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See the license page to find further explanations and the full text of the PSF License.
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The language comes with a large standard library that covers areas such as string processing (regular expressions, Uni-
code, calculating differences between files), internet protocols (HTTP, FTP, SMTP, XML-RPC, POP, IMAP), software
engineering (unit testing, logging, profiling, parsing Python code), and operating system interfaces (system calls, filesys-
tems, TCP/IP sockets). Look at the table of contents for library-index to get an idea of what’ s available. A wide variety
of third-party extensions are also available. Consult the Python Package Index to find packages of interest to you.
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Python versions are numbered “A.B.C” or “A.B”:
» A is the major version number - it is only incremented for really major changes in the language.
 Bis the minor version number - it is incremented for less earth-shattering changes.
« (Cis the micro version number - it is incremented for each bugfix release.

Not all releases are bugfix releases. In the run-up to a new feature release, a series of development releases are made,
denoted as alpha, beta, or release candidate. Alphas are early releases in which interfaces aren’ t yet finalized; it’ s not
unexpected to see an interface change between two alpha releases. Betas are more stable, preserving existing interfaces
but possibly adding new modules, and release candidates are frozen, making no changes except as needed to fix critical
bugs.

Alpha, beta and release candidate versions have an additional suffix:
 The suffix for an alpha version is “aN” for some small number N.
« The suffix for a beta version is “bN” for some small number N.
« The suffix for a release candidate version is “rcN” for some small number N.

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.
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See the Developer’ s Guide for more information about the development cycle, and PEP 387 to learn more about Python’

s backward compatibility policy. See also the documentation for sys.version, sys.hexversion, and sys.
version_info.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText
source for the documentation is part of the Python source distribution.
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Announcements of new software releases and events can be found in comp.lang.python.announce, a low-traffic moderated
list that receives about five postings per day. It’ s available as the python-announce mailing list.
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To report a bug or submit a patch, use the issue tracker at https://github.com/python/cpython/issues.
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The very first article about Python was written in 1991 and is now quite outdated.

Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Programming
Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The Python project’ s infrastructure is located all over the world and is managed by the Python Infrastructure Team.
Details here.
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Very stable. New, stable releases have been coming out roughly every 6 to 18 months since 1991, and this seems likely
to continue. As of version 3.9, Python will have a new feature release every 12 months (PEP 602).

The developers issue bugfix releases of older versions, so the stability of existing releases gradually improves. Bugfix
releases, indicated by a third component of the version number (e.g. 3.5.3, 3.6.2), are managed for stability; only fixes
for known problems are included in a bugfix release, and it’ s guaranteed that interfaces will remain the same throughout
a series of bugfix releases.

The latest stable releases can always be found on the Python download page. There are two production-ready versions of
Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although 2.x is
still widely used, it is not maintained anymore.
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High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux
distributions, most notably Red Hat, have written part or all of their installer and system administration software in Python.
Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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See https://peps.python.org/ for the Python Enhancement Proposals (PEPs). PEPs are design documents describing a
suggested new feature for Python, providing a concise technical specification and a rationale. Look for a PEP titled
“Python X.Y Release Schedule”, where X.Y is a version that hasn’ t been publicly released yet.

New development is discussed on the python-dev mailing list.

1.2.5 7|E2| mjo|Mut S8 71s3HX| 2 HE QS MAlGHE HESLI?

Qb o2, ohy 2. @A) A A A 5 §lo] B shol A BES o] A4 o] gor, o] EA S =2 1o
o} A HRo|ehE L ENTTIN 1 WAL T AL X F 2 3wl th S0l WH mE e AlF
Beha Aw AR E DY Gulo = sofshi A dobl & Th Bk ohueh 5 BE BB o sho] Ao
FAH N 2014 ], A3 B e7t] 2 BHE AES FEH A7 T AR dHU

BFOE 7]%5-of uhFl of of FHehE A4 0l ¢ 1el| o] = whoke] AN BLE Pk PEP 5014 3h9) S8 27}
SR N4 =YD A BAFS Ha3 e ARE AT 4+ dHrh

1.2.6 TO|MO| ZE T2 Je{S A & AH{LL|7}?

of.
5}227, €, Cretbava®) ARAT B3F 0] 1 F A Aol 8 SEY A Aol= A=At AL o}
S8 2% PAYUTh A 150 sho] AL A Aojx WP Aol H o2 e £E YHITh shola e
P43 2N QPE BT YU BE olne el AAN dom, FouT 2] =210
S5 oA o] 1S o] §31E S E o] AR Y U4, 1T EA BAR LS o me ey ol
452 5 AES AFUTh FASL shol ML B3l HREN AR 2L N2 A 2AES WA 4T 5
Ut B tobrt 152 A ool A Ag A Ao ARE Bl YL TS 9e AUk,
22 Ye B WE L o] gl shgolebdl A ne IeY 0] 2 LS AL A2 1A
A7) 94 AUtk 1 3L A7) AAE AR 248 S ok, o] 29 $EE REUL
FAEC AFEATY LS B4, BAS B4 E, A4 A 0| 28 TS B, el
AHE AL AL el FUTh BV A0 Brie 449 Aol B S Aol 32T 2= AAW,
FAEY A Z2 Y A2 B ule Frhu ¥ 5 95Ut
sho] o] A A Qo] 2 2 o] f 2 hFe L 25 & B U Th shol A Ak Y W) e EF eho] ne 2] &
743 glo] A S So] £41) 3 Zuto] WA A S mE R e AEE AP 5 Yavth vl A
TSR WEOHE AL AR 22 o) Ao} AL opd vtk £E Pol He e g AR A
SYEe meagel ] Ee en TUAT S e Aol AL BEe] B 5 dF Uk BF goluef g
A A S A Do ABG G4 A=A E 5 AFUTE B oh] 2} PyGame 2 A BE
A SAYE] AlokE W3l eE] =go] Huth
stol 4 4B 4G M5 AE mel gt Y Fo] TP doje] 7|5 H A B 5 YA HEU 3
AEL shhe] Fol A TES A5 TE FolA QB mel BT B 5 QS UTh BoF 15 e] P aEe
EER!

e A= 71 JuA] ket ol 22 A =S slE 5

6 Chapter 1. 220l ulo[M FAQ


https://www.python.org/about/success
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>>> L = []

>>> dir (L)

['_add__', '__class__', '_ _contains_ ', '_ _delattr__ ', '_ delitem__ ',
' dir_ ', ' _doc__', '_eq ', '__format__', '__ge_ ',

' __getattribute__ ', '_ _getitem_ ', '__gt__ ', '__hash_ ', '__iadd__"',
' dimul_ ', ' init_ ', '__diter_ ', '_le_ ', ' _len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '_ _reduce_ ', '_ reduce_ex_ ',

' repr_ ', '__reversed_ ', '__rmul_ ', '_ _setattr__ ', '_ _setitem_ ',
' _sizeof_ ', '__str__ ', '__subclasshook__', 'append', 'clear'

'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',

'reverse', 'sort']

>>> [d for d in dir(L) if '__ ' not in d]

["append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove'
—'reverse', 'sort']

>>> help (L.append)
Help on built-in function append:

append (...)
L.append (object) —-> None —-- append object to end

>>> L.append (1)
>>> L,

[11]
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There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using Tkinter.
Emacs users will be happy to know that there is a very good Python mode for Emacs. All of these programming envi-
ronments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while coding. Consult the
Python wiki for a full list of Python editing environments.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

PythonWin is a Python IDE that includes a GUI debugger based on pdb. The PythonWin debugger colors breakpoints
and has quite a few cool features such as debugging non-PythonWin programs. PythonWin is available as part of pywin32
project and as a part of the ActivePython distribution.

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
8% oW A S EEeE Be A8 5ol 4 IDEZ} 5 Ut the g R T
» Wing IDE
« Komodo IDE
e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
https://www.activestate.com/products/python/
https://eric-ide.python-projects.org/
https://github.com/rocky/python3-trepan/
https://code.visualstudio.com/
https://wingware.com/
https://www.activestate.com/products/komodo-ide/
https://www.jetbrains.com/pycharm/
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of.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.

Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte code to
C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with the standard
Python modules.
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The following packages can help with the creation of console and GUI executables:
 Nuitka (Cross-platform)
« Pylnstaller (Cross-platform)
o PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
e py2app (macOS only)
o py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

o] It =

>>> x = 10
>>> def bar():
print (x)
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https://pylint.pycqa.org/en/latest/index.html
https://github.com/PyCQA/pyflakes
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>>> x = 10

>>> def fool():
print (x)
x += 1

results in an UnboundLocalError:

>>> foo ()
Traceback (most recent call last):

UnboundLocalError: local variable 'x' referenced before assignment
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>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()

10
o) YAH HAL (FALG QAL MY FRA O R FA BT D) AR 9 2z 9
WMol ghe £ 43 982 4714771 A B gt

>>> print (x)
11

nonlocal 7| EE AHESte] A 2T ZoA v de &+ Y5 Uth

>>> def fool():

x = 10
def bar():
nonlocal x
print (x)
x += 1
bar ()
print (x)
>>> foo ()
10
11

N
N
I°
0z
e
o
—
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2.2.2 HlO[’MO[AM X|Hat M H40f Cet &2 FALIT?

AN
shol Aol A, F4 el A F25 7wk sHe Wet BA 0 AUtk Mast G4 BE W oA A
Ze s, WA o dolor AH A g & Ao R 15

U
sk gyt @, o

Hgole 23 AW, ZA AL R ol 2 Qe W] global e 8739
= 5}A] e B gol vk AN AL AT Th welel, BE Mo 2ol globale] & FHTIH, B4
glopal & A8 HUTE U3 B4 AEE A ES) T4 2ol Y RE 328 ooz ddslof
FUTh o £ $A45S 1R8] 9% gloval 4919 FEAL FRE P}

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)

O] AL x**25 Al Abeh= 5719 it 2 FH g 2EE AT UL TEFH W, 242 0,1, 4,9 H 165 W3
Aoz e F JdFUth 2, AAZ A S8 BF 168 WHEithe .

>>> squares|[2] ()
16
>>> squares[4] ()
16

o] x 7} ol 2] (local) o] o} 2} 9] 3 2ol A o= of 97| wWhEol WS, Y7} TED W) AN 2
AUth— 298 w7} o Urh Fmo] Bol A, x0] L 40| B, BE T4 o)A 4+52, F 162 WY
Utk x9] 3 WA T Brie] A7) o] 97 WA EX Bo 2 o2 FAR ST 5L TH

>>> x = 8
>>> squares[2] ()
64

o2 5151 W, Frkel il A9 ol el kg A ekol, A x2] gholl A EFA YEE T BRI AU

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)

14 ks el Al A W% WS, ) A A AN < 9 22 g DR S Feivt Aol

ol o ge
) AR U ol ng] gho] 3 WA Frkel A o, F HA A A 1, Al WA el A 2 5o] B2 o v hich. whetA]
2 BUhE oA SULE A3} VB

>>> squares|[2] ()
4

>>> squares[4] ()
16

o 57

ol e S3he A o] ohule} Auk F4ol = A gH ULk

rlo
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G Z2 I YolA BE o FERE FHE FHAQA YHES SES RE(FF configt cfgetal £ 9
Umhe Bes AdUth. 58 22339 BE B4 config 5= YZE 317 L}S}Eﬂ Huoh 22
BEol Y o]gor A 7kl Uth 4 59 A" aE A shutol 7] ufZoll, 25 A o thet ¥ 7
A BE o MU o & SW the 3w 2%k

config.py

[x =0 # Default value of the 'x' configuration setting ]
mod.py:

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

Note that using a module is also the basis for implementing the singleton design pattern, for the same reason.

225 2 S0M LEEE AIESt= “2Y A2 = RAYLINN?
AHlA © 7 from modulename import *& AFRSIA vl Al L. 2128 A 3H Y ZE SF= 29 o] F 7
o) o4 #l ) 1, 2l (inter) 7} B 9] 51 4] 912 o] 8 A5 - DA o] 91 AU o
S} 9 Aol A BES YEE AN L. T2 SE m=o] BRI UE RES FHA 1 2E oL o]
azgﬂﬂ%ﬂﬂﬂ@é%%~§¢arwﬂ~dgﬂ&441&5%4%&@3%@&5%@1
25T AAE 5 QAT B Zol ol AEES AL D B8 B2 D AT
S eM R BES JEE St Ao EHU

1. standard library modules - e.g. sys, os, argparse, re

2. third-party library modules (anything installed in Python’ s site-packages directory) — e.g. dateutil,
requests,PIL.Image
3. locally developed modules
TH YEE A FAE JotuA d2ES T AR o]l oF k= 4 -¢-7F 15 Ytk Gordon McMillan
£ o33} 2ol BT
F 2 E BF “import <module>” FA18] X EE AL T AXEEALFULL FHA R
Eo] 3 A REQ o] & (name) S £ 72 2] 11 31 (“from module import name”) & X E 7} H AHY
Fol doed APyt A WA EEo] F WA RES QX E st Fol2hA ﬂ WA K5 ol
Ut o] 82 obA AT 5 gy WYYtk
o] A%, 7 WA 5ol st FolAut ALGHTH, X EE T TR GA ol T AU dx
ElsEd ), A A 5o 273 AR, F A RE2 d2ES YT F A5 U
8 BEo| EPE SHoW JTES 7T H 4 $FoIA 2 ROE o) 5ok F & FL T of
A%, 5 W 9o BE BEL JRE S Aol 5o & % dgUth o] A9, Y BAS 57
SEo| A LulE RES JEE S Aol L AH gyt
THAEES VAU EEY 27 NS Sl T wAE st 22 winh, & Fol Y
Rolge Ao rnzg QEES SIS, o] /ML me a9 AY el el B JEES P2
FS ) S35 FEFUTh REI NG Gl A AFD 1) JEEES FHE §713 AL S5 AU
2.2, sl 2104 13
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= 2 H] =
AR doll Fol AL, = e gAY g 23] B g gyt
REL olULE sys.moduleso] 9& AUt}
226 24| 740l 71220l BREIE 0IRE 2AUAL?
2

o] 590 W1k T8 AP 221 W EL AT o] F42 AR 2

def foo (mydict={}): # Danger: shared reference to one dict for all calls
compute something ...
mydict [key] = value
return mydict

ol & A5 =&Y, mydictoll @ FHo] 2dF UL F AAE, foo () 7 AFH 7] AT df,
o

T N e

R
i
<
£

[

o,
2
Au)

B

52

oy

<

iuj

off U.?{_';
4

N

oX,

1o

e

olE ME AEAA L. & E0,

E5UTh Al None 2 7| B30 2 ARE-&1a1
2]/74d

def foo (mydict={}):

AL o] FA ANA L

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace

ol 7Is< 8% 5 stk Axtst
T

EH AlZEe] A2l drh e ], ARt V2 A e T Ee
w7 ok ke WA SHAL, 22 gl thAl R A E | A | g RbskekE A9 °
=]

7}
A7HS 1 A& “memoizing”

oleba 3hul, hg 3} ol FRE 4 vtk

# Callers can only provide two parameters and optionally pass _cache by keyword
def expensive (argl, arg2, *, _cache={}):
if (argl, arg2) in _cache:
return _cache[ (argl, arg2)]

# Calculate the value
result = ... expensive computation
_cache|[ (argl, arg2)] = result # Store result in the cache

return result

ARG A DA TR A ST ASE S Ah A G BAGYUT
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227 Bt BH0A CHE B4 2 MEINOILE 7S DHHH S8 HEs2T OB A sHok

sHL[7k? -
B AN B0l 19 A YA B I AAE SYFUN L | AL A AR E FEE, A
ARG GA R AFHLD 18 thg 5} o+ B A otol THE §4E 52Tl ool T AE ALY

& Uk

def f(x, *args, **kwargs):

kwargs['width'] = '14.3c'

g(x, *args, **kwargs)

22.8 QIx}} Df7HEIL O] XIO| RS BoiQIL| 712

Parameters are defined by the names that appear in a function definition, whereas arguments are the values actually passed
to a function when calling it. Parameters define what kind of arguments a function can accept. For example, given the

function definition:

def func(foo, bar=None, **kwargs):
pass

foo, bar R kwargs= func® W/AHF AUt 28 Y, funcE &5 0, o S S

[func(42, bar=314, extra=somevar) ]

42,314 9 somevar F2 A Yt

>>> x = []

>>> y = x

>>> y.append(10)

>>> y

[10]

>>> x

[10]

yol 848 F7H5He x & WA £ ol §7h 3 FF AT

o] A3E BEE F /M 247 dHut

D WS wed] A4 E b e o) EYUTh y - xE S BAE) ARS WMEA HUTH-x

7FRzsE A% 2L AAE Fxote A i yE e Yk ol st AA (BlAE) v 91, x 9
yEF I ANE Z2TE 2 vgy

o
2) PaEE AU YIS AT 4 Aok =9

After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the variables
refer to the same object, using either name accesses the modified value [10].

Al =9 AR E ol thdsha:

2.2. Sy 2104 15
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>>> =5 # ints are immutable

>>> = X

>>>

x + 1 # 5 can't be mutated, we are creating a new object here

HKoX X
|

>>>
6
>>> y
5

o) A% x Sy 7h i A Q0HE AL L5 ATk ol A5k B ol fEolm,x — x 2
u) ke 7P AN B4 58 WASHE 20) obyl U Th A A AR (34 6)8 WE o] xol AU T (Z x
S AAE T o 99 AL NS AACAS 5} )5h o & FA T 1] WA E A
FUTH et o)A 62 B2 AW, yE o] A8 5 F2FUTH.

Some operations (for example vy . append (10) and y.sort ()) mutate the object, whereas superficially similar op-
erations (forexampley = y + [10] and sorted (y)) create a new object. In general in Python (and in all cases in
the standard library) a method that mutates an object will return None to help avoid getting the two types of operations
confused. So if you mistakenly write v . sort () thinking it will give you a sorted copy of y, you’ 1l instead end up with
None, which will likely cause your program to generate an easily diagnosed error.

e, G Aol 2 Yol T ThE B g 2 F A1 A AL UG U S
A o B0l ot B AEE MARAT FE U A5 AAHA GEUTHa List - (1, 2, 3
< a_list.extend([1, 2, 3])3¥% F53ta a_liste ‘?*;746}2]?}, some_tuple += (1, 2, 3)3}
some_int += 1€ X AAE kS5 T}.

g xd e

« 7k A (1ist, dict, set §)7F o™, dF 54 A4S AHgsto] AAE A sk s A4AE
Fxshe BE M7 S EA gtk

. B9 7“11](str, int,tuple 5)7} 1od, o] & FR5= REHTEFA4 22 S HA H A ST
He N2 groz HEstE Aake FA A 22 AH S gy o)
F I AR E FZF=AE L AT, is ARG YW 4 id () EARS S IdFUY

2210 =3 07HHLT} U= S-S EHFs2H oEA sHok L7t (=0l 2l £5)?

gho] oA A=t o2 AL S 71 AAHA L. Y& A AA o g FxE w57 w2, T4
s} 9| mEALe) 91z} o) & Zhol ol el ast g, Fxl A BEE YUk of el hA o R Ashe
a7e 2e 4 duunh
1) 29| /&2 wkshsto]:
'd
>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+1 # assigned to new objects
return a, b # return new values
>>> x, y = 'old-value', 99
>>> funcl (x, V)
("new-value', 100)

AR AL T4 A
2) A W8 Ag o], o
H

3) 7hA (Al AR oA W S

4> Ny J&ﬂ
rlo
[>
oy
2
2
ok
X,
g
]
=
o
o
X,
52
rfy
<
o
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-
>>> def func?2(a):

al0] = '"new-value' # 'a' references a mutable 1list
al[l] = a[l1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args
["new-value', 100]

4 WARE G E A dtel:

>>> def func3(args):

args['a'] = 'new-value' # args is a mutable dictionary
args(['b'] args(['b'] + 1 # change it in-place
>>> args = {'a': 'old-value', 'b': 99}

>>> func3 (args)

>>> args

{'a': 'new-value', 'b': 100}
.

5) v FHla da" o) g FolAl:

>>> class Namespace:
def _ init__ (self, /, **args):
for key, value in args.items():
setattr(self, key, value)

>>> def funcé (args):
args.a = 'new-value' # args 1is a mutable Namespace
args.b = args.b + 1 # change object in-place

>>> args = Namespace (a='old-value', b=99)
>>> funcéd (args)

>>> vars (args)

{'a': '"mew-value', 'b': 100}

2.2.11 ulo|Mol|AM T x} &4 (higher order function) & O{"2A| ZIELIL?

xtbE AN E B4 £ (x) B WBHE Linear (a ztlff}ai rhar 74 5t
=5 A A

def linear(a, b):

def result (x):
return a * x + b

return result

% A Aee) dgUth FHE Anng
ax*

Ee ZHE QA E AR A:

class linear:

def _ init_ (self, a, b):
(Th sl o] Aol A%)

2.2. Sy 2104 17
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self.a, self.b = a, b

def _ call_ (self, x):
return self.a * x + self.b

(e1A sl o] A ol A AI5)

FASESF,

[taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27}H 5= 3= Z g8 A= A2t
A E

28 AA P2 AL o 2T =} ok Bol ke BRe] YEUTh 2ei), 2eE AdAe

448 5 AP 3RY S+ ATk

class exponential (linear) :
# _ init_ inherited
def _ call_(self, x):
return self.a * (x ** self.b)

AAE o A= FEHE Aest T 5 dsdth

class counter:
value = 0

def set (self, x):
self.value = x

def up(self):
self.value = self.value + 1

def down (self):

self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down, count.set

o714 inc(),dec() H reset () & T2 AT HTE FH3= A H 2

2.2.12 mlO[’HOIM A S O EH SAELII?

opy . copy () H copy .deepcopy () & A =364

AL BE

&
i_:’l
i
e
S
>
[
-
rlr

QR AR L B A7 BAE 5 9FUh AU ol copy ) A=} 95U Th

[newdict = olddict.copy ()

18
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2.2.13 ZHA|Q] HMEL} O{ERIEEE 0{EA 3E £ USL|7I?

For an instance x of a user-defined class, dir (x) returns an alphabetized list of the names containing the instance
attributes and methods and attributes defined by its class.

2.2.14 ZE0IM A OlFE O{EA &= &~ USLII?

AnkA o g7 Lol H, AA o= AAR o]Fo] g7l WEel 18 4 gl Ut 7| 2F o=, o2 4 o]
E2 kol AAFYTH def S class £ A% vpdAAK o AW o] A ke FHEQYTE O T=S
T 2:

pass
>>> B = A
>>> g = B()
>>> b = a

>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__ .A object at 0x16D07CC>

Arguably the class has a name: even though it is bound to two names and invoked through the name B the created instance
is still reported as an instance of class A. However, it is impossible to say whether the instance’ s name is a or b, since
both names are bound to the same value.

AtA o7 e TET 5A o “o] 55 Lotopr F e+ glsyth o =A 2 =2 /g A 2 (introspective)
Z2IWS AR v o ol It o E HT WA mA o] Egol E Ut AT YU th
comp.lang.python o] A, Fredrik Lundh+= A A 7} o] A& o5 53 v]|7F5 A5ch
o 2] o] ddo A HAT L Folo ol 55 Av A 22 W L] (AA) AAl= oA 2ol
Ao o] F2 B8 4 qla, A A 22 = gt -metA] 2 o] ol B A EE=A dohle
fradg -2 AYE o] EF (o] FXh ol Al A4l 9] kol (AA) AA E+= A Yt

QL shol Aol A A4EA7E obg U th o] A AL 1B SN 2

>>> "a" in llb", "a"
(False, 'a')

A EE QA7) ohl ek EHA Ao]e] T Abol 7] W el 91 The ) o] AT AX Y BAAY Uk

[(nan in "b"), LIPR ]

3} 2ol B A 25T

["a" in ("b", "a") ]
thor
k.

Y AR, 4= 5)E TR AU ol 5L AA R AT} ok ek Y £ B FEAY

N
N
I°
0z
e
o
—
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2.2.16 C2| “?:” &gt ALKl SS¢EF A0| /}USL|77?

o, AU Th 9L The st 2Eth

[on_true] if [expression] else [on_false]

x, y = 50, 25
small = x if x < y else y

o] & o] stoly 2.500 A £70F 7] Hofl, kA G F& =] RS AR St Al s UTh

[[expression] and [on_true] or [on_false]

T}, o] $§TE S B Th onruert A2 B e HA w22 E A7 S S g UTh
wWebd, G4 ... if ... else ... BAS AHGHE Ao EHUTH

2.2.17 mo|MolM H=E3stEl ot & ZES XY o+ USLIR

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, slightly adapted from
Ulf Bartelt:

from functools import reduce

# Primes < 1000
print (list (filter (None,map (lambda y:y*reduce (lambda x,y:x*y!=0,
map (lambda x, y=y:y%x, range (2, int (pow(y,0.5)+1))),1),range (2,1000)))))

# First 10 Fibonacci numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,f)) if x>1 else 1:
f(x,f), range(10))))

# Mandelbrot set

print ( (lambda Ru,Ro, Iu, Io,IM,Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru, yc=yc, Ru=Ru, Ro=Ro,
i=1i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,vy,k, f: (k<=0)or (x*x+y*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f) :f(xc,yc,x,y,k,f):chr(

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)),range (Sx))) :L(Iut+y* (Io-TIu)/Sy), range (Sy
y))) (=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# \_ /N /] / |__ lines on screen

# v 74 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on X axis
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2.2.18 &2 D7 A, SFOUAM SeHA()E FAE 2[0S LI7t?

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-only pa-
rameters are the ones without an externally usable name. Upon calling a function that accepts positional-only parameters,
arguments are mapped to parameters based solely on their position. For example, divmod () is a function that accepts
positional-only parameters. Its documentation looks like this:

>>> help (divmod)
Help on built-in function divmod in module builtins:

divmod (x, y, /)
Return the tuple (x//y, x%y). Invariant: div*y + mod == x.

S B2 2] SN ARSI A AS AL Gtk gebd, 719 E AXE divmod () &
S &3 ol /h e P ok

>>> divmod (x=3, y=4)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: divmod() takes no keyword arguments

2.3 X2t EXE

2.3.1 1622} 87 MpE O{EHA X|™HEHL|771H?

BASE ARSI, 834 G Aol 08 Loli, £EALUIRA 07 RAUT A F B, WS w8
A% 1071045 9) 0.2 A4 sk, o 2A A4 S

>>> a = 0010

>>> a

8

16drs g5Uth 1635 dofl 02 &0l 27 AU 22 X & Fo] 71w st guth 163 A&
SFA AR 11721%‘ JFUH ol & S, shold Bz F ol A

>>> a = 0xab
>>> a
165
>>> Db
>>> Db
178

0XB2

2.3.2 2 -22//10 0| -3 HIStEIL|77}?

FEL % 7S REEREF I H = AYUTh ARl o] A& dota, thad 22 A= Yty
[i::(i//j)*j+(i%j) }
A4 7] = floorg vl oF Pt C S o] 5412 WEJEE 8 F5tal, i // & A2 (truncate)
AFdE =i ¢ 7M1 22 RS EZREE ZIa7 dF YT

23. X2} 22X 21
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I7hEFA A1 % Joll ha AAl ARS Atelle AL IS U 37 Feold, W2 AR 7F ow, AR
BEEAFi s 37F>= 09 Aol H &I /\1751]7}X1310° Zhel 1k, 200417 Hofl= oY &
7H] 71 ASU7K =190 & 12 == 27}F8dUTh -190 & 12 == -102 &7 & 7= I Ygyrh

2.3.3 How do | get int literal attribute instead of SyntaxError?

Trying to lookup an int literal attribute in the normal manner gives a SyntaxError because the period is seen as a
decimal point:

>>> 1. class___
File "<stdin>", line 1
1.__class_

A

SyntaxError: invalid decimal literal

The solution is to separate the literal from the period with either a space or parentheses.

>>> 1 . class
<class 'int'>
>>> (1).__class___
<class 'int'>

0%
o_>(.,
>
mlru
>
ofo
o
>
>
ro

é

E0°]lint ('144') == 144. 9}ZR7MAE, float ()
%%M float( 144 ) == 144.0.

|o
fr
rE
r 4
% oot
AW
51
2

A

7 AL ZAE AATE AT YT ZeiA int ('0144") == 144+ Fo]Al int ('0x144")
= E TAAA B YT int (string, base) &= F HA AEZ QA2 W o) A28 F 4= (base)
£ OP—OCW int ( '0x144', 16) == 324YYt} baseﬂo_o_i A Q= ™A, A vho] M G 2 -& Ab
|3to] s g Ytk A8 ‘00’ %87&#% UrE}LHﬂ, ‘x> = 16345 YERY YT
3

=

AF

A~

2

&
N,
)
Sl
Y

i
o
H
)
f
E
e
5&

+ Aol g WA 3 eval () & AHE A MR AI L. eval () &
T JsUth: 27t AsHA g -‘T'—X—]F%O] U= Tl A S G
gEo T dEEE A $=_ import_ ('os').system("rm -rf

g
%
2
o
e}
[o

filo O,

2

it

il

2
ofy 4r
ool B
_:L AR

£ et

it
5
50

A0 2 A3t T YA, AE E] eval (109") = Io]H o] (O
S AL ) A Ao A A3 O —% 3] &3HA 7] Wi Eofl & ol & 7 AU o)

23.5 X8 EXILZ oL A HEBIESLI?

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0)
yields '0.333".

22 Chapter 2. =22 FAQ




Python Frequently Asked Questions, Z!2|A 3.11.10

2.3.6 M| Xl2|0AM 2EXIEE O{EA =H-EHL|77}?

a8 5 g 249G Buols gEU i 39,
T3 sok Utk Telih A oA fUDE HolEHE £A T

AR array RES AFL HAA S

Ystels Bor HR o= A ¥4

=
TARAT A= AATES -}tﬂ, io. Strlnglo

>>> import io

>>> s = "Hello, world"
>>> sio = io0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

5

>>> sio.write("there!")
6

>>> sio.getvalue ()
'Hello, there!'

>>> import array

>>> a = array.array('u', s)
>>> print (a)

array('u', 'Hello, world')
>>> af0] = 'y’

>>> print (a)

array('u', 'yello, world')

>>> a.tounicode ()
'yvello, world'

c EADL 52 RS G E A8 Aol P EEUTh o 1Y F2 3R FAL o]
@4 o B3 AN T B2 ke AU Th o AL B case TES FUH e B ALSH £ 718 Ay
AUk
def a()

pass
def b():

pass
dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs
dispatch[get_input ()] () # Note trailing parens to call function

o W& T getattr () & AHESHAH AL
import foo
getattr (foo, 'bar') ()

.
getattr() & 2ol Zehs AAES, BE 52 RS BE AR NN S5 ol 525144 2.
o] & tha 7} Zo] F ghol B Y] oy Stol A AR YT
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-
class Foo:

def do_foo(self):

def do_bar (self):

f = getattr(foo_instance, 'do_' + opname)
£()

Bk o] 55 3l 4] (resolve) 3} 81 W locals () & AFESIA Al L

def myFunc () :
print ("hello")

fname = "myFunc"
f = locals () [fname]
£0

2.3.8 2AIHOIM & = HIEE M| HSH= Perl2] chomp() 2t S5t Z40| JUSL|71?

S.rstrip("\r\n") & AbEStd O F3 TS A ASHA ¢f3L AL s 2ol Yl BRE E FEAE
AA D JdFUHh *4% 7hEol Rl Fo] ol 7} 2o B & o| = e, ZE W &2 & FE2AL

Zﬂﬂ%‘%i}-

>>> lines = ("line 1 \r\n"
ll\r\nll
. TO\=\@ " )
>>> lines.rstrip("\n\zr")
'line 1 '
QAo T We| 2N HAES 9 Ww BRH] PRl s.rstrip() L oA 0T AGHE 2
3}

2.3.9 scanf()L} sscanf()0l| sHEt5H= Z10| |ASLI7?

ddHezEglsyth

For simple input parsing, the easiest approach is usually to split the line into whitespace-delimited words using the
split () method of string objects and then convert decimal strings to numeric values using int () or float ().
split () supports an optional “sep” parameter which is useful if the line uses something other than whitespace as a
separator.

For more complicated input parsing, regular expressions are more powerful than C’ s sscanf and better suited for the
task.
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2.3.10 ‘UnicodeDecodeError’ L} ‘UnicodeEncodeError’ Oll2{= 2SS 2|O0|&tL|7}?

unicode-howto & ZZ 1A A L.

2.3.11 Can | end a raw string with an odd number of backslashes?

A raw string ending with an odd number of backslashes will escape the string’ s quote:

>>> r'C:\this\will\not\work\"
File "<stdin>", line 1
r'C:\this\will\not\work\"

A

SyntaxError: unterminated string literal (detected at line 1)

There are several workarounds for this. One is to use regular strings and double the backslashes:

>>> 'C:\\this\\will\\work\\"
"C:\\this\\will\\work\\"

Another is to concatenate a regular string containing an escaped backslash to the raw string:

>>> r'C:\this\will\work"' "\\'
"C:\\this\\will\\work\\"'

It is also possible to use os.path.join () to append a backslash on Windows:

>>> os.path.join(r'C:\this\will\work', '")
'C:\\this\\will\\work\\"'

Note that while a backslash will “escape” a quote for the purposes of determining where the raw string ends, no escaping
occurs when interpreting the value of the raw string. That is, the backslash remains present in the value of the raw string:

>>> r'backslash\'preserved'
"backslash\\'preserved"

Also see the specification in the language reference.
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o] ZZ AA R, spol W FE £E 5 Folv W2 EYo] Utk thF2 & 7Hs 85 T EE5H]
A W2 2 =gol He 2 A A A 9A Ytk
s PSS HWMEA TEY (e g Sor HASHH) ZE AAof nA H A3 EYS
Fele AET R 2 ojdE de syt
o 212 dlo]E LR E ARSI Al L. bltin-types ¥} collections BEO] st A YA E AL3HA4 A L.
o BF TolBH 7L FAVME 817 fgt Zen Bl BEE AT o, o o] Y o Y E T w-E
7ol E5UthH(E A= dsUTh. o] AL ‘th)r YF G Lol Cr A4 H Zenel B
Arole Fule g5tk A& S0], AEste ™ list.sort () W WA= &™ sorted()
2 LA Q (28T 7 ]—%Tﬁ./] o= sortmghowtog TR AIL).
o 5743} 2HA (indirections) & FHE=+= A 3o I Az H 7 H W2 & st= 5 Z o gyt 79
FFol F83 Ao Fe 2HoHH, iila@ L7t =AUtk x5t 2435 96 oF Fuh
53] Z& e rA =Y FHoA 2EFUTH(FF 7= w5y th.

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,
Cython can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension module
yourself.

o ®17]:

A% o] EFE 917 o)A
24.2 U2 EXIEE & O|01E0|= 71 E2 52 HH2 FAULI?

stri}tbytes 7”Xﬂ%% o] & o] Z} o] o] 0] 7|7} A A E A4 /d37] il 2ol

r&:
o
(o
o
58
rlo
Mo
R
12

HlEgddUch dta d o, 4 A BAE 2ol AlFel vl #E g
W2 str AAE FA317] f8, AFHE FEFE AAE g 2E0 9] X 3FaL npA] 9] str.join() =

s AUk

chunks = []
for s in my_strings:

chunks.append (s)
result = ''.join (chunks)

(Eg=dgidoz 3849 FLIEi0.5tringloE AFL3IE 219Ut

B-ebytes AAE FAT7] A, A4H £ BETE AR oo} 2ol 7] (+= B4R & A1 5] bytearray
AAE Fg5e AUk

result = bytearray ()
for b in my_bytes_objects:
result += b
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25 AMEA (FE/EI2E)

25,1 EEZ1] 2|AEE oA HAS8L| 7712

A7} tuple (seq) & Y ANA2(AAEL, RE O HHE)S 2L A2 22 FEL A K27
| 3Hgh ok

S ESo], tuple ([1, 2, 31)L (1, 2, 3) S AEdLtuple('abc') = ('a', 'b', 'c')EAE
U AR FFoI W RS WEA 931 22 A E WA R, A7} o) v FEAA 2AFA 3
ol tuple () & E& 8= Aol AHFYTh

3 ;«g/dx}list(seq) L oolo] A|FAL O EHEL 7L LB 7O FRo| 9t g AEZ MBI}
& o], 1ist ((1, 2, 3))L[1, 2, 312 A=d T list('abec")=["a’', 'b', 'c']EA&ET
Utk QA7 Bl nE el W, seql:] 9 2ol AHES WHE T

S[:-1] 2 kAT B2 AL T 4D

o
g
£l

S B LGS P BelF 5 Y o
A, AL A FY F wHEL A AT o

o
=]
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2.5.3 A|REAE A0 O|E{Z|0|E St2{™ oL H| &tL|7}?

reversed () W& T4+E AFLIAHAIL:

for x in reversed(sequence) :
# do something with x ...

oA UE A

i

rlo

2ol FFS UAA FA, ol H ol E & AR =AM 9] A ARES RhE YT

2.5.4 2|AEOIM S5 O1EA MAHELIN?

o] Z& et o ZHA] W ol thek 1 =9 = SholH 22 A S FRMI AL
https://code.activestate.com/recipes/52560/

PAE £AE N E BT, JAEE AL D ThS PAE Zo A AU 55 322 A A
o .

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

aEg RE 247 AT 712 A8 5 AT (B, BF 54 5ol H) o) o] 33 o gy
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[mylist = list (set (mylist)) ]

JAL UAEES PPOE W], RS AAW TS, YAER HEPULh

2.5.5 Z|AE0M O] =2 O{EA MAHEHL|7F?

ooll

E A AL} upR A2, A A 2 AL
?Jqﬂr T}, BA Ao WA A %)
2 Al 7HA] A YT

Mgl BAH 02 oz o E oA S A% & 7HH A
G g ol dow Sefols N #E Ag 3717 H 4wy

mylist[:] = filter (keep_function, mylist)
mylist[:] = (x for x in mylist if keep_condition)
mylist[:] = [x for x in mylist if keep_condition]

g 2E Fmel Aol obul 7bg whg ok,

2.5.6 IHO|'MOllA O{EH HIES DUE=ELIR?

P AES SN

[["this", 1, "isll, "an", "array"] ]

P AE S AR Woll Al Cl 9k 2 (Pascal) W A3} 5 F U Th 74 2 2ho] 12 shol 4l 2] 220 thep
399 AR EFD 5 drke AU

The array module also provides methods for creating arrays of fixed types with compact representations, but they are
slower to index than lists. Also note that NumPy and other third party packages define array-like structures with various
characteristics as well.

To get Lisp-style linked lists, you can emulate cons cells using tuples:

[lisp_list = ("like", ("this", ("example", None) ) ) ]

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_1list [0] and
the analogue of cdris 1isp_list [1]. Only do this if you’ re sure you really need to, because it” s usually a lot slower
than using Python lists.

2.5.7 CIx}H E|AEE O1EA 2HEL|7I?

O 2ol Ak wid = wee L e Ak

*
w
-

[>>> A = [[None] * 2]

Qehshe eubzA B

>>> A
[ [None, None], [None, None], [None, None]]

e} e e, o2 920l e o

>>> A[0][0] = 5
>>> A
[[5, None], [5, Nonel], [5, None]]
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A = [None] * 3
for i in range(3):
A[i] = [None] * 2
a9 Ao 7b29 3749 the PAES TP el2E AT U P FEYdAE ST 5
As YT
w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.

2.5.8 How do | apply a method or function to a sequence of objects?

To call a method or function and accumulate the return values is a list, a list comprehension is an elegant solution:

result = [obj.method() for obj in mylist]

result = [function(obj) for obj in mylist]

To just run the method or function without saving the return values, a plain for loop will suffice:

for obj in mylist:
obj.method ()

for obj in mylist:
function (ob7j)

259 M2 E=35t=|, 9 a_tuple[i] +=[ ‘item’ 10| Ol|2|E LS ZIL|7}?

2 )Y QAL Y AbArehe AT shol Ao A ha AR 2w AR Fol F o] AT

=

o2 AZH A, -2

rr

o 9 F2 U QAT b AR E A= RS 24 24T uf Jukd

>>> a_tuple = (1, 2)
>>> a_tuple[0] += 1
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o 9] 9] o]f& WYtk 10] a_tuple[0] o] 7}2]7]E AA (D)ol e AN, 23} AA 2
A A28 729 24 00 thd sty sbd, FEo 2471 7ke 7l Ae WA

TGk
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>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

2 2WolBR, Ao tf ] F2 o] ol e & A AU T
Ko z

3 o] A s

o}

>>> a_tuple = (['foo']l, 'bar')
>>> a_tuple[0] += ['item']
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o9 27 o wgEU H Eeke 22 st AA® Us B ARtk AU

>>> a_tuple[0]

['foo', 'item']
To see why this happens, you need to know that (a) if an object implements an __iadd__ () magic method, it gets
called when the += augmented assignment is executed, and its return value is what gets used in the assignment statement;

and (b) for lists, __iadd__ () is equivalent to calling extend () on the list and returning the list. That’ s why we say
that for lists, +=is a “shorthand” for 1ist .extend ():

>>> a_list = []
>>> a_list += [1]
>>> g list

[1]

AL e FEFUh

>>> result = a_list.__diadd__ ([1])
>>> a_list = result

a_list7} 7Fe] 7]+ AA 7 A= A, ¥
A3 +=no-opQdl, a_list 7} o] A 7}
g2 A3 Lojdh

webA, 29 {FE oA AdA dojvte 42 v 55Ut

W, o,
N
SN
0,
0 2

>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The __iadd__ () succeeds, and thus the list is extended, but even though result points to the same object that
a_tuple[0] already points to, that final assignment still results in an error, because tuples are immutable.
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2510 St MEZ st AlsL|ch: mlo|Mol|A Schwartzian H

rl'i

g & 2 s

E“AE ol st mE

Perl A5 1 €] 9] Randal Schwartzol] 2] 3t o] 7|H L& gl ~AEQ Z+ 2 4AE 4 8 4 =)
AXE -84 4] 2.

g oz AP gol Mol A, list.sort () WA= key

Isorted = L[:]
Isorted.sort (key=lambda s: int(s[10:15]))

IS FEY ol"HdEolH ok, 23 Bl AEE A3 s, Yok 845 AEsHIA L.
>>> listl = ["what", "I'm", "sorting", "by"]

>>> 1list2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

[("I'm", 'else'), ('by', 'sort'), ('sorting', 'to'), ('what', 'something')]
>>> result = [x[1] for x in pairs]

>>> result

['else', 'sort', 'to', 'something']

2.6 ZHA|

Zejt dass £ AR BE T4 AA UG T2 AAE A2Es AANS BE AR R
AHEE Y, tolHE 3 A-E tolH (A EYRE)G Z=E(MAE)E EF W3 oh

Zoot o) B AT BHE St o) 49 BE BALE W02 F 5 LT LW ol 4 2o A
o JEIHESG AL E ST ol §48 Fo 27 RDE A QA 02 A48 5 1w GT
HGol 2 A)E H A A S E A FFE Qi ai Lbox 2745} T 54 AL G G A4S A el st
MboxMailbox,MaildirMailbox, OutlookMailbox2} & AH Z 27 AL 5 J5UTh

2.6.2 OIME= BaolelL|n}1?

HAEE dUFA © 2 x.name (arguments...) & &5+ ofH AR x99 d4-dUth HA=E S~
A9 ‘4101]/‘1 2 Agog

class C:

def meth(self, arg):
return arg * 2 + self.attribute
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2.6.3 self= 2aiQlL|7}?

self = @] Wl =of A WA xS 9ok el 4 o] 5 YUt meth(self, a, b, c) 2 Fd AM=E=
97t 549 Feh 2] ofd QB2 xo sl x.meth(a, b, o) & EEFolop gtk EEE WAEE

meth(x, a, b, c)AH ZTEH It BZAFYh

WA ok NN tself B BAH 02 AHg I of S o] & FAYUAR B FE AL,

2.6.4 A7} F=0{Zl AL} O ME SeiA 2| QIAEIACIX| O{EAH| EHOIEH|7}?

Use the built-in function isinstance (obj, cls). You can check if an object is an instance of any of a num-
ber of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,

.) ), and can also check whether an object is one of Python’ s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, float, complex)).

Note that isinstance () also checks for virtual inheritance from an abstract base class. So, the test will return True
for a registered class even if hasn’ t directly or indirectly inherited from it. To test for “true inheritance”, scan the /RO
of the class:

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

>>> isinstance(c, C) # direct
True

>>> isinstance(c, P) # indirect
True

>>> isinstance (c, Mapping) # virtual
True

# Actual inheritance chain
>>> type(c)._ mro_
(<class 'C'>, <class 'P'>, <class 'object'>)

# Test for "true inheritance"

>>> Mapping in type(c)._ mro
False
R 22 IH2 AL o] Fe2oA isinstance () & AF ARG A g0l FE A Al L.

28 2 Austn Yohe, o A 8% AN AF 2 AN S A8 FAstn Feh o
442 2B A 54 54 ALsotE FA2 N=E Jo e AU oIS Sof, T}
FYshe B4t eka:

2 =
=)
i)
i}
e el rly

def search (obj):
if isinstance(obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
# code to search a document
elif
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Oy H2H2 € Sd20lA search () FINEE A8t &4 I2& &
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class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search ()

2.6.5 2|0[Et FALL|7I?

91 ) (delegation) & A4 A% 713 (248l YR elekan e Fueh GUth x AR 7L 431 WA= 5 shpel 5
e wAsn dna e EAT. A s s W Hsl AR 2 HE AT e A= o
LERRECEREESES PSS

feldzeadee 4199

A= th o & 5o, ths S ae FIAH FHsHA N, 715

class UpperOut:

def _ init_ (self, outfile):
self. _outfile = outfile

def write(self, s):
self. _outfile.write (s.upper())

def _ _getattr__ (self, name):
return getattr(self._outfile, name)

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before call-
ing the underlying self._outfile.write () method. All other methods are delegated to the underlying self.
_outfile object. The delegation is accomplished via the __getattr__ () method; consult the language reference
for more information about controlling attribute access.

Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved, the class must
definea _ setattr__ () method too, and it must do so carefully. The basic implementation of __setattr__ ()
is roughly equivalent to the following:

class X:

def _ setattr_ (self, name, value):
self. dict  [name] = value

Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing
an infinite recursion.
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2.6.6 How do | call a method defined in a base class from a derived class that extends
it?

W super () &

fjr

A 2.

class Derived (Base) :
def meth (self):
super () .meth () # calls Base.meth

In the example, super () will automatically determine the instance from which it was called (the self value), look up
the method resolution order (MRO) with type (self) ._ mro__, and return the next in line after Derived in the
MRO: Base.

W o] 2 Fel 28 8 9] Bf sk B ol A S 4 Agruh Tl w Yol QR gk WA sk g
ol =L g o] s FHAE FHOR (8 S0} A /S Aol wheh A Fel L Ao

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 ™™ ZeiA C|O|E{L} A EeA HIMEE THE{™ OfE A SHOfF SL|7t?

(C++1tJavad] o mof A) A A d] o] E] 9} 7 A w| Al = RF sho] o A AL Th.
A o] gl A2, f 3 22 EYRHEE AN L. EGRHEN A S A |, i ol A
’\’41/* o5& BAIH g ARl oF Ty th:

class C:
count = 0 # number of times C.__init___ called

def _ init_ (self):
C.count = C.count + 1

def getcount (self):
return C.count # or return self.count

c AAYc.__class_ oA CcE Eol7l=wlolx
oY= 3l c.count™ isinstance(c, C) 7FAHII}E==E

A4 2ol A7 Fe 2ol o5 A=A
Eco th&f . count B FRFUT)

F9]: Co YA = Yo A, self.count = 428} Z2 YL se lfv/] ZLA| YA gl ol “count” Bh= Al
Ao e JA2bAE B YTh S 2 A A Hlo]H o] 59 AAZ-2 A vA = W Fol l=A el &74]‘”
o) o228 A Ao oF T ok

[C.count = 314 }

B4 B EE b5 3 ok
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class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

Jevh, A WA EY 3E e A DR IS GET EE o T4 E Ao Adyth

def getcount () :
return C.count
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class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

}

Shol Aol A= 712 Q12HE AHg3he] BE F9 S AHAE A4 F FU 8 EW

i

e

rlr

class C:
def _ init_ (self, i=None):
if 1 is None:
print ("No arguments")
else:
print ("Argument is", 1)

o) e 3| FEAL A v AA = o} F AU th
b Aol QA BES AT FE QFUTH S E
def _ init__ (self, *args):

22 HIol RE VA E AN = Sag YT

2.6.10 __spamE Al25l2{10 st=0| _SomeClassName__spam0i| CHEt of|2{ 7} ghitst

L|C}.

°]F A3 WEo] 9l W o5& el vlF M (private) WS Ao st A RE, BAA A P S
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2.6.11 L} FallAE= _del__ S HolsIX|2 ZHAME AtH[e I S E | X| QEELICH

@ 717 b5 o] f 7k &Y ok

The del statement does not necessarily call __del_ () - it simply decrements the object’ s reference count, and if
this reaches zero __del () is called.

If your data structures contain circular links (e.g. a tree where each child has a parent reference and each parent has
a list of children) the reference counts will never go back to zero. Once in a while Python runs an algorithm to detect
such cycles, but the garbage collector might run some time after the last reference to your data structure vanishes, so
your __del_ () method may be called at an inconvenient and random time. This is inconvenient if you’ re trying to
reproduce a problem. Worse, the order in which object’ s ___del__ () methods are executed is arbitrary. You can run
gc.collect () toforce a collection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’ s still a good idea to define an explicit close () method on objects to be called when-
ever you’ re done with them. The close () method can then remove attributes that refer to subobjects. Don’ t call
__del_ () directly-__del__ () shouldcall close () and close () should make sure that it can be called more
than once for the same object.

<3 AR E J5ts & o E 9y weakref EES At AUt o] 2 E
AAE 7He 2 7‘ FUAES ?’J‘/]Dk g So), Ee) AR FrE Rt G Fxo
FUTHEIA A5 o] Do soha).

Finally, if your __del__ () method raises an exception, a warning message is printed to sys.stderr.

LAY BE AAUAE 25 duth 22 YA F Axd 2o B
8 §A5] RE AXUAE FHHES 1Y T4 A5 U

2.6.13 id () 2 Zap7} 1 73IX| P2 AXEH 20|= 0|F= FAYULIN?
90 B A £ T AGICG LY AE VAT,
Saoym s A o Pl M A A

CPythonol| A1 = o] Zl o] A )| 9] w2 g
2 9 =3
2 AU T oS3 Zo] AAIE 4 sy th

2le] 22 91 x]o] T = B 97

>>> 1d(1000)
13901272
>>> 1d(2000)
13901272

% 79 ide e A4 ARl S, id() $F A% o) WSO A T, 32 AF AAF UL dE AA}
Selr AR 7ol A3 ot E % Stel ¥, 1 Ao The THE FEE TEA A 0

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

36 Chapter 2. =22 FAQ



Python Frequently Asked Questions, Z!2|A 3.11.10

Ol

2.6.14 is HLIXIE AL S OIO|HIEIE] HAl= AWM LEE o~ JSLIT?

™ M

is A4HAE AA) ofoldlE B &

B oy

AFUth AAba is bEid(a) == id(b) I} F5TY
olo| Bl E E] AALS] 718 203t 2L AA 7L FA AT EAF T a is al FA Trued Bl
Qquicy. ololAEE AN AutA o 554 AR g 554 AAs) 2, ofo|HE]
E8 A TrueY Falses 933 ]y_;é}%qr,]__

a2, AA ofol Rl E E 7t B Iﬂ1 olo]d el E] AA7F 55748 AAE tIAIE 4= Ads5Uth gdutd oz,
ofol Wl B 7} 1w = Al 74A] Aol gl T

1) Assignments create new names but do not change object identity. After the assignment new = old, it is guaranteed
that new is old

T (O
o A J

2) Putting an object in a container that stores object references does not change object identity. After the list assignment
s[0] = x,itisguaranteed that s[0] is x.

3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a = None
andb = None, it is guaranteed that 2 is b because None is a singleton.

) ThE eI A & otoMEE AL DA 0w BEH HAE TP S
RS A S int O str o 22 A4S SIFHE ol ofo|AlEE] S A A= 2 B Uk

(
d v

e El

>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500
>>> a is c

False

>>> a = 'Python'
>>> b = 'Py'

>>> ¢ = b + 'thon'
>>> a is c

False

npZRA =, 7H AEH o] o A da"d A s A FDekA] eksyth

>>> a = []
>>> b = []
>>> a is b
False

FEZE golE e ZEOA, ofo] B E] HARE SuEA AHEote B 7HA b Ed diE g £ 5 dsyth

1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English in
code and avoids confusion with other objects that may have boolean values that evaluate to false.

2) Detecting optional arguments can be tricky when None is a valid input value. In those situations, you can create a
singleton sentinel object guaranteed to be distinct from other objects. For example, here is how to implement a method
that behaves like dict .pop () :

_sentinel = object ()

def pop(self, key, default=_sentinel):
if key in self:
value = self[key]
del self[key]
return value
if default is _sentinel:

(TH& sl oA ol A%)
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(o148 s o] A oAl Al A
raise KeyError (key)
return default

3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code from
being confused by objects such as f1oat ('NaN') that are not equal to themselves.

For example, here is the implementation of collections.abc.Sequence.___contains__ ():

def _ contains_ (self, wvalue):
for v in self:
if v is value or v == value:
return True
return False

2.6.15 How can a subclass control what data is stored in an immutable instance?

When subclassing an immutable type, override the __new__ () method instead of the __init__ () method. The
latter only runs affer an instance is created, which is too late to alter data in an immutable instance.

All of these immutable classes have a different signature than their parent class:

from datetime import date

class FirstOfMonthDate (date) :
"Always choose the first day of the month"
def _ new_ (cls, year, month, day):
return super()._ _new__ (cls, year, month, 1)

class NamedInt (int) :
"Allow text names for some numbers"

xlat = {'zero': 0, 'one': 1, 'ten': 10}
def _ new_ (cls, wvalue):
value = cls.xlat.get (value, value)
return super()._ new__ (cls, value)

class TitleStr(str):
"Convert str to name suitable for a URL path"

def _ new_ (cls, s):
s = s.lower() .replace(' ', '-")
s = '"'".join([c for c in s if c.isalnum() or c == '-'])
return super()._ new__ (cls, s)

The classes can be used like this:

>>> FirstOfMonthDate (2012, 2, 14)
FirstOfMonthDate (2012, 2, 1)

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

>>> TitleStr ('Blog: Why Python Rocks')
'blog-why-python-rocks'
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2.6.16 How do | cache method calls?
The two principal tools for caching methods are functools.cached_property () and functools.
lru_cache (). The former stores results at the instance level and the latter at the class level.

The cached_property approach only works with methods that do not take any arguments. It does not create a reference to
the instance. The cached method result will be kept only as long as the instance is alive.

The advantage is that when an instance is no longer used, the cached method result will be released right away. The
disadvantage is that if instances accumulate, so too will the accumulated method results. They can grow without bound.

The Iru_cache approach works with methods that have hashable arguments. It creates a reference to the instance unless
special efforts are made to pass in weak references.

The advantage of the least recently used algorithm is that the cache is bounded by the specified maxsize. The disadvantage
is that instances are kept alive until they age out of the cache or until the cache is cleared.

This example shows the various techniques:

class Weather:
"Lookup weather information on a government website"

def _ init_ (self, station_id):
self._station_id = station_id
# The _station_id is private and immutable

def current_temperature (self):
"Latest hourly observation"
# Do not cache this because old results
# can be out of date.

@cached_property

def location(self):
"Return the longitude/latitude coordinates of the station"
# Result only depends on the station_id

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='mm') :
"Rainfall on a given date"
# Depends on the station_id, date, and units.

The above example assumes that the station_id never changes. If the relevant instance attributes are mutable, the
cached_property approach can’ t be made to work because it cannot detect changes to the attributes.

To make the lru_cache approach work when the station_id is mutable, the class needs to define the __eq__ () and
__hash__ () methods so that the cache can detect relevant attribute updates:

class Weather:
"Example with a mutable station identifier"

def _ init_ (self, station_id):
self.station_id = station_id

def change_station(self, station_id):
self.station_id = station_id

def _ eqg (self, other):
return self.station_id == other.station_id

(THS sl el Aol A<)
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def _ hash__ (self):
return hash(self.station_id)

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

0

EEO AL JZE Do (£ AA %‘-’Jré spdol vh5o]d & Ak spdol W
£ = d#H9 _pycache_ AlH T %
Zstal, .pyc® 2y, 3td S vE 54 python HM yel akd
zZr&Uth (A3 W8-S PEP 31472 234X 2

.pyc Qo] BrE0 R A LS 4 9= 3 7} A o]l fe o vhdo] 23E fEEge ?J‘@—Erxﬂ?dqﬂ‘r- %,
__pycache_ AH YAHZE L& F e ‘I?}qr/]’ o & Sol, & A
Aste Aol o] dol dojd = JYFUth 71 ) AW Z HAESHL 9)

= gt
PYTHONDONTWRITEBYTECODE 37 W47 AATHO QA 4L 3 RELS AT E 31 o] Mo
__pycache_ A H fAHIIE A5 7\3-‘4%% REES I AR ‘:]E—“ﬂ’ﬂﬂoﬂ € Ade=s8dsh A7

FZES) ol o pyc 3L A2 AHs JU T

49 ATYEAA T M S AATHE A& YEE2 D71 o8l pyerhBEIAA YRIT A4S
o, U2 EE xyz.pyE YXE ‘F%ﬂ%—‘ﬂ 25 foo.pyZt Y= W, (python foo.pyE M WHo=E
U fo0& AU xyo & AEE 7] ol yzol O pyes WA AR, oo.py & UEE
FA] ¢F7] wfj ol fooof thal A A o] BrEo] A A] k5 th

foool et .pyc 4 S WE 87t Yo -5, dXE HA g ZEO Y3t .pyc LS HEH W -
py_compiled} complleall B2EES ALT 4 2)\%1413]-
1= £L

B9 5 sk A PR Y mEolA

4~N
Bl
T
=
Q
s;
(e,

py_compile &2 ¥9 9 Fow A
compile () ¥FE Uit o= /\P% sk A Yok

>>> import py_compile
>>> py_compile.compile('foo.py")

O] AL .pycE foo.py 2t T2 YA = __pycache_ A H YA E ] 7St (= A= F vf7)
W cfileE o] & AAY T 4+ A5 YTh.

compileall &2 AHgsto] 2|9 E sl & A5 o
E AWt AT stold whdo] 23E e 2o A=

Utk

[python -m compileall
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from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

A= dEZ 7 v dAE 3

e main imports foo

A4yt

rlr

« Empty globals for foo are created

» foo is compiled and starts executing

o foo imports bar

o Empty globals for bar are created

e bar is compiled and starts executing

e bar imports foo (which is a no-op since there already is a module named foo)

o The import mechanism tries to read foo_var from foo globals, to set bar.foo_var = foo.foo_var

SR €A 7L AT Shol o] o1 foo§ AEl = E e AL R YA fo0o) Wl A%
g2l 7 o s ulo] Q7] WU T,

import foo& AFESIT A T oA foo.foo_vard] AN A1 T uE 22 do] doj Yt
o] Aol 3l 7hs gk (H 4%h Ml 7HA] s 2 W o] sy th
Guido van Rossum-& from <module> import oS ol AR EIR BT, B E _1:1

2g DA e A s 2 Meel 2715 A5 W B gl
U

H R2EY BE Zo] <module>.<name>2 2 xS ofu|gt
Jim Roskind= 2+ 5 A tThF A2 QA S +3 T A2 A S th
« WEWZ (AY, T L lojx Fehas

o
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« B4 1= (YEE 9 gl A 27158 A9 3.
Van Rossum doesn’ t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs SHE A AZEZIQSA YT E I E LA T AL AT Th

€ A
ol s 2 Y=L 4T viEtH o] A gk Th

2.7.4 __import_ ( ‘x.y.z’ )£ <module ‘X’ >& HI2ISIL|C}; zE O{E A HSL|7I?
import1ib®] # 9] 8+ import_module () & Al AL 3l= XS T HIFHAIL:
[z = importlib.import_module('x.y.z"') ]

275 YEE E R=S HESIO ChA| QIZE S [, HE AIZ0| EAIE|X| SE5LICH 2f
|21 Qo] ZHlStL|7t?

TEAWT ol ABAS o f2, Fo| ML EES AL JEE TV EE IS A5k 197

Gow, A nEe] 2L R EES JEE L B BER TN 220N, 7| BES ol ¥l 78

AR Al T2 EASA UTh MAE BES 2R ThA GoeiE, the g AL

import importlib
import modname
importlib.reload (modname)

Az 0] 71H L 100% FAHA FgUith 53, e 2L BFL TFFE REL

[from modname import some_objects ]

oES o)A WA AL AGFUTE BE Fehx Aot TP W, A Feh 2 A S A3
S2 1% 2R e AT A oD ol A e 85 2 o A6 40 % olo] 4l

>>> import importlib

>>> import cls

>>> ¢ = cls.C() # Create an instance of C
>>> importlib.reload(cls)

<module 'cls' from 'cls.py'>

>>> isinstance(c, cls.C) # isinstance is false?!?

False

S AA 9] “oboldE E]” & A 3td A9 2 o] 2R AU

>>> hex (id(c.__class_ ))
'0x7352a0"

>>> hex (id(cls.C))
'0x4198d0"
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if (x <= vy)
X++;
Y-
zZ++;

o] Fold x++ kA

AW A B, S A7) 5 B Agol 137 grka WA wEUD 33 B C
22 adHEAE x >y WE /b Faste o RE FFAHEA o) SoitkE Wt A5
AAE BB G WE, oM mH A8 FEol DA ASUTh ColHE FREE WA 3k o)
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F 3@ o] s o], x2 1AL 295717 o ol e f ULk o FAOR L, §4 3 Sl
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3.2 ZICHSH Ak IALOE O|ASH ZTpT) LI E 0|9 SHYLI?
02 A7 HAAL
3.3 HE AL HAO| o AFA BHESLIN?

AEAE 5% Tes 2 Aol seial Utk

>> 1.2 - 1.0
0.19999999999999996

93 0 AL shol el W ek AAFUTh TRA) LTk ol A sl Ak A Bele] glow, Sy
FYEC) HE a5 £AE A s T DA o o] Yt

CPython?] float 2 A S 93] C double & AFEFUTE float AAS] 2 A AU (Htyg oz
X

5301 E) 9] o] X RF Aol A= gfol 2 7 %i$%§ AAHS =T C C&*P" A8, o] =

ﬂﬂ#iﬁﬁJ&E%ﬂ%ﬁﬂJZ%HG%% T 257 Adbel B 3, sho] AL C9l JavaE EHT
Be del 4 Aol EX W A5

AR B2 GAA E T A B AT o] B5 25 H o2+ G 3T + glsUTh dE

=9,

[>>> Xx = 1.2 ]

o] Zof, xof thall A" -2 1075 gk 1.2 thgk (-9 F-2) ZARA o A v B &He] 2 A= sy Th

DA AN B AS L G 8 i

[1.0011001100i10011001100ilO011001100110011001100110011 (binary)

1AL BE3A L e ZEUTh

[1.1999999999999999555910790149937383830547332763671875 (decimal)

f
)
o4
%
v
v

s3ul=e] AubA 9l AW E L Tol W HE 254 1

AAF 2L, 5

o

_167+2]9) 1024 B

Zs]./x] }\] Q.

o,
¥,
>
fy
X
1o
Hz
of
[
-
bt
>
iy ™
ol
o U‘
uN‘
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3.5 HIME "2l SE0AM ‘selff & WA|MS R A0} 5t= OlRE
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A, 22 W5 A WA S dAE s o ER RES A8 5T ke Zo] o RYFULh self.xi}
self.meth() & HOW Zeh2x A8 /oot Fottehe A2UL AL A A= S A THE 22
203 5 FUTH Crrol s, A9 W Ade] gl Ao R PET S ASUT (9L SB AL 7
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Srofof gtk A% Cordllava T BEoN A £ AATA S ELRE n_ A 5018 28Tk, el A
ole g A4S o] Aol Eol A= ol 3] f-§ Tk,

A, 54 2ALNAN MAEE PN HoE FEAAL 5SS D o) SR £o] DA Fe S
o W gt} Creol A, p Zal 2ol A AR R Wol2 Zel 2ol WA=E AEse T, : ALAE ALE

S| ok gt} - gfo] Mo Al =Dbaseclass.methodname (self, <argument list>) 81 & $ I5Y T}
oJAL__init_ () WA E, dNAH T 5 S A wAET DL o] 5 Wo]A FH A HAE
St A oA AE Hl o] F A WA EE SEF oF = Aol 53] FE T

Ao 2, A" M) Fe i ddd £ 2AE Hﬁ?:}‘%DP go] o] A (B3
S 2EolA el = (Aelr Aoz YA H oz AAH A ¢h2) fgo] 7] ‘IHTOH, Eﬂ 2] B of| Al
o] A1 W7 0}‘43}°1£ﬁ_é Herol gk i ozt A= 4d o]—‘?-ljo] Aofof sk, (&4 &
ol ) FE2 Aol FF U Cr+e dde 53f © 3 , ghoj Aol = o] glojA OlFHUP
EHo 7Y %E?J"S‘HOP%}% AL FaUY 1f.vars AH&SHE o] 2A7H 2 sl dg Yt
HoE Btk A2, A= Yol A Z*?Fi}ﬂxl

[e]
U A7FA 2, A2’ A HpEE AFSSE A $, self.varetal
g2 olgol dg Fx7t dxd 2 e g & AT 27 32 v FUch oA D3l A1 W9
A2"EX WP = F Y A& e o] 5 33kl dom, AHEE o] F 37+ stolxl o & oF Pt

3.6 EBAO|AM CHUS AFSE & Bl= Ol E FHELII?

ghol 4 3.8 ¥, 7Hs AUt

Assignment expressions using the walrus operator : = assign a variable in an expression:

while chunk := fp.read(200):
print (chunk)

ZFH 3 A H = PEP 5728 A2 34 A) 2.

3.7 Lo o LE J|5(0|E £0] list.index())0|l= HAMEE AR50
CIE 7|15 (0& &0 len(list)) 0l = &+E AISELI?

Guido 7} &3 = o]:

(a) &5 Ak A F, A1 3F 71 (prefix notation) ©] 9] (postfix) 7| HE T o] 2 13Ut - A
(11’41 %9 (infix)!) A4E-2 F8Ho| A 2 3; AFS 7HA L L&, A7 A ol s A ZHsh=
HAZH R EFo] 5= R7|HE ZO}HPL XYPYrth x*(at+b) oF T2 T4 S x*a + x*b 2
ThA] 243 3H7] 912 23 YA 00 719 & AHgsto] 22 Zd< —*r?f“”ﬂH 01*“5“’ H| 2 3
BAAL

(b) lenx) 2= Z=E ¢l wf A
S o= 0‘?42‘4@ A=
o, x 7} AE S o] A~ E FH A

= Rle] 208 2787 ok AL Tt o] AL Ao
B0l L, AR A% o] Aro] g UTh W2, xlen) & 9
G EF len() o] 9 Se20lA A4 s A5 o) Aro] e
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A& olu] &1 lojof FUth v F-& T HIA = F 2ol get() ol Lhkeys() WA =7 A A,
5helo] obdl Aol write) WA =7 912w} w2 AL BTG HAA L,

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html

3.8 join()0| E|AELI RE HIMET} OtL|2t 2XAIE HIMERI 0|fE A
olL|77}?

S , gfo] % 16‘:‘1:4
Utk ol H 3 A2 mA=e] thRE-E de] Bols o] HA

[H’ H.join([vlv, vzv, l4v, '8', '16'])

o] ALg ol th3 F 7HA) A% he Wz o] 95U

A WAL A 2B D (EAD A5 9] B EE LSS Aol A8 B 7] TP ek ol ekt
oo et hge 18 4 AW, B e de 14 n4H ¢ Rolehs AUtk WAS I EALe
A9 ol 2ol 3 gAY, elE Dol A AT 5 g BEE w2l A o § 7} slayTh
WA oot BE The ) go] BRPYTH ‘U AAA BN E EAD 442 Adsen Bea 9
FUD. 2, AL 187 FEU o fl o[ F2 split () B EA4D WASE AH§5HE o 44 €
qHE e AL A 2HUH 1 o) e} 2L HHo)

["1, 2, 4, 8, 16".split (", ")

e el Fold FRA(EE, NEA 0T, 499 U A% TR 9] BALS NAFES
e A & 5 9/ WU

50in () & £ ol HESILh A8 A FEA EALoA AL N A2 lH )= Hn A &
Aelel e e AN AT ol A e s A AT B S Sl ] 2
Egote], AAs ARG U & 74 GEs E AR BA AST 5 LU wo =

AA ofl 3l fAFSE VA = 7} 2 A gk,

3.9 0f|2= LalL} S L|7f?

o 9] 7 A S A 910 tryfexcept B2 v] 9 EE AT AR o9 S G 22 W-§o] Bl Futh
2.0 0119 Frol M M A A & The B TE AFEshE Aol JukA o] QA% Th:

try:
value = mydict [key]

except KeyError:
mydict [key] = getvalue (key)
value = mydict [key]

2
9

gMu el Ao &4 717 e ALz ol d3e w2 u7k syt 23 A Fod, a3t 2ol
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if key in mydict:
value = mydict [key]

else:

value = mydict[key] = getvalue (key)
o] £ A %o, value = dict.setdefault(key, getvalue (key)) & A8 == YA T,
getvalue () EF0] RE 39 B7hel 7] ool $23) AP 39w AT 5 A5 h

3.10 m}0|*M0]| switch L} case 20| §i= 0|S= 2edQlL|7}1?

In general, structured switch statements execute one block of code when an expression has a particular value or set of
values. Since Python 3.10 one can easily match literal values, or constants within a namespace, with a match

case statement. An older alternative is a sequence of if... elif... elif... else.
- w2 7?‘*& 011*1 Adgsfof st= FFolE, case 2 22T Tl Wi eE 9B E HE 5
Ut o2
functions = {'a': function_1,
'b': function_2,

'c': self.method_1}

func = functions[value]
func ()

A "41 FHNE T2 FF, getattr () A FFE AHE3H 54 o5 7H WA EE AUo] B

98 ¥ 5 ek

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

method_name = 'visit ' + str(value)
method = getattr(self, method_name)
method ()

o) o AS] visit_sk 2ol WAL o] Fo Y AL Aot Zo] FHYh o) e ARAIL g, gho)
AHF 5 g arold 28 39, FAA AN REWASE 523 5 dFUTh
\\%

Imitating switch with fallthrough, as with C’ s switch-case-default, is possible, much harder, and less needed.

3.11 OSH A E 180l 2|&5}= Al QIE{Z2|E{0|M ABEE o2

= il 28 2 gdof thsf Folx shute] C 28 ze d 2 FAFYTh
b 22 719 9o w2t sold oz 9 & 5 Utk mWEbA, AA 2= o= Cofl Hig

=
W 2: el 3], C 28 S V3= S &3] AL AF AdH Z 8 F= 7} Q)+ Stackless Pythono] 155Ut}
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shol{o] T8 mAl A9 TE BN YR FHE FHL A Q5 7] wEol ol 4 Gk HAN L 2L
239 5 95U Th 2, Fol Mol A, ol A 4248 £AI7 opd U th 7% 27451 ThE dloj o) gt
3417 22, shol A Ykt FHE A/ UT ALE ASE AR 2 E/H L YU}

Functions are already first class objects in Python, and can be declared in a local scope. Therefore the only advantage of
using a lambda instead of a locally defined function is that you don’ t need to invent a name for the function - but that’
s just a local variable to which the function object (which is exactly the same type of object that a lambda expression
yields) is assigned!

3.13 mO|'ME 7|H| 2E, CEE= CIE A0 2 HOtY & £ JS5LI?

Cython compiles a modified version of Python with optional annotations into C extensions. Nuitka is an up-and-coming
compiler of Python into C++ code, aiming to support the full Python language.

sholal v 2] elo] A% Aee TR wet hEUTh st MY B2 TR CPyhone FE AL

ARG st AH AT = Qe AA S AA S, E v WM AYUSS ARS8t 2 8 s, AT

G w8e 23 HAH AAE AAFE 28 24 SuYBe T4 0% ARPUTh go BES 7hulA
SRS AL, UMY BAE A3, 2479 A A4S 245 L2 AFIUG

Other implementations (such as Jython or PyPy), however, can rely on a different mechanism such as a full-blown garbage
collector. This difference can cause some subtle porting problems if your Python code depends on the behavior of the
reference counting implementation.

QR sho] 4 TR A, The ZE (CPythonol A+ LU Th & obnks 512 7]62be] 2712 Qo gy ek

for file in very_long_list_of files:
f = open(file)
c = f.read (1)

A7) 2, CPython®] Z 2% 74293k 513 4 A A S A ), fol )& 2121 o o]d W g
FUth 2890 AE A GCE AS5HE, ol 5 AA & thdsln o A 7 AL 2w 7 (Le)
23l A) | k.

B sho]d 2NN 455 IES AW, JA M 02 AL DAL uith BS S oF Gtk
chg-e wlm e g A A o) #A glol 25 gtk

for file in very_long_list_of files:
with open(file) as f:
c = f.read(l)
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3.15 CPythonO| & MS Xl JHH|X] = WMAE ALESHX] &= OlFE
FALLI7t?

FA, o) AL C RE 750l oleA ol 4ol PEih (o, 721 Bochm GC 2ol 221 29] s ek
S5 oS o) A BABE (25 A opd T oAl B e TESF 9w, oA = AT, 23
=B eA L 9T shel 410 ol A0 2 A 5ohe % 5ol A7 B8 )

A9 GO sfol o] e 84 22290 W48 The £A7H D0k S99 shol o4 L malloc)

Efreeo 2 GC o] B e 2o A A Bals W Ao o Als) s Aegl A T, 5ho] B S
malloc()»]—free() of o3t X]-/\] U]-./] 1:]] 2 98 4 9y}

3.16 CPythonO| Z=2E I} 2 E M2 2|7} sHA =] X] Q= 0|[RE FodlL|
71?

£ B2l A F2E AA ol de] SRF W) Y BT AAH AL AHUTH
% SiE ek C 2ol Bejelo] o5 2 oAl 7L B bR 5

2 =P oo B3} B FUTH. T, ol AL FE A W =e] Aelol A
] = 1A

2e Al =3 o

g Al Al gel o] 5 FES AAFEE FA e H atexit BES AFE 3 ST AAE FAI S
FrE AP AL

3.17 HEo| RE1} 2|AE O|0|EAH0| U= Ol FANLYLI72

B 2ESL REZ, oy HollA vl A e dtd oz ZRA o7 tp2 o2 APk FE2 9
HIZEVC FRA G FABIT A A2 5 5 UTh 2528 A+ g FS 2+ # dojge
o Ut o & Sof, A FEL 2434 A2 LAY 22 AA3HA BAPUTH

o, 2l A E =t Adolo] wjd T o] vl Ut o] 52 BF 22 FE 7HA 1 A o A & tht e
T AAE HArste Aol YFUth & 50, 0s.listdir ('.") S A HHE 9 FdS Y=
AL g AEE WU o] 280 A58k T v H e e st 3F JiE FUbe E dibA o
2 5AsHA sUd

FELEHIUTE & A FEo] UEoA Y, o 245 Af gre g vhE 5 glguth BlaEs b elg
A, JAAEA B|l2EL 245 AT $ AFUTH E¥d 240 9- e 7|2 AL 5 oA, g2ET}
ot zt FEW 712 AT 5 Y5 Th

3.18 CPythonOi|A] 2|AE = O A RSEL|7}?

CPython®] 2] 2 4= 4] 2= 713 Aol ]9 YUt} Lisp 2 642€) 417 22 E (linked lists) 7} ob ] U oF. 7@
2 Tp2 Aol ol F2 9] A% AL A8, of Mo Bja ZAE 9} v A} Aol BAE H=
F2A N FAFU

AL BlaE A a(i]) 9 W Go] B aEe] A/ QAE a0 g FEI A0 HELL

G2 o) 2745 ALk LS W, F2 MG 277 2D Uk GBS WO R FAAtE 4SS FIA)
S13] ok Al e A 2l e W e ShgaoF 2, 371 3 2bol B ol T& B WMol & AA] 7] 2ol
22317 &yth

3.15. CPythonO| ] M&ZQl J7IH|X| £H MAHE AI25IX| 8= OlRE FANLIN? 49
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3.19 CPythonO|M ElALH2|= O{EA S EIL|7I?

CPython 2] 12
23] (A= 7HA 7

Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function. The
hash code varies widely depending on the key and a per-process seed; for example, “Python” could hash to -539294296
while “python”, a string that differs by a single bit, could hash to 1142331976. The hash code is then used to calculate
a location in an internal array where the value will be stored. Assuming that you’ re storing keys that all have different
hash values, this means that dictionaries take constant time — O(1), in Big-O notation - to retrieve a key.

371 24 7hs sl Al HolER FAF Yty B-E2]ef vlasl, 2o Aol A
FAh 5ol FEH I, el ¥ gy Tk

=

L
et

=

YA S BlolE FHE A gl A AR AL AFEBte] 718 RaUTh 717} 7 AR ol v
ghol WAE 4 Qo A, SN E AT & A5tk e} 7] AAE WA sE AL 220 gAY 7=
NEH 1 e 24 Q7 W, AN BB L o5 5 stk 19 Bhg, S elelA 2L
ARE 3o 3 sk oAl gte] o) 2 gyt ol % BB L olE AT a4l A s
[e3]
BA .

g 3o
ol 4 A

A 9H) LA B ok S o] A 4] gk B 7hA)

o - X

oft
N L

s F2(AA D) & FAES A FYTh 22 o g A 2|lAES A 2hE 5 {U7] w2 ol A8
AFUEAE =

mydict = {[1, 2]: '12'}
print (mydict[[1, 2]11])

< 7 A S0l AFRE (1, 219id7F A HA S A 27 w2l KeyError ol €] 7 A g o
%, 9AM e 7l is7F ok et ==& Ahg-8ho] Wl s) of F ot

« JAEES 72 AR T W AR S e YTk 7H AA QA 2| AETF AR O] e F2E 2dE 5 9,
EALFETFRE Fzo whd 5 917 W2 ol ZHEekA] ks yth

o J2EE 7|2 & A T AR A A A A= F AAFYULE o] AL AV ASR BAES
FARAYS W Z2 W FH387] ol IE HFYTh =R 9V T EUAAS A=HY
thd.keys () & E & dMvE 9 712 A48T 4 ik
1=

R
AL9) A A gro] ohu e
gAY elol At A
A, A7) BE AR PR REE dod 5

23t o] BAL 835 =0 AA W, A3

MAEE B bR Feh 2 Qs s o] sl ot 4

Sl 7 ) ol AFshe B e sl A7)0 1A ge] AR 7 A

52 & o gk,

class ListWrapper:
def _ init_ (self, the_list):
self.the_list = the_list

def = eqg (self, other):
return self.the_list == other.the_list
(Th sl o] Aol A)
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(e1A sl o] A ol A AI5)

def _ hash__ (self):
1 = self.the_list
result = 98767 - len(l)*555
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + i
except Exception:
result = (result % 7777777) + i * 333
return result

HA AL P mE] AN U A RIS AT e e ERe] s oz A Bl 9
FHA S

=3 AAZ 9 YA QA=A FAFel, F4 ol == 02(F ol.__eq  (02) is True)o|H™
hash (ol) == hash(02)(Zo0l. hash () == 02._ _hash__()) ook 3t} o] &3 A3 AS

= O
2597 2ohd Y el T2 SIA A9 227 e A5 g

ListWrapper©] 7%, @5} 21217 941 2o 91 wjubch o3 9 2~
ootol guith. L7 A} o] & Suk= A F5A) £ 3 Aol tha)

3 o] 1€ S A vh A S IRk 2SN L.
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A H2ES BFFA W, hA WA sorted () FHE G L. of Tt AFH o HH LI A A 2]
AEERET, AYE TS BBYUTE o2 o), 48H <AZ IAU 9 72 o] Heo]= bt L
e 24Utk

for key in sorted (mydict) :
# do whatever with mydict [key]. ..

3.22 nlO|’MOi|AM QE{mH|0|A HME {EA X|™sID ZX[EHL|7}?
Ci+ 9} Java s 22 QAofol A Al B 5He BEof thh AIE o] 2 BA = BES WA =9} Fo] Shet =R EE
e AWFUTH B AL A5t ehefol] Aels o] 2 WAE A8 3 Zo] dFR 22 1AL PHE

o =go) Brpw Az

Tpol W 2.6 FA W o]~ S A (ABO)E AT+ = abec BES F7HgUth 28 b+ isinstance ()
9} issubclass () & AL 3lo] A28 ALY ZFPATF EAH A 3} o)
collections.abc REL Iterable, Container W MutableMappingd Z+& 83 ABC I &2 A

o gt

ol W] A9, T4 L4 T AZBIREAE 55 5ol AEH o] PAY W olHE & 5 AFUTh

gl e £2 2ES AFTH 5ol BE A o] 2 A S} oA FAFor
AT ST B dtold RELS 2T HER Aol AE A HAEY S AT 5 s
E53 QR AEH o] 2 E AFR ol REXAE 9 F AE F o] 22 TRl “AF] (stub)” of & o] 2 AFE-S)
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o 2% A HAE & 4 95Ut doctest lunittest ZE B+ Zﬂ’“x} HAE 28 AT E AHE-31
REY REFE ES A= ZZAHA HAE AJEE ??E T AHFYTh

An appropriate testing discipline can help build large complex applications in Python as well as having interface specifi-
cations would. In fact, it can be better because an interface specification cannot test certain properties of a program. For
example, the 1ist .append () method is expected to add new elements to the end of some internal list; an interface
specification cannot test that your 1ist .append () implementation will actually do this correctly, but it’ s trivial to
check this property in a test suite.

HAE A EE AGets A2 W Egol HH, A HAE ¢ e J=S AT + s ynh 14
O Wo] AFRH = 7]& 9 Ei]/\E 7] ak 7H‘?:.}(test driven development) Oﬂ A, AA ZEE A7) Aol WA
HAE A9EQ RS A4 otk E8 o] o] AAZHAAY HAE Ao]2E A

A43A F2 5 DEF S GFgh

A==

3.23 goto7} Q= O|f= FAL|7?

1970“1\'41011 AVEHE L B A 3 goto 7} o) B L A F 7] o] Bl A A BB “ATHAE]” TER o]o] & S Qi
WHD‘J*HD} ApE AofoA =, 27 (Stol "o A if #,or,and R if-else 49} FZ (while
JJr for &, continue®tbreak s T 4 JFUH 7 Q= st B 8814 g5y th

A& AFE et T4 & ol ® Agdts “F 24 goto” & A+ 5 AFUth B2 AR 997 C,
Fortran @ 7] E} 1 0]€] “go” U} “goto” F+x 9] BE el 4 AME-S HesHA o Ed ol E T 4 Jvha A ZHEy
th o & 59

class label (Exception): pass # declare a label
try:
if condition: raise label () # goto label

except label: # where to goto

pass
O] PAlo] x| FHOE FLIE A S H§5A FAT, o HE TR WA R gorod] YF O
Gtk ok AN LS AN L.

3.24 't 2X|H(r-strings)0| & SejA |2 BY 4 Q= 0| E RoQlL|7)?
9 AgeAL, B4 19 o SANE B9 4 QaUth 2o Aol gl o 2ANE BE MR BAE
ojAA o] Z stof, FUHA] b FAE S F YT

g EAL & AA o S A] olaAl ol Al E st = Z2AAN(FE FA Aol e J=HS 4A
s T AR *;;"74]3 AsUth o2& Z2 A A= X 5HA] ke $3 o SHAE dlg & Fetae, &
AL 0|8 585 Brth TR, o AR o) A7 0|= s} EAL HEE EAE ALY 5
PENERE RN EEEECEERFE R L

=S Ay YEselt 49, RE AR A ad 32 2 383 f9 3442

[f = open ("/mydir/file.txt") # works fine!

DOS B ol thd A2 S BESHE B¢, dE 0, U= T stUE A=A
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dir = r"\this\is\my\dos\dir" "\\"
dir r"\this\is\my\dos\dir\ "[:-1]
dir "\\this\\is\\my\\dos\\dir\\"

3.25 2f mlo|Moll= {EE|RE S et “with” 20| G&L|71?

golo= EFo At dET ol I=E SETHA EF AP A4 with” Fo] st 47
dojol e he 7 2L T2} A5tk
with obj

a =1 # equivalent to obj.a = 1

total = total + 1 # obj.total = obj.total + 1

shol Mol A, o 2 8 P27t = E KT,

§RAE g dotel 0 Crish 2 HHE Aol 44 3¢ Agstng, ofd Wiz o ds 2 sl
WasA & 4 5 UTh o] o] A tholRe AU - Astd el G A5t Ade] BE Mo
2325 43 JHUh
st A 54 B ALE g Th A3 A 7ke] ofwl o P REZL F2F A ve) &5 gt W o =g
REE A3 Fol AR o) FAAGAAL 5 Atk o2 <1 Dedt g rlmorE oW o EelRETL
F2E e 3AA ¢4 Qeuth A9 Mg, A WS w0 o E R Er
AE 59, b 22 Bt AUl S BAA L
def foo(a):

with a:

print (x)

e 0 ol eh Wl ol SRl RE A} slofo Bk A g e 2o, sholdol el melE ol A
oA & “a” 7} ol o WA HUZK X" 2t A AT oW, with B

= [e]
EAdLo

—

A AEe 9 o oA wEYh

Pl
Teluh, “with” 9 GAFEE Qo] 759 F8 oA (TE BE P4 TS Fa shel el A 44 24T 4
&1 Th the 3 2ol Sk T4l

function (args) .mydict [index] [index] .a
function (args) .mydict[index] [index] .b = 42
function (args) .mydict [index] [index] .c

oA A A A 2

o
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63

3.25. off mjo|Molle O{EE|RE CHRIE ISt “with” 20| &L 7? 53
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3.26 Why don’ t generators support the with statement?

For technical reasons, a generator used directly as a context manager would not work correctly. When, as is
most common, a generator is used as an iterator run to completion, no closing is needed. When it is, wrap it as
“contextlib.closing(generator)” in the ‘with’ statement.

3.27 if/while/def/class 20| Z2E0| 2 ¢t 0| FAL|7}?

2o 72 ASAL o7 98] AR FUTHAHA ABC doje] A3} 3 s Th. o A aejsl 24 A

if a ==
print (a)
9}
if a ==
print (a)
AR Zlo] oA 2T ¢ 7] A FHBHI A L. o] FAQ HH oA FE o] oA A E A Fsh=A =
BN L; ol o) BE ASE AU
E ChE b o] f i BE0| TR 4E BAZ It BH/E SoETE AYUth S0l 8 Sk s
WE 2Hs7] A9, 22 BAES o Fus] 2B B4R O 22S 2 5 U

"B": [6, 7], # last trailing comma is optional but good style

—~

2rE, FE EE gAY e 2EE o]l A S0l 2A- Y= A oA Sl dERE FUME E8 7
g7l W 228 27181717 g AUk B ol B BEA 1 2L ARET £E dwdnt
A5 YRS FSeE Qe oL el By £ Ak e 59
x = [
"feeH,
Ylfie"
"fooll
"fumll
]
ol gl2Ec= v /Y 847 = AAH B A AAZEE A 714 849 A5yt “fee”, “fiefoo” 2
“fum”. & FEE F7I6HE ol gl 9= I+ AsYth
FY YRS SR 22 Y 3= Gl B AN £ & JHU)
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—

xE Bgo] leA gtolBe g g daE AP L. (AFole 2F gholB g
W& w2 ol dAE AE 5 A FUHh)

For third-party packages, search the Python Package Index or try Google or another web search engine. Searching for
“Python” plus a keyword or two for your topic of interest will usually find something helpful.

=N
-t
[\
3
)
(=

h.py (socket.py, regex.py §) &4 Ot 2 o{C|0| JUsL|7?

BEY AAILSE ZE F JOodC C+ B 7 EF HAuddE Aoz 79 UFol U 5oz 24
25 4 UGtk o] 49 £ o] AL C A2 T AE e (ol 320l §13) %) mathmodule. 5}
Ze gdd 4+ 5y
shol 4ol (4o]£) Al 71 F5el BEol gyt

D solHle s 2 2E (py)

2) CE AT FAHOZ 2= BE (I, .pyd, .so, sl 5);

3 C2 A4E 7 e zejE % P28 2E; o] 5L Qody, U s A sIA L

import sys
print (sys.builtin_module_names)
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41.3 FHA0AM mo|M A3 EEE AN uld= PHE2{H O{E A sHOk SL|7t?
AAE ok Futh ~APE Y] BEe A Jhsslobsta A WA 2L 412 A= 1 H ol
Sol 7l Qe e) | A= 7} 9ol of itk
WA= chmod +x scrlptflleolb}ol-u]-_l_ chmod 755 scriptfileg A3]35}
HAl= oA 7HA PR 2 o3 & ¢ dFUth 7P g e o 22 &2

[#l/usr/local/bin/python

£

sk

4n >3L' & n

stol 4 e melel 7/ S Eo] AAW AR o] Ag 3ol HAe] A A E2 A3 AU

~3E7} oW AEzeH 7} e A EPAor 5
Ut} shol 4 A =2 €7} ALg 2} paTHE) T #E 2o 9]
A Qg ok

[#//usr/bin/env python

O] AL CGl 2T HE | HL3A np4l A L. CGl 2T HE ] PATH 5= £F H 4 3ol kA, A = 2| 9
A7) Ao A= A oF T

wu] 2, AFE X} 87 o] 7}5 AHA /usr/bin/env L EZ 13 o] AWt T env LE 13 o] od glHY
ot} o] A%, th5d 22 S A =T 5= 5T} (Alex Rezinsky 2] 7] ¢ 141‘/}):

#! /bin/sh

exeé python $0 1+"s@"

A2 G2 ool 2FYES] _doc_ AL S Btk Ad Ytk 23 s FUske] £AE
CEEESOEE
[ (‘1()(‘ = ll""‘.‘Whatever".""" ~]

4.1.4 10| & curses/termcap IiF|X|7} YSL|7}?

FH2HPY A9 B ol Az 7| EH o2 HuldE A= °}21‘3,Modules/‘1ﬁﬁle—*lﬁﬂ°ﬂ
curses ZES 23U LH (= wlZ A= AL 5 5 YT - =98 curses T E2 54U Th)
curses B E- 7| & curses 7| 5Tk oyt A4, thA] 22 A A Y, = 2 vk XY} 22 ncurses

o
2}SYSV cursesA wo 271 7|58 APt} o] REo| BSD curses T Y= 29 A A&} T 3E A S
SotA wE AA) A BeE = O0SEL o= AR o] o £314] ok A 25Ut

b

4.1.5 1}o|M0j| C2| onexit()2} SS5t Z40| UESL|77}?

The atexit module provides a register function that is similar to C’ s onexit ().

56 Chapter 4. 2}0|=E2{2|2} &% FAQ


https://github.com/python/cpython/tree/3.11/Modules

Python Frequently Asked Questions, Z!2|A 3.11.10

4.1.6 Al X2|7|7t X%tSSHX| = OlF= FALULIN?
2

74 S0z A= AYuth o8 32F U

ot
<
Sl

A2 Al2E A 717 2xd A

[handler(signum, frame) ]

mebA 5 7o) o) WA A s ok sk

def handler (signum, frame):

421 mio|M ZZ2 ] OILI HAEHEE O{E A EHAESL|7}?
3} o) ZHLdHIZ7F AF5YLE doctest RES BREL S2EFH 9= AAE 2t

unittest REL Java®} Smalltalk H|AE Z & Y304 2d3 d o QX H2E ZfdYgagych
HAEE o gA 38, 829 22330 £2 ZE4 YAAS Ao gyt =282 A
RE7s= U ITHaAER feddalofFUtt- 2l ol 2 22 WS T w2 A A Y3t
e AT JFUTH (R HE AN A7 A AR w2 7] wjZof]). st 22 7302 A9 H4
HA 3= Aol o £351A] grotok 3t o] A st BHIAESHZ| 7 A4 o] 7] i &t

Zeage) <del vel mer e e 2L FES

e rjr Ao,

if name_ == "_ _main_ ":

main_logic ()

zza3e) vo 2E stde] ¥ AX W e 5 Ay
et 2ol Bhey] A€ G549t Fs S RO R T, o] B AATE HAE G548
Lagsfol ghict Aee) BlAEE AEIAE HAE AL 24 RES AVD 5 Yk o AL Be
4 Sl A v, sholdlo] o}F AT f A E EAES A5k “Z2EH 75753
HAE §48 A4stel 29 A4 o 2P0 AV A BE 5 AUtk WIS 94 23 2L 270
TAY S 7 We U
z2a3e) Mo BEo] ohd “A Y BE |t BES) A HAEN 2HD 5 U
if name == "__main_ ":

self test ()
B )R A o) 29 4F A e T IRRAE o] A0 T TAD “IHA” AEI 3] o] 2 AHg-Shol
9% Qe o] 2 A EF F P wl HAET 5 UHU T
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422 SEAEZIoZ MUHME O{EHA HSL|7}?

The pydoc module can create HTML from the doc strings in your Python source code. An alternative for creating API
documentation purely from docstrings is epydoc. Sphinx can also include docstring content.

o] A5 UTH cursesE AHE-8le] o] S 3 st= 22 IHASHA| R, curses

4.3 AfE

431 AZEE AL2SI0{ O{EA =2 22 US| 71?

_thread 2 E9°] o}d threading EE& A} &3 A L. threading 25 _thread RE 9] A& st=

A%z weu e u 9o #2458 75

43.2 M ABETIOIRARL AME|X| &i= A Z5LIch of O 7I?

w9l 22 =7k B A, BE AU =k FEUch Wl 2=k R we) dgs o], ~d=st 4 g
A Azl Yyt
e £4 e me g Bol BE AdEst $RE BE F23 0 FAS /45 29U th

import threading, time

def thread_task (name, n):
for i in range(n):
print (name, 1)

for i in range(10):
T = threading.Thread(target=thread_task, args=(str(i), 1))
T.start ()

time.sleep(10) # <——————————————————————————— f

au oAl (B2 SAZoA) 2t HER AP A odar, 3ol shuha] a8 or APE = AA
HAYrH I ol & 08 2= 2A 7 ol A 2 =7 25 2 wj7hA] A 28 =8 AR 7] 2 ¢

ek,

T A2 AY g Al 2 A2 e FUkske Addth

def thread_task (name, n):
time.sleep (0.001) F < !
for i in range(n):
print (name, 1)

for i in range (10):
T = threading.Thread(target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10)
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time.sleep () & 93 £ A9 ke 2531 T4, E 9] Aulzo} v 7
3} 7} #] ofolt] o] &= queue R ES i
3, W 2 et AYE S ulao] B2 9

4.3.3 0] AL ABE Ziol| ZHES O{E A HHEEILI7?

7H 42 WL concurrent . futures &, £3] ThreadPoolExecutor F | 2 & AFR-51= AJ Yt
T, Had A eSS AEsHA Alotstel |, AH =2 & A48T 4 dF Utk queue RES AHES}
o &Y 55Z T FE HEAA L. Queue A+ AA BEF5E FASHL ol 52 F7eh+=
.put (obj) HIANES} o] & WEHst= Lget () WA EE ZFUTH Felae 7 2 o] Ags] 3 vt Ay
5 ot d 283 52 AT

aE g =9 o2 25Ut

import threading, queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker () :
print ('Running worker')
time.sleep(0.1)
while True:
try:
arg = g.get (block=False)
except queue.Empty:
print ('Worker', threading.current_thread(), end=' ")
print ('queue empty')
break
else:
print ('Worker', threading.current_thread(), end=' ")
print ('running with argument', arg)
time.sleep(0.5)

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers

for i in range(5):
t = threading.Thread (target=worker, name='worker 2i' % (i+1))
t.start ()

# Begin adding work to the queue
for i in range (50) :
g.put (1)

# Give threads time to run
print ('Main thread sleeping')
time.sleep(5)

A he v 2 2] 4

Running worker
Running worker
Running worker

o,

gk

Running worker

(TH& sl oA ol A1)
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(o1& # o] A ol A A<)
Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument O
Worker <Thread(worker 2, started 130283824404752)> running with argument 1
Worker <Thread(worker 3, started 130283816012048)> running with argument 2
Worker <Thread(worker 4, started 130283807619344)> running with argument 3
Worker <Thread(worker 5, started 130283799226640)> running with argument 4
Worker <Thread(worker 1, started 130283832797456)> running with argument 5

A S UL BE YA E BRI L. Queue P AE 750 FHE AHFH o)A E AlFFTh

4.3.4 O ZRO| M Zt HZO| AT QMBI

yHEHgo=m Ao o xzelH 5(GIL) o] A8 ol 3] Ag = v go]d VM A AYdE ==
3 o}, omm o2, o] HlolE A= | Arol o A RE 28 = ZF A S-S A FF YT sys.
setswitchinterval () & &3 Quit} A AR S A4 5= JdFULh wetA] ZufolE 7= 9
%019}%‘“3%0101]*1 T ERECTH Z=E FolH =2 a3 AHA AA 3 °“4\3‘r

ot 2
l

o] £8 02, 0| 2 HB5HA| upx| 7] A A= PVM Hho] = I T H o] th 3t H 23k o] 37} BRFHTH: AL
ojw g %‘?-ﬂ’ﬁ.iit, o] AL A Ao g Hole” R HoHP (B, Bl2E, - )9 3/
Aol gt 2 2Fo] AAI 2 A A de o u gyt

NE 50, thF A2 BF A AdUtt (L, LI, L2+ 2|2 E, D, DI, D2& 9A 4 e, x, y& A4, i, j&
A5 gueh

L.append (x)

Ll.extend (L2)

x = L[1]

x = L.pop ()

L1[i:§] = L2

L.sort ()

X =y

x.field =y

D[x] =y

D1.update (D2)

D.keys ()

o] AEL obduith

i =i+l

L.append (L[-1])

L{i] = L[3J]

D[x] = D[x] + 1

Operations that replace other objects may invoke those other objects’ __del__ () method when their reference count

reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists. When in
doubt, use a mutex!
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435 MY QIEZE|E 2 MHE £ YSLIM

e ¥z e =(GIL) < ?? 3}01 A= o5 ZZAAM AW 7| Aol ko] d 2 v 2| sk ©l el 71 "ok
AARAUL, (AL]) E spold ZEZFGILS FH1L e Lol AL A, b5 S = sfojd =22
Do A4 2 kel CPUR A& A 1 5 S o

alo] W 1.5 A A oll, Greg Stein2 A A Z GILS Al AL A ES E 02 A5t =ZA < 9 X R (“AHH22
289”3 %) F+& <5 Y th Adam OlsenS 3 2 19 python -safethread Z 2 A Eof| A] FAISH A TS T3
FUTh 2%, F AW BRGILAAS RASE o 22 R AL S For s 9o 28= 4ol

3243 Dol A5 LItk (Ho] = 30% ] -Gl oh.
2Z oA o5 CPU 7| Ao A] T & AHE AL T = glths 2 obgd Ul o8 A9 = th4lo
g Z2 A 22 ZYPS ‘jﬁLb‘]-L o] g -& w3 3§ of gtk /\H,‘:'r_—r‘ concurrent.futures EE9
ProcessPoolExecutor Zre 2894 = A2 PHES AlFTEYTH multiprocessing R E2 2

A T 2sh ol et Ao & o AT W& A3 A%F APIE AT

C 332 A5 A3 A= 28] FUTH C H4L Agstel A7to] 2.8 Aelt A4S 2B,
#3249 ~e=sCHE 9 2dEsold YL FAT 5 LS T 5

%0, |

oy

Tl
™ XL m

.zlib®thashlib o} 22 AF HF Spo]He 2] g2 o|n o] FA Tyt
E

GIL2 A3 " o] o]t Qe Z e e AE) Solojof sttt A= 5 Utk 1 d AE=Z 2 E 7}
AAE FHE T YHULE 2R3 5, o] AR dojd 7FsA ol flsUth @2 A 3o dA A e &
ZFA1 3L Q7] Wi Eell, 43 FY X“Q ol d AYUrth & £, 2 Ao g2 FALG o] A B Ut
oy st MAl = ?_]E%EF/] B e 2 o] Fdl oF &t o2 A A & oll= A A 55 (free list) ©] 5T 9]
ﬂ%%%%ﬂﬂéﬂﬂ“ﬂiﬂﬁﬂ%ﬂwﬂ]ﬂ@ﬁiﬂéﬁw%

287 A B 22 EAZ Q7] W], § AT AT ol B 5 QLA A2 A% o AL
G2 oy Eo] 259 AA DAY AHE AH=Z T’/]Fﬂ *‘ﬂ]"ﬂ AGIEE AT = Y= ARG mE S5
S5 1 98 b ol EU

gl v gte g, Aok FElE T8 &= U AdE=ZEHE 24 Svd, 24 JdEHZ Y HE HEY
ZRA AR AdstE Ao vaf 42 o] H2 FAYY7R?

44 Y3 £

441 TS O{EAH ARSI (1217 CHE T IEE-)

os.remove (filename) ©]W}os.unlink (filename) 2 AFLSFAA L AHA = 0s RES IFXRFAAA]
9. % gt BARUL unlink () £ B3] of Gaol B f 92 Aad 529 ol B

e e g AASH Y, os.rmdir () & AFSAHAIL; THEH W os.mkdir () & AFE 3 A L. os.

makedirs (path) & €A 3t7 g+ path./] Zodg gl E 95Utk os.removedirs (path) & H]
o9 o, F 7T el 2l 2 Al AU TE A4 el 2] 2212 2 )82 AAE e | shutil.rntree () €
AHE B AL L

ot o] 5= v H
3d& A28 W, £ = open(filename, "rb+") & ARE3to] 1 f. truncate(offset 2 A8-5HA
A2 offse "] 712302 @A A (seek) A1 A YU TH os.open () &2 I 31U Fos. ftruncate(fd

offset) & YHUTEH A7 A fde 7Y 712 (F2 B5) YUt

shutil BE % copyfile (), copytree () % rmtree () & X33 3t oA Z53l= B2 g7 23

ol dsyth

os.rename (old_path, new_path) & AF&3}H4 Al L.
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4.4.2 Ol S O{EAH SAFEL|77?

The shutil module contains a copyfile () function. Note that on Windows NTFS volumes, it does not copy
alternate data streams nor resource forks on macOS HFS+ volumes, though both are now rarely used. It also doesn’ t
copy file permissions and metadata, though using shutil.copy?2 () instead will preserve most (though not all) of it.

4.4.3 HIO|H2| CIOIE{& SHE (EE AE) -2 FAYLIIN?
g vtol e Hole FAS JAY 22 W, struct RES AHESHE Ao P 5 UTh vy g
ol (B5 A& £ste 2Ade A Fold AAz Had + J=F Junh; 28 2 R =

s
o Sol, the FE & T A 9 ATi ok FA9] F 9] 2-mpo] = H 49} Skl 4-mpo] = A4 E ATk

import struct

with open(filename, "rb") as f:
s = f.read(8)

X, y, z = struct.unpack(">hhl", s)
ZUWl FAL Y] > = o] QT et ol Bl E A F Ut EAF b’ = shite] “&h-2 (short) B (2RO E) E ¢

I & EAFL ol A K}Wﬂ “Z1(long) =" (4nlol E) & %41514@.
S A Z4QA gloE (& 9] intLH float] 55 2| A~E)9] A%, array B E

o

A8 SE AU

Fa: vpolde] HlolHE Sl 28|, vloj e RER 513 Fofof dyth (o] 7] A&, "rb" S open ()
o=z ALYy, giAl (7] EZH S o A, 9ol dAE RER |3l f.read () & bytes AA|
Al str A& g th

4.4.4 os.popen()2Z THE HIO|Z 0| A os.read() E AI2E = e AXNE ELICH
felL|n}?

A 3t 7S Adste ATE T YUtk os.popen ()
o] 14 39 AAE wEYth webA, os.popen () £ &

2 W open () &5l
A nuto]EE 9108 H, p.read (n) < AH&-3 oF Fth

ghE o] sz po

4.4.5 =& (RS232) ZE0l| O{EH HMAEIL|7}?

For Win32, OSX, Linux, BSD, Jython, IronPython:
https://pypi.org/project/pyserial/
F4Y 29 7%, Mitch Chapman®] 5= 4l AIA| &S FZ3IAHAI L

https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com
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4.4.6 2 sys.stdout(stdin, stderr)2 HOI=

ol
A

orEL|7k2

gho] A 3t A= A5F C Y 712y aeE
W open () T5E &3 to] oA TtE= o &
gholHl o] A A F2 o7 FAGL ‘6]—-‘%C 5}
9] 3} Ao A A o 2 ol b = FH T
221} stdin, stdout @ stderr-2 I}o] % oﬂ/ﬁ S A A E]thﬂ, A A o] aoﬂ A E535t AHE F o317
EJd Yt} sys.stdout.close () & “ 5t njol A 4~ A o7 o

C 3td 7|&AHE &4 5yt

o
ot
X
qw

2 %
2 549 AR A9, £.close () & o] A 5+ AN E
<3} =3
=2 =

= gk ol AL £7h A7 2 o £

o] Al 7}A] & slitol thek S C 3t 7]& A2 2o d, WA o] Aol AWE o o] 1 AL 7R
Folsof Ut (& 59, /0OE =T 250 E5T 5 dHYth. 23834, os.close () &

g A A L

os.close(stdin.fileno())
os.close (stdout.fileno())
os.close (stderr.fileno())

E A 40,1 228 A7 AS 4 AT

rlr

45 YESI/QEY T2 Y

4.5.1 mlo|Moll= ofH WWW =37} /J}SL|7F?

glol B ef 2] ¥ 5] ® 2 vl 7 & 9] internet 3 netdata 732 IR SHA A] . Thol Mol = AW S} Feto]
A2" S FH5te ol 2ol He Be 250l ;yl 145}

Abg 7153 28 A ¥ 3 2 oF2 Paul Boddie 7} https://wiki.python.org/moin/WebProgrammingei] A %] &
2 g,

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
20210224183619/http://phaseit.net/claird/comp.lang.python/web_python.

m
_ll)l'
)

S

5.2 CGl & HESE ({EAH SLH H £ JASL|7 (METHOD=POST)?

ltd

2 POST & 2741 s o1 A8 /A 23 A% Uth o] 442 44 £ 5 Y=F e 71E 2= A%

U7
o. 52 urllib.request & AHE3h= Zhdst o Yot}

#!/usr/local/bin/python
import urllib.request

# build the query string
gs = "First=Josephine&MI=Q&Last=Public"

# connect and send the server a path
req = urllib.request.urlopen('http://www.some-server.out-there'
'/cgi-bin/some-cgi-script', data=qgs)
with req:
msg, hdrs = req.read(), req.info ()
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dutA o7 HAE AF G POST A4 F¢, Al BAFE 2 urllib.parse.urlencode () & AF&3}o]
ol g3f oF ghof] F2l s d Al L. & 9], name=Guy Steele, Jr. & R U8 H:

>>> import urllib.parse
>>> urllib.parse.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele$2C+Jr."

o B7]:

FH 9] 3 ol = urllib-howto 2 ZZ 34 A L.

453 HTML AMAIS 2|5l O{H D ES AL28HO} S| 712

Web Programming wiki pageo| A #-83F 33 225 22 4 J5Uth

rin
fof
[>

H&- 8k vl Zhek 3 o 34 v A EA 7T Y o o] 2 SMTP 2l A1 & Al dshe B

import sys, smtplib

fromaddr = input ("From: ")
toaddrs = input ("To: ").split(',")
print ("Enter message, end with ~D:")
msg = "'
while True:

line = sys.stdin.readline()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()

fra2 A8 o b2 sendmail & A8 3 T}, sendmail Z 279 9] 9] x| = Aladutth thF U th Wl £+ /usr/
lib/sendmail, &% /usr/sbin/sendmail. sendmail WjF <& #H o] X7} =20] & AJ YUt AZ I =

e 24Utk

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location

p = os.popen("%s -t —-i" % SENDMAIL, "w")

p.write("To: receiver@Rexample.com\n")

p.write ("Subject: test\n")

p.write("\n") # blank line separating headers from body
p.write ("Some text\n")

p.write ("some more text\n")

sts = p.close()

if sts != 0:

print ("Sendmail exit status", sts)
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455 AZ19| connect() HAMENAM E2ZLUS u|5ta{™ 0= HAH| SOk StL|7}?

select BE0] 279 H]5 7] JOE A Y3t= o] &3] AHF U Th

To prevent the TCP connect from blocking, you can set the socket to non-blocking mode. Then when you do the
connect (), you will either connect immediately (unlikely) or get an exception that contains the error number as .
errno. errno.EINPROGRESS indicates that the connection is in progress, but hasn’ t finished yet. Different OSes
will return different values, so you’ re going to have to check what’ s returned on your system.

You can use the connect_ex () method to avoid creating an exception. It will just return the errno value. To poll,
you can call connect_ex () again later - O or errno.EISCONN indicate that you’ re connected — or you can pass
this socket to select.select () to check if it’ s writable.

ZF31: The asyncio module provides a general purpose single-threaded and concurrent asynchronous library, which can
be used for writing non-blocking network code. The third-party Twisted library is a popular and feature-rich alternative.

4.6 C|O|E{H|O|A

4.6.1 mO|"Moi CI|O|E{t| 0| A ufF|X|of| CHEt QIE{m|O| AT} /}SLIIN?

.
DBM3¥} GDBMZ-2 T2 3 7]k 3 A] of] T & 01514] o] A% T2 vlo| Mol L3 o] QLU ATl A= 7)ul
FA Y dolEHu| o] A8 Al Fd= sqglite3 REE I5YTH

25 #AAY d ol g w| o] 20 tf 3 Qo] Al-g-F Y th AAM g Y 8- DatabaseProgramming wiki pageE %
Z Al L

4.6.2 mIO|MOlIM B AFE O EA AL

pickle gfo|Hejg] 5L o] A& Wi utHd WAoo g s dsta (o ds] @d atd, 22 = B 22
A= AT = AW, shelve 2ho] H 2] EF -2 pickle} (g)dbm2 AH-&-38to] 2] 2] shold AA S

:,L_‘% Fol = o< - 4 (persistent) v 33 & TH5 U T}

B

1

7

Ok

FUIN,

4.7.1 TO|MOlIM S OB A HEHEL7?

oX
N
it
4
o
i
A
v
>,
o
i)
flo
()
au)
d
<
v

%% 2 E randomd WG A

import random
random.random ()

o
o randrange (a, b)<+[a,b) B9 A
Ea

e uniform(a, =a,b)HYe H=
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5.1 CZ LITS| S48 BHE 4 USLIM?
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al

oo F ol

il
1=
o
%
>
2
=
>
il
o,
N
Y
]
vl
i
paY
iAs
A
iuj

5.2 C++Z LIEIS| &t & QS & USLII?

g5 YT C++oll = C 2 7152 AUt Tho] A 912+ E (include) 3t Y =9 ol extern "C" {
oL P E Wh— JJrO] 2 QAE =2 E 7} E%% 7} 4= ol extern "C"E WA B A L. A AE 7R
Z o)} A A (static) C++ A A= 7 £ 4 Zo] obd Y

5.3 CE& A= A2 o{ESLICE CHeto] /ASLIm?

S shel & Aeiol ek, of 2 & we) C B3-S S BhE of e /A Histel dsueh

Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the corresponding
C code. Cython and Pyrex make it possible to write an extension without having to learn Python’ s C API.

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’ s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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5.4 COllAM 2|2 mio]M 28-S H{EA &

02

g ASLIN?

= FHAY =& ¥4 = PyRun_SimpleString () ©]H, o]= 2E _ main_ 2] AEHAE A
—E—Z]—Oﬂ ) Z]—% At AEstd 0 H}ﬂ‘d}i (SyntaxError& Zg3t:) ol 2] 7} &g st -1
Y&, PyRun_String () & AFR3HAIA] 2; Python/pythonrun.col Y=
s BN L.

5.5 COllA 2o o]’ EBiAS O{EA Eote & JUSLIN?

o

A

?_

O

o A & PyRun_String () &5 start 7| & Py_eval_input 2 AF§3t] TEdA4AIL; 23
A sk, B 7bekal g Wy o

]
]

>
o 12
Slics

5.6 mO|M A0 CZLtE HIEAH FSELIM?

That depends on the object’ s type. If it’ s a tuple, PyTuple_Size () returns its length and PyTuple_GetItem()
returns the item at a specified index. Lists have similar functions, PyList_Size () and PyList_GetItem().

For bytes, PyBytes_Size () returns its length and PyBytes_AsStringAndSize () provides a pointer to its
value and its length. Note that Python bytes objects may contain null bytes so C’ s strlen () should not be used.

AA Y = u}\]"‘s}ﬁ 3, WA NULL©o| o}d XA &9<l3t t}5 PyBytes_Check (), PyTuple Check (),
PyList_Check () 52 AR IAIAI 2

29 ‘F4 dEH °]£7} AlF3te sho] A A of tf gk 14F APIE QL5 Th - AA| 8 W82 Include/
abstract.hE %’J.E/,ﬂ /\]_‘?_. PySequence_Length (), PySequence_GetItem S ZeLsErzERE
T stolx A1 QTE]H o] & & 4= & Wk oY 2} e AH(PyNumber_Index () 5) <2k PyMapping API
o g3} T/}f U2 FESG 22 EZS AEE YT

=1 4=}

(m ) 2 e

L

5.7 Py BuildValue()E AI23510{ 2| Z0|9| &
olL|77}?

MH
mjo

A

rr
rlo

|
T

a8 4 stk tAl PyTuple_Pack () & ARSI A L.

5.8 COIAM ZHA[2| HIMEE O{EAH SEELIN?

PyObject_CallMethod () B4 A9 §1o]9) =S TE 8 v A8 4 A5UTh 7] Wst
A7), 55T WA =9 o] &, py_Buildvalue () o A% & A% 2L 2% 24 2 AR gyt

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);

A °ﬂ A ZHE U - o v AR A A o) B 2HE T v gE2 Py DECREF ()

& Eol, d7H10,00.2 31 AA 9] “seek” VA =5 T &5t (3L AA A 7L 2kar 7H F oh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...

}
else {

Py_DECREF (res) ;
}
PyObject_CallObject () v &/ A2 B0 gt T2 At =, A=} §lo] 45 T =352 ¥, format
o847 E AL, st AAR F4E TS0 Y, AAE BT E FEUh ol E S0 “0)”.

m]
ind

5.9 PyErr_Print()2| &2 (L= stdout/stderr 2 QAlE|= B E ZH)E 0f
A ZELI

(]

stol A FEO A, write() HIAEE A Wdt= AAE BYFHA L. ©] AAE sys.stdout I} sys.
stderrol ) Y34 Al L. print_errorE T3 AU £F Ed o] W AU Fo] A5 EE FAHAIL. 18d
g2 YR write () WA= R E X2 ® T

o2 3= 7MF H WL io.Stringlo FIAE AFESIE AYYh

>>> import io, sys

>>> sys.stdout = io0.StringIO()

>>> print ('foo')

>>> print ('hello world!'")

>>> sys.stderr.write (sys.stdout.getvalue())
foo

hello world!

e A4S S ASA o AR L heT 2EUTh

>>> import io, sys
>>> class StdoutCatcher (io.TextIOBase) :
def _ init_ (self):
self.data = []
def write(self, stuff):
self.data.append(stuff)

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

>>> sys.stderr.write(''.join(sys.stdout.data))
foo

hello world!

5.9. PyErr_Print()2| £ (L= stdout/stderr2 QIME|= D E Z1) S O{EHA EELI7F? 69




Python Frequently Asked Questions, Z!2|A 3.11.10

5.10 COIM miO[M2 2 ZHEE ZE0 O EAH HMATL|7F?

et 2o] RE AA ) e £AHE A2 5 AUk

[module = PyImport_ImportModule ("<modulename>") ; ]

EES ot 92 E &4 %o (5, sys.modulesol oF2 glow), o] 22
oo th<3] sys.modules ["<modulename>"]9] Zt2 wtE gy} o] A
42 kSl oA AL - A 27|35 £ 5 3al sys.modules ol A FH

I8 ths, e 2ol 2 AERHE(H ZE Aod € o)l AT 5 JFyth

[attr = PyObject_GetAttrString (module, "<attrname>"); ]

2gof = Mol v 4st7] #9 pyobject_SetAttrstring() = TESE X sk
5.11 I}O[MOl|M C++ ZHH|O| O{E A QUE{HIO|A EHL|7}?

Aoz ARSHAIA L. shol 4l
CofebA ¢ 72A (EAH) L

= 2 Bt
Crt ol el el o) 49, O 25 A2 o & th tlerel 95U7RE BEYA L.

5.12 Setup IS Al25I01 RES F71¥ =0 make7} A
OAZESL|?

El
—_—
o
r
1

[29)
—

540z 2y 4o GDBE NS o, Bgol 22T wj7hA] B3] RS 4T 4 vtk
o
i)

.gdbinit FdoA (& th3}4l o 7)o}

[br _PyImport_LoadDynamicModule

29 thg, GDBE AW &

$ gdb /local/bin/python
gdb) run myscript.py

gdb) continue # repeat until your extension is loaded
gdb) finish # so that your extension is loaded

gdb) br myfunction.c:50

gdb) continue
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514 2|SA A|AHIOIAM TIlO|M D ES AHml
ASLICL e OAESLIN?

ol
k1
H>
Ral
ra
ne
I
_|'I:_|
e
o

el 248 0l el Sl ol 4 488 4
python2.x/config/ Tl A E g7} 35 o] ¢l =
o

H=sie] A%, 223t ud-S 4o python-devel RPMES A X] 314 Al L.

HH] Q] B¢, apt—get install python-devE A3IAHAIL.

AL

5.15 “HRE QU2 I} “ZRINE U S O{TAH Y £ USLIN?

W% shol M o5} AIEzelEl o) SHE Fof vl A

o
EO% f”‘%]x]x ‘QEWEH‘%%i‘/}”%—E—X]’% &

23] 2 ol &

-
Bl
i
1%
N,
1o
of
L)
o
ol

E01 IDLE° 0171 X=X /\}&gqq

Cco /\1 o]H A = 7HF 42 WL PyRun_InteractiveLoop () & &3 (o}u} HE 9 A # =9 A]),
glol A S Z e/} g8 1= & 3l= A Y t}h PyoS_ReadlineFunctionPointer () 7} o &
Y AR A Y FA4E M RS AAT 5 AFUTE AAS I EE ModuleS/readline-0ﬂ
Parser/myreadline.c& FZ 3 A L.

5.16 H™O|&|X| &2 g++ 7|E _ builtin_ newL} _ pure_virtual2 O{%E A
A ol./_\l__|77|.?
T M-

g+ 3 BES FAOR LTS, 5o 4 S ThAl ZTASL, gr+ & AFSShe] ThAl F A3 (o] A
Modules Makefile ol /] LINKCCE W 4 4 Al 2), g++ 5 AF&51o] o] 2 2] 4 RES J I ok Tt (1S
£9],g++ -shared -o mymodule.so mymodule.o).

5.17 L& O A 2 J3k|n 1O e

C= o A
—_—
Sof A58 B4f) A 2HAE U8 & YLk

I2¥5Yth int, list, dict §H 22 W ZH2E A5 5+ AsUTh

The Boost Python Library (BPL, https://www.boost.org/libs/python/doc/index.html) provides a way of doing this from
C++ (i.e. you can inherit from an extension class written in C++ using the BPL).

5.14. 2|54 A|A”O|M Tto|M =S Hulstn AX|T LR ool giEL|ch of A”SLIf? T


https://www.boost.org/libs/python/doc/index.html
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6.1 F=0M oM == RS A3 0{E A 3loF EL|71?

o) AEL P Aol oyt oful AL Bl T2 P& AR o] % Frhd o BE
Aol $WE AUtk 184 gow, E ol AHol BRF 5 Ywunh

Unless you use some sort of integrated development environment, you will end up #yping Windows commands into what is
referred to as a “Command prompt window”. Usually you can create such a window from your search bar by searching for
cmd. You should be able to recognize when you have started such a window because you will see a Windows “command
prompt”, which usually looks like this:

[c:\> ]

ot 2A7thEal, d F o v Aol = F syt T EE a3 22 22 {44 & 5 s yth

[D:\YourName\Projects\Python> ]
AFE A4 P A 2ol 2 1 el Ao AE2A T Ak old B2 AU, Fol W =2 IAL
A F 7k Ao,

SholHl 22 Y Bt shol 4 B e E] ehis The Z2 T4 QS Be s ks A€ %3 glojoF it
AEmelEt 2TYES 91, vlo| E TET A3A5T, v = TEE AYshel Z YL FEHVT
a9, AE T E S Ea ol AL Aelst oA Fulaof Sk Az

WA, §E o] “py” ehe dolE s A 7] £ A& sk AAE A4t FAdsordynt. HE FS I
qod, B py € Y4 3110 return 7] & % 2] of T o

[C:\Users\YourName> Py

thg3} 2ol EAIH Utk

Python 3.6.4 (v3.6.4:d48eceb, Dec 19 2017, 06:04:45) [MSC v.1900 32 bit (Intel)] on.
—win32

Type "help", "copyright", "credits" or "license" for more information.

>>>
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Hello

>>> "Hello" * 3

'HelloHelloHello'

B Akl tshy BES HelSlUA S S el Yo) sl d ALY A8 P T olshy sheld A4S
Zgdd, exit () FLE TSN AU 2 = JEsHA ctrl 715 FE23 A “Enter” 71 S 58] 959
W TEZER Solzht).

3k, A% > T2 9 » Python 3x » Python(8 % 2) % AET 2L A4 vl G5 Zop £ 9o, 1
A A B >>> LEZEES B 4 JEUTh o] 49, exit () T BEAAY cerl-2 & Y I3
ol A Uth A=A & “python” B2 Aot Foli, JABZEHE FEH F= d5Uh
oAl py BE o] AAHJ o R, T2 Tl Fto]H ATHEE E 5 YFUTh FolH AT HE Ao
Azp ) A2 e AAsok & AQuITh BA1e) Sho] Ml AT YEsbhello.py Bt o] 50 2 BAle] 2
%o AX ST S, Y 2EZEALE O R ¥ G 9o n R thet Zo] Ugo] AP U
[C:\Users\YourName> ]
T A o] A AT HE B E Folpy & Y5t gto]M AT HEE A7 Aol py B2 8F T AA U

hello

C:\Users\YourName> py Desktop\hello.py ’

6.2 IO|M A3 EE A3 mtU=Z Tr=2{™ 0{E A sHof SL|71?

ol A £F ol A A B A= o1 .py FFAe} 912 # & (Python File) & A 4331, B 22 H(D:\

Program Flles\Python\python exe "31" $*)E A3d3=open WEH O Y 7S AT 9
Ae WY zgeolA foopy T2 2TYE QWAL BElo] FEFUT BEAY glo] foo' £
S) e shol ~ 21958 44 5he] vl PATHEXT $14 W2ol py2 2 7bsh oF 3l ch

6.3 2ff iUl = o] M= A|ZHSH= Ol A|ZHO| 22 ZEIL|71?

AuhA 02 o] AL 9w ol A ohS- WA A2 A v, We 2 sho] A2 A &St Bl A7) 2.3 Al 7kol
Atk W1 BRI} A5 ol 8 AL sl o] SAsA TR ACE ol BhE AL AAT
oA & A5 3} el 6% o 2 E A BT

o A% o3 ARl holel s A4 2xEdolsl 42 dgoz WAL A S SFUh U vl
el a AT E Y AAHOZHE A RE AL RUHAGEE AU E PAT Y = A 25 F RO
A% 2B =E = ot 202 el gt Al S oAl vhol el 2 QA 4z =l oo 7S Feldo
AAZ S5 A DA HAIA 2. E D A28 7] 9L FAFES THH F9, McAfee

+ 53 2AE go gy
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See hol M ~AYER =9 AWY who] 2 & vEelw o)
to make executables.

oje,
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Of
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3
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g
=
o
=
|72
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]
=
=
o
Q
=
17
-
=
&
-
[¢]
b
=
o
[¢)]
=
|72)
[¢]
o

o, pyd -2 dil o] Ak, B 71A) Aol Hol Qg UT veF TAI0] foo.pyd 2he ol 9] DLLE 7443
SIEF®, ByTnit foo() P& HEA] 44T R1ojof ghuich SA1L 9ho] 4 “import foo” & & 4 3101, 3}
1, 0] = A sy i7]§]—€7}7] A8 PyInit_foo ()

o] % -& (foo.py, foo.pyc U} 0}1/13}) foo.pyd & ZAM & 7 o] 1, o]
SE2AET AU =LA DLL & A& 21T A o] 7] | £ .exe = foo.libe} I 514 oFF Ut}

foo.pydoll Tk A A 2= A% Lo A foo.dllS A Mt o] AFR8H= A 27} ol pYTHONPATH%] ENERS
‘6]—/\]/\] L IESE _LE_‘:I_EHO/\161]3].7]_&oﬁfoopyd7],”\%yé_g_)€%i ]u]_ Jilapoduﬂrai 78‘—?—01] dil
ol Zostlth B, import foo & 3}7] ¥ 3 A= foo.pyd 7} Z 83U th DLLOA 7] A& A FEof| A
_ declspec (dllexport) & {‘i?ﬂ% Uth. pydoll Al F7) A= AME 7153 S BE5o g Yt

r{n

6.6 F= SSZEEI0| Tlo]’HES Z&5te™ 01 LA SOk BLint?

o

AL QoA ho] A AE 2B 2o TheH 2ol 2ok 4 Ytk

1. Do not build Python into your .exe file directly. On Windows, Python must be a DLL to handle importing modules
that are themselves DLL’ s. (This is the first key undocumented fact.) Instead, link to pythonNN.d11; it is
typically installed in C: \Windows\System. NN is the Python version, a number such as “33” for Python 3.3.

F A YR AN JA 4 UG, RS B GAL pyenonan 1ip ol A Y28 9
u|sta, PElY 8 3= pythoniN.dll o th3F H I E o) m st} (YW 2F11: pythonNN.1lib &=
pythonNN.d11 o] 3] @38l= 29 “import lib” U th 22 B AE Y3 7S5 ZJ3gh

Aeg 92t 93§48 20 BEIFUT. TE A2 Ard Bl WA 949 2
U= $ LoadLibraryEx () FE-& AFE319] pythonNN.dll & 2= oF &yt 2 7=+ 9
GetProcAddress () FHOA A2 ZQAEE A3} pythonNN.d11l (Fe]# 2] C A .4 ]
2819 oo 12 AL oF S Eh. W= o] 2] 9 E SIE £ 5ho] 4 C APIO| Al 201 S 52 8
C =0l BRAA AL 5 A,

2. If you use SWIG, it is easy to create a Python “extension module” that will make the app’ s data and methods
available to Python. SWIG will handle just about all the grungy details for you. The result is C code that you link
into your .exe file (!) You do not have to create a DLL file, and this also simplifies linking.

3. SWIGE: 87 25| oo ne} o] o] Feba] = 2718 §4(C §4) 2 A FUTH o] & Sof, RE<]
o]E0o]leo?l A, 273 T+ E 1n1tleo()i sk o} SWIG /‘H Z P 2~E A}-2-3}4 initleoc() 2 T T}
AL AE A AR I UL A 284 2T 25,

27 A CZEE exe 9t °ﬂ A e olfre 2713 FrE TEoh= Aol RES oyl r

JEESE A7 5 A57] B2 AU TH (o] A o] BARE A 92 F AR ALY Th

7]

3] Wl A, FA2 FAle] B RER vfo|d dE 2 HE 27

g
X 0
(> Ho rfr

>
et ol

91t

#include <Python.h>

Py_Initialize(); // Initialize Python.

initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.
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5. 5ho] 9] C APIo = T 712 #A4) 7} Q1= o] 22 4l o] PythonNN.dll & THE = H] AL§H = 2
291 MSVC o]9]¢] Aot & & AHg-5hul 9315 o,

A af

Q)
=

Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-
compiler environment because each compiler’ s notion of a struct FILE will be different. From an imple-

mentation standpoint these are very low level functions.

A 2: Bk gko] void 1 C 2] 3 & AT o SWIGE th= 22 =8 A S th

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

o}o}, Py_None-2 pythonNN.dIl U] 2] _Py_NoneStruct 2}+= 23
w22 Utk oA DokAbd, o) IE= HE Aude 84
RERIES

Hek dl o] B +z0
A }

A

f

[return Py_Buildvalue("");

A ol As ZHF A 71 A= ZHA T SWIGY] stypemap W H & AHESHo] A5 o2 WA Sk Zlo] 7}
TEAE BREUTHA = &4 SWIG 2 HE A U th.

6. A= g YR A gho] A é 2T YHE S AHE Y] Shol A QIE Z2fE] - A X5k A2 £ A 7o)
opdurth 23 A2 A9 FAN2dA= S-HA L AdUth 238, G4l (= wxPythonWindow F
2 2~) 2 “native” °1Ei 31'3% g ook gyt o] F-2 ghol A A Z e} AZ3H7] g5 UTh
FAL stol MY ifos g7 L 2V E APt BE ﬁiﬂi P AT ¢ Qe B2 read() 2} write()
A =S 233 JJrOW 7“%1] (EFF EEd o)k dod Fuyoh

6.7 TZIJ|7} L mpo|M A0l S &FUSHK] 2=5 Sl 0 €A aljof
=

L|77k?

FAQE ¥l AH&ste A< AsHA o, stojd Aehd A (PEP 8) & 241 shold Z=0f tf3l 4

MY A o] AE FAE ) o] T3 Emacs python-mode 2] 7] 7k Ut}

BE B NA Bt Ao AE EEHE A FL Aol U o] Mol A MSVCE the ] ¢
29 o] ~E AFESH7] GA FAE U TH O A5 S whe} ) B A Al L Tools » Options » Tabs, 18] 11 3+Y F

o
E

flo &

“>Default” 2 3} 1 “Tab size” 2} “Indent size” = 4E A A 3Fa1, “Insert spaces” & 2] @ HES 7 AT

WY T8H 3 A oA Q] A T EA 7} EA = A, FolM o] IndentationErr

ror
TabError S 'FAAIRA U B, tabnanny 252 A sto] i3] REO A feE e E2E AT

6.8 S2Z gl0| 7| YHS =I5t oL Hof ELi7f?

msvert 2 &S S AR AU o] A2 B AE-54 AF RE QUL o] 22 7| HE J ETFEA T

fo
O,
_ci>L
o
o
jnp
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6.9 How do | solve the missing api-ms-win-crt-runtime-I1-1-0.dll error?

This can occur on Python 3.5 and later when using Windows 8.1 or earlier without all updates having been installed. First
ensure your operating system is supported and is up to date, and if that does not resolve the issue, visit the Microsoft
support page for guidance on manually installing the C Runtime update.

6.9. How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll error? 77


https://support.microsoft.com/en-us/help/3118401/
https://support.microsoft.com/en-us/help/3118401/
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Jef = ARE A 2IEH 0] A FAQ

7.1 dixol GUI &

el

7.2 What GUI toolkits exist for Python?

Standard builds of Python include an object-oriented interface to the Tcl/Tk widget set, called tkinter. This is probably
the easiest to install (since it comes included with most binary distributions of Python) and use. For more info about Tk,
including pointers to the source, see the Tcl/Tk home page. Tcl/Tk is fully portable to the macOS, Windows, and Unix
platforms.

Depending on what platform(s) you are aiming at, there are also several alternatives. A list of cross-platform and platform-
specific GUI frameworks can be found on the python wiki.

7.3 Tkinter & &

7.3.1 Tkinter 22 T2 13 {2 A D™ (freeze) EL|77}?
Freezet= 5 A4 S8 22 1L V== 7YYL} Tkinter &8 Z2 1S 1A T o, 3&
2 o A3 Tl Tk ghol B2l 7t Bo3sln g A4 5 A3 o] op gt

One solution is to ship the application with the Tcl and Tk libraries, and point to them at run-time using the
TCL_LIBRARY and TK_LIBRARY environment variables.

[kl

2%

To get truly stand-alone applications, the Tcl scripts that form the library have to be integrated into the application as well.
One tool supporting that is SAM (stand-alone modules), which is part of the Tix distribution (https://tix.sourceforge.
net/).

SAMo] 4314 TixE Y =311, o] W o Modules/tkappinit.c W&
SHA| &= 3}, libtclsam 3} libtksam 3} & 2 g o} (Tix 2ol B8l & £8g

A Tclsam_ init () 52 A4

o
> A&UTh.
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7.3.2 I/0E 7|cl2|= SOt Tk O|HIEE X2|SIEE & £ USL|II?

On platforms other than Windows, yes, and you don’ t even need threads! But you’ 1l have to restructure your I/O code a
bit. Tk has the equivalent of Xt’ s Xt AddInput () call, which allows you to register a callback function which will be
called from the Tk mainloop when I/O is possible on a file descriptor. See tkinter-file-handlers.

7.3.3 TkinterOl|A{ 3| HIQIZIO| EXk5}K| LSLICH 0|7} RoAQIL 72

An often-heard complaint is that event handlers bound to events with the bind () method don’ t get handled even when
the appropriate key is pressed.

14 22 e Yol 483 QA F1RE EAL A e AT foous B ATk AW A E

SN e, BE AN TAL SV ARE EALE W T (@ o] 2 TR 95T takefocus
A RAA L),

o
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8.1 mlo|Mo| FAL|7?

stolH2 T2 e ﬁoﬁ‘ﬁ‘%r/]ﬂ gogE g8 =2 1‘“’“01] AHSF YT ol s 97 g 7
ASstu e UstoAe & 2z oy Aol 2 AFRH A 2 Google, NASA ¥ Lucasfilm Ltd. 2} 22 3o /\1

AE £z Egol LA} ALS S = P

shol 2o thah B i ATk, ko] 4 <A A A R E A S AL
8.2 L ZFE0ll mto|Mo| MX[E OlRes RAULIN?
shol o] Al zxglo] A= o] QLA W X7 71 ool Girk, 13A B 5 gl B 74 A o] &t
O ARE 02 NEAL TZAADE WP Gof S0 2 AARE AU BAL T
FEE AN AR YA 353 ok Gt
e AR A S8 5210 oo s 445 Ao, shol 8 A4 R4 25U
o] Bkl Ql%rvinh

= =
GUI =2 9o A v 2912 A v 2} el Aa%eoﬂ o2/ 7HA 19 $§ =2
« 47 A= AFE= Wol Ao JFUH o] 22 2 2]
Hewlett-Packard &} Compaq-/] FEo tis] & or- 3 dsyth 293
spoj oz A e AY DP.
» Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed by
default; it’ s included in the base installation.
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8.3 mIO|ME MME +~ USLIT?

sho]#l o] ot 4] g Aol 2 g%,

r2rdEdor AAYou, o AL oKX AAR 4 9
=233 FHA A ool £ AHEFHAA L

AGAEE ZEGAN o0 E AARGD AAL S QAL AY 38 220l A A5
A FUTh Shol B AR AAGE A S 28 22w Al 2218 e AL oF gUTh
sho]#l o] £ AR A2} T AlBH Ak, A A s AL wiEAeA T xﬂﬂw,ﬂrﬂmiw
BEETHE ANEA on, 1% ARE 2T 5 AaUth EAE A Ao T 2T L A2

Aok & 4 A5k

fy

Yok A= oA L, Alo) 2

4
pe
=

82 Chapter 8. “?f L ZZE{0l| Zt0|MO| MX|=|0{ J_SL|7H?” FAQ



APPENDIX A
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>>>

2to3

EECE CREENRES SISO EEREERE b EERL EROEE A L RS

A=UTh

e 2e ASL A 4 A&yt
 Sol27) 9 FE BEY FEE QYT W, AL o] T TEA (B, ULE, FET) o] LS
SEEEEEEREREERELER B EEREES

ot At =R, £AA8E 7 FA AL 7 24
3 3 o B age hEU

2t03 = FF golHE oA 1ib2to3 2 Al ZHYULh =g @ o7 A3

scripts/2to3 & A& F Yt} 2to3-reference= 2 A 8.

oz
]
>
X0,
rlr
[>
[
rt
m
rlr
;_]

O

O

)_l
2

abstract base class (34 w| o] A S| A)

annotation (

S wo]2~ Fe A hasattr () 22 2 HAIY S0l EHS AV v ESHA ZEH (& £, WA
HAE) B, AEH o)A E oot e AT T RN B o] & B4t ABCE 7Hd AR
ZHP2E =4, FH2E ASSHA o HAE isinstance () 2 issubclass () o 93] 7
) HE2sJUth abe BE ABAE EAL. sto]Hol= %2 W& ABC 5] Whete =1
So] &5 Ytk A8 X (collections.abc ZENA]), A (numbers &l A]),
oA, YZE 92} 2 (importlib.abc ZEO|A). abc ZES A3 A &4
TE AU

O

rlo e

S

Iu

S
iy

l

RN D)
g o

1o | do wit
> o

W —

Ak

i ©

)

o rx M

—L
b
i)
°

dgo et & JE 2 AREH e A, SHE EYRE B e s v ke g d4-
golEd itk

A Wae] o) b o] A AW Al AA2T S YA, A WA, B2 54 9 G2 of el o]
AL A7 2 g, Ed 2, 42 _ _annotations_ EF o]EE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.

83


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

Python Frequently Asked Questions, Z!2|A 3.11.10

argument (212}

F5E B2 G5 (EE WA S) 2 ADH L gL T EFY QAL A5
o I| ¥ E QRA} (keyword argument): T~ i%ﬂ:ﬁ A 217} kol B2 o1z} (& %o} name=) X %%
E Yol 2 9 E AGH & AA A& Eo, b33 22 complex () E&|A 335 &
BE 79E A2t
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2] 2R} (positional argument): 7] = d A=k t = °ll
At olHE E o go * & 2 A JFUTE o & So], b2 F 22 T34 3-‘4‘
BT 9 A A& Yo

complex (3, 5)
complex (* (3, 5))

Qb= 4 Hhe o] o] 22 Ao wgel th B Uk o] thglel A8 & F AE hSI A& calls BL
AL BYAoE, ofd BAA el AxE A8 5 AFUTh TR gro] A Mol B e

S0l w7l A4 5 THFAQ AE A9} ul 7l ¥ 4] Afe] 9} PEP 3625 KA.

asynchronous context manager (W] 57| A€ A& Az}

An object which controls the environment seen in an async with statement by defining ___aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (B]% 7| A2 o] €])
H]-5 7] Ay Eﬂ olH olH# oY & EHFE= T sync def & A5+ IAFH T4 Hol&=,
async for $2IAEE 5 9k AAS] GBS NEL yicld RS ERATE 2ol cHELITh
HE 057 Avdels @4 7}81 7)1 A %, ol E FE W o A= v]F 7] Al # ol E oEl o E] & 7}elF]

Y} o £ 51 o) u 7} WA ke A9, HAH o8 AN REFS QAT

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (H]-% 7] A #] o] €] o] €] #]| o] E])
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object

which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (H]£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] H-E
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A 22 £ A1 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =}

binary file (B} o] 2] 2} Y)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb'or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of io.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (H]-O]E"E:‘-.‘_%"— 2 A)
bufferobjects & A A3} C-A5 HHE 22X E g F JdH5ULh o8 &5 memoryv1ew A A
E 20| bytes, bytearray, array.array A& £33} H]—O] ELF AA =L o]
dolH & thF& of 8] 7HA] A4bEol AMEE 4= s Uth 45, vhol v g JJr‘”E XV‘* ’\7‘]%%&

zz“\__‘ N= 0] A5 ]’] E}‘
W A5 S vhol e Hol 7 N AY A Rst deriich ol e A9o] ARAE B5 9327 ot
Ol ELF AA” et 1545“413]- 7H ¥ AA ] 2= bytearray R}bytearray/] memoryview
7F syt th2 AAkE2 vtelv g ol H 7 B AR (“9 7] A& vlol EL{ AA”) of| AREHES
STEYLH ol A5 A Z=bytes8bytes AA Y memoryview 7} °]~‘45}
bytecode (H} o] E T &)
o] A FE = Hho|E I EE A 5HY 5 =], CPython O]H e A sto] W =2 I YR 7

A3 el Mol = A= pye L9 AN So], 28 st g T wA QG H e DT
2o 4 vpol = M=z o) AATFLL 3T 4 AU TH. °] “F2F o] & 7} o] £ FEof th g3k
JIAS AR A 1A o ARSI BT vl = B A2 e shel 8 714 A A oA
A58 2102 7tshA %, sho] 4l W2 7ol Qb A o] 2| ekrhi Zlel 308 of gt

Hlo|E 2= Welolse] 25 dis RE AWA el Ug U

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

/\

lut

[callable(argumentl, argument?2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the __call ()
method is also a callable.

callback (&)
QA AeE = ulele o) Adol A ARY AH 2 Fa

class (Z~)
gAY ) A

=
WA= o Ee =

class variable (28] & ¥ %)

85


https://peps.python.org/pep-0492/
https://gvanrossum.github.io/

Python Frequently Asked Questions, Z!2|A 3.11.10

complex number (&2 %)

%3 A5 A 2de $Fu, RE A7 AR S o AR YT H5ite A5
S 1Y AFDE Fe AdH, 5 T 18, FEoA = J&E R7)F YT sto| M
T B 2E BasE 7R AQTIUE S5 RE § AUAE Bl A 7T} odF Fo,
3+13. math 259 B45 MHo] 23W, cmath S AR FULH BA45] 827 3 52
T84 754yt Bastrtal =712 ZEhE, A A FAE 5T

context manager (] A~ E ]2}
An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A €] A E H$)
Aeeof et o2 g /b Qi WS ol 2 A8 2d =7} sl o8 e g 2Hd 5 gls
2fe-28 AFaevsdych v, AEAE |4 E B, sty A A= of] AE s
=798 5 don AAE WY £ EEE FA4 N5 HATA A WSS FAFE AYY

contextvars= XA L.

contiguous (<)
W= ;<4 3}3) C-4 4 (C-contiguous) ©) A} . E 2+ A< (Fortran contiguous) 4 W] A< o)gta o AUt
QAL W3 L C-Aldo) A E S A% itk QA ] Aol A, FEEL A 2ol SF32, 00 A
A 2 E A4 e o] ¢ Ao o2 2o 9 X150 of Ttk thAHA C-% ol A, v B2l
29 AR FEEL 23t o upx|ut ol el A7} 7 whe] W o) SR 2k, ZEE AL )] d o
A, 3 WA 827} 71 ) W g,

coroutine (Z 5 €l)

ABZHE o duistd Fefduth ABEZEL 3 A Ho| A Y3t o2 A FHA &2
?}‘41’/}. ‘f/l% o o2 A ZAA AYGstar, EE3taL, AN = dFYTh o] AE2 async def
Bog TS 4 95U T PEP 4928 H A 8.

coroutine function (Z ¥l 3+5)
F2E AAE EF= . TFH 4= asyne def o2 HAYH 4 Q, await 2 async
for&]— async with 7|25 38 5 QlFUth o] 2S5 PEP 492 of] o] 3 =4 iU th
CPython
stol A =2 I Ao A
Python 3} 22 T2 2153 7+ 24
decorator (¢ 2] o] €])
e g8 85 A, BE urapper w2 AHESH g Ao R AL FH YT dlZy o]
E]2] &3} o= classmethod () & staticmethod () YUY

Haelolel £He wA Be BUY Bk b F A5 Aot v goz TSk

def f (arqg):

ython.orgof| A ¥l £ Yt} o] 3£&-& Jython ©] 1} Iron-
{0 “CPython” o] A} Ut}

ko
rl
ro,
=
o

pas
o
g“;

f = staticmethod (f)

@staticmethod

def f (arqg):

22N l%ﬂlidli EA A T d 2pF 2 Ut ol Zd o] g of] th gt o] ApAI S &2 T F Y
o} FY o ABPAE HH FHYth

descriptor (t] A 3.2 E])
Any object which defines the methods __get__ (),__set__ (),or __delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P2 WA =S o) 3 2HA| 3 )88 descriptors U T 2 2 E] AR b A o] Y- Y T

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 A1) 2] A = 2|3l A)
olEl H &l A= 84 AA Y %%j—é At AE G gAY E et 1A% . results
= {n: n ** 2 for n in range(10)}<2Ztn ** 20| FH 7] nS E3s= A Y E A
¥ t}. comprehensions& ZHZ A Al L.

dictionary view (5 A4 2] )
dict.keys(),dict.values(),dic t tems (
Utk o] 252 9 e 5ol thet
WAk E o B

dict-views & H A &

O HAEZEEFE AAES 9 e Rt B E
ot "J%% &sk=d, 97t g E ), 57} o] WetE
%}L?}_ Bl 2ER B W list (dictview) & AFESHE FUTh

docstring (52 E g)
A string literal which appears as the first expression in a class, function or module. While ignored when the suite
is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function
or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (%] €}o]3)
Sul2 e F o] A5 AR EA Aty AA P BA G 22 A g, B
HAEY A ERHEV S S ALY AL %HD}(“OQXJE*EQLM‘MW’ﬂ“ﬂ‘tﬁv}‘a,l > 2
t}.’) EA S g 1:]]/\]0]] onﬂjﬂo]/\e AzeozH, Z ;\471“54 Fr=ot3g A &S —:ﬂaﬂogyﬂ

1>
o

{o

L QAL A g__,_olf\\/]r,]- 9 Eo]FHL type () 0]14-151nstance() = AH&sE AALE -‘74%‘4‘3]'-
(SHAI "L, BRolsg o] 74 o igﬁﬂ E‘_E—T—Omoﬂ frelsl oF gy th) iAo, hasattr ()
ﬂA}L‘rEAFPiE Y-S HUh

EAFP
& 2 H o} A4S £517] 7} ¢ th (Easier to ask for forgiveness than permission). ©] &3] & 4= gl& v}lo] 4
A9 282, 22 7|VG ol EYREY EAE 7HE A, I 7ol EE W Y E F5Uth o
ZEotal mbE 282 B try $hexcept w2 TAZ SAA AU o] g2
w2 Aojo| Al A= AF§-5 = LBYL AL 3 o vl g U T}

expression (X3 2))

oW groz 7ad 4 i FHAN 27 OhE B BASY, AN L UEY, o] 5, olELHE

AH, AAA, FHET 2L RS EAFE BA 245 201 28 AL TE BE Aojg

grAom, RE Ao} THEEC] RAAA AL otk wnile A, BAHOZ ST 5 Gt
B = £ ol 1, A o] obd ]t}

T =] AFYTh
extension module (8% 2 &
CUC++Z FAE ZEQH, 3fo]# 2] C APIE AS-3IA 4 o] Y A2 T =0} A5 283t}

f-string (f-& 2} Q)
e E ool B9l BAIY HEEE Bal LEAY olelL et £y AL A6 o
Z ot PEP 498 & H A 2.

file object (3} 74 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AAZ = A F72] 3t AA 5ol YFuth Eraw) vlo] 2] 1<, ¥ 3 = (buffered) v}o] 1 2] 914, E)
2~ E 3t o] 59 A o)A E io RENA BF Utk 3t AA S HEE 1 H A A 2 open ()
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file-like object (3} 2 A))
g} A7) o u)Z=3k gk,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3} Q1)
Ared BEL A o & Rodn AwsE 4.

gto] M 33, o] 22, F F7 FAH 7L Y5 Uth sys.meta_path & TA AHE-SHE H B 4 = IFQlH
9} sys.path_hooks I} /A AFR 3= A2 dEE golH.

] Z}A| 3 Y22 PEP 302, PEP 420, PEP 451 o] U-2-Ut}.

floor division (B4~ V=A)
74 7 A E W ESe 84 Al A vl AabAbe // th ol E Bl ®AA 11 // 4
o Zre o7 H A wh Ag Y AL 2 752 EHEUTh (-11) // 47F-2.752 Y& 3 -30] Hoj

Fo sl oF g Th PEP 2382 H A &

function (2+4)

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol A2 4= Q5 Ut u] 7 4= & WA = 2} function A A = HA|

function annotation (34> o] &) o] A1)
Eins UH7Htﬂ/\‘/]"E'} 7

o], o] F4 % 7|9 int AAHE WolE
R :

def sum_two_numbers(a: int, b: int) -> int:
return a + b

3 o] g o] A B 2 function B ol A A Wt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The _ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

T AFUh

generator (] ] o] €])
A el e ol e ol & FelFE & WA Holed, A9 s Hes *
Al e ohE Hol thEUTh o] gL for-FZ 2 ARG AU next () ¥ 2 3 Hof| sk A
T AFUh
Hs Ay ely 45 7He] 7] A RE o | E9l o A= Al gl o] B o] E#lo]E & 7Fe Y th & =6k
o|m| 7} B &etA] k2 A-f, AT G ENA REFES (LG TH

generator iterator (] ] o] €] o] o] ¥])
Al el ol g7t = AA.
Zhyield+ YAIA LR A& S3ta, T XY (XY H4s o
A AEE 7193 E Ay F o g olE#EelE ZFAMEE, Y o Bt (& utth A2
Al &5t g of v U o).

generator expression (2| U] 2| o] €] & 4])

2
olHHolEE T = R4, FZ AT HYE Bt for BB 7hestif o] Hol 2+
At A AE HYUth 2 22 S8R - E AT FES HEAH YT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 2} &)
22 A AR e FEd del +ES A T2 784D T S ofF FH AARHA =
s daeFel o 248 g ch

Azt 2a) %] €07 &3} functools.singledispatch () Bl Z & o] 2} PEP 443% H A 8.

generic type (A1 2] &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A e meld % 2 HAS

LY

global interpreter lock (<4 Qe =g §)

3 Wol o2 shipe] e =7} o] A vlo] = 3= &
AR StE MAYS. dict 9 22 F2d WTIES
thel A SHE S 5 0] A CPython 78 & B3]
22 HE s 2d =387 4 e A, vF
5 A%,

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

gm 1:1 ],\ﬂ A 2 ‘rr Eﬂ o g = ;d—:/_L) “’\Eﬂ of X]'-rri—.—(free threaded)” OE = B]Eq 2 s w3t
R A E o A SaS A B o oA 4 ool O Bo1a A0 g oA
As U

hash-based pyc (3] X] 7] 4} pyc)
L3S FEE Y] Yol NG A2 TU HE A A7) ofd FA|E AL S ulo|E T E A A
3} <. pyc-invalidation& ZZ3HA 2.

Z

E A5t = B A3 7] Y8l CPython 18 Z 2 ] 7}
o z3tel) A Blo] EAA O @ = A] AN A0
M5 Utk Bz AAE e AL A

2AN A A TG B RS

B ru

o

H:l rH
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hashable (3] A] 7}%5)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan__eqg___ () method). Hashable objects which compare
equal must have the same hash value.

AN A5 AANE Gl A AT W AEE 5 QA S, o] AR TR YA
o HAZE Ag37 WEG T

g shol o] BW WA AAEL A AT (FAEY 94U 2e) 4 AFe s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao YEL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B A0 7 A 7T (A7) AHA1E Al )
3talE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o g Yt
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (%Eﬂ)

P A s g eEe R AN BATE FLE (8 9% deo) o 28 Ju=
U

importing (Y £ H)
S 2E shold REA THE BEY shol W TEAA ASE 5 AEF S A3

importer( 152 E])
5ES B 53 2E S7)% sk AA; SA ol 5ol T o)A =r] A k.

interactive (t} 3}3))
shol w2 |3} )T 2lEl & 27 g, AE T E TET A AR EANL YA 4 AT,
=2t A9 A3E B 5 ok 2 Uk 27} o] BhA pythonS AW aHAl P
At A R 4 9g T A ofelriol & B AT R 1A E Eelhee g el

R AU (help (x) E 719 8HA1 8).

interpreted (?]E-]EL.E]E]E_)
ol SE B3ele) o) £l uf 2ol TPl 531357 59 ol W A3 o
Az g dofYguUtt o] A2 HAIH o= 43 A 3
Aot S9UTh 2 22O o] & o Ade] A= 7]+ AT, ?lEﬁ—E]Ei A= 2 E
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
genera[or.

iterator (o] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next ()) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean ___iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 11 st) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter ol T Z}A 3 W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] g)
7] g == Z 9 o] A (collation) =+ A E (sorting) ©] U ¥ & (ordering) o] AHE-5 = #= E8FE F
HEYJULE o & S0}, locale.strxfrm() S 2AYL EA YA S a=Ad 7|5 e = d AR

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9] & 21 z})
o1z & BHA L.

lambda (&t}
5290 gol FaAAE She A4 o2 PAH o F Qi U B4 BT BB REL EYLS

lambda [parameters]: expression YU rh

LBYL
5 7] Aol X2} (Look before you leap). ©] 7@ 2EtL-L T Eolu 23| & 517] doj]l HA|F o7 ALA
252 AARLh o] 2EhAS EAFP A2 U DUIF 3, e i B9 2AZ 54400 T
05 28 = @404, LBYL H2H-2 “H 772k “H7]” bl A 202 WA 2 Aol dsdth
& £9], FE if key in mapping: return mappinglkey] &= ZAA} Zof|, 3}X] 2 23] A9,
D2 25 key 2 mapping | A A AT AT 5 A% Th ol @ o) - %ol Lk BAFP 422
AETozAN2E 5 AU

list (]2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 = 2] 3 A)
AA2re 84S AR EE YR E AEst 1 2R E g2ER ST HE S . result =
1 & 00l A] 255 Afolof Ql+=

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0
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)

S

2S5 16715 (0x.) 52 EFE £A4GY g2 WY if 2 AFT S 9
59, range (256) °l A= BE 247 A H Yok
loader (2 ¢])
RES 28t AA. load_module () o]2h= o] £9] WA =S Hos|of FUrh ZrE&= BE 512l H
7t E#HE Ut AASFWRL2 PEP 302 &, =AM o]~ Z 8|~ &= importlib.abc.Loader & HA| 8.
locale encoding

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (7] 3] v 4] &)
5 A S o WFAH 9l W] S8

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & ZAM o] FHF+= 3 H. WE A2 3 H = 42 =g 3QlH o #-AH
171 AT kg e
HE A2 37 L3 sE WA =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

HEF ZE 2t o] Ml AAE Fobd ZH2E Tt AAS JAYth R 2 AA AP =220
Ao]EL2 7|2 TS AUt sto] A S EHFA He= A2 A" HEg S 28 s+ s
ALY R AL AN AL o] E77} A9 Do QAT Aol AL o, ve 2o as 2 e
Soba A0S ATTULE OB HE AN 22 27 (logeing), 2= k2] 271, A4 A4 24,
AZE 7R BL O Aol A8F % o
metaclasses | A T A8 U §-& 3H& 4= QI U Th
method (W] A &)
Sol2s v Qo AeE = g 1 2ejae) dadag o EeRERA 5EH Y, 1THAEE A
HAY A4} (HF self gt ETH 2 A2®E A AAERFULE T 9T HE 2572 S HAS
method resolution order (W A& 2 A 4= 4])
WA A7 AT 235 59 UM E A ol s Fu2EY £AYUD. 23 Do
gfo] A Qe ZE B o AFRH &1 Z9] AN S W82 The Python 2.3 Method Resolution OrderE X2
Uk
module (2-&)
sho W | 243k D) S WReh A7, REL 9Ao)9) shol i AA L B ol & B0E 25T
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module spec (2& A3
BEE 23U AHE
ModuleSpec o] Q1A~H

MRO
M= 27 A 8 2ZA L.

mutable (7}H)
7 AR = gl B 4 A REid () & €A sk

£ F 7} importlib.machinery.

[» jﬂ
rlr
juiss
kel
[t
ry
Y
o,
o
[
o
ol
k
30
rlr
-

named tuple (U] Y& & &)
“named tuple(V] ) = F-5)” o] ghi= g o= FEo| A A% 31 o] 8 B o] =R
T4 g ano] QAL T 5 e BE Fo|u} Zehao] 45U o} 2
1S 5 gl Uth
time.localtime () ¥ os.stat () 7} 933} kS Z3a1o], o] ] YA P o) Y I = HFZYUt) =
T} & o= sys.float_info YUtk

AHg3ho] Qe s

e te 7=

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t uple and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S 37
W7t AE = Fa olE 02 gAYz £aE Ut 44
7 s =2 37
1=}

L=, =4 L=
2ok oljel Ao, A, g ol & F2bel UG Tk o B FRL 0B FEL YA LENS AUT
Uth o & S0, &5 builtins open ¥} os. open() L 359 o]E FZ 7o) o FEE VT x5
7

ol F FH& o™ BEo| T ?545}“ 215 £ YA ThE oA
t} o & E0], random.seed () EEE= itertools.islice () 22
itertools EE 93 L= 3 o] ¥ At
namespace package (o] & -Z 7} 3] 7] A])
©2) A1 372 £ ZAE| o] 2l 7] 55 PEP 420 7] 4], o] & 37 7] A= B2 4 ol A7}
R= TE QA 58] _init__.py o] YloBE At 3| 7| 4] ob= thE YT
LSh= i

=4 Oﬂ/ﬂ W4 E F2oe 5. & S0, the g5 Ul Bold e vt el Sle
AT ES A2+ A5t SHI 2Tz 72402 A2 072 B 92 HA St
2o F=ef o gt A9 MeE2 7P el AFzoA i FUth vRZIA R, A9 LS
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (- A€l S A)
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (2 A])
B (IEGREU ) & 22 58 (MAE) o] BoH ZE dolg. =3 BE 7w2ed S92 9

254l o]~ 2o AT
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package (2} 7] A])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

At 71 A 2 o] 5 T A = BHA L.
parameter (7} 7] ¥H 3>
S (e A=) B AA B 02 4

AL E. THA E 59 vl 57} A5 Tk

o Y1 X]-71 ¥ = (positional-or-keyword): <] %] 21
o) Z0] 7] Rele) w M A h o & &

rlr
o
N
2
t
rlr
2
re
oY,
o
rO
2
il
i
X
o,
ol
rlr
o
ull]
M
rlo

t}-ol A foo 9} bar
[def func (foo, bar=None): ... ]
o A1A-A & (positional-only): A 2T AFE 5 & AAE AZFUThH X AL il HFT=
B4 oo WAL B / £A2 ERFL 1 Aol T 5 AIh o Sof Tl A
posonlyl T} posonly2:
{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

|91 =-H 8§ (keyword-only): 71 EE2 N AFE 5 A& AAE AZFULE 7| HE-A L wj7/iA S
= o Aol o] iAW B2 oA o shute] 7P ] mi/f MU < S a2 3 A Fo e
T AHF U A& £, 2o A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]
o 7FH-81 2] (var-positional): (T2 v 7] | =5 ofl s A o] m] ol5 o] X1 9] 2] 2l Z}—"ﬂ Hal) A2
T A=A A=Y A9 *154AE AZ Ut ol i H = v 7h A S o] Foll * & el
24 ZYE = s Uth A& S0 th2oll Al args:
[def func(*args, **kwargs): ... J
o 7FH-7]1 91 E (var-keyword): (Th2 w7 S ofl Y3l A] o] n] wrop5 o] X 7] 91 & QA AFEof H3l)
AED 4 g 499 A% AAE AFELS AFFUTE o A w41 AR o] Foll <+ &
ol A BgF 5 s U oAl E 5o 919 ol A kwargs.
P A A GAES 98 7 Rk oh ek A e H ol ALt B AAES AR S e

o1z 8o &, oz} ul) 7| H= 2] Fo]of L2 +=FAQ A&, inspect .Parameter 22, function
A, PEP 3625 HA 8.

path entry (7 & QlE2])
A& 7|9k 5l 7} PYxE T RESS 7 Al Farshe d 2 E A2 4 e 4.

sys.path_ hooks o ;}% QEJ% (5, 2R AEF F) o] EHFE I A, FAX F & dEZ
EREge e ¢ 91%145}.
AR AEF FAHE0] LI WAEEL importlib.abe.PathEntryFinder o U-&Uth

path entry hook (7% 2 Q=g &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7|4} 5} Q1)
718 v el A= I T E Fotueld], Y EE A A BE

path-like object (7 2F 21 A))
Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

o
i

U,
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

k3 2ol ol ek A F U E 31
30—%;?}%713@ 12 9l AU S ek PEP 2 Ak A%

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

2 2ol 5ol A AubA ol AP ES Age A LES T AT U4, Fol A Aojol A 7 A AR
5 o]t 52 F7ho] Wzt ofoltiofi} = 7). o & o, sho] el A A5 Ak o] YL for
28 AgaA e B RE 222 2HshE A UTh ThE BE dolot ol $50 T4 =0
Qorg, s ol% A e ALEL 4o £A 7L E B AR5 E Tk

p
for i in range(len(food)):
print (food[i])

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.___gualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (=R 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
@@K}f Zlo] F5 U
sequence (X] @ 2)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
_ reversed_ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (g A = 2] 3l A)
olHH & = 84 AAY EFE Aesta 245 F2 A4S wEst= 2H4 8 Y. results =
{c for c in 'abracadabra' if c not in 'abc'}e EXdY HS {'r', 'd'}E YA
U t}. comprehensions& #2814 Al 2

single dispatch (42 t] A3 x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T 23] x| 9] S FE.
slice (&2}o]A)
H5 0 s ARE LYGE AN, Gorol
variable name[l 3:5] A9 Oloj| A o 7] 7}
HE)Z7/|HL YRrdoe= sllce 7“24] A&y
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special method (5> WA &)

lo] o] gof o] AxLS, QA 22, APT u] EAFHOZ TEF = HAE. oJd A=EE F 79

LEZ AFBAL e ol 52 2L Y5 Uth 55 vl A == specialnames o A4 2 75014 5 UTh
statement (%))

TF2 2 E (ZEY “BF(block)”) & TS FEAUCE 282 32384 o] AY 7|9 =& AHE3F

= o8 7HA F2E 59 shvd YTt 748 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (Bl ~E 217 9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text file (Bl A E 3} <))

str ANE U2 £ 5 G 4 A, $F, AAE HY2 AARE ol S AF Ao A=
BN 2Bt HAE Q1T Y & A A PUth gAE J‘r?—lA |2 d2ERE ('r' EE 'w') 2
49 3}, sys.stdin, sys.stdout,io.StringI0 & ALEHAE & JHFYUT
HholEL 7 A2 & 931 & 4 & 3 AAof s A= vlolv g 31 = XA L

triple-quoted string (2% w}-2 % ¥ £2}4)
Fﬂrii C) AR C) AR S A Y. 19 I E sHUE SH A EAE §le
7o AE3tA = EAT o 7HA] o] oA £ R 7L 5T o] aFA o]z H A oF2 Zr2uhZE L}
%@%E% TAE ¢t 23 5 JEF s, AZ BAE 24 Gk oAy £ 22 5 =,
SaERg £ 59 2 duyn

type (%)
stol A Ao F-2 2170 o FF AAAAE AAFULEH ZE A= Fol dsuth AAY

Be  class_ ojEdHER AAAT S AAY type (ob)) 2 = F AFUTH

type alias (3 o] & 8] o]A)

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7'5& A" 3t= typing ¥} PEP 4845 = 8kA 2.
type hint (ﬁs‘ 3lE)
W, 22 B RE Y e vz Uk ] ZviE = & A sk of = H o] AL
Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 des xﬂﬂ'&h" A9 Mg, Fd2 oJERE 9 59 ¥ FEE typing.
get_type_hints () & AF&3to] AM A 4 5T}
o] 7= AWt typinwr PEP 484Z Az 354 8
universal newlines (WA & d3)
q _1,]-71-0 74'—'_»#‘!"@4 I’-OE_O]/R]-(S]_I_ Eﬂ/\E /\an.aﬁ/qd_ ﬂ]»l—% 7H3“ }

splitlines () Bat OM 2} PEP 278 sﬂrPFP 3116 Exﬂﬁ.

variable annotation (¥ <= o] 1= ¥]| o] A)

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

WM o] = H| o] A FH-2 A A annassign ol A A g o}

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7}4} 317)
Sho] AL Aot S8 22 1go), 28 A 20| A AL e ol W S8 22 1S9 S|
QL 74 oW A, shol i W T A AEL AR AL A2elo| 2ol AL A5 e A ok, Fe
Aoz AgH A &4.

venv & HA L.
virtual machine (7} 71 A])
szesolvon Ao 8 AFE. ol me] A4 /AL vl 3= n
=g A9 ok
Zen of Python (2}o] 4 Al)
ol x Tzl Pt AhEo BE5 0, Ao E ols st A8k ol =& FUth o] 52 th3}y
ZEZEA “import this” —% AEstd Bk

e
v
N
i
|
oy
rr
=
o
[m
K
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O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
Z+2) ] Guido van Rossumol] 2] 3l 1990t Z Rk vk o] FHF Ut Ftojx o= th& ArE =9 B2 38 9]
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 W d, JJrO] N Az EQ 01 A} € (PSF, https://www.python.org/psf/ %) o] A Q51 th o] &A= slo] A
A A A AHAS AFE S 58] A HH v g 23 YUt} Zope Corporation> PSF2] ¢ 3] Y Ut}
2 E gfolH wj =L Z7) /\/\?:]L]D]- (7N 22 A9 v A= https://opensource.org/E 2+
2). QAF o2, g B & (BFA T A= ot g Yth Ihol A w222 GPLY S Yt ol 9] F+ thgs
W Z S @ ks A Y th

HY = £ o E X S S ION, GPL &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-A 7] PSF yes
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F3: GPLY} EFATH: 2L 927} GPLE o] 42 W Eohche 21
eho] 2 GPL3} 2e] ol e o] WAL 37} 248 BEA 9 £ 48
S8 ehol Mt sho] W3} GPL Stof REH ThE 2 mE oS AYT 5
oLt

Guido®] A= 3}of| o] Wi £ Z 7hsstAl e W2 o7 A BAAS o Al AAFEH U T

Oh

C.2 mo| Mol HMASHHLE AFESEY| 2It 0|8 of&

r

shol dol BEHE UM 4z eg o] o T2 zho] M) A
2E9 3 g Uth ol el at ehol Mo BEA T 52

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.10

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.10 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.10 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.11.10 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.10 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.11.10.

4. PSF is making Python 3.11.10 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.10 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.10

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.10, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.10, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
(Th= Sl o] Aol A%)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
(Th= sl o] Aol A
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6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.10 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& sl oA ol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 23

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(THE sl el Aol A<)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard
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C3.7 XML A Z2A|X &=

xmlrpe.client RE-S The 3 22 29) A3 EaHach

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o1 Aol A1)

110 Appendix C. A2} 2fO|MIA




Python Frequently Asked Questions, Z!2|A 3.11.10

(e1A sl o] A ol A AI5)
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The 7} 22 5o ARHS EFF T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 ¢+11 2] < 2] Marek Majkowski @] =& o] 3Z 3} of
AFUTH 7)ol &= v 22 8ol 235 o] 5y th

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>

(TH sl el Aol A%)

C.3. Z&tzEl AmEQofof CHSt 2fo|MlA A S0l 111




Python Frequently Asked Questions, Z!2|A 3.11.10

(o1& # o] A ol A A<)
Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa . ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

*

*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

L R

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH sl el Aol A%)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(TH& sl o1 Aol A1)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

(TH& sl o1 Aol A1)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

7 o] A ol A A <)
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes 3F L2 W E —_yith-system-1ibffi & FA A k= 3 £ H libfi &2 AR S AR5 o]

Weg )

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

z1ib B2 A|2Eo A A zlib W o] Y7 LefE o] A o AgE 4 glo, Z9hd zlib & AHE S

Agstel et

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &8 A= &= Al Hl o] &2 & -& cfuhash ZZ A EE 7|Hko 2 gt}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& sl oA ol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 W EE —-—-with-system-libmpdec & T/ 3}%] &+ oF, Z3HE libmpdec 22 AFE S

Abgakel M= ek

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
(ThZ sl o] A of] Al<)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
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permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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