orher
7} 718 F5319 othero] gho] 9413 T,

H A 3.9 7}
d |= other

other®] 7|19} gr o 2 G 2] dg AT other= vl 33 ol U 7]/3k %2 o] H £ 2 4~ 5 th
d2} other 7} 718 25519 other?] Zko] $A 3o}

W7 3.9 F7%.

Bl (A9 BARD) ZE (key, value) AEE 71 ul, Lol Taf v 2o vl g .
AR, <=7, >=7, ST)E TypebError & 4o Yth
YA P A 2 A S SAFUT 718 AT Aol AT v 4 A ek Ut A Fo 271

7]+ 2ol 449 U th:

d

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (d)

['one', 'two', 'three', 'four']
>>> list (d.values())

(1, 2, 3, 4]

>>> d["one"] = 42

>>> d

{'one': 42, 'two': 2, 'three': 3, 'four': 4}
>>> del d["two"]

>>> d["two"] = None
>>> d
{'one': 42, 'three': 3, 'four': 4, 'two': None}
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WA 37004 M YA e] A1 4F Y £41 990 H3E U o] $4-2 3678 CPythond] 78 A%

by Tk,

YA 9 e e RAe 5 dsh

p

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed(d))

['four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

[4, 3, 2, 1]

>>> list (reversed(d.items()))

[("four', 4), ('three', 3), ('two', 2), ('one', 1)]

L

HA 3804 HA: g E]l= oA AL 4 AU
o ®7]:

types.MappingProxyType & dict 9 ¢17] A& HE& U=+ U AT 4+ A5 Uth

4101 SMLiE| 8 25|
dict.keys (), dict values (), dict.items () 7} 28 FE= AA= B 2A JUth 9189 gEE
A e 58 BeAFTUL =, 9t AT E He 3
S HE olEd o] dS B3 22 tlol el g A& 5 AT, W4 AAE AU
len (dictview)

gAyge Jd& 35 & =HFUTH
iter (dictview)

gAY el 7], g, &5 ((key, value) &

79k 2 449 €A = ol el o] Fuith. o oy) € WE 5
AdE5YtT: pairs = zip(d.values(), d.keys()). T2 YPArEE UJE% EYHO pairs =
[ (v, k) for (k, v) in d.items ()] YUYt}

gy FES F7eAY A Sl 5 HE ol # o] A 3 RuntimeError & 427 At

2E P22 oHd o4 A 2T 5 Asith
WA 3794 WA gAY SA kA A Yol B UL
X in dictview

x7b S g E 9 7], 2, FEol Qe A9 True £ 2 FUY (AT 4 x = (key, value)
FZolofof Fyh.

reversed (dictview)

YA el 7], g E G2l t)g o3k o] e o B & Ma g T HE 4ol <o 2 o] Ele o]
=gyt

WA 3804 M 9 el Be oAl o BT 5 lsuTh

dictview.mapping
Return a t ypes . MappingProxyType that wraps the original dictionary to which the view refers.
HA 3.109 7}

Keys views are set-like since their entries are unique and hashable. If all values are hashable, so that (key, value)
pairs are unique and hashable, then the items view is also set-like. (Values views are not treated as set-like since the entries
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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 *).

AU B A o

>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values|()

>>> # iteration

>> n = 0

>>> for val in values:
. n += val

>>> print (n)

504

>>> # keys and values are iterated over in the same order (insertion order)
>>> list (keys)

['eggs', 'sausage', 'bacon', 'spam']

>>> list (values)

[2, 1, 1, 500]

>>> # view objects are dynamic and reflect dict changes
>>> del dishes|['eggs']

>>> del dishes|['sausage']

>>> list (keys)

['bacon', 'spam']

>>> # set operations
>>> keys & {'eggs', 'bacon', 'salad'}
{'bacon'}

>>> keys ©~ {'sausage', 'juice'} == {'juice', 'sausage', 'bacon', 'spam'}
True

>>> keys | ['Jjuice', 'juice', 'juice']l == {'bacon', 'spam', 'juice'}
True

>>> # get back a read-only proxy for the original dictionary
>>> values.mapping

mappingproxy ({'bacon': 1, 'spam': 500})

>>> values.mapping[ 'spam']

500

shol o] with £ AELAE Fel A7k Bl A A7 AYAE A S AL Th ol & B4 MAEE
AgIA PR ), A A A Selast B el A8 A Aol Ak, 2ol B u gESH:
AW A DAY AEE BB 5 9

contextmanager._ _enter_ ()
AN A im o] Qs o Aal Aol 4G T Ae
ﬂmﬂzﬂ%aff e, o) A AE Bel A AHg e with
S =Y+ LE—*I/‘E JJrﬂZH o= 3 A d‘/]‘:]' 3t A= _enter__() oA A7) AHAE
%E%Tttﬂ with TY AYAE FHA O R open () S AT AESF 7] ATFAYTh

I AA e =Hz2E=A E_,ﬂﬁE FE| R} o= decimal. localcontext () 7ZF &8 FE AYYth o]
FeUAEL B AR 45 A AEE Ad) 47 45 AUAEY BARO 2 HHY hg BARE

Im

9} ¥
9

dl

r41:1

JHU rir p rL
zi
o™
42 ¢
E
23
é
L
41
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SHEUT o] AL with ¥ ulge] TEo] L 72 PO WA with £ i) i A A 24
A ~ES WAE 4 AA T

contextmanager.__exit__ (exc_type, exc_val, exc_tb)

49 A2 A92E g Gk WA A3l S Solol e 8 7 & =) EA1E EAFYT
with £ M) S AYsHs Skl 9l b g, Axto] o) B, ¢t 24 AR TFH U 13

A ¢Fo, AN 7FA] Q1 A} 5 None YUY T}

ol MM EA F FE EF W with 0] H9]E Halwith & HEZ F ol 2= F 7l A
Utk 1 o)9)e] 42, o WA =e] Ado] $uH Fof o]t A% AR UL of

WA S o 9= with 2] Rl oA TR £ o 2 & thAl gyt

The exception passed in should never be reraised explicitly - instead, this method should return a false value to

indicate that the method completed successfully and does not want to suppress the raised exception. This allows
context management code to easily detect whether or not an __exit__ () method has actually failed.

shol 4l & 41¢ 2 S 5713}, Hol i} thE AAe) A4 B, 3T BY AA 45 A& AYLE
WO RS 248 A7) A9 B 7 AUAE Bel S A HTh AdAE Be mrE e Tdg
ol TAM B2 53] AF5 A Btk D A AL context 1in BES RANL

Python’ s generators and the contextlib.contextmanager decorator provide a convenient way to implement
these protocols. If a generator function is decorated with the contextlib.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.

SOl /C APIS] shol:d Ao T 9 22 Aol o] el 2 WA= 8 Ao E1E %) ek Ao §o
A 2. o2 WA= E Qo) S A} Bl SR AubA ol Bhol W WA 27} s 7 vl A E 2 A 2] of
Pk A A7 A AES ARSHE LW =9} vad w3 W] Feha gAY 239 o

FAG 5 YUk

4.12 Type Annotation Types — Generic Alias, Union

The core built-in types for type annotations are Generic Alias and Union.

0l

4.12.1 MU ozloja H

GenericAlias objects are generally created by subscripting a class. They are most often used with container classes,
such as 1ist or dict. For example, 1ist [int] is a GenericAlias object created by subscripting the 1ist
class with the argument int. GenericAlias objects are intended primarily for use with rype annotations.

e

al: 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 byt es data type:
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e Ifx = re.search('foo', 'foo'), x will be are.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 Ify = re.search(b'bar', b'bar'), (notethe b for bytes), 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.
TIX, Y, ...]

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 11 st containing f1oat elements:

def average (values: list[float]) —-> float:
return sum(values) / len(values)

'

71 @3 X e U= 7 e @ il g Zidste AldlE 4 dicteE ARR sk v A A
EOE . o] AlA, B strUéA 713} int H S e dict E 7Y h

{def send_post_request (url: str, body: dict[str, int]) -> None:

W& g isinstance ()2} issubclass ()= F WA QAR GenericAlias & wolEo] A g5y tth

>>> 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 7ype 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, 3])
(1, 2, 3]

3 w7 AestE A e AR A Foll @ mi) HeE As Utk

>>> t = list([str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

A =X repr () ol str ()& &3t wi7) W3kd Fo] ZAIF U

>>> 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]:
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>>> dict[str] [str]
Traceback (most recent call last):

TypeError: dict[str] is not a generic class

However, such expressions are valid when type variables are used. The index must have as many elements as there are
type variable items in the GenericAlias object’s __args__ .

>>> from typing import TypeVar
>>> Y = TypeVar('y'")

>>> dict[str, Y][int]
dict[str, int]

Standard Generic Classes

The following standard library classes support parameterized generics. This list is non-exhaustive.
e tuple
o list
e dict
e set
o 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
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collections.abc.MutableSet
collections.abc.Mapping
collections.abc.MutableMapping
collections.abc.Sequence
collections.abc.MutableSequence
collections.abc.ByteString
collections.abc.MappingView
collections.abc.KeysView
collections.abc.ItemsView
collections.abc.ValuesView
contextlib.AbstractContextManager
contextlib.AbstractAsyncContextManager
dataclasses.Field
functools.cached_property
functools.partialmethod
os.PathLike

queue.LifoQueue

queue.Queue

queue.PriorityQueue
queue.SimpleQueue

re.Pattern

re.Match

shelve.BsdDbShelf
shelve.DbfilenameShelf
shelve.Shelf
types.MappingProxyType
weakref.WeakKeyDictionary
weakref.WeakMethod
weakref.WeakSet

weakref.WeakValueDictionary
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Special Attributes of GenericAlias objects
RE WA AL A S 55 7] Ag o= RES TAFUT
7 2

2~
T

o

genericalias.__origin_
This attribute isa t up e (possibly of length 1) of generic types passed to the original __class_getitem__ ()

ol ETFEE Wi/ HBhE A o2 Al
9;1]\

{<class 'list'>
genericalias.__args_

>>> list[int]._ _origin_
list[int]].__args___
A9 173 P A5 Al 2 A (lazily) A4 72 (W] o]

of the generic class:
list[int])

>>> dict[str,
'str'>,

{(<class
genericalias._ parameters

o] JERIREE __args_ oA &

11 Eh QI ok
>>> from typing import TypeVar
>>> T = TypeVar ('T")
>>> 1ist[T].__parameters_
A GenericAlias object with typing.ParamSpec parameters may not have correct
__parameters__ after substitution because typing.ParamSpec is intended primarily for static type

(~T,)

3

checking.
genericalias.__unpacked_

A boolean that is true if the alias has been unpacked using the * operator (see TypeVarTuple).

Introducing Python’ s framework for type annotations.

o ®H7]:
PEP 484 - Type Hints

WA 3119 F7.
PEP 585 - Type Hinting Generics In Standard Collections
Introducing the ability to natively parameterize standard-library classes, provided they implement the special class
Documentation on how to implement generic classes that can be parameterized at runtime and understood by static

method __class_getitem__ ()
A\ | &, user-defined generics and typing.Generic

type-checkers.

W 390 F7}
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4.12.2 Union Type

A union object holds the value of the | (bitwise or) operation on multiple #ype objects. These types are intended primarily
for type annotations. The union type expression enables cleaner type hinting syntax compared to t yping. Union.

X1 Y|
Defines a union object which holds types X, Y, and so forth. X | Y means either X or Y. It is equivalent to
typing.Union[X, Y]. Forexample, the following function expects an argument of type int or float:
def square (number: int | float) —-> int | float:

return number ** 2

ZF31: The | operand cannot be used at runtime to define unions where one or more members is a forward
reference. For example, int | "Foo", where "Foo" is a reference to a class not yet defined, will fail at
runtime. For unions which include forward references, present the whole expression as a string, e.g. "int |
Foo".

union_object == other

Union objects can be tested for equality with other union objects. Details:

« Unions of unions are flattened:

{(int | str) | float == int | str | float ]

« Redundant types are removed:

{int | str | int == int | str ]

o When comparing unions, the order is ignored:

{int | str == str | int

e It is compatible with t yping. Union:

{int | str == typing.Union[int, str]

o Optional types can be spelled as a union with None:

{str | None == typing.Optional[str] ]

isinstance (obj, union_object)

issubclass (obj, union_object)

Callsto isinstance () and issubclass () are also supported with a union object:

{True

>>> isinstance("", int | str)

However, parameterized generics in union objects cannot be checked:

>>> isinstance(l, 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
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The user-exposed type for the union object can be accessed from ¢t ypes. UnionType and used for i sinstance ()
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

Z31: 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

o BW7):
PEP 604 - PEP proposing the X | Y syntax and the Union type.
WA 3.109 7}

4.13 7|E} LHESH

Az = o8 7HA o-& AAE AL o] 25 tf2E2 7 7HA] Aabet A gy

4131 2 &

BEo g fLs SEs A AJEGRE A A2YYTH m.name. 7|4 m & EE |1 name & m 9]
A& HolEo FYH o] Foll AN 2T UL BE AEHYREE YT = A5 YT (import £ HE 3
Bt BE A o o gk d4ko] ob Ut import foo £ foo B 0159 BE AAVFEAE AE 87314
ka1, ojd7tel &= foo BHE o] Y (1 F) B & 87U Th

REREY ESFEYHREE  dict YUth o] BEY A E H ol &S A= gV dYTh
olgMeElE A4S 8 AE HolBo] AAZ HAFHAIW,  dict  oEHEIN YT AH UYL
E7bsdUTk (. __dict_ ['a'] = 1#A & F AL, m.a7tL o] HAL m.__dict_ = {} &1L ¥
FE RFUD. __dict. Y AFAN AL FA3A st

dez | Eo WAEH BRE2 5 2ol 24 YT <module 'sys' (built-in)>. FgoA ZEEH,

'os' from '/usr/local/lib/pythonX.Y/os.pyc'> A8 24t}

A
3
o)
o,
c
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o
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4.13.2 A2 EellA QIAEA

o 7] of] T &) A] = objects 2} class = 22344 8.

4.13.3 gt

B4 AAE T4 AR HEAPUT @5 AR HE FAT A4S TEHE AdUth
func (argument-1list).

F AN WY BR5 A 9] BREE I SR UG F U B Te AUEF ED)

S A YA H, FHo| thER R A8 o2 A YTt

AFA| 8 A H = function S H A A 2

4134 HIME

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 self argument to the argument list. Bound
methods have two special read-only attributes: m.___self  is the object on which the method operates, and m.
___func___is the function implementing the method. Calling m (arg-1, arg-2, ..., arg-n) is completely
equivalent to callingm.__ func__ (m.__self_, arg-1, arg-2, ..., arg-n).

Like function objects, bound method objects support getting arbitrary attributes. However, since method attributes are
actually stored on the underlying function object (method.__ func_ ), setting method attributes on bound methods
is disallowed. Attempting to set an attribute on a method results in an At t ributeError 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()
>>> 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'

See instance-methods for more information.
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4.13.5 ZE A

Code objects are used by the implementation to represent “pseudo-compiled” executable Python code such as a function
body. They differ from function objects because they don’ t contain a reference to their global execution environment.
Code objects are returned by the built-in compiIle () 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 objand "__code__".

FE AA = exec() g eval () W& Tl (22 EAE ) A2t ddsAY = 72 + A5

U,

ZFA| 3 A H = types S HAIA] Q.

=

cherat A4 W e A7) 3

L o
- o -
4o Aatel YU EE RE types ERE R
o
L

] 294t} <class 'int'>.

il

=
o
<
m
°

4.13.7 '4 ZHF]|

ol AL WAH R (e BAFA i G0l o WY UL A ANE A
SHA shutel d AR 7F e, o] F& None(W& o] &) YU Th type (None) () &
None ©|8}1 22 ¢t}

4.13.8 Ellipsis 24|

o] A &= AHA 0 2 Lefol Aol AL§H U (slicings & FEFHA L), 588 A4 A A5 Btk 33
3470 ShLke] Ellipsis A 7 9101, 0] 8- 5115 ps i s(h % ©]8) YUtk type (E1lipsis) () £ E1lipsis
AZES WY

Ellipsis ... Z 2dYrch

4.13.9 Notimplemented ZH |

This object is returned from comparisons and binary operations when they are asked to operate on types they
don’ t support. See comparisons for more information. There is exactly one NotImplemented object.
type (NotImplemented) () produces the singleton instance.

It is written as Not Implemented.
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4.13.10 =2|g}t

=8 s UEd 7] 918 A8 U o (3HAI R
E(E 50, de AR ARz A

el

A R S L R S S e
e wElgo R MAtE O AT 5 A UTHHY Hel g A4 B BRHA L),

7_}211- False T/}True = _)Z\_CQ\JE]—

4.13.11 LHE ZHA|

See types for this information. It describes stack frame objects, traceback objects, and slice objects.

Fegol 92w, 28 R A AR fPol R A 55 97 A8 JEAREES FAFU o F AL
dir () Feel o3 Has A ek,

object.__dict___

A7) (7] 153 O EFHEES A o] ALH = YAl EE J)e w2,

class.__bases___
S AA S Ao
definition._ _name_
S, g mAE, eI gy Eme Ay olg <
definition.__qualname_
S, g mAE, oI gy Ee AW ol g A" R Ak o &
WA 330 F7}
class.__mro___
ol EZREEMAE 2A Fol Mol FHaE A2l uH = FHaEd F

class.mro ()

[>
iy
)
[>
il
o
A
i

[>
(i)
[>
1o
o
bl

3

U,

ol MINE= RIARAY HANE A A E AHEAL A Y 617] A8 vlet S A7 A Z IS = 5 th
Felrdrdag R Y BEE W 1 A oo o AZF UL
class subclasses ()

el #
B B0 AACE BB A el S oo ST o

>>> int._ subclasses__ ()
[<class 'bool'>, <enum 'IntEnum'>, <flag 'IntFlag'>, <class 're._constants._
—NamedIntConstant'>]
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4.15 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 suchas int ('1' * 500_000) can take over a second on a fast CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.

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

>>> i _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) == i1i*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:

>>> 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')

WA 3119 F7}.
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4.15.1 Affected APIs

The limitation only applies to potentially slow conversions between int and stror bytes:
e int (string) with default base 10.
e int (string, base) for all bases that are not a power of 2.
e str (integer).
e repr (integer).

« any other string conversion to base 10, for example £" {integer}", "{}".format (integer),orb"%d"

[o)

% integer.

The limitations do not apply to functions with a linear algorithm:
e int (string, base) withbase 2, 4, 8, 16, or 32.
e int.from bytes () and int.to_bytes ().
e hex(),oct (),bin().
o >l ™A u] ] < o] for hex, octal, and binary numbers.
e strto float.

e strtodecimal.Decimal.

4.15.2 Configuring the limit

Before Python starts up you can use an environment variable or an interpreter command line flag to configure the limit:

e PYTHONINTMAXSTRDIGITS, e.g. PYTHONINTMAXSTRDIGITS=640 python3 to set the limit to 640 or
PYTHONINTMAXSTRDIGITS=0 python3 to disable the limitation.

e —X int_max_str_digits,e.g python3 -X int_max_str_digits=640

e sys.flags.int_max_str_digits contains the value of PYTHONINTMAXSTRDIGITS or -X
int_max_str_digits. If both the env var and the —X option are set, the —X option takes precedence. A
value of -7 indicates that both were unset, 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 sy s APIs:

e 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:
e sys.int_info.default_max_str_digits isthe compiled-in default limit.

e sys.int_info.str_digits_check_thresholdis the lowest accepted value for the limit (other than O
which disables it).

WA 3110 F7}.

Z4): 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.
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precompile . py sources to . pyc files.

Test your application thoroughly if you use a low limit. Ensure your tests run with the limit set early via the en-
vironment or flag so that it applies during startup and even during any installation step that may invoke Python to

4.15.3 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 3.11.

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 O.

4.15. Integer string conversion length limitation
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LH 2 ol 2|

glo] M of| A, & °ﬂﬂ = BaseException 011*1 g E S JAagd ooyt S FHAE AT
Bh= except A& Zre try oA, 2 B2 I FHj2oA 38 E BE A9 FHAE AT (AT
17 9] ﬁliﬂh Cﬁlﬂ FHlae ZJF/]ET}X] °}’“HD‘r) AB FHES e BAFA & F Y o9 FAlae
2ol A X gE 43 5534 AFHA s UTh

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 RZEE= W AL E Ao = JdFUTh o] AL & A7 E AASIAY AH Z B E 7 22 o9&
LA 7= ”ﬂﬂr “Tor oy AL HustE o /\}3314 A&yt 2 Y AL A e BA A
oS LA 7= A2 s W ol mé’, = oAl

W e 2eae AH AN E FYstr] Al AH e AF Ut BaseException ©] okt

Exception “ﬂV\ 1/]—1 ME FH2 F 3L A /‘Hi-r 04]94 sPIAZ S AU o e F9
of thal o B& AW = glo] A 25419 tut-userexceptions o] 951 Th.

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:
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[raise new_exc from original_exc

The expression following from must be an exception or None. It will be set as __cause__ on the raised
exception. Setting _ cause___ also implicitly sets the ___suppress_context__ attribute to True, so
that using raise new_exc from None effectively replaces the old exception with the new one for dis-
play purposes (e.g. converting KeyError to AttributeError), while leaving the old exception available
in___context__ for introspection when debugging.

The default traceback display code shows these chained exceptions in addition to the traceback for the exception
itself. An explicitly chained exception in ___cause___ is always shown when present. An implicitly chained
exceptionin __context___ isshownonlyif _ cause__ is Noneand __suppress_context__ is false.

T A9 R, o9 A4S G4 AAW o] 9] Fo] EAH oA, 2 &0 2] uhA| g 22 G4 npA] o]
AT 9 Kol F YT

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 %}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 SeiA

tha o9& T2 o o9l 9f wo]x Fel Az A H Y th
exception BaseException
RE WA o9 Wolx Fel Ut AHg AL Fo) Fel2ol o3 A A4 e Ao] byt (2
SHoz= Exceptlona AR BHAIR). o] Sl 4 AER 2 el str () o] ZEHE, ALDLR
Aed A7 E) S 2 < YFUh A7t e AW £AES 85U
args
ol & A Akl Fol R AAE2 FZ. LF WA AL (o, 0sError) € 54 52 AL 7IdistaL
o FE paol S IS YL WY, BEATL RE LR ANAE Awe 9
Exd gz T U

with_traceback (1b)

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 exam-
ple 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:

(tH& sl oA ol A%)
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(e1A sl o] A ol A AI5)

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 TypeErrorisraised if note is not a string.

WA 3119 &7}

__notes___
A list of the notes of this exception, which were added with add_note (). This attribute is created when
add_note () is called.

WA 3110 7}
exception Exception
2E N2 EE A UG 9 o] S YR BE ASA B I E o] Zeh LA
A o] of ]k,
exception ArithmeticError
t}hoFdl At of| B 7 o 7] = WA o2 S vl o]~ E8| A OverflowError, ZeroDivisionError,
FloatingPointError.

exception BufferError
W3 3 s a3 5 e o DAY ok

exception LookupError
1] = Al A2 AR 7] U AP A7 R E Qs wf A B ol 9] O] W o] & Z e TndexError,
KeyError. codecs.lookup () 2 0] & A doZ 4 JHUth

5.4 A XQI o2

o o9 = dutA o g AF d o=t Aot o9 Juth
exception AssertionError
assert o] A3 of o
exception AttributeError
ol E g HE ZZ (attribute-references & H A 2) U o Y o] Auj & wf T ) (AA| 7 A EEHE
FxUoERE 2 obel A QskA] ko™ TypeError 7FE Ut
The name and ob 7 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 3.100)| A] ¥ 7: Added the name and ob7 attributes.

exception EOFError
input () 57 vl olEl & ¢} A X8k A e ol A| EOF (end-of-file) = 745 7h
f:io.I0Base.read() & io.I0Base.readline () HIAEEE

)
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exception FloatingPointError

A AHEE A kst

exception GeneratorExit

A do)e £ ZFE o] 28 uff ¥} generator.close () 9 coroutine.close () &
HAAS. 7|eRow 01]317]. ol B 2 Exception Aol BaseException < A F A<k

exception ImportError

import £o] EES 235t U EA7F Y& wf AT YT ES from ... import oA dFE
el ol g e 3e 5 9w AT,
The optional name and path keyword-only arguments set the corresponding attributes:
name
The name of the module that was attempted to be imported.
path
The path to any file which triggered the exception.

WA 3304 WA named} path AEZREE F7HIFUTh

exception ModuleNotFoundError

ImportError & AR Zg2<d, 2EL &
o A None o] TAE wf = AP}

WA 3.60 =7}

o

4 92 W import 7} oYt} sys.modules

exception IndexError

AlA s Qe A7 & Hlojd o AT (St dElas 588 WS Yol Sol7te5 %
o7 @AYt} e At A2t ol W TypeError 7} ¥ e T}

exception KeyError

w3 (949 2]) 717F 71 & 7] Aol A 2a s A ekg wf Iy

exception KeyboardInterrupt

AE2 7 HEE 7| (W8 0 2 Control-C T+ Delete) & FE u] ST YTh A3 Fof AH
HE AAF A7 R o2 DU Exceptiond F= I o 98 2435 743 A], Q5| =g &7}
?E‘G}t A& B2 X3 EF BaseException & Al EUTH

ZF31: Catching a KeyboardInterrupt requires special consideration. Because it can be raised at unpre-
dictable points, it may, in some circumstances, leave the running program in an inconsistent state. It is generally
best to allow KeyboardInterrupt to end the program as quickly as possible or avoid raising it entirely. (See
Note on Signal Handlers and Exceptions.)

exception MemoryError

2o W= 317]’“1— A 0k, J3o] o AS| (TR AAE AHAGIA) B4E 4+ = A AT
A F2 ojH T/ (LH ﬁ’?}"] HEZE AN HE A& et = AFE d U th 33 v =2 g
'Tq'ﬂ o} 7] €l A (C-J malloc 1A Bosk 2 9]

0 PmE, dejaaz 3ol ye o s
2 opUTh TAHE BAE Nold m2 1ol Ul A E A, 29 oo
S i

exception NameError

A s A o] 52 2S5 U wl TAFYT o= AFIAF A e ol Zolut A gH L A¢H
A 7%2 T Re olFe 24tE ol WA AU

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.
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B A 3.100] A] H 7 : Added the name attribute.

exception NotImplementedError

°] Oﬂﬂ—RuntimeError o A S E U Th AFRAF Ao wWo| A ZE| Ao A, ok ZE A7) A A o 5t
S8 FA A E, ST AERE = =50l AA FHo] =712 287 5 VERE o

°] °‘ﬂﬂ et /\]740? gtk

. ALk g H A =) obof] A1 AE A gkethe AS e = W A= G EYT - 2 B 9=

AR HIA EE B A A A B FE A None 2 & A A L.

Z3: NotImplementedError and NotImplemented are not interchangeable, even though they have
similar names and purposes. See Not Implemented for details on when to use it.

exception OSError ( [arg] )

exception OSError (errno, strermr[, filename [, winermr[, ﬁlenameZ] ] ] )
o] of| 9] &= A|2Hl Tt ALY AHY o8& Y E o TS, “THLS 7;‘%% 4 55 U th(file not
found)” 1} “t] A—:’-7]- = 2= o} (disk full)” & 22 (FEH o zFd o]} 2 B2 o] of 2] 7} ofd)
A5 LS = ek
ARSI A AL okl 49 Y o R EE AT A= RES A Y3 o
1A 0.2 None o] Fth o A w Ate] S AN, Al e AA7F ALHE, args o] B2
£ AE F A AR 2R ST =R

ofele] 05 9] ol § AW A Y, AAAE §F 0sError o] HE e

Z &
AB ZeAE HF errno gholl et tbE YT o] S22 0sError £ A 28 F 373
vk dojubal, B SR o= A5 A syt
errno
CWH4 errno 28E & A o8] ZE.
winerror
A= oA, vHelHE A= olg] ZEE AFFYUTH errno oJEFHE & o] YolgHHE oY
FTEPOSIX ZE & thek Eﬂ,_Z}Zi?QqD]-.
A=A, winerror /3 2+ AA7F A4 B9, errno O EBHEE 9% ]Ei oA 2H
= 1 errno A2 FAIFH U Th the S RAF oA & winerror AA7F FAE 3L winerror o E 2] H
EZF s Yth
strerror

L AA AN AFe= G o] WA A. POSIXo| A& C &4 perror () 2, A5 =
FormatMessage () & ZW g}

filename

filename2
(open() = os.unlink () 2} 7Z2) 3 A|l2Hl A2} A o] F%, filename = &
Fol A2 H 3 o] FJUTh (0s. rename () 4 8) F M9 3L A28 A2 E Futst= 49
4%, filename2 + 5 AR Y o] 5ol T E T}

Hiﬂ 33°ﬂk1 H 7 EnvironmentError, IOError, WindowsError, socket.error, select.
error,mmap.error 7} OSError B HetE 91, WA A= A B FHYAE vss 4 g5 oh

WA 3.4 4 HA: The £ilename attribute is now the original file name passed to the function, instead of
the name encoded to or decoded from the filesystem encoding and error handler. Also, the filename?2 constructor
argument and attribute was added.
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exception OverflowError
A Ao AR E AN

7B t}= MemoryError & €

5 & W98 Yol 54

A

REY BE Ard o

1l

& u AT T Aol e wAleA Skt (E7]5
yrth. 28}, GArAE <l o] 8- &, ] & OverflowError= 23
WE 247 o9l Aele B2} EEG 0,

r[o o),
o

exception RecursionError

o] o & & RuntimeError oA IAH Ut Az HZE Ho A7 2ol (sys.

getrecursionlimit () ZX)7} 239 Z:]FZ]‘;;}TIH Elg i iaRi=
WA 3,50 F7}: o] Aoll= HH S RuntimeError 7F A Y5 th
exception ReferenceError
o )8l weakref. proxy () F47t BHE O3t F& mepA 7k olu] 7k A 9 E F2 v of
=3

ZHEE AN 25E g A2 o] Wt T k3t Ao Yist o] AAM 3 AR L weakref B
HAA L

exception RuntimeError
ohE WF] S84 e et 2AR w TR ABE gAY
UER = A d T,

exception StopIteration

O]Eii‘ﬂO]Eioﬂﬂﬁﬂ"E“%f’; o] o itk
__next__ () MIAEZF Lot

value

ofr

] Foo]l ERHNUEAE

rr

e &7 As, W &4 next () & o H & o] B ]

The exception object has a single attribute value, which is given as an argument when constructing the
exception, and defaults to None.

Aol e  ZEE 57 BAG ul, M| StopIteration AAEAE MAAA 7|31, 47 B8] F

e e AL value Mi7f A2 AR U T

Aoy T 7} AZLH AR Stoplteration & 4
(StopIteration< /‘H Cﬁlﬂ-J AA(_cause_ ) o ®E HAF
],

B A 3304 HA: value ] EFHE} AU H ol E & e EHFE 7SS F7HIS UL

A 35004 HA: from _ future_ import generator_stop = %3} RuntimeError S &
g%t PEP 4798 I 2314 8

WA 374 W7 7| 2H o8 BE FEo|A PEP 4798 &35 th: Alvd ol g ol A L8t
StopIteration Oﬂfﬂf RuntimeError 2 WEE Ut}

rlr

7|¥, RuntimeError 2 W U}

exception StopAsyncIteration

Must be raised by __anext__ () method of an asynchronous iterator object to stop the iteration.
W7 350 =7

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 st () of the exception instance returns only the error message. Details is a tuple whose members are also
available as separate attributes.

filename
Y 2RI RS 9L o)

bl
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lineno

eI AR el £ WE. 1-AE AP Uk HAe) R 8A EL Lineno7k 1914 h
offset

QR BARE Q. 1-AD PP UTE: F9] A WA A= of£set o] 1YY Th
text

SRETUHF AT 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
linenoof 1

end_offset
The column in the end line where the error occurred finishes. This is 1-indexed: the first character in the line
has an of fset of 1.

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:
2, (7, L2, f(ab)n’, 1, 5)).

B A 3.100 4] ¥ 7: Added the end_Ilinenoand end _offset attributes.
exception IndentationError

AEE Sojzr)e BdE 2y 07 wWolx ZH2YUTh syntaxprror o AH Ze2YUTh
exception TabError

Soj27)7t QA YE W 25 0] 2 A8 TR AL BAFUTE Indentationsrror & AR
A=Yk
exception SystemError

AelZ2 7 Y7 o2 & DAUA T, BE 3 g 272 whg Aol A7) HolA = o< ol ¢4
duth A" g2 Fool ZXRH A=A (AF-E] &

2) e = 2 o o
o) AL sho] 4 olE] el e] o] A2 W Phe) xhol 4] ol ok THTh Thol W ol el Ele] WA (sys.
version; tlEHA] 5ol A A4 ] A2 ZegTh, e olel A7 (el 2)e] AR g

agabsstd o EE Yo mw
exception SystemExit

o] & sys.exit () TF7F Lo UTH Exceptions e T Y3l ¢A3] 3] F=EF,

Exception WAlo| BaseException & A&ShU Tt o] E A 319 o 2] 7} 2ul2 A A vl o] QE =

et SR P Uk AeH A ehow, sho A Bz e Bl 7t F 8 H Tk 28 £ ao] 2 e Qlas A

25Ut *E*éx}% sys.exit () 01] ADE Az 2o el A o]x}e HPo]-‘:?qu]- %}\-o] 2ol m

;(,]EHZ:]"QEJJO@— OﬂL ._eXlt() f\’_:}'/;:
5.0] 2}A) gixﬂéd}*ﬂ)-

code
A AEH = T8 A £ ol AAA U (712 32 None (U th)
exception TypeError
Astolu g7k A A Pl Aol 487 o YTk A
AZse BAE YT

r

H g F =LA AR AHE

Nl

5.4. FAHIH o< 111



The Python Library Reference, E2|A 3.11.10

o ol g AR A=E Adtol AU A ko] 1 = G5 eh /] 9 AH§ A e
AT 4 D AUT T AA} 201 GAE ARE A 9Ah ol 76 A A

A2, Not ImplementedError S WA A 7]&= ZA o] A st}
255 ol AE AGE A (718 int E Z)hEt=d 1istE AYsHY)), TypeError & 40 Aok 3t
Uk AT 2T %8 2e AAE ALEE (42 W9 E WO %A valuesrror § Ao AoF
o

exception UnboundLocalError

T YA Zol A A HpE FxReHARE T H o] ghol AZE A oo WA YT o] A

NameError 9 HE‘.ELEH&_?:]L]D},

exception UnicodeError
SUTE BA ATY EE 0T 27t Lol W WA valucrrror o A8 FHAY T

2
Unicodenrror & QTP U 7Y el & AL | EHARES AN T Y5 AE ol
err.object[err.start:err.end] & ZH o] Aufst 2R A AHE AT FUch

encoding

ole} & A7 Am e} o] Bk,
reason

TAAL 7Y 272 st 2AAYY
object

Felo] A3 Y EE O F Yol L AT AA Ik
start
object o] Y= ZEH dolE o Hx ddl AUt}
end
object o Qi mpA o 2 R H w0 Be] upE the 8 AU
exception UnicodeEncodeError
A3 G Foll FUZE & ol 7F oyl BAJ YT UnicodeError o AH e gyt
exception UnicodeDecodeError
gidg o FyZE A o7 doj b WA U T UnicodeError & AR Z#i2dYth
exception UnicodeTranslateError
WY Foll FUZE FE o2 7F Doy B YTE UnicodeError o AH S d T
exception ValueError
Ao} 47k gukg PolAuk R A3 ke 7H AAE WekT, AFo] Indexirror A ©
TAAA Ofﬂs’JE A= A %}t 8-+ oAy
exception ZeroDivisionError
L EE 2g& Ao F A AL ul TG YT AdE g2 A 3 ddE
e EAE Qo
= o2l ol d wde] T8y S A6l A U 3ol 337 B = 0sError o] B Yt

exception EnvironmentError

[*]

exception IOError

exception WindowsError
A=A vk AL T 5 QLT
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5.4.1 0S 02|
the-2] o9l OsError o) A8 Fel o], A28 o) m=ol wheh @ 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 & A o &, BlockingIOError = oEZREE 3} ¢ 712 4 dE5 Yt
characters_written
L5 57 Ao A=Y 2 BA£E EFFE A4 o EYREE io BEAA WY B
d=y SH2E AT & 5 s Th
exception ChildProcessError

Raised when an operation on a child process failed. Corresponds to errno ECHILD.

exception ConnectionError
A4 #A-H FA o g wo]x ST

A8 E8 2+ BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError ¥
ConnectionResetError YUYt}

exception BrokenPipeError

A subclass of ConnectionError, raised when trying to write on a pipe while the other end has been closed, or
trying to write on a socket which has been shutdown for writing. Corresponds to errno EPIPE and ESHUTDOWN.

exception ConnectionAbortedError

A subclass of ConnectionError, raised when a connection attempt is aborted by the peer. Corresponds to
errno ECONNABORTED

exception ConnectionRefusedError

A subclass of ConnectionError, raised when a connection attempt is refused by the peer. Corresponds to
errno ECONNREFUSED.

exception ConnectionResetError

A subclass of ConnectionError, raised when a connection is reset by the peer. Corresponds to errno
ECONNRESET.

exception FileExistsError
Raised when trying to create a file or directory which already exists. Corresponds to errno EEXTST.
exception FileNotFoundError
Raised when a file or directory is requested but doesn’ t exist. Corresponds to errno ENOENT.
exception InterruptedError
Raised when a system call is interrupted by an incoming signal. Corresponds to errno EINTR.
WA 35004 A oAl spo] M2 A|~E T o] AlZLdof o5l ThE w), A2 A7) 7F A& E
do 7= F9E AL S (o]F+ PEP 475 & FX3IM|R), InterruptedError & 427]& tiAl
2" 555 PA = ok

exception IsADirectoryError

=

Raised when a file operation (such as os. remove ()) is requested on a directory. Corresponds to errno
EISDIR.
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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 311194 HA: 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.
#7330 F7h 919 BE 0sError AH F 27 274 S U
o H7]:
PEP 3151-0S 210 o] AS 72 A2

o

55 &4

O ol e B HF2 AU A AR = AW
exception Warning
EECR RPN PGS
exception UserWarning
A7 A=) 23 o)A £ Ao Wol
exception DeprecationWarning

AR 750l that A ae) wlo] 2~ Zef el 1 17k ThE shol M A MALE ko =
Y.

_main_ RES AT, 712 A7 BE o] &) FAH T (PEP 565). 7o) 4 A wE
S ol Ao AT

The deprecation policy is described in PEP 387.

N
{2
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>,
i
4
>
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[>

Fex
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e,
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rr
o,
o
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it
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oX,
Lo

exception PendingDeprecationWarning
e AR A A e oll A AE o ol A wh A F T HAAF A= 2 7]sol & Aae] wojx

R EaNiRiay

Goz gg sw Yk Ao B AL QA ol ¢ W, o] ZAAE A A-EHA 2]
olu] A 3lH # A o= DeprecationWarningg A& g Th
il

12 A3 28 o8 FAg U sto] 2 7 R =g 24 3)s)
The deprecation policy is described in PEP 387.

%1

N

exception SyntaxWarning
wo g Byl tha 4 uel el Feaut.
exception RuntimeWarning

BE A8 A7 5 A T e A wel s el quch
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exception FutureWarning
A d 75l et o—J—v’] wlol&~ Fefadd, I Favt sojHor AYd S8 =213
AeAE Bge s e A4 AUt
exception ImportWarning
RE JEEA AL S gt Aol R Ao o~ 2
718 74 aL el o FAFE U st 4l Vit =S BA3etE o] Fark ;AIE Y-
exception UnicodeWarning
fFuz=st AW A0 wolx e~

exception EncodingWarning

e
of

Base class for warnings related to encodings.
See Opt-in Encoding Warning for details.
WA 3.100 =7}
exception BytesWarning
bytes W bytearray & THHE A9 wojx~ ZYAJUch
exception ResourceWarning
A9 A8} BAE A0 o) Feh U
712 B3 FE ol el FAIFH U shold it R =5 A 3LeH o] Favt EAIE YT
WA 3.29] 7}

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 Except ion and it can only wrap subclasses of Exception.
This designis sothatexcept Exception catchesan ExceptionGroupbutnot BaseExceptionGroup.

The BaseExceptionGroup  constructor returns an ExceptionGroup rather than a
BaseExceptionGroup if all contained exceptions are Exception instances, so it can be used to
make the selection automatic. The Except i onGroup 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.
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subgroup (condition)

Returns an exception group that contains only the exceptions from the current group that match condition, or
None if the result is empty.

The condition can be either a function that accepts an exception and returns true for those that should be in
the subgroup, or it can be an exception type or a tuple of exception types, which is used to check for a match
using the same check that is used in an except clause.

The nesting structure of the current exception is preserved in the result, as are the values of its message,
_ _traceback__, ___cause__, _context__and _ notes__ fields. Empty nested groups are
omitted from the result.

The condition is checked for all exceptions in the nested exception group, including the top-level and any
nested exception groups. If the condition is true for such an exception group, it is included in the result in
full.

split (condition)
Like subgroup (), but returns the pair (match, rest) where match is subgroup (condition)
and rest is the remaining non-matching part.

derive (excs)
Returns an exception group with the same me s sage, but which wraps the exceptions in excs.

This method is used by subgroup () and split (). A subclass needs to override it in order to make
subgroup () and split () return instances of the subclass rather than ExceptionGroup.

subgroup () and split () copy the _ traceback__, _ _cause__, __ _context__ and
__notes__ fields from the original exception group to the one returned by derive (), so these fields
do not need to be updated by derive ().

>>> class MyGroup (ExceptionGroup) :
def derive(self, excs):
return MyGroup (self.message, excs)
>>> e = MyGroup ("eg", [ValueError(l), TypeError(2)])
>>> e.add_note ("a note'")
e
e

>>> .__context___ = Exception("context")
>>> .__cause__ = Exception("cause")
>>> try:

raise e

except Exception as e:

exc = e
>>> match, rest = exc.split (ValueError)
>>> exc, exc.__context_ , exc._ _cause_ , exc.__notes_
(MyGroup ('eg', [ValueError(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 sig-
nature 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.
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-
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)

Like ExceptionGroup, any subclass of BaseExceptionGroup which is also a subclass of Exception
can only wrap instances of Exception.

WA 3,110 =7}

5.7 O] AIZ 2=

W dele] 2 AS F2E et 2tk

BaseException
ooo BaseExceptionGroup
ooo GeneratorExit
ooo KeyboardInterrupt
oo SystemExit
oo Exception
ooo ArithmeticError

u] ooo FloatingPointError
u] oo OverflowError
u] poo ZeroDivisionError

ooo AssertionError

ooo AttributeError

ooo BufferError

ooo EOFError

oo ExceptionGroup [BaseExceptionGroup]
ooo ImportError

u] ooo ModuleNotFoundError
ooo LookupError

] ooo IndexError

o ooo KeyError

oono MemoryError

ooo NameError

u] ooo UnboundLocalError

ooo OSError

ooo BlockingIOError

poo ChildProcessError

poo ConnectionError
ooo BrokenPipeError
oo ConnectionAbortedError
poo ConnectionRefusedError
ooo ConnectionResetError

poo FileExistsError

poo FileNotFoundError

ooo InterruptedError

ooo IsADirectoryError

ooo NotADirectoryError

oono PermissionError

0O00OD0OO0OO0OOo0oOoOoaoaoaQd

(Th& sl el Aol A<

57. Gl AE 2= 117




The Python Library Reference, E2|A 3.11.10

[m]
[m]
ooo
ooo

ooo
ooo
ooo

ooo
ooo
ooo

ooo

ooo ProcessLookupError
poo TimeoutError
ReferenceError
RuntimeError
oo NotImplementedError
ooo RecursionError
StopAsyncIteration
Stoplteration
SyntaxError
ooo IndentationError
ooo TabError
SystemError
TypeError
ValueError
ooo UnicodeError
ooo UnicodeDecodeError
ooo UnicodeEncodeError
ooo UnicodeTranslateError
Warning
ooo BytesWarning
ooo DeprecationWarning
ooo EncodingWarning
ooo FutureWarning
ooo ImportWarning
ooo PendingDeprecationWarning
ooo ResourceWarning
ooo RuntimeWarning
ooo SyntaxWarning
ooo UnicodeWarning
ooo UserWarning

(e1A sl o] A ol A AI5)
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6.1 string — UHHHOl B X} 14}

A FE: Lib/string.py

] B7):

HAE XG2S — s

A HA =

6.1.1 EX}E &

ol ol Fojd dre vud Zsuth
string.ascii_letters

ol#gfjo]l 3 2= ascii_lowercaseSt ascii_uppercase 45 o]o]EQ APt o] k2 2A Y
o o] £ 7 o] ] 22U

string.ascii_lowercase
&8} 'abedefghijklmnopgrstuvwxyz'. O] k2 Z A Lof| o] &4 o] 2] k31 AAF A 5y Th

string.ascii_uppercase
o) ¥ A} ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'. o] gt-2 ZA Yol & &2 o] %] ¢k W A A k5t
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string.digits

E2}4d 10123456789
string.hexdigits

FALE '0123456789%abcde fABCDEF .

string.octdigits
B9 101234567 ".
string.punctuation
czﬂl"‘OﬂH TFH AR 7H538= ASCIL FAF] BAFE: 1" #8536 () %+, —./:;<=>2@[\]1"_"{|}

string.printable
A 753 Ao R 7HFSHE ASCH A9 BAY. digits, ascii_letters, punctuation,
whltespace-/] Z3sHd Y.

string.whitespace
SO g ThFohE BE ASCH ZAHE X §ote AR, o 7]ol& &5l o, |, & vk, g A g9,
M2 W R E H = A TR

6.1.2 AI2X} XM 22X} ZojE!

W 22D Fej e PEP 3101 o) AR format () MINES 53] 8@ A5 @A g2 44
=75 Zﬂ—'—i}l/]ll]— string B89 Formatter s WA format () HIAEY 2 FdS
<

ool A nel B4 Tul 8 ERE BED A8 B 5 A o
class string.Formatter
Formatter Zed| 2ol v 22 370 WA =7 syt
format (format_string, /, *args, **kwargs)
712 APLU| A =S Th 20 2245 0] 0] 917 © 71912 Q7o) [ wols g Th o] AL
viormat () & Z&5te d 3 d #AYTh
WA 370 A W £ EAD ARk oA 914 418 Y eh
vformat ( jbnnatsﬂMg,amy,kwaam)
£ 9 +YFUT *args 9 *rkwargs EHE Ag3te] YA E )
S e A AT T ) A il vlel Ae1E 9 SRS A st o
Sz g2 &Lt viormat () 2 W EXLE & EX}dlolE 9} X E F
sh= A e TG ool AR E g MiAEE ST

parse (format_string)
format_string-& %3 31U A [{-& (literal_text, field_name, format_spec, conversion) 2] ©] ¥ 2] &2 =3t
Utk o] AL viormat () o] #AIE S B HE HAEQ A& F=F U= o AT
F29 e Ad Ao e 9As9 1 HE Gt se N D=0 WA Gebd U
AEE B G AP (FAY NV DEA A% AT et A9 BAT 5 AL,
literal_text = 2 0] 7102 EX<E AUt} X3 =7} Qe A -5 field_name, format_spec X conversion
#2 None YU th

get_field (field_name, args, kwargs)

parse () 7} 9t 3L field name & (915 EA L) TWE A Z AUt} 52 (obj, used_key)
£ 3R oh 718 W A2 “O[name]” o] L} “label.title” 3} Zro] PEP 3101 o] 2 &) H 3 4] &2
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A& wotE AUt args 2} kwargs & viormat () ol AEH A3 ZHUTE WS 3 used_key =

get_value () 9 key W7} M52} -2 o] m] 7} Q15U th
get_value (key, args, kwargs)

ARH B9 g= 7HAsUTh key OVP% AT Ee 2AEYYUSE 49

A AAFE < ‘“/\E ek U oh E2HE QN A5 kwargs ol Sl ©l& Q

args M7 M= viormat () Y A AA HE o2 AAF I, kwargs ©

gAY 2 4-g Yt

23 AT o]2 0] AL o]z 3
A e

i
o

2= o5 A WA 74 2ad AT BE AU FS
EeRE 4 Axre Ba) A2 gk
A of

,E Z3 A ‘Oname’ 2 get_value () 7tkey QA 002 TEHEE gt}
name ¢ E = get_value () 793 2ol YA getattr () S-S SE&3F0] 23] FUth
e

=7t 2A381A] = d5S ZX3H, IndexError Y KeyError 7 WA EYTh

ye, )
r2 4y
A2

0= il

rL
i

wrlr

o
Jrajn we
(m_2
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check_unused_args (used_args, args, kwargs)

Aohe A5 AHESHA S AAHE ﬂ/\PG}‘:E%Ld?JHD} o] Frepofl th gk AAF= Z W F AL ol A
FxHe B AR 719 A7F AA A#2 A F, o1& A= A B¢ EAHY), viormat
o= AgH argsﬁ‘rkwargv of e FxArh }351 Z] s 0144 AP o] i HeE
A g JFUTE check unused args () © AA7F Al 49 A& TN L 2w

bR 3 T

format_field (value, format_spec)
format_field() £ @3 Y format () W EFE SEFUTh A B FH27 AT
+ == A=} Al U,

convert_field (value, conversion)

(get field() 7} ¥&sh Fh(value) & (parse () MIA E7F 98t FEol U+ A 22) 9
71 ¥ 2 73 (conversion) & 2 HERFU o 7] B - s’ (str), ‘1’ (repr) E ‘a’ (ascii) W3 -F3 2
AA Yt}

6.1.3 =0 EXIE ZH

str.format () WA ES}Formatter FenE T B2}
o B B SHEE 25 A 2 FAE wHS A
#-A QAT @ P s, —ol °‘«M A A DA

o, 1T |
e Ho [y 2
o

(
=

replacement_field = "{" [field name] ["!" conversion] [":" format_spec] "}"
field_name = arg_name ("." attribute_name | "[" element_index "]1")*
arg_name = [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
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g PA A Lol 2, AT =L field name 02 AT 5= gl gho] 2 S8 X3 &4 EH/‘]
A= AAE A ATGUCE. field name Thol= AeiH oz 717 ' 11 7} Qo] @& conversion -QEE]-
1o 7o) ol 2+ format_spec ©] FUTE o] gH2 X3 gholl o) 712 gko] ot d 2 E A G T)

9 %A vy o] AR FIEAA L

The field_name itself begins with an arg_name that is either a number or a keyword. If it’ s a number, it refers to a
positional argument, and if it’ s a keyword, it refers to a named keyword argument. An arg_name is treated as a number
ifacallto str.isdecimal () on the string would return true. If the numerical arg_names in a format string are 0,
1, 2, --- in sequence, they can all be omitted (not just some) and the numbers 0, 1, 2, -+ will be 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 3104 HA: A AR} A A A= str. format() off A ek 4 dFUch A, {1 {}'.
format (a, b) & '{0} {1}'.format ( )y I ==Yk

A 34914 7 917 93 AR Forat ool A S 5 910

% 7hA) 2here 29 EA oA

o

"First, thou shalt count to " # References first positional argument

e

"Bring me a " Implicitly references the first positional.
—argument
"From to " Same as "From {0} to {1}"
References keyword argument 'name'

'weight' attribute of first positional arg

"My quest is "
"Weight in tons "
"Units destroyed: "

FH I W H

First element of keyword argument 'players'

conversion 2= Fu8 Aol § FojHAE do “4"/} RELe, e 2udgdes g2 7 AA Y

_ format__ () WIAZEN g5 +FF Uk 2} o]H Ffol&= F Z}”«] zujg éﬂ% FA 8k &
ALE A ESE FAT 87 JdFYTE __format_ () & &3] Aol e AL E AESY,
dutA ol 2o g =g 7F FAE YT

AR Al 71A] tﬁ;%‘r%ﬂlﬂ APtk "is' E @l str() 5 EL, e 2 3ol repr () & &3,
"la' = ol ascii () & ZEFYh

2 7}7] o

"Harold's a clever " # Calls str() on the argument first
"Bring out the holy " # Calls repr () on the argument first
"More " # Calls ascii() on the argument first

format_spec BE9 = F
So] xsrE Uk ZH gk

e WY e ok el H Ars Y ol g A Ao

=FE vl

A format_spec BE&= 1 ol T HE X} BEE E@'@"’FE AFULE oS TH A AT o= 2
o 3z Z1
x = A

EA S ol E gAZE 23 o] e, 2= v, A, A, A1 L=
| “zvie Y ‘i’ioi”i‘!i‘_format spec 2] & "ﬂ“ gel g st

r&gl lﬁ

o), M Ze) 2w = WAL £ 5 A, o 2L FFL 545 %) ek L)) format_spec 2] A 2
D= = format_spec EAFR 0] 3 A% 7] Aol AP UL o] RA oA gte] TulE S EA02 AT 5 9
.

B 7hA el AL = el A AR HAIA S,
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o HA| OJL] 240d
T WA = 29 BAbdo] £3E A D= ol A AE grel FA WL B2 S ol AR VT (2
AR S fstrings & HAR). o] AS 2 WA format () ol A AEE sE dSUH. 4 2
e e =Y BAE s e A9 T4 dsd

FEo WAES 2 A defl 5 FAHS FESAN, dF 2 FAHL2 A ol T AdgUTh
WA Fel= W W FAZLFoll str() & 2T AR T2 AHE vEE AUt vlo] A g
29 WA 2 A%E £ T
Z2E ZR ARG dubA P A2 v 25 Uth

format_spec = [[filllalign][sign] ["z"]1["#"]1["0"] [width] [grouping option][".

fill = <any character>

allgl’l := "<" ‘ ">" | n_mn ‘ nAmn

Slgn = "+" n_mn | n n

width = digit+

grouping_option = R

precision = digit+

type ::= "b" ‘ "C" | "d" ‘ "e" | "E" | "f" I "F" | n n ‘ "G" | "n" ‘

g
S et 999l #4718 & 93, A Feoe 2
& ol i} str. formar () MAEE AT i, 2lE] D
A EEL S R R
2 w34 gk,

ﬂllo

23 align gkl AR W, fill FA7F kel
ojx7t 7R e AHEH YT =W FAD
FREOCEE )Rl EAZ ST S
AU o] AgE format () Folle IF

FTHAE A = v 2 Ytk

SE,

o}
g ool

M

<t S b5 E2 ol BT A% A =% o (R AR o)A o 2ol 71 g Th.
>0 Mg bR B ol BESL 2 25 A 2 FUTHGAIA ol Zo] 7Rk Th).

' Forces the padding to be placed after the sign (if any) but before the digits. This is used for printing fields in
the form ‘+000000120° . This alignment option is only valid for numeric types. It becomes the default for

numbers when ‘0’ immediately precedes the field width.
' ARG 7EE R F 2 ol A B =S TR ol wi A Tk

o vn7AYHA ol dE vYnle FA BEE A HolHA 22 A7 olng, Ad F4L o

Sam ol g Fhow A3 oF 32 Yerd Y o,
o ool Ao 2 Aok 415 Lher 1o (o) Aol 1 F AU T,
Sol A% A o] A5 GBI, S50l nlol s B E AFgol ok 3 Uerdy .

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.

A 3.119 A M 7 : Added the 'z "' option (see also PEP 682).
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n

prec:


https://peps.python.org/pep-0682/

The Python Library Reference, E2|A 3.11.10

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 'Ob"', '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.

LA AR 2R /3o 4EE AEHES SYUth 29 TS TEAL A9, A n
A5 A RBS S L.

WA 3L R, FAE F7HS U TH(PEP 378 = H A 2).

Y045 EA Y a ol e AU PR A5 WES AEHES
Lotk Rk o A% REel dxelmhk AR U T e EA e
o

=i

A FO) A A = W, width BE Foll 10" FAFS &0l A f%“ﬂ o s
AFEEE 4= Qs Utk o] A2 10 9 fill AR} =" 9 alignment S 2+
7

WA 3.109 A] ¥ 7 : Preceding the width field by ' 0' no longer affects the default alignment for strings.

The precision is a decimal integer indicating how many digits should be displayed after the decimal point for presentation
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.

A O 2 fype 2 Tl O] H S F A= W= 2 Yo

28 oo
‘st BAGEY 0| BAG 72 fYoln 4D + s
e st EsUY
A s RS BN R L B 2
2 o
%od
b ol B4 oA 02 5:xHE Y It
'c' 27k ds7] Aol AeE dF FUZE 2AE AT
'dr AR A AIYeE AE S dYh
o' 87 B4 8AMOE S Yk _
'x' 167 P4 9K T 2 ALY A £AEAE AL F] 163H o2 A5 EY T Th
'X' 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 ' 0X ' as well.

'nt £7 ol B4 2AY AL AL AR 2R TR EAS Y BT AL A9
Sme a2y

d  rar ek rHUL.

o

i)
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EEERE

Fo) G, A4 olgfo] YdH BE 248 FA G302 29E 5 d5UT ('n' &
Al L). 1?«4711 ?ﬂuﬂ Zujg Aol A5 7

float ¥ Decimal kol AF&S

+
30
i
=]
>
Jo
oglt
flo ®
o
lles
i)
(L)
oy
<
v

02t 50

®

'El
'f'

'F'

3t %7 2
Bed BAHo R 2AE EAU. ArE 444 B9 I 425} 224 7ol p
A28 AAN, Ep + L HE AAFE BTk AUE AR A ghow, £10ate]
A$E 257 70l 6 574 AUEE AHE3T, Decinal®] F$E BE AS £A42
AT 288 A0 KA o ¢ S HE N8N e 9 a4 A H I,
Betd £, T2 EAR GEA E S AT AL AT e 9 2T
1 A B, FAI AEE pol tha, & ’“”Hﬂl@ﬂapx}ﬂlﬂﬁl%ﬂﬁ?i
KAE TR AE =T Xl%ﬂﬂ %O W, floatd FF= 253 F ol 6 A
AYEE AHROLL, Decimald] AFE RE AT AE EA]QE’}%%—E—a EAYEE
}oﬂwqﬂ*ﬂﬁﬂrﬂﬂﬂoﬂ#iﬁ§4ﬁdﬂ@:ﬂA$§Eﬂﬂ%HW
IR ALGA Z7|H. £ & Z AW nan S NAN 2 &, inf & INF & HET T}

e WA, F2ol2 AUE p >= 1o B, £AE SE A p 2 Al 2% BT, 2
T F7lol met 24 258 Aoy A By Eos TR AUE

17} 55344 A2

E

aﬂ"}“ﬂ,rz}hwl%?ﬂ '2}@‘23

TP 02 BF FESARANA AAR I, Foll Fobde A7 UThE T4 FA o] A

ﬂﬂ de dasHAEAAG YL

BEE7t AARHA g, floatd BF 6 & AHA

Decimal®l 7%, A3 A€ #%e 74]4 f A2 T U A8 271

o] 1e-6 Bt} 22 gt H 5H9) AHe] ARl gho] 1Rtk 2 gholl AHg= v, 23 4]
1 a5 &7 ol AHE YT

FH 5o FE, ¥ =9 0, nans= FEES} FASA 42 inf, -inf, 0, -0, nan
oz g YTh

HE FY. A7 AR AXE "B 2 A= A AL gt o 2yt 7o

NaN o] A= A= vhg U th

2k A 2AD AP E AHESte] F
'g' S ZFYTh

HEE. %ﬂoﬂ 1008 Fa| A

float«] 319, A 24A &7

= stuel AE =2

A

Zo]z] 71—2%
=

Z5Uth
AAARA &= str() & &9
Yt

ey
ol
My
gi
r{u

EAE Y BTHE A2 A9 5

o
M oX
l_,.
i
(o b
_Q, N
T
fo 2 o

Jo
(o
=
>
2
M o
1z
[>
[t
o
Q
o)
o]
=
o
X
2]
Q
Q
o]
2
o
Q
’_l
1))
8
£
k=)
i)
AW
@
1o

o

the Z9 £ O3 MAE AAY BEE 29
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04 ol A
o) A& str. format () W o9}l A s-Ev) Y el vl wE E Ik
RRe o) o A s-EH P fASIM, () 4 F7h s A R ;o] ALGH U Th o2 Eol, 1503,
2" &= '{:03.2£}' 2WgE = dHUh
A 2B Y2 o Aol Kol 25t o] AlE Al v g A= A a3 o
HAAZ AR} HA| 2
>>> '{0}, . '.format ('a', 'b', 'c')
'a, b, c'
>>> '{}, {}, '.format ('a', 'b', 'c') # 3.1+ only
'a, b, ¢’
>>> '"{2}, {1}, A ' .format ('a', 'b', 'c')
'c, b, a'
>>> ' {2}, 7 '.format (*'abc') # unpacking argument sequence
'c, b, a'
>>> '"{0}{1}{0}'.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra’

QEREIE RS P PN

>>> 'Coordinates: {latit

—81W")

'Coordinates: 37.24N, -115.81W'

>>> coord = {'latitude' '37 24N', 'longitude'
>>> 'Coordinates: {latituc {longitude}
'Coordinates: 37.24N, -115. 81W'

'.format (latitude='37.24N",

-115.81W"}

'.format (**coord)

longitude="-115.

Ao o= el FE A

>>> ¢ =
>>> (!

3-5j
The complex number {0}
'and the imaginary part {0

is formed from the real part {0.r
gt.").format (c)
is formed from the real part 3.0 and the imaginary part -5.

'The complex number (3-57)
‘—)0 . '
>>> class Point:
def _ init__ (self, x, y):
self.x, self.y = x, vy
def _ str_ (self):
return 'Point ({self.x}, {self.y})'.format (self=self)
>>> str (Point (4, 2))
'Point (4, 2)'
NEE SRR

>>> coord = (3, 5)

>>> 'X: Y: | '. format (coord)

'X: 35 Y: '

s I sr hA:

>>> "repr () shows quotes: {/r}; str() doesn't: ({ ".format ('testl', 'test2'")
"repr () shows quotes: 'testl'; str() doesn't: test2"

2E AE vn A4
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>>> '{:<30}"'.format ('left aligned')

'left aligned !

>>> ! >30}"'.format ('right aligned')

! right aligned'

>>> '{:730}'.format ('centered')

' centered !

>>> '{:#730}'.format ('centered') # use '*' as a fill char

'***********Centered***********'

+£,%5-f,% fUAEST AA:

o\

>>> '"{:4f}; {:+f}'.format (3.14, -3.14) # show it always

'+3.140000; -3.140000"

>>> '"{: f}; {: f}'.format(3.14, -3.14) # show a space for positive numbers

' 3.140000; -3.140000"

>>> "/ f); {:-f})" . format (3.14, -3.14) # show only the minus -- same as '{:f}; {:f}'

'3.140000; —-3.140000"

8x, %0 ThAI 9} TFE A o 2 gk M ek

>>> # format also supports binary numbers

>>> "int: {0:d}; hex: Os<hg oct: {0:0}; bin: {0:b}".format (42)
'int: 42; hex: 2a; oct: 52; Dbin: 101010"

>>> # with 0x, 0o, or 0b as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0x2a; oct: 0052; bin: 0b101010"

AEE A Gy LT EAZ AL

>>> '{:,}'. format (1234567890)
'1,234,567,890"

WMEs 2

>>> points = 19
>>> total = 22
>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"'

EEEL RS

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> "{:%Y-%m-%d $H:%M:%S}'.format (d)

'2010-07-04 12:15:58"

A7} % A3t Bk AL oA

>>> for align, text in zip('<">', ['left', 'center', 'right']):

'{0:{fill}{align}l6}'.format (text, fill=align, align=align)
'left <<
l/\/\/\/\/\center/\/\/\/\/\l
'>>>>>>>>>>>right!’
>>>
>>> octets = [192, 168, 0, 1]
>>> "/ 02X 02X 02X ) 02X ) (format (*octets)

(Th sl o] Aol A<%)
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(o] A | o] A e A AL

'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 HZ3 2}

Template strings provide simpler string substitutions as described in PEP 292. A primary use case for template strings is
for internationalization (i18n) since in that context, the simpler syntax and functionality makes it easier to translate than
other built-in string formatting facilities in Python. As an example of a library built on template strings for i18n, see the
flufl.i18n package.

MEe BAAL oS FHL AT} s/ A 8-S A AU Th
o $s EojaAl]Z YTt o] A2 3t $ E X g Ut
e Sidentifier & w3 7] "identifier" o} Y X|3}E= X3 A} —L/\]Z]-E' A 24@—1412} Z|EAo =7,
"identifier" & WE oL} ASCI &5bal © & A|&éts thAEA 8 gl ASCII 5= AH (R & 23
A ABFH T 5 B4 519 A WA 0] QA EAL o] Ahel FAA BAE Z R T
o ${identifier} &+ $identifier & F5FTYT FE 3 2 HX} BR}7} A AR} H ol L A9,
A TAAY] dHE 7} ob ™ & g st 7]—“’—’ﬂ "${noun}ification".
ALl th2 WA 07 § o] TS valueError 7F Y Th
string B2 o] FAES T HS= Template EHAE AFT YT Template & WA EE TS0 25
ek
class string.Template (femplate)
WA BB EAY S BolE AT
substitute (mapping=i}, /, **kwds)
ME3 A S S AL, M EALE ST mapping & WE312] Ae] EAI A9} A 3=
1€ 7 Sle] SR YT B = el S 9= e A w
A5 Ut mapping R kwds 7t B A FE 1 FE o] Q& AT, kwds & Ae] A AU
safe_substitute (mapping={}, /, **kwds)
substitute ()2} B3R B, mapping I} kwds ] A2 A A7F = A -$, KeyError 99 &
t‘““/\l 712 ka1 Qe A2 BAAZE A Bxpdo] 2 g JebgdUth T3 substitute ()
=g, $ 7 R AR EHE A valueError & 927 = tAl @3] $ & wrEghy o
th2 2 7F A A 3] AT QUA R, o] A E7E Y of| & & WA 7] = AL ARS T s A
2 WHEFs}e] 3L A 5] R o] <ok (safe)” Shehan GuITh THE S| Ho A], a e cubstitute ()
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© - & 5 glsuth 2 92 (dangling) 72 712, < ol F A b= FEZ, F AT FolA
A A7} obd Z}El 4/‘12}% Eote ARE HEE 283 FAIS W& YUTh

is_wvalid()
Returns false if the template has invalid placeholders that will cause substitute () to raise
ValueError.

B A 3.110 =7}
get_identifiers ()

Returns a list of the valid identifiers in the template, in the order they first appear, ignoring any invalid
identifiers.

W 3110 7L
Template A2EAE 70 HolE o ERES shut Al ot
template

o| A2 73 A2 template AALZ A AA AUt dwbA oz, WA A= H AR ¢ 7] A§
WA 27} A S A = ks Th

t}-&-2 Template A8 3 9] o L o)

>>> from string import Template

>>> s = Template ('Swho likes S$what')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim")

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat').safe_substitute (d)
'tim likes S$what'

T AREW: Template o AN Zel2g ShsHe), Ao BAAL BN, T )T A e 023 BAAS
SPASHE AT = A AT A LA A9 B 4 dg it ol B4 SeE, e Fes olEe R ES
AT 5 A% U
o delimiter - A} 2] A AHE £ Y3 ?TZ}E et 25 E DX}““Q‘%E} 718 g2 s dyTh +EA
=228 o] ZALOl re.escape () 8 TESFEE, o] FALE 2 A FA o] ofyolof Fytt. =3,
Ze)s A4 ol FEAZ WAL 5 ST (E, B FEALT WA AN Ze 20 o2 ol F
2ol 47 oF FiTh).

o idpattern - SZ 352 FERA &2 2He] FAAS HAS ABste AAdUTh 71232 B4
(?a:[_a-z]1[_a-z0-91*) YUt} braceidpattern ©] None 91 A%, o] JEHS FZ5 7 A= A &

Nl = A H U

4>
30
fy
v
v

3 712 flags 7} re . IGNORECASE ©] 7] W &9, Sl & [a-z] & 1] ASCII E#}8} 4 %] &
o o] A fAlel a Z)1E A RS YTH

WA 3700 A HA: braceidpattern & FE 52 A Y-S W} THA S ) AFEE = EEY HEHS
st /\}%f& = AFYch

6.1. string — QUIEQI 2} AIA 129




The Python Library Reference, E2|A 3.11.10

o braceidpattern - idpattern 3} -3 A} 3} A] 2t, =
Mmommmmm°ﬂﬁdha%ﬂmauqé;g%ﬂ%ﬂ%%i
AREHUDH. o] #e 1, 2573 i)
g%tk
B A 3.70] &7}

 fags - A% AN 4EH L ATAL FAAL W A8 FF4 FATGUT. ALFE xe.
IGNORECASE YUt} re.VERBOSE 7} &4y Z e 1 A& 3
A5t Ae] 2 € oheboF g o
B A 3.20] &7}

T, ZE|a o EHE pantern S AR 9] dte] AA AHFA HES AT T _
F2=dl e ol 5 A= AA Twel s B4 AA ok FuUth AA IFL2 Aol Alwd A% A FE
SHA] o2 kel A A A F ol sl U ok

o escaped - 0] T1F-E o]~ O] Z A DA E XA UL o & E0] 7] 2 "o A ss.
o named - °] 152 T2L7F e A2 ZAA ol FS AZFUTH A IFol FRAE 2dA = &
Hurh

. braced - 0| 1TEL FBER £ 242 BAR} o] 2L AANAUTE AA 150 FEAY FBREE
=34 = o F U

. invalid - ©) 1E-S 7 99 TEA A (YA T B FEA) S AA A7) T, A4 9] vpA o]
Yepok g

The methods on this class will raise ValueError if the pattern matches the template without one of these named
groups matching.

)

615 =2 &

ok

A
T

string.capwords (s, sep=N0ne)
°1X} str.split () & AHgoto] o2 Uril, str.capitalize () § AH8380] 7 dolof A
S O EAE BET, oA WE R ol 5L cir. join() & AR ] Ay Hel
A7} sep 71 7 0k None o] W, %% 9 B e 2so] A% w32 9 B Wo| Al A
2% O sep 7k HHol L A £ ol AHEF ULk

27
A

Ut

A
=y
uE
H

=

6.2 re — HFA 44t

Source code: Lib/re/

o] BE-2 Perlo] = AT FAE AT UK A4S AF LT

Both patterns and strings to be searched can be Unicode strings (st r) as well as 8-bit strings (byt e s). 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.

BFAL o ZAA BAC\)E S 55 A4S U AL SE 902 2A Gu 55 EAS A
TESA UG AL RGN UL B8 Aol L2 AT NS oI} SEYLI o
£ 5o 2IHE o Sal Aol QAW A\ EAD B A gslorae], 4742\ elotitn
o oA ol A A0 A\ 8 ook S 5 4] o, & o, Shel 16} % 4
e Pol A o LA ALED w) §EIA B o] 27 o] AL o] A Deprecat ioniarning A4
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o
—

Syntaxirror7hd Roleks Aol FAFAN L. o] 4L AFANN KRG o] 2A 0=

o = whg g ch.
A S| ol sfo] A o] & E A (raw string) 714 & A3 AYUTh & S AL v FFol

[> g
o lo

>~
o ol Hl
=|J o rfr

ot (
Emndin ol

s

°|f0 R N Oy
12
rIo

RN H DA 3R Y 0w A A FrIT Hl A £ ant © A9 e E L =
2 %}“ﬂﬁ"mﬂ°ﬂ@%£§}Lﬂlﬂfﬂﬁﬁﬂﬂ°WWOEMQ%AWé%ﬂ§£ﬂ%%
AbE-8te] sholH & wdg Yt
ALEATAAGL LE ST R Aol B AR HBR L ATE IO FoAA o} il
Gt AT AAE WA FoAT BRI QEZ SH vh2 shr] oA v, R w4 27 o)) W57} wkA
91Utk
¢ BW7):

A A regex g2 EF 2ol B g re R8I T = APLE 7HA AL QA W, 71 753 Y EA T /Y

2= A 9L AT

6.21 A 2™

A4 (L RE)S AA3he 2249 EL AR FUh o] REY G5t 54 BAdo] Fo A A1 45
QA=A BAT 5 YES FUTHEE Fol 2 AF 40 54 £ALH AAEA, A% 2L AHE
ZUh.

AFAL ool Lol A M2 A FAS BE  AGUTH A% B/ RE J Ao W ABE A4tk 2
WAHO2 BAL prl A% XS0 T BA g7} B LA 5 2 A2 o ABSE AT o A8 4

U B7F S M7 e AL A% B ATole] AA 27 Bl A 1% FEE EFIHA - S AT
o

Webd, Bae AL o o] AWHE A3 2o o et AR AAoz 47 FAT 4 A5 Th
T4} 2l o] &3 Aol #E AAI T W82 Friedl A [Frie09], =& A3t Aol #3 AY RE AANE
B2 L

A Aol g2l o gk 7hehst A o] ojo] Fyth o Ak A R 2} o] X ZE S A7) = regex-howto & 32 314
AL

AFAL B4 A} A EAL TF EL T4 YFUTE AT, T B 007 2L )RR il B
CAR R AFAAUT; 15S Bas] 44T AAFUT. Qb FAE ojo] 22 5 QolA, last &
Nast' BAAT AA U (o] o] oA SR AL, RES (L% B E glo]) o2 5 =7 ~=faiz,
AAY EALL  FLTEE ool FUh)

(8BS AR AL BRI 55 BA4E A0 B Ze2g el A, 1 FHe 47
Kol 45 £ YA FFE ek

Repetition operators or quantifiers (*, +, ?, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the
non-greedy modifier suffix ?, and with other modifiers in other implementations. To apply a second repetition to an
inner repetition, parentheses may be used. For example, the expression (?:a{6}) * matches any multiple of six 'a"'
characters.

54 BAE theT 25Uk

(1) 718 REOA, ol AL AW £AE A9 # BE 2A} A G poraLL Z2) 17 A @
AN 2AE 23 RE TG QAT

R 2L A 2 AR 6kaL, MULTTILINE REA = ZF 7§38 2 ol = I Xyt

$
ALY EolU A2 2o AP A H}E A3 QA 8L, MULTILINE R E A = 7] 3 A} kol
A= A FTE fool foo’ 9 “foobar’ 2 B A XA 7= vl A FA] foos = “foo’ WA x|}
Tu|EFAXE, 'fool\nfoo2\n" 9 A] fo $E HAASE ‘002’ = AAHLZ A= AT, “fool” &
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MULTILINE E o o} "foo\n'oA T Y s E AAEH F Y (W) LA/ HAFH Y th
X

A
shupe e 4ol o

r[m uﬁ
mkﬂ
<

A3 REZH 1% RES] 7158 3 B2 03] o o] W3} A X =% uich aps b 0, ‘ab B
theol 94919 59 b 72t A3t A Gk

A REZF A RES] 18] o] 49] 923} AX S Fuith ab+ = 0 T3] stk ol o] b 7 2.4
AT LA A @ 2k DA oA i

A9 REZF AR REY 0 4 | 933} AN =S Fuich ab2t ‘' 1} ‘ab’ 9 A1 Fuich

*2, 42,27

The '*', '+',and ' ? ' quantifiers are all greedy; they match as much text as possible. Sometimes this behaviour
isn’ t desired; if the RE <. *> is matched against '<a> b <c>"', it will match the entire string, and not just
'<a>'. Adding ? after the quantifier makes it perform the match in non-greedy or minimal fashion; as few
characters as possible will be matched. Using the RE <. * 2> will match only '<a>".

*4, ++, 2+

{m}

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?+ are equivalent to (?>x*),
(?>x+) and (?>x7?) correspondingly.

WA 3,119 &7}

)

E<] 78%1 BAL AR AF G A
6 -

A7} 4o A& A REZE DA 3HA] 947
= 823 671 rar EAFSF ASHAIRL S

e EAkeE A A RF U T

{m,n}

Z3} REE A8 RES] mol| A n Abo] o] Ao &t W2 ke A Aot = Futh o & 591, a(3,
A5 ot EARLE DA FU T me Y 6?6%‘00] AR 1, S A =8
AZE UL & £01, a{4, }bE 'aaaab' L} 10007]12] 'a' #Ae} b7} A A, 1a =
A HA FFUth Frbe A= gsUdh 234 ‘%3‘3& SR kol A A g A EFE

T Asyth

{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
repetitions 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}+aaattempttomatch 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}).

WA 3119 7%

[

g

e

oz oz HAL (+1, 20 5] A AAND 5 AT FUTh, 54 D2

frt
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[1

(?...

FYUTh 54 AA2E ool A ABFU T
g EADS MG 3e] L EASHA GThH, shol Ao] 221 el H o)A o] 20|z N BAE o
Lo A8 A BTHE 22 719 3h41 A 2 o] A o]z A 227} sho] 21 o] T 247 o )3 ol 45 A
GO, o LA & £ AT EALe) ULk T8} sholde] A} A ALE 4G}
B9 Lol Al o ahE s of o ek o) 1 BAkek o] s8] o} 7] Wil /by T £
ool & EADL AHgFHE R0l EH UL

£ QS ehie o A EUth AT el Al
c BAEPEA 0 R 1D @ 4 dgyth o2

=
c BAY WYL 2 THYFEAS 2R
9] [ 91

S22} ASCI 2219} QX1 53, [0-5] (0-9] & 000] 4 59744 9] BE 5 2] 1o} A2 510,
[0-9A-Fa-f] £ RE 16359 QAT -7} o] 27 o) = A= A} (& S9] [a\-2]) 3
WA a2z A (68 5o} [-a) v} [a-]) FEE - g Ak
c B4 E2AE AR WOl SRS v S AAFYTE o E ol [(+5) ] HD BA (1, 4

eI ) 1ok AA P o

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.

o 1S el QA b2 EA= o F & (complementing) = 3l
A7 o B, Aol &84 ek BE EAZF LA oE
BEEASL QA T, (0] £ N2 A G RE TR DA
T 59 2lu ] e

Utk A 3 0
o, ("5 '5' B AT
ol A WA A7

o
L
=
>
rlr
N

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.

P FUIE A% S H1 AA AA e 53 AU AT kel Ao] gl 2718 5 Y
th o] AL BHE HASERE, o] HAL Ro|8A 317 Yol G2 7 FutureWarningo] B33+
% oot T

ol AT TE A7l L E Y [ ARSAA e HE BAADL -, e, et E
b ERE Aol LRIk AnE AFeE o LA E o] o) A AL
il

&l =2 Al =
A A el vl S u 7 Mg F2E 2L JH Futurelarning©] WA

W7 3.7 4] £ X

sy ot

AIB(1714 A2 BE 492 REY = AU th+= AU BoF L A5t A4S BeUth o]k w4
o7 Ao £ REE ' 'E 78] T AFULh o] AL AF (oL E R L) AN E AL T 5
AUtk dd FAGol 2 o ' ' 2 FEHREE dFoA LEZ0Z AITH UL 3 9" o]
HA3] A, G 7|7 dotEod A YT o= A AV LA5E, BE AAF R ¥ I LAE
A3t BtE o HARE A 0&4% AL U &, A= A2 g8 A o)A Ut
gEE ' QA A7, N\ | E ARSI AW [ AE 22 ol S 42

235 ot e A A, 252 A& EE e Yth 259 e A7 3 E
238 4 9o, Yo EADA A \number E4 AJAAE AXAZ 4= Y5 U T} (o} ol A
yoh. g5 E ' ("YU ) ' E LAATEE, N\ (V) B ARSI AL BAF ZE s ol Yo A L [ (],
IR

AL g EAMIUT (ZFA Fow (T &2 e =ACT A%H . e
29 2 WA FAE S o nlo) o] 7o) £ AAITE HFE o) A 1EL WEA ghaviTh
o FH ol theF A e ¢ (2P<name>. ..) YUtk the-S AR A4 & ek
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(?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)

e« re. S (dot matches all)

e re. U (Unicode matching)

e re. X (verbose)

(The flags are described in =5 U]-8.) 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.

W A 3.11 9 A A 7 This construction can only be used at the start of the expression.

(?:...)
Ak Y5O v T WA, BE Y AFAN XA W, TEH AN RE EALL AN E
T T 23 AU U5l oM F2E 5 lsyth
(?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 from the '1i', 'm', 's', 'x"'.) The letters set or remove the corresponding flags for the
part of the expression:
o re.A (ASCII-only matching)
e re. I (ignore case)
e re. L (locale dependent)
e re. M (multi-line)
e re. S (dot matches all)
e re. U (Unicode matching)
e re. X (verbose)
(The flags are described in 25 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.
HZA 3.60 F7}
WA 3T R 22 rar, 'L E tu R oA AR S syt
(?>...)
Attempts to match . . . as if it was a separate regular expression, and if successful, continues to match the rest of
the pattern following it. If the subsequent pattern fails to match, the stack can only be unwound to a point before the
(?>...) because once exited, the expression, known as an atomic group, has thrown away all stack points within
itself. Thus, (?>.*) . would never match anything because first the . * would match all characters possible, then,
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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.

HZA 3119 7%

(?P<name>...)

o)l JES’} FARSHAI UL, 153 Aok B2 BAEL2 71E 1F 5 names T3 YA T4 9)
%14“/}- IF ol52 rast stox At of &t ZF & o] 52 A Woll A sk gk A o] & of
FUth 715 252 RS 2FoI 7| FYth vuhx] 250 o5 A &2 AAH
olF v LT Al 7HA oA FxdE 4 st siE o] (?P<quote>['"]) .*? (?P=quote)
(& Ao ay 2 EE A48 B dA)):

& “quote” of| CHSt &t ZoH x5t diY

7o wE X
2 3| & Z}A| o] A e (?P=quote) (Ho]=Ttf=&)

e \1

LA AA me 2| o

e m.group ('quote')
e m.end ('quote') ()

re.sub () 9 repl AAZ ALE = EAFL A A
e \g<quote>

e \g<1>
o \1

H A 3.11 75 3 X & : Group name containing characters outside the ASCII range (b'\x00"'-b'\x7£f"') in
bytes patterns.

(?P=name)
o5+t IFol st AFR; nameol 2= o] 52 A IFT LA

o
rlr

}

EENSERE

i

[Rh=
(?#...)
‘%“/‘\jn 2359 Y& 3] FAFYTh
(?=...)
O G AEHE A A T EALE S AN A= syt ol & vl gl B 7] of A A (lookahead
assertlon) olg}x Fth o E £, Isaac (?=Asimov) = 'Asimov'Z} FHWE w9t 'Isaac '

QA U,

b Thes A Gom AN Gtk o] AL B u] el B o A4 (negarive lookahead
assertion) JUTH ol & £}, Isaac (?!Asimov) = 'Asimov' 7} FWE R kS uf ¥l 'Isaac '

AU},

(?<=...)

B @A 9 ol AR AANA Bk L. she] QXYo@ AU o] FHH
T E ol B 7] o] A (positive lookbehind assertion) ©] 2t T T} T ol H 7|7} 3EAE M dsln 234
A e1e] 97 ) S A o (omabey dot e pecer A AAE Aelch £ AL
1A dold FAEH} A5 oF Fth &, abcttalbe F-8H AR a*2ta{3, 4+ 585 A 25
Utk 2459 S Eob s oA S AR AHL A5 & BADe] A4 LR 275

2ol FBHIAl L match () 4R U= search () 45 AFRSH71E 9T A YU

>>> import re
>>> m = re.search (' (?<=abc)def', 'abcdef')

(TH& sl el Aol A1)
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(e1A sl o] A ol A AI5)
>>> m.group (0)
'def’

L

o] ol A= 5ol The o] wrol B LTk

-

>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
leggl

HA 35004 WA a1 dolo] aF Fxel ek Al el 27 sy

(?<!...)

AL AR YA el .. 2be] AT Yo A G o] & A A Q FE ol 7] o] A
lookbehind assertion) ©| 21 T th FA A FEolE 7] A A npd7A 2, 23 -
o9 A3t A o} FiTk. LA A H ks o AU T A AL PAE = EAL
Al RN A7 B % gk

(? (id/name) yes—-pattern|no-pattern)

E
= T

ZFo] 2 idv} name?] 15 0] QO yes-patternd}, TH R Q¥ O H no-patternd X3 I AL
FUth no-pattern A Holm F2kd ¢ JFUTE ol & £, (<) 2 (\w+@\w+ (2:\ . \w+) +) (?
(1)>1%) = AWsA] 2 Ax v g dx &b, '<user@host.com>' ¥ 'user@host.com'
A %] 3}A 2k, ' <user@host.com' |4 "userfhost .com>"' = XA FH )

WA 3.11 5 € 9 X2 : Group id containing anything except ASCII digits. Group name containing characters
outside the ASCII range (b'\x00'-b'\x7f"') in bytes replacement strings.

ARE ) obe) 559 #A4= TAF UTh Q9 EA7E ASCI $A1L ASCIL 247} ok U @, A5}

RE+= F #A] 218 A F U oA & S0, \s+= TA 's' 2} Xtk
\number

\a

\b

\B

Zedso a5 g XU 252 18 "7 AR UL ol & E9f, (.+) \1L2 'the
the't} '55 55' 9} AX|3FA 2 "thethe' 2= X 3HA] Ut (25 F o 3ol 72l 34 A1 Q).
o] EL A AAE A 997 IF F stel Y X 8= gl A= 5 A5 U T number®] R AHEI710
O Ak, number 7} 3 AR, 15 YA 2 H A= A ¢Fal, 8714 Fh number & 2t AR A H Ut
A ZH Y e} Bl M, BE A o) AFA o)LL EALR A H Ut

FAFL O Al RO A DX FH T

Matches the empty string, but only at the beginning or end of a word. A word is defined as a sequence of word
characters. Note that formally, \b is defined as the boundary between a \w and a \W character (or vice versa),
or between \w and the beginning or end of the string. This means that r ' \bat\b' matches 'at', 'at."',
'(at) ',and 'as at ay' butnot 'attempt' or 'atlas’.

The default word characters in Unicode (str) patterns are Unicode alphanumerics and the underscore, but this can
be changed by using the ASCT T flag. Word boundaries are determined by the current locale if the LOCALE flag
is used.

Z31: 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 \Db,
so word characters in Unicode (str) patterns are Unicode alphanumerics or the underscore, although this can be
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changed by using the ASCTIT flag. Word boundaries are determined by the current locale if the LOCALE flag is
used.

\d
FUZE (str) s uf:
Matches any Unicode decimal digit (that is, any character in Unicode character category [Nd]). This includes
[0-9], and also many other digit characters.
Matches [0-9] if the ASCTT flag is used.
8H| E (bytes) s &1 uf|:
Matches any decimal digit in the ASCII character set; this is equivalent to [0-9].
\D
Matches any character which is not a decimal digit. This is the opposite of \d.
Matches [~0-9] if the ASCTIT flag is used.
\s
FrUZE (str) e Y uff:
Matches Unicode whitespace characters (which includes [ \t\n\r\f\v], 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 ASCIT flag is used.
8H] E (bytes) s &l ¢ uj:
ASCIL 22 oA 3902 3h7she BA% AFUTh o 22 [ \e\n\r\£\v] 4 55 &
Y,
\s
Matches any character which is not a whitespace character. This is the opposite of \'s.
Matches [~ \t\n\r\f\v] if the ASCTT flag is used.
\w
FUZE (str) L off:
Matches Unicode word characters; this includes all Unicode alphanumeric characters (as defined by st .
isalnum()), as well as the underscore ().
Matches [a-zA-Z0-9_] if the ASCIT flag is used.
8H] E (bytes) s & Y ujj:
Matches characters considered alphanumeric in the ASCII character set; this is equivalent to
[a—zA-Z0-9_]. 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 ASCTT flag is used.
If the LOCALE flag is used, matches characters which are neither alphanumeric in the current locale nor the un-
derscore.
\z
FAE Zoll gt A Atk
gtol A FAHE Bl H g o] A At 29 £F o|aA oz B4 FF B4V E HotEdyth
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\a \b \f \n
\N \r \t \u
\U \v \x AR

(\b ©o] FAE Uet = vl AFSH v, A S e & ol A Rk 23] o] 27 & o m] Ghof] o) 5F A A £.)

"\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.

8R4 o] nAlo| = Alohd YA o2 TP UL A WA XA7F00] A, 3719 8427} 9low, 8314
ol =R kR UE A8 A efod, IF FE AV 2L HHEH vERTIA R, 82 o] 2 A o] =
dol= g4 A 3akE vt

A 33004 WA \ur ek Ut o] aAl o) Z Al AATE 2T YlE U th

WA 3604 WA 1\ 2L ASCII SAH 2 FAH & 5 9l olaA o] 2 o)A of| & P Th

W7 3.8 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}"').

class re.RegexFlag

An enum. IntF1ag class containing the regex options listed below.
WA 3110 &7}:-addedto __all

re.A

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).

Z31: The U flag still exists for backward compatibility, but is redundant in Python 3 since matches are Unicode
by default for st r patterns, and Unicode matching isn’ t allowed for bytes patterns. UNICODE and the inline flag
(?u) are similarly redundant.

re .DEBUG

Display debug information about compiled expression.
No corresponding inline flag.

re.I
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re.

re.

re.

re.

re

re

re.

re

re.

IGNORECASE

Perform case-insensitive matching; expressions like [A-7] will also match lowercase letters. Full Unicode match-
ing (such as U matching 1) also works unless the ASCTT flag is used to disable non-ASCII matches. The current
locale does not change the effect of this flag unless the ZOCALFE flag is also used.

Corresponds to the inline flag (?1).

Note that when the Unicode patterns [a—z] or [A-Z] are used in combination with the TGNORECASE flag,
they will match the 52 ASCII letters and 4 additional non-ASCII letters: T (U+0130, Latin capital letter I 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 ASCTT flag is used, only letters ‘a’ to ‘z’ and ‘A’ to ‘Z’ are matched.

L

LOCALE
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) .

7 31: 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 A ¥ 7: LOCALE can be used only with bytes patterns and is not compatible with ASCTI .

WA 3.7 4] ¥ 7 : Compiled regular expression objects with the LOCALE flag no longer depend on the locale at
compile time. Only the locale at matching time affects the result of matching.

M

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) .

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)

WA 3110 37}
S
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).

U

6.2.
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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 ASCIT 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<...>.
For example, (? : and * 2 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.

AL JAF} QA B the F ATFA A

rlr

NeAHoE Zes KFYh

a re.compile (r"""\d + # the integral part
\. # the decimal point
\d * # some fractional digits""", re.X)

b = re.compile (r"\d+\.\d*")

Ak S (2x) o I

Functions

re.compile (pattern, flags=0)
A WS A4 AAZ At FUnh B4 AA = ot ol A= & match (), search() B
7Bt A ES A7) = ol AHEE o AU Th
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 2

prog = re.compile (pattern)
result = prog.match(string)

soedssun

[result = re.match (pattern, string)

A DA FA O] T m2 TN ol2] W ASE ], re. compile ()& AEITL A7 B4 AA &
A Ate] AAEEHE Zo) o E&A Juch

B3 re.compile () B RE $F UX Gol A2H 44 H 2 s Aot
3ol W b AT A LSS Z2 a8 e A4 Askde] B A7 £ 2

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 Mat ch. 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.
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re .match (pattern, string, flags=0)

If zero or more characters at the beginning of string match 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.

MULTILINE REOANE, re.match ()& ZF &9 A& o] opy et ZApd o] AJ2F FZg o A vt A X
ol #2J B4 A 2

string®] BE Y XA X & o |, thAl search () S AFREFFA A L (search() W) match() & ZFZ 3}
Al }\] _9_)

A=}

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.

B A 3.40] =7}

re.split (pattern, string, maxsplit=0, flags=0)

é
rT
o
ko
i
|

string < pattern & 2 U5 U T} patterno| A E23= B3 7 AFEEE o
g AEQ AR Z H3tE Utk maxsplito] 00] o}y A, & o) maxsplit 2
aso AT g s Rag T,

>>> 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.',6 1)
['"Words', 'words, words.']

>>> re.split('[a-f]+"', '0a3B9', flags=re.IGNORECASE)
['o', 's', '9']

L

FEA) 225 150l AT FAL A Rl 4 A SE, Aok W EALE AFH U 24
Qo] 2o olsl A& uhR7HA 9 o

>>> re.split(r' (\W+)', '...words, words...'")

(', '...", 'words', ', ', 'words', '...', '']

TR o, TR TY LA 4 AT P o] 2 4T Qg e A wAP Tk
[e)

s ofl T8 ¥ empty) QX = o] O] ¥ Ao} AFFHA 2 Wwk EADL B LT,

=

>>> re.split(r'\b', 'Words, words, words.')
(', 'words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\W*', '...words...'")

[Il’ l', 'W', 'O', lrl, ldl, lsl’ l', ll}

>>> re.split(r' (\W*)', '...words...")

['l, l"‘l, l" ll, 'W', T O, II’ ‘rl’ l" 'd" ll, 'SI, Al l, 'l’ l" llJ

H A 310 A M A

Eﬂ
A 3701 B A A B e A0 R A S SRS

=

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.
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>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
['foot', 'fell', 'fastest']

>>> re.findall ( (\w+)=(\d+) ', 'set width=20 and height=10")

[ ("width', '20"' ), ('height', '10'")]

WA 37004 W7 vlo] 9] ke A o] Al ol e wlo] gl AR Aol A2 5 Y&y,

i

re.finditer (pattern, string, flags=0)

Return an iterator yielding Ma t 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.

WA 37004 W7 w0 9] e A ol A ol A9 Mo gl A ATl A2 5 Yy,

re . sub (pattern, repl, string, count=0, flags=0)

string o A 7 2] ] O}Lpattern«l 7Hg 9F DA E repl 2 X &t @2 FALE AU PSS
FEA] Z8h, string ©] W 7 H 2] 441 HPﬁ‘rQHE‘r pl& Aol 7t E 5 YFUTh EAE ol |
BE o e o] 2ol ZA A H UL Z, \n %%E‘ e FAR WEE I N\rE A BHOR
tﬁ%ﬂi, 55 &7 e ASCIL 27t o] 2 A o] == Lol AHE-317] 913 of oF o] glom o2& A
2=yt \&g}ﬂo u}e O A A] GFL o] A7 ]E%ltﬂi AsUrh 6} 22 A2 s dA

2% 63 AA ot R AL ADH T o 2 5

>>> re.sub(r'def\s+ ([a—-zA-Z_][a—-zA-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 Mat ch
argument, and returns the replacement string. For example:

>>> 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'

The pattern may be a string or a Pattern.

AR A AR count+= X $HE SR B Y A =AU count= ST
AU 00, 2E W o] NPt ide] thak il dA= ]14‘3"3‘%]3}0_1@5}11 ‘3%%
A= 22, sub('x*', '-', 'abxd')E '-a-b--d-'

—v—Z]-Oﬂﬁﬂ repl QAL A, $Jof] A H E 2} oA ol =} I &= 9]of, \g<name>+ (?P<name>...)
£9.0% 4o name o] 2 250 LA T FE £ A 48 A8 \gennber £ 4 2%
WEE AgITh e \g<2 £ V29 EEAA T, \g<2209) 22 AN 5 i
\20-& 25 20 thgk F=xof 25 E A} O'O]—Hoﬂi% ]OP‘/]F/} 5200 tht 22 s
Ut 932 \g<0>-2 RES} g X3t AA & 2442 A &3

w2 30004 WA A A flags AAHE F7AE YT
WA 3504 WA AAFA) e 1FS Nl AL R A3y

Y
W A 3.600 4 WA pattern®] '\ '} ASCII ZA}(letter) 2 LA H & 5 gl o]AaFA o] Z & o)A o 2] Y]
yrt.

WA 37004 WA repld] '\ ' 2} ASCII 2 A} (letter) & A E & 4= gl o] AaA o] o)A o & Yuth
HA 374 A o] gk ¥l dx)= o] AL vo] QA ke Ax| 2} o H & xH T

j 2k
=
‘ﬂ'

;a‘>-
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WA 3.115 ¥ 39 X & : Group id containing anything except ASCII digits. Group name containing characters
outside the ASCII range (b'\x00'-b'\x7f ") in bytes replacement strings.

re . subn (pattern, repl, string, count=0, flags=0)
sub ()& 2L AAE Y 3A W, T (new_string, number_of_subs_made) & 93t}
WA 3104 A A9 A flags A F7HS U T
WA 35004 WA AA A ke 8L w EAGE A8 UL

re.escape (pattern)

pattern 9| A| 55 FAFE o] A O] Z A
o gHE FAES AN H = B¢

A
i)
<
o
o
X,
rlo
o
41
1>
=
iuj
M
R
N
Fe
o
hu
2
30,
filo
4
30,
rlr
nS
1o

>>> 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 . [I+Y, l7|, l*l, l/l, l**V]
>>> print ('|'.join (map (re.escape, sorted(operators, reverse=True))))

ZIN=INHNFNF [\ *

o] F& sub () 2k subn () o] X FApL o] AbESHE <FH 1, o ST AT o] A o] L Ff oF P Th
oE =d:

>>> 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 3304 WA ' T2 B olaAl o= B A k5t

WA 37004 W Aol A 589 o) v & A1 4 i BRI ol Ado| = P AT AR 1,
v"l,v%v,nv"'v v v/v vt v;v’v<v,v=v,v>v,v@vgl"”\L—]}]“—_— o]iy.“o]_‘_\z‘ﬂx] OJ'/\\JT;]-

re.purge ()

B4 A AE A g,

Exceptions

exception re.error (msg, pattern=None, pos=None)
719 9 B4 F shitel AL LAYl FAL FFA] P AV (18 £l 4L o)A B
B3/ 50 9e 5 ABUTh Astdolt AA ol ThE o 2 7L AL wf WA o). Ao
seisho] A7 7F £ A ke wl o2 h LA S A= Skt o] AAEAc) & e 2L 37}
e e AUk

l

A

o
Il

o

]

A5t o] A5h 3t 951§ 7hel 7] partern®] A2 (Wone d 5 AU Th.
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6.2.3 M4 A

class re.Pattern

Compiled regular expression object returned by re. compile ().

WA 3.90)| 4 H7: re.Patternsupports [] to indicate a Unicode (str) or bytes pattern. See A 1] 2] of & ]

o] .
Pattern.search (string[,pos[, endpos] ] )

Scan through string looking for the first location where this regular expression produces a match, and return a

corresponding Mat ch. 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.

AR WA o)A W5 poss AL AR BAL AL 2B AT I 7B 0Tk o] L
EALE Sebol 43He 23 93] FE AL ik o A E Fape BAA A A2 PR
A% G5 2) X o)A QX SHA R, A AL A= A QLo A wkE Al AABHA £ U T

Ll 1T W H

o

e w7 endposL AL S ol H7HA AAEAE AU AL 0] endpos A+ A o] A

A A= o], QA5 27| 918 posel Al endpos — 17441 9] £ AR A YT}, endpos 7t pos Btk
Zrow A= Utk 218X ‘3%’2‘:4 rx7} AL AFA AR Y o, rx.search (string, 0,
50) = rx.search(string[:50], 0) %553t

>>> pattern = re.compile ("d")

>>> pattern.search ("dog") # Match at index 0

<re.Match object; span=(0, 1), match='d'>

>>> pattern.search ("dog", 1) # No match; search doesn't include the "d"

Pattern.match (string[,pos[, endpos] ] )

If zero or more characters at the beginning of string match this regular expression, 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.

A& A pose} endpos W 7| 4= search () WA= A2} 22 oju] Y h

>>> 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=(l1, 2), match='o'>

string®] W] XA AXE oW, YAl search () S AR A AL (search() B match() & F2 38}
AA2).

Pattern.fullmatch (string[, pos [, endpos] ] )

If the whole string matches this regular expression, 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.

/\\jE_H?ﬁ'pos_?,]-gndpos UH7H %—T—% search () Uﬂ/‘iEoﬂ/Hg’]’ g‘%ﬂu]ﬂqq
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>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of "dog".
>>> pattern.fullmatch ("ogre") # No match as not the full string matches.

>>> pattern.fullmatch ("doggie", 1, 3) # Matches within given limits.

<re.Match object; span=(1, 3), match='og'>

B A 3.40] F7}.

Pattern.split (string, maxsplit=0)
split () e 22, Asdd A S At

Pattern.findall strmg[ pos[ endpos]])
Findall () @59k F AV, At D RS AU Tk A, search () A E A G
= A& A poss} endpos Wi W4T WolS U T,

Pattern.finditer (string[ pos[ endpos] ] )
finditer () @k AR, A A2 AU SHA, search () A HE A FHe Al
Stal= A8 A pos S} endpos W 7)) M= olE YU Th

mlo
)
<L

o

A

Pattern.sub (repl, string, count=0)

sub () @5t 2o, A5AE R ES A ok
Pattern.subn (repl, string, count=0)

subn () B4 2, A% AR 8L e
Pattern.flags

E

The regex matching flags. This is a combination of the flags given to compile (), any (?...) inline flags in

the pattern, and implicit flags such as UNITCODE if the pattern is a Unicode string.
Pattern.groups

o] Y 2 18 5
Pattern.groupindex

(?P<id>) B2 AYH 7]|E 2F 0|22 1E

o YA e Hof dgth
Pattern.pattern

He AR At E e A,

WA 370 A WA copy. copy () % copy. deepcopy () A0l F7bE A& U Th ARAY A4 A =
A7} o] 2} ZH3g T,

i
rE
-
ofl
ol
rlr
ﬁ
<
_VE
i
I
é

7% 25 0] A8 A

6.24 LUXx

25|

A AA= A B8 A gk Trued 7P YT match ()& search ()&= € X7 ¢S W] None & W33}17]
o Zoll, Zrekgtif o g X7 Q=R AAE 5 A5yt

match = re.search(pattern, string)
if match:
process (match)

class re.Match

Match object returned by successful mat ches and searches.

WA 3.9 4 HA: re.Matchsupports [] toindicate a Unicode (str) or bytes match. See #| 1] 2] of] & 2] o] ~
3.
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Match .expand (ftemplate)

Return the string obtained by doing backslash substitution on the template string femplate, 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 35004 M A 8kA] e IF2 W AL E A g YT

Match.group ( [group], ] )

A3 B 2AAYYh A4}
312_?3_ groupl 2| 712 209U th
;‘< AR U 78‘74] =g

Q39 Bt ol 4] AH 1§ WBFUTE B

Siel AE, ATk AR Shte) FEo] Y FE AL AR
(AA X7} 928 Y h. groupN Q1 Z7F00| dH, 3 F whet 7k A ] 2
Spe W9 (1990 YoF, A BT Fe I5H A EALAYUDG. 15 WE k50 AL}
Aol 4| L U T, Lndexmrror o9 7H AT 3@ o] AT s REo] TF ol
E3]0] 907, 5% Aok None ALtk 1E o] ofe] W A iz W He] Yol LekElol Yo,
wpx 2 937 e vk

>>> 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 (1, 2) # Multiple arguments give us a tuple.

("Isaac', 'Newton')
.

gatAle] (?P<name>...) ¥ = AHESHY, groupN AA= TF o] 5o D55 A dste A2 Y
T O‘A‘JDP A AA7E ] OF o] F o E AR H A R0 ™, TndexError o 9 7 T

LS LT

-

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')

'Malcolm'

>>> m.group ('last_name')

'Reynolds"’

JEYE AL AYLE FEYSE 9

o
°
o

>>> m.group (1)

'Malcolm'

>>> m.group (2)

'Reynolds'

aFol A W A, vpA et X gk AA| A~ Qg

-

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.

>>> m.group (1) # Returns only the last match.

el

Match._ getitem__ (g)

o) AL m.group (9) 2 ZHUTh A A AE 2Eol o FA AM2~ & 4 9A Gk

>>> m = re.match (r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m[0] # The entire match
'Isaac Newton'

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

>>> 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<last_name>\w+)", "Isaac Newton")
>>> m['first_name']

'Isaac'’

>>> m['last_name']

'Newton'
.

WA 3.60 =7}

Match.groups (default=None)

Lol A sh ol Qe 252 $7HA], A9 RE AHH D52 ¥ete T2 U default A=
Aol FrofshA] ¢h2 Il AHEE YT 718 32 None Y Ut

dE &4

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")

>>> m.groups ()

('24', '1632")

FE7h 54T T 0l ¥ RE AL NYA L UEW, BE TF ] Ao Fol oA & 5 A5
T}, o] LS default 717} 701 A A 9k 8 7] % gk None o] B U T:

>>> 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'

(|24|, lOl)

Match.groupdict (default=None)

A9 BE o] F Yt ME I1FS EFT, AN 15 o]
]

2 712 Ag B G
default 9171 D)o ol 544 ek 1 F AHEH Tk 7 >

£L
B2 None gyt o &

>>> 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] )

gmw#mﬂd--ﬁrTﬂdAMﬂﬂw;ﬂqﬁgﬁ%ﬂq s group®] 712204 Utk (A 43
EALE TP, groupol AA T, A WA 27 A kLA ol
NA % 1§ gl A, 1% g% LA 23 EAL Sgthe nen 2o

El
Q
s
0
5
T
Q

[m.string[m.start(g):m.end(g)}

groupo] 'd FAE I} LA 5HH m. Start<grou ) 2 m end(quUP 547{;% off st L. dE
£o],m = re.search ("' b(c”) ', 'cba') °]Fo,m.start (0) 2 19]3,m.end (0) € 20°]H, m.
start (1) ¥m.end (1) & 25292, m. start(Z)%IndeXErroroﬂﬂ% WA Al Y T}

AR W] A F 2N A remove_thisE A AdH= o:
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>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match. span ([group])
A2 7t mY o, 2-F5= (m.start (group), m.end(group)) = ¥F&gH ). groupo] L X< 7] o 5
2 orom o] AL (—1, -1) Aol G T L. group?] 7| BZHE 002, WA A x <k
Match.pos
At A AA Y search ()Y match () WA Z ADH pos 3. ©] 21> RE A7 o] A& 3H7] Al =3t
string®f] gk A&~ Yt
Match.endpos
At A AA ) search ()Y match () WA ZE AEH endpos . ©] 212 RE o] Jo]7kA] k&
string ]l o &k Q1 & A QU T},

Match.lastindex

ﬂﬂ%iimﬂﬂ%iilﬁﬂ@$ﬂﬂa e 5ol A8 A 4ot None. o § 5o,
ﬂ%*‘ (a)b, ((a) (b)) & ((ab)) & EAY 'ab' ol 28" 3 lastindex == 1] HA T, (a)
xq_ﬂ./d% 2o 2219 49 uf lastindex == 27}%HD}.
Match.lastgroup
A ko 2 A s L2 259 o] F, B 2Fel o]F o] A, 2F ] A8 A EHA] koW None.
Match.re
match ()W search () WAEZ} o] X AABIAE WA A 72 27,

Match.string
match ()W search () ol A= &4,

WA 3704 MA: copy. copy () & copy . deepcopy () AlQ o] F7tE A5yt A AA = A4 o2t
ZHg

6.2.5 4 ol
& AAst|

ol AN A =, B2 22 =71 &5 AFE St F H Al FEA &4 AA S G Y TH

def displaymatch (match) :
if match is None:
return None
return '<Match: , groups=%r>' % (match.group(), match.groups())

Zdlolol o] & SEA AR EhE £A =292 A4 3hT Arka AR AT a7 of o
W A, D, A, 0 10,27 o4 “97 = 1 ghe] A= E Ve o

Folxl A o] FaT A A HefH, b3 2ol & 5 g yth

>>> valid = re.compile(r""[a2-9tjgk] s")

>>> displaymatch (valid.match ("akt5q")) # Valid.
"<Match: 'akt5qg', groups=()>"

>>> displaymatch (valid.match ("aktbe")) # Invalid.
>>> displaymatch (valid.match ("akt")) # Invalid.

(Th& sl el Aol A<)
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>>> displaymatch (valid.match ("727ak")) # Valid.
"<Match: '727ak', groups=()>"

vpA B3 m27akn o, 3 2 el AhE T A4S TRV AL AR AT AN AW, 2 E

e} o) AT 4 QG UTh

>>> 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',)>"

Hoj7t o 7l 2 TR QX Lot H, th33 Zo] €A AA Y group () HAEE AHET &
AFYth

>>> pair = re.compile (r".*(.).*\1")
>>> pair.match("717ak") .group (1)
|7|

# Error because re.match() returns None, which doesn't have a group() method:
>>> pair.match ("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match (r".*(.).*\1", "718ak").group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)
'al

scanf() A|E22]0|M

Python does not currently have an equivalent to scanf () . Regular expressions are generally more powerful, though also
more verbose, than scanf () format strings. The table below offers some more-or-less equivalent mappings between
scanf () format tokens and regular expressions.

scanf () Token HFAl

%c .
%5c .{5
sd [—+
%e, SE, %1, %9 [—+
Rl [-+
+

}
17
]°(\d+ \ \d*) 2| \.\d+) ([eE] [-+]2\d+) ?
]
%0 [—+]

2 (0 [\dA-Fa- f]+|O[ 7] *|\d+)
? [0 ]

o

—~
0]
a0

o

o

—~
(o8
a

o

3%, X [-+]1?2(0[xX])?[\dA-Fa-f]+

e 2o BALNA HA A A4S FE 4

[/usr/sbin/sendmail - 0 errors, 4 warnings

you would use a scanf () format like
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[%s - %d errors, %d warnings ]

FERAFAL e 2E U

[(\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

o g EH:

>>> re.match("c", "abcdef") # No match

>>> re.search("c", "abcdef") # Match
<re.Match object; span=(2, 3), match='c'>

>>> re.fullmatch("p.*n", "python") # Match
<re.Match object; span=(0, 6), match='python'>
>>> re.fullmatch("r.*n", "python") # No match

R ARBE AFAS search ()9 I AHEEI] BAG AR REY AN AR T 5 YUtk

>>> re.match("c", "abcdef") # No match
>>> re.search(""c", "abcdef") # No match
>>> re.search(""a", "abcdef™) # Match

<re.Match object; span=(0, 1), match='a'>

L2 MULTILINE REOJAN match ()& FAD A2 FRo ek dAspx) e, 1 &2 Ajgahe At 4
search () o AH&eHE ZF 29 A2 RZol A AT

>>> re.match ("X", "A\nB\nX", re.MULTILINE) # No match
>>> re.search(""X", "A\nB\nX", re.MULTILINE) # Match
<re.Match object; span=(4, 5), match='X"'>

split () BAEL, A ddoz 7EA greEg B3 UTh o] A EE AT RE vte = 015
A A Ho]Xo] BAE HolHE stoldol A 944 Ji 3T 5 A= oy Fx2 & Haste o v+
T2IUoh

WA, 7] 4ol gyttt B sdolA & 5 JFUTE, 7= s meEE 59 AL S

g g,

>>> 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"""
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G2 ) ol el Aoz TEAYTL ol HoglA gL 7t Fol RBo| HEE BAAL elrER
HE o
>>> 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']

Ao R, 2 PRE ol F, 4, AT W Fow THE ) AER FEFYh Fao] felo] £ @ AE
2ol A7 B Y7 W o], split ()9 maxsplit Wi7] H4E AFR YT}

>>> [re.split(":? ", entry, 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 NE L A% P2 dehA) e, 4 Fe) FEH AN FUTH maxsplit 2 48 S, MA5E
Ael o 23 2o B 4 YUk

>>> [re.split(":? ", entry, 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']]

HAE 547

sub() = AEE RE AN E BAL oI} G A ABFULh of A= sub () o HAES “FH 4L,
= 549 2 tholo] 4 3 WA EAe} mA Y EAE AN RE T £AE FAA T L 4B
AHgSHE B S HolF U th

>>> 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.'
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

=]
_

rin

A

pid

7|

findall ()& search ()X E A WA S o) = = o
ol HAE A FAS RF oW, e Z2 WA LR findall ()& AT T dFYTh

>>> text = "He was carefully disguised but captured quickly by police."
>>> re.findall (r"\w+ly\b", text)
['carefully', 'quickly']
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DE RAlRL O IR 37|

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 finditer () 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 ('$%02d-%02d: %s' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly

e

= EXE 271E

2 EAY FAM (et S TS FUAA FUE FAFU 012 ol AT BE S LA
(\1)E ol Ao % 57) A8l 1 %ol E el o SeAE Bolof Futh A F Fol, e T A= L
540 ® gtk

>>> re.match (r"\W(.)\1\w", " ff ")

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\W(.)\\2\\w", " ££ ")
<re.Match object; span=(0, 4), match=' ff '>

E e o SN DA A, FFANA o] 2 0] 5 of of FiTh I BAD F7 WL AEIHH, r
\mo] FUTh AT E7WS AFBTHA SO, A\ "B AE S ok ST, O TE B 5L A HoE

Zsynh

>>> re.match (r"\\", r"\\")

<re.Match object; span=(0, 1), match='\\'>
>>> re.match ("\\\\", r"\\")

<re.Match object; span=(0, 1), match="\\"'>

E3LI0|AN &}M35}H7|

Eol AL 27U BAGE BAS] B4 152 2R G o 22 oA ABmel 8 S A4
]

ahe ol 983 3 AR BAd Y
daEgrs JFA 02 AFBU o] 7PEL o] 5L St nial JFA 0 R AFHL AL A AN S

from typing import NamedTuple
import re

class Token (NamedTuple) :
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*)?2"), # Integer or decimal number
('ASSIGN', r':="), # Assignment operator

(TH& sl el Aol A1)
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(e1A sl o] A ol A AI5)

('END', wle ), # Statement terminator
('ID', r'[A-Za-z]+"), # Identifiers
('op', r'[+\-*/1"), # 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 = wvalue
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)

Eaol AL e 2L FY 2 ANITh

Token (type='"IF', value='IF', line=2, column=4)

Token (type="'ID', value='quantity', line=2, column=7)
Token (type='THEN', value='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)
Token (type='0OP', value='+', line=3, column=23)
Token (type="'ID', value='price', line=3, column=25)
Token (type='0OP', 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=8)
Token (type="ASSIGN', wvalue=':=', line=4, column=12)
Token (type="'ID', value='price', line=4, column=15)
Token (type='0OP', value='*', line=4, column=21)
Token (type="'NUMBER', wvalue=0.05, line=4, column=23)
Token (type="END', value=';', line=4, column=27)

(TH& sl oA ol A1)
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(o] A | o] A e A AL
Token (type="ENDIF', wvalue='ENDIF', line=5, column=4)
Token (type="'END', value=';', line=5, column=9)

6.3 difflib— HE} A A2 I3 =20

22 F=: Lib/difflib.py

Ol REZ A FAHAE S S TrE AFTTUL A& 5o FLES v adt=d AT 5 3o,
HTML 2 &9 (context) I % 3 (unified) diff S H]i S choFsh & Al 9] utd Aolof AT AR E AAAY 5 UHF
Utk dad g el LS vadted, filecmp BES FRIAFAIL

class difflib.SequenceMatcher

AAE AAL R8T S Lol AW R, E Y2 A AL A MDY 4 51 A Tl
Q] 1411]—. 7|2 G2 EL 1980 d ] & utoj R Obershelp 7} ‘Al+ 2 E 3] & 1] & (gestalt pattern
matching)’ o 2= 349 o] &0 2 WES L1 a% 7R Aol e, TROE b 28
S5 Uth ofoltiol £ B R0} e /1 1 ASH O ARk AR AAAE 3 A
th oledt “A T3 8 4AE Wl Folup U 22 oW o u oA TH|FA S A4S YUTH (B2
Ael= RatchffPJrObershelp Gy Zo A Utt) 13 the 22 ofolt] o] & A X5t A H A F A
A%} 2 5] gl AL 2240] AT o2 ASFUL o Aol A BY AALE AF AL
A AHE S Oﬂﬂl “1":": f Kol A& A&t AT dFYth

v

Elo]®): 7] Ratcliff-Obershelp &1 2] &2 2] ko] A48 (worst case) ofl Al Al A Zbo] a1, B4 2
(expected case) Al A1 ZFY Y o} SequenceMatcher—‘,f Z oFo] Ab3tof| A3 Al 7ho] Uq -”"ﬁﬂ ol F2f
Ao 332082 23 849 o whet Bdsh A o 2 dep ol H A2 79 (best cast) = 41
A+ J Yt

32

o
Z

o2 rlo

A& A3 Fe|2Y: sequenceMatchers SR AN AL FES AFo 2 FI = ek 44 UH
2 ALFUTE AHA L A GE o] A D20l kb RS AT O (3 A 35 o] 7.9
T8 TR0l A€ 19 o) $8 AR S A QL) oA £ 20087 o goltl o] FRL T
A0E FAHIZ A D2 IXE Y] A= AP Ut o] 48 A WL sequenceMatchers s
o autojunk Q1A}E False® A AT & 4= 5 Th

A 3.2 A ¥ 7 Added the autojunk parameter.

class difflib.Differ

ARE AAE 52 NAAE N TD, AU UL S Ut Ao T G AU Fel
Ut} Differs £ Al AAE ¥ s, FAFSE (A L AIsHe) & 141-4 A A A2 E v sk

SequenceMatcherg AHE3YTh
piffer e} Z+ E & 22 Z =& A ZsHYt}:

I=E =

- A2 1R e E
T+ AF220 R A= E
Y F A2 F3EdE
2 FAP AR e &

59 1 AR 80, 5 g A2 ool e
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class difflib.HtmlDiff

ol 2 é%HTML FE(EE B X AFFHIML 34 E) BEL+ o] AR 5 olFUth ¢
HTML2 £ 2t3) £ o] W3S 223 uA, daES Uds] £ 992 Hlaste] RoFUth %+
AA == —‘jr““ Aol mE2 AdE 5 glsyth

o) 229 AR AL the T
__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
HtmlDiffo] A2HAE 2 7|3}8 ]t}
tabsizex= ¥ A4S AAQste AHA 719 = ARl 722 8 U Th
wrapcolumn= £°] Ab5 £ 9 HE @ NS E A= YA 7=, 25 A5 & 97 3HA
% None o] 7| 2 g d Ut

linejunk 2} charjunk= ndiff () (Htm1Di f£7} V2ks] v X] & HTML 2}o]
= A9H £ AHA 719 = AR YTh AR 7RG ARG ndi£1 ()

et 22 WA= FAH Ik

make_ file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=>5, *, charsetz’utf—8 ’)

fromlines £} tolines(ZAF 2 9] 2] 2~E) & Wlastal, £ 7 & WF2 WS ZxstuA, & 9=
Aol S HolF L Mg F U 973 HTML 3422 £44 2 WE3H o

fromdesc £} todesc = from/to 3+ Y & 3| Bl FAE = AR o= AHA 7|HE JAAY U T (7] 252
2 0 A o).
context 2 numlines'= 25 A A 719 & Az Ut B xjo] S F A58 WA contextS True B
AARAA L, 182 Fod 7|22 % il 39 -& F A3t False YU TH numlines] 7] 23k
%MD} context7} True Y W, numlines+= 2}o] 3to|gto| EE A= 2 £9 5 Zﬂoﬁ]ﬂ% =2
contextﬂ—False‘ji numlines= “next” 30| ¥ H I & A}-23 uf] x}o] 3lo|gto] E ¢tof] EAH = &
E AAFUTH 0= HA 8L “next” 5Fo] 3 P A7} th3 zto] sfolgto] EE opF-dd A3 &9
= 90l Bere Aol Wl 9o FES o,

m}i
xfy
<
IS

1w f”]“‘

Z31: fromdesc 2} todesc= O] A 0] Z | A ¢ HTMLZE A S W A8 4= gles 4A2F HE
g W= 5o A o] A o] i F o] oF YT

(¢}

WA 35004 WA charser 719 = A& QA7 37 5 U th HTML £A41 9] 712 F4F 3 gl
'I50-8859-1" 01]/\1 "utf-8'E WA Y5 U

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5)
fromlines 2} tolines(F AL 9] B|2E)E v|1sl, & T E S YH AR S ZAXR3IHEA, = GH =
Aolg HojFE ST HIML B2 EAL2 whatgho.
o]l A =2 QA= make file () WIAEQ] Ak} 25U T
Tools/scripts/diff.pyE ©] 229 ¥H & ZHEJEY, T2 AL o & F2 JdHFYTh
difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n’")

aShb(EAA) 22 ) M@k Dek (A e & A s AU el o B) 2 B diff F4 0 = vl g
gy,

9 diff & &AW Add 23 2 9] 2WUS Hel A FAIskE AT I A th WA ARG o] -/
ol 2EdE EAFEUNY. =1 %91 Fenol ol AAE M 71252 39yt
Z12A o=, diff Alo] F (L -—- o 22 2ol = e P{Uth o] A2 io.

]_
IOBase.readlines ()& W&o X 44 o]

nes ( 9} A AFR-3)7) o A asl
diff & B At =5 of= ol & ch s =

Aol 71 = dyth.
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2ol & d3ol fl= Ao, lineterm JAAHE "" 2 AR A Sl A A S F o] £ A &4A
412

B diff FAo|= dulA o 7 oyl 4~ %Ml % .
fromfile, tofile, fromfiledate 2 tofiledate o] A4 ]—%?'5]-01] A4 4 Jd5Ytch
1O 8601 B4 © 2 % A% L]tk 27 544 o O

wWw— v

r{u
R
e
il
Lo
N
re
ol
rlo
rE
Mo
)
e
mZOE
A
B

>>> import sys

>>> from difflib import *

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py',
C. tofile="after.py'))
*** before.py

—-—— after.py

*khkkhkkhkhkhkkhkkhkhkkkkhkxkx
* Kk K 1,4 * Kk kK

! bacon

! eggs

! ham

! eggy
! hamster
guido

o2 ZpA 8 A A = difflib o] HE = QI E o] A8 FRIAIA L.

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

2 49] “5 33 $2° AA 9 Bl A= MBFU T wordt 2 DA B S AAL(AWH o8
E2+Q) W, possibilities= wordSF QXA D A DA FAEYUTH (Al o7 B21g9] g AE

A QLA n(7] 87k 3) L W 2 Ao ol A4 U that 0R e} Aok g

A QAR cutoff (718 3k 0.6) & [0, 1] B9 float QU T word9+2] FAM 4271 o] grETh 22
possibilities+= FA] H Ut}

possibilities 501 4 714 F& (Fthn A2) LA 7} el 2B 2 M3kE L, §A48 A5 AdE o] 9
717 A1 Ao] WA U,

<

>>> 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']

L

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)

ash H(EA D] 2] AE) & WU T Di frer-AEhed Weh(Aeh £ AHTHE A V8o E) & e
Fuch.

A A 71 = w) 7] WA linejunk 2} charjunk= BB 3 34 (£ None) QU T

linejunk: L XL QA& WolEo| 7 ARG o] AT H & Wi3kstar, 28 %] oo AR & Hkskst=
Tt 7122 None YU th & £ 4 15 LINE JUNK () = =], H & § 719 3¢
ZER(#")EAYFIA Fo Hol= BV e &8 Ay WUt - A U 5 sequenceMatcher
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%
it
>,
ofo

| o2 BUF A SA =X 5H o2 B30, o] Zlo] HF o] g
a|

AH(Z o] 18] EAE) & DolSoln, BAVF A FS whdsty, 182 o AZS
gote g dUth 7122 BE 59 T 1S CHARACTER_JUNK () 4], &9 EAH(AF o] A~
92970 2AE 28 E A2 2 Aol obdYth E AU th
ol v ¥E € 2dEAE YUtk

rr
%)

Tools/scripts/ndiff.py

-
>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),

.. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

? A

+ ore

? A

- two

three

tree
emu

+ 4+ v

difflib.restore (sequence, which)

dELE BE A PEL F FUE Sy
Differ.compare () Yyndiff () & W50 R sequence7} o] AW, 3+ 1 0] L} 2(wl) 7} ¥ 5= which) ol A
Qe AFH N £ & FE53, 2 AFIE AATUL

o

i

>>> 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

CEEE

emu

difflib.unified_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")

atb(EAE Y g 2E)E Hlu gtk deH(d e &S A st Al v ol B) & B3 diff 4oz uke
o,

& % (unified) diff = A A H S} 2
(AE9) o] 7/0] F -2 o4 2lehel &
39Ut

7N2A o7, diff Alo] E(-——, +++ Es ee7F EFE 22 2ol & ddS 2o Tl o] A
io.IOBase.readlines ()& W= J&o| i0.T0Base.writelines ()&} A A3 7] o &
FRHdiff S A HES S vl f 5 IUTh HFSHY, A8 2 mE 2o 2 9 dol 7 mEGUTh
2ol & ddol fle Aol lineterm AAHE "" 2 A A SH ol A A S o] 2 A &4A
-(5‘]_/\1 }\]J__

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', 'eg
>>> s2 ['python\n', 'e
>>> sys.stdout.writeline
—~'after.py'))

—-—— before.py

+++ after.py

@@ -1,4 +1,4 qa

—bacon

—eggs

—ham

+python

teggy
+hamster

guido

gs\n', 'ham\n', 'guido\n']
ggy\n', 'hamster\n', 'guido\n']
s(unified_diff(sl, s2, fromfile='before.py', tofile=

O & A 3§ Al A = difftibe] T = QE T o] ~E FRIA A L.
difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3, lineterm=b’\n’)

a®} b(ulol EL AA Q] gl ~E)E dfuncE A&t vl YTl dfunc7F ¥EEelE 2oz dEl
E(FA] vl ED) 9 Al AAE A2 F U dfunce 8] Eolojotdl, 5 unified diff () Y

context_diff () YUYt

gAY LB e dEZPY HolHE v 5 JA FUth ng Al

EQ A ook Futh suwol

Qe BE 42 ol
obduth EE dH 0 AL e su2 FEA MASt, dfunc (a, b,

fromfile, tofile, fromfiledate, tofiledate, n, lineterm)& S &3}= YAloz =z
FEUTH dfunce] 282 A Hlo|EE ASH B R, oo d=DE E2a} b AH & 5 fla/d

A e dFd e sy

WA 3.5 7}

difflib.IS_LINE_JUNK (line)

AT 5 9 Zol W True® WHGULE lineo] W Zo] AL hike] 14 S EFFW, & lineS FA T
o2 =y
A B

S gUth 194 o

o2 AEH AU

3
H
AR

Utk o) A WAL nai £ () oA W7l W2 linejunk ] 7] 3t

difflib.IS_CHARACTER_JUNK (ch)
FAE = Y A True & HEF U ch7t 29 olau §loj| 24 chs FAE 5 A5,

EERDIEE NG

o B7):

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.

Ut} ndiff () oA wi7l A charjunkd] 7] 2352 2 AFE-E Ut}

6.3.1 SequenceMatcher ZH ||

SequenceMatcher 2 2= th23 & WAAE ZH5 Yt

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)

A8 QR igjunk None(71 27D o ALk, Al AL 245 Wola) 247 427 o)1, FA] 5 o] of 5=
7ol FES ukEslE s Qx| o of S th isjunk ol NoneS AE3E 22, lambda x:
False® ADE A% 2HUH F, obF L% FASA GHh o & So,:

[1ambda x: x in " \t"
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S5 A Al AR v stal, A o] Aot Bl S FAISA Ao, 919 2 S ALt U
e A le}aﬁrb‘— HR g Al A2dUTh & oWl Fxpg o] 712 dUth F AIEAS 84 BT
Al 753 oF F Th

A=A ]X]' autojunk+= A5 A3 FE| 28 v stete= ol AFEE 5 AdHY
¥ A 3.2 A] ¥ 7 : Added the autojunk parameter.

SequenceMatcher 2 Al = A 7] €] ©l| o] ¥] o] EB]HEE 25Ut} bjunk= isjunk 7} True 9 b 249 A3
AUTE; bpopular= F2] 228 (9] &4 315HA] dgtehd) ol A Esitha fhaks] = Favkobd 849 JF
JUTh b2j= bS] YA 845 TE50] Yebd A X9 g]~E & v F k= dict JUTH b7t set_segs ()
U set_seqg2 ()2 AAA 2 wulct Al 7] 25 AL E Uh

WA 3.20] 37} bjunk & bpopular A E 2| HE

SequenceMatcher AA o= th3 22 WA =7 5 Yt}

¥

set_seqgs (a, b)
MR A A2E AR T
SequenceMatchere 5 WA Al Ao tf 3t 24|38 A B E A4t 7] A ‘3]-E'_E wo xFdao o

off stube] Al AL Bl st |, set_seqg2 () & ARG A AFEEH = AlAAE 3 Ak,
set_seql ()& & Al A2 747‘01] el gt A NEE A o2 TEEAAL
set_seql (a)
g A HA Al A2 E A FUh vl F AR A daE HAEE A dsUth
set_seq2 (b)
e oA AAAE AR T iR R A AAAE WA A g

find_longest_match (alo=0, ahi=None, blo=0, bhi=None)
alalo:ahi] @t b[blo:bhi] oA 7} 44 E5& 54

isjunk 7} A k=] 7] L} None ©| W, find longest_match () ali:i+k] 7}blj:j+k]1 < &
(i, 3, k)& &=, o7]A alo <= i <= i+k <= ahi °]a blo <= J <= j+k <
bhi JUth o] 27S ‘ﬂd‘—A]?ltEE (iv, 3", yol disll, #7F2A k >= k', i <= i’
i 1 TS e e WA 5 S Ao A 2% Sol 4 aclH A1 A A5
222 aaa, aol A 71 BA A ZeHe BE 20 A3 55 Fol A bolA 718 BA Al Zas
2= g g

rlo

>>> s SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)

Match (a=0, b=4, size=5)

igjunk 7} A5 W, WA 74 2 AN B o] 4719} o] ARSI AR, A L 47} E ol hehtA
Rrofof Brhe 37 Aokl g UTh T g 1 B8] o4 A2 840 AANA e
@ H v gk 194 A% 2 12 QA AHHA 2L FAt 54T WE
A9l Shat, a9 AA 5 G,

o] 7)o] o A3} 2L ol 7 YA T, 23] 28 FAZ BEFUTE o3 S 1 abcd' 7HF WA
A2 o 9 v abcd' 9 A4 AA3HA 97 BUTE B4 rabcd’ B X ¥ 5 9o,
F A AD 2o A 7bg 9% abea’ 9 AA e

0

-w

>>> 5 = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=1, b=0, size=4)
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*

WA 39004 WA AR} 7] ko] F71E dF Y

get_matching_blocks ()

T HA e A= A B A DAE 7)E3=3-7F 59 B2EE iEdYth 24 3-F&2 (4,
5, n) FAolW,ali:i+n] == b[3:3+n] & EFUTE 3-FEishjol o3 Bz Z71a
upA 9 3-FF-& Hulo|H, 1en< >, len(b), 0) #E7HUthn == 09 FLA3-F=Y
Utk (i, 3, m) 9 E', ', n') ZFEARENA AYEI-FEolu, F WAV} el AE] up
B3R EO] I fn < 0 EL Sia < 30U th S, A FES B AR e e
225 Yy

>>> 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 ()

ag bi At P S AYete 5-FE9 H2EE WSS
i1, ) BAUTH RN FEL 1 — 3

i2 2} é‘l, P7A = j12 o 29 AUt

tag > EAL ol L, ol | S H Yk

ekt uth ZF § 22 (tag, i1, i2,
j1 == 0°]a, YHA] JFZoA=ilo] o|d F&e

7k =3
HA A~
"replace' al[il:i2]1EDb[jl:j2]=2 X &3] oF gy}
'delete' alil:i2] E AtAl& ok Y th ojuf 51 == 2 Y& _I_rv,]g]_/\l/\]_q_
'insert' < b[jl1:j2] 2 alil:i1]9] *P?JoHO]:EMD}. o]tﬂ] i1 == i2 942 FYFAA
[e)
'equal' alil:i2] == b[j1:32] ANEB AFE27 2S5 Y.
oE =9
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, i1, i2, j1, j2 in s.get_opcodes():
print (' al : 1] ——> b : ] -——> '.format (
ce tag, 11, i2, 3j1, Jj2, alil:i2], b[jl:321))
delete al0:1] ——> b[0:0] lgl! ==> 0V
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al[3:4] ——> b[2:3] 'x' ——> 'y!
equal ald4:6] ——> b[3:5] Ted?! —> 'ecd!
insert a[6:6] ——> b[5:6] TYo——> T f!

get_grouped_opcodes (n=3)
HAdnz9] 2 2= 25 Al ol Bl E wkEg

get_opcodes () A A W1&H IF 02 SE A, o] HA=E
HA Aol gle S HAE A AT Y

152 get_opcodes () & 22 FA o2 WAH YT

ratio ()

=
=
A NFLdd, A==
o}

O 22 HE SHAHE R,

206M/ TYYTH AR 27 2o
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get_matching blocks () Y get_opcodes () 7} o} A T 2= ] k¢t o™, Al 45+ ] v 9]
Wo] SYtt o]lE ull, quick_ratio() W real_quick_ratio()E HA A|Este] A3HS
O A~ O]£>L4E+
= T »na .

i

o]:

Fa: FY:ratio() T2 A AR eAd ek 2l = d5Uth A E

>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25

>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5

quick_ratio ()

WA W racio ()9 S RS T
real_quick_ratio()

ofF ] ratio ()9 A3HS wkEg o}

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 Of| ]|

ol AA M= TME “HA” &2 FFoho], F EAL S vl I TH

n

>>> 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() :

Ce . print ("a[%d] and b[%d] match for 2d 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 a dummy, (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 ():
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>>> for opcode in s.get_opcodes() :

print (" al g ] bl g ]" % opcode)
equal af[0:8] b[0:8]

insert af[8:8] b[8:17]

equal af[8:29] b[17:38]

o 1Y)
e 0] EE9 get_close_matches () &4+ SequenceMatcherE A3 7t I & ZHA & £ 35
$43 492 2AeE TR HolFUT
e SequenceMatcher@ WEo]RA 22 S8 22 73 $3t 7hetst v A e =29,

6.3.3 Differ Z4x]|

Differ7} WHE dEl= F A diff 8t F35A] G20 F-o A L. vt &, F A diff = £ v A A2 ],
M58 BE oA A2 H5 7 w2k w2 A o2 1003 o] X 7F Do A Lo A A XA 7] 7=
gt %7l§} AL A A A2 A selH 2 O 71 diff £ Bt Al A2 A IS B =T L)
Differ 2|20 o2 22 A A7) 94U T
class difflib.Differ (linejunk=None, charjunk=None)
A A 7| Q= w7l W= linejunk 2} charjunk= Z € <4 (= None) & 93 A
lingjunk: &) £A A AXE WolSolm B o] AW L MBSHE B4 UTh 7] EGHE None
ojn, o] ojW £ & AT T84 %2 o n ).
charjunk: E2H(Z 0] 19 £A4Q) & Mol Eo] 1, BA7h A AW ZE wMale AU Auge
Noneo|H, o]& o] ¥l I & 7+F51A] S-S o n|

ol A AHY T E Aol e 2] HT A HEE Fola Aol 7t e Eolu EAHE FAISHA]
oy} Aol Q3 Find longest match () WA Z9] isjunk W7 M=ol Tt S 9o
A]A]

Differ AAE B WA =S Eo) A2H YT (LET B0 HUTh:

compare (a, b)
Z9 A F A FE vk, dEH(E Y AlDD) E B Y Tth
AAD2EEYROR B AE O 2 EALL Sk I olH B A AL AR A
A readlines () MIANER 42 5 A5yt AAH det JA| AL F AAY writelines ()
HAEE S8 IHE A2 5 2 dhos Eues EAYE FAHE YL

e

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 readlines () 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'

(TH& sl oA ol A1)
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>>> 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)

(e1A sl o] A ol A AI5)

&2 % Differ 44 9] JA~H 25 whE Utk

[>>> d = Differ ()

piffer AR O] AR AE W, 23 A “H 2”& SH Y o=
AN T W8 pifrer () RS FEIYA L.

A eke 2, 5 g W@ o

T

=l N =
aT=s

A

A8

=3
=

foiz
=

2~
T

A

ol

_g]

34

Al L.

[>>> result = list (d.compare (textl, text2))

result& FAEY gAEC|BE, o 1 Q& sl F A TH

>>> from pprint import pprint

>>> pprint (result)

[ 1. Beautiful is better than ugly.\n',

! 2. Explicit is better than implicit.\n',

V= 3. Simple is better than complex.\n',
3

U4k Simple is better than complex.\n',

' ++\n',

V= 4. Complex is better than complicated.\n',
'? AN e A\nY,

Uk 4. Complicated is better than complex.\n',
' ++++ “\n',

'+ 5. Flat is better than nested.\n']

g2 Eol £ sl BALR W o] DA WYL}

>>> 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.

? ++

= 4. Complex is better than complicated.
2 A N
+ 4. Complicated is better than complex.
? +H++ A ~
+ 5. Flat is better than nested.

6.3. difflib — HE} AH|AS 9|5t =20|

163




The Python Library Reference, Z!2|A 3.11.10

6.3.5 difflib2] HH = ClIE{m|0|A

o] o Al = difflib2 A}-&3Fo] dif£ o} GA}E & =
ol Tools/scripts/diff.py e E3= o} g oh

#!/usr/bin/env python3

""" 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.

mn

import sys, os, difflib, argparse
from datetime import datetime, timezone

def file _mtime (path) :
t = datetime.fromtimestamp (os.stat (path) .st_mtime,
timezone.utc)
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¢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,
—todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:

fromdate, o

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

diff = difflib.HtmlDiff () .make_file(fromlines,tolines, fromfile,tofile,

—context=options.c,numlines=n)
else:

diff = difflib.context_diff (fromlines, tolines,
—~todate, n=n)

fromfile, tofile, fromdate, .
sys.stdout.writelines (diff)

if name == '__main_ ':
main ()

6.4 textwrap — BIAE T} XL 7|

AA F T Lib/textwrap.py

textwrap BE2 2 € AYS 3= FHAQA Textirapper® it otyet 2 74| A 4= AF g
Utk 3HF e g AE FAE S @) 3 (wrapping) 3 A U A - (filling) T, A 8] 425 F2380 oF Ul
82 ko &S 95 TextWrapper A2H2E ARRS| oF g th

textwrap .wrap (fext, 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(ZAE) ol e & 22 AFMA B £ 2ot A width A7 H =5 FUnh HF

a2 T

vhE o] Yl %‘%ﬂ %4 Y 2EE vk
Optional keyword arguments correspond to the instance attributes of TextWrapper, documented below.
wrap () A% vpAlo ) 8k 2pA| 8 &L Textlirapper.wrap () WA EE FRFHA L.

textwrap.£ill (fext, 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="|...]")

textol] = DL EdE AHBet, Y d 2dS 2ot DL SALS R FUT £i11 ()& T

=
EEEL R
["\n".join(wrap(text, L)) ]
=

E3), rill ()L wrap ()3 2L 719 E QAAE whol 59U th
textwrap.shorten (fext, width, *, fix_sentence_endings=False, break_long_words=True, break_on_hyphens=True,
placeholder="[...]")
F A widtho] %A 5012 text & % kst Ak A-F U T

First the whitespace in fext is collapsed (all whitespace is replaced by single spaces). If the result fits in the width

itis 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...'

6.4. textwrap — EHIAE gj&u} {2 7|

165


https://github.com/python/cpython/tree/3.11/Lib/textwrap.py

The Python Library Reference, E2|A 3.11.10

WA ANE QA obehol ABH Texturappers] A2Hs o 2P RE] AL B
E 7} TextWrapper fill () o AL 7] Ao ZWo] £E B2 tabsize, expand_tabs,
drop_whitespace W replace_whitespace F< A 751?5}t L ol F A7 gl Al L.

WA 3400 7}
textwrap.dedent (zext)

text—J BEE SN 22 A 3HS A AT
oA A8 Sol27] B FE|= AN SEA, T2

Ol

= A FE
2 Feg & Asdch

W} FNe BE FRo s A AT, o S0l 2 &3l #FHIAL: " hello" 9 "\thello”
Zole 35 Ay U] Qe AR R
UG LGS F L QYo A PAH T 2N A AR A2 G7eRE ok
=]
-
def test () :

# end first line with \ to avoid the empty line!

s = lvl\

hello

world

print (repr(s)) # prints ' hello\n world\n g

print (repr (dedent (s))) # prints 'hello\n world\n'
“

textwrap.indent (fext, prefix, predicate=None)
textol| Al AR E F 9] A& B3 of| prefix & 57
text.splitlines (True) & T &30 & &34}

NEHOE, prefixes FHOER FAE A e BE S(MHAY E 2ol F7HE U

AsSH

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

mln
2
(I,
N
o

S A predicate AAE o8 &E S 27 @A Aojghe vl A S AHUTh o E
gk gl Eol = prefirg F718171 = F5UTh

>>> print (indent (s, '+ ', lambda line: True))

+ hello

+

+

+ world

WA 330 F7L
wrap (), fi11 () D shorten ()& TextWrapper Q2HAE ST 1719 T-Y 1 A
Futh o] JAa"tae= QARG A ¢ 7] tfoll, wrap () R/E+= £i = AH&
Aot S8 222 A, A8 A Textirapper A

HaEs g3 to] o] i wolo] slo] & uke oA Wt AL AEFUTY Textwrapper
break_long words7F ARALE AAF ] QA gow 7 Fofgt 7] tho] & Bk}
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class textwrap.TextWrapper (**kwargs)
Textirapper AAAE o2 7o A 719 = AAE WolsATh 2 79 AR dabA
olEg|RE ANFFUTE T & =9

[wrapper = TextWrapper (initial_indent="* ")

= e 2sud

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

m]m

e TextWrapper 2 A

2] WA Yo, AR EF Jdada o ERRE A Y
Bl 2L WA S Q) )

o]
et
Eel R E (g ARl B3 719 = A& et 2% U th

2 El>

TextWrapper AX~E A

width

(7123 70) A8 A =9 A
TextWrappers width BAH

v} &
™
M
o
N
o
0 |
oo
o
4
o)
%
i
v

expand_tabs
(default: True) If true, then all tab characters in text will be expanded to spaces using the expandtabs ()
method of text.

tabsize
(7123} 8) expand tabs7t 20| W, exre] RE B 2= #x) A3} 2o A B 270 wet o7l
ol Ao Amol A~z A Ut
WA 3.390] F7}.

replace_whitespace
(71 23Zk: True) ZFold Eﬂ 4 3?3 Ao, wrap () A EE 7t T B2 g Ao Ag
A gt X gE = ¥ e W A e 25Ut |, £ vk, Aﬂi e, = v= 9 7jg A 2gd
("\t\n\v\£f\zr").

Zr31: expand_tabs7} AR 0|1l replace_whitespaceZ} o ¥, ZF B EX}= b d A5 9]

Z A8 =, ¥ = iU o

[>

H3L: replace whitespaceZt 71310l ®, & F3bol|l & vl o] UELLA o] 38t A7 Ty &
T AU o)A )72, B AEE (str.splitlines ()W FARE & ARSSA) 2Eo =
BEe Fol W B oF Tk

drop_whitespace
(71 2%k True) Fold, BRE £ A3 JJrIL-J Y (G o] F Sof2 :
AE R Fule o] obd Ro] Ho] oW AAE A FHUTE AAE & o] Z A
A7) 811, & A7 7 AR E U .
initial_indent
(7125 ) Hd d =49
Utk W EALL Sof 2
subsequent_indent
12 ) A S AT A A Yo Be & ol F7HE BAL AU A HA S AL g
2 2] dol Aol £ T

A A 2 2ol 278 BALYUTH R WA 22 Qo] Axto] £
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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 '. "', "! ' or '?", 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 [...]
Thgol L2 = “Spot” Abo] o] Aol g wHA B 4 gk AU T
[[‘..] See Spot. See Spot run [...] ]

fix_sentence_endings+= 7| B2Z o7 AAJUtT}

B3 A S “AFEA 9] Aol string.lowercased] &3}, T2 EA EF S
$2)57] 919 SR E Tl 2] 2 o) A8 ALE S FHE BB g, Go] AAsoln 44

gyt

break_long_words
(7123 True) oI, widthEoh 71 o] YI== 517] Aofl, widthEth 71 Dol & F&F o
AR, 1 o] 7L A A ko, A7 Zo] idth® Tt 2 4 dF Utk (widthd 23sE
b3 #2557 931 1 wolt ST Fol Btk
break_on_hyphens
C12 4 True) o1, A Fol, Jolol Mol gae, a3t 4 ool ¢
Hl—/\g-sl—qq. A A o] H, 511:1]1 us = H]—% A3 £ AL 2 7 A gk 3_
@o] & Y3t break long wordsE AR LR A5 oF fhth 1 HAe 7] & FA2
FF shol 2oz AdH thol & Rel &5 IA B Aol dHuth
max_lines
(71 3k None) None ©] o}, =82 H ) max_lines &-& £33} 11, placeholder 7} 3 Zf YE}
Yok
WA 3409 7}

placeholder
(1&g [N 2RSS Y HaE] 2o AT EAHE.
WA 3400 7}

Textirappert BE 4% We) @49 A8 2 742 38 MA=E AT FUh

wrap (fext)
text(ZEAFG) ol Y= T EGS BE 59 Zo|7h A Jridth A7 H e fF U ZE 3
§HE rextirapper G282 A2HA O EHEANN AAGUT HF F vEo] Qe
28 29 P2ES NHFUCH o) B 2] Ygo] gow vk Bl aEE vlo} %t

£ill (text)
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6.5 unicodedata — SL|3E H|0|E{H|O|A

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 14.0.0.

EESFUIE 5 FEA #4, “FU T = At o] Huo] 270 BYH AR 22 o] 5} 7T E AHES
Ut Be 7 28 was 4o g ok
unicodedata.lookup (name)
| g0z ¥AE 23 YUth A4 oY A7 2 W, o
oW, KeyError7b A3 g th
WA 33014 WA: o 84 3} 9y e AL 7 F ks d
unicodedata.name (chr[, default] )

chr EAo] T o] 22 BAR 2 MBI h o] o] )5 A §0 W, defaudi 7 W2 AL}, 2|35 A
0O W valueError7} @A g th

o[o
FIF
Bl

7

i
fift
v
iz
<
o
e
)
i
Y

unicodedata.decimal (chr[, default]
chr Z2toll @8 103 ks A= whehehuth 223k gho] Aol of A ¢F o™ default 7} W+t
A, A AE A o val ueError7} Ll g R =

unicodedata.digit (chr[, default] )
chr ZAtol &d s AHdigit) Fh= B2 etk 223 ghol Ao o] AR koW default 7} HE g
ALY, AR A 9O WH valueError7t w3 g )

unicodedata.numeric chr[ default]
chr Z7Fel] &FH 4] (numeric value) & float 2 Btk 18] 3k gho] A o= o] A] O W default
7F Rk A, AR FH A koW valueError7h EAg Y T

unicodedata.category (chr)
chr A1) S5 Aulk W 3 (general category) 5 F A4 2 wHehg .

unicodedata.bidirectional (chr)
chr FAo) &8 ek 22l 2 (bidirectional class) & FAFE 2 Wkl 28] 3k ghol o= o] 91 4]
grow, wl #24g of whehg LTk,
unicodedata.combining (chr)
chr F-Apol| &kl A Z A3 Z 2 2 (canonical combining class) & A2 Whakgtuct. 2g 2271 A
o= R ko0& WY o)
unicodedata.east_asian_width (chr)
B2} chrol) @55 o} A o} = (east asian width) S Fx}Y 2 ¥i3tst o},
unicodedata.mirrored (chr)
E 2} chrof] €39 A2 A A (mirrored property) 2 A2 WUt E217F S el A E o A <A
247 AR AEEY 1% wkstslal, 19 2] koW 0-Z WY Tk
unicodedata.decomposition (chr)

B2} chrol] &3E B X} &3] vl 3 (character decomposition mapping) & X4 & Qg o}, 28] 5k ujj 33

o] Belslo] QA QO T Wl £ -G o] W L,

! https://www.unicode.org/Public/14.0.0/ucd/NameAliases. txt
2 https://www.unicode.org/Public/14.0.0/ucd/NamedSequences. txt

6.5. unicodedata — {L|ZE H|O|E{H|O|A 169


https://www.unicode.org/Public/14.0.0/ucd
https://www.unicode.org/reports/tr44/
https://www.unicode.org/Public/14.0.0/ucd/NameAliases.txt
https://www.unicode.org/Public/14.0.0/ucd/NamedSequences.txt

The Python Library Reference, E2|A 3.11.10

unicodedata.normalize (form, unistr)

TFUZE EXY unistroll o) 3 A3+ & A (normal form) form= WU T} form Q] 2 8F 3ES NFC’,

‘NFKC’, ‘NFD’ ¥ ‘NFKD’ ¢4t}
FUIE 252 A= 554 (canonical equivalence) H 33 5% g(c
Zvto g LI Tz}oﬂq thoral A3l Al Aoyt &

Yoz BAY 4

A&t o2

=91, U+00C7 (LATIN CAPITAL LETTER C WITH CEDILLA) &

ompatibility equivalence) 2] A 2] &
Yo, of 2] B A o
Al

F 2~ U+0043 (LATIN CAPITAL LETTER C) U+0327 (COMBINING CEDILLA) 2= 8 & 4= 9l5 Ut

7 2 Ao, Y A7 G4 o] A5tk 378
A2 oo ol 4 £40% Hold 9002 B 473t
Ag3 vhe, ve) A5 BAR O 2Tk

o] G4 9]0, 53 5714

E

durdow e BAs EYE = 54 2V A e
ONE) 2 U+0049 (LATIN CAPITAL LETTER 1) JJr AA =2 25U 3HA v

gb2312) 7] T &2 91 Tr»lizoﬂﬁ A1
7373} ¥ 4] KD(NFKD) &= 2 g8t 5,
7 7+3} ¥ 4] KC(NFKC) = um S8 2= A8 e,

=)o) $URE TR Do] A7 EE 1, Abgho] K 7o go} Kol

Ae 18 o, Pobi v wE A e 4 A5

g,

o HJ
ey i
iy, fol
ot rid
o ey
. oo

unicodedata.is_normalized (form, unistr)
FURE #AY
‘NFD’> ¥ ‘NFKD’ g4t}
WA 3.8 =7}
ohe =g
unicodedata.unidata_version
o] 5ol AH&d FUZE tl ol e o] 2] WA,
unicodedata.ued_3_2_0
o] A AA BEH} 22w
AgFUT ol S B de)
Ut

o A

A

= AN =
TS o] RES ST=

A=
#u

1Mo S F 7p) 27k A58} 3 Aol Y £

unistr©] 235+ 3F @A form AR S &G YT form o] &7 g NFC,

= o o] e W] o]

94 Co} 473} 9§ 4 D. 4773} 8 4 DINFD) =

34 CINFO) &= WA 3 F 2ol 2

FZ A E,
S o}, U+2160 (ROMAN NUMERAL
, 712 BAAFCEE =

=

rioh

5
U

4

ol
[o

AR ks

U

oy

2
|
A

L

ks

3]

-

o

3}y

}

ot

¢

A
=

7

et

o}

rju

‘NFKC’ ,

Al

fus

A

WA 32E

2l
& A

79 7+ IDNA) £ 9]

>>> import unicodedata
>>> unicodedata.lookup ('
l{l

LEFT CURLY BRACKET')

>>> 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
lLu'
>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
'AN'
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6.6 stringprep — QIE{Ul EX}HE ZFH|

A2AXF Lib/stringprep.py

2 Yol 4 7477
o M7} Aas & F 2 Y
FEOEA 12A P A, T 7h5
55 ggyinh
RFC 3454 AEYl ZR2EFA FUZE FAES “EH]” 3t AAE AU #AEES Aol A
Qat7] Ao, £ ARE 53} 24D S ANA ofH A7 E G4 2ES WE L RFCE 2259
2 A S ol B Qe AP 2 29 AL S B0l B3 stringprep ] of @
Aez Rio] =g atd dRAA Aol of Ut} stringprep Z 23D 9 3 71HA] o = A1 3HE =w| <l
o] Zof| A&%] = nameprep Y Yt}

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.
A3A 02, o e e Hlo] 2L HlolE T2} obd F2 mFH YLk RFCOE T 552 B0
ok Qo3 E. A B9, seringorept “BA W47, 5 o)) A4} 2
%‘—’Fé AlsdUch w39 3¢, w3 &5 AT FUch Fo1 7] EH o, &= g vhke
oA A8 T 4 JE BE T4 22U

stringprep.in_table_al (code)

code7} tableA.1 (U T = 3204 2 FH 2] k& 7= ZAE) | =4 FhEFch
stringprep.in_table_bl (code)

code7} tableB.1(Y M4 0 2 op - 21 & w53 5 2] oF5uth ol Ql=A] 2t
stringprep.map_table_b2 (code)

tableB.2(NFKC 9} 74| AH§-5) = A o] 22 9§ vl ) o ube} code®] w9 B kS whegch.
stringprep.map_table_b3 (code)

tableB.3(7 713} 7}F QL= Al ol & £ 98 vl 33) of] whek code ] w3 A S WEEHEU TH
stringprep.in_table_cl1 (code)

code7} tableC.1.1(ASCII 25 o] 2 E2}) of] §l=%] FE gt}
stringprep.in_table_cl2 (code)

code7} tableC.1.2(8] ASCII 2~ o] 2~ FE 2} of] Q=2 FHE gy ).
stringprep.in_table_cll_c12 (code)

code7} tableC.1(2 5] o] & £ 2}, C.1.17 C.1.29] R ol Q=] 3T

stringprep.in_table_c21 (code)

code7} tableC.2.1(ASCI A| o] &A1) o] Ql=A] FHd g}
stringprep.in_table_c22 (code)

code7} tableC.2.2(H] ASCII A o] 2} o] §l=2] 28 3t}
stringprep.in_table_c21_c22 (code)

code 7} tableC.2(A) o] 2}, C.2.137} C.2.29] 343 of] Q=3 &}

e

stringprep.in_table_c3 (code)
code7} tableC.3(7] 21 AF-&) ol Ql=A] shE g oh
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stringprep.in_table_c4 (code)

code7} tableC.4(M]| B2 T & X0 E)of =2 gt}
stringprep.in_table_c5 (code)

code7} tableC.5(H 8] T &) Q=2 IE s}
stringprep.in_table_c6 (code)

code7} tableC.6(Y¥F B A E o = B4 H) o] 9] =74 Ihd gt
stringprep.in_table_c7 (code)

code7} tableC.7(wFH A 3ol = £ 4 2) o A=A
stringprep.in_table_c8 (code)

code7} tableC.8(& A 578 W7 T+ 5 A]) o] Q&4
stringprep.in_table_c9 (code)

code7} tableC.9(Z A} Bl Z) ol =4 &8 gt
stringprep.in_table_d1 (code)

code7} tableD.1(FHF 54 o] “R” o] v} “AL” Q1 F-2h) o] Q=] #HEhyth
stringprep.in_table_d2 (code)

code 7} tableD.2( ¥} 4 o] “L” 9l B2P ol Y&=4)

6.7 readline — GNU readline 2IE{H|0|A

readline REL glo]| A ol g Z & g ol A &4 (completion) 2} S| A~ E 2] 5D ¢} 7)/~A7E
o2 P42 Ao Gt o REL A3 A A, o34 mg oA gho 1A A8 A A S A A
rlicompleter &g &3 A 5 - A Ut o] 252 Abgstol 443 1413" AE 22| B 2 o 5}4]
ZEZEJ WH input () TF7L A= 2EZEQ T of IS =Yt}

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.

ZF31: 3}4 Readline F/} 1B 2] 2] API+= GNU readline th Al 1ibedit 2ol B &322 2HE 5 A5 YT} macOS
]/‘1 readline BE-E A3 AlZtol| AHE 5l gtol B g] & AT

libedit9 T4 39S GNU readlined] 743 347} thE Utk =2 T WA o8 14 B d S 2 =3t

A9 readline._ _doc__°lA] “libedit” Bl AEE 391 6}o] GNU readline 3 libedit S F+38 & 4~ 95 th

macOS o A editline/1 ibedit readline oj| & &) o] & /\}53—?5}— 3% E ordE o Y= 273 9o o

.editrcYUrth o & E9,~/.editrcy o2 Ly 7] 8143 TAB &4 S %141'/]-

it
rlo

python:bind -v
python:bind "I rl_complete
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6.7.1 P opd

o} 7%} 5kl 0 AL§A 743 Bl o] A& Th

readline.parse_and_bind (string)
string QA Apo Al FH 2713} =& APt s 2lol B g0 A] r1_parse_and_bind() & &%
o,

readline.read_init_file ( [ﬁlename] )
readline 2 7]3} 3t 4= Ayt 7|42 5t o] 52 npA o 2 ALG3 9h Y o] F YU T SHE gho] B
H oA rl read init file() 2 &&=tk

Ph
N
toh

51
=4

o
4
rlr
PN'

6.7.2 = H{m
he g4 ghel v s ol o) 28 3h ok

readline.get_line_buffer ()
W39 dA W& (EHE etolB e 8]9 r1_line_buffer) B3 ch
readline.insert_text (string)

2 3)9) AA A 2o 2= FYFUT 5 2ol me oA rl_insert_text () & T EIHAW,
shgk gre A g o

readline.redisplay ()
Z WA AA WL

rl_redisplay ()

= Wgst=F ol ZAEE W8S A4 U 37 gholHF 2ol A
TEFYH

6.7.3 5|AE2| m}Y
e G4t S 2Ee Sl s A8 gtk

readline.read_history file ( [ﬁlename] )

radline 3222 U E £EHD, S Aw e F 5N AU /1L ALY/ niarory Tk
35 glol B3 g o| A read_history () %J"/h—/}
readline.write_history file( bﬁlename] )
3 2Ee) B52 readline 325 Ao AGel, /1E HDL Dol BUth A8 FA
history @§Uth 3¢ 2ol B glo| A write _history () & &}
readline.append_history file (nelements[,ﬁlename] )
3| 2~ E 2] 9] vl u} nelements & 5-S v} ol F7hEUTh 712 5192 ~/ history YU th T o]
ol u] £ 3} ok FiTh. 3 eho] B ef 2]of A append_history () & EEFUL o F4t sl Ho]
o2 AU eholnel P WA AWAH Aol v ATk
W 350 7%
readline.get_history_ length(()

rIo

readline.set_history_ length (length)
slaEe vt ety Aot & 78 A A YUY write_history file() %
o] F= AHg3to], S BfolH el gl A history_truncate_file() & £&3to] s|2E2] 9}
U 5 2 Al gl slaE e 9kl 2715 o uych

e -
o |7
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o

ot A B age B2 i) 2§ P ch
readline.clear_history ()

AA S| ~E 8 E AgUth sHi gho] B el g oA clear_history () &
spo] A o] o] & A Y5 eho] 1

OE ZE=TUH. spojd e
gl Wdor Aotdd Aol AT Y
readline.get_current_history_length

AA S 2Ee 9t G5 25 BBGU (o)7L

23 2EE el 7152 A
get_history_length ()& 5 4Ytt)
readline.get_history_item (index)

indexo] Q= 3| AE 61-2_4 A &< usta o) 3= ol A |2 E A 2a ) s glo] B

# g o A history_get () & &3 ch
readline.remove_history_item (pos)

S AE g oA $] X (pos) & A A H d|AE T

SRS
2] 2] ol A] remove_history

152 A AT Tk 922 05 A 2. 8
) E TEFUTh
readline.replace_history_ item (pos, line)
A A (pos) 2 A FH s 2EE] & line© = WA YT 9] ] = 076 A2 gy T h5 2ol H g
oAl replace_history_entry() & &3 h
readline.add_history (line)
UW“‘ o] 949 AA 1 s|2E 2 W H ol lines F 7 th st 2ho] B & g]o| A add_history ()
FE 3T

readline.set_auto_history (enabled)

readlineS £3 482 912 uf add_history ()

o 3t 2ty =S S =& v &S T Y
enabled QA= 3 ZPO‘ HH Z}E SI~EEE &43)sta, AR Y W Ag 7152 v &3 e B8 ol
o] o T
WA 3.600 F7F

CPython -3

& AFAl: Auto history is enabled by default, and changes to this do not persist across multiple sessions
6.7.5 A=

—3
oS =

readline.set_startup_hook ( [function]
3 2ol B3 8le] r1_startup_hook &

ol o3 T =5 = A5 AR SA U A AZF UL function
o] A% = W A % (hook) T= AGFHUTH A Ekﬂ 7t None o[ ®, o] ] A& g7} AAF YT o
52 readline o] 3 HA TEZEE A 3}7] A A QA ¢lo] T&H YT}

readline.set_pre_input_hook ( [function]

3l glol B2 8]9] r1_pre_input_hook ZW o] 9]3] T & =S+ &

AR sHA Y A AZU T func-
tiono] AR, | & T2 A}%%HD}, “"*ﬂﬂb}Nonefﬂ el
T2 3 WA JEJEﬂ A=

olm A ]%U"V}Xﬂﬂs‘ﬂﬁ} °]
% readline©] § ¥ £212 2}7] Alﬂo}ﬂ ARl A} glol T2 g U
ol Gt shol o] o 2 A A ehol nejel Ao w AstelE Apolu =4 gk
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Qo A5 o AL ANALE Tab 7|2 AF 4,
= Ut} 7122 0 g2 ReadlineS th3}4] ¢l ﬂFﬂE #13h
s %“é }L rlcompleterﬁl/ﬂ /\}% St 5 d 4] 01 & Uth readline RES ALE 3}
B AT, B2 vl FEA AT A
readline.set completer([function])
XA g2 A A A Y A AU function ©) x]x HH A S g2 AR YT A
o\, olu] AN 4 A7k A AT Uk 2 B4
state°l] T3] function (text, state) &2 TEFHY
Aok Uk
ARE A 4=t grolB 8 8l9 r1_completion_matches () 2 AEH entry_func ZWof 9
3 SEHUTH text EAE 2 51 F 2ol B389 r1_attempted_completion_function Tl A
HA v 7] W2 R E ST
readline.get_completer ()
43 S, A 7t AR A GRS None g A

= 10,1,2%
th textZ Al Z&HE b2 0 & M3 S-S vl

)

k.

readline.get_completion_type ()
AE A &4 F3S 7HAFUS S 2ho]l B 2] rl_completion_type M€ Fo = Whahg)
Ytk

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 ()
e AT o] FEAE AAFAY ZFAF UL o] A5 S5 e e dol o A= (2
NS 2ATYL}. o] St s Blo] B3 2] 9 r1_completer_word_break_characters WS
M A 2 Tk,

readline.set_completion_display matches_hook ( [function] )
S EA F52 AAFAY AAGU funciono] AR W, 2o A FA 52 AEF
Utt; AeFet AL None ol |, ojw] AXH &4 A &7 Al AF UHh s 2ho] Bef g of A

rl_completion_display_matches_hook EME HAATAY XYL A BA TF-=dANE

F A oF & wfjufct 3F H function (substltutlon, [matches], longest_match_length)
ZIZEE YL
6.7.7 O|A|
O3 d & readline BE9 3|2E g ¢ 7]} 7] @-’F% Ab&3to] A ALY & YA E oA .
python_historyehes o] 59 3|2EE 3 S AFoE ZESA st YHS HoAFUth o
FE= YubA 0 2 AL A9 PYTHONSTARTUP 3} of| A t3}2] Al A Fol b5 o2 Ag gyt

import atexit
import os
import readline

(Th= sl o] A ol A%)
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(o1& # o] A ol A A<)

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)

stol o] t3ty = E/\]E“E]M]Z}Eoi*]ﬁnQ\/]Q-(Readlme—T’-

= 1.9 =}
= u H
S odE 22 5XE GANAT A S| 2EZE Bl o] 7] w3 A 5 A] A A (concurrent) T3} Al A& A

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)

TS o= 3288 AR EALS AP EE code. InteractiveConsole S 25 43 th

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):
readline.set_history length (1000)

(TH& sl oA ol A1)
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(o] A | o] A e A AL
readline.write_history_file (histfile)

6.8 rlcompleter — GNU readline2 2|5t 2t &t

A2 F 2 Lib/rlcompleter.py

The rlcompleter module defines a completion function suitable to be passed to set_completer () in the
readline module.

When this module is imported on a Unix platform with the read i ne module available, an instance of the Completer
class is automatically created and its complete () method is set as the readline completer. The method provides com-
pletion 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.

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 7).
readline®] Qi ZHE A, o] REo| At completer FAE A3 AL A} B Ao AL2E
F gy
A A .
class rlcompleter.Completer
Completer 2} 2| = th2 2 22 WA =& 7F U th
complete (fext, state)
Return the next possible completion for fext.
When called by the readline module, this method is called successively with state == 0, 1, 2,
. until the method returns None.
HAE(C ) ESHA] G textE TETH Y, _main_ ,builtins D 7|YE (keyword BE
oA ot g) ol A AolH o] F o2 SAH Y Th
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

viathe dir () function. Any exception raised during the evaluation of the expression is caught, silenced and
None is returned.

5 24 Bta 177

fijo

6.8. rlcompleter — GNU readline



https://github.com/python/cpython/tree/3.11/Lib/rlcompleter.py

The Python Library Reference, Z!2|A 3.11.10

178 Chapter 6. EIAE X{2| AH|A



CHAPTER 7/

HFO| LA 2] Cf|0|Ef AfH|A

o Aol A AW SE REL Hhol e Hlo| B E TE] 918 78 AN
92 =2 =23 #A 9t ol e dlolHo] tg Ate B )
J ™

HAE A2 Anj2o A dr st 7 gho] B el g]= ASCII &2 vlo| v g] 3 4] (4
vz dolH (& =4 dlffllb) <>ﬂ g 4 syt

3l ghol A Ul A vlol v gl dl o] el & o v g A W2 vlo|u 2] Al A2 & — bytes, bytearray, memoryview A5
ZastA &

7.1 struct — 2! =l H}O|{2| C|O|E{2 H}O|EYE sl A

2 F & 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.

ZF31: 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}°] E =A], 7] 2 A & for details.

o8 struct (28 AL Struct & WA E)E= buffer AAHS 3 T T} o] += bufferobjects & +3 3} 9]
A 8T € S UL MRS ATIE AAE HEY T o A0 48N E Y YK P2
bytes_ﬂ- bytearray?(] yHIOlE MG R B S e B2 U8 P iy Z2EZS FHIIEE, bytes
AANA A2 BArehA G 93 AL % 92
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711

ok

b2} ol 2
o] REL U 22 Aot FrE A dth

exception struct.error
o 2] Aol Al LA sk ol 9; AAbE FA o] ZEH A=A A ote FAE YU TH
struct .pack (format, vi, v2,...)
VI, v2, e e ERRA E W A formaro] whe) 947 D vk = AR WU Th A= ZHo]
2F8he 2 A8 AR S o FTh,
struct .pack_into (format, buffer, offset, vi, v2, ...)
Z9 A formarel whet gk vl v2, - & A
A AN A FE FU T offser> B4 °1XP% o
struct .unpack (format, buffer)

Z N FAD formarol| et W H buffer(o}PFE pack (format, ...) 22 37 B)eA A 57 Fch.
As| o1} 8 EWITE AFe FEYUTE vol= Bgl) M3 T E (calesize ()9
o&f W &) o] 2 78t = 7] 9 A& oF Tyt

struct .unpack_from (format, /, buffer, offset=0)

S

5t 3} 7 A upo)l EGL 2 7] 7}5 8 W bufferol offser
ot Al L.

= B formarol] W2k, offser ) X o A A bufferol A A 7 Gt Aste) shte) @5
s EFTE 23 FEAU ofie I Aol A Z3to] vlol = B ® 24T W 27)e

(calcs1ze () ol 23] v E =) Fulo] @ F3}= 7] o] Aol o] of st}
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 calcsize ().

Zy ol o] A2 X AL A AE U E {FZ2S AHETh
WA 340 27}
struct.calecsize (format)

2R FAHE formardl] 3 3ok 2 A (pack (format, ...) o &8 B & vie|EF AA) 9] 27]
GlazaaRi=g

o ke

7.1.2 =0 EXIH

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 =AM, 37| % ¥&

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.

= & 'iﬂrﬁ‘r, 20 2GR WA FAE AFRsto] A " HlolElo] HiolE w4, AV H AL S

;u
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AL HIOIE &A 37| 4
d dolg B HolEE  dolgR
= o] E] B xF none
< g E etk iz none
> dl ot ot zF none
l YENI (=9 dgeh EF none

A WA F247} ol 5 F shrb oty ™, e 2 7P o

Z3: The number 1023 (0x3 £ £ in hexadecimal) has the following byte representations:
e 03 £ff 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, AMD64 (x86-64),
and Apple M1 are little-endian; IBM z and many legacy architectures are big-endian. Use sy s.byteorder to check
the endianness of your system.

vlolE| B 7] AE 2 C Aot dP 9 sizeof XHA S A
Ao Adgdyh

< 371 =W EA A 2 g Uy 2 FA A0 28 FRSHAA L.

v} = o) Aol Fol f2) A S F Th o B B ulo & A& AL SIA Y, F AL 279 AYo] £F

sy
"1 A2 IETF RFC 17009 H 98 th2 4 8] Alt] kel V| EY I vlolE =M & YEPY Ut

vl o] Bl B 7} obd Hpo] E =4 (B A HFolE A 9b) 5 FAISHE WS s Uth "<y > & A E8] A
‘5]./&1}\]_]_‘

_,d
ofo
o
2
Y,
o
funil}
A
-
s
pay
rlo
o
2
=
o
fuj
T
)

=

rE:
(1) HPL A& = 724 B Zollet s o2 Frhg vt AT P E 72419 Al#rolut 2ol 3 5 ©]
F7HA A dEut
(2) dlolgjB7}obd A7| 9 AE & A wl= s o] 27HH A ehsvth A& 50 <, >, = Wl
ol A
g e ZEe T Fuy

() FEAL B2 54 Fe) 3P 27 Al BRI, W2 05709
o

NS o FEFHAA

=
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th; Co} shol A 7k Abolo] WEe §&
o 9] 2718 volE B2 iUy
Y g, 9%

oLl ES e F SR A 49U Th WelHE 378 A8 S

we} ohE U T
Zoi CH ofo| M =37 kE
x  F=uloE ol Ut ™)
c char Zo]7F19 bytes 1
b signed char A 1 (1), (@
B unsigned char A 1 2)
? _Bool bool 1 (1)
h short A4 2 ()
H unsigned short AL 2 )
i int AT 4 2
I unsigned int A 4 )
1 long A4 4 2)
i unsigned long A4 4 (2)
q long long Ao 8 ()
Q unsigned long long AF 8 2)
n ssize_t A (3)
N size_t A4 3)
e (6) float 2 “4)
£ float float 4 4)
d double float 8 4)
S char[] bytes 9
o) char([] bytes (8)
P void* A4 35)

WA 33004 W 0T e E ) D@ A o] 27k ek,

WA 3.6004 A rer o thgk A Y o] 74 A5y Th

rE:

(1) The "2 conversion code corresponds to the _Boo1l type defined by C99. If this type is not available, it is simulated
using a char. In standard mode, it is always represented by one byte.

(2) 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.

WA 3.20 A ¥ 7 : Added use of the __index__ () method for non-integers.

B) 'n'F N R FEE (7li~?.&°11)r @' ulolE A FAE A" H) vlolE| B A7 ARSE
°"“HEP ®2E I B, S8 22O ge v A5 WS A 5 A5y

@ 'f','d' " e T FE9] 75‘% 7 F2HL FAFAA AR s F5 273 FA T AA Rl
IEEE 754 binary32, binary64 &=+ binary16 & 21-& A&yt (2 £, 'd == 'e').

9 'pr EREAL 1RGO} @ vholE 24 £A2 du ) voleln vholE falol W ALY
AHUTh HlolE ¢4 B4} 1= BAE A2 e} g Eolu) ) ATk £ E A HER A
FUITh. struct BEL o] & Vo] Bl A2 43R ghobd], 1 BAL ST 5 dgd

(6) IEEE 754 binary16 “®WF A4 &> 322008 IEEE 754 = /| A Foll A EYH AF5UTH B3 ¥ E, 58| E
A W HE Y= (100 E7F A A o7 273 ‘/IDH S 7HA W, AA AU EolA ek 6.1e-059)
6.50+04 Atol 9] 5248 e 4 Ut ©] B2 C AT A del 445 A ek dut
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Z 9] 7] A of| A=, unsigned short S #] Zrofl AL-&3 4= QIR 9k, 4238 & 2ol = A}-& 3 4= gl U th 2PA 8
LH—Q- half-precision floating-point format2] Wikipedia 3| o] | & ZFZ 4] A] 2.,

(7) When packing, 'x "' inserts one NUL byte.

®) "o T BAL “TAT BALE ATYFEH, o= AL Eo] &3] Fol A WA Hpo & Lo
A G el Aol RADL oG ARR A B ool b EALS] dol1} 2555 e
AU EAL 9 vle]EZF 2 Fofl FUth pack () ol AEd FA2 0] Wi+ 2 (%1 wj 7] 1%tk
49), TAE 9 H‘“ count—1 H}o]E Wk A & ). _rz}oﬂo] count-1 KTl @ow, AR A 3}al
Hlo|E 7 EEF g vlo]|ER A T unpack()/] 3, 'p' =W T._—Z]—l_ count H}IO|EE
2H]SFA] JE&% —Erx} £ 25500 EE 278 2 ¢l 2o o3 AL

(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 ' Oc ' means O characters).

oA Qo A5 HE A5 S 5 AFUT o8 Sof, TR BAD 1an' & nonn 9 P H3) 2

gt

EZ Aol e] T E A= FAIH U 8ok P4 Abololl = g o] flojoF Iy th
Xé{;:_ﬁoﬂjl]'(vbv’leylhlval 'i','I' "1, 'L, q,vQ)_é_-é—‘l_]/]—E /\]__g__d_o:] X%ﬁﬂyo]ﬁ;:_}wﬁ,x7]’
Slg 2W) REE W E R uhd seruce. error7h BT T

WA Lo WA o delE, AR A5 UL WAE Rold % AR seruce.error Al

DeprecationWarningg WAy ]Zi’“‘%r/]'

o0 U PR A9, WhE ghe Trueth False U Th AT W, A AR 9 w2l gke] ASH YT ulo]
B8 EF bool EANA 001} 10] 917 ¥ 12, A AT @) LE 00] opd Z& True 7t B T

oll

ZF31: 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"'")

5

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:
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>>> pack ("@ccc", b'l', b'2', b'3")
b'123"

>>> pack ("@3s", b'123")

b'123"

A4 B BEE Aol YA ATHE WIS FER A o2 2D 4+ A5 Uk

>>> record = b'raymond \x32\x12\x08\x01\x08"'
>>> name, serialnum, school, gradelevel = unpack('<10sHHb', record)

>>> from collections import namedtuple

>>> 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\x124#"'

>>> 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 ('@11h01', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"'

© B7):

X E array
5 doleY A A npojul ] 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 application
or another application compiled using the same compiler (native 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.
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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 consective chunks of data.

Consider these two simple examples (on a 64-bit, little-endian machine):

>>> calcsize('@1hl")
24
>>> calcsize('@l1lh')
18

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 ('@11hO01")
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 ('<gh6xqg')

24

>>> pack ('<gh6xqg', 1, 2, 3) == pack('@lhl', 1, 2, 3)
True

>>> calcsize('@1l1h")

18

>>> pack('@llh', 1, 2, 3) == pack('<ggh', 1, 2, 3)
True

>>> calcsize ('<qggh6x')

24

>>> calcsize ('@11hO01")

24

>>> pack('@llh0l', 1, 2, 3) == pack('<gghé6x',6 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 ('@11hO01")
12

(Th& sl el Aol A<)
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(o] A | o] A e A AL
>>> pack('@l1lh0l1', 1, 2, 3) == pack('<gghé6x',6 1, 2, 3)
False

71.4 ZciA

=8 T 9L AUk

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.

ot
oL
L

rlo

struct &

F3: struce 9 BE 4% Wool AH HA Y £A4A A5t A wde] A Huw, B A
Y EALAT Ao 2w IS B struce B ARG os 474 2 D27t ST

Aot 4 E Struct A = T MIA =9 o ER|REE AL T th
pack (vl,v2,...)

pack () &8 F Lok, A
pack_into (buffer, offset, vi, v2, ...)

pack_into() @49 5L%1, AshAD RS A F U
unpack (buffer)

unpack () &4 5431, A

2ofof T
unpack_from (buffer, offset=0)

unpack_from() &2 S L35}

91 o] W i7l” size o]l
iter_ unpack (buffer)

iter_unpack () &5 L3, ALH WS AU vlolE 9 wiF 37 &=

size9] 420 of of FrLiTh,

WA 3400 71
format

o] Struct 24X & FA ot vl AH&H 2 FAE.

WA 370 A 2 ZAL L oAl bytes Al strd Ut

A= TYPE AL ST (len (result) = sizeQ} ZA HUth)
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formatol S8k FE2A (pack () WA =0l o3 BAdd niolEL AA) 2] Akl =7].
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7.2 codecs — T H! Y X|AEE|2} H|O|A A

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 text
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 rext encodings or with codecs that encode to bytes.

o) mEL Qo I oE AnY vl nY It thS 4T Ao Gtk
codecs . encode (0bj, encoding="utf-8’, errors="strict’)
encoding< 913 559 T 9 S AHE3t] ohjE AFZ P T T

QTR o) A2l WAL A7) A9 emors7h R0l 5 Ak, 12 o2 A7) serice ol
o3 Y o8] 7} valueError((¥+ UnicodeEncodeError & 28 o] W& Fd #8 A H ZFP)E
AT YU th 29 ol 2] A 2ol th &k AA g 82 57 H) o] A~ gﬂﬁig TxTAA L.

codecs .decode (0bj, encoding="utf-8, errors=’strict’)
encodingS 13 559 T9 S AL831] ohjE I T Th
Yot ol H A BAs A8 Adf errors7k o] A = A5 UTE 71 ol # A 2] 7] 'strict'olH
t3ZY o # 7} valueError (2% UnicodeDecodeError SF 2L U W Fd A8 A B FP)E
WAt AU 29 ol A 2ol thek ARA §F W82 S E) o]~ Fef A g FRJAAL

2 meol gk A 8= 45 B 5 Atk

codecs . lookup (encoding)
ﬂﬂﬁiﬂﬂﬂééﬂﬂﬂi@@iéiﬂai%ﬂ@ﬂ% Codectnfo A7) & WEFH] T}

Ange BA AL AN ZIH UG HE 5 908, S5H 94 94 A28 9AF
1/]1’/} CodecInfo AAN7F QoW LookupError7F AU T 18X koW codecInfo A7}
Aol A 2= 31 &2 A ol Al gk U T

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalencoder=None,
incrementaldecoder=None, name=None)

T g2 28 B T AR AR AR ARE 2L o B o Ee) BEe] AT}

name

encode

= . FY AAE A9 encode () 2 decode () HIAES} TS
°1Ebﬂ ] %&%@—?‘4’ | M= of gyt (ZE QE S o] ~E FRIAPAL). T U HAEE

incrementalencoder

incrementaldecoder

289 9709 gay Fds me A5 G4 5L A7 Molx T
IncrementalEncoder®}; IncrementalDecoder7t A8 3= Q| H o] A& A|F 3} oF g Th

2 A9 JHUE FAT 5 AEUT

streamwriter
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streamreader
2EF 7|57 B57] e HEEY T ol 52 A Hlolx F#; A Streamiiriters}
StreamReader7} A9 sl AEHF o] AE Ao Tt 2EY FH L2 AHE AT 4 9
%Ych.
oot e 74 840l e QA2 Tdesty] A6l o] e 2 23] o lookup ()& AR S U
3 2o 27 P5g AP h

codecs .getencoder (encoding)

o

FoR Az G e Z9 S FobA s F A2 Y F4E wERYh
N3P LS Fe F Re B¢ LookupErrors YA A YT

codecs .getdecoder (encoding)
FojR Az Gol e ZE S ok s T HiY TS Wty roh

AFHGE S 4 Y= A LookupErrorg& S A WY
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codecs.getincrementalencoder (encoding)
Fold Qmg ol thet el S obr] SR AT Feha AE e P whaFhI
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codecs.getincrementaldecoder (encoding)
Zol7l = ol ek TS oba] F 2 U m el A BEe] FE ke

AP 2 5 A% o] FE 76 E ALASA g B9 LookupError HAA YTk

gl

ﬂll

codecs .getreader (encoding)
Fo]R A FYo TS ZolA streamReader |2} HE g T4E uiEgh ot
13 L

ookupErrorE WA A Z Ut

FYL IS 4 QP 7§ LookupErrorg WA A| 7]‘4‘_/}
Aesl Au AN Fr2 =25o] AL A Ao TS AL 2 Q5 E T}

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 Codec Info object. In case
a search function cannot find a given encoding, it should return None.

H A 3.99]| A ¥ 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.
WA 3.109] F7}.

W& open () A-H io RS JAITYH H2E 31 2] o] A% < YR O] A T, o] E -2 Hfol g

£ Az e

il
o,
%
>
o
iy r
&
l>

codecs . open (filename, mode="r’, encoding=None, errors=’strict’, buffering=-1)
2012 mode® A dnYH HIL A3 EP A
StreamReaderliriter & A2EHAE v1Ed Ut 7|E gd 2=

g A= 9yt
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ZF31: 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 2 210 AH3E AL AR FUCE vhol 2| A P57 vl =2 RS B E
Q35 o] A8 v, 5+ B A7} 2| ASH H o 6§ AFEE 7o) mhek ohgU o

o A& Fest7] Al errors 7t A2 5 d5UTE 7| B2 "strict'olal QA Y of 27} HAY
3 valueErrorZ} AU T}

buffering & W3 open () Bl Aok 22 o ul AU Th AR HE -Toln] A2 W3 2717} A8H S
ot

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

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors="strict’)
Wt EWNAT IS A F 8 fileo] 218 F HAQJ StreamRecoder AXEHAE 1L
‘H’ﬂol Gl o AE std o] ST
2% B 5o 7] =8 ©o] 8 30l 3] data_encoding®] T} T2 LA THL fle_encoding & A}t
HpolEd 2 A2 st o] 7| Fg Ut A& s Dol g2 uo] E DL file_encoding ol et Y H ™,
A 3}= data_encoding2 A& 0}01 olmgdH Utk
file_encoding ©] A &5 X koW, 71 B 7k data_encoding ) Y T}

o] A& Ao st7] 8l errors 7t AlFE 4 AFUTH 71232 'strict' o]y, AT o 7} H
S valueError7} AUt}

rigt
o
<
=
k)
ol
)

codecs.iterencode (iferator, encoding, errors=’strict’, **kwargs)
Z B o F T E AR5 iteratoro| A Al 2eHE 4B S ‘ﬂ%’ﬁ.ii el gyt o] sk Al gl o]
E1 ‘?:ME} errors QZHTHE 7] 91 & JAAHE T of 2 &= S# A A HE AZdg Yrh
o] 42 A2 e E T A A FYTFEAE st AR E 5] L3 oF ) bl base64 codec
I 2 vlo]EE-vlo] EY AT = A Y }11 syt

codecs.iterdecode (iterator, encoding, errors=’strict’, **kwargs)

S YR E AHE3H iterator A A Algehe 8-S MR H o2 (It o] 4+ Al o]
B JUTh errors AXHTHE 719 = ARG b = SR YA HE AZE Uch
o] 4= A& stE W 39 o A 1‘4 Q& bytes AAE &3 of FuUth wetA rot_139]
iterencode () 2 FE A AHGE o YA WL rot 133} 22 HAE-HXAE QI T = A UsHA 5
Yt

O REZEIGZTHAR THHLE Jdu 2 F88 oS ASE AFyth

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
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codecs.BOM_UTF32_LE
o] At ole I Yol A FURE vhol = A FA (BOM) < k¥ ulolE AB~E A
Yt} UTF-163} UTF-32 t o] E] A2E oA ALEH HlolE A& UEW &= ol AH85H ¥, UTF-
8olA FUZE Aoz AEFP Utk BoM UTFI62 SHEFY UolE|H Hlo]E Ao met
BOM_UTF16_BEY BOM UTF16_LE®|W, BOME BOM _UTF169] A, BOM _LEX= BOM _UTF16_LES] ¥
A, BOM_BE+= BOM_UTF16_BES] A YY) t}2 212 UTF-8 3} UTF-32 91 7 o 4] BOM< UEH
Utk

codecs BES T AANE A5 AT Ao 28 P Wolx Fehs ATS AL 5, A8

2 747 A F o)~ 2 Fejaof gLtk AE gl A=,
27, 2EY BE7)9 7)1 B7)= QubA 0 2 Ale gl AT E)

Ae Y TEH, 2EY B57] R AEY 57, 2EY
URHE AAE Sl Y mRERS PAGUT 28 AL 2o AngTrnY o HE At
Y= oo itk

ollzd ®z2|7|

To simplify and standardize error handling, codecs may implement different error handling schemes by accepting the
errors string argument:

>>> 'German B, p'.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 32 <= 91 5 codecs:

2t | oo

'strict’ Raise UnicodeError (or a subclass), this is the default. Implemented in
strict_errors ().

'ignore' ZEE dolHE FAIeta 71 A glo] A% APt
ignore_errors ()olA FEEH S YTH

'replace’ Replace with a replacement marker. On encoding, use ? (ASCII character). On

decoding, use @ (U+FFFD, the official REPLACEMENT CHARACTER).
Implemented in replace_errors ().

'backslashreplace' | Replace with backslashed escape sequences. On encoding, use hexadecimal form of
Unicode code point with formats \xhh \uxxxx \Uxxxxxxxx. On decoding, use
hexadecimal form of byte value with format \ xhh. Implemented in
backslashreplace_errors().

'surrogateescape' ] Z Y A, Hlo] E = U+DC80 9| A] U+DCFF HY Q] /E A E2A0E ZE
(surrogate code) & H}F LT} o] FE = H o] B & ¢l 7 Qg uj
'surrogateescape' o2 X 2| 7|7} AFEEH W 22 Hlo| E R THA]

W3 Yok (AHA 3 82 PEP 3838 FZ 344 L)

The following error handlers are only applicable to encoding (within rext encodings):
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3 ofo|

'xmlcharref Replace with XML/HTML numeric character reference, which is a decimal form of Unicode code
point with format & # num; . Implemented in xmIcharrefreplace errors().

'namereplac Replace with \N{ ...} escape sequences, what appears in the braces is the Name property from
Unicode Character Database. Implemented in namereplace_errors ().

w3, TS ofle] A2 7)s A4 E Lol v A4F Uk

A3 3 o|oj

'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.

B A 3.19] 37} 'surrogateescape'$} 'surrogatepass' o # g 7].
WA 3404 ¥ 7: The 'surrogatepass' error handler now works with utf-16* and utf-32* codecs.
WA 3.50] =7} "'namereplace’' o & A& 7.
WA 3.5 4] 7 : The 'backslashreplace’ error handler now works with decoding and translating.
A elge® o2l AE7E S5t &= AT FHL s th
codecs. register error (name, error_handler)
o 2] A 2] &< error_handler S name o] 2}= © H E‘r error_handler 1 A}= name ©] errors

WA ez AZE wl, AT HId Foll 27t e TStk

ol
1z A, Ay AR st FR 7L 2EH UnicodeEncodeError A2 9F SHA| error_handler
F 52T, el A2 7l of ol 91} thE ol A& WA AL, Yel) AT S G R
OA AT AT DL AT NS T FEL WBANoF FUTh A G s ro]}hytesd ¢ Uk
Ytk Al grol vl Ed ol |, AT H = o] & &3] =3 wu o] BAg ok thA ﬂo] = ]'oé
AIHE tiA e A2 I A- =D 9 2] ol A A2 ‘Q"j oz digol ASHUN 55 93
de £A el BS 20w APt 23 9278 AE HoILE rhexsrronrt TAT

A 2k

]
|o
fru
ol
g,
1101'

=

:“.:

UnicodeDecodeError W} UnicodeTranslateError 7F A8l 7]| 2 A= 11 o & 22 7|9
= =9 A4 dethe FS A sk, U Z 9 7 W (translating) & ¥ SHA A5 o

ojdel TFA ol A2l7](3EFE ol A7 E 2t £ ol F2E 23T F YFUth
codecs.lookup_error (name)
name©)2h= o] F 27 o] Mo SHH o2 2|7 & vk
A2 71E Zte 4 o™ LookupErrorg WAAI G U T
e 22 2E o A7t RE #E T2 ASEUTh
codecs.strict_errors (exception)
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.
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codecs.replace_errors (exception)
Implements the ' replace' error handling.
Substitutes ? (ASCII character) for encoding errors or € (U+FFFD, the official REPLACEMENT CHARACTER)
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.

H A 3.5 A] ¥ 7. Works with decoding and translating.

codecs.xmlcharrefreplace_errors (exception)
Implements the 'xmlcharrefreplace' error handling (for encoding within rext 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 text 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 'R
will be converted to byte sequence \N{LATIN SMALL LETTER SHARP S}.

WA 3.50] &7}

Atef gt olagD) clag
718 Codec Seat T 2L MIAEE Aol st AH gt Amd g OaE ) %4 AEH o) A%

Ao a7 = gk
class codecs.Codec
encode (input, errors=’strict’)
AA inpur= QAP T (Y AA, 48]g Zo))Z vyt o & 5of, g9~

E o
SR AT ATY (A€ 0, cpl2521} is0-8859-1) 2 AF&-8to] £ AE A& vlo|EYE
Z‘iiﬂi kiR gR =

errors AA = A8 o2 A& APtk 7| 2% 'strict' A2 YUTh

o] Ml E = Codec 2B A0 AHE AR 942 & AFUTh AZ D &85 E0]7] A&
AENE FA Bl oF k= ALY oA = Streamiriterg AHESIA Al L.
AL o] 7102 JHL AT o] FFNAE 2 AR B W AXE VBT 5 Qofof
g

decode (input, errors=strict’)
A inpur-g YA P38kl 7T (88 AA, Av)st o) & 93Ut o & S0, HAE 34 Y
2, URYL 5 EA QT AR AHg el AmPE npol=d A E EAY AN A

Fuch
grE An Y7 vto]Edntol EQ FH Y B inpur Hhol EQ A o] ALt ¢ 7] 4G 1]
Qe 5l o) 28 A F ok AR ok T Th- o] 8 Sol, w5 Ax|ehH vl e W 5,

errors QA1 A8 ol e A el 2 Ao Fuich 7RG rserict’ AelPuTh
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JEl & 7 A& oF 3= T o| A= St reamReaderg AFE3A Al 2

DT 2017109 9L AT s o] 4Bol A £ AR Bl W AAE BB & ol of
S

H

olacial C|ag

o
HI

IncrementalEncoder®}t IncrementalDecoder 2
AT ALS AT/ TR 3HE o] AE) gl
ZR 3G /YI Y9 encode ()/decode () HIAEE o
HAE 3& Fol JdXRQ/MIY ZEMNLE F4
encode ()ldecode () WA E] 3 TE2 A
AFIH/YITE AFF/MI Y+ AF 254

IncrementalEncoder ZHx||

IncrementalEncoder 28l o] GAZE 48L& A FPstE=d AFRFH UL slo]H Fd H A AE 29}
THHES BE FE A7} Aol sl of s o WA EE Aol v
class codecs.IncrementalEncoder (errors=’strict’)
IncrementalEncoder QA 2E A2 AR}
2EZE AT of AR AL 0| A8 AT} FUTE 27 9= AAE AFEA 2T 5
UA T of 7)o Fo]H 7| ¥ E AXA}u sho] X I E A AE 2] of| Al ARS-FH YT
IncrementalEncoders errors 7|1 E QA AE A F3le] ThE o8] A2 AAE 73 4 A5 YT
7he sk 32 ol A2 7| & AR A L.
errors A A= 722 o] 29 JEFHE Y YHUTE o] JEBHE hA3HH Incremental Encoder
AA ] 77 S ThE ol g A Ak ko] A& 4+ d5UTh
encode (object, final=False)
objectE (AZT ] FA Fef& L2 ste]) A Fst 23} A7 gd AA

i HEg g . o] A o]
encode () ol t)8F u}A 9t & & o) final-2 FFHolojof gyt (7] 27k AA

i

—

reset ()
QAuEE 2/ gz AT 29 HARA U ADHE AL AHT 2ES Aoy,
Q35 Hl vlo]EgolJ HAE BXEES AEsto], .encode (object, final=True)E &
23404 2.

getstate ()
QATC 9 A S WA, A ofof Tt THL 00 4% EF AehhE 2 oo}
FUTH (A5H GBS AL A E 02 Y/E 2 Yo 20 B4 ol EdE A5e
AmR o] A5z WA 5 Y5ITh)

setstate (stare)
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IncrementalDecoder ZHA]|

IncrementalDecoder 22+ o8 QAR JHE Y393t o AREFE Uth Jhol# 39 #AAE g9}
SAHEE BRE ST UIAYAA Hodlof 3t tha WM EE F ot

class codecs.IncrementalDecoder (errors=’strict’)

AE

2 3gatc|ad

IncrementalDecoder QA 2E A2 AR},
BE ST YA E o] AR AHH o)A F AlFslof FUTh F7H 71K E JAAE AFFA 71 &
UA T of 7)o Fo]H 7| ¥ E AAFu sty A E A AE ] of| Al ARS-H YT
IncrementalDecoders errors 7| E QA AE A F3le] ThE o8] A2 AAE 7+ 4 A5 YT
7Hs s g2 ol e A 271 R L.
errors A A= ZH2 o] 29 o E|HE | Y YH YT} o] oJE B HE | Y3 TncrementalDecoder
AR 9 T o2 ol A A=k ol AT = 5 Uth
decode (object, final=False)
object® TN 331 (T] 2T 9] @A) S e se]) A3} tlmY A A WAL o] Aol
decode () o] 8t v}A 2 T = o] | final> FFol oo FUth (7] B2 AA). finalo] Fro]H t| &
He 489S dds gdadslior sty BE W& S8 A sllof FUth o] Zl o] 7He3HA o
(& 5199 i), AEl 9= A2k 2ol Al A g & AlZbs) oF
ST (el18] 7} 4
reset ()
HIoE 27| A= A Z U

getstate ()

d

o] BTl E N AAE
PR

14 % A5 UTh.

[

(782 00] 7P E3 #7148 BRI} H =% Sof Futh) o] 7k FE) R} 0ol H, I
W9 7} 93 F7h e ARk 0Q AR T REE AR 4 ol A, o el WY B 48 o)
oo FEEE 282 AASA 23 ol A BB 2 5 Eol2

]
F71 4 AEE AR E /sl S YStn A% £ALY ve|Eg 45 A
WEE 4 d&th

setstate (state)
U AT 9 AE)E state = A ZFUTE state= getstate () 7F HE8HSE t] I T AFEf of oF U T}

o

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|

StreamiWriter S 8|AE codec] A1B ZLo)lH gto]H Fd YA AEZL} ITIHEE RE ~AETY

715717 Ao sl oF st tha WA =S Ao gyt

class codecs.StreamWriter (stream, errors=’strict’)

Streamiriter AXE A0 AR},

£ 2EY 7RI o 44 AHs ol A2 AT FUTE 71 A UE ARE AFEA F12
A, o 710 Fo B 7| A Ak shol 4 = w2 2= elol A AL§E U Th

=¥ to
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Yt

stream A= 57 Zdlo AP EE HBAaE vlo|u e tlolEE 27| A& dE 9 LF A o oF
FHyt.
Streamiiritery errors 7| = AAE A3l tf2 oY A2 AAE +HE 4+ A5 YT
g Fdo] AT 4 Q= EF oy A 7)ol thafi A= ol 2] Al 7] & FRIIAH AL
errors QA= 22 o] Y AEZFHE P YTt o] A EBRE Y3t Streamiiriter 2|9
T A YUE A A Ak ol A 4 A5t
write (object)

2ERo) A H AAY W&

4o

}

rE

tlo
ofy

Y.

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 ()

StreamReader ZHA]|

StreamReader S 2= Codec A B S0l FfolH T HAAELL TIAFHEE RE AET T}
5717k Aol oF 3t the WA =S A

class codecs.StreamReader (stream, errors=’strict’)

StreamReader AXE A0 AR},

BEAEY BE/E o 4 AE o 28 AFHF FU 37} IS ANE AR FA FAT
S A, 7)o o9 9= Ak skl A 38 & A A= 2ol 4 A-gF o,

stream A= 57 o A oA i} vhol el HolHE 97 A5 A AR ARl of &

Uk,

StreamReadery errors 7| E QRS A 23t th2 o8] A8 AAS F+3 S 4 Jd5 Ut
H 3do] AU 5 s & olle] A2l 7)ol thai A= ol 2] A2l 7] & FEA L.

errors QAHE 22 0] 59) | £ W= TP UTh o] = HE hYFHH Streanreader A9
S0 gokThE oe) A2 A ol A 4 YTk

errors Q1 2bo)] S 85 = gF AL register error () 2 FFE 4 J&5U )

o

]

read (size=-1, chars=-1, firstline=False)
2EQ A Hol & U mgsin A7 A4S B o,
chars QA= WEH O] I | I & ZQIE L} Hlo| E Q] 4~
AR E RS o5 E MasA AW A8 b5 e
<.

=

size AR TR Y2 913 AL A9 W vpo|ELp E 2= Al Hof 22 byt
UaEt o 43 AAeA £AE ¢ dFUTh B 1L A5 A Eo] du Y RL
SERU T o] w7} ASE AT AL B de RReA RS 8] S8 AT
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1 H A S 5 2 e 2 (greedy) 917] A2 ARG oF Gtk &, Q1319 9] 9} %01 size 1]o]
A S gHE wF B HolHE dolok Futh ol & So 2=e] 494 AnY Frt 4H
u}A 7k 910 W, o] A gojof Pk,

readline (size=None, keepends=True)
A AEHAN =S 9 tFZYH t o] B E w3t}
FO] A W, size= 2E H 9] read () WA E 9 size Q1 A}
keepends7} AZ o] W = ZTE 7 HISLE Z A A AP Utk

l-ﬂi
9
[
ft
k9
k)

readlines (sizehint=None, keepends=True)

08 ~EYNA A 5B BE S YT E ¢
= T8 299 decode () MINEE AFE St FHE M keepends 7t ol 2| AE o 23
Yk,
o] X ¥, sizehint= 2E B Q] read () H A X size QA E A L h

N Eﬂm{

A8l AHEE = 29 WA E A AT

_8_
%1912 W7 0] LABA erofof gholl el B4 Al 2. o] WA E
5t7] 91 & 2 dyth

o M E 9| E St reamReaders S AE A T2 BE v =9} o] Eg| HEE AMa| of gy}

FE I oA B7T

rlr

StreamReaderWriter ZHA|

StreamReaderWriter = Q7|9 27| BE BT 253l= 2EY L HHJ=E 3F= Hel a9
Utk
lookup () 7 2t AE 8] F4E ALSH JAAHAE AT F AEE AAH A5 U

class codecs.StreamReaderWriter (stream, Reader, Writer, errors="strict’)
StreamReaderiiriter QIA2EAE w5 Ut} stream o gl dF AA o oF Yt Reader 2} Writer=

ZyZ} St reamReader®} Streamiriter 1E H o] A5 A|F 3= HEF st FelofoF Ty}
el Aol 2= w519 120 B E Az 2L B0z 2B
StreamReadeririter IANEIAYE StreamReaderSt Streamiriter S| 27F 233k Q] H o] A5 A

g3t th 3 AEH A 2 RE WAL JEREE A4S h
StreamRecoder ZHA|

StreamRecoder+ 3t Q1T Yo T} QT O 2 HlolHE HIst=d, o] = wju] 2 o} & 7Y 33 S
o2 o) -8 8o,

lookup () B4/ Mg BEe] G4 AFEe AAHAE TAT 5 AES AAH AU

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.

olgfst AAE A3t FPd EWATYS £ & 5 JF Y, o & 59, Latin-1 9| A UTF-8&
= ugE.

stream ) AF= v} & A A of oF s T}

196 Chapter 7. H}O|L42| HIO|E{ AMH|A



The Python Library Reference, 2l2|A 3.11.10

encode & decode 9 A} = Codec A E H ol AE F 5
=
=

a oF &Yty Reader & Writer = Z}tZ;
StreamReader®} Streamiiriter AE H o]2e] A d

Tk A= Fpf Fe ol oF Pyt
el Al 25 BE7)9} 71570 Bojd AT 22 YA o2 SPPYrh

StreamRecoder AAEAE StreamReadert Streamiiriter 28|71 283 Q] H o] A8 A3
O B A=A T R E WAEG ol = e HEE A% T o

722 QAN RLIZE

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 text encodings.

7V A A AE QF Y ("latin-1" X 'is0-8859-1'0|gta T TH-E T E F QA E 0-255E Hio|E
0x0-0xff & mfFFch o] A2 U+00FF 98] = ZRJAEE X2 F3I= TAE A« o] ZH O AFF T
A2 =3yt 29 A 3 o2 §-AFSE UnicodeEncodeError 7F WHA U T} (o 8] W A] X 2] A
A oS 4 95 Y th: UnicodeEncodeError: 'latin-1' codec can't encode character
'"\ul234' in position 3: ordinal not in range (256).

FUIE F= ZAEQ b BE J g3} o] gt T = ZAET}L Hlo] E 0x0-0x££of mf = & 4]
St I the A3 25 (49 charmap Q17 W) o] YFUTh o] Y-S TS WS WeH d
E0°] encodings/cp1252.py(AEFolA F2 AHEH = AT ) E GoJEAA L. ofd FA}7} o
E

4

rg o o

All of these encodings can only encode 256 of the 1114112 code points defined in Unicode. A simple and straightfor-
ward 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 en-
dianness. 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 (OxFFFE) is an illegal character that may not appear in a Unicode text. So
when the first character ina 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 asa ZERO WIDTH NO-BREAK SPACE hasbeen 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’ s a normal character that will be decoded like any
other.

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):
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=h ez

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

FURE Fpe] H319] vEE b e 2% Y xulEdUrh

UTF-8-2 84| E Q17 o]2}x BOMo] B 23817 otom Q¥ F2E 9] BE U+FEFF FAHA |A #4ket
2] 8}E)= ZERO WIDTH NO-BREAK SPACEE A& H U th

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
), HHO = ARGl A utf-8-sig I TY S B F5E 5 Yt AL B Th mebA o 714 BOM
2 Hfo|E *]ﬂAE B33t Ul AFSE = E A E AT = JES Sted AFSEH A= GAI T A3 Y
S FEd v 2o HE=AHog AHgH YL A7 YT uff utf-8-sig T H - 0xef, Oxbb, 0xbf = J+°‘4
A Mo =R 2R O 7Y% w utr-s-sigh SAoIA A 3uho| 20| S4EHE of 3uhol=
Ay Ut} UTF-89 Al &=, BOM AF-&-2 A %3514 °}2f‘4 dutA o & 3]35) of P
723 & Ql3adl
gto] o= CFTE T AY 9 E w3 H ol EZ AFSstes B2 2 o] WS o JFUTh T
B 27 F5 EAF AT G o] AFEE = Aot g ol FHZ IEES Ik HA HEo|} Ao
FEEo| BT IAA3A = g5 Uth & AT EA Y 2E thAl sto] & AHSsts A TictE RS
07 ol 2] SAIAL 2 kA, ol & Bol tuce-g' L rure g’ 2o fEE BAYY
CPython & A 47 F35 AFQ2 79 23] M| AYSZS 35t 45 F4T 5 ds5Uth °]Eﬁ}
F A3} 7]13] = CPythono| A vk A| &+ (A& ZAHE F23ks) BA Aol s A A4 Yth: utf-8, utf8,
latin-1, latin1, is0-8859-1, is08859-1, mbcs (Y = & L), ascii, us-ascii, utf-16, utf16, utf-32, utf32 Y EH ] ) Al
RELABT AT, o2 An ol oA ek BAE A AW S5k =2 D 5 A%
WA 3.601 4 W7 us-ascii of| A & A 3} 7] 3] 7F Al g Ytk
Be £7) Q3o 28 Q018 A AT L) /8 E RG] So] EUROSIGN A€l o)) 5 3= 91 0] £741-8
DS sk AoIA CHE U 53] 9 91019] 29, QA0 2 tha 22 Mo gk

« 1SO 8859 T = 3

« Microsoft =% F = so]#], YWtF 0 = 8859 T = oA S A ¢, Alo] £A-5 7} 129
ARt Ay o

« IBM EBCDIC = ¥ o] %]

« IBMPC ZE #| 0] %], ASCII¢} T & U}t
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2 EE 0]

ascii 646, us-ascii o]

big5 big5-tw, csbig5 F=o] WA

bigShkscs big5-hkscs, hkscs F=ol WA

cp037 IBM037, IBM039 o o]

cp273 273, IBM273, csIBM273 = o
B A 3400 7.

cp424 EBCDIC-CP-HE, IBM424 SEEE

cp437 437, IBM437 o]

cp500 EBCDIC-CP-BE, EBCDIC-CP- | 483 ¢]

CH, IBM500

cp720 ot

cp737 o

cp775 IBM775 9 E o

cp850 850, IBM850 A5 o

cp852 852, IBM852 FHe}sRFHE

cp855 855, IBM855 E7heg] ofof, Ml 2 F A ofof, ulA|
T Yo}o], 2 A] o}o], Al 2 1] o} o]

cp856 3] B g of

cp857 857, IBM857 ] 7] o]

cp858 858, IBM858 A9 ol

cp860 860, IBM860 Z2E 7]

cp861 861, CP-IS, IBM861 ool T o

cp862 862, IBM862 SEEE

cp863 863, IBM863 7 L e}o]

cp864 IBM864 o} gHof

cp865 865, IBM865 gl 0], & 2 9 o] o

cp866 866, IBM866 2 A o}of

cp869 869, CP-GR, IBM869 =i NG

cp874 Bl =7 o]

cp875 12| 20

cp932 932, ms932, mskanji, ms-kanji dH o]

cp949 949, ms949, uhc 3=t o]

cp950 950, ms950 ol |Al

cp1006 L 2%o]

cpl1026 ibm1026 B 7] ]

cpl125 1125, ibm1125, cp866u, ruscii 23 g}o]}o]
WA 3.40 F71.

cpl140 ibm1140 Al o]

cpl1250 windows-1250 FH} 5HHA

cpl251 windows-1251 B 71 ofo], dl 2 & A] oFof, ulA|
Ty oto], EA|oto], Al 2 1] o}o]

cpl252 windows-1252 A9 o]

cpl253 windows-1253 18] 20

cpl254 windows-1254 E] 7] o]

cpl255 windows-1255 5] H 2] o]

cpl256 windows-1256 o}go]

cpl257 windows-1257 W E o]

cpl258 windows-1258 H| E Jo]

euc_jp eucjp, ujis, u-jis dE o

euc_jis_2004 jisx0213, eucjis2004 dE o

euc_jisx0213 eucjisx0213 o Hof

ChHZ sl o Xl A=
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H 1-0|™ mf|o|X[of| M AlH

ELE EES | o]
euc_kr euckr, korean, ksc5601, ks_c-5601, | 3F=9o]
ks_c-5601-1987, ksx1001, Kks_x-
1001
gb2312 chinese, csis058gb231280, euc-cn, | o] ZHA)
euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 TEF=4
gb18030 gb18030-2000 & F =0
hz hzgb, hz-gb, hz-gb-2312 =3o] 7HA)|
1502022_jp csis02022jp, is02022jp, is0-2022- | LE o]
p
i502022_jp_1 i502022jp-1, is0-2022-jp-1 dEof
i502022_jp_2 i502022jp-2, i50-2022-jp-2 YR o], Zhxo, Tl HA, Al
3o, 28
1502022_jp_2004 | i502022jp-2004, is0-2022-jp-2004 | LE o]
i502022_jp_3 i502022jp-3, is0-2022-jp-3 dHof
is02022_jp_ext | i502022jp-ext, is0-2022-jp-ext dHof
1502022 _kr csis02022kr, is02022kr, is0-2022- | SF=-o]
kr
latin_1 is0-8859-1,  is08859-1, 8859, | A+ o]
cp819, latin, latinl, L1
i508859_2 is0-8859-2, latin2, L2 F5ot s Hol
is08859_3 is0-8859-3, latin3, L3 A 2d| TE o, EE}o]
is08859_4 is0-8859-4, latin4, L4 HlE o]
is08859_5 is0-8859-5, cyrillic E71g] ofo], Wl & F A ofo], u}
LU ofol, g A]oto], Al 2] o}
i508859_6 i50-8859-6, arabic o} 2o
is08859_7 180-8859-7, greek, greek8 A=l Paye
i508859_8 i50-8859-8, hebrew 5| B 2] o]
is08859_9 is0-8859-9, latin5, L5 B 7] o}
i508859_10 i50-8859-10, latin6, L6 B3 ol
1508859 _11 150-8859-11, thai Eff = o]
1s08859_13 1s0-8859-13, latin7, L7 HLE o]
is08859_14 i50-8859-14, latin8, L8 A g o]
is08859_15 is0-8859-15, latin9, L9 A d o]
is08859_16 is0-8859-16, latin10, L10 -1 o]
johab cp1361, ms1361 S0
koi8_r 2] A] ofo]
koi8_t E}A] F o]
H A 3.50] 37}
koi8_u T3 gto] o]
kz1048 kz_1048, strk1048_2002, rk1048 712} o]

mac_cyrillic
mac_greek
mac_iceland

mac_latin2

mac_roman

maccyrillic

macgreek
maciceland
maclatin2,
mac_centeuro
macroman, macintosh

maccentraleurope,

WA 3.50] F7%.

272 ofo], W& % A ofo], v}
% ojo], 2] Al ofo], Al 2 ] o}o]
a8 2~0f

ofe] & 2= of

o} 5430l

A5l

CFS HolXIo] AL
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H 1-0|™ mf|o|X[of| M AlH

BT EH | &1
mac_turkish macturkish E] 7] o]
ptcpl54 csptepl54, ptl54, cpl54, cyrillic- | 7FR}E o
asian

shift_jis csshiftjis, shiftjis, sjis, s_jis dHof
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 g o]
shift_jisx0213 shiftjisx0213, sjisx0213, s_jisx0213 | &£ o]
utf_32 U32, utf32 B2E A9
utf_32_be UTE-32BE BE A
utf_32_le UTF-32LE EE A
utf_16 U16, utf16 EE A
utf_16_be UTF-16BE EE A
utf_16_le UTF-16LE BE Ao
utf_7 U7, unicode-1-1-utf-7 BE A9
utf_8 U8, UTF, utf8, cp65001 BE A
utf_8 sig T e

B A 34004 A utf-16* Futf-32* A FH == A2 A OE TE ZQE (U+D800-U+DFFF)E Q1T Y 4
FEYTth utf-32* fZH = = A Z A0 E T = EJAE J Gt vlo|E A|FAAE Y I P oA g5 U Tt

W7 3.8 A WA cp65001-2 oA utf_89 A YUt}

7.2.4 To|M S QI3

A Ao 9 g mElo] shol Mol u s Fake], e o] BL ol 9| Kol A o]l 7k gl Th ol AlE &
Q27 29 gl we} o2 ol A of YT (MAE AT 31:7) <) o 0] %)
o] ol el e] o] e W3S A A Th. vlthF 2ele] 4%, A7

a5 e Qe whA i Qn
oule A=y Wae Aug

SIAE QAL
e FH L GUDE GaE ARYT KA, st A byresze] ARG ko] AT AH A st
o Omge ATgI
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o|Oj
T3 %Y oh

RFC 3490
encodings.idna® #FZ 4
errors='strict'%h

ME
ita]

Al L.

AQB U
A= AR ANSI 7= 5 0] %]

EL
idna
ansi, dbcs

mbcs

oem

palmos
punycode

raw_unicode_escape

undefined

unicode_escape

(CP_ACP) o] 12} 51 1 442 )

AR )

AT S A8: OEM T E 7 o] A
(CP_OEMCP) | w2} 5] 142}
£ JFG Tk

B A 3.69] F7}.
PalmOS 3.59] 913719

RFC 34925 733U A= A

£ 29 95 A Uk
Latin-1 encoding with \uXXXxX

and \UXXXXXxXxX for other code

points. Existing backslashes are not

escaped in any way. It is used in the

Python pickle protocol.
EE HEo tisf A5 LA

At W R AL o A

A H U,

o d

g7
237} olaA o] = FH A
ALl stal, ASCILE o139

o)
w0 -

oA £ TEAA FUD
19 Wgoz A% 9l
al s

— Wk
2w

ol [ rifl yy &

i)
<
o

3
71282

U,

in-l A2 FEA UZY

L Thol M 2 FEE A
2 UTF-8& A2t

He)

ofr

hige i

%

Hio[L{2| tH

bytes.decode () o AE A UFH A

B A 3.89] A ¥ 7 “unicode_internal” Z & o] A AS $l <& th

[e) Ea
e

0 TEe vhol e MBS AT TUTH vl =A% AA A bytesz o] F. (str &
gt
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EE R EECICECHE
base64_codec! = base64, 3 A A AE O# 2] = MIME base64 2 ¥ 33 o} basebd.
base_ 64 (Aol = 1A &3 '\n'o] ETH T}, encodebytes () /
H A 34904 75‘ Y YIYL Y 2= baseé64.
HolEXd = 2175 ¢Jd o 7 vholE 9y th decodebytes ()
bz2_codec bz2 bz2 & /\]-3‘6]-0:] 9] AAA}E k=S T bz2.compress () /
bz2.
decompress ()
hex_codec hex HlolE o F 2] RS ARRSLe], 3] A ARLE 16 | binascii.

A EFo 7 A3} b2a_hex () /
binascii.
a’b_hex ()

quopri_codec quopri, 3] o AFA}-E MIME quoted printable 2 *H 3-8 T}, quotetabs=True
quoted- £ AH8-% quopri.
printable, encode () /
quoted_print quopri.
decode ()
uu_codec uu uuencode = AF&-5to] 2] AALAE W &S T} uu.encode () /
uu.decode ()
(Note: uuis
deprecated.)
zlib_codec zip, zlib gzip& AHE3H] 3 A4S ST z1ib.
compress () /
zl1lib.
decompress ()

A 3.20] F7}: vlol 2] W] B2
WA 3.40) A WA vfo] g Wake] et ¥ Ho] B,

Che 292 B2 E WS Al duth stroflM str2 o] 3. (bytes EH WA 3E) str.encode () ol
Me Ad= A Sy
EEE FREL] |

rot_13 ‘ rotl3 ‘ 3] A ARFO] Al A 9% (Caesar-cypher) &2 315 wWhahgt T}, ‘

W7 320 27b:rot_13HIAE ¥ B2,
WA 34004 WA rot13 HA 2.
o

I "pase64_codec'E Hlo]E
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7.2.5 encodings.idna — S8 T2 0|A{2] FA|EtE =02l O|&

o] BE-2 RFC 3490 (Internationalized Domain Names in Applications) ¥} RFC 3492 (Nameprep: A Stringprep Profile
for Internationalized Domain Names (IDN)) & 334t} punycode Q1 F Y3} stringprepd 7|HFo 2 &
U,

If you need the IDNA 2008 standard from RFC 5891 and RFC 5895, use the third-party idna module.

o] RFC+ &7 =W o] F oA v] ASCII +A+& A Y3t Z2EFS APtk H] ASCI + A+
(7} www.Alliancefrancaise.nu)S X 3t= T < o] 58 ASCI &3 2 F Y (ACE, 713 www.
xn—-alliancefranaise-npb.nu) 22 HAIFH YT I3 S =H <l 9 29] ACE & 412 DNS %3],
HTTP Host BE& 53 o] ZREZo| o) oo £217} 3185 A 9= BE HA A AHEH UL ©]
WL 8 =2 1A A H LU b SThA ALg Aol A Hol A G5 UTh 38 m2 IR e A% Ao
GUIE Q) o o] B2 2 oA IDNAZ W 3hahar, AL Aol A) A 517] Aol ACE d o] B2 thal f1]
A= 2 HEs) of gy

Tpol - of 2] 7hA Ao g o] M3 A AU th idna I FUF =9 ACE 7] |S535},
MCM%Q&@M%”J%%%%}%ﬂ%si%ﬁL4“°Iﬂﬂ e2]5ta Fgof wet 7k g o
E S ACEZ ¥ 831, vt & 8 nlo]E Bx9de | T8 7|32 7julo g go] 82 Hesla ZE ACE
ol 8S FUFE g Wy} L3l socket E%_urg SUFE TAE o|2S EwsA ACER ¥ 3ka}
DR, R ZRZIW TAEO|FE A RER AGT ] T2E o5 AAE HHAT Do st
olof| t3ll, http.client®} ftplibSt L L W7 4 Z TAE 0|20 JEREL SFUIE TAE
ol WotEYdUth (http.clientE G BEE AF I Host BT IDNA TAE o5& FH 3
A&y h

Mo TAE o] S AT uf (713 o o] S 23] (reverse name lookup) o] A), U T =2 A5 W5 A
AsUTH o] Y3 TAE o] 52 AL AL A AA G = S8 22 AW FUIER tFI35] oF gt

3 25 encodings.idnas nameprep DS FA YU T o= I A Tl o] 29 thih EXE FESHA

UL FARE EAE SHSH] A TAE o] 5ol thal 54 B 3E syt YT nameprep TS
A AL 5 AFYTh

encodings.idna.nameprep (label)
label 2] nameprep & WA WUt A2 A A He] BAE S 71H 322, AllowUnassigned=
Fguch

encodings.idna.ToASCII (label)

RFC 34909 XA A E & #| o] &2 ASCIIZ H& T} UseSTD3ASCIIRules+ AROSZE 71743
Utk

encodings.idna.ToUnicode (label)
RFC 34909 A4 € 2 dlo] 8-S FyIZ=g Waghch

7.2.6 encodings.mbcs — 2= ANSI 3 E H{|0]| X|

o] 252 ANSI Z = 7] o] 2] (CP_ACP) & F & gt}
Availability: Windows.

WA 32004 | 7: 3.2 o] Aoz, errors AAL 7 F A= A5 UTH QA PG o= B4 "replace' 7} A5 41,
i gol= 34 'ignore ' 7 AREE SlE U T

H A 33004 HA: RE olg A 7S ALYk
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7.2.7 encodings.utf_8 sig— BOM A{HO0| = UTF-8 3 =l

o] REL UTF-8 T U] ML a3t} o139 A, UTF-8 & ¢ 79 ¥ BOME UTF-8 % <179 & njo]E
4 gl A YTh AH Y& AT F% o] X‘ﬁ%f&@t&#@%\/lv}(ﬂw‘e 2E o] gk A WA 27
AD. T2 Al tl o] B Al ﬁl—t—ﬁﬂm UTF-8 91 799 BOMS A gt}
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CHAPTER 8

Sl k=

o] FolN dsts B2 @R AL, B MG, @, v 3, @AY 22 0Fd S HeHI=

AZ T

F A E A o Eﬁﬁé, E3] dict, 1ist, set3} frozenset, tupled Alg@UTLh str ZW 2
d st= dl AR5 3, bytes® bytearray 2= vlo] Y 8] t o] & #] 331+ o

tjo
X
o}

8.1 datetime — 7|2 I} A|ZF A

2 F T Lib/datetime.py

The datet ime module supplies classes for manipulating dates and times.

A} AT Ao AAS AW, TR 2L B Eoh YR 242 AP EEAQ o=l HE 2SIk

€): Skip to the format codes.

o BW7):

X E calendar

vt I B 5.

B E time
A7 BA| A~ 2F WS

Module zoneinfo

Concrete time zones representing the IANA time zone database.
9] 7] A] dateutil

A2t &F 717 24 Al o] A A 4L ehol B el
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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[0{2} LIOo|E ZHA|

AL A AA = A HE

b
ol
o
rlr
B
=
K
9
o
2
g
s
AL
fo
i
)
iy
=
]
3
2
el
i)
4
30,
fy

Nzl el A7 AOF A7 ARG 2L A g A L
18101 AA k2 ol AASo] AU ) B A E HoFe o S1% 1Tk, o1 lol AR A0l A 62 o] A
el

o7 gl 54 AT YERE Y T

volH A= B35 6HA] ¢hAl AR 7 oh2 SR AIZE AA Y] AT AR A A E 5 td - e SR ARE

Z35A] k5 YTl vrol B A A 7} UTC(Coordinated Universal Time), A & A 7F == T2 Al 7] A1 7+ 5

o A= L}E}W}%ﬂ% sl I G dsUth S8 AV E, I E= A F ole Ae
A

= ﬂJ,]-u]-zl7]—x]°11,]D} Lol B AA = )8l 3H7] 1 st A, FA e

olglo] A7 2R3 SR =2 WS A5, datetime F time BA| o= FA tzinfo 229 AH =
2ol EAT DA 2 g\% AEHA A AE AEZRES tzinfoZl JFUTh o2l tzinfo AR &
UTC A|Zto 2 X E Q9 @ mAl A7 o] & 2 Ad3F Aok X 7to] ALE =X]of i3t A HE H A3}

Only one concrete t zinfo class, the t imezone class, is supplied by the datet ime module. The t imezone class
can represent simple timezones with fixed offsets from UTC, such as UTC itself or North American EST and EDT
timezones. Supporting timezones 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.

8.1.2 &l

The datet ime module exports the following constants:
datetime .MINYEAR
datetdatetime AANA JLEE= 71 AL 5 HF. MINYEARE 19U Th
datetime .MAXYEAR
datet datetime A S g= = 71 2 A% HE. MAXYEARE 9999 ¥ U Th
datetime.UTC
Alias for the UTC timezone singleton datetime. timezone. utc.
WA 3119 F7}.
VA EA 2E FAISTHE

1

AN
ru]m
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8.1.3 Al 753 &

class datetime.date

Qo) e me ol AL A5 o9k, GOz 1 Holeks Aol ol A thol A,
o]EB|HE: year, month ¥ day.

class datetime.time

S4 @xe} AA glol, 3FF7F B F5] 24%60%60 2 5 Z=The 7HA skl o] A Q1 Az (7]l & “&
Z7 k= Mg o] s Y th) oJE 8 R E: hour, minute, second, microsecond @ tzinfo.

class datetime.datetime

IR} A 7He] 2% oJE B R E: year, month, day, hour, minute, second, microsecond 3
tzinfo.

class datetime.timedelta
A duration expressing the difference between two datet ime or date instances to microsecond resolution.

class datetime.tzinfo

A 7ke) A ARG FA W0 A Ze) A S| AT L daterined time Seao]A AR Ao T 4
S A%t 27 A (18 Eol, A RSk Q3 A DS hEE 2) S ABEA] Ao AL U o

class datetime.timezone
tzinfo FWloln FHWAE FASE SHAE, UTCEREH S 14 e =4S Yeh iyt
WA 3.29] 7}

ol e go) Azl BWYdUT)

AB ZFHs AA:

object
timedelta
tzinfo
timezone
time
date
datetime

A
(=

O

=
S

1

date, datetime, time X timezone L T3} L F 5 7|
« ol FY AR = EBAYUTH
« Objects of these types are hashable, meaning that they can be used as dictionary keys.

e ol FY AR pickle BES FF TEAA S-S AL UTH

ofr
o

ERukiaglisy
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MR 7+ 01901 8HX| Lio| = 8ER| EHEks |

date @O A= F/F thol Bt
timeo|\datetime PO AA= oo T & o]l BT = JF YT
datetime AR de=thS 2 A4S
1. d.tzinfo7} None©] obd Yt}
2. d.tzinfo.utcoffset (d) 7} NoneS WE3}A &5yttt
22 9o d= o)l BE T
Cime AR e ThE 2D L W B ahE of 9ol gh
l. t.tzinfo7}Noneo] ol d Yt}
2. t.tzinfo.utcoffset (None) ©] None-& ¥F33}x] ¢k5yth
2% 92O, 1= trol B Th
o1 901 9} Lho] 1 k8] Aho] WL ¢ imedelta ARol = A5 A gtk

8.1.4 timedelta ZHA|

A timedelta object represents a duration, the difference between two datet ime or dat e instances.

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,
weeks=0)

ARp= Aol 7] Bk 0dUTh AE BHLHE &

Ut

days, seconds L microseconds T+ W] 5

2~ 0
71(5]'7‘“:_]

5
n

9)om, it 259

4> o
;grm

Ao g APt AR = o] 9= WS
2 2= 10000to] 2 22 7 Wiyt
60z =2 Wg )
36002 2 W EE Y)
A= WP

< days, seconds ¥ microseconds & T2 # &8 A 13}38}o] %3

mﬂ

ek

Mr e
flo

L]

>,
)
rlo

rr
3

&N

29

rﬁL
)
Kl
Ho
o
krl
Jhu
rtj
i
<
AU

¢ 0 <= microseconds < 1000000
e 0 <= seconds < 3600*24 (3}& W9 % %)
¢ —999999999 <= days <= 999999999

t}L ol = days, seconds L microseconds ©] 2] 2] QU A}7} ) B A “H I FH o] A e A o]EgHER
AEE A E RolEyth

>>> from datetime import timedelta
>>> delta = timedelta(
days=50,
seconds=27,
microseconds=10,
milliseconds=29000,
minutes=5,
hours=8,
weeks=2

(Th sl el Aol A<)
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(o148 s o] A oAl Al A
)
>>> # Only days, seconds, and microseconds remain
>>> delta
datetime.timedelta (days=64, seconds=29156, microseconds=10)

A7 floatol L 4 Thol 2227} 5o, 28 Aol e v vlolaR ) HAA D, 3 e
80 4z Moo PR Y AL vhol T2 2% WS FH ok float AA7E L2,
e AT H 2 A FAT (427 254 G2 o,

A 5+3HE days ghol EAE WY S Rl U, overflowError7F B E U o}
=7 %o Age As B wEke = AS Ut Y E

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(=1, 86399, 999999)

Sz oEFRE:
timedelta.min

V249 timedelta AA|, timedelta (-999999999).

timedelta.max
7V g9 timedelta A A, timedelta (days=999999999, hours=23, minutes=59,
seconds=59, microseconds=999999).

timedelta.resolution
2R AL timedelta AR 7+ 7}53 71 ZH& A}o], timedelta (microseconds=1).

AHF3lZ A3, timedelta.max > -timedelta.minYUTth -timedelta.max= timedelta AAE &
a8 4 glsyth

Axdx o EFHE (817] A8

oEZ|BHE at
Sy 2999999999 9} 999999999 A}o], 7 | Z3F
seconds 03} 86399 Atol, A A 35t

microseconds 03999999 Alo|, A A =3+

o~

A L= = A4k

¢
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ALk 21t
tl = t2 + t3 22139 gt ol o =t-2==13 T tI-13 =127} FY YT} (1)
tl = t2 - t3 28}139] xpol. o|Zofl =t =2 -3 2 =11 + 137} Yt} (1)(6)
tl =t2 * i % & HeEAFE FFYULh o]Tol=i 1= 0gdul,dd/i==027} FIYTh
tl = 1 * t2
dultd o7 ] *i==¢] * (i-1) + 1< I Yt} (1)
t1 =t2 * £ 2 & Do floaas FFUT ZA= TEL @ A2 W s YA R
tl = £ * t2 timedelta.resolution./] 713 747k HH—,—E X}ﬂ 22 Uk
f =t2 / t3 AA 717 2E FH A 322 V7] Q). float AAE vksksU T,
tl =t2 /£ % & DEEfoaatintE Y gt 2= FEL w BAF-=E MEHs = Ao E
tl = t2 / i timedelta.resolution®] 7} 71718 w42 X2 3 FHuth

tl =t2 // i =¥ floor7} A4EE I Y A (o) E HP Utk F AR Ao, AF7F vk
tl = t2 // t3 Yt} (3)

tl = t2 % t3 Uw X 7} t imedelta AR E AL YTh (3)

g, r = divmod(tl, HZFYHAEAATUG: g =1t1 // t2B)Fr =tl % t2.q=HF2

t2) 12 timedelta AA Yt

+t1 22 & 2 timedelta AAE WYL (2)

-t1 t imedeltal(-tl.days, -tl.seconds, -tI.microseconds) 2} t1* -13} S5t} (1)(4)

abs (t) t.days >= 09 Wl +r&t.days < 0L uf 2} F53FYCE (2)

str(t) [D dayl[s], ] [H]H MM:SS[.UUUUUU] B A9 FALE S vttt of 7]
ADE S tdw AUt (5)

repr (t) THAE JEHHE %k" A AR S22 AT timedelta AAS] EAE
£HZ 9o

rE:

(1) o]AL AFG3A g S WHZ 7 & 4 Q5T

@ olAe A%shm, LB T4 g

(3) 0.2 Y ZeroDivisionError7} At}

(4) -timedelta.max= timedelta AAE T T 4 ¢S5t

(5) tinedelta AR BAY EHL )i EAS} FASA FFHA UL 0] AL 29 timedelia7} k4
olFstA 2@ £ AF=R olojF Utk A E Fol:

>>> timedelta (hours=-5)
datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00

6) t2 - t3xAANL FAt2 + (-t3) BHAF ZolX =], 139 timedelta.max P T oLl A Y
t}; ol &= <ol Y= AL AFHE HEA T, Hl 2

Aol Ygdd AA Qo %, timedelta A= date} datet ime 2| 242] o] H &3} A5 2| Lt} (o}

£ Ax3A 2).

WA 32004 HA: R AAG divmod () 5 np A 7R B, timedelta BAAE TV timedelta B
A2 AT G537 (ﬂoor division) &} A 4~ U 7] (true division) 7} ] Al A DB U T} timedelta AAS float

7“2113 ? U719t A E o)Al OlZﬂ Al dEH Y

t imedelta objects support equality and order comparisons.

A FHAA timedelta AR+ timedelta (0) & 2 A S ulvk oz ZFEdh
AxdamAE:
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timedelta.total_seconds ()
71 7boll 23 H & A 7FE X (seconds) & ¥FE I Ul td / timedelta (seconds=1) & %
Stk x ol9e 77 wels, Wyl AL AH ASFHANL (NE Sol, td /
timedelta (microseconds=1)).
WS 2 A 7E Rl M (R

Hyoh
B A 3.20 &7}

i3

HFo A 270d o], ol MM EE mpolaz 2o REE YA

A2 0f]: timedelta

A58re] F7} ol

>>> # 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 AF&9] o:

>>> from datetime import timedelta
>>> year = timedelta (days=365)

>>> ten_years = 10 * 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)

8.1.5 date ZHZ|
date AR AR DA 0 Y S T PYFOS 3, o FA T el A9 IR, Y, D) E e}
Wy
141914251, 1d 1924 G s 2etn Ray, ol Aoz ALy ch?
class datetime.date (year, month, day)
SE AR B AU Th QAkE e W9 ol Qi Aol ofof gtk
e MINYEAR <= year <= MAXYEAR

e 1 <= month <= 12

o] 21-& Dershowitz £} Reingold ] 2 Calendrical Calculations )| V2= «“= A+ 218 11 €] (proleptic Gregorian)” &2 9] A 2] &} U X gt}
B2 B E At 712 ZE Ygunh A4 29 18] E A4 (ordinal) & T2 W2 2 A|AE] Alo]o] MBS 95 GarE Sl A=
L FARFAAL
= u H .
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e 1 <= day <= %7 month® year®I™9 o %
o] HYE HlojJuE= AR/ F AW, valueError7F ¥ g o}
o2 AL BE S vAE:

classmethod date.today ()
A A Q GRS T T

L0

Yk,

o] AL date.fromtimestamp (time.time () ) JF =%

classmethod date.fromtimestamp (fimestamp)

time.time () ol S/3) WEEA A7 2L POSIX B g ol ok Ao B e Mg Th
\:S_A = '31 01 ‘4’ Overfl owError7]—

0] 1970 d ol A 2038 d . & A dﬂ =

El
Bt 2R 27t 3% C localtime () oA A A= 3%

°] A

£ POSIX7} obd Al 2"l ol A=, & %7}

WS, localtime () AT A OSError7} HF A3 Sk T},
2ol A A Yo Aol 82T ol
fromtimestamp () oA FAIE ol F2 3P A

WA 33004 W7 timestamp 7} & W% C localtime () FFolA A A3t g HAE Hojtd
ValueError A overflowErrorS WAAZAYTE localtime () A3 Al valueError thAl
OSErrorgE WA A Yt}

classmethod date.fromordinal (ordinal)
it o e g Ao s el date E WY T 1d 19 1L o] A5 1YY Th

1 <= ordinal <= date.max.toordinal ] ol valueError7F @A th 2E date 4o
Eﬁﬁﬂ,date.fromordinal(d.toordinal( == dYJ Yt}

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-00O0).

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)

WA 3.7 7}
H A 3.119) A ¥ 7 : Previously, this method only supported the format YYYY-MM-DD.

classmethod date.fromisocalendar (year, week, day)
4, F 20 9% A48 S0 99 G Pt qared BFFYUL o]
isocalendar ()2l 9Pyt
B A 3.8 &7}
Zex e RE:
date.min
£38 7}53F 71 o] 2 date, date (MINYEAR, 1, 1).

date.

Y
rlo
%
N
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date.max

24 7153 7HE =2 date, date (MAXYEAR, 12, 31).
date.resolution

2R 92 date A A 7+2] 7F53 7Y FL 2}o], timedelta (days=1).
J2Es ol e RE (317] A8
date.year

MINYEARS} MAXYEAR A}o), 7 A 323},
date.month

13} 12 Afe], A 23
date.day

19} F0] 2 year®] Zo] 2 month®] ' 4= Apol.

A A= = A4k

il gt
date2 = datel + timedelta date2 will be t imedelta.days days after datel. (1)
date2 = datel - timedelta date2 + timedelta == datel 7} A Y 3st=

date2 & AU T} (2)
timedelta = datel - date2 ?3)

Equality comparison. (4)
datel == date2
datel !'= date2

Order comparison. (5)

datel < date2
datel > date2
datel <= date2
datel >= date2

T E:

(1) date2+= timedelta.days > 0°]¥ U Z, timedelta.days < 0°|H FAZ o=t}
A date2 - datel == timedelta.days©°] §YT} timedelta.seconds®} timedelta.
microseconds+ FA|E Ut} date2.year 7} MINYEARE T A U MAXYEARE T} 3 A & 2] 12 34

overflowError7} 2HA &}

(2) timedelta.seconds®timedelta.microseconds= FA]H Yt}

(3) ol AL AFst, 2 =Z=2 T 4 g5 Ut timedelta.seconds £} timedelta.microseconds+= 0 ©] 11, ©]

date2 + timedelta == datel ©] & U]t}

(4) date objects are equal if they represent the same date.

o

(5) 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 ().
2 BHo| A, BE date AA| = Fo g 7133}
A

HA A=

il
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date.replace (year=self.year, month=self.month, day:self day)
7195 A2 A2 gho] FolA w7} RFES ALl etar, 22 S 717 date & WHEHEU o)

S A

>>> from datetime import date
>>> d = date (2002, 12, 31)
>>> d.replace (day=26)
datetime.date (2002, 12, 26)

date.timetuple ()
time.localtime ()°] BF&et= AR} 2L time. struct times WY

d.timetuple () 223} 55 JW4E+
[time.struct_time((d.year, d.month, d.day, 0, 0, 0, d.weekday (), yday, -1)) ]
o] 714l yday = d.toordinal () - date(d.year, 1, 1).toordinal() + 1218 1¥9 1

= A2l @4 dxe) 9R WE U

date.toordinal ()
Jara# P A4S EEFSUND 13 129 199 A= 19 Uth 999 date 214 dofl T3l date.
fromordinal (d.toordinal ()) == d4yt}

date.weekday ()
A4E 29 W
)

Ut 92 o1
weekday ( 8

ggd
o, 1soweekday (= ZF=x

ge 6duth o & E0], date (2002, 12, 4).
st

AN S

7‘4/\3 dS ey ded2 1ol dad27ddth dE = (2002, 12, 4).

9. o, dat
isoweekday () 3,489, weekday (), isocalendar () & ZZ3}4]

at
]g
date.isocalendar ()
Al e 4 a4t e vl dE 72 AAE Ut year, week ¥ weekday.
ISO 282 de] A5 & e g iy dych’
ISO A=+ 52153709 ehA s E?—HHE, FE L8 Y A REte] 8 P U th ISO A=<
ﬁ@aﬁﬂz—Llﬁﬁ«l(lﬂlﬁﬂ) HolA Fado EO%?A%&E”RH%?ME} oS F T 1o]gt
StH, 21 22 A9 ISO A== 18118 §4_9Jr7
o & 50,2004 1L B Yol AJZHEE SO A% 20049 A =L 2Y,2003d 12 29U of] A] =3}

- T =

1,929,2004 3 1€ 490 B 3Yth:

l

>>> 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)

W7 39004 WA AH7F RN = B2 WAH YL Th

date.isoformat ()
IS0 8601 4] o 7 d&R-E Yely = £219 g wkekgh ), yyyy-MM-DD:

3 See R. H. van Gent’ s guide to the mathematics of the ISO 8601 calendar for a good explanation.
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>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

date.__str__ ()
gl dof] &, str(d) &= d.isoformat () & S5}t
date.ctime ()

A2 tehis #4282 Mg

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002

d.ctime () & t}23}:

[time.ctime(time.mktime(d.timetuple())) ]

°|

==
RN

H Cctime () @5 (time.ctime ()& TZESFA W date. ctime () & T=3HA &5 UTth7C
Foohe BAEAA FS U

=S

0

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 for-
matted string literals and when using st r. format (). See also strftime() and strptime() Behavior and date.
isoformat ().

A2 0f]: date

O EZFA] 2 & = AL o

>>> 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)
>>> my_birthday
datetime.date (2008, 6, 24)
>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days
202

dateZ ZYJ3t= F71 o

>>> from datetime import date
>>> d = date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

(ThE sl el Aol A<
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(o] A | o] A e A AL
datetime.date (2002, 3, 11)

>>> # Methods related to formatting string output
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/%m/%y")
'11/03/02"

>>> d.strftime ("% sd. %B %Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"

>>> 'The {1} is {0:%d}, 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:

ce 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:

ce 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 A= date AA S} time AAY RE AR E Z3at= Y A YUt}

date AA| 9} vpAZIA &, datetimeE @A 22 FHFo 2 3t 7HAFUTH time B
A VFATIA R, datet imeS 327} B E3] 3600¥24 3291 A0 7 7 I Tk

A

O:

class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *,
fold=0)

year, month, day QA= AUt} minfo= None 9| Ay tzinfo A H Fe| 29 A2~8HA Y = JHY
T}, 1o 2] 912 The % 9)e] 4500 of gtk

¢ MINYEAR <= year <= MAXYEAR,

e 1 <= month <= 12,

e 1 <= day <= %° 7 month® year°l™< 4F %,
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¢ 0 <= hour < 24,
¢« 0 <= minute < 60,
¢ 0 <= second < 60,
¢ 0 <= microsecond < 1000000,
e fold in [0, 1].
o] HE Hloj = AR FAA AW, valueError7F AUt}
A 3.690 A ¥ 7 : Added the fold parameter.
tE 447 BE SU A A E:
classmethod datetime.today ()
tzinfo7FNone 9 3R] A 9 datetimeS ¥F3H&H o).

che T E5 g

[datetime .fromtimestamp (time.time ())

now (), fromtimestamp ()& FZ3}4IA L.

ol MINEE 7|5AOE now () F5EA T tz W) W4E g YT
classmethod datetime.now (1z=None)

AR o] A @Arel Al g whekghy o

AE A AR 7} None o] ALk A AE A o, today ()2 FAFUL. AW, A5 ¢ime.
time() BYAWZE Ba) 22 9}% AR T 2L AUEE A2GUD C1F S0, C
gettimeofday () F4E AFte ZRAZ A 7h5FUTh.

»0] A AB Aol of b, AA GH} A 7ol 1z9] A Zh) = W

g 3 ‘1>

1z7F None o] o} W, tzinfo A H
EE Y
o] &4 = today () & utcnow () Bt A S Uk
classmethod datetime.utcnow ()
tzinfo7}None Ql &2} UTC E#2} A 7HS whEhghu o)

O] A2 now () &} BI3HA B, A A UTC E-8} A ZHS Yol B datet ime 4 =
0174101 UTC datetime2 datetime.now (timezone.utc) & T=&3to] A& 4 Q5 Yth now () = Z+
28412

()

: Jo]H datetime AA|= ‘3%’3 datetime WA Eoj &) A ]71"3&27‘4%543&, UTC=E
e = o] 9l o] datetime & AF&-3F+= 2l o] EHUTH WEtA] UTCE dA) Al 7HS YEY &=

[e)
=
£ U= 34 WS datetime. . now (timezone.utc) & i%;]—‘“ SRR

0> o),
24N, 1~J

classmethod datetime.fromtimestamp (timestamp, tz=None)

time.time ()7} ¥FEstE A3} 22, POSIX timestamp ©f| 3 D‘r%]—h 2 IR A ZHE ¥ g T}
A& A 92} 77} None o) Ak A A A 90 W timestamp= ZAEZ 9 A IR} A7 2 W3y n,

¥3tE datetime AA = Yol BT
27} None o] OFU W, tzinfo AR Ze) 9] A2' o]0} 8}v, timestamp = 122) Ao = A2 U},
timestamp 7} Z W= C localtime () U} gmtime() 4ol A 2 QDat= gk WS wojyyy
fromtimestamp () 7} OverflowErrorg WA 4 4 9131, localtime () ©]Y gmtime () o] A

Ak osErrorg HANA F AU 1970 Ao 2038 A 7HA 2 A ] = He] dbA vt
B aElZo) &2 NS 283 8] POSIX A|AH oA, fromtimestamp ()= 2 & FA 3R
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O
i
rlo

2,12 A7t e F A g’z 28 datetime AAE AET = A5 U o] o
utcfromtimestamp () Btk A S H Ut

B A 3.3 4 ‘?'15_73‘:timestampﬂ%?ﬂ%Clocaltime olt} gmtime () T ]/\1 A Q= - HY E

WU valueError YA OoverflowErrors /‘gi\] 1Yt} localtime () o]y gmtime () o] A

St valueError Al 0SErrorES WA Al AU th

WA 3604 HA: fromtimestamp ()= fold7F12 AAH A2EHAAE HI3E 4= G5
classmethod datetime.utcfromtimestamp (timestamp)

tzinfo7} None 91 POSIX timestamp ¢l 3] G 3}+= UTC datetime WFEE Ut} (A3 AR & olBH

Shoh)

timestamp 7} = W& C gmtime () ol A A Pdl= g HAE HAYU™ overflowError7h A3k,

gmtime () o] A3 0sErrorzh HATUTE 1970 ol A] 2038 742 = Al ohs] = Zo] ukA Y
Y,

o]9o] datetime BAE VL8, fromtimestamp () & TESFHY A L:

[datetime .fromtimestamp (timestamp, timezone.utc) ]

POSIX & & S Fol A, th= 2843 T5dUth

[datetime(1970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp) ]

o, o) AL a4 A A= WS A AU Th MinvEars) MaxvEAR Abol, A A E .

o]H datetime AA| = WL datetime WA E o] 93] XA F Ao g2 HFH 2 &, UTCE
Bt = o] 9l o] datetime= AH8-3F= 2 o] €55 th mebA UTCE 57 timestampE LHEFU]
U= A WU H L datetime. fromtimestamp (timestamp, tz=timezone.utc)

= Aok

oy
T

_Q_
=

> o,

folr st

o T

i 2,

HA 3394 HA: timestamp 7} S A E C gmtime () oA A H3= 7 9 E Hojyd
valueError WAl overflowErrorE TWAA A YUTE gmtime () o] A SA valueError thAl
OSErrorg WA Al A Yth

classmethod datetime.fromordinal (ordinal)
A4t 28 328 Y A 5 (ordinal) of] 3l B b= datetimes WHEFUTH 1d 19 140] A5 144 th
1 <= ordinal <= datetime.max.toordinal () ©] o} valueError7} YAl 232
hour, minute, second Z microsecond+= 2F 00| 1, t zinfo+= None Y Ut}

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
ARE date AAL} 22 G T4 49 AARH time QA 22 AT 74 845 2=
datetime AA 2 WMEFUT winfo A7 AEH W, 1 %E A} tzinfo o EHES A
Sk o] AFSE M, 28 A F O time AR} tzinfo O] ERFHETL AEH UTH
R E datetime AA doll all,d == datetime.combine (d.date(), d.time(), d.tzinfo)
A ARFU T date 7} datet ime AR W, 1A A7 T 248} tzinro o el HE A RAIF T
W 3.600 4 WA rzinfo AXF7F 571 A5 TH

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.
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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-00O0).

o A :

>>> 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 ('2011-11-04T00:05:2372")
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)))

C

WA 3.7 =7}

WA 3119 A4 ¥ 7: Previously, this method only supported formats that could be emitted by date.
isoformat () or datetime.isoformat ().

classmethod datetime.fromisocalendar (year, week, day)
3,52 92 AP IS0 2 dpe] 3| e dater imeS WU T datetime ] @7} obd A
Q4= duAel ZJB7Fo 7 YA YT o] AL &4 datetime. isocalendar ()9 YUt

H A 3.89 F7}
classmethod datetime.strptime (date_string, format)
formarol| wrel &2 B A H, date_string ol 3| Fo}= datet imeE WHEE T

If format does not contain microseconds or timezone information, this is equivalent to:

[datetime(*(time.strptime(date_string, format) [0:6])) ]

ValueFErrorisraised if the date_string and format can’ t be parsed by t ime. st rptime () or if it returns a
value which isn’ t a time tuple. See also strftime() and strptime() Behavior and datetime. fromisoformat ().

Sz olEYRE:
datetime.min
23 7}53E 71 o] 2 datetime, datetime (MINYEAR, 1, 1, tzinfo=None).
datetime.max
28 753 7t =& datetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution

A kL datetime AA 7+ 7153 71 ZL 2}o], timedelta (microseconds=1).
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AT oEZHE (817] H-8):
datetime.year
MINYEARS} MAXYEAR A}o), 7 A 323},
datetime.month
13} 12 Abo], A =3t
datetime.day
13} 501 2 yeare] F017 month ] & 4= Abel.
datetime.hour
W9 range (24).
datetime.minute
W9 range (60).
datetime.second
W9 range (60).
datetime.microsecond
H2] range (1000000).
datetime.tzinfo
datetime Aol tzinfo AALE Add A o] Ak, AEE A 94342 W None Yot
datetime. fold
[0, 1] ¥AAUTh BEESE = 72t 5 < A ZH(wall time) o] 2% 3H3 A A 8t o] A H Utk vHE

5 e A 8ok Al ko] B} A4 499 UTC & = Alo] A4 A9l o] 32 Zoj Sof Al AE
HE2 o AT ) 2L ¥ A UER = F €7 E o] A (01 3)2 they o,
7 3.60] 7).

AP Ak

ALk Zt
datetime2 = datetimel + timedelta 1)
datetime2 = datetimel - timedelta 2)
timedelta = datetimel - datetime2 3)
Equality comparison. (4)
datetimel == datetime?2
datetimel != datetime?2

Order comparison. (5)

datetimel < datetime2
datetimel > datetime2
datetimel <= datetime2
datetimel >= datetime?2

(1) datetime2 = datetimel o] A] timedelta 7] ZFUFZ o] %3} A 7to] ¥, timedelta.days > 00| ¥ B &,
timedelta.days<0°|Hd HAZ o] 5t} A= Y datetimed} Z2 tzinfo 9 EBHEE 714
lﬂ?ﬂ@mmddmmm:ﬂmmmgﬂﬂdmmﬂwmﬂMmHMEqﬂHQWwwME
ot AA 3L 8t overflowError7b AU TH & o] of9llo] AR L wi = Ak 27 o] 35 7
2ol 52/ 541 4] 2.
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(2) datetime2 + timedelta == datetime]l = Y5+ datetime2 & Al AFgHU o) Sl np 7R 2, 23= 94 H
datetime 7} - tzinfo O] ERREE 7FAI ] & o] ofglo] Y uf = A 7] 2 o] 73 A k5T

(3) datetimeol|A] datetimeg W& 22 F 3 A4HA}F BF vpo] B3 AL, BT ofglloj & ol vk F o] H Y
t}. 3L} o] 9l o] o) 3 T2 L7} Lo ]E , TypeError7F @AY T}

E O UolB3AY & tfojglojsla 22 t21nf001 g HEE 71X W, tzinfo O ETYHEL A
T3 AF=datetime2 + t == datetimel o] HEZE 3= timedelta AA tJ Ut} ojuf A
2ol £+¥= A syt

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.

(4) datetime 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. datetime objects are never equal to dat e objects that
are not also datet ime instances, even if they represent the same date.

If both comparands are aware, and have the same tzinfo attribute, the tzinfo and fold attributes are ig-
nored and the base datetimes are compared. If both comparands are aware and have different t z i n o attributes,
the comparison acts as comparands were first converted to UTC datetimes except that the implementation never
overflows. datet ime instances in a repeated interval are never equal to dat et ime instances in other time zone.

(5) datetimel is considered less than datetime2 when datetimel precedes datetime2 in time, taking into account the
time zone.

Order comparison between naive and aware dat et ime objects, as well as a datet ime object and a dat e object
that is not also a datet ime instance, raises TypeError.

If both comparands are aware, and have the same tzinfo attribute, the tzinfo and fold attributes are ig-
nored and the base datetimes are compared. If both comparands are aware and have different ¢ z i n fo attributes,
the comparison acts as comparands were first converted to UTC datetimes except that the implementation never

overflows.
WA 3304 HA: ofsflo] o} Yo B datetime AANHA ZHO] F5 HlA = TypeErrors WA 7] 2] k5
U},
AAE A WA=

datetime.date ()
22 year, month, day 2] date A& WFHEU T}

datetime.time ()

Z+-S- hour, minute, second, microsecond 2 fold2] ¢t ime A S WF&3 U T} tzinfo= None YU Th WA
T timetz ()& FXR O]-/fj/\]_l_
¥ A 3.60)4 WA fold ZF2 w135 time Ao EAE YT

datetime.timetz ()
2L hour, minute, second, microsecond, fold ¥ tzinfo 9] E 2] HE 2] time AAE WU WA=
time ()& ZFZIAAL
H 2 3.600 A W7 fold g2 WFhe ¢ ime 2 Aol BAFE YT

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)
7= JAARZ A2 gho] FolR A ERRHEE A9 5t 22 o] ERREE 7 datetime = WHH3F
Ytk tzinfo=None< A B &tH E#-2} A7k vl o] Bl o] W&} glo] o 9] o] datetime o] A} 1}-©] B datetime
29 4 vt

A 3.6 4 ¥ 7 : Added the fold parameter.
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datetime.astimezone (1z=None)

/\Hi—r‘ tZlnfOO] E]%‘—E e 7zt ZY= datetime 7“]]]% 3} 3} ]_ Eﬂ :1—4’7]'881](9} 22 UTC }\]Zl'o]x]
Wizo] 4]} A)7bo] 5| % GAL9} Aol o] B8 2 A g T

AZHAH 175 tzinfo B FH 29 ArEAojof 3, utcorrset () I dst () WA EE=Noned
QESE3EA] QFofok T th. self 7F Wro]l HatH, Al Aa®’ A 7k o] A|7HE YERY &= A 22 7FE Fh T

AR} glo] (= tz=None2 &) TZ5 W thA Al 7t = Al 2~ H A ]'EHE o) W 2hE datetime
A2 tzinfo O]EZHEEOSA L& A7t o] &3 A& AF3= timezonel] QA
Hag dAFFE U}

self.tzinfo7} 1z, self.astimezone (tz) = self & Z5 Uttt G/ A 7F Hl o8] 2 o] =)
57 B4 Uth 187 %0 @ A self g 22 UTC A2 Lheh = 1z Aol A A7kl U o
astz = dt.astimezone(tz) £ol,astz - astz.utcoffset ()=dt - dt.utcoffset ()}
2o arel A7 H o E 2 2 o,

dAe A7 dlolEH & A A ¢ A AA zE datetime droll A7 v shE ¥, dt.
replace (tzinfo=tz) & A& A Al 2. I x-9} /\]7J d ]E1 2 W335 A &3 o] ¢ o] datetime dr ol
A X AAE A AsEE ¥, dt . replace (tzinfo=None) & AHE-3F4 A] &

718 tzinfo.fromutc () WA EE astimezone ()l & H 13t E Ayt ¢S FTEE tzinfo
AE Fe oA AZYE 5 JF UL A7 S BE F AL, astimezone () & T3
ol A5 g ok

def astimezone (self, tz):
if self.tzinfo is tz:
return self
# Convert self to UTIC, and attach the new time zone object.
utc = (self - self.utcoffset()).replace(tzinfo=tz)
# Convert from UTC to tz's local time.
return tz.fromutc (utc)

N

ll~l

u{m
]-o

-

L

WA 33004 WA o)A & AFT 5 AFUTh
WA 36004 MA: o|A astimezone () HIAEE o|A o] B JAAHAA EEE 4= =], Al2H
A9} A2 LRl A 0 = sk o,

datetime.utcoffset ()
tzinfo7} None©] ¥, None2 ¥8+sl 1, 18 % &40 self.tzinfo.utcoffset (self) & ¥t3H
3tal, $ A7} None o] U 34+ v 7] 718 74l timedelta AA|E HHHeLA] 92 oW o 9] & HAIA|
ek,
W 3704 M7 UTC L = A2 i &9 2 A 3h=] A] k5T

datetime.dst ()
tzinfo7}None©] ™, None BF&6t1, 12X O™ self.tzinfo.dst (self) & vtshal, T2}
S Noma Lk S ) )8 At e A WA o o9& M 8Lt
HA 3704 W7 DST L A& B k9] 2 A k= #] ek5 U Th

datetime.tzname ()

tzinfo7} None©]|H, None2 vt3tsl 7, 18 % 90 self.tzinfo.tzname (self) = vl3st
FANone ol L} B AR AA 5 WA Lo o2 2 LA .

datetime.timetuple ()
time.localtime ()©] WI&sl= AL 22 time. struct_time ¥FEEHY T}

d.timetuple () < &3 T FUTh
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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 isthe 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 set to —1; else if dst () returns a
non-zero value, tm_isdst issetto 1;else tm_isdst issetto 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.

7d11: Because naive datet ime objects are treated by many datet ime methods as local times, it is pre-
ferred 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 ().

datetime.toordinal ()
o] A2k g ey A& vkEE Ut self.date () .toordinal () I 25T

datetime.timestamp ()
datet ime A2E2o] 3] DaH POSIX EF 22 = 2 ukbghu o). whak ZHe time. time () o] W3}
E A 83 floac YUt
ol B datetime A2 2 9 AIZHS LheRl = 21 0.2 7153kn] o] vl A = W g
Z Y Z Cnmktime () 5o o2 Uth datetimes B ZPZ oA mktime () HT} T
= Ad3st7] U;HT’__Oﬂ, ol M= HAY WA weh o] A|Ztol| thsl] overflowErrors WA E
As U
olgllo] datetime AAE AL A W3} 72 t}-& 3} Zho] A Abg U th:

17

o
_p4>

[(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)) .total_seconds /() J

WA 330 7}

WA 36004 MA: timestamp () WA EE fold JEBFHEE AMEsto] bS] = 72749 A 7HE
FEF.

Z37: UTC A ZHS e = Yol B datetime A2H A ]/\1 AH POSIX E}Y~HIZE A= wia=
= muﬂr/} =& Eile“oﬂﬁ o] e E A&t AlAE A ZFT 7 UTCE A= o QLA ko,
tzinfo=timezone.utc= A|F35}o] POSIX EFA AR ZE AL 4 o)L Tth:
[timestamp = dt.replace(tzinfo=timezone.utc) .timestamp () ]
EE= A gdadoE A Qs ych
[timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)
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datetime.weekday ()

A4z 24 933Ut €292 002 42 Y26YYrtt self.date () .weekday () & 25 Y
T} isoweekday () & ZFZ A L.

datetime.isoweekday ()
A4z adeHgsiyrh 9o g 1ol dede 79yttt self.date() .isoweekday () &
Z5yrct. weekday() 1socalendar ()& ZZSAA L.

datetime.isocalendar ()
Al RS HEUES ZHA V= FE& v
isocalendar () & Z54th

e
E.'O{_',
v
o

. year, week @ weekday. self.date().

datetime.isoformat (sep="T, timespec="auto’)

ISO 8601 @ 4] & 2 F#9} A| 7H& et & E2HE & Wy th
e YYYY-MM-DDTHH:MM:SS.ffffff, microsecond’}0o] ofuyd
e YYYY-MM-DDTHH:MM:SS, microsecond’}0o]H

utcoffset ()©] Noneg WHeHstA] 9k 0¥, UTC L Z A A& st= 2AE S S Yrh
e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.f££f£££f]], microsecond’}0°] o}U &
e YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.ffffff]], microsecond’}0°] ¥

S A

>>> from datetime import datetime, timezone

>>> datetime (2019, 5, 18, 15, 17, 8, 132263) .isoformat ()
'2019-05-18T15:17:08.132263"

>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:00+00:00"

A A AR sep(7] R gk 1112 T EA FRAR, A3 ERe} AT R Afoof] Wi Atk o &
=

p
>>> from datetime import tzinfo, timedelta, datetime

>>> class TZ (tzinfo):
""r"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"

A Q1 timespec S EFG A 37474 24 58 ARFUT (1 2L autor AUTH. B

F shhe 5 gk

e 'auto': microsecond’} 09| 'seconds'e T, 12X kO 'microseconds'S 5

e},
e 'hours': hourS & #}2] <A} HH Al o 7 Z 33T}
e 'minutes': hour® minuteE HH:MM 2o 2 :‘T’;'@'ELH t}.
e 'seconds': hour, minute @ secondE HH:MM: 5] A

S
e 'milliseconds': AA| A|7HE 23eA T 2 vk W2 9] 2 A5 U Th HH:MM:SS. sss

B4 Ak
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e 'microseconds': AA| A|7FS HH:MM:SS.ffffff A o7 Zarshch

Fa: ALQF AL 74 a4 I A G FH Y

P ) timespec O 2}= valueErrorE& A A UL

>>> 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 3.690 4 ¥ 7 : Added the fimespec parameter.

datetime. tr_ ()
datetime omlaa do &, str(d) =d.isoformat (' ") FES3HUT}

datetime.ctime ()

GAe} A7 e E A S Bk ok

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime()
'Wed Dec 4 20:30:40 2002"'

29 EALE Qo] olsllo] 1% Lol Lol Aok BAgo] A7b0) AR E EFAA U
d.ctime () & &3}

[time.ctime(time.mktime(d.timetuple()))

oy

U

WolElH C ctime () & (time.ctime () 0] EE AU, datetime.ctime () & TE A &
h7tC RES E70te AFNA F5FUTh

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 datet ime object
in formatted string literals and when using str. format (). See also strftime() and strptime() Behavior and
datetime.isoformat ().

A2 0f]: datetime

Examples of working with datet ime 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)

(THS sl el Aol A<)
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(o] A s o] Aol A AlZ)
>>> # 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, 79060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime ()

>>> dt = datetime.strptime("21/11/06 16:30", "%d/%m/%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:

print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

>>> # Formatting a datetime

>>> dt.strftime ("%$A, %d. %B %Y $I:%M%p")
'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.'

olef ¢ A= 19453714 +4 UTCE AF-23F 3 +4:30 UTCE ¥ A 3t of = 7h U A8 7HE 9] A7) A HE A
Bl tzinfo A B ZEAE Aol th:

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

(Th sl o] Aol Al<5)
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(o] A s o] Aol A AlZ)
# 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 is not self")

# A custom implementation 1is 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:
return "+04:30"
return "+04"

2] 9] KabulTz AW

>>> 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
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8.1.7 time ZHZ|

A time objectrepresents a (local) time of day, independent of any particular day, and subject to adjustment viaa t zinfo
object.

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)
BE A= A A JUTE mzinfo=None, £+ tzinfo A B 22 AAHAA 5= 5 UTh UYH A
QAbE ThE M9 Aol ofof itk
e 0 <= hour < 24,
¢ 0 <= minute < 60,
¢ 0 <= second < 60,
¢ 0 <= microsecond < 1000000,
e fold in [0, 17.
o] M £ Hol v QA7 T AW, valueError7b BB Th rinfol] 712 3ES Noneo] at, 1 9] 9]
EE7EFE0dYTh
S o ERHE:
time.min
238 7F53 73 o] 2 time, time (0, 0, 0, 0).
time.max
28 7SS 7MY =2 time, time (23, 59, 59, 999999).
time.resolution
FASIISIECE tlme 7“7(1] 749 7453 71 Z2 Aol timedelta (microseconds=1), 3R Bt t ime 2
Aol Wk 2he 2 A 95 A k5 Ut
Ard2oEFRE (%47] A-8):
time.hour
W9 range (24).
time.minute
W2 range (60).
time.second
W2 range (60).
time.microsecond
W2 range (1000000).
time.tzinfo
time Akl tzinfo AALE AR AA o] Ak, ALH A 94 %2 None YU T

time. fold
[0, 11 MY dUch vtEE = 1171 59 ¥ A] 7H(wall time) & 2 &3S A A= W AP Ut vHE

e 72he A% A A|zke] B W} @A) A 49 UTC Lz 4le] A A2l o] §2 Fol o] AA
Hd o BAFUTh 0L 2L 9 A4S Yehlle w1t % o)A (0] 3) S e o

WA 3.60 71
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

230 Chapter 8. H|O|E{&



The Python Library Reference, 2l2|A 3.11.10

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 3.3 A ¥ 7 : Equality comparisons between aware and naive t ime instances don’ t raise TypeError.

2ol BHo)A, tine ARE T Bow DR}

W 35004 WA 3Fol i 3.5 o] o], time AA = UTC AHH & UEpd wf Aoz 255Ut o] 522
ofujstar o 2 7} B 317 -2 A L' TEFsho] ho] A 35004 Al AH A5 Utk A g Y82 bpo-13936=

CES RRED
71 Bk 233 A
classmethod time.fromisoformat (time_string)
Return a ¢ ime corresponding to a fime_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:

p
>>> 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)

>>> time.fromisoformat ('04:23:01,000384")
datetime.time (4, 23, 1, 384)

>>> time.fromisoformat ('04:23:01+04:00")
datetime.time (4, 23, 1, tzinfo=datetime.timezone (datetime.
—~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

WA 3.7 =7}

WA 3.119 A4 *H7: Previously, this method only supported formats that could be emitted by time.
isoformat ().

A A=

Ax

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond,
tzinfo=self.tzinfo, *, fold=0)
719E QAR AR FHol ol oERES A, 22 ga 71 times WEEHG
tzinfo-None 7| A3t A7t o] E12] W3 qlo] oo] timeol Al Lhol B tined BHE %

e}
A 3.690 A ¥ 7 : Added the fold parameter.

&L
ml)—?‘
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time.isoformat (timespec="auto’)
ISO 8601 F A o2 A 7+& UEt = A2 < & th th2 5 7R gy th
e HH:MM:SS.ffffff, microsecond”}0o] ofy ™
e HH:MM:SS, microsecond?}0°] ™
o HH:MM:SS.ffffff+HH:MM[:SS[.f£££££]], utcoffset () ©] None& WHeH3}#] ko

(
-

e HH:MM:SS+HH:MM[:SS[.ffffff]], microsecond’?}0°]al utcoffset () ©] None< ¥kt
A e
A A A2} timespec-S T A|ZHS] F7F A 84 5 A FUTH (7123 Tauto YU TH. T
% b & ok

e 'auto': microsecond’}00]¥ 'seconds'$ 2T, IE X &¥ O 'microseconds' e TE

dlo

Utk
e 'hours': hourE ¥ A}8] &£AHH F Al o & g}
e 'minutes': hour@ minuteS HH:MM F A 0 2 F3F3H T}
e 'seconds': hour,minute @ secondE HH:MM:SS g4l o g &gt}

+ 'milliseconds': A A7+ E3SHA| T = v gk )= @9 £ 25U Th HH:MM: SS. sss
4 dyth

e 'microseconds': AA A|7FS HH:MM:SS.ffffff Ao 72 3}

Fa: A AL FA 24 2 EHEA G P Yo

2B 5] timespec QA= valueErrors WAA A Yt}
o Al :

>>> 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 3.6 4 ¥ 7 : Added the fimespec parameter.

time.__str_ ()

time rol] Y3}, str(t) = t.isoformat () I ==}

time.strftime (format)
Return a string representing the time, controlled by an explicit format string. See also strftime() and strptime()
Behavior and t ime . isoformat ().

time._ format_  (format)
Same as time.strftime (). This makes it possible to specify a format string for a time object in for-
matted string literals and when using st r. format (). See also strftime() and strptime() Behavior and t ime.

isoformat ().
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time.utcoffset ()

tzinfo7} None ©]| ¥, None< WFetal 11, 28 X ¢ 0™ self.tzinfo.utcoffset (None) 5 ¥I3

)
S}al, & 2}7} None o U 8FF ko] 715 7H timedelta A S WHEholA] R0 W o ] 5 WA A

Sh=2
WA 3704 H7A: UTC L= A2 & T 2 A|ste A] k5 th

Y i

time.dst ()
tzinfo7}None©] ™, None g BF&6t1, 12X 9O self.tzinfo.dst (None) & W83l 11, T2}
7} None o] U} 85 u|gke] I 71 & 71X timedelta AAE W8] F o o 2] & A F U T

B 37004 M7 DST L = A2 & &9 = A= A 5yt

time.tzname ()

tzinfo7} None©]| ¥, None2 vs+s}l 1, 18 A 9kO0 W self.tzinfo.tzname (None) = vt
FANone ol L} B AR AA S WA SO o2 2 LA T

rlok
o
K

A2 0l: time

time AAZ 2P 3= A A:

>>> 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, 10, 30, tzinfo=TZ1())
>>> t.isoformat ()
'12:10:30+01:00"
>>> t.dst ()
datetime.timedelta (0)
>>> t.tzname ()
'+01:00"
>>> t.strftime ("$H:%M:%S %2")
'12:10:30 +01:00"
>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."
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8.1.8 tzinfo ZHA|

class datetime.tzinfo

AL F g wlo| s BHAGUTE X, o FHAE A ALAAT BEW A PUTh 53 Aol
W3 HHE AA N czinrod] A FeHAE G A L.

tzinfold (FAAB F29) A2rHALE datetimed}t time AA L WA R ALdE 4+ Y5t
o) AAE 2 AN o Bl HEE A& ALOR AT, 2inro AAL A A7e] UTCZ 2ele]
9z, AZiT) )2 W DST ¢ AL w ADH A} A AR FH Aoz At AT EL

A A e,

You need to derive a concrete subclass, and (at least) supply implementations of the standard ¢ zinfo methods
needed by the datet ime methods you use. The datet ime module provides timezone, a simple concrete
subclass of tzinfo which can represent timezones with fixed offset from UTC such as UTC itself or North
American EST and EDT.

Special requirement for pickling: A t zinfosubclassmusthavean ___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 t zinfo may need to implement the following methods. Exactly which methods are needed
depends on the uses made of aware datet ime objects. If in doubt, simply implement all of them.

tzinfo.utcoffset (dt)

Sl S S A= timedelta BA 2 UEEE

o] A& UTCE-‘?—EJ./] Z 2z ANE eI UL o & 59, tzinfo A 7} A1 7o £} DST Zﬂ% 2T
YER W, utcoffset ()i 259 FAE N oF FUTh UTC L =4S & 4 §loH, None S HHEH
Stuth 228X ¢o W Wity = 72L& U= A —~timedelta (hours=24) ﬂ-tlmedelta (hours=24)
Abel 9] timedelta AR of FUth (x| F 7] st v vko]ojok Fut}). utcoffset ()9
EE T2 ofute o] F 7HA] F st A d ok

return CONSTANT # fixed-offset class
return CONSTANT + self.dst(dt) # daylight-aware class

utcoffset ()©] None< WkHal#] 9} 0 W, dst () = None & WHEH3}FA] ¢rolof gyt
utcoffset ()9 7|82 F3 L& Not ImplementedErrorE WA Al A YT}
WA 3704 WA UTC L Z=A2 & 9] 2 Al she A] k5 th

tzinfo.dst (dr)

A3F Ak A 7H(DST) AL timedelta AA R, E=DST AEE 2= None S 9133t}

Return timedelta (0) if DST is not in effect. If DST is in effect, return the offset as a t imede1ta object
(see utcofrfset () for details). Note that DST offset, if applicable, has already been added to the UTC offset
returned by ut coffset (), so there’ s no need to consult dst () unless you’ re interested in obtaining DST info
separately. For example, datetime.timetuple () callsits t zinfoattribute’ s dst () method to determine
how the tm_isdst flagshouldbeset,and t zinfo. fromutc () calls dst () toaccount for DST changes when
crossing time zones.

BEF} LG FF AN BE RYFetE czinfo HH Fe)2e] QAR g T 2L o vjof A
9 7] of of F h:
tz.utcoffset (dt) - tz.dst(dt)

must return the same result for every datet ime dt 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
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violations; it” s the programmer’ s responsibility to ensure it. If a ¢ z 1 nfo subclass cannot guarantee this, it may be
able to override the default implementation of tzinfo. fromutc () to work correctly with astimezone ()
regardless.

dst ()] thHE F@2 o= o] F 7HA] T st AY Y

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

L

=
a-

r[r

(def 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)

L

dst ()9 7182 F3& Not ImplementedErrorS WA Al A Uth
WA 3704 M7 DST @ Z A & o] & Al gk 7] k5t

tzinfo.tzname (df)
Return the time zone name corresponding to the datet ime object dt, as a string. Nothing about string names is
defined by the datet ime module, and there’ s no requirement that it mean anything in particular. For example,
“GMT”, “UTC”, “-5007, “-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 zinfo subclasses will wish to return different names depending on the specific value of dr passed, especially if
the t zinfo class is accounting for daylight time.

tzname ()8 718 F AL Not ImplementedErrors SAY Al 7 YT}
o] YA EEL datetimelt time AA| A L o] &9 Uﬂ/“] of 3t 2oz SEFH UL datetime
A= A AAE ALDstal, time A= AAE Nones AGdUth webA tzinfo AR Z2 8
H A E= None©o| WU datetime Z 29 di AAE Wol 5 A E1] 7} 5 o] Qo] oF gt}
Noneo] AW, X9 SHE AAsE AL Zea AAA A %‘ﬁ 5 Utk d& Eo], Fdla7t
tzinfo Z 2 2o time 71121] 7} oy ehA] Fethal kAl A thd None & RBEEHSH= %
LIS LA EUE F 20| leEZ utcoffset (None) o] 5 UTC L Z Al W33

61“ 01"L]E+

datetime WA Zof th3t SHOE datetime AA7} AEEH W, dt.tzinfo: self &} 22 1A Yt} AF
LA FAET tzinfolAES A TE3A B3k tzinfo A EE o] Ao &8 4 Q5 YT} tzinfo
PIAZ7 % A% A 22 ok, T AT AR AT 2 Bk el ol 29
A8 22 ARG D 5 G f2info WAL S E 94U Th
tzinfo.fromute (d)

O] AL 7| B datetime.astimezone () FHAA TE2HYth A7 TEFHH,dt .tzinfo+ self

O]"’,dt-/] IR} A ZF Y o] Bl = UTC Al Zte 2 BAE Ao BUth fromute ()9 B3 Ix-9}
AZEH o H & 23t self o] A1 AZEO R 55 ok datetime 5 WFFSh= 2 Y o

Most t zinfo 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)
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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.

g7t B st= AFE AT Z=E Aetd, 712 fromute () FEL T3 Zo] T2

def fromutc(self, dt):
# raise ValueError error if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError 1f 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

L

th& tzinfo_examples.py Q& tzinfo Fef29 B 717 o 7} ypo} A FH th

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.

timezones where UTC offset and/or the DST rules had

#
# (May result in wrong values on historical times 1in
#
#

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]

def

dst_diff = DSTDIFF // SECOND

# Detect fold

fold = (args == _time.localtime (stamp - dst_diff))

return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

utcoffset (self, dt):
if self._isdst (dt):
return DSTOFFSET
(T sl o] Aol A<)
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(o] A s o] Aol A AlZ)
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
and timezone definitions, visit the Olson Database (or try pytz):
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 (1, 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

# 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)
# 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

#
#
#
#
#
#
#
#
#
#

(Th= sl o] Aol Al<5)
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(°]
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.
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.

bl

gl

7 o] A ol A A <)

(TH& sl o1 Aol A1)
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(o] A | o] A e A AL
return HOUR if dt.fold else ZERO
# DST is off.
return ZERO

def 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

Eastern = USTimeZone (-5, "Eastern", "EST", "EDT")
Central = USTimeZone (-6, "Central", "CsST", "CDT")
Mountain = USTimeZone (-7, "Mountain", "MST", "MDT")
Pacific = USTimeZone (-8, "Pacific", "PST", "PDT")

DST A8l 4 £F A2 4% B A7 BF 203 cxino Hi Seh Lol 9 dol £ 8 29
B30l 918l §25 A 2. FAH 02, 34 % WA AR 159 (EST) che Hol A e, 14 A
HAl A2 P 1:59 (EDT) t}2 &Eof] 1= v = Eastern(UTC -0500) 2 118 341 A 2

UTC 3:MM 4:MM 5:MM 6:MM 7:MM 8:MM
EST 22:MM 23:MM O:MM 1:MM 2:MM 3:MM
EDT 23:M O:MM 1:MM 2:MM 3:MM 4:MM
start 22:MM 23:MM O:MM 1:MM 3:MM 4:MM

end 23:MM O:MM 1:MM 1:MM 2:MM 3:MM

DST 7} A1 2 of] (“start” =), A HA] A= 1:59 ] A] 3 002 T oFsht} 1dof=2:MM & Al 9
AAAC ou 7 YL B R astimezone (Eastern) 2 DST7} A1 26t Yol hour == 29 23}
Z] Lb”f:l\q]:]' & 50],2016d E2] AR A3 (forward transition) o] A, Th-S- 3} & 75-"}* Oé—fiwl‘/]—

o 1

= >
gl (N

Shrfo

>>> 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 = u0 + i*HOUR
t = u.astimezone (Eastern)
print(u.time (), 'UIC =', t.time (), t.tzname())

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 unam-
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biguously 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 fold 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 UTC = 01:00:00 EDT
06:00:00 UTC = 01:00:00 EST
07:00:00 UTIC = 02:00:00 EST

o = O O

Note that the dat et i me instances that differ only by the value of the £o 1 dattribute are considered equal in comparisons.

Applications that can’ t bear wall-time ambiguities should explicitly check the value of the £o1d attribute or avoid using
hybrid ¢ zinfo subclasses; there are no ambiguities when using t imezone, or any other fixed-offset t zinfo subclass
(such as a class representing only EST (fixed offset -5 hours), or only EDT (fixed offset -4 hours)).

© ®7):

zoneinfo
The datet ime module has a basic t imezone class (for handling arbitrary fixed offsets from UTC)
and its t imezone. utc attribute (a UTC timezone instance).

zoneinfo brings the JANA timezone database (also known as the Olson database) to Python, and its
usage is recommended.

TANA timezone database
Aol Tl o] B | o] & (F-F tz, tzdata B <= zoneinfo 2k ol U TH ol = A A Al o] 2] A Aol A 2] o A 7HE]
B AEPE R¥3E= A9 dlo]E 7}t Jﬂﬂ of AFUth F A @Al 7+ ¥ A gk A7k A A, UTC 2 241
2 33 Aok A7 F AL v s Yol =B ez PJAFE YT

8.1.9 timezone ZHA|

timezone F A& tzinfod] A B Fejioln, ZJAAEA=UTCERE S 1178 Q=407 HojH A7t
e veEbd U

ol Z2ef28 AAE d d T oWl dolle thE Lz Mol AR H AL W A ko] GAbH o 7 W)L A 9
A A EE et = AR E 5 iU T

class datetime.timezone (offset, name=None)

offset AA= A A 743} UTC 749 X}l & UM & timedelta AAZ A A3 oF Ttk A43)(F
AS T83A] =) ~timedelta (hours=24) & timedelta (hours=24) /\}0]040127@‘1/]11} g
¢ro W valueError7} AU T}

name A A= AR A QU A A= datetime. tzname () WA E7F ¥ o2 AMSE EA14
o] ojoF .

WA 3.20 7}

WA 374 WA UTC L =AML 3 9] 2 A st A ghs Yt

=
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timezone.utcoffset (df)
timezone AXEA7FFSE w A F A 1A 32 kg oh
dt AR EAIF YT 9hE e A o] 1 C
WA 37004 M7 UTC L 22 & I9 2 Ale A gyt
timezone.tzname (df)
timezone QAEAZ 759 u) A H LGRS HHFU T

name3 AY /3 A4l A|5-51A] kk O W, tzname (dt) o] o3 Wkt = o] 52 tha Zol offset O =
FE B Ut offser©] timedelta (0) oW, o] 52 “UTC” o1, 18 X] 9} 2™ FAE UTC+HH: MM

AUt o714 t& offsetd H 5 o], HH MM Z+ 2zt offset . hours @ offset .minutes?
= 2l AU

WA 3604 W A: Name generated from offset=timedelta(0) is now plain 'UTC', not
'UTC+00:00".

timezone.dst (dr)
3A; None & WHEHEH U T}
timezone. fromute (df)
dt + offset& WIS Uth dr Q1A= tzinfo7t self & AAH o]gdlo] datetime Y2H Ao of
o
Zos olza e
timezone.utec
UTC A 7, timezone (timedelta (0)).

8.1.10 strftime () and strptime () Behavior
date, datetime @ time A= 25 strftime (format) WA EE X QA5lo], HA A T Ex1E 2 A
oH A ZHE YE = 2AE S WY T

U 2, datetime.strptime () 2 WA= ExRe}F A ZHS YERY
datetime AR S w5 Ut}

2

rlr

"
=0ll_v“
oft
el
N
Sl
>
12
fu

The table below provides a high-level comparison of st rftime () versus strptime ():

strftime strptime

= Zo2 Zoo] wet A S A4 Fold Y TRO R AL datetine A7
= Wash o} = 7R EAFUYG

A=) 3 AAE A WA= P

HANEZ Al F date; datetime; time datetime

He X

/\‘] “é strftime (format) strptime (date_string, format)
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strftime () and strptime () Format Codes

These methods accept format codes that can be used to parse and format dates:

>>> datetime.strptime ('31/01/22 23:59:59.999999"',
'¢d/sm/%y $H:%M:%S. 79)
datetime.datetime (2022, 1, 31, 23, 59, 59, 999999)
>>> _ .strftime (' $b %Y, $I:%M%p')

'Mon 31 Jan 2022, 11:59PM'

221989 C £&0] 273}

i
12

BEEY IS RS, BF

rlr

rlr

i
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YNPNPN; o|oj ofl LE
%a 2Y9L Z2ALY FFd (1)
o2 o=,

Sun, Mon, ---, Sat
(en_US);
So, Mo, ‘-, Sa (de_DE)

%A 8942 2A LY AA o 6))
sE0F
Sunday, Monday, ---,
Saturday (en_US);
Sonntag, Montag, ---,
Samstag (de_DE)
Sw 2921034 2,02¢ 0,1,-,6
LAdolT 62 ELYY
Ut}.
sd 2= 4 (day of the month) 01, 02, -+, 31 9)
=028 K 1035
=.
%b & 2ALY F4H 9] (1)
E0=,
Jan, Feb, -+, Dec
(en_US);
Jan, Feb, -+, Dez (de_DE)
3B S 2ALY AA o & 6))
o=,
January, February, ---,
December (en_US);
Januar, Februar, ---,
Dezember (de_DE)
Sm 42 0oz AYR 1027 01,02, -+, 12 )
T2
TX=.
Sy A 717} = &l (year) S0 00,01, -+, 99 9)
o2 A9 X] lOZﬂ—,—E
$Y A 71 7F = & (year) & 0001, 0002, -, 2013, (2)
1042, 2014, ---, 9998, 9999
°H Al 24XNZHANE 022 00,01, -+, 23 )
AP ARAFZ.
ST AN(R2AZHANE 022 01,02, -, 12 )
A EEPEESY
5P ZALY Ao 5 (1), (3)
sersl= A
ol s k= A AM, PM (en_US);
am, pm (de_DE)
&M T2 022 AP AR 00,01, -, 59 ©)
T2
E
%S ZE 00z YR 10 00,01, -+, 59 @, (9)
T2
T
St Microsecond as a decimal 000000, 000001, -, (5)
number, zero-padded to 6 999999
digits.
8.1. datetime — 7|2 EMLEAZhE 3 B o 0400, +1030, +063415, - 243

UTC 2= Al (A A7 030712.345216
tol 2 5td il FAHd).
Azt o] 5 (AA7F v (W]o] 943), UTC,GMT  (6)

o\
N
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C89 FEN A RFFA gkt R A 27k ANAT B 2FF o] duich. o] shetulHEL BF IS0
8601 7 gl o FEvieh.

XAl <o) ol =
X} =
el ISO Zv)e g 2 RES 235= AT 2 JeElY = A 7]7F 0001, 0002, -+, 2013, 2014,  (8)
= 1SO 8601 91 =. -++,9998, 9999
su ISO 8601 £ AL 10742, 12 e Atk 1,2, ,7
sv IS0 8601 2= Yo dL =9 Ao g = ARL7, =012 01,02, -+, 53 (8),
19494& 23et= =YYt )

These may not be available on all platforms when used with the st rftime () 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 rftime (3) documentation. There are also differences between platforms in handling of un-
supported format specifiers.

¥ 3,691 F7F: %6, su E 4V 7k R gl

7123 MR AL
Broadly speaking, d.strftime (fmt) acts like the time module’s time.strftime (fmt, d.
timetuple () ) although not all objects support a t imetuple () method.

For the datetime.strptime () class method, the default value is 1900-01-01T00:00:00.000: any compo-
nents not specified in the format string will be pulled from the default value.*

datetime.strptime (date_string, format) < 23 55 Ych

[datetime (* (time.strptime (date_string, format) [0:6])) J

formatel] 2 mRke] JF ol AT L2 FJH7F 23 A dddUn. o] AEL2 datetime.
strptimeo A& A FH X T time.strptimeo| A+ HH FJ YT

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, 1 900 is substituted for the year, and 1 for the month and day.

date AL AL, date AA| ] sl gro] G2 2 A] (hour), & (minute), = (second) & ©}o] 3 & X (microsec-

ond)®] E 3 7= AH§5) ghobof Fuith o AE S, 002 BhAF Utk

2o olfz, @A 2AY BANTO2E BAT 4 Ye FUTE TE FALE TP 29 FALY
A8 &= ZAE wet BE Ytk ?ﬂl_‘?_;gﬂiq]/q‘—o]a]‘_ E:TL_JE7P15H <o RS A, o
R A= strftime ] UnicodeErrorg YA 7] AY th 4l vl F244 33 4 9ay

rFE:

(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.

419000] §o] ofYE & datetime.strptime ('Feb 29', '$b $d') & ALt AL At}
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WA 3.29] 4] ¥ 7 In previous versions, st rftime () method was restricted to years >= 1900.
W A 3.39 4 ¥ 7: In version 3.2, st rftime () method was restricted to years >= 1000.

(3) When used with the st rpt ime () method, the $p directive only affects the output hour field if the $ I directive
is used to parse the hour.

(4) Unlike the t i me module, the dat et ime module does not support leap seconds.

(5) When used with the st rptime () 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) vtolH AA|e] F, 5z b sz TW T EE= W FALE ARF Uk

SECEERDEES

%z
utcoffset () is transformed into a string of the form +tHHMM[SS[.f£££££f] ], 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 £££££f is a 6-digit string giving the
number of UTC offset microseconds. The ££ffff part is omitted when the offset is a whole number of
seconds and both the £££ £ £ f 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".

H A 3704 |7 UTC L 242 & &9 2 A A] gkt

H A 3. 79 4 ¥ 7: When the $z directive is provided to the st rptime () 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"'.

%2
In strftime (), %27 is replaced by an empty string if ¢ zname () returns None; otherwise %7 is replaced
by the returned value, which must be a string.

strptime () only accepts certain values for $7:
1. AFE Y 2A Lol 3t time.tznamed &
2. 3t T H ZFuTCc L} GMT

wheba] dEoll AF e A2 JST, UTC R GMTE &S fEe & 7HE 4 YA ¥ olubE EST+
obd Ut FE3HA &2 ol s A= valueError 7} R g T}
WA 320 A ¥ 7: When the $z directive is provided to the st rpt ime () method, an aware datetime
object will be produced. The t zinfo of the result will be set to a t i mezone instance.

(7) When used with the st rpt ime () 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
ina strptime () format string. Also note that $G and %Y are not interchangeable.

(9) When used with the st rpt ime () method, the leading zero is optional for formats $d, $m, $H, I, 3M, %S, %7,
%$U, %W, and $V. Format %y does require a leading zero.

8.1. datetime — 7|2 S} A|ZHSH 245
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8.2 zoneinfo — IANA A|ZICH X|=

H A 3.90] 27}

Source code: Lib/zoneinfo

zoneinfo & Y&l PEP 61504 AW H th = IANA A| ZHof o] o] B | o] 25 A ¥ 3}7] 9] g 77 A1 74
FAEASPUL, JRACE, concinet ARaohd LU0l A0 OIEE AT g b
A 28 X700 o] 17 0.9, 2ol el el PyPlol gl AbAk irst-party) tzdata 91 7) 2 S A18 5 Ao
oA #y ot
o BW7):
X 5: datetime
ZoneInfo ZW 27 AIREH EE AAH timed} datet ime HLS AlFg ).
| 7] ] tzdata
PyPIE &3l A7t ©l| o] 6] & #5351 7] $13] CPython & A 7} L2}7} 2] K 4=} AFA}(first-party) 31
7] A].
Availability: not Emscripten, not WASI.

This module does not work or is not available on WebAssembly platforms wasm32-emscripten and
wasm32-wasi. See WebAssembly platforms for more information.

8.2.1 ZoneInfo AI25}7|

ZoneInfow datetime.tzinfo A Hlo)s 2] FAF Fd o, BA XA}, datetime. replace H| A
E X datetime.astimezones ESH tzinfool AZA3EE= AYTh

>>> from zoneinfo import ZonelInfo
>>> from datetime import datetime, timedelta

>>> dt = datetime (2020, 10, 31, 12, tzinfo=ZoneInfo ("America/Los_Angeles"))
>>> print (dt)
2020-10-31 12:00:00-07:00

>>> dt.tzname ()
'PDT'

o] W}l o 7 A datetime 5 datetime A& S = W 7 7)Y glo] I3 Ak A HA A S

t}:

filo
Au
L
v

>>> dt_add = dt + timedelta (days=1)

>>> print (dt_add)
2020-11-01 12:00:00-08:00

>>> dt_add.tzname ()
'PST'

o] A|IZtth= PEP 4950 =49 fold ol EFREE AUyt RF T AIZMS Fdshe =4 A8
A= A o ATkl A 4%/\]7“’34 ﬂﬁr)v,@ =

fold=1¢ uj ALH Yt} o &

r&‘i
=™
O
to
[l
S,
-
Hh
(@]
'_l
i
(@]
e
2
>
oo
Ao
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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 Zb ol A W gke ), fold= 2u1E gro g A4 g Uth

>>> 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{ &

zoneinfo REL A vlo] 61 & 2 A A|&3FA] ¢Fal, Al2HE A 21 AR} (first-party) PyPI
3 7] A] tzdata(QThA) N A A AR E 7FAF UL & ‘1 A= Eu st G F A2~ dlo &= ARE
7}5 3 IANA H o] Ejd o] A7} @loj A, Al 2 Hlol Bl 7} B 23 & J:ci;*é% %E Ste ZE2AEE
tzdataoll th &t SEA S A Ast= Aol E5UTh A|2H dl ol B U tzdata & 27 AFSE 5 ¢l W, ZoneInfool
st EE S &L ZoneInfoNotFoundErrorg WA A Yt}

CIIOIE] & 7
ZonelInfo (key) 7} £22 uf, A A= WA 1zrATH AR E t]HE oA key S x| 3t= oYL A
3+, A 9 51 tzdata 3 7] R of| Al A A Bl A2 25U T o] BF2 A 7R oz TS = 9HUTth
1. @8 A=A & ue 7|8 12PATHE A3t
2. TZPATHE &7 W AHSste] 4T = gl yth

=
A8 A7l reset_tzpath () dFE A3 AN A28 24T 5 JF Utk

et

Ak AlZH 7Y

The default TZPATH includes several common deployment locations for the time zone database (except on Windows,
where there are no “well-known” locations for time zone data). On POSIX systems, downstream distributors 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.

BREZYZA, FAH 3L sysconfig.get_config var () oA TZPATH 7|2 A& 715t}
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o

3 7y

flo

TZPATHE %2713} uf) (A2 E A Ao} A A} §l o] reset_tzpath ()7 &2 wjulth) zoneinfo B E
27 W4 PYTHONTZPATH(ITHHA) & AHE-3to] A A2 & A4 Pt

PYTHONTZPATH
BT AL B4 ARE TYAE o pathocpe R TR LAAY S 4 A2k ohd A
AR EY FAE o]oF U th PYTHONTZPATHO| A A = *Pﬂ] AZTUE L AFRE R R ul, 7 bk

A AZ7F AAE A 522 73 o] A2 gt} CPython2 InvalldTZPathWarnlngg HF AR
A Z] A G T P = ZRE A 84 283 FASI AU A& BRAZ 5 Ids T

Al ~elo] A2 Hl ol Bl & A SFAL tzdata 3 71 2] & T A AS-SF =5 A4St W, PYTHONTZPATH=""5
AR 2

Al
=

02

Azt

reset_tzpath () 55 AFE3L] A A 74 TZ A
212 obdUThel, B4 A 2h0) 4 2 & AHEH of 3
o) HAE Bao] LSS AL el AT

AR
(&

=
=
EEA2E

8.2.3 ZoneInfo ZciA

class zoneinfo.ZoneInfo (key)
B9 key 2 A AH IANA A ZHHE Yt E 24 datetime.tzinfo B ZH A, 715 A}
A7k et 22 4 Tttt vuEH = AAE Uty vh2 A et d, Zonelnfo.
clear_cache ()& E3F 7|A] F&23}E Aoy, o2 o] A A o] A 2 U th:

a = Zonelnfo (key)
b = ZonelInfo (key)
assert a is b

key: A9 22 A7 gl AU A 7319 POSIX 4 29] @ 4lo]ojof Fith A3atA] b2 key
7t AL E AR} valueErrors A YT

key S} X 3h= o] Yo, A= ZoneInfoNotFoundErrorgs WA Al Z Y th
JoneTnzo Zel2dle % Aol Al 48R} 92U Th

classmethod ZoneInfo.from_f£ile (fobj, /, key=None)

Hlol E Qg wieels 9 U7 AR (5 Eof vholye RER d8 sdolt} io. BytesTo AA]) ol A
zZoneInfo A& A GUT) 712 =9} 22, 4 /‘Hivr A& BT
key M7l 4= str. ()3 __repr_ () & S8 A1) o] 22 A AT L]

o] ZAE Sl WX AA = 32 %‘—’F %iQHE‘r(J] = Ad3E FxAAL).
classmethod ZoneInfo.no_cache (key)

AR A E 23] ks Al AL 712 A Aet F LA, T

AL HAEVHRE BROR 44 %5 AW b2 A RES AL 2 A2EL

g8 £= d5U
o] AAAE B BEN AR o 92 D w) o ALs mz Al 20 AN E 98T
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22 o] ARAE AEIW o 71X R A 0% IR A2 ul 7 MAD & A wgel, Bad
Aol e ALg5HAI A 2

023 28 S AEE AR 5 JdFUTh
classmethod ZoneInfo.clear_cache (¥ only_keys=None)

zoneInfo Ze XA A E FEE S A=, AL ALH A ko d, RE N7 FE7L S 2
7t 7)9) 7|2 ARl 3 TS EE A AABAS DB T

7] o] 59 o|H#HE o] only keys W/ WMo AL, (AHH 7| 7)Ao A AF Uk
only_keysol AL A AN A 2HE 4= ¢l 7= FAH UTh

i o] 8 T2 o 7] RS A 2R ZoneInfod AR SHE B AIZEY oujE W AT
T AsUth ol Z2 A2 A A FelE £A R FUNS AFE v 5 dF U
3 Ao v AL A 2

o] 2 2ol st A ERET AFUTh
Zonelnfo.key

o] AL 97] Mg o EFEH AR AL key 9] FhE ¥H8Hel=t], IANA A 7Hof| o] o] E] #] o]
29 ZQ 7] o] o] of 51'\/]1’/}( £ £9] America/New_York, Europe/Paris =+ Asia/Tokyo).

key "7} A5 A 8kA] 9FaL spd ol A Add A dThe] B¢, None o2 AR H Yt

Fi: oS HF AHRANA =&t Al
et = 712 712 AAE e ‘i’f,/\}*‘lx}ﬁﬁ‘?ﬂ . he
Locale Data Repository) 7 22 Z 2 A € 2 A}-2-3}H o] 2] 3 7] o] A T AF& A 21314
& gz

ot

2AE ®

ZoneInfo Ao 3l st r& TS I8 T = EXY L 7| BA O 7 Zonelnfo.key o EFHEE
NEEIC (2 HE AYA] A5 Hol B8 B2 T HAA 2);

>>> zone = ZoneInfo ("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]'

r() &2 YAH Yt} zoneInfo

key W7} W5 2] 514 %}j oA B 7“%1 o A%, str rep
2 JARL F2 T zonelnfo 7178 & fl5 0l

O] repr +d Hojol WA o REEA] kAU &
HAE Y
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o2 =gst

2 E A3t do]gE AP sl= A, ZoneInfo AA= 7|12 I P35 v g LA BAH zoneInfo AA=
(AR H key & 7H AA 24 qu_t & 2= g2 T)

ZoneTInfo 3t o] =22 5} A A kAl of wha} th= Ut}

1. ZzoneInfo (key): 7] &2 AAAZE AAAE uf, ZoneInfo AAE= 712 AE83E 1, 9 23T o, o
Z] Eﬂp:]_ _LE)\ﬂ/\I— 7]_@ /\g}d;q,_é_ }\],_9:3]]/\1 /\]7}1:]]0]] r,H—a]- 1;].2_ z]—zg,]. e 714;]]7],9 7}—]\2_; o:]]
O}Q‘/]D]' o| £ £, europe_berlin_pkl 0] zoneInfo ("Europe/Berlin") oA AAH 3 &2

;1._?3 ]_L«_ .‘_:,’_x}od o]lﬁ, Iq_ _,,]. 71-‘0_ 57(1—0] o&]]/ﬂ—l?lblq_

>>> a = ZoneInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl)
>>> a is b

True

2. zoneInfo.no_cache (key): WAl 3] AA AN A A E ul, ©] ZoneInfo AA L 7| &2 A HI}5 X
o o AHE3E o, o APE3 L ZAMNAE INA] 3] A AE AFL S T europe_berlin pkl_nc
7} ZoneInfo.no_cache ("Europe/Berlin") oA AAH 1 ZF& 235tE= Expdold, o237 2
2 Aol g Yt

>>> a = Zonelnfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl_nc)
>>> a is b

False

3. ZoneInfo.from_file (fobj, /, key=None): 3tdo|A AAAE uf], ZoneInfo AA = ¥ & 5}
T SHE o) AN AT HE A AT Lol A BAE zoneTnfo R 52 3 A5,
Folu AFERF ALY A E3) 4E AS S Aol E5UTH 712 A d35tst AL 3t AA Y WES
Agsa A S she

A PPN YA A B3 BEAN Feh9 ol LI Sk 5 )
#4317, 2319 4 483 5 w4 22w .

WA A7 d o] B 7} Q= S oA 529 = ZonelnfOE q -4%% St A7) Aol osl B
A syt

zoneinfo.available timezones()
A7t A2 2] o] oA A AR 7FsBHIANA Al ZH ol 88t 2= 717 23E AL 7FA U Th
o] AL T+ EXHLHHU}DP THA] Al AR Y T

o] 4=+ ¥ A (canonical) Al ZFof o] & T

2381al posix/ 2 right/ H ol & Aol
posixrules A7t &} 22 “E A= £

SHA] ks Ut

R o Gk A5 ASANA L EHAEE AATA ek UTh A8 W 250 A9, 58 =
2 732 CLDR (the Unicode Common Locale Data Repository) ¥} Z+-2 212 AL-8-3}o] o A8} 215}4 <l
A S 7FA 2oF U T Zonelnfo. keydl = F AT T FAZ A A] L.
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zoneinfo.reset_tzpath (fo=None)

BREY AU AN AR (1zPATH)E AAAU AAAZTUTh A2 glo] &3, T2PATHTL 7] &
71—_2§A47<49141:}'

reset_tzpathE S E3E Zonelnfo A7} F & 7L = A ¢kobA, 7] ZoneInfo 273 Aol tf &k
TS MNA FEe] Hollwt A TzPATHE AR T

to M7} M= AL ol vt os. PathLikel] Al A olofok st Fx1G o] opd Ut BF Ao H 2o
oF BT} A A= 0]9) 9] Aol AL W valuekrror7b 2T Th

825 MH

zoneinfo.TZPATH
A A A28 et E 97 A8 Al - 7]l A ZoneInfoE AT wf, 7] &= TZ2PATHY] Z+
Fmol A0, 2AH A WA shlo] A8 Uk,
TZPATHE 74 " Aol 2o A2t =& < o, Ao A2 & 2 23skA syt
zoneinfo.TZPATH7} 7}E] 7| & AR = reset_tzpath()o] thst &0 wrzl HAE 5= o] A],

zoneinfool A TZPATHE YXE 3 AY 9] 71 ¥4 zoneinfo.TZPATHE Tl Y3+ oAl
zoneinfo.TZPATHE A} 3= Al o] =25 U]

A A A& 3ol i AA & A E e Tl o B s P

e

ZAAI L.

8.2.6 o2t B1n

exception zoneinfo.ZoneInfoNotFoundError
ARE A5 N2dol A 2L % QolA Zonelnro AR Ao Ash m FAFIE o] AL
KeyErrord A B Za~dch

exception zoneinfo.InvalidTZPathWarning
PYTHONTZPATHO| /gt A2 ¢} o] e d FASHA ¢b2 774 247 245 o] S wf AU Th

8.3 calendar — Qd} Ciad 113 Sk

A2 F E: Lib/calendar.py

o] RES AR
AZ Tk 7]
Fo AR G
S oA A 2
o 55l 218 s Fel ARG S AT PUgon 22 $449 8 2 neld,
o] A& Dershowitz £} Reingold 2] A A] “Calendrical Calculations” ]| b‘rﬁ’_ = «“od A 1.9 21 2] (prolepti

el o) Foof dA e, BE A4k 712 G dUth 0 29 A= =1S08601 EFol #8E e A d
Utk 0d2BC1d,-1d-2BC2d SHYTh

class calendar.Calendar (firstweekday=0)

Creates a Calendar object. firstweekday is an integer specifying the first day of the week. MONDAY is O (the
default), SUNDAYis 6.
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Calendar QA+ X" S & €2 dlolEE E03te ol AT 5= I+ 2 /A WAHMEE AT
Utk ol Felat Aam 2uYe £AA LTk o= Au 2ol g2t
Calendar A2® A& T3 22 WA E7} Q51U th
iterweekdays ()
&3 S AEE 29 WEe oHeolHE wHF Uk olHuH A WA gL
firstweekday ZZ ¥ E| gt3 254}
itermonthdates (year, month)
year A% 2] month 4 (1-12) 5 <F2] o] E] g o] E| E v}
(datetime.date AAZ)T} AT FE A7) YY) =
F29 o) Fe) RE IS ukahg
itermonthdays (year, month)

itermonthdates ()2} FAFSHA year A= 9 month 4 5 < B 31
datetime.date B ZE A|dtE A 5yl w3td % S Y S AsYgYnh AAZE
Eutzo Jde=dY A e HEE=0Yg Ytk

itermonthdays2 (year, month)

itermonthdates ()&} FASHAl year A X2 month 8 5 <¢H o]H g o] H & w3 A] vl
datetime.date HYE A3tE ] A5 Uth vlgdmg e 4 = JHT QA TR
FEAY .

itermonthdays3 (year, month)

Lﬂqwﬂomﬂﬂa =92 8

=
mEn:

itermonthdates ()} FAFSHA year A X 9] month & F <2 o] g d o] E] & ¥I3H35}H A 1,
datetime.date HYZ AStE 7] G5 Uth ddEd G2 A5, € 2 9 S E 5= FA44

REU
WA 3.7 27}

itermonthdays4 (year, month)

itermonthdates () 2} FAFSHAl year A= ] month 4 %
datetime.date B & A|dtE A S5t vlgds 4o o
FEEETE
WA 3.70] &7}

monthdatescalendar (year, month)
year® month Lol Y= F9 F2EE AA F=2 &gt FE=7709 datetime.date A
SPNYSIEY

monthdays2calendar (year, month)
year?] month Qo Y& F2] P2EE AA F2Z AT ULL T d NI} 2 A NS FE 779
ST

monthdayscalendar (year, month)
veare) month Aol & o) e|2EE WA F 2 FAF o).

N
rr
e
9
fol
N |
=
o
)

be

m

o,
°
i)

yeardatescalendar (year, width=3)
zo)g 2uE A4H AT doE S MAF U W18 e 2 B HAE T 7 Y 3
A1 widh 81 G2 90 TR0k o A2 4658 TN 4 21728 LTI,
3L gatetime.date AA YU Tl

yeardays2calendar (year, width=3)

Eojg 208 A3Y A5 P68 MBHUD (yeardatescalendar () S FARI . F
PaEe] FEe Y WEe 29 NEe] FEYUT old el g B E 09Tk
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yeardayscalendar (year, width=3)
zojg 24 E A AHH A= dolHE w3 Ut) (yveardatescalendar () 2F -FAFFUTLH. F
PrEd g G M AUk oY el & MEE 0y

class calendar.TextCalendar (firstweekday=0)
ol e Fw HaE g A= vl A S+ syt

TextCalendar Q12E Ao = 23 28 WA =7} 95Ut}

formatmonth (theyear, themonth, w=0, I=0)
del B o7 2 AL BBFIY. wi ABHY, AL AR L A D9
HE AAZF UL [o] AlFHW, 2t 27 AT & 5 AR USE AR ARH AV

set firstweekday () MIAEE A48 A WA 2 Qo] we} EU T},

prmonth (theyear, themonth, w=0, [=0)
formatmonth () o Al W33 Yo &L ol

¥

formatyear (theyear, w=2, I=1, c=6, m=3)
AA A m-G FEL o F BALR HHF U A A W) W5 w1 D ot 42 A D
yu|, 2 & 5 2 9 4 Atol9 aF o)A YUt AR AAHE ALt setfirstweekday ()
A2 AHE A dA o met iUtk @89S AN &= A= 7P A= S 3

we} g U

pryear (theyear, w=2, I=1, c=6, m=3)
Formatyear () oA W8 Ax o] BEe AT
class calendar.HTMLCalendar (firstweekday=0)
o] 2ol HIML 292 A48 o A8 8 5 d5th
HTMLCalendar 1€ 2o &= tha3} 22 WA =7 5T
formatmonth (theyear, themonth, withyear=True)
4o] &S HTML H o] 2 & W33t t}. withyear 7} o)W AX 7} s vlo] 235 1, 28 A 9o
H 4 o] F AR YT
formatyear (theyear, width=3)
A= 9] &8 HTML H o] &2 Bttt widh(71 232 3) = 3 T ML 5 A

=2 72

o
d
°
o

formatyearpage (theyear, width=3, css="calendar.css’, encoding=None)
A= G GHTHIML o) o] A 2 W&ty th. width(7] 2312 3)= & 7 N E +F A4 Y
th st AHE R A 2A 0 Y 28k A =9 o] EYUnk 2B A ES AH§3A] 8O W Noned
AT 4 AFUTh encoding& = AHEE JAIF G S AR IUT (V272 A" 718 A=
FAY.

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 @& oA AL&8l= CSS S 25 AHEAF A9 67] 98 A& + e o=

e =g HEs AUtk

cssclasses
ZF Qo AFEEE=CSS 22 B2 E. 7|2 FHj 2 g2 EE U3 25 th

[Cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"]
7 ol B e 2B S 248 5 Yy th
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[cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red"] ]

o] gxE ] Bol= 779l F= ol foFH41A 2.
cssclass_noday

Adgol) thg 2ol 543k 2 de) €SS 222,

WA 3.7 F7}.

cssclasses_weekday head

] Aol Q= 2 o] 2o AFRH = CSS Z e~ B AE., | RIS cssclasses? U Th

B A 3.79] E7F

cssclass_month_head

Y 3= CSS Z ;A (formatmonthname () ANA AL YUTH. 71 2 ZFE "month" YU T}

WA 3.7 =7}

cssclass_month

4 AR " o] B2 CSS Fel (Formatmonth () Al A AHEHUTH. 7] 2

B A 3.70] 7}

cssclass_year

ZXE "month" Y4yt

A% AR 7 CSS F (Formatyear () oA ALEF U, 7| 2 ZES "year" YU Th

B A 3.79] E7F

cssclass_year_head

= AA 9 Ho)E F =2 CSS ZFA (formatyear () ANA AAEHYTH. 71 E 7L "year" ¢

[Rh=
WA 3.7 =7}

A A Adg sk E""/H/\ AEFGREY o5& oA (9 &
cssclass_noday), 1A CSS ZHYPAE Ado]ag TEHCSS TP~ =

& ¥ tsd Zsyth

_I]ﬂl m]n

o]

cssclass_month

2 uHE 4 gk

["textfbold text-red"

52 HIMLCalendar& AHEAF A 9 3H= W of] o §F o T}

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"

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 HTMLCalendar can be passed a locale name in the constructor and will return month and

weekday names in the specified locale.
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ZF31: The constructor, formatweekday () and formatmonthname () methods of these two classes temporarily
change the LC_TIME locale to the given locale. Because the current locale is a process-wide setting, they are not thread-
safe.

e g aE g

sl o]l BE2 thE - E AT
calendar.setfirstweekday (weekday)
3 Al Z DS weekday(02 92 Y, 6 d2d) 2 A FUh HoE 9|8 MONDAY, TUESDAY,
WEDNESDAY, THURSDAY, FRIDAY, SATURDAY R SUNDAY Fo] Algd8 Uth ¢ & 59, 3 A WA
g adgaw /\4%—]3]_3:]1:1-
= 22 =20 R

o

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()

7 78 A2t 299 A4 432wk
calendar.isleap (year)

year7} &l ol A Trueg, 18X O W rFalses W&
calendar.leapdays (y/, y2)

yIolA y2(+-5 BA AlL]) WA & do 5 v Uth o714 yI 2= A=A Yth

o] T4 Al 7] (century) o] W35 Z &t M ol A 25 Fch
calendar .weekday (year, month, day)

year (1970-+++), month (1-12),day (1-31)2] £ < (0> €2 ¥) S w3y

<
o

calendar.weekheader (n)
b4 29 o) Zo] EHT S WYL Th 02 § 7 YHE B4 52 AT
calendar.monthrange (year, month)
R A year 2} montholl sl 2] A WA Fe] @ A3t o] F & Hi3ghy )
calendar .monthcalendar (year, month)
3 2o 292 et 3P 2 BB th 4 9L 22 ey th 9 ige] L 00% B
Uth setfirstweekday () 2 AR A b & 2t & L8 Lol A&
calendar .prmonth (theyear, themonth, w=0, I=0)
month () 7} 9t&el= 9o &8-S A4t
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.precal (year, w=0, I=0, c=6, m=3)
calendar ()OI A W8 & AT AA 2EL AT
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)

Cime WS gntine () R47L HASE AT 2L A FEL A5, 197049) A23} POSIX
292 AR AT FU2 GdLDE G2 WS Dol YAW AT B AAZ, ¢ ine.
gmtime ()3} timegm ()& A2 9 F-dh

calendar RE-L tha HlolH A EYHEE YE YT
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calendar.day_name

A4 2A Lo} 24 vhehl W
calendar.day_abbr

A 2A L kA 2 IS e
calendar.month_name

QA 2 AN A% B2 LehiE e, ol 190 @ ME 19l Ak
13°]3 month_name[0] 2 ¥l BEx1<E Jch

<.

rlr

ro
41
N
tjo
R=A
il

o
fru
N
o

Ir

calendar.month_abbr
AR =ALANA A5 o4 A e WD, ot 190 9 WE 19 WA FHE B,
Zo]E=13°] A month_abbr[0] 2 ¥ B4 Jct

[«

calendar .MONDAY
calendar.TUESDAY
calendar .WEDNESDAY
calendar.THURSDAY
calendar.FRIDAY
calendar.SATURDAY
calendar.SUNDAY
Aliases for day numbers, where MONDAY is O and SUNDAY is 6.

The calendar module defines the following exceptions:

exception calendar.IllegalMonthError (month)
A subclass of ValueError, raised when the given month number is outside of the range 1-12 (inclusive).
month
The invalid month number.
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.
o B7):

X E datetime
time REI} FAF

ok

7Is& 7HA 2 AL A Zbell v @ A A% Q1 E 3 o] .

BE time
Az AT BA T

AR

N

8.3.1 Command-Line Usage

B A 2.50]] &7},

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]
[year] [month]

For example, to print a calendar for the year 2000:

256 Chapter 8. H|O|E{&



The Python Library Reference, 2l2|A 3.11.10

$ 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 17 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 9 10
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
2 3 4 5 6 7 8 6 7 8 9 10 11 12 4 5 6 7 8 9 10
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. ——encodingisrequired if ——I1ocale is set.
——type {text,html}, -t {text,html}

Print the calendar to the terminal as text, or as an HTML document.

year

The year to print the calendar for. Must be a number between 1 and 9999. 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.
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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 — Z1E|0|L4 H|O|E{H

A2 F X Lib/collections/__init__.py
o] B2 o] W WA AH o]\ dict, list, set B tupled] W th IS A&t S AE ol
oy FEF

namedtuple () ©°lF B2 IZEEZA=FEAB ZY2E RS/ AT IR A
deque FE oA mWEA F71eF AAE T 5 = B 2ER AH v
ChainMap oo g dd RE =S gHVF oL
Counter dict subclass for counting hashable objects
OrderedDict 5o F71H ¢A & 7|93 9 AR F& &
defaultdict 28 & AT 9o Axe] B4 5 T2 G AR T
UserDict g4 gAY AR ZYAL Y8 DAY g AASE 2RE=
UserList oS HaE Au ZHAS A5 HAE ARE A oo
Userstring U 4e BAE AR 242 93 24D AA S Ak el

8.4.1 ChainMap ZHi]|

B A 339 E7}

Chainvap 2eat e MBS mes Adstel B B2 AT 4 Y= Tk BF 2L 94

e & BE1 A8 update () &S AW st AR I w5t

o) ZelAt FHY 2TEE ABY AT vl ST 5 o BE2o] F8TUT
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class collections.ChainMap (*maps)

ChainMap2 o8] YA U o vfd& @7 Fof BA 7Hs & d 7E v th maps7h A1 8 = A
o, A A9lo] G4 ko] 45l v Fol w2, B &4 2 Shubsk A FH U

Rl
EAEC AU o] FREE ¥

G- R  C Mol maps ] E B HEE AFE3Fo] AN 23 AU
3AE = 5yt g2 A= glsyth

23 = 718 g2 i 7bA o wi S A A Y b of], 22 7], B4l E AHA = A A wf 3 of gk 2
ot

ChainMap< St W< #22 SEFUTH
ChainMapol REH U

dubA A g e WA E7t BE QAP UTh ESH maps ol E]RE, | A B AEAES 7HE &= v A
=g 3 AR )P L AL BE Aol AN AFE= =2 HE 7 QST

o} v
webA sl % sho) A4 E W S 8 A Aol

maps
A8 A AN Vs B o HAE. Y AEE WA AT A0l Tl AUTE LA HEY
. A4H g3 Aol e AAT AL WAREE £AT 5 A5 A 34 S

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
thatacalltod.new_child () isequivalentto: ChainMap ({}, *d.maps). If anykeyword 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.

WA 34004 A A A m ol 7)) W 4=7F 2745 5 T
WA 3.109 A ¥ 7 : Keyword arguments support was added.

parents
I LR K R A 64;<H AN2E29 BE WS T Al ChainMaps RE8HeHE Z 2 5 F.
Al 3 A e AU o R8I S A 5 A8 el A
nonlocal 7| E&} FAFU T AR Abell = WA super () 59 % AU T d.parents

-

L

-

L

of gt 3 F+ ChainMap (*d.maps[1:]) & 55 FYth
Chainiap () 9] ol H# o] A A& )3 & npA ekl A 3 WAl o2 2 3te] 24Ut
>>> baseline = {'music': 'bach', 'art': 'rembrandt'}
>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))
['music', 'art', 'opera']
o] Z1-Z whAl g w F o A Al FSk= A dict.update () & 22 SAE AFTFUTH
>>> combined = baseline.copy ()

>>> combined.update (adjustments)
>>> list (combined)
['music', 'art', 'opera'l]

WA 3904 W7: PEP 5840) X]QH, | &} |= A4k}l o & 2] ¥ o] 71 A5 U th

] ®17):

Enthought CodeTools 3 7] A] 2] MultiContext = ] 2~ ol &= A Q12] R E nj 3 0 2 2] A 7|5 A Ydl= F 4 9]
A5 Yt

&= 312 913 Django ] Context Z e ~% ¢17] A& w8 A AJUth E3FF new _child() WA=}
parents L2 E 2} FALSHA A YA EE F A (push) 5+ F(pop) 3H= 715 0] AUt
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ol A AR v Foll kA &= =4 ofy ™ A Ao ZE

ChainMap Ol A2} =28

o] o= A oz &

ghoj o] Yi 23] A A= Algd o] dste o:

2
o
rr
v
o2
ol
i)
rl
ol
1>
o
2
£
oy
A
o

import builtins
pylookup = ChainMap (locals (), globals (), vars(builtins))

AR A B E QA AR A, S M ZEgE G FASES st o

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'])

ZH9 AdAEEZ N EY 0| A87] 3l ChainMap FEAE AHEFHE o A T8

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

d['x'] =1 # Set value in current context

dl'x"] # Get first key in the chain of contexts

del d['x"] # Delete from current context

list (d) # All nested values

k in d # Check all nested values

len (d) # Number of nested values

d.items () # All nested items

dict (d) # Flatten into a regular dictionary

ChainMap Zefj 2= A NS A AR v 3 7k A (22 7] 2} AHA) FA vk, 23] = A A Al S AT 218
U, 42 2719 A A7 B a5, Al Q1S O Z-& 3ol A HAH 7| E ABAlsteE AR ZFHAE g4A BwE S

%k

class DeepChainMap (ChainMap) :
'Variant of ChainMap that allows direct updates to inner scopes'

def _ setitem__ (self, key, value):
for mapping in self.maps:

(Th& sl el Ao A<
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(o148 s o] A oAl Al A
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 mappingl[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 ZHF|

et meA A5 E AES ADSE AS7 £ AZE U o8 S

>>> # 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)]

class collections.Counter ( [iterable-or-mapping] )

A Counter is 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.

St o H B R E AL AL ohE v g (£ ALl A 2758 Ytk

>>> ¢ = Counter () # a new, empty counter

>>> ¢ = Counter ('gallahad') # a new counter from an iterable
>>> ¢ = Counter({'red': 4, 'blue': 2}) # a new counter from a mapping
>>> ¢ = Counter (cats=4, dogs=8) # a new counter from keyword args

A7) AA = F2E 2o Ud)] keyErrors BAYA 7= Al 0L Biskslt= AL A 95l YA
el dE o]~ E Zhg U th
>>> ¢ = Counter(['eggs', 'ham'])

>>> c['bacon'] # count of a missing element is zero
0
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A5E002 ARHNE A5 NN 227 A AR A U Th BAS A7 5] del & AH§IHAA 2

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry

B A 3.10] =7}

WA 3794 W 7: 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 en-
countered 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 ()
MeE HtEE = 2400 Uld o] g g o] HE Wl th 84+ AL 245 = AUz vy
b]D}. 29 W71 ET B oW elements ()& °l& FAIFUTH

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[Val, lal, laV, lal, lbl’ lbl]

most__common ( [n] )

n N 7V B8 Q49 I A4S A B3 A RE 7}ﬂ AL Ao 2 g g 2EE g
Ytk no] A= ﬂﬂ»}Noneol 3, most_common ()& A%719] BE 8 28 WEIUCh A%
2 24e A dad A4S KA YH

>>> Counter ('abracadabra') .most_common (3)
[('a', 5), ('b', 2), ('r', 2)]

subtract ( [iterable-or—mapping] )
ol HEo U HE WB (Es AF7N)LE2RH & 2452 WYth dict.update () & ¥[8t
= l‘j_ 1 2

A RE A sh= tAl e E U 83 =9

>>> ¢ = 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, "e’s =3, "ez =6})

WA 3200 E7F
total ()

Compute the sum of the counts.

>>> ¢ = Counter (a=10, b=5, c=0)
>>> c.total ()
15

v A 3.100] =7}

dubAQl g g MM EE counter AAol] AHEE 4 AFUTHRE F WA == A 570l A th2 A
e l=n
fromkeys (iterable)

ol e MM EE Counter AA o FHE A G UFUTH
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update ( [iterable-or-mapping] )
a4+ olHEEAA A AU thE w3 (Ee A7) oA gl J Utk dict.update () & ¥R

Al Aoz 7yt

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] A ¥ 7 : Rich comparison operations were added.

H A 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.

Counter A& 2] st ARbA A &

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 () # convert to a list of (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

+c # 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: c[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})

>>> c == # equality: c[x] == d[x]

False

>>> ¢ <= d # inclusion: c[x] <= d[x]

False

S sAA wAL W ALV E U AL AFTIE e 2 9 2T AU

>>> ¢ = Counter (a=2, b=-4)
>>> +¢

Counter ({'a': 2})

>>> —¢

Counter ({'b': 4})

WA 3300 F7h B Fel, g wholu s R AR BE] A A4bel ek A o] F ks Sl L eh

Fm: AS7)E 2 ¥ 442 450l A58 HEHES 44 A5 Utk T8, thE Yol &4
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D23 g AAE FR A MANA GES 72 AeAEUTh old @ AS Ado] 28]
2, 0] L 4 W99 § AT ATS AT

Counter 2] AA = 719} ZHoll Al dto] Y= A E AE ZEPA2duUth e M4E ey =
AR JEHJAT, 3L B ¥ Aol AFE 5 AT

most_common () B A B kol thsl &A1 & F3hh

clkeyl += 13 22 A Ate] Ao 42, g}aﬂ o ci Ayl W AT A 5 g
(fractions), -5 A5 (floats) ¥ 4] %1 5~ (decimals) 7} 25 5} 19
subtract ()°l] siA = U]—?}l—ﬂ—}] ?ltﬂ, QP nT
HE] Al (multiset) WA ==
e s St AR N s SME RO
A Qs oF Fhich.

elements () MIAEE A5 /i4E 278U 04 = e FAIGU S

[o

Ytk webA B4
Ut} update ()2

SUth 482 &40 A0

(3]
AN
G Fe w2 s

o BW7):

2~E & 3 (Smalltalk) &] Bag = 2j] 2.
Multisets]] o] §F 9] 7] 3] tf o} 5.
A A 7F 2= C++ multisets AF<5A].

HE] Aof tf st =38+ A4k}t T AR Abd oll th8 A<=, Knuth, Donald. The Art of Computer Programming
Volume II, Sect10n4 6.3, Exercise 195 ZZ 3 A L.
Fol 24 ool tal] o4 2719 B A= b8 HE A A, itertools.

combinations_with_replacement ()& FZIHAL:

[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| ] & A Z oA L EZ O = (append () & AHE A1) 2713 A ©l 3 (deque) A A& RHSH
U T} iterableS A L JalA] ko, A ol 2= vo] Y5y Th

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 11 st 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, wv) operations which change both the size and position
of the underlying data representation.

maxlen©] 2| Q= A ¢& 7| Lt None o |, H| & 499 Ao]2 A = lsuty. 18X ¢fow, tas
AR A Aol 2 AP Uk A AE Aole] vlAat A5 A, A FEo| 742w, st
o ol Wol% Tl 4 AAF YT AR Aole) Hlas funo cail AHS FAD 7158
AlFFUcth =3 71 A2 Rt A4l o] = ERALTR 7| e v olH & FH5t= ol +&dYth
deque 24| = th= I =5 A D d Y Th
append (x)

29 2 E&xE F7HYth
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appendleft (x)

9] A%l v 8 F7hghch
clear ()

oA BE 245 Al Asta Ze]7t0d] el 2 Tyt
copy ()

dae] gL BARE BEYT

WA 359 F7F
count (x)

x ot Z2dHa s 5 Ay

WA 320 7}
extend (iterable)

iterable QAP A 2 2 48 F718to] 29 L 52 I
extendleft (iterable)

iterableo) A & .48 F71810] ¥l 29 A% B4 ) 9] AZ F 71 iterable ARl e

o) NS A ATE FUT
index (x[, start[ stop] ] )

HlZo 9l xo) 91318 WEE (8 2 st E 1 o), 22l 3 QH 2 siop o) 7). A MA
A& VB AY 2L 5 900 valuerrorg AN Th

WA 3500 7}
insert (i, x)
xE H 29 iAo A Gt ch
Al o 2 Q3 A std Z )9 t| A7} maxien 0] 0.2 AR W, IndexError7} &S T}
WA 3.50] 27}
pop ()
W3 e 2% 248 AASL AU 247 oW, Tndexsrrorg BAA R YT
popleft ()
W2 A&l 248 AART HAFUTH 247} QoW Indexprrorg TAA AT
remove (value)
value®] A WA FES A AT S 4 QoW valueErrors WA 7 Th
reverse ()
g3 2452 AR A £AE H AT NoneS vrash ).
A 3.20] F7}
rotate (n=I)
HasndA o8z aiﬁﬁﬂq
L
%

Tt} n
=7} H)o] QA 9row, 2 3 oA 3 A= A2 d.appendleft (d.pop()) I 5%
33, A& o7 3ol 73]5] 2 d.append (d.popleft ()) & 55Ut

03 AxE shte) 27 Ag olE e RER AT

o] $ol, AF o 2 3 At
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maxlen
3o HAo =27] == A 3lo] ¢ 2™ None.
WA 3.10] F7}.

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[0] 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.

WA3S5HE, 3+ __add_ (),
o:

mul__ () @ __imul () & ALFYL)

>>> from collections import deque

>>> d = deque('ghi') # make a new deque with three items
>>> for elem in d:

print (elem.upper())

S

iterate over the deque's elements

jas]

>>> d.append('j") # add a new entry to the right side
>>> d.appendleft ('f'") 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
ljl

>>> d.popleft () # return and remove the leftmost item
Ve

>>> list (d) # list the contents of the deque
['g', 'h', 'i']

>>> d[0] # peek at leftmost item

lgl

>>> d[-1] # peek at rightmost item

lil

>>> list (reversed(d)) # list the contents of a deque in reverse
['i', 'h', 'g']

>>> 'h' in d # search the deque

True

>>> d.extend('Jjk1l") # add multiple elements at once

>>> d

deque(['g', 'h', 'i', '3', 'k', '1l'])

>>> d.rotate (1) # right rotation

>>> d

deque(['l', 'g', 'h', 'i', '3', 'k'])

>>> d.rotate(-1) # left rotation

>>> d

deque(['g', 'h'I 'i'l vjv, 'k', vlv])

>>> deque (reversed(d)) # make a new deque in reverse order
deque([ll|, 'kl, 'jl, 'i', 'h" 'g'])

>>> 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 ()
IndexError: pop from an empty deque

(Th& sl el Aol A<
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(e1A sl o] A ol A AI5)

>>> d.extendleft ('abc') # extendleft () reverses the input order
>>> d
deque(['c', 'b', 'a'l)

deque X2|H

o] Ao Pl A% st Thae g A

o
AD dolo Bat 2 tail BEH G FA 152 AZ T

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (£, n)

S8 AHE S E bR A LEF] 2/h5a ABo)A B Sl H 2ol F7hE 240 AW

s Agth

it
Ho
X

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

=

®
Mo
Ty
tu
rE

o

2~ 7| = & (round-robin scheduler)+= deque®] A FH 43 o] olHE +dT 4 J5Uth 9 X
olEj & o] ol A Zhkol A2 Ut L o] #E o|H 7L AR, poplert ()2 A AT 5 d5Y
_@memﬂ)ﬂﬂciﬂoiﬁﬁﬁﬁbpkm%qq:

—ﬂfﬂ
'1"0_1.4

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 () MAEE deque o]/ A& v_’—fﬂﬁ}% e AsdUrh A& E0l,del din] 9 &5
glol A THL T E 2409 —,47(]»‘;; }7] 918l rotate ( l Ao &gyt

def delete_nth(d, n):
d.rotate (—n)
d.popleft ()
d.rotate (n)
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deque Sekol A S TR, U4 R4E 029 AT AA LS A rotate ) B ABFE FAD
A2 AL AN L oplef ()2 o)A FEL A AstA, extend () B M| FES =713 th2, 3 AL
of ¢

EIE%MEP o] JH 41 oF7tel W& 7}F8HH, dup, drop, swap, over, pick, rot % rol13} 22 Forth
2B ~H Z@%ﬂ AFEE S AdFUTH

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 di ct class and
is not documented here.

3 WA QAR derault_factory ol ZEHES ZAZE AT R /- L None I . 1ol A
BE A= A= AAE TE dict A4l A wohubRslA 2 AFE U

defaultdict AA|E= & dict QA= O WA =& XAy}
_ _missing _ (key)

default_factory 9| E2]HE 7} None©o|H, keyE QAZ A& 3t+= KeyError 99 71 WA &

Yk,

default_factory7}None©] o, Fo] 2 keyol] th 3l 7] 2 72 A 531 7] Yol 21A} Qo] &
v, W& 2 key2 A 2ol A Y 2 ek Yok

default_factorys & uj| o2 7} AA 3} o] o &)= H A 2| ok Aspbg ).

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_factory.

defaultdict AA& tha d2HA AFLE Ay eh

default_factory

ol lEEBEL  nissing () WAEOA AEFUTH A4 A WA 47} 9ow 1A
02 9O Nonel & 7|3 Ut}

HZA 3904 A7 PEP 5840] 2| FH, W& ()3 Jdlo|E (=) A A7 F 71 55Ut

defaultdict O

ol
i
]
4
X0,
oy

listE default_factory® AF&SHA, 7]-3F B Al AAE gl2E UV EE A 153
Ytk

>>> s = [('yellow', 1), ('blue', 2), ('yellow', 3), ('blue', 4), ('red', 1)]
>>> d = defaultdict (list)
>>> for k, v in s:

dlk] .append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 3])]

2717 A& BAD W, oFA v)Fol 9] @A BT TeA default ractory §4E Ag el 2ol
Az o g utEojx =g, ¥l 1istE WEsYth 23 o2 1ist.append () AAko] k2 Af | AE o F7}
FUTE 718 A B, 23] 7 B4 AH 02 A9 E A (A 7)Y B AEE R}, list . append ()
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ALME ThE fe 2B 7MY o] 7| & dict . setdefault () & AHE ok T5 3 71 H ok ek
Shar w5 ok
>>> d = {}
>>> for k, v in s:
d.setdefault (k, []) .append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 31)]

default_factorys int® A A3 defaultdictE Al=(counting) B &34 AR 4= JF5Y T (t}
£ Adojo] ¥l (bag) o] 1} H E] Al (multiset) 2] H):

>>> s = 'mississippi'
>>> d defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items())
[¢ri'y, 4), ('m', 1), ('p'y 2), ('s', 4)]

BN FHH OB R, default_factory FE int () S TEF] 7|2 A
i3 = R

QA4Le 7h £ A1) A58 Fohtzh o,

G402 WBBLE P4 int () A4 Y SRR 9L YUt A5 FLE UEL HutEn FAS
g (@2 00] ohleh 9919 A5 e AR T 5 gt Ik 52 ST AU

>>> def constant_factory(value) :
. return lambda: value
>>> d = defaultdict (constant_factory('<missing>"))
>>> d.update (name='John', action='ran')
>>> ! to ''% d
'John ran to <missing>'

default_factorys setS & AAJIH, defaultdictE F e GV E W=+ o 5834 54

t}:

>>> s = [('red', 1), ('blue', 2), ('red', 3), ('blue', 4), ('red', 1), ('blue', 4)]
>>> d defaultdict (set)
>>> for k, v in s:

d[k] .add (v)

>>> sorted(d.items())
[('blue', {2, 4}), ('red', {1, 3})]1

WYE FEL FEY 4 0] 9uE Folstn ¥ 7] 41 258 A9 IES HEES Fu
Qi FEo] A5 = Fol2hu ol el A ALE T 4 gow, 914 AH A T4l o] Bo® WEo] oA A
7%5-& Z7Hh o

collections.namedtuple (typename, field_names, *, rename=False, defaults=None, module=None)
typenameo| 2 o1 20 A FE A H 2o~ BB ML AH et dHAE L o5 Y H
Aol o ERlHE 23] AHA TS5 YE AEE P FER AN E BES A AFH UG,
B ZF 29 Ad2EH2oE F835F 52 E 7 (typename 7} field_names S =S U H I FZ U &2
name=value A 22 Udst= 783 repr () WA= AFUTH

rﬂl

o -
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field_names<= ['x', 'y']9t 2 AL A AEAUT EE, field_names< 7 =T o] g4 Bl/E
CHER TEE U AL £ ST o2 50 'x vy} 'k, v

Wz AAse o) 5L A RE §EF Fo|d AUAE BEo] ART 5 daUth FEH
AR 22 AR SR FASH AR RAR RE 2 A AR oW class, for, return, global, pass
T = raise8} 242 keyword¥ 4~ 54T

rename©] ol W, FESHA 942 BEH 2 94 o]Fo® AF YAIF UL & 59, ['abe',
'def', 'ghi', 'abc'lE ['abc', '_1', 'ghi', ' 3']12% WAH | JYE def S} TH

" F=v abcE AATYTH

defaults*= None o] .} 7] E-7}9] o] E]
Q}oF BB 2, defaults= 717 L EZ 9]
'z'] o] defaults 7} (1, 2) o)W x+= 3

718 gke] gl 2= Fof
ol A-8g Utk ol & o, field_names7} ['x', 'y,
718 gke 29y

H =
module©] A=W, A= FZ29 __module_ oJEFREZIING oz dAH U
Aol

A, A G RE R Be v R}

v
g M
ne
al
» 30
mf>
N
=
N
T
2y
©
30
rlr
e
I
rlr

i)
b=

W A verbose ] 7] M4} source o]E ] HEZE A AL

A
601 A
69014 WA module 7] M-S 27195 U]
700 A
701X WA defaulis W} ) W49} _field defaults o] EgBEZ 3715 g5k

>>>
>>>
>>>
>>>
33
>>>
>>>
(11,

>>>
33
>>>
Poin

# Basic example

Point = namedtuple('Point', ['x', 'y'l])

p = Point (11, y=22) # instantiate with positional or keyword arguments
pl0] + pl1l] # indexable like the plain tuple (11, 22)

X, Yy =p # unpack like a regular tuple
X, ¥y
22)
pP.-Xx + pP.y # fields also accessible by name

P # readable __repr.  with a name=value style
t (x=11, y=22)

q]o]

AE FE2 csvihsglite3 REC] RIS A3 FEo 2= o5& EFste ol 53] +&8FUth

Empl

)

oyeeRecord = namedtuple ('EmployeeRecord', 'name, age, title, department, paygrade

import csv

for

impo
conn
curs
curs
for

emp in map (EmployeeRecord._make, csv.reader (open("employees.csv", "rb"))):
print (emp.name, emp.title)

rt sqlite3

= sqglite3.connect ('/companydata')

or = conn.cursor ()

or.execute ('SELECT name, age, title, department, paygrade FROM employees')

emp in map (EmployeeRecord._make, cursor.fetchall()):
print (emp.name, emp.title)
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REANA A4S E A oI % VYT FEL A 1A ZA MG T AbA o ERES A AT B
o] F ] &S WA Hal, A= o ERRE o] 52 WERE AL YT
classmethod somenamedtuple._make (iterable)

Z1EAB2U o lHYERZ A JAHAE UEE FHA WA=,

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()
BT o] 88 P o2 vt A dice S NEFUTh

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

WA 3104 HA: ¥t dict thAl OrderedDict

= Y
B 7 3.80)| A A OrderedDi ct Al du8k 41 ct% Elcigcig
A7t A =2 B AT o) Orderelect«] 7} 715 0] B
dqog MNrE ‘6]-—: AUt} OrderedDict (nt._asdict

o}.
t}. sho M 375, A
2.8 o), Al et e A7

somenamedtuple._replace (**kwargs)
AR BESS AZE OB NFHE YIS FE A Q28 wagh

>>> p = Point (x=11, y=22)
>>> p._replace (x=33)
Point (x=33, y=22)

>>> for partnum, record in inventory.items() :
S inventory[partnum] = record._replace (price=newprices|[partnum], .
—timestamp=time.now())

somenamedtuple._£fields
FE oS Uddte A2 FE JER2AAR V|2V IE FEAA MZR2VIE FEF S

>>> p._fields # view the field names

>>> 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
2 o] 7B Wi sh= gAML el

>>> Account = namedtuple ('Account', ['type', 'balance'], defaults=[0])
>>> Account._ field defaults

{'balance': 0}

>>> Account ('premium')

Account (type='premium', balance=0)

ool BAGo] 4GB BEG 28 Hel W getater () F4E AN L
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>>> getattr(p, 'x'")
11

gAYl E Y Y9E 522 HEsIE ™ o] F ol2aH A3 AARE AL 5H4 Al £ (tut-unpacking-arguments
ol 4 2 g e

>>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

HYE RS Akl shol 4l Fef 2ol mE, A B FYAS ALE3e] 73S A FAS AL MR T 5
g UTh AE BEs} v 6 A4 TS Fobete e e 2
>>> class Point (namedtuple ('Point', ['x', 'y'])):

__slots___ = ()

@property

def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def _ str_ (self):

500 return 'Point: x=%6.3f y=%6.3f hypot=%6.3f"' % (self.x, self.y, self.
—hypot)
>>> for p in Point (3, 4), Point (14, 5/7):
c. print (p)
Point: x= 3.000 y= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 hypot=14.018
o] AW AB Felat slots_ B ¥ REZ AP o FA A Axds gAY A S
PR so] W) 87 AGE A RAT S Ak
AR ZHEE AdE A BEE Frbske tle F&5HA syt tAl, _fields OEYRER M2
Y= FEFS BEAA L
[>>> Point3D = namedtuple('Point3D', Point._fields + ('z',)) J

doc__ BEo| A thdst] FREH S AEA AT = dsUth

>>> 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'

MR 35004 WA 22 E SAED o] 7] Hs et H gt

T 17
e HYUE =20 3 JNEE F715F=H L typing. NamedTuples FZIAHAAI L. o] AL class 7|
SE SR Sold EANE AR

class Component (NamedTuple) :
part_number: int
weight: float

description: Optional[str] = None
o FE A SR 9 E 7|9 e R St 7H o] F ¥ 3ol i A& types. SimpleNamespace ()&
FRBAA 2.
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¢« dataclasses RE-Z AMEAL B ZE2c] AP S WA EE A5 o2 F7tsk: tl 29 o B 9}

drE AT E U

8.4.6 OrderedDict ZHA|

=4 9E gAUEE A SN W SEAT, £ DR E Q49 A B 7K 271715 9)
Stk W dict AL A EAE 1A E )5S AYOBR (o] 2 FAL oA 3Tl A

Ezgﬂ%uv}) 1A 8 FaA RS

QMo S el W AT AT B 49 S 24 AU
= A

e OrderedDicte &£A & vlHE dAto Adste
711/\] oi/\]—_,] M:g _\Tl_;q.@'%]qp]__

e The OrderedDict 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.

o Orderedpict?] §% Bl AL A9 A& AT

A regular dict can emulate the order sensitive equality test withp == g and all (kl == k2 for ki1,
k2 in zip(p, 9)).
« Orderedpict® popitem() MINEE AEo] BHEUTH of® F28 # &x & AR s A9 4 Q17

£ WobE Iyt
A regular dict can emulate OrderedDict’ s od.popitem (last=True) withd.popitem () which is guar-
anteed to pop the rightmost (last) item.

A regular dict canemulate 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 OrderedDicto| =8 A2 §&A 0 Z0 2 A X]d}=move_to_end () HAET} 5T

A regular dict can emulate OrderedDict’s od.move_to_end(k, last=True) with d[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 Hlo]# 3.8 o] Aol&, dictol] __reversed__ () WA =7} AU
class collections.OrderedDict ( [items] )
gAy e <A A Aol 53k WA =7 A= dict AE Ze20] A"
WA 3.1 F7}
popitem (last=True)

A Q= gGAYEY popitem () MIAEE (7], 7)) S w&etar Al AU th last 7} 7o) ¥ o]
LIFO ¢4 2 v13ts] 11, A R o] A FIFO (first-in, first-out - A QA Z) =4 2 w3t U}

m{m
r]I,
r |
o
<
Iv)

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 Ke yError 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)

(TH& sl oA ol A1)
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(o] A | o] A e A AL
>>> "' Join(d)
'bacde’

WA 320 71

L el v B AE S S A S DA B S reverocd (8 AFBSHE 9 olBldlol 4 A QUL
OrderedDict A 7+2] 554 (equality) H|2E = A& 1 &3} 1list (odl.items ())==1ist (od2.
items () 2 FAFP YT Orderedbict A2 thE Mapping A4 4] T54 HAEE ‘?s_‘ g A g
AE TAE 2HA Gsuth o] W) Orderedpict AAE LR YA 7} AMEH = EE 3ol Al
4 dFYtTh
WA 3.5 4 WA Orderedpict?] items, keys X values = ©] A reversed () & AF&3F= o olEld o] S

A9 o,
WA 3.600 4 HA: PEP 4682 4280 e}, orderedpict A AL} update () HIAEEZ ALH 7]¢
RERUUAAG ety

H 2 3.900 4 M PEP 5840 2144, WH(1) 3 Aol E(1=) AAA7EF7H sy

o

In

OrderedDict O|A|2} =2|H

A7 vpA uho] 4F 9 E £ A E Aol w4 e BAUE MY L BEs AL 2kt Al 35 7]
F5S Polam, Al 44l 91471 WA 2 BoE o] F T

class LastUpdatedOrderedDict (OrderedDict) :
'Store items in the order the keys were last added'

def _ _setitem__ (self, key, value):
super () ._ _setitem__ (key, value)
self.move_to_end(key)

An OrderedDict would also be useful for implementing variants of functools.lru_cache():

from time import time

class TimeBoundedLRU:
"LRU Cache that invalidates and refreshes old entries."

def _ init__ (self, func, maxsize=128, maxage=30) :
self.cache = OrderedDict () # { args : (timestamp, result)}
self.func = func
self.maxsize = maxsize

self.maxage = maxage

def _ call (self, *args):
if args in self.cache:
self.cache.move_to_end(args)

timestamp, result = self.cachelargs]
if time () - timestamp <= self.maxage:
return result
result = self.func(*args)
self.cachelargs] = time (), result

if len(self.cache) > self.maxsize:
self.cache.popitem(0)
return result

274 Chapter 8. H|O|E{&


https://peps.python.org/pep-0468/
https://peps.python.org/pep-0584/

The Python Library Reference, 2l2|A 3.11.10

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, *args):
if args in self.cache:
self.cache.move_to_end(args)
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(0)
else:
self.requests.pop(args, None)
self.cachelargs] = result
if len(self.cache) > self.maxsize:
self.cache.popitem(0)
return result

8.4.7 UserDict ZHA]|

vserpict Seat GV ANE GAL A TS Gt o] Feh2o BRAL diceo] A D Au
24 @45 Yt 5ol 3 REA o2 AR dFIh EojEgRER AN~ T
5 glolA, o] 22T AS A Y717k H 412 5 A& Th

class collections.UserDict ( [initialdata] )

d
)
v
el
4c
10
2
ATy
AL

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, dat a is initialized with its contents; note
that a reference to initialdata will not be kept, allowing it to be used for other purposes.

Usernict d2daE R AT A4S A ALY Bk oheh, e T 2L =Y HES ATTH
Ytk
data

Usernict Sel20] W42 A gt ol AL H & A4 A,
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8.4.8 UserList ZHA|

o) Zelat PaE AME S AL A7 TS FUT) de) R AAle
WAEE AR ALY A2 WA ES 2R 5 9§87 e
Aze 52 27185 LU

o] gelao Bege Listol A AP AL SHIT S
SHE E|AEo o] ERHER ANAT 5 glojA], o] 2
class collections.UserList(Uﬁd)
PAES AEHE S Zela dada YL Qe AER 44
data JEZREE 5a A2 & 4 dsUnh 2"
o, 7]Ege w22 [ Uk vk BE o HHEY 5 A%
UserList A

H 1 UserList AIAE A9
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=0o] AA stold B 2EY

UserList Aa®al 7bd ARAY WAES) A4S (AT Bk ole) the o EFHES A FF
Ytk
data
UserList Zef22] W&S A3t ol ARSE &= AA 1ist AA.
A8 ey 8F AF: Userristd] AB ot Axt QAL Shte] AR 52 T S Y= YIS
AT U, A A Ao 2 m AR 4 m%diwAJMA g BEd T AR
o] &, tolE AxE AEE = Al AX AR G A B2 AYAE ST 4 vk 7HF Y oh
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8.4.9 UserString ZHA|

UserString e+ TAE AAE SN+ dl3 93 FUth o] Fei29 B8 AL serolA JH
ANBZHAETE T d= 5l o) TT@'EE A = %%ﬂt‘r,lﬁb}ﬁ}—r%x}‘é% EZREZ AM2T
T oA, o] FH2E ARSI A7 H A& 5

class collections.UserString (seq)

Batd AR S AN B0 & 3t Zefo. Aad 2o Yge A B AN E §AH W, Userstring
A2H 29 dara o BB RES B WM~ TS dUTh A2 Aol seq) AR o2
ARF U seg AR WF str () BB AT EALZ AR F S AL RE AN D 5 A%
Ut

UserString AABAE BAAY] =9} A4S A3 Bk of e} 0fe T 2o ojEFRE
A5 gk

data

UserString @29 W& A &dt= d AR5 = AA str AA.

it

WA 3504 MA: 2L WAE _ getnewargs_ , _ rmod__, casefold, format_map,
isprintable ¥ maketrans.
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8.5 collections.abc — Z1H|0|LH2| FAHH|0|A EciA

WA 330 F7}: o] Aofl&, o] BEO] collections RES dR-AFYTH
EAtal

3.
2 F E: Lib/_collections_abc.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

Required abstract method

Optionally override a mixin method

class C(Sequence) :
def _ init_ (self):
def _ getitem__ (self, index):
def = len_ (self):
def count (self, wvalue):

HoW oW W W

>>> issubclass (C, Sequence)
True

>>> isinstance (C(), Sedquence)
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 i ssubclass ()
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
>>> 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 iteration 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):
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>>> 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 presence
of specific method names. For example, knowing that a class supplies __getitem_ ,_ len_ ,and __iter_ is
insufficient for distinguishing a Sequence from a Mapping.

8] A 3.90] 3= 7}: These abstract classes now support [ 1. See A 4] 2] o] & 2] o]~ & and PEP 585.

8.5.1 Collections F4H H|0|A EeHA

collections 2 &2 th& 3} 22 ABCE A&t}
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ABC el | FHOIME A QI HME
Container! __contains_
Hashableb?e 2791 __hash___
Iterable!? __iter
Iterator! Iterable| _ _next_ __iter_
Reversible' Iterable| __reversed_
Generator! Iterator| send, throw close,__iter_ ,_ next_
Sized __len_
Callable! __call__
Collection' Sized, _ _contains_ ,
Iterable,l _ _iter_ ,__len_
Containei
Sequence Reversib] __getitem__, __contains__,__iter_,
Collectidq __len_ _ _reversed_ ,index ¥ count
MutableSequence | Sequence| _ getitem , Inherited Sequence methods and
_ _setitem_ , append, clear, reverse,
__delitem_ , extend, pop, remove, and
__len_ ,insert __dadd_
ByteString Sequence| __getitem_ , Ay H Sequence WA E
_len_
Set Collectiq _ _contains_ , _le_, 1t_ , eq ,
__iter_,_ len_ __ne__, gt__, ge__,
_and__,__or__,__sub__,
_ xor__ Hisdisjoint
MutableSet Set __contains__, Ar&H set WA =9} clear, pop,
_ iter_ ,_ len_ , | remove,__ior_,_ iand_ ,
add, discard __dixor %W isub
Mapping Collectiq _ _getitem_ , __contains__ , keys, items,
_ iter_,_len_ | values,get,__eq 9 _ ne
MutableMapping | Mapping | __getitem_ Ay22H Mapping WA E 2} pop,
__setitem_ , popitem, clear, update ¥
__delitem_ , setdefault
__iter_ ,__len_
MappingView Sized __len
ItemsView MappingV] __contains_ ,__iter_
Set
KeysView MappingV] __contains_ ,_ iter
Set
ValuesView MappingV] __contains_ ,__iter_
Collectiq
Awaitable! __await___
Coroutine! Awaitabld send, throw close
AsyncIterable' __aiter_
AsyncIterator' AsyncIte] __anext___ __aiter_
AsyncGenerator' AsyncItel asend, athrow aclose, _aiter_ ,_ anext_

! 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 Tterable or thathavean __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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8.5.2 Collections Abstract Base Classes - Detailed Descriptions

class collections.abc.Container

ABC for classes that provide the __contains__ () method.

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.

class collections.abc.Iterable
ABC for classes that provide the __iter () method.
Checking i sinstance (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 iferable is to call iter (obj).

class collections.abc.Collection
2o]7} 9l ol 2] & A o] W] e 29] ABC.
W7 3.600 7%
class collections.abc.Iterator
_diter () fk  next () MINEE A Fst= 2 ABC. o H o] B 9] Fo| = Fx Al L.
class collections.abc.Reversible
ABC for iterable classes that also provide the ___reversed__ () method.
B A 3.60] &7}
class collections.abc.Generator
ABC for generator classes that implement the protocol defined in PEP 342 that extends iterators with the send (),
throw () and close () methods.
W 3500 7}
class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString
9]7] 1087} 7}l A 71 2] 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 3,500 A4 ¥ index() W A = <= stop 3} start 1A}l O g 2| 92 F7H 5 U T
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
9] 7] W3} 79 vl o] ABC.

class
class
class

class

collections
collections
collections

collections

.abc.MappingView
.abc.ItemsView
.abc.KeysView

.abc.ValuesView

), &=, 7] 2 2k 59 ABC.

class collections.abc.Awaitable

ABC for awaitable objects, which can be used in await expressions. Custom implementations must provide the
__await__ () method.

FZE AA L coroutine ABCY QIAH A= B X o] ABCO] Q1A~E AQ LT}

zr3r:

In CPython, generator-based coroutines (generators decorated with @types.coroutine) 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.

B A 3.50] &7}

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

2 In CPython, generator-based coroutines (generators decorated with @types.coroutine) 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.

WA 3.5 7}

class collections.abc.AsynclIterable

ABC for classes that provide an __aiter__ method. See also the definition of asynchronous iterable.
B A 3.50] &7}

class collections.abc.AsyncIterator

__aiter_ & anext  WIXNEE AlFsh= S0 ABC. Bl F 7] o Bl o] H 8] A = Fxsh4]
AL

WA 3.5 F7}

class collections.abc.AsyncGenerator

ABC for asynchron