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The language comes with a large standard library that covers areas such as string processing (regular expressions,
Unicode, 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, filesystems, 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.
¢ B is 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.

o The suffix for a beta version is “bN” for some small number N.
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o 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 reStruc-
turedText 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 mod-
erated list that receives about five postings per day. It’ s available as the python-announce mailing list.
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https://devguide.python.org/developer-workflow/development-cycle/
https://peps.python.org/pep-0387/
https://www.python.org/downloads/
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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 Program-
ming 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. Python 3.x is the recommended version
and supported by most widely used libraries. Python 2.x is not maintained anymore.
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https://devguide.python.org/
https://ir.cwi.nl/pub/18204
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https://wiki.python.org/moin/PythonBooks
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https://www.python.org/downloads/
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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.
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>>> L [1

>>> dir (L)

['_add__ "', '__class_ ', '_ _contains_ ', '__delattr_ ', '__delitem_ ',

' dir ', ' _doc_', '_eq ', ' format_ ', '__ge_ ',

' __getattribute__ ', '_ _getitem_ ', '__gt_ ', '__hash_ ', '__iadd__"',

' dmul_ ', '__dinit_ ', '__iter ', ' _le_', '_len_ ', '_1t_ "',

' mul_ ', '_ne_ ', '_new__', '_ _reduce_ ', '_ reduce_ex_ ',
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(e]A sl o] A ol A A<
' repr_ ', '__reversed_ ', '_rmul_ ', '_ _setattr__ ', '_ _setitem__ ',
' _sizeof ', '__str ', '_ subclasshook__', 'append',K '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
environments 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.

Rkt sho] o] 1.8 H-ofol A o] A AL§H] =)o o8 =21 331 412 A] W the edu-sig mailing listol] 5]
ZAA L.
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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.
2 g AE Tdete W A48 ol A IDEZF d5Uth thee 23U th
e Wing IDE
» Komodo IDE

e PyCharm
212 B8 BHL} BN A4S 4
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Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
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Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
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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] I =

>>> X 10
>>> def bar():
print (x)

10
>>> def fool():

>>> X

print (x)
x += 1

results in an UnboundLocalError:

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

(th2 sle] Aol Al%)
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UnboundLocalError: local variable 'x' referenced before assignment
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>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()
10

>>> print (x)
11

nonlocal 7| Y EE ALl 2 HH ATz H]5e 9L T 4 g5 th

>>> def fool():

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

2.2.2 TlO|MOllAM K|} M H40l CHEE 122 fodlL|71?
o

Shol 2ol A, 4 ol A B3 Ak s 2 AT WA H5 RE O ol A 7
= EH?J&‘?E,““\]**SEZ@ o7 A =3}

AFole 2F g AT FA B2
% ehd] g Bagel oet A
3} At global 2 /\]——Q—E}H] Ak

A s of g th. o] Eee

ﬁ Oﬂ globals= E .:_‘_:[’—'3]-‘31
o, 25 A F=x globalo] K FHTIHA
of 31 thl-zazqoﬂoi

223 CIE U2E Ro0o|M HolE Brl= of 25 Z2 Zufs BEgLn?

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)
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>>> squares|[2] ()
16
>>> squares[4] ()
16

ol x 7k grhell A < (local) o] ofu] gt 9] - A~ F 2ol FoJF o] §17] wfj ol LAst, drh7t T &2 uf
HA 2 FUth— g w7} op Ut 20| FollA, x0] 2 40lBR, BE S5 ofA] 4++2, F 16

WU Th < o] S WA s grhe] AR B A M AH A B2 2H o] E U & dFUth

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

&
o
insh
ko
)
30,
f

o] & ¥ 3t ¥, grtell thaf A ol 3hE 23], A <] ghell o] E34A] =
Ytk

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

o} 71 A - Briol o9 A W40 g HET, $2 0 ol A Bl A x 9 2L FE REES P} A
2 ) AL o} ol n8) ghol A Al Friol A o, WAl A 1, Al WA A 2 S0 BE
et 7t gohs o)Al gule A3E wakeh ok

>>> squares|[2] ()

4

>>> squares[4] ()

16

o] S212 Prholl vk F 3 A o] oh] et A ol = 2 P Ut

224 25 7i0l| M HE-E SRS 01 €A sHok gLn?

9 mzaw Yol A RE 2ol AHE BH3kE FUA YU S R E(EFS configt} ofgehy
EHUhS BEE AYUth 38 2239 BRE 25 A config RES YZE 57| ¥ 5t F U T
TR 2Eo] A o] o= A A5 PUTh 7 BES dxv st 2.4 Shtols] Wi, 2E A7
o thek W7 e RE R NG H U o8 B e 2tk

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.
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225 DE0M YEEE AIZ5t= “BH Al = 2ALL[771?
AulA © 2 from modulename import *S ARESIA] npHdA| L. 138 A 51H AZE 3= Lo o] F
7ol of adaf A a1, ©H (linter) 7} B O] = #] 942 o] 52 A 87| 7 A o H A H U Th
gd W oA BRES AZE A L. 284 3t Z =0 283 ThE BES WA stal BE 9]
FolaFzo A e AEE 7T ¢ AFULh st Eol shte] X EEALSHE RE YXZES
AA 245 AA T 5 A, & Bl ole] YLES S W 72 D AT
e AR RES dEE St o] 25T

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

T JZTE FA BAE LA JXEE Tt W2 R o] Fdf oF st= 4F-7F Y5 Utk Gordon
McMillan 2 th5 3} Zro] E3 51 th:

T 2E BT “import <module>” P A1 &] JEXE S ARG S 3 QX EE WIS UTH F AA

EEo] A WA ZE2 o]E (name) S 7322 1 3131 (“from module import name”) ¢ 3 E 7}

A4S pFel Jow AUk A AA REo] T AA BES YEE S Folghd 3

AR BEol e ol52 b A E 5 g7l W2 dYTh
o] A%, T WA HEo| Site] FLoAu A AL, JEEES AY G2 47 0BT 5 A5
YZEESP 0, A WA 2E 27|81 ARF YT, F WA BES YRES FHT 5 e
AR mEo] FRE S0 W YEES T AP FEA DB RO 2 o FHo T 55 dHU
o] 47, std Wl oA BE RES YXE ot= 2o 7FeotA g2 v AFUTh o] A7, T SAF
ER AT M SuE RES Y2 E 3= 2o 2 AE Ut
THYEZEE G AU REY 2718 AINS Eolde T BAE dAstetl 22 vt o A 9
WEs 2o A Auue JEES $7PAL. o] /WS 22y Ay Yol me B JEES}
288 W 53] FEPUTh BEC AY FrANR AL W YEES FHE ST IS ST
JsUth 252 434 278w 2o RES Aw 2Est= vl ol Bl IAL, EE S oY A
2EFE AL MY FR Y RIS, F Wl gAY e 2F Y RUT BE ol Fo] ATLE
ol Afolx, 5L ofvlE sys.modules©l & HUTh
2.2.6 24| 2ol 7I12%0| SREI= OlR= FAYULIN?
ol g@o ML B3 AR meaAWEL AEYTE o FHE A A RAA L
def foo (mydict={}): # Danger: shared reference to one dict for all calls

. compute something ...

mydict [key] = value

return mydict
ol & HF TE0HY, mydiceo] @Y FEo] FHYUTE F AR, foo() 7H AR H 7] A A o,
nydict 7k o] u] 5ol Sof gl HENZ A 28] Wl R, mydice 7H ] B2 2RI
%% %5 530 ARG A AN E WE Ao ATtk 287 FA RSy §57 4D
of, 7] 2 k2 A 2s] g H dE ol Ayt o oAl g elet 2o, s d A ZF A, Fol thEk
5452 o MAY AR E 2P
Bolo] wel, 54, B, B2 9 none 7} 2L 20 AA L WAl FAFUTH G4, PaE g
= z d]
=2

O

(
- —

Al, NoneS 7|2 ZFo 2 AL
[FolE ME TTEAA L.

)
off
xfy
<
Aci)

(N TN RS
o off

2

2.2,

I°]
0z
e
2
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A o] FA A A L

def foo (mydict=None) :
if mydict is None:

mydict = {} # create a new dict for local namespace
o] 7152 48T 5 AFUTH AT v Azhe] AP F57 AW, QWA YL A5 T
34 uf} 71 A ?9} A3 AL, 22 ol ThAl 8 =W R E g2 kst A9 Uth ol A
al

Shoi, the 3t 2ol FRE 4 Y&tk

“memoizing” ©] 2}

# 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

ABZ A SV E 2R A M5 E A8 4 AUk A e BAYYT,

2.2.7 Bt &0l CIE S22 MEIHOILL 7|/ = D7HHS~-E TESHTH 0= A| slok
o] AR F5 ol + 9} +x AHAE A Sto] AAE TR S A 25 o] A2 9 7

|
A= AAE MY Ale gtk 28 b+ ok o+ E AR e e E 22 g W ol JAAE

A s stk

def f(x, *args, **kwargs):
kwargs['width'] = '14.3c"'

g(x, *args, **kwargs)

2.2.8 2x}e} o7 HS~Of XIO|H 2 FULLI7N?

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

£
i
[
R

foo, bar X kwargs= func®] 7A=Y Uk 28 funcE 22T o,

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

42,314 @ somevar & A=Y Yth.

f

2.2.9 ElAE ‘v § HASH I 2|AE X E HAR = 0|fR= REAL|7?
2 245ty

(Th5 sl el A ol A<
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(o] sl o] A ol A AI)

[10]
>>> X
[10]
yol 848 #7810 x= WAH & ol 97t 322 AYU T
o] A3}E VEL T A 847 dEUTH
D WEE wEd AAE 7)) o By - xS Y PAE ARG BEA FLith-
7h BEFE A e AANE FRFE A W5 yE BEUD ol& e AR (B AE)F 9,
xSy B O AAE B2 o m o)
2) PAEE NG UEL WA 4 Atk ST

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].

A & AAE xoll th ) sHd:

>>> =5 # ints are Immutable

>>> X

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

XX KX
Il

>>>
6
>>> y

o) A% x Shy7k B A ke AL F 5 Ay
FHG ) G2 Z7A AN 558 WATHE Ao o

Yo (5,57} ok AAE SHFU e, of 93] o
o) W5E 2A F T et oA 62 s

Some operations (for example y.append (10) and y.sort ()) mutate the object, whereas superficially similar
operations (for example y = 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 y.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.

2e, 22 dbo) Wl Wl Mok B EAS 2 @ 70 Q4 2a2%) dguth 23 Y
QA AT Bol, -t P AEE WARAT, FEol L} AR WATA FEUT (1ist 1o 11,
2, 312 a_list.extend([1, 2, 3]) B 5535} a_1istE HAZA T some_tuple += (1, 2, 3)
I} some_int += 12 A AAE WU .

A (List, aict, set 5)7F 90, Q¥ 57 AWE Ag3to] AA 2 WA A AA 2
}_’8}% REWMSLHAL BA Py

H AA (str, int, tuple S)7F Y2, o] & ZF
RS NEL G2 W= Ak A

==
£ 2 id

E)?
sto] oA A= Yo ZE ALH S 7|34 L. tl g2 2] AA o ot 2+
S} 3] T E A QA o] & Thofl o DElAATE G, HRo YR TEE G
3= milE AL
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Python Frequently Asked Questions, Z!2|A 3.13.1

p
>>> 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, y)

("new-value', 100)

.

2
2) A MFE AFESHo]. ©]
il

3) 7HH (AR oA A 5 ) AAE At
>>> def func2(a):
af[0] = 'new-value' # 'a' references a mutable 1ist
a[l] = a[1] + 1 # changes a shared object
>>> args = ['old-value', 99]

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

.

4 WAL G AL stel:

-
>>> def func3(args):

args['a'l = '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) e SHla dad s g FolAl:

-
>>> class Namespace:

def _ init_ (self, /, **args):
for key, value in args.items():
setattr(self, key, value)

>>> def func4 (args):
args.a = 'new-value' # args 1s a mutable Namespace
args.b = args.b + 1 # change object in-place

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

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

ol FA HAFsHA b0l & F2 olfE AL fsUTh

2 o) AEe o ¥ Arpt 2P FEL WS AU
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A

ol

2.2.11 TmO|MOIM X}
T 7bA AEe] g5t &
f

@ arxen® A NS B
S5 EE A AL

I]

igher order function) & O{%2#| 2tEL}I2?

Z(h
{9 2325 AHEsHAY F Ei AAE AT = AF U & 5
£ U338l linear (a,b) & Ao ste 1 st 7HAFFAAI L. =HA

X

(x)

def linear(a, b):

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

return result

Ee ZHE QA E AR A

class linear:

def _ init_ (self, a, b):
self.a, self.b = a, b

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

AP RT,

[taxes = linear (0.3, 2) ]
taxes (10e6) == 0.3 * 10e6 + 27/l HEE 3= ZHE AAE A =23}

22 A A2 YA S 7k el LA 2k Aol Atk W o] YU Th L, BHE FdAe
45 N ABS FHE S AF Uk

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

AA e oA A= FEHE Aest T 5 dsth

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

o 71A inc (), dec() R reset () = & AF TS F#e F-AH AUtk

2.2.12 TlO|MOIA ZHAIE O{EAH SAIRLIF?

dubH oz, ANbA A off copy.copy () U copy.deepcopy () £ AIEFAAI 2. BE AA € HAMD &
QA L, O 58 s g o,

A5 AA = 8 GA 5AE = syt 9 ElelE copy O WA= A5 th

22, Al A0 15
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[newdict = olddict.copy ()

AAzE Sl oz BAE 4 &Ytk

[newfl = 1[:]

2.213 AN S| HMELI HEEZIRES O{EA &S = USLII?

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.

2214 I =0 A O|F S H{EA &2 = USLIN?

QutA o 2 WA, AR ol AAZ ol o] g7 WlEe] 18 4 Q5Uth ARA R, YL g4
o] 22 ol AATUTH der 9 class 2] L% whasbA o AT, o] A% g FelBYULE T
FEE THIPEAL:

pass
>>> B = A
>>> a = BY()
>>> 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.

Qi 0 2 W) =75 k9] <o BL FoloP FARE ¢
2229 A o o, ol dutAo R 2 Ao vl

= (<l

2 9] (introspective)

comp.lang.python o] 4], Fredrik Lundh & A7} o] 2 & tf 3l £ 531 1]
of 2]F o] Ao A WAT AL Fol o o] 55 D= A T2 P
= —

oAl AHA1 9] o] 5 T
A o= F L3y

Ak

R=
A}
i
Ll
Y, 4
o
2
&
|
i
ACh
rr

rE

2
A3 shol Mol A A7} obd U T, o] A TE s

>>> "g" in "b", ngn

(False, 'a')

AEE AR} o et EHA Aol ] T Abo] 7] W Bl 91+ The I} 2ol AT AX W 7Y ek

[(nan in llbll), ngm

the 3 2ol Bk A Uk

[na" in ("b", nan) J

A A2, += ) = PR Y ol 52

1

A= QAR oh e ) B B TR A

mo_\i
ﬂﬂ

oF
1
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2.2.16 C2| “?:” &gt ALKl SS¢EF A0| /}USL|77?

o, 9% Uth BHe he T 2HUth

[on_true] if [expression] else [on_false]

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

ol £ o] stol 2.500 4 270 7] Hofl, kA -G£ =] AHAE AR S Al s UTh

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

a1}, o] BHEFE AR FHUT on_ruert AR B A FS M wf 22EH A9 Ue 5 A
Utk wab A, 34 ... if ... else ... FAS ALEE 2ol 24T
2.2.17 TIO|MOIM LISSIEl 8t & T EE EHMSH L QEL71?

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 Fibonaccli 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:xt+y,map (lambda x,xc=Ru, yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=1lambda xc,yc,x,vy,k, f=lambda xc,yc,x,v,k, f: (k<=0)or (x*xt+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*yt+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(Iuty* (Io—-Iu)/Sy), range (Sy
)))) (-2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# \__ /. __/ | / |__ lines on screen

# v \% / / columns on screen

# / / / maximum of "iterations'"

# / [ range on y axis

# / range on x axis

Hol A o] e A= skA] A AL, o] | o] &l

2.2.18 42| O7H, SFUM s2iAl()E FRE 2[0S LI7t?

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-
only parameters 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.

ok

2.2, sl 210 17
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WA W47 G 42 < ) ek mheba), 79 = QAR divmod

>>> divmod (x=3, y=4)

Traceback
File "<stdin>",
TypeError: divmod ()

(most recent call last):

line 1, in <module>

takes no keyword arguments

2.3 X2} 2%}

2.3.1 167142} 8%

od
=

& Hae of

845 A Qe W, 834 gk ool 05 E0] 1, 2 @AY A “0”" & EYULE o] & Eof, Wi 2”&
8 107 (1074 8) 0.2 HAAsleH, o] A JHIHAIL:

>>> a = 0010

>>> a

8

16345 g5 Yth 1675 ol 05 €0]3, 2 A 22 “x” & §ol 7| W 3td HUth 167 A=
AFAY HEAZ A AZE 5 5y o & £, 5ho] 2 AE Z | Efof A:

>>> a = 0xab

>>> a

165

>>> b = 0XB2

>>> b

178

2.3.2 24| -22//10 0] -3 dHi=StL|77}2?

F2i 3% 7S 22 RIEZES Y= AYUTh o] o] A& W, v T2 A= 93
o

7S Ad A1 s 5

I

EEAdseli s 57>

(i % 3)

Ut C =
i7tit P2 RS E
o st A A AHE AbEl =

FE3Y

o] FeAE USRS
A=EF D7 dsurh
719 st

AZF A=

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

e3s, i /7 3B A=

rlr

37k ol W, W Abel 7k 9o v, A
102 7H2] 21THR, 200 4] 2% A= o] o] &
- 102 E718 JdkelE Wadu,

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>",
1._ class_

A

SyntaxError:

line 1

invalid decimal literal

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

18
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>>> 1 .__class
<class 'int'>
>>> (1)._ _class_

<class 'int'>

234 EXIUS £XI2 O{EA HESH|7}?

For integers, use the built-in int () type constructor, e.g. int ('144') == 144. Similarly, f1oat () converts to
a floating-point number, e.g. float ('144') == 144.0.

e o2 ol sl 2 SAS AT 2 HNTUTE TeA ine(101447) == 144 FOlalint (10x144")
Y valueError= YA A YTH int (string, base) = F A A& A Q2 W3 o] AFRE 24 (base)
£ JlolEol A, int ( '0x144', 16) == 324 YT} base7}0°i X]ﬁﬂ A, A= go| Ao F2S
A}&s}oq A H Uk A8 00" =834 YL, ‘0x’ = 16355 e YT

8% 2o TAES AR WEsts AR ol gt WA T eval () & AFEBHA HRAY Al L. eval () &
A e A AT S AT & dF5Uth FF7F YA G FAEo] & ol d4A &
Y= AE 2] E A $+=_ import_ ('os').system("rm

S
N
2
i)
M
1o

fo
i}

eval () % EI A
A

sholl HUN 0 A5 B3 slol A, A E £0] eval (1090 & Tl el
oA A ‘02 38 5HA 9] W] T of 7k A T,

23.5 IAIE EAIEE O{EA HEEILIZ?

To convert, e.g., the number 144 to the string '144"', use the built-in type constructor str (). If you want a
hexadecimal 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".

2.3.6 & IXPEIOHA'I EAIEE oA =EELIMN?

29 % et BALL 2uol) dEUT ke 39, = B mrow A BAY
o A BT A A 2o S0 HOTEL S e 1 AT AR oot e
AA G array BES AFSSIEAAL

>>> import io

>>> s = "Hello, world"
>>> sio = i0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

>>> sio.write ("there!™)
6

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

>>> import array

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

array('w', 'Hello, world')
>>> a[0] = 'y'

>>> print (a)

array('w', 'yello, world')
>>> a.tounicode ()

'yvello, world'
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S
)

]
« TAEE R WG gAY E M sk Aol 7B F5UTh o 7MY 2 A2 A
do] T o] FH AT B a7t ks AYUth o] A2 Edtcase 72 FWH W Wl AHSEH =
712 71 dd ok
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 WA &4 getattr () 2 AFRFAA £

import foo
getattr (foo, 'bar') ()

p
class Foo:

def do_foo(self):

def do_bar (self):

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

Fh o] 55 3l A (resolve) 318 W locals () & AFE 3T Al 2t

def myFunc () :
print ("hello")

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

02
W

2.3.8 EXIL0IM HIZE W H5H= Perl2| chomp()2l S¢St Z40] U
2ol

s.rstrip(\r\nn) & ST 2 8 3L A A eA) 9w EA 59
AA 5 AUtk BAL 571 Bl 0 Fo) ole) 7] Bo] & & o] A4S vk 1,
74 A AU

>>> lines = ("line 1 \r\n"
n \r\nu
n \r\nu )

>>> lines.rstrip("\n\r")

'line 1 '
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QuAoz 3 ol B 24 HAES 92 Wy D237 WEol, s.rstrip() L oW A0 AHEFHY
2 A5k

2.3.9 scanf()L} sscanf() 0l sH&t5t= Zd0| /ASL|71?
a8 Aoz e syt

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.

2.3.10 ‘UnicodeDecodeError’ L} ‘UnicodeEncodeError’ 0Of2{= RS 2
7?

unicode-howto & ZHZ SF A L.

o
1o
r

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.

2.4 M

241 LH T2 30| HF L2LCL S2E =0|2{T {2 A| 3HOF §tL|71?

a2 AR e A9k WA, Hols 7] Aol 71 g6l of & AFgo] SlF Ut

2
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« 4% SA4L Fold FEutth thF Ut o] FAQ+E CPythonol S35 w4 th

o T2 29 A A uir} ohE £ S5 UTH 3] /O U thE A =0 B3l o] ok & u) 2@

o ZEE H A3 EIE I A 2517 Hofl 22 230l A A ShAaghS Frotof T (profile RES
TN L

« WA A3 HEE A A A AFGE §AT of k2 A 95 £ JdFUT (timeit BE
Fx)

o Ak FH A3} &= AX 37 (regressions) & FA A 02 = Y5t7] Aol (G HI2EY 7B 7| =
o) Tt ZE AN YAE 2= Aol FHFUTH

o] & AAR, Bl FE £ 5 Folv B EYo| JYFUTE 2 T & ted A5 A =
stz el W A5 2o ol H= 2 7FA] dRbA A gyt

s GuYEFSHMEA NS (Ee o wE S o R WAsHH) ZE AA o A H A3 EYS
Fels AET ER 2 ojdE A dsunth

« 2HFE HolH 72 & AE-SFA AL L. bltin-types 7} collections Eg ol thet B AE A8k
Al L.

o B ol B FAVLE 7] gt 2 v E R E AT uf, o2 o] fS ™ ohE R
W 7te Aol =5 Ut (B A= gFuth. o] 22 W 45 33 2o CE A4E =
gulE|Ho] Aol F ol 2gFUth o & 5o, E3e ¥ list.sort ) WA WA =Y HHA
sorted () &4E AFSIIAAIL (28] 2L oF2F F AR 9] of = sortinghowto & ZZ 34 Al 2).

o A3k @Xd(lndlrectIOHS)% T Aol QA JAHZ 7 H Be S e s 48y
39 Fel ﬁ?‘?}@“’dﬂ FS2GeH, 22 IW LT Eﬂﬂ‘%"/} SR 1—?—*&ﬂ% I]3f of

g, S8 4e g A FeloA 225U (EF ST s 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.

e ] B

35 "ol @ 7] FlolA.

str¥} bytes AR = & 1o} o] 217y A AAE AA B
o Zol v E&Aduth dutAd of, 5 A3 A7 u]&-2 AA AL 2ol AlFol v#H

e str AAE FA87] A8, AEH = LT+ AAE H2Eof whA &AL upA] 2ol str.join () =
ZTEotE AY9UTh

chunks = []

for s in my_strings:
chunks.append (s)
result = ''.join (chunks)

(ECHE geHos BEA BETE io.stringToR AHEHE ALITH
%2 bytes AAE FAH37] H8l, A== F&FE AR o]o]F o] 7] (+= A4 & A& S
bytearray A XS &-75) :

result = bytearray ()
for b in my_bytes_objects:
result += b
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25 AMEHA (FE/EIAE

oS S0, tuple([1, 2, 31)2 (1, 2, 3) S AE3} T tuple('abc')= ('a', 'b', 'c') B AET}
ek LR EOIE S 05 G0 28 AR 0GR, A olr] FEUA HAHA 2

Y A List (seq) & O‘AA Ad2UG o HEHES 22 AR 22 T 5] = 2 2ER "I
°ﬂﬂ E0],1ist ((1, 2, 3))2[1, 2, 31 & AE3}FAL list (abe') = ['a', 'b', '¢c'1E 4
th Q27 B A E o)W, seql:] 9F 2] AHE S WHE U Th

252 84 olyAL RolelLmp

ol A dae ¥k 52 QYA F U Fr B9 02 3 A A sojan 12 F A Qe sol
Aol Ao ALPUrh S5 A2 B 12 upA g QA o0] 31 2= oA F WA e xol
old Aoz ALH U seql-n] & seqllen(seq) —n] I ZTHAL FZSHA A 2

=7 AAAE AR W A £ dFUth o E S0 s1:-11 2 WA EAE A 7 EAHE 9
BE A, EALoA F8 £ v S Al A S ol 87 Th

U
253 AEHAE 4-’.-:- Z O|E{2l|0|E Sl2{™ o8| SL{7t?

gAY A

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

oA AR A A& GFS A A FAT, o|HH o] E & HYI A A} AR S TE YT

254 2|AEOIM S22 O{EA MAHE LI
o] 49 £ B ole] 1A ol e 7 ol vl Lol AL PRI A 0
https://code.activestate.com/recipes/52560/

PAE A E S AT, PAES YA T PAE BA 2AFEA 5 FBL A5
Al /\]9_-
H .

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

aEe RE 247 AT 712 A58 5 ATHE (5, BF 54 ol ) o) o] $F o whE o

[mylist = list (set(mylist)) J

AL BAER AFOE W], FHS AAD TS, PlaER HEYUh
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2.5.5 E|AE0IM 042] &FE HEAH MAHELI7F?

FE A A} v AAA 7, AR 23S

R U o2 Al ZFA iR Y T

AHg3tel YA Ao m oz ol Hd ol d s
R, et ch E A 01 A A S o] ool 6.5 Befol 2 FEE XA 4 2

1:
N -

st 71A] 7}

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

gaE Gzelg ol ofu} 71 whg T

2.5.6 I}O|MOJ|A{ O{%A| HHE S TtELIR?

P AEE AN

]

[["this"r 1, "is", "an", "array"]
ZAEE AIZFERA "ol A Cu 3f~ZE (Pascal) Wl @3 55Ut 7 2 2Fo] F-2 1lo] A | AE o
t}oksl 3o AR 7 282 4 ri= Aok

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:

[lispflist = ("like", ("this", ("example"

, None) ) )

)

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_list][

0] and

the analogue of cdris 1isp_1list[1]. Only do this if you’ re sure you really need to, because it’ s usually a lot

slower than using Python lists.

25.7 CIxI2 B|AEE O{HA StSL|71?
TS5} o] Tk vl d S wEE 1 P A Y Yk

[>>> A = [[None] * 2] * 3

Q14f 5k Luke A B o

>>> A

[ [None, None], [None, None], [None, None]]

T ke Ui g, of 2] f 2ol YeEbd Y ok

>>> A[0] [0] = 5
>>> A
[[5, None], [5, None], [5, Nonel]]
TRt R HAEE BANE HALE VEA %31 712 AAf TS FE D WEA R YT 3
< o2 g2 B AEo ih37)o) FRE 2P shE B|AES WY th 2ol it MG AL BE
%W%ﬂ%qﬂﬂA aadH%O%ﬂ%ﬁ%ﬂﬁﬂﬂ
A HE e Ashe Aol PAES WA BE TS AR BHE JAER Z 248 AL AY
A = [None] * 3
for i in range(3):
A[i] = [None] * 2
TeE Fo| 71293700 B elaES TS H2E AR HAE A AAE NS Y S

zuich
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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 /ist 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)

25.9 M2 Z=E5le=0|, °ff a_tuplel[i] +=[ ‘item’ 10| O|2IE LS ZL|7}I?

ol Z2 g A7l Y) Aakatehs AL shol ol A Zhal Az 2k B9 AR 2] xto] H o] At
& At

of ot FE g AT AW AR E el FES 240 488 W) AubA o A gE A,
© et 1ist 9 =2 oAl = AHE T o

thg3} 2ol AR

>>> a_tuple = (1, 2)

>>> a_tuple[0] += 1

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o 9]¢ o] F& “ﬂi‘ff&qﬂ} 1°] a_tuple (0] °] 7} 7= AA (D)ol A A, 23} AA]| 25 B A skA R,
AL AT} 28 FEY 22 oo et 1 S, F2e) 247} kel sle AS WAT 5 7] W Eo

of 2 7 A g o

S oheol A, o] - T o] s Ao the ohe st wE Ytk

rlo

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

TypeError: 'tuple' object does not support item assignment

FESEWEE, A4k i §) 2] ol g & A F YT
ok 3} 2ol 2 3ha:

>>> 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  Eeke 22 A8zt A9A W U5 B Atk AUk
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>>> 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 = []
>>> ag_list += [1]
>>> a_list

[1]

AL eI S5k

>>> result = a_list.__diadd__ ([1])
>>> a_list = result
a_list7} 748 7] = AA 7 A4S A, A A" AA o thak ZAE 7} thA] a_listo] thYF Utk thg 9

A% A= no-op9ll, a_list 7} o 1%1 o] 7421713 9| AT} 2 Az o sk 2 olE o] 7] w2 LT,
S 9L o 5] Aol T,

webA, -2 o] FE c A dojutE 42 e s dUth

>>> 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.

Ol
fifo
ol

2.5.10 STt WHE st Al5L|Ch: Tlo|’MO|A Schwartzian HEE & 4 JSL[7F?
= vl

Perl A %1 €] 2] Randal Schwartz o] 2] 3t o] 7] -& E]/\E./] o484 A “AY %}” o uj
HEZ o2 FJEFr} Ffo] Mo A&, list.sort ( ]"1—-4 key OJX}_ AHE Al L

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

25.11 St 2|AEE CIE g|AEQ| o2 MEH5Ia{™ oL A| sHof St|77k?

=
IR FEL ol dolE® YT, A3} I 2ES AL 0L, U 828 AHFAA L.
>>> listl = ["what", "I'm", "sorting", "by"]
>>> list2 = ["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']
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2.6 ZHx|

2.6.1 EcjA = 2AL|7I?
A

Sej ot class & AR 3to] WE 54 AA FAUTh Fehs AA L ALA AAE BEY) A 2

OE*P*"LQ“% ol 1E16§J+T&_Ltﬂ°llﬂ(°1 2] E)i’»‘r:’E(‘ﬂVﬂ_)%—

Zejat WMol Fehoehu B Bt ol 49| HE FALE Mo I
1o S| el ol A S AT ol A B AA 2 A8 A A0
Ut $A@ g g 71 & A HA =5 A g ek QubMailbox A9 TR
2] 2] 3}+= MboxMailbox, MaildirMailbox, OutlookMailbox @} 22 A B Fd A7 AL = A5 YT}

| 01'

-{1; Hj

2.6.2 HIMEE 2odlL|n?

HAEE WA O F x.name (arguments...) & T E3= oJH AA k9] S-JULh HAEE S~

Qo ol A B2 4o F ok

class C:
def meth(self, arg):
return arg * 2 + self.attribute

2.6.3 self= 221iL|7}?

self = Tx) HlA =9 A AA] A2 93 Ba D o] = A UTh neth(self, a, b, c) & AYH A==
Ao 7} S8t ZE A9 01“1 ONAHEA x| 3]l x.meth(a, b, c) B T=FH oot} T&5 HA=
Emeth(x, a, b, c)AH Aty Ay}

WAE )9 EEAA self § BAH R Aok B o) i FAAUMN E FRFAN L.

ml)l'

2.6.4 ZiX|7} FO0{ZI AL O ME Eci AL CUIAEIAQIX] O{EHA| E2ISL|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 MRO 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
(th sle] Aol Al%)
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(o] A | o] A oA A A %)
>>> type(c)._ mro_
(<class 'C'>, <class 'P'>, <class 'object'>)

# Test for "true inheritance"
>>> Mapping in type(c)._ mro

False

fREY m2 e AhgA Bo] Fel 2ol A isinstance ) B AT S ol 93144
o8 A AT o, O A8 AA A g 2AS A9 Fol 2T Feletn a2 gl
e A e +AsE A 54 542 Aestets 2eac] =g A s AUt o E Sol,
R AZtE S ase F47t drke:

def search (obj):
if isinstance (obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
# code to search a document
elif

o e MWL BE S searen ) HIAEES AT BA 1AL TEFE AU

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 {0t FAIL|7I?
91 9 (delegation) = 4 A] A& 719 (] 24<] A ol et = FUth QU th x AR 7 Q1 WM = F st
2 WA Aok M FA Hﬂﬂs}w m ANz TS ATFLGE RENAES

2o
ol 5 2ol 17 A9 FA S Ile, AE S, by Helt HAAT FAA,
NEHE 2E HolHE EAR Ase 28 a8 PR

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.
_out file 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 define a __setattr__ () method too, and it must do so carefully. The basic implementation of
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__setattr__ () is roughly equivalent to the following:

class X:

def _ setattr_ (self,

name, value) :

self. dict [name] = value

Many __setattr__ () implementations call object.__setattr__ () to set an attribute on self without causing

infinite recursion:

class X:
def _ setattr_ (self,

name, value) :

# Custom logic here...

object.__setattr___

(self, name, value)

Alternatively, it is possible to set attributes by inserting entries into self._ dict__ directly.

2.6.6 How do | call a method defined in a base class from a derived class that

extends it?

W super () T ARSI Al 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 sel £ value), look
up the method resolution order (MRO) with type (self) ._ _mro__, and return the next in line after Derived in

the MRO: Base.

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 X a2 ClO|E2} X SalA HMES T2 o2 A aljof ELi7t?

(C++} JavaQ] Q] o A) A

=
4
A4 volele) 3%, 9edl &
[e)
=

dlol Bl St A A v A= 2 she] el A A HH e
B2 ol 2R HEES AN L. o= HE A g Y, Y

oNA FE 2 o] 5= HAIH S E ARG oF T
N
class C:
count = 0 # number of times C.__init__ called
def _ init_ (self):
C.count = C.count + 1

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
def getcount (self):
return C.count # or return self.count

A o, _class oA o Bolrl Mol a4 P4l AR $Q A Zesol A A Yol A
9= 3} c.count+= isinstance(c, C) 7FAHIE BE col sl c.count = FZT T}

F9]: Ce WA E Yof A, self.count = 42% 71‘% AL self 9] Z]—?'(ﬂ D]/qb‘]ﬂoﬂ “count” 1’/]—‘—‘- Rk

AA o] A8 AN F G

[C.count = 314

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

=

Yy, AA AR E3E e 2N 0GR L ded BE £ F 4 E AR Sk AYUTh

def getcount () :
return C.count

BT FEVFEE 7 S Fs (e UysH ddd
Athd, o] Zlo] At AestE Aledunh

4,
iy
&
[>
o
ol
-4
B
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1o,
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2.6.9 HIO['MOIM HEXHEE HME)SE O{EA P2l = JUSLIIN?
o g e AE BE WACSO AR A e RS AH 0 YA 2

Crtoll A the-3} o] 24 gtk

class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

}

shol Mol A& 718 AAE Agote] BE 492 Rt B A4AE A4 oF G ol & S

class C:
def _ init_ (self, i=None):
if i is None:

print ("No arguments")

else:
print ("Argument is", i)
AL AAF FEHAL BA W, AA 2L oFF LU Tk
9 do) A4 BES AT 2% 95U o & Sol:

def _ init__ (self, *args):

22 HIN ol RE PN E Ao A= Fag T
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2.6.10 __spamE Al235|2{1 sl=0 _SomeClassName__spamOi| CHSt 0|27} 2t
ek

o5 A WEo| Gt A5 o] BL o4 13 (private) W4T A S REA T, F3HE QS
Al&st7) Aef “F ?JHD}(mangled) . __spam G (HolE F R AP LE, A 3}‘/}-‘4 3 UE)
o R E A= 7classnameispam_‘li E—ﬂﬁE A =], o 71 A classname < B A3 YEo]

AAE AA Sl ol E YUk

The identifier can be used unchanged within the class, but to access it outside the class, the mangled name must be
used:

class A:
def _ one(self):
return 1
def two(self):
return 2 * self.__ _one()

class B(A) :
def three(self):

return 3 * self._A_ one()

four = 4 * A()._A_ _one()

In particular, this does not guarantee privacy since an outside user can still deliberately access the private attribute;
many Python programmers never bother to use private variable names at all.

o 1o

The private name mangling specifications for details and special cases.

26.11 L§ 2EALE _del_ 2 MO5HXITH HAIE AKIE 1) SEEIK| PLLICH
% 7HA 7bs @ ol 47 A&k,

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 () to force 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
whenever you’ re done with them. The close () method can then remove attributes that refer to subobjects. Don’
tcall__del () directly — __del () should call close () and close () should make sure that it can be called
more than once for the same object.

<3 AR E ¥9d= E 2 L weakref R E S AR 3= ;4\%]141;]. Ol REL AX IS4 E =774
oAl 7%*21]‘3 74812 4 AE2 FULh o & Sof, E A8 TRE B P4 Ao o F3 FrE
ARgSloF Tt (o] d Aol 2R 3trhl.

Finally, if your __del__ () method raises an exception, a warning message is printed to sys.stderr.
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>>> 1d(1000)
13901272
>>> 1d(2000)
13901272

F A ide o2 A5 AA ol et id) TE AY G

orol BHE 01431, 3% A% A4 P Utk idg
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>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 is ALXIE ALZTH OLOIHIE|E| HAl= A A2E = JASLI?

is ALEAE AR O}Oltﬂﬂﬁl% AU A4 a is b id(a) == id

SPOIMElE 4 b F 9 S e Ad B A E AL o ok
_]

R IR EUCR Ll A A IS R U et i ol
E‘" EL Bgd TruetralseE v3lsto] H A Ut

aejut, A oboMElE] 7t B4 uf ofolMElE] AAVE S5 AAE AT 5 itk QA o=,
ohol AT Bl 7} 3] = Al 7 Aol sl ek

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

rd

2) Putting an object in a container that stores object references does not change object identity. After the list assign-
ment s[0] = x,itis guaranteed 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 and b = None, it is guaranteed that a is b because None is a singleton.

o720 thE Aol A= otoldlE Bl AA AGE A o 5 A HAEZMASHUTh 53], 42
Eo] HAE A = int & str T AL E 39l o o}o ]tﬂE] E] AALS AFL 3 A= oF " Th:

>>> a = 1000
>>> b = 500

>>> c = Db + 500
>>> a is c
False

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

nRR7EA 2, 7 AEl oy el A dad e A FUSHA dsuth
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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:
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, value):
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)
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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'

2.6.16 How do | cache method calls?

The two principal tools for caching methods are functools.cached property() and functools.
1ru_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 disad-
vantage 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 stafion_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"

(TH5 sl el Aol A)
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def _ init_ (self, station_id):
self.station_id = station_id

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

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

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.

BENAS IATE D o] (e A HopdE o] e & A vt o] WA NS uf) Hupd
FEE X = .pye FLL .py LS XFS= HHE 29 pycache Al H Yo RS0l A
oF Ut .pyc UL py FEH} 2L o582 AFSAL, .pycE EFUH, 3tdS WE 54 python
vlol U] g dof F4F = ST 845 2E Fd Y-S 25 Uth (XA S W82 PEP 31478 23}
AL

.pyc o] HEAA XA & 5 Q& 7R o] FE A vl 23E yHE Y At EA A Y
%, _pycache_ AH OIAHEIE WE & JthE SYUTh dE 9, S AEAR 7H P A gk oh 2
AFEATR At Aol o] Do) dojd = A5 UTh 71 Y AHR HAES D S wfduth
PYTHONDONTWRITEBYTECODE &7 W7 AAFH o] QA 42 3 EREES X E 3tal oA 9]
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3 2THEANA Fol A& Adste A YXZER HF3HA 9o pyc7F oA A] kF Ut
g £, U8 RE xyz.pyE YXE 3= 4 BE foo.py 7 Y& W, (python foo. pya Al e
S 2 YJH3t) food AP, xyz E YXE 317 W Foll xyz ol thal .pyc7F BHE A AT foo.py &
YEE 3}A] k7] wjZ el foooll "41‘3 AE .pyc Fdo] BE) A A HUTh

foool| 3t .pyc FLS WS B8V JOH -5, X E HA| = EE 3 .pyc IS W -
pyfcomplle¢+complleall.Léié%}+51§}‘Ffﬂﬁ} E}

[e)
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>>> import py_ compile
>>> py_compile.compile('foo.py"')
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[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

AL AdHz 7 O DA E Sk AYuth
e main imports foo
» Empty globals for foo are created
e foo is compiled and starts executing
e foo imports bar
« Empty globals for bar are created
» 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
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Van Rossum doesn’ t like this approach much because the imports appear in a strange place, but it does work.
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import1lib®] H 2] ¥ import_module () = A ARR 3= LS LB FA Al £

[z = importlib.import_module('x.y.z") ]

275 QUZE =l DES TWZISD CIA| A ZE & i, HZA AFE0]| EA|E K| 5L Cl.
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import importlib
import modname
importlib.reload (modname)

A3 0 712 100% BA5A Fruich B3, e 2L B TP RES

[from modname import some_objects }
Az E H AA 9 o)A WAL E AL AT UL BE S A7 2=, A A FJE AL
StE & 7] FH A JAAHATE BAE A st o] A2 th 3 22 JH A A0 2 ool Y th
>>> import importlib
>>> import cls
>>> ¢ = cls.C() # Create an instance of C
>>> importlib.reload(cls)
<module 'cls' from 'cls.py'>
>>> isinstance(c, cls.C) # isinstance 1is false?!?

False

Zejz Ao “ololAE " & A5 £AS Bdo] Bah ATk

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

>>> hex (id(cls.C))
'0x4198d0"
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Many numbers that can be written easily in decimal notation cannot be expressed exactly in binary floating point.
For example, after:

[>>> X = 1.2 }

o Foll, xoll thal AT %L 1085 gt 120l thak (W9 F2) 2AA o)A v, A oha] 2A& 5T
QubA 91 7| Ao AA AgE = ghe ohe s 25U Th

[1.00l1001100110011001100llOOl1001100110011001100110011 (binary) }

o] A€ AR L the T 2Tk

[1.1999999999999999555910790149937383830547332763671875 (decimal) }

s3njEo] Jubd ) AT L shol A B 25l 15-16712] 9 1074 AB= 8 AT

For a fuller explanation, please see the floating-point arithmetic chapter in the Python tutorial.

3.4 mio]’M Extgo| 22 Ol7= FALULIN?

% 7kA) g el ek
S 45Utk 24do] B g
e, 2824 @7 b 17
ol % Syt

EhE G shol Y] BADE SRR “V) 8 A 0 2 AT AU Th of ¥ P E g8 The
A0 ARFHA hom, shol Ao At o wl PYE FAD “eight” & THE 2 :

i

Hu
>
oo
gl__l
(=]
9'2
rr
o
=0
rr

3.5 HAME M| SE0AM ‘selff & HA|MHS
S2odL|7?

ofo]H o] = Modula-3 9| A R 5 Utk o2 7HA] o] =2 ¢ & F U

=]
self.meth() & oW ZehA HYE 7| 981A] EotEetE QJAEA B H A =7} ALS
2938 &5 YFUE CrollA e, A i ddol gle Aoz 7 9
G AT 5 ki 7R S ) - SEA ek o] W ol A=, A W A
o E ZotobdUth. AR Cr+Hlava I HFA A= ALH 2 o] ER R
wehA ol 2t A2 o] dojs ol E o3 8Ttk

Second, it means that no special syntax is necessary if you want to explicitly reference or call the method from a
particular class. In C++, if you want to use a method from a base class which is overridden in a derived class, you
have to use the : : operator - in Python you can write baseclass.methodname (self, <argument list>).
This is particularly useful for __init__ () methods, and in general in cases where a derived class method wants to
extend the base class method of the same name and thus has to call the base class method somehow.
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Assignment expressions using the walrus operator : = assign a variable in an expression:

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

ZFH 3 A B = PEP 5728 A 234 A L.
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—https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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["1, 2, 4, 8, 16".split (", ") ]
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3.9 0|2l HofL} S L|71?

A tryl/except block is extremely efficient if no exceptions are raised. Actually catching an exception is expensive.
In versions of Python prior to 2.0 it was common to use this idiom:

try:
value = mydict [key]

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

SE:

12 gAveel A 4 717 9S AR A FRL wE vt A5k 184 god, T
e

A5 ch

if key in mydict:

value = mydict [key]

else

value = mydict [key] = getvalue (key)
o] E4 AL, value = dict.setdefault (key, getvalue (key)) = AL 5 QA getvalue ()
SZo] BE 390l YA ) W) 2ol SR ARG A9l w AT S+ AU

3.10 I}0|M0f| switch L} case 20| Ql= 0|KR= BUQlL|71?

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.

-7 W2 7 A ol A - of sh= Aol 5, case e TED Tl Mg 9B E e
AF UL o & £

functions = {'a': function_1,
'b': function_2,
'c': self.method_1}

func = functions[value]

func ()

o] A%, getattr ) WA & AFESI] 54 5= 7HA A =E Ao

z
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e
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class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):
method_name = 'visit ' + str(value)

(= sl ol Al ol A1)

42 Chapter 3. 47[2} 2Al FAQ



Python Frequently Asked Questions, Z!2|A 3.13.1

(o] A | o] A oA A A %)
method = getattr(self, method_name)
method ()
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Imitating switch with fallthrough, as with C’ s switch-case-default, is possible, much harder, and less needed.
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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|A ZE, CEE= CIE 02 HutY & & USLI?

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.

3.14 mio|M 2 o2 2|E o{EAH Z2IEL|7t?
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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.

Q% 5o 4 T @o] A, TH 31 (CPythonol A= M A% Th = ofnhe 549 )& 7he] 210 do gtk

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

Indeed, using CPython’ s reference counting and destructor scheme, each new assignment to £ closes the previous
file. With a traditional GC, however, those file objects will only get collected (and closed) at varying and possibly
long intervals.

BE shold 2NN A5 DES AW, YA H 02 UL WA wich B A3 ok T
o the-2 vl m e B A A BARle] AEF Tk
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for file in very_long_list_of files:
with open(file) as f:
c = f.read(1l)

3.15 CPythonO| o MEX QI JHH|X| £H MHE AL2SIX| = OlRE
RoAYULIm?

41, 01 21& C &2 7)%5 0] opl2bA o] 44 0] gl ek (of, )%= Boehm GC 2ho] 5 ej e} o3 231

S5tk TR Re] A% EREE (15 ARE byl th ol el T=7) 9w, AR FRAA,

A3 FY A & G Th ol Ho] ol RO E AEHES el 47k B FUTh)

Traditional GC also becomes a problem when Python is embedded into other applications. While in a standalone
Python it’ s fine to replace the standard malloc () and free () with versions provided by the GC library, an applica-
tion embedding Python may want to have its own substitute for malloc () and free (), and may not want Python’
s. Right now, CPython works with anything that implements malloc () and free () properly.

3.16 CPython0O| Z2E! M 2 E 0|2 2|7} SHA = x| Y= 0|RE A
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slol W BEO AY o] 2 M FzxH AxE oMol 25D u] FA G S AH A= P
<3 FzrtQom B 4 gyt C 2ol Be g o8 SYH A/ ESd EA MRS
A5 U Th (o] 2 S0 Purify 9} 28 == o]of )3 EF G}, 2e1}, ghe] M E 8 A w2 e Ao
A2 A oln] BE B AA S o3 3he 2 AT g}
A} S| A Al Tho] o] EA FEG AA| B EE A B H atexit RES AL 3T AHA| S A BH=
e AN L
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Lists and tuples, while similar in many respects, are generally used in fundamentally different ways. Tuples can be
thought of as being similar to Pascal records or C structs; they’ re small collections of related data which may be
of different types which are operated on as a group. For example, a Cartesian coordinate is appropriately represented
as a tuple of two or three numbers.

Lists, on the other hand, are more like arrays in other languages. They tend to hold a varying number of objects all
of which have the same type and which are operated on one-by-one. For example, os.1listdir ('.") returns a list
of strings representing the files in the current directory. Functions which operate on this output would generally not
break if you added another file or two to the directory.
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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.

3.20 EMLi2| 7|7} 280|010 3t= O|R= FALULIN?

Ao a1 B0l B FRL A gkl A AR AN Aol 718 Rtk 717 74 AFlo R
grol MAE & ol A, AN T WA8 + AUk 22} 7] AAE WAHE FAE 20l A e
2 A8H T 9SS &5 Gy URol, DAY A FEL o] F8 & gtk 18 ohg, DAY

Nees @
oM 2 AR & ;Laamfs—}@_ 3 Al gkl tre7) HH“Oﬂ 22 5 QU ol grS oS g
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mydict = {[1, 2]: "12'}
print (mydict[[1, 2]11)

A o] A8 (1, 219 id7h R WA £ 25 b2 7] wEoll keyError o9 7h B A
5. 5, S el 71 1271 oI -8 A8 5ol vl L soF FuIch

CHAEE AR ST W ALS BEUTh 1A AR B AES A B B2E EWY 5
9, %A} L=} Fa £zl W 5 9l7] wl o] &% 347) ShrUth

. B AEE 7|2 G AA T, ASANA £ AHA FEF AN FUH o] AL AAY AR
CE e A S o A L R e T A 1116 5 g e

NEHUT d.keys () AEE%AL g 72 A5 Ak

« gAY 712 A H W B AEE 97 AR E RAFYTE A=
9] AA o] o eh= AYYth | 2EE 23]
712 gAY e g8std AZ|odA =2 5 A= BE AAE ¢7
g oA, A7) FR AA = RS FZE dod £ s

There is a trick to get around this if you need to, but use it at your own risk: You can wrap a mutable structure inside
a class instance which has botha _ _eq_ () anda _ hash__ () method. You must then make sure that the hash
value for all such wrapper objects that reside in a dictionary (or other hash based structure), remain fixed while the
object is in the dictionary (or other structure).

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

def _ _eg_ (self, other):
return self.the_list == other.the_list

def _ hash__ (self):
1 = self.the_list
result = 98767 - len(l) *555

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + i
except Exception:
result = (result % 7777777) + i * 333
return result

SIA] Alate BB AR AW 7L SIA] BT Tt AT Abs LW SRS Ve o2 A5 B
9] 34 l

wst ARG g deA o AR, T ol == 02(Fol._eq  (02) is True)©]™ hash(ol)
== hash(02)(F ol.__hash_ () == 02.__hash__ () 9oF Yt} o] H 3t A s AL 5531 K3}

d gy e g A 7 27 2 Z5 3

In the case of ListWrapper, whenever the wrapper object is in a dictionary the wrapped list must not change to
avoid anomalies. Don’ t do this unless you are prepared to think hard about the requirements and the consequences
of not meeting them correctly. Consider yourself warned.
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for key in sorted (mydict) :
# do whatever with mydict [key]...
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An appropriate testing discipline can help build large complex applications in Python as well as having interface
specifications 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.
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3.23 goto7} Y= Ol E BFAYUL|77}?

In the 1970s people realized that unrestricted goto could lead to messy “spaghetti” code that was hard to understand
and revise. In a high-level language, it is also unneeded as long as there are ways to branch (in Python, with if
statements and or, and, and i f/else expressions) and loop (with while and for statements, possibly containing
continue and break).

One can also use exceptions to provide a “structured goto” that works even across function calls. Many feel that ex-
ceptions can conveniently emulate all reasonable uses of the go or got o constructs of C, Fortran, and other languages.
For example:

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

except label: # where to goto
pass

J

This doesn’ t allow you to jump into the middle of a loop, but that’ s usually considered an abuse of goto anyway.
Use sparingly.
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f = open("/mydir/file.txt") # works fine! }

DOS Walol tf & F 2L WESHE 49, o1 Sof, b F S A EHAA L

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 RS ISt “with” 20| G&L|71?

Python has a with statement that wraps the execution of a block, calling code on the entrance and exit from the
block. Some languages have a construct that looks like this:
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with obj:
a

1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1

gho] Mo A=, o]y st 27t R Ut
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def foo(a):

with a:

print (x)

The snippet assumes that a must have a member attribute called x. However, there is nothing in Python that tells the
interpreter this. What should happen if a is, let us say, an integer? If there is a global variable named x, will it be
used inside the with block? As you see, the dynamic nature of Python makes such choices much harder.

The primary benefit of with and similar language features (reduction of code volume) can, however, easily be
achieved in Python by assignment. Instead of:

function (args) .mydict[index] [index].a = 21

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

function (args) .mydict [index] [index] .c = 63

o B A 24341 Al <

ref = function(args) .mydict [index] [index]

ref.a = 21

ref.b 42

ref.c = 63

olf AZL2 gholxeo A A Al Zte] AR =], F A HAS FAS St ysH HEE A
SEE ol RAEE QS

Similar proposals that would introduce syntax to further reduce code volume, such as using a ‘leading dot’ , have been
rejected in favour of explicitness (see https://mail.python.org/pipermail/python-ideas/2016-May/040070.html).

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 com-
mon, 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| Z2£0| TR} 0| 2oiQlL|7}?
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if a ==
print (a)
o
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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.

4.1.2 math.py (socket.py, regex.py §) &2 HtA2 0IC[0l JUSLI7I?

REY 2209 3 F YP2WC, Cr+ B 7B AL E doj 2 FFH ol FHoE 2Ed
BEY F AFUTH o] A a2 gdo] gIAUC a2 faAE g (o] 2o ¢1E) 9] mathmodule.c
922 sdd 5 21%143}

import sys
print (sys.builtin_module_names)
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[#//usr/bin/env python
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#! /bin/sh

nww.n

exec python $0 1+ms@"
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[77doc77 = "nw . Whatever..."""
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The atexit module provides a register function that is similar to C* s onexit ().
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def handler (signum, frame): J
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if name == "_ main__

main_logic ()
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if name == "_main_":

self test ()
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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.
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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), 1i))

T.start ()

time.sleep(10) # <——————————————————————————— g
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def thread task (name, n):
time.sleep (0.001) F<—— !
for i in range(n):
print (name, 1i)

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

T.start ()

time.sleep(10)
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T Uadx] eSS st Alostel |, A3 =2 & A48T 5 d5 Yt quene BES AHESH

o 3] BEE TYTHE FE BEAANL. oueve 2ot A2 BFE FAh Fol FHE o5
ut (obj) WA EL} o] & W33t (get () HIAEE ZE5UTHE Sdlas 4 Aol A3 st AL

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

d = queue.Queue ()

# Start a pool of 5 workers

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

o\

(TH5 sl el Aol Al<)
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# 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)

ARt he s 2e 9o 44T

Running worker
Running worker
Running worker
Running worker
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

ZAAR YE2 2E AYAE ZF2AHA L. queve SULE 750 FHT AHIH )28 AFTHFH U

434 O SR HY Zt HHO| AHC HHELIN?
YR AR A9 olE] % 2] 6] 2(GIL)o] A o] 3 o] Skl £ a w st d VM A =2
FUTh WA, sol WL vhol = T W] S ApoJol AT 2= 7 ABE AFTUTE oy,
setswitchinterval () 2 3] duf} X AT S AT 4+~ 5T Eq-a]-/ﬂ Ztulo|E & 9 &
1% 7 ol A B BL RECTE T sholf w2 1ae] HEAA 44 Uk

JEA O, o] AL AEEA wA 7] 913 AL PVM vho] = = TR T3t A3 o] 7k B STk
A ou Ut AP HoRE, o AL “UA Ao Hel v YA HloHEP (5, e AE, AU 5)
o g5 ol Ha 2 o] AAE A AL o g ch

2
So}, t}g A4e BT 9 AYUTH(L, LI, L2E g AE,D, DI, D2E gAY e, x, y& A, i, j&

L.append (x)
L1l.extend (L2)

x = L[1]

x = L.pop ()
Ll[i:j] = L2
L.sort ()

X =Yy
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

(TH5 sl el Aol A<)
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Lli] = L[3]
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!

4.35 M °|E1EEIE1 k) Iﬂﬂ%‘ glsLinte
z% 2

A
T
A9 E| 21 E S(OIL) & FF Sjo] A T 22 A4 AW 1A 3ol 8 WA vl s}
ﬁﬁﬁwq6¢4E%#lmitﬂGm%ﬁlﬂtiﬂﬂP 1552l 3L 3 A, b 2 = sho] A
=ago] A4 © 4 shte] CPUTH A1&-87] W E o

With the approval of PEP 703 work is now underway to remove the GIL from the CPython implementation of
Python. Initially it will be implemented as an optional compiler flag when building the interpreter, and so separate
builds will be available with and without the GIL. Long-term, the hope is to settle on a single build, once the
performance implications of removing the GIL are fully understood. Python 3.13 is likely to be the first release
containing this work, although it may not be completely functional in this release.

The current work to remove the GIL is based on a fork of Python 3.9 with the GIL removed by Sam Gross. Prior
to that, in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the “free threading”
patches) that removed the GIL and replaced it with fine-grained locking. Adam Olsen did a similar experiment in his
python-safethread project. Unfortunately, both of these earlier experiments exhibited a sharp drop in single-thread
performance (at least 30% slower), due to the amount of fine-grained locking necessary to compensate for the removal
of the GIL. The Python 3.9 fork is the first attempt at removing the GIL with an acceptable performance impact.

The presence of the GIL in current Python releases doesn’ t mean that you can’ t make good use of Python on
multi-CPU machines! You just have to be creative with dividing the work up between multiple processes rather than
multiple threads. The ProcessPoolExecutor class in the new concurrent . futures module provides an easy
way of doing so; the multiprocessing module provides a lower-level API in case you want more control over
dispatching of tasks.

C & a7 A8 3 A% £ g0l Yt C 342 8310l A7) 20 Aol A& s 3,
g2 AY 2 EC Ao It SAGILES HARY b 2= olE FYL FHT 5 =S

5 Ut 2150% nash1in% 22 AR FE sholHel 2 RES oln] oA T

An alternative approach to reducing the impact of the GIL is to make the GIL a per-interpreter-state lock rather than
truly global. This was first implemented in Python 3.12 and is available in the C API. A Python interface to it is
expected in Python 3.13. The main limitation to it at the moment is likely to be 3rd party extension modules, since
these must be written with multiple interpreters in mind in order to be usable, so many older extension modules will
not be usable.

4.4 Qlzdn| =24

4.4.1 TS oL A AMMEIL71? (a2 CcIE oY ARE---

= )
os.remove (filename) 0]‘4—03 .unlink (filename) % /\]-% _]'/‘\:1}\]_9_; }C—-jué/"]}i os E—E“% @'5—6—}@}‘]—?—-
T8, 59 FUTh unlink ) & &9 o] ol tist fFU s A A" &9 o] YT

ga e g E Al A 0]'34 W os.rmdir () 2 AFLSAA L; HEH W os.mkdir() & AFR 314 /\] os.
makedirs (path) & £ A} A] %= pathd =7+ g H ﬂ% w5 Yth os. removedlrs (path) = H] o]
Qe @, E7 e 2 & A AR ok A e el Eel9t 1 &2 A S E shucil. mtree () 2

B A 2
gd o] E& vl W os. rename (old_path, new_path) S AF&3HIA] L

odZ AF2 Y, £ = open(filename, "rb+") & AMES] FIl £, truncate(offset S AR SFA A
9 offsete] 7] 2 zHe A A B (seek) 9 X QU T} os.open () 82 A8 319 AL o5, frruncate (£d,
offset) &= AHF Yt} 047]/\1de 39 71SAH (=R A4) Ut
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shutil EE| X copyfile (), copytree () W rmtree () & &3t o} oA ZHE5l= WL St 7F =3

o] J&uh.

4.4.2 Ul s LA SAIEL|77F?

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| CIIOIEIE Qi (EEE AE) Y2 FALYLII?

=arehubol el Hole AL oAU 21, struce ZEE AE3E Al HEF
HolEl (RE A E 2FE e

7Fs gyt

import struct

with open(filename, "rb") as f:
= f.read(8)
X, y, z = struct.unpack(">hhl", s)

0]

AL > = AT lolEE ZATITE B4 0 £ Shke] g Ghor) B 2wl E)
T2 RGN A Ske] 2 (ong) B @Hkol E) B U Th

o, [
[SIIS=1

t% F A A vlolH (o & S0°] intt} floato] TF e 2E) Y] 9, array BES AT & JFUth
0 In

Felde vlolH & ool 222 d, vpol e RER 3tdS dojof FUth (714, "rb" & F open ()

o7 AGdUth. A e (71 EF) S A, Stdo] HAE RER Il f.read() & bytes

AA A ser AAE WEFU T

4.4.4 os.popen()2Z THE HIO|ZO|AM os.read() E AIEE £ Sl AXE EQLICH

felL|7}?
os.read ( o:};q dS < L]’H’LHL e A9l 3t 725 Hole AgE TP YTh os. popen ()
S Y& open() T5oA w3et= AR 2L o 14F 7Y AR E wE UL welA], os.popen ()

gg@%ﬂ{]ﬁ}} pollA nHFOlEE @10 ¥ 1, p.read (n) & AHS-S oF U Tk

4.4.5 =& (RS232) ZEO O{EAH HMAEL|7}?
For Win32, OSX, Linux, BSD, Jython, IronPython:
pyserial

4922 F9, Mitch Chapman 2] =24l AIA B FZ3FAHAIL

https://groups.google.com/groups?selm=34A04430.CF9@ochioee.com

4.4.6 2l sys.stdout(stdin, stderr)2 EHOl= &S| X| ESL|7I?
ol vt AA & A4E C L 7R 14E F

W open () TF+E E'ﬂ stol Ao A HE = g H
slol A o] AFANA G2 Ao 2 FA|SHAL 35 C
o] £9] 3} A A Ao 2 o7 = g th

AS, f.close () = FolH g d AA =
Z1EAE BES FUh o) A2 £7F 7l A 7k d
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W E P Utk sys. stdout close () 2 A8 3lH Tho]| W 22 5 AH| 7L 23l Ao 7 3
Catd 7leAE 24 st

o] Al 744 % Sipel et 344 C 9 442 oe, WA o Ao A
Fshof Gtk (]2 S, V0T FAS L P RE) EFL 4+ IS
£ Ag I A L

2 ool star A& AAA
yth. 289, os.close ()

os.close(stdin.fileno())
os.close(stdout.fileno())
os.close(stderr.fileno())
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4.5 HE3/QIE{Y =2 122

4.5.1 ulo|’Moll= ot H WWW =317} /JSL|71?

ghol B el 8 3 W& v 4 9 internet 7} netdata = IR A L. oMol Al S SEpo|IE
S YA FEIFeH B0 HEeE B2 EE0] dFUTh

AHg 7H5E 29 Y 3 2 °F2 Paul Boddie 7} https:/ /wiki.python.org/moin/WebProgrammingof] A 4]
gyt

4.5.2 HTML 4= 2[5 00 =2 % AHE35HOF L7712

Web Programming wiki page| Al 83 3 23S 2S5 JFUTH

4.5.3 mlO|M AT EOIM HIYS 2ELH2{T 0{EH| SHOF ELin?

£Z ol ele] BE sneplin® AHESHAIA L
The-e o] ALgShE vl 7heke T 5hA v A1 7 I Th o] WS SMTP B AV E A sk BE
S2Eoq &5 gk

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, msqg)
server.quit ()

S AL ) okL sendmail & AF2T U T sendmail Z 2 13 9] 9 X = A~ dHwlt) T}
/usr/llb/sendmall T &% /usr/sbin/sendmail. sendmail "]+ <4 H o] A 7 =20 E

FEe e 2tk

=
=]
A

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location
(th sl o] A o] A%
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= os.popen (" -t —-i" % SENDMAIL, "w")
write ("To: receiver@Rexample.com\n")
"Subject: test\n")
TR\ ) # blank line separating headers from body
"Some text\n")
"some more text\n")

write

P

pP.

pP.
p.write
p.write
P.

write
sts = p.close()
if sts != 0:
print ("Sendmail exit status", sts)

4.5.4 A31°2| connect() HIMENA E2 AL 1|52 o{LA| SOk |72
select EE©o| 249 v]|5 7| VOE X Y3t o] £ AFEH YT

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 — 0 or errno.EISCONN indicate that you’ re connected — or you can pass
this socket to select.select () to check if it’ s writable.

0 Fx

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 utO|Mof oi|O|E{tH[O]| A mHF|X|0f CHSt QUIE{H|O| AT} USL|7H?

o.

DBMI} GDBMZ-2 T3 7|Hk A of] th§t A E S o] A% FF spo|pof 235 o] QlFUTh AF yaa
719k AA Y dl oW o] A& A|F e sqlite3 BREE IYFYTh

o 52 AAF o o] B o] 2 of T g 2] o] AlF-g YT} AHA| g W82 DatabaseProgramming wiki page &

GELRRES

pickle gto] B 2] REL2 o] AL v vtz ol Aoz | Asly (A3 €49 9, 27 == I}
22 S AT 5+ JA W), shelve ol HE 8] BEL pickled} (g)dbmS AF-§3Fo] 2] 9] sfo] A
AAE E3eh= 954 (persistent) v 3= TH5 U Th

import random
random.random ()
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This returns a random floating-point number in the range [0, 1).
ol REol=thE B2 55 4477 st 7hd:
« randrange (a, b)+< [a,b) BHY AFE ATt

e uniform(a, b) chooses a floating-point number in the range [a, b).

®

e normalvariate (mean, sdev) = A F}FSAISH X2 E M=
A§ W52 B ADLAA DH FE T A

e choice (8) + ‘7‘01{] /‘]:ﬂi\—oﬂk] ‘?‘Z—]f% S 3]"4‘% /1‘1]5—'“@’1/] D]—

* shuffle (L) 2 B 2EE A A2 A H5Uth 5 7249

=
YA el Ao Uy A2 WES] A9 Q2T 2 B 4 It Randon FALE Y&V
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5.1 CZ LITS| S48 BHE 4 USLIM?

25Uk g4, 84, o9l 9 @XM%HE%%%E?.}‘}%LH%E%%CE BE 5
index & }\-]oﬂ A uﬂ},]cq o]ﬁq

2] Faolu ALg Fold A A= o] FAE tE AU

%5 Ut} extending-
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5.2 C++Z LIAIS| &t & QhE & USLII?

zr’gﬂqr/},CHOﬂ QE=C3IA
{ ... yE 83T Fol A QAE =g
7HA Zi‘l.ﬂolurxéﬁ(statm) C++ A=

2 Q1ZF E (include) 3} Y =9 ]l extern "c"
‘Z—L"ﬂ extern "C"E B X FAAA L. AAAE
]
H

5.3 CE& M= Z2 o{ESLICE CHeto] /USLm?

S shel s Aol ek, o & Wl C S A5 o o 4A eeke] YUtk

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

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.

5.4 COllM 2|2 mto|M E&S O{EA A = AL

o] & $q ot H 4 ¥ T+ pyRun_ SimpleString() yolH, o] = BE __main_ o] AHAE A
4950 99 49 AL ATk S04 02 WA Gyneaxteror T ofal LA L
S utgslyc) o W A o] E Y3, PyRun_String () = AFE S Al L; Python/pythonrun.co] Y=

PyRun_SimpleString () 225 ZZIAA L.
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° JENA Y2 PyRun_String() S E start 7] & Py_eval 1nputT—:_r A}
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5.6 mO|M A0 CZtE 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 S & 74/\]"5}34 H, WA nunL o] ofd A] #9238k t}S pyBytes_Check (), PyTuple_Check (),
PyList_Check () S& AFR S Al 2

PN IEAR oJEm] o] 27} A= ghol W AR of o 3t 14 APIE YFUTH- AFM S &2 Tnclude/
abstract.hS 212 Al X] Q. PySequence_Length (), PySequence_GetItem() S ZL TEEZ2 REZ
o] gol A A|FDAg) A FH o] A T 98 Bul ofy] 2} S A} (pyNumber_ Index() 5) 2} PyMapping API
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5.8 COIAM ZiA|2] HIMEE O{EH SSELIN?

PyObject_CallMethod () ¥+ AA 9 489 WA EE TE0t= H AHEE 5 AUt Wi des
AA, T2 d MM 29 ©]F, py_Buildvalue () o AMEH = 2% 22 29 A<D # QA 4t

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);
WA =7} e BE AR o)A FF T ok AHeAL P o) BE AE T Tk W kS py DECREF ()

llj_\__
Al Rl A dsyrth
& Eo], A7 10,022 3+ AA| 9 “seek” WA E=E T3t W (FHY AA £AE 7 2hal 7 T

res = PyObject_CallMethod(f, "seek", "(ii)", 10, O0);
if (res == NULL) {
. an exception occurred ...
}
else {
Py_DECREF (res) ;

PyObject_CallObject () &+ FA JAA BFo| thst FE& AR, A7 glo] F45
o7 “()"E AL, st AR F4E TS Y, AAE FSE FFUL, & S0 “(0)”.
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5.9 PyErr_Print() 2] &£=(EE = stdout/stderr2 QI &= B E Z)S
oA &sL|7t?
go]H T EA], write() HIAEE X Ydt= AAZ HYAA L. o] AAE sys.stdout F sys.

H
stderr ol YA Al L. prlnt_errorE ITEAUY RFE Ed oo mAYF] AEES FAHAAL
aHE E8L R write () WA EZ HUlE o2 )

o]ZA = 71F H 2 WHL io.stringio FHWAE AV S A Y YTh

>>> import io, sys

>>> sys.stdout = i0.StringIO ()

>>> print ('foo')

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

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

hello world!

e AYe 2R SR Y AA L e T 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!

5.10 COl[AM mO|M2 = ZEE RS0l O EAH HMATLI7I?
A

O3 2ol 25 AA o e 2AdHE

[module = PyImport_TImportModule ("<modulename>") ;

BEL olY JEE 544 oW (F, sys.modules] oF Yo W), o) AL REL 273tk 13
o] 7

ok o I3 sys.modules["<modulename>" 19 S & UL o] A2 2ES ofH o] & F &=
92 gkEol FoH AL - A 273 E & GPL sys.modules®l] AFH == Ut}
29 Ohe, U3 2ol BES) o EeHE(S ZE) AR B2 ol gl AAAT 5 it

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

25l = Aol 4 3t7] 13 pyobject_setAttrString () & EEdH= AL A5t

5.11 T}O|MOllA] C+ Z4I0ll 1A QIEIHOIA BHL|7?
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Cr+ Bl e elo] A%, OB 228 AL oL th loke] 95U 7HE BRI L.
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[br _PyImport_LoadDynamicModule

1% v, GDBE Ay & ufi:

$ 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
L = O =7 —_ -
5.14 2|sA AAEOIAM oM 258 HulYstd 4 X[3, L2 mo]

glsLICh o O™ SLIR?

Most packaged versions of Python omit some files required for compiling Python extensions.
For Red Hat, install the python3-devel RPM to get the necessary files.

For Debian, run apt-get install python3-dev.
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Co A o] 2 A 3= 7 41 2 PyRun InteractlveLoop() S E31 (ofu} Mo Ag = oA,
glol A QB ZEE 7 dHEE A== ‘6]'1— 2141t} PyOS_ReadlineFunctionPointer () 7} o] & &

o g3 Qe B E
Parser/myreadline.c% Z

g % A5yt AA S 31 E+= Modules/readline.c 2}
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5.16 ™MO|E|X| 42 g++ 7|S _ builtin_newL} pure virtualE 0{%&
Al &S £ JSLINN?
g 3P BES EA02 2EF Y, o) 82 ThA) ATATIL, g+ T A8 3fo] A F2 33 (3ol

]
Modules Makefile 01] /H LINKCCE WA AA L), g++E ALR3to] o] 2] o] 34 58 3 T3] oF gt}

("4]% %Oi,g++ -shared -o mymodule.so mymodule.o).
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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)

5.17. AR HIMEE= C= 8ik[11 1 51| A2 mo[Hoz A3E (0 S0 &
A E UE = UASLIIN?


https://www.boost.org/libs/python/doc/index.html
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6.1 2A=20|A TjO|M == 72H
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g3 Yol ohduink. o]v] AES
% vl A
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o
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ra
o
-
(A
X
Ol
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o
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|
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o] A¥L Bae g Eol A =29 e AYSE Aol % shrhd of
BE Aol #YT AYULh 2184 ow, E 0 AFo] LT 5 dF U

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:\>

ofu} 27} b, 1 Flof BhE AEe] 9 4 EYTh T e 2e A
t}:

filo
d
X
T
+
30,
ofy
AW

[D:\YourName\Projects\Python>

o

o
E_EL
i)
o
rx
[kl
f
4

AFE 47 W22 2 2o Aol &4 Ak o B A4
2o H]
= =

< 7HE 24yt
W AzaYEL o] 9B maE g D}%z zeﬂoﬂﬁ AP 227 dth+= As &
He 23 HES QL Hlo|E I =8 A5tdstal, Hlo|E I =S Agsto] =7
o, Az 2 B E F JJrOM_% A el ate] ¥ ol A Ful sl of 3H 5 U7k

d o] “py” gh= @l S A 71 S AlFete AX R A=A Flsfofd Ut Y e
W, B8 py & ¥ 3L return 7] S of 3t}

3o
it @
tlo 2.

[k 1

[C:\Users\YourName> Py

theh Zol EAHUth

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.

>>>

JelZHE “t3}y RE"2 AR UT S, gold FFoly 2dA S HSHA o2 JHste 7]
St Fol A3 &2 72 5 A5 Ut ol A2 stel i 7Hg ARt 7 F st iy ok A" 2
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A $4e A8l Helstn 1 A% E FHATAIA L

f

>>> print ("Hello")

Hello

>>> "Hello" * 3

'HelloHelloHello'

W Ao 3y R & At E 2T Yol b AN 2 ARt i3 3ol il Al
e TR, exit () T E TS AU 2 & dH8HEA cerl 718 FEI YA “Bnter” 718 &Y
AL Py Z2z e Solirh

l“H

Sk, Al 2} » 22 13 » Python 3.x » Python(™8 &
I ABJA FollA >>> ZEF2EE E 5 55U 9]
st o] Argt U th A= -0l A & “python” ™ &
[Sacatiag

oAl py WYl AAH PO B R, GAL G| shol A AAYEE F 5 UFUTh oA Aa Y
A} A2k 4o A2 E ARk T AUk A Shol A AFYE T nello.py B O] EOE G
A Bl aage] AN ATk e, ¥ mEnEsE O Eelo] & Qg on R thet 2eo] g ol

FAE U

[C:\Users\YourName>

TeA o)A 2T HE AR FHollpy & Bt gtolH 2IHEE AT Aol py HES 23T A
Ytk

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

6.2 IO ASZE A% TpUZ DS T O{EH| SHOF FHL|7}?

A S0l 4] FE Tho] B A Tl A ol vl py %A} 74 £ (Python File) & 91 AT, VE) =€)
(D:\Program Files\Python\python.exe "$1" °*)-§ A3 st=open P Y FF S AFFT
o)A WY ZELEAA Toopy 3} 2e 2IYE A W7 0] 2RFILE SRR ol

e,
‘foo & 41 5he] 229 =8 A% 5hel W PATHEXT 7 W4ol py S 273l of Fuich

of MHUHE mO|M2 AlZFSH= | AlZto] 2eH ZELI7F?

Quba 0 2 shol AL AE S0 A] B WA A2 A o, whw) 2 shol AL Al Gt ul 4] o
Azke] AAThE M1 BuAZ 95U o) ee AL sholde] A5 THH A0 Mol the
AL g ALHoA 2 2557 0l 2ol B8 o 2EATA BEU L

o 2R 3B ARFE dolEl 2 G wmEsloje] G2 402 WA AL ST A
dheleis AU St ALY o2 RE Qe WE A BUHYHES AANE TP AS>
FR AF oW =E wYoht A0 FejA Utk Al2dol A uhole) 2 AN £z Eg o]
FHE Belstol AA 2 SAA TAH AEA AN L. LE 4D A2 97 FAL AT
TAE 49, McAfee= 53] 4| & 4oyt

6.4 O’ AT ZENAM A S A== YES FAYULIT?

—_
See Fto| W AT ER =7 A vlo) 2= S ol w A & oF ] 7} for a list of tools that can be
used to make executables.
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6.5 *.pyd I} 2 DLL1} SLSHL|7}?

o, .pyd I+L & dll o] A g, H 7}A] 2po]H o] H T wheF
I ng}Eﬂ,PyImt foo () SFE U= A] 7}A| 22 Q) o] oF g T} port foo” & & 4 3l
o, g}o] %2 (foo.py, foo.pyc ¥tk o} g} foo.pyd & AME 701, o] & %7&%}‘1‘ 27]§‘r6}71 2 OH
PyInit_foo() 32 & AT AYUth 9=Lo|A DLL ¢ A& & 3E A o] 7] o £ .exe S foo.lib
2} H=3shd ok Hy o

foo.pydell th gt AN A 2= A=l A foo.dll-S A M et= ©] AHE- Az
oot Al 2. e 22 S A7) /) foopyd 7t e BR= ;A
yd 7} Z
7] %

°] &2 DLL= 7}~

>
o
h
O
(@]
4o
[
Q.
-
= r[r

7} o}d PYTHONPATH 9 -&
Aw =2 1AL dll Elirs}
83t DLLO A B 7]
£ A 7 8 s B2

_4

As-oll+= d11°] oYtk EE, import foo & 37| 93 Al & foo.
= A2 FEA __declspec(dllexport) 2 A1AH Ut} .pydol 4

Bel gyt

—“-::
OE [oR
~m£

6.6 = SSZEZI30| Ljo[’ME =S5t 0L A sHoF BLi7t?

DEF QoA st Az B E 23ste]d v 2] 2 o8d 5 JlFyth

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.

T 4A Yo stol e AT 5 Y5 Th RE B Y AL pychonw. 1ib o TS Y2
ou|sta, AEY Y= pythonnn.dll o 3 F I E o) u| gt} (uF 2 10: pythonNN. 1ib +=
pythonNN.d11 ol 3 8= 49 “import lib” YU T 22 FAE A8 7T FoFuch
9EY 9L 93 FHE ) SERPUG. BE AL AH T ST 41
A% 9 LoadLibraryEx () +E S A2 5} pythonnn.
GetProcAddress () FHOA A ZAHE AFE 314
Fd B deolHE AFgslof duth AR = o2’ &
BEC e FHIA SR S YFITh

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: 24 252 o S0l the} o S| Sebal = 273 §4(C B4 & A4t A &
2E9 o]E0]leodl A-$, 273} I4E initleo() & T Tl SWIG M= Z | 2E AR5} initleoc()
2 G AL A% ST AE e URE 54D 2R Ze A% 278 o,
2GA NN CREE exe 3ol AT Y= ol 27| T4 E TS Aol ZE2 FolA
SR JAZES= A F L] WlE AUt (o] A o] FA3E A k& F WA AFE YUt

4. s l oHH FAILZ FAe] g REE vlo] 4 < = 27|35 7) Y ke FEE AL

=

L& EEdof Pig.
honNN.d11l (3o] 2] C API)A ol x
%EV o|# CAPI A FEHS &

de HJ
oz [
e > Horlr

m{)l' _I

_WL
=]
AL
i}
i
rE

#include <Python.h>

Py_Initialize(); // Initialize Python.

initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.
5. 5}o] M 2] C APIo| &= 5 7FA] A7} 9=, o] 22 Al o] PythonNN.dIIS THE = o] AHS-5 = A s}

L2191 MSVC o]5] 2] Ak el AR5 a2l v

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: W gko] void A C 3] 9 & A S o SWIGE th53 22 2= A48 th

6.5. *.pyd mj
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Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

o}o}, Py_None-2 pythonNN.dIl 14]—‘7194 _Py_NoneStruct2h= B33k o o] ] 7220 tjj ok &=
I EJUTE OA] Bt o] =+ HE FAod e oA AATE AG Uk o234 22
FEZ U AL

[return Py_Buildvalue ("");

At o] AL AEAA A= ZHYA T, SWIGH styperap B8-S AL 5he] 502 WASE 2o
5BAE B EUYTHALE 23 SWIG 2 B A oh).

6. FES o R0 A o] 1l A A Y EE ALg 3] shol 1 ezl E] B AR AL F LA
o ohd Uitk A3} FL Ao F AL E SAL AYY T 3], G4 (£ wxPythonWindow
Zoh2) € “native” AT LelE] 3 THEO]of G T of F-2 shol A ezl eloh AR
Utk AL el Aol ifoE 7] B 2278 ANse BE AN I AMT 5 OB L read() 9}
write) A & E 35 shol dl A4 (34 B gl Aol H) W glow B,

6.7 TZI7|7t LH mlOo|M A0 BE MRUSHA| L= St2{™ LA
Sof &tL|77}?

FAQ= H < AH8-dh Z21& d7etA ko, sto] A A td QB A (PEP 8) = 2 4HH sho] 3 I & of tf 3
4 718 Ad o] A~E AR T o] 5_31- Emacs python-mode 2] 7] £zt Yt}

BE AR 7 NA 5} 25 O]i% E83= A2 F2 Aol obdUth o] HolA MSVCE tHEA] ko
’\iﬂ O] 28 ALE3 Y] A FAE YUY U2 A5 S we} S| B4 Al L Tools » Options » Tabs, 128|311 3+
3 & “’Default” 3} “Tab size” £} “Indent s1ze” =47 J A3}, “Insert spaces” & B HEOSZ

gy,

2 %9—3 A Ao]az Qs A3 T o Txﬂ 7} @A 8k= 77, 9kl ] IndentationError 1)r
TabError & AU T 3 tabnanny &S A sto] w2 REo A e E2lE AT+

[o) =%
A A

o |

L

6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?
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.
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7.1 NI GUI 2 E
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 1S 0| A DX (freeze) SHL|77}?
;.

AUt Tkinter 8 Z2 7H L 1A of, &
2 AAS = /d-ag?ﬂo" 0]—‘4141:]—

[kl

=]
Freeze= 5 A3 $8& = AL J—E% =z

Iy 047%] Tcl >} Tk E‘rol‘jﬂi?ﬁ] 7HE48%

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.

Various third-party freeze libraries such as py2exe and cx_Freeze have handling for Tkinter applications built-in.

7.3.2 I/I0E 7|cl2|= S Tk O|HIEE X2|SIEE & 4 USL|7?

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 TkinterOj|A{ 7| HIQIEIO| S&5IX| &LSLICH: O|KR7F BAL|7}1?

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.

7
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https://wiki.python.org/moin/GuiProgramming#Cross-Platform_Frameworks
https://wiki.python.org/moin/GuiProgramming#Platform-specific_Frameworks
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el e Z2a#W doj Pyt B2 & & Z2 a8 AAggUth TholR 2 w7 e
AR 5o e} theto A Y 22 o) Qo] £ A X ¢k, Google, NASA @ Lucasfilm Ltd. 9} 2-2
oA A =9 o] A} AL 87 = S

8.2 L HAFE{0l mto|Mo| 2X|El O|F= FARLINN?
sholwo] Alzulo] Aol YA T AA G 7ol Yot THA B 5 AE B A b5 ol

4tk

« olhE FFE D) BhE AS A} 22 WL W93 Ho] Shu 1RS AAYL ATk FAL
Tﬂﬂ HE AT BN YA 53 oF I

ol A 5}
qumiizﬂﬂHﬂE%ﬂﬁmﬂﬁﬂéﬂggﬂ]Eﬂﬂﬂ I8 §8 20 o] Yol
AU Th

. QR AE e AFE L Fol4lo] AHF o] A% 2 n £3
Hewlett-Packard £} Compaq ] #5+H ol tjs] &2 g,l%u] o} B9 3 HP/Compaq _,] ,q-a] T2z
7 shol 10 = A4 g AUk

« Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed
by default; it’ s included in the base installation.

8.3 mO|ME AlME & USLIN?
o}

sho]alo] of t] A gH=A o D 9l
YRR AP, ofF 7
2228 FAA A ohol 22 AHEaHA 2.

AR 28 w2 1o A Thol Mg A AT, A
A ST shol AL A Al A= A
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0[0
<
bl

>>>
The default Python prompt of the inferactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e e AES eld 4 Atk
o The default Python prompt of the interactive shell when entering the code for an indented code block,

when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis WA Ab4.

abstract base class (34} o] A ZE|A~)
FA o]~ FE A+ hasattr () B HE HAIAY S
UHZ‘ HAE) 4, dEHA o] 2E Hoote YHES ATT2EHN 9 Efo] 3 & BT Th ABC+
7 A B :EH/_\_—‘:—Z.% Z=3t=d, FHaE A _]— A ¥ HA X isinstance() 2} issubclass ()
of g5 A2 4 A= FHNEEAUTH abc BE AHAE AR, sto] o= B W ABC 9]
11}\’49_ b 23 22 259 AF5YH: A8 :r'—Z (collections.abc BE|A]), A} (numbers

E9A]), 2EZ (1o EEYA), YFXE 3 ZT (importlib.abc EE9A]). abc RES

ABAA AT ABCE TE 2 G2

annotation (¢] %= €] o] A)
B0l 0 7 9= 2 A E W, 24 o 2L HE EE 5 NS U 0D g A 4E
gl 2t
212 W) ofiebo] 4 & AY Ao AALY S YA Ao WP, Fehs S W Fopo) e
Hlolde A2t B, S, fé‘—r-/] __annotations_ 5% o] EZ|RE] A AH Ut
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.

EA AU v BeHA ZRE (dE £,

argument (212}
FTESESTU T (EevAE) 2 AGH =
= AR} (keyword argument): B4 & wj A1 27} ol -2 A} (o
o F Qo 29 gAY R AEH &= QA
55 BF 719 E dAY YT

L]
N
i

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o X AR} (positional argument): 7] = A X7} ofd QA R} § X
‘/}9—74‘/} [E 2|5 9 ¢oll » & o WG 5 YFUTh A&
35 2% 914 AR

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

°1X}h Ea HMA l% w2 A Wl g Utk o] i doll 285 = 41 2 5ol tel A<= calls
= BA8. EHFeR, ofjF A4 AR AHEE 5 s Uth TR ghol A M

EH‘?J%ME}.

|o] 9 v 7 FEIFAQ A E o1 xpe} w7 4= 2] Alo] 9} PEP 362% H A2

asynchronous context manager (¥]% 7] AR A€ #A 2]z}
An object which controls the environment seen in an async with statement by defining __aenter_ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (B8] 7] A& o] E{)
v]E 7] Al ol olE oy & T &, async def B HoHE= I F
%ﬂaamcmrTJﬂM&jP*m%%ﬁﬁﬂﬁ%%eﬁaswadqu%

UL

HE 657 AU d el e §52 A AW, ol @ ol w7 AV ol E o] EdolE &
A2 AU o w5k ol )7} WekelA) b A9k, AT S0l E M A BEFS G Th

v S 7] Al d ol g g4 await @A asyne for 3} asyne with & 288 4 95 4th

asynchronous generator iterator (H]-% 7] A1 #] o] ¥] o] €] #| o] ¥])
HE 7] Al d oy &7t st AA.

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 vari-
ables 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] HE)
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 ().

awaitable (o] $jjo|E] &)
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.
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str Z4A 2 G & F e 3L AA o A H2E ol = FxepA L.

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 G F A A))
2] Z % memoryview A X
EE 0|1 bytes, bytearray, array.array AA &S 2T UL} vlo]ELR{F AR &2 vlo]
ol E b2t oje] 7p Aol AEE 4 9% Uk 95, el
AE 2 Aol A5 Uk

A AAES vhol el HloEl 7t AN A Y Bk Ysich. ol @ Aol AR AL EE AT
27l vlolEG R AA gty AL 71 v 5 AA| 9 ol 2= bytearray & bytearray 2
memoryview 7} AFUTH ThE AAEL viely e HolH 7t 29 AA (“Y7] A& vlo]EERF
A AZHEF a7 FUh o] 259 o| 2= bytes®bytes AA| 9 memoryview 7} UF

e},

bytecode (H}o] E F &)
gpo]H AA FEE Hpo]E I ER AIYE =], CPython JE|Z 2B of|A] Fho] =2 759 Y 1
EAI T WP E TEE pye 3100 AA o], 22 AL ¥ WA AT ol o wep A s
Utk (axo A vlo]E ZER] AL S 3T 5 A5 UTH. o] “FTHAo]” = ZHupo] E Z =9
H-$3te 71 AE A= 71 7 A A AdgE oy ZehUth vlolE I =+ AZ T2 vfol
7Hg 71 A A A5 AR 7|t A &, shol A v i Thol] b A o] A = oFth= Aol 25l of

ok

Hlo|E 3= Welolse] B8 dis RE AWA el g

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, 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 (&)
ARz AL = vge] o AHel A AWE A1 SH F4

class (Z»)
AR ALY AAEE 7] ST, FAH2 A= BT FH2Y dxdAE g o =z Astst
EHAEAYYEE =

class variable (Z&] 2~ W)
e xoA Fo=H

closure variable
A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at
runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but only x is
a closure variable:

def outer():
x = 0
def inner():
nonlocal x

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
X += 1
print (x)
return inner

Due to the codeobiject . co_freevars attribute (which, despite its name, only includes the names of closure
variables rather than listing all referenced free variables), the more general free variable term is sometimes used
even when the intended meaning is to refer specifically to closure variables.

complex number (&2 4)
A5 A4 AW FFAU, LE SASL A$ R AER Fo2 HAG YL H R
Ao &4 A (-1 AFHE FH A, TF A= 18, FTANAE =2 7| Th
5

o
sfo] & FAhe) B W S 2L HaSE /8 A HSRE 5 GulAE Fol A 73T
o8 o], 3+15. nath HES] B4 WAl BEHY, crach ® AL I TE Babe] Fg2 )
F2 e 298 5tk Desnin w714 RErhY, A9 B3 RAHE FHn,

context
This term has different meanings depending on where and how it is used. Some common meanings:

» The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

context management protocol
The _enter () and __exit__ () methods called by the with statement. See PEP 343.

context manager (8] A E g z})
An object which implements the context management protocol and controls the environment seen in a with
statement. See PEP 343.

context variable (A& A E HF)
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (%)
H 3 = 4 &3] C- A< (C-contiguous) ©) Ak 32 E & A< (Fortran contlguous) A o] ALolagty AR
Ut G2 M C-Ag ol WA RER AL QU Th A i ol A, FEELS A= AR,
00| A Al Ztete L B2k A2 St = v 2] of v 2] = of of T th. thabd C-A <5 v ol A,
Mme) 240 SN F2ES HED ) 0A 2 AL A AP e AT S w, 2E T
A& o A=, R AA el A7) b whe] Wy

coroutine (¥ 5€l)
FE /‘1EEH«] o dutstE Ptk AEFEL S A FA A AYstar o2 A F A
f‘ffh/]li‘r IFEL Y T2 A A A I YGetar, @&y, AT 5 JdF5 UL o] AEL async
def 207 2T 4 95U Th PEP 4925 H A 8.

coroutine function (Z.5¢l 3}4)
FE=E AYE Sz 34, = asyne def B0 2 AYH 4 93, await 2 async

ERCists =
fortasync with 7| =5 2T 4= JHUTh o] 52 PEP 492 of 93 =)= x5 yth
CPython
stol =27 Ao FH A A 3 A, python.orgoll Al Wi =8 Yt} o] &S Jython ©] L}
IronPython 3} 242 T} & A S5 3 F 8 71 91& wf &o] “CPython” o] A& Yt}

-

~

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.
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decorator (¢l Z.#) o] €])
g2 848 sEFE &4, BF ewrapper EHS AFS S S Wdlo 2 FeH YTt v 23
o]E] 9] £3} 9| +&= classmethod () & staticmethod () YUY

daeole £ wx Be BUY Bk b F A5 AL gow S5k

def f (arqg):
f = staticmethod (£f)

@staticmethod
def f (arqg):

22 el Sdadd = EASA R @ A 29yt dlZ ol H ol e o AA T W82 o

g ok e Ao o A EE gtk

descriptor (t] A =23 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 they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

t23HE 9 WA =S thal XA 3 &2 descriptors L} T] AT F B AW b A o] L3 U T}

dictionary (5 A\ 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] 7 = 2] 3l A)
oJE e ol 9t f4 AAG ARE Asn ATE B gAY
results = {n: n ** 2 for n in range(10)}2 Fkn *
£ A A3 o} comprehensions S ZZ 34 A L.

dictionary view (5 A4 2] )
dict.keys(),dict.values(),dict.items () WA E7} BT AANES U Y8 Helu &
YUtk ol 5L 9A e $BEe] that 54 HE AFste, gAU L AAE W, 57 o
I g Sthe Ut 9V e FE &3S 2|2 E = v el list (dictview) & AHESH
FH Ut} dict-views S H A 8.

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])

o]

o 0

e QS ol AE VM EA Adste AX S P& HA obe 22 IR A8, A, 9 e
HAEG A ERREZFZESHAY AR FUTH (22| A Y Hola 22| ATy, T4
L2tk”) 54 @ Al dEFo]aE FxFoen, F AAY =+ P A A e o
Fo2H FAGS MAZ = dFUHh H Bol g2 type () ©| U isinstance () &AM AL
3 3HUth (BHA1 9, § Elo]sgo] A o] s Fel s 2 Had 5 ggoll fosloF Futh) tiAlel,

hasattr () AANYG FAFP =2 18198 &t}

EAFP
&R th= A& F317] 7} ¢ o} (Easier to ask for forgiveness than permission). ©] &3] &
ol TP AEY-S, vt U A ERES EAE 7ML, 2 7HE ol EEH A E A
o) AT T WE A} S TS try P except £ EAE SAAFUT o] HAYLC

the B2 oo A 23 AFgH = LBYL 2~EF Y 7 thu] H U Tk

m?l_‘ < rlr
rlo &t

fo )y
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ojw gt OE%LEH@—’F J= AN 27 e 2 285, 4L IHEY, o] F, o EFRE
HA 2, A FrEd 22 HE T R a5 Fot & AYUth v g2 Aot
gzdez, 2s TAESol T A2 obdUth while AR, B2 ARG 5 Qle
= =0l %%ﬂ %} )AL, A4 0] obd YT

A

O Crrs 4l g e, sho) 5] CAPLE A8 514 1401 4184 7= 43 4H1eh

f-string (f-F 2} ¥)
ey & gl 4
o £QLYUT} PEP 49
file object (3} 24 A))
An object exposing a file-oriented API (with methods such as read () orwrite ()) 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.

AA2E A B7o 5t AR Eo] Q5 YT GHraw) vlo] v 2] 312, ¥ 3 = (buffered) H}o] Lﬂal 24
Gt 519 o] B9 IE ol Ak 1o REOIA AR U 7Y AAE BEE A PHL
open() ¥TE 2+ AYYrh

file-like object (3} -7 24 A])
o AA o vl

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 () func-
tion: see filesystem_encoding and filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}¢1t)
QEEFY BEL P8 o] & Foe)w AEshe A4,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for use
with sys.path_hooks.

See finders-and-loaders and import1ib for much more detail.

floor division (7§ = A

/) ae] g 27}51X1L,*e¢b}—krﬂ:% 158 EAF UL (11) // ¢ 7b-2.158 AR B-30)
o] §o] 3 of T Th PEP 2382 B A 2.

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.

This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a namespace
which is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the
name of the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure
variable.
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function (g+4)

SEANA E 3 EE T U9 FFE. LAY T o] A 7FAEE 5 Y=, vy g
Aol AHLE 5 QU th v 7] 5 &} v A = 9} function A AT B A Q.

function annotation (g~ o] - & o] H)
Sh w7 U 93 gEe] of | o] A

Bioleolde quaes g an e 48000: A8 S o BEEF AL i A
Wol5d Ao 7| 31, FA o] int wHEk ZhS = 7 g Utk

def sum_two_numbers(a: int, b: int) —-> int:
return a + b

34 o} 1Bl o] 4 2 WS function Ao A 4 T T,

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)

garbage collection (7}8] X] 4~ #)
HA18E A e M2 S wdels A S0 e BE A4 24T BE <V AANL BL
S 9E £ AR £7712 Fol Al A £ AE SR AHA FA7)E 3

Aol d5Uh
generator (| & o] €])

A elele ol Bdlole & SeFE B AW FEAY Holtu, A gEL ve
W4 EPVTHE Fo] thgUTh o] GES for-FZE ALGEHA Uhnexe ) B2 3 Aol St
Ad 5 95U

B35 AV e o) 8§48 shel 7] A B, of | 2
sk o)) 7} Bekaia) ke 7 g

oAl = Al el El olH el olH & ZHe| R Yth 9=
T, G B EHNA RS Tk
generator iterator (] ] ] o] €] o] o] ¥])
Add oy g7t = A

yiclit g A SUHL 3 A (1o AEEH A7) 5 -
As e A1 g o Ao el ol Elelolel 7k A,
EREL RS S R0}

generator expression (A2 o] €] £32])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional if clause. The combined expression generates values for an enclosing
function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A 4] 2] g)
T2 ARG E Y o3l & & o 2
tasx] daejEel o8] 248 Yt

A=t 2o %] o] F =3} functools.singledispatch () B2 & 0] E]} PEP 4435 H A Q.

e

42 TR P4 TE 0 o8 7] AEEA

My, =

) m[n

generic type (A1 2] &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
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GIL

annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

A ezl 5 S HAL

global interpreter lock (A< Qle|=2E] &)

3 Wol 27 shike] 2e S shol M Hho] £ 5= & WIS WA A3 CPyihon A Ze)
DA AR AAUE. (@100 22 508 AFTEE 2 Foe) A 2 o) BAASE 50
°“*ﬂ/\°ﬂ o s LZW}E% THE o] A CPython 7+ & ©<=oh7] B U th JIH Z 28] AA & F1e
AL JE ZEE e g =3hsty] 4A vEE A, e 22 AM 7 A 7H Al g sk B E 39
e HEe 4yt

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 I/0.

As of Python 3.13, the GIL can be disabled using the --disable—-gil build configuration. After building
Python with this option, code must be run with -X gil=0 or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to
use multi-core CPUs efficiently. For more details, see PEP 703.

hash-based pyc (3] 2] 7] 9} pyc)

FaGS BESY] Al s s pd o] HF A Abe] opbd S A1 S AHE Bt Hlo| E FE ) A
9} . pyc-invalidation& -z 34 2.

hashable (3] ] 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 (it needs an __eqg__ () method). Hashable objects which
compare equal must have the same hash value.

A 75 AL AAE 9 7l Jde AWz AFE S 5= A dh=d, o] A8 FZRE )
iAoz Aghe AFE-37] Wl &Yyt

YEE shol ] B YW AAEL A 7HsFUth (Blasv gAY 2
2382 gHUth (520l frozenset Z2) X AFo]|EL 159 84
A 7hsTUTh AFERF Fo] FEjao] Ad2EA AAEL 7 EF oz A 7t Yt (A7)
AN S AL Ft ) BF thanty v 2 E 3, A G2 id () 2 HE HEFHYTh

ro) b A o)1 &
So] $A] Zbs T wfu

IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

immortal

Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (£4)

IAZE S 2= QA B A= AL BAE, FES XY J"/]“/} ol AAES WAL 5 ¢
SUth Al g2 Agsted Al AAE whEo] oF Ut WA ¢F= s Al ko] (Lo oF Bh= el A
Z23 982 Syt o9& 5o, 9 e 9 7]

import path (Y ZE Z &)
AR 7|9 3elY 7 AXZE T BRES 3] A3 A FAE (B A2 dED) Y %- d=x
E 8= 52 ol FAEY 552 HF sys.path EHEH FUTH AW HH 7] 2] 9] ¢ R =2

o
= =
AAA Y _path_ oEREZNE & FE Ut

importing (2 Z €))

3 g shol Wl TS THE RES) shol Ml m=ol A AHET =S Bk B,

importer (Y £ ¥])

BES W% 1 25 7% sk AR B sHol o ol 2 AX AUt
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interactive (o] 3}3J)
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly
by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)). For more on interactive mode, see tut-interac.

interpreted (QJE]Z 2] €| &)
Hhol= 1.2 s El o] £ o] 2L o] BEHA 7 B, o] e A Qlof 7k oh]
ﬂo]g{ ﬂEﬂ‘ﬂOﬁO]b]lq— ]740 uﬂ/\]ﬂoi g ‘jl U= ]O}EC’A/\_L]_OIO z];d/\]auﬁl
F A= EdUTh 2 2230 F o AH3] AE 7= AT AHZEEH Aol BE 7&4%1
AojHoh g Ad/Hw A F715 Ut t31 3 = BA 8.

mterpreter shutdown (Q1E]Z2]E] £ 8)
Sotgte 8 e o, qu 12 ezl = 583 /\1 7)ol Y st=dl, L%Olb‘roiai 7}A]
Sed R FEEd g8 RE 9UE 4SS UAH0 ALl SRRy
og W T EFth AREAF A 9 53 At weakref F 4 o]
Utk 58 A7 59 A9H & SEE e oo 2w
H 71534 &2 = A7l WEd Utk (Est o= 2ol B

AEZEH £82 FH YA APHE  main. REOIY2IHENAHFS 2= AdYrh

iterable (o] €] #] &)
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 (),
--+). 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 generator.

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 israised instead. At this point, the iterator object is exhausted and any further calls
toits _ next__ () method just raise StopIteration again. Iterators are required to havean __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 1ist) produces a fresh new iterator each time you pass it to the iter () function
or use itin 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 o T Z}A] 3 W& 0] QJ&5 U Th

CPython =& A} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ (). And also please note that the free-threading CPython does not guarantee the thread-safety
of iterator operations.

key function (7] g4)
7] & B %’—iﬂl ©]/d (collation) ¥+ 7 & (sorting) o] 1} ¥} & (ordering) ol AHE-H = = EHF =
FHEYUL. o] 8 Sof, Locale.strxrm() & 2 54 $A2 2t 4 78 Bt o
AHgg Yk
FolWo W EF7 2450 AGA £A AfALL Fole=AE Al Al 7] F+E
%0}5?:}145}. O]E‘] 74 Oﬂ min (), max (), sorted(), list.sort (), heapg.merge (), heapqg.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] d5 14 D]-

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
suchas lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
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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 x})
A2 E BHA L.

lambda (&t}

528 ) ghol THAE shtel 54 o2 TAW o G 2 B4 G P48 BEE
Tr‘:';t]’j% lambda [parameters]: expression ?:]1/]5]—

LBYL
H 7] Aol B2} (Look before you leap). ©] Z ‘% 2B YL TZo|) 23] E 57 Ao YA Aoz AFA
ZA5S AU o] 28 Y -2 FAFP J2H A | H 3L, W2 if 79 EAE S AP YT
05 29 = S0 4, LBYL H W2 “H7]7 9} “H 7|7 2kl A 202 vEA 2 91 o] s
t} o] & £90], FE if key in mapping: return mappinglkey] + AA}Z o, LA qF 23] A,
o 28 E 7 keyE mappiﬂg"ﬂ/ﬂ A ASHA A3 e 5 J5UTE o] | ol FO| U EAFP F 2=
Agarewi A 4 dgith

list (B] 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 A Z 2] 3l A)
ARA9 LAE BF EL ARE AYHL D AHE A0S BHFE DAL P, resuie -
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =00 A 255 A}o] o] Y= =4
59 16215 (0x.) 52 TeoHe ALY JAES BEUD. £ 42 Aok & gz, A2
W, range (256) o] Y= 2= 2 A7 AEFH Yth

loader (2 1T)

An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

« finders-and-loaders

e importlib.abc.Loader
« PEP 302

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: "cp1252").
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 (]] 2 o 4] =)

e LEER ERERRPS

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. Exam-
ples include dict, collections.defaultdict, collections.OrderedDict and collections.
Counter.

meta path finder (W€} 7 2 3}2lt])
sys.meta_path @] Aol B FE sl et A2 At 42 A=z seld o BA o
A71= SHA T T Y T

e A2 367t £33 = wA =S Al = importlib.abc.MetaPathFinder S HH 3
U},
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metaclass (W€} &) »)

o2 Ses Fels ot o2 ol F, Fe s YA, o2 S 25 B2 wE UL
Wl 2 At of Al AAE WolA] el ves A A, opie] A7) X3 T2 1
Y doj 5L /¥ T AL AFGUTE s AL SWHA BEL AL ALY e FHAE BE S
Ik AU T B2 ALg Aol o] £} 215 2 glA W, BR b 3D ), el 2o st
et folat Mg AFHUTh JERE GA 20 27 (ogging), 2 E A F7,
27 44 £ Aol g R EU T

g FH, 4TE AT TS e A
metaclasses | A T ZFA| 3 Y &2 22 4~ Q&)

method (W] A &)
e vty oA Y H & 4. I ZFH g daEHAo oERR
A WA QA (R% self 2t B2HTH 2 d2EHA AH S 25U I 9 54
Al s

method resolution order (W A &= A A 4= 4])

Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (2-&)
slolf Fx o] 243l 9 & IF3t= AA. RELS 499 ol AAEE FE olF 7S
ZrSUth RE2 9y d P°ﬂ o5 sfojHo® 2 EFH T}

module spec (2 & A 9))
RES EESEUASHE YZE AF JHE
ModuleSpec & AAEH A,

21 O]%% %}Z}.importlib.machinery.

tlo
i}
kl
fr

See also module-specs.

MRO
A= dd <A & ZAS.

mutable (7}H)
A AR gkl M 4 QAT () & AAIA SAZYTE 20 E RA L.

named tuple (V| Y = & "—L')

r

o
0E 715 9 & Atk
time.localtime () ¥ os.stat () 7} BFEH3} ZFS £851o], o 2] YA Yo Y It EZA YT &=
T} 2 o= sys.float_info Y Yt}

>>> sys.float_info[1l] # Indexed 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 tuple 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 (¢] = 27
Hﬂ’“7}x{ﬂﬂ% = 32 gAY R FEF YT 7“?110112;4,
®ok ol gt ]‘?3,;8"3.,‘41 ol F Fte] FUTh o] F T o]
AQEYTh oA & 5], ¥ builtins.open Fos.open() & 15 ©
L o] ¥ oWl BEo| F4E FH=AE ZHEHA wHEA 7

b
©
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28 ZUr} o & £59], random. seed () £ itertools.islice() 8t 2 11 4Eo] 247t
random ¥} itertools & & 3= 8 o] W 3taf A Yt}
namespace package (o] & &7t 3| 7] A])
2 A AB HAAE ,] ZH o] 1] 21k 7] 531= PEP 420 o 7] #]. 0] & 27t 5] 7] A = E&] A 9 A A 7}
, 53] __init__.py 3ol gloem g A 97 A &= thE Ut

e
TE T HAS

nested scope (£ H A7 =)
SR AN A HEE T2 5. & 59, tUhE T Y RAAA FH S+ vt g9
JeEMFES AT £ AFULL SHD 2Tz 7 BFors 320 53 2 gL H4
‘Es“: o= Ao Yok gtk A9 A5 7P W RY a3 zofA gl & D}- 7R =2
A HFE2 A o] F 7oA ¢ #YTth nonlocal & HPZ AF Lo 2= ZE 3 &g

l

new-style class (7+ 26l S~
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 (74 A])
E CESREY ) & 2 & (AAE) ol Aod REHolH. E3L RE FoEY FHs
o] HFA A wlojx FhAdY

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path__ attribute.

A7 517174 ol 2 7714 = HAL.
parameter (UH 7H Ha)

o (e vAE) BYoA Tt B2 5 e A (EE 0¥ A dAE) & AAske ol F
= ?‘lﬂﬂ O w2 “H7H‘?*S_T7P As4

t}:

o A A-719 = (positional-or-keyword): <] 2] 212 U 7] 9] = 012t & AGE 4= 9= AxE A A%
Ut} o Aol 712 gee) o AUy, o & S0 theol A foo 9 bar:

[def func (foo, bar=None): ... }

« 9121208 (posirional-only): 9} X 2% A5 5 9t A4S AFFULE X 4§ ARG
W5 Ao HANS BFo] ) EAE EFFI L F ol AT 5 AFUTh ol & Sof chgof
A posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 7191 E-2 8 (keyword-only): 71 EZ T A T2 5 QL& JAAE A dUTh 7| =-H-& w7
W g A Yo w7 F5 oA ghol] shute] 7hA-S) 2] v U+ 5 o) 2 23l A
A& 4 dH5 Yt ol & o, th2 ol A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

o 7VA-9 A (var-positional): (TF2 W] 7| A5 93] A] o] u] gtolEo] 7 9] 2] AAFE 9 T 3l)
Aed 4= de=AA AAEY g AA2E AAF T o] mj7f 4= w7l 4= o] 5o
* 5 QFof] 2 03]/‘1 Ao)d ¢ JdFUTh dE 59 thxoll A args:

[def func (*args, **kwargs): ... }
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o 7PA-719 = (var-keyword): (tF2 v 7| A =Eof] 2] 3| A o] v] dol5 o] 3 7] A A= H3H)
Aed 9}“ dojo A4 71N E AAES AAFTULE o] mj M= w7 Mg o] Eo

& ol 2ol A 398 5 Y Uth A8 Sof 919 A kwargs.
AR A8 AES 98 /RGBT ohe A Aol AL B5 AAEL AT S 9
Yok

Ol 2} 8o 7 &, ol x}o} uf) 7] H4=2] x}o]of] L} 2 =FAQ A&, inspect .Parameter &2, function
A, PEP 3625 EAﬂL.

path entry (3 2 dE2])
Aw 7N shelE 7t JEE B REEL 27 99 Buohs dEE A= A sty Ba.
path entry finder (7 & A E 2] 5}2lt])
sys.path_hooks o 9}% =
2EEe B PHE ¥T 3
AZ dET A Eo] FHI= WA EEL importlib.abe.PathEntryFinder o U314 T}

path entry hook (F & A Ez] &)
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]49t :L}O] )
AR e A skl E S s, A E A 4 REE A

path-like object (7 25 7 A))
Fd A" A2E Ul E AA. 2R AA = FEE UE W+ str U bytes A Ao A
U os.PathLike ZZ2EFE T A= AA YU} os.PathLike T2 EFZ S A Y= AA =
os.fspath() FFE TEM A str U bytes I A2® 22 AZE 4 JdF5Uth thAl os.
fsdecode () & os.fsencode () & Zt 7 str Vbytes 235 B A= A€ 4 5 Yt} PEP

5192 =4 35Utk
PEP

zh

(5, 242 dED ) o] 2FE vl dd], o 4= =T

5ol 4 741 A k. PEP= 5] 8 AR Elo] AHE A 387U vho] W = I mm Al i B
o BheH A2 7152 BEshe AA B4 YUTh PEPE A9HE 715 thak HA R /)% A o

27 AFsH ok T
PEPE 2 N2 75 & A<t A 11'41}71%14151 A=HE =3t sto] Mo S A A
A& TR TE7] A 712 W AYS I Utk PEP I3 2= AR YE Wl A o] & 53+
it o AS A8 & A Qo] Qls YTt

PEP 1 3% 3HA 8.

portion (3Z4)
PEP 420 o A Ao 5t ZAA 4, o] 5 &%+ 7| 7] A o] o] upA] 8= shute] tl el g 2o S0 3l g 59
A7 Gip Lol AFEH = A= 7Fs g oh.

positional argument ($] ] <12}
o)A E HA L.

provisional API (23 API)
%‘@ API= % ghol B 29 A T34
W37} o s A = ¢EA| w7 A o] 2t
) 5 8 Ao] F A5 A S8 o] 2ol
% %S AYUtt— APIE 8317 Aol &
AUk,

}1] O_u

T APIAM 2ALE, FA TaAY o] FAH A e WAL “HF s OR gAY YL - BE
*‘tﬂﬂ—rxﬂa‘ﬂlﬁﬂ—ﬂﬂrﬂ A= FAstEdHES Hoge RE A= AAFE U

3
3
o] Aat= ZF ol B "4317}9—%
syt ‘31}/‘1]3}”19“0 P 4
provisional package (274 3] 7] #])
T APIE R A Q.
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Python 3000 (3}o] %1 3000)
vlo] M 3.x vz 2}l B (WA 39 wj= 7t A wj o] o]ofr| | A Hof gkE o] X o] Folt}.) o] A
< “Py3k” 2 o] 27|% Fth

Pythonic (3} o] 2 t}-&)

£ dojsellA EutAAd NS AHEsA 2=

%ﬂtﬂﬂﬁggﬂﬂﬂﬂé%
for &g AMEIIA CJEHEY B
TAEo glem g, go] o o<

FEASHE AL, Fhol A Aol o A 4 A5 A}
of, ol o] ] Ah 2 ol A2
B2 glojo = oA F5-9]
A e HE g7 E Py ok

{for i in range(len(food)) : J

print (food[i])

o 2443 sto| Mty v & o] H G YT

for piece in food:
print (piece)

qualified name (g3} o] &)
wEe e aizol A Rgo] Aojd Feha, A W= o2 R g HolFe dow
£ o[ &, PEP 3155 o] 4 B9 H i) 24 Roh 2e)ao) A9ol, A73HE o] &L A
o) 23} 24y th

-

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname
L} C L}
>>> C.D.__qgqualname_
'C.D'
>>> C.D.meth. qgualname
'C.D.meth'
. J
RES 7be) 7l AHgE o, SRS BFEE 0|5 (fully qualified name) & BE H B A7 AES
23O RER e Ho BelH o] 52 o mFuTh o 0], enail.mine. coxt:

>>> import email.mime.text
>>> email .mime.text. name
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are immortal and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (3 3] 7] A])
__init__.py Fdg 2= vHH e} 22 AE5H A 37 A.
olF T AH7A = HAL.
REPL
An acronym for the “read-eval-print loop”, another name for the interactive interpreter shell.
__slots__
G2 Upo deele, dr8s ofse g
AATGo =N W2l ddstes S 5

7L & 7Tt @ HolehA, vE o] Fge §4 Z2 1o A B 59 3
A9% BR3E flo] FHTh
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sequence (X] A

An iterable which supports efficient element access using integer indices via the _ getitem__ () special
method and defines a __len__ () method that returns the length of the sequence. Some built-in sequence
types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem_ () and _ len_ (),

but is considered a mapping rather than a sequence because the lookups use arbitrary hashable keys rather
than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ ()and__len_ (),addingcount (), index (),
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 (3 g 7 = 2] 3 A)
olE P Eel 9 84 AL ARE AT ATE B WAL kst AT W, resules
= {c for c in 'abracadabra' if c not in 'abc' }—-‘7(]—%4 A (', 'a'y
U t}. comprehensions& #2314 Al 2

single dispatch (4 2 t] A s x])
T&o] e QAR Fof| 7|2 A A= = Al € o i X9 g FH.

slice (&2}o]A)
HE AAs o 98E 2P AR, Setolat AN AT PE 7Y S AEHA
variable_name[1:3:5] A&, [] ¢olA o] N A& FE22 &2 FHFULh 235 (A
IHE) Z7HS WRALE slice AAE AHEFU T

soft deprecated

A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

contains__ (),and___reversed__ ().

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.
special method (-4 WA &)

Solo] Wl ol ® A g, G4 22, AT W BAHOR B A, o)d HASE T
Mol W& 7 A2 EUsE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 WS o] A

Uk

statement (&%)
B 29 E (2] “BE(block)”) § FAH}E REYUTH BFL 54 o] AL} A=
AbE St o8] 7R 2 E 59 sty th 719 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
type hints and the typing 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
reference. 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 (] A 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”.
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text file (8] 2~ E 5}¢))
str AAE A1 & T A= 9L AA. FF, HAE g2 AAZE A E A HoHAEHS
WM 2B HAE

ulolE QR AH &

ol

=1
triple-quoted string (X% u}-2 %
w23 () U F2 23 (

[ox RN
= BACT
715 & A& A = A T, ol ] 7FA] o] FolA £R2 7 dF U oA o] L FH A k2 Ao uk2
EU IR E TAE Gl 2T £ JEE 31, A2 BAE 24 JAE o Eofl 2 5
Aed, 52EHS L] 53] &2 JdH5 Utk
type ()

The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible as its __class___ attribute or can be retrieved with type (obj).

type alias (g o] g g o] )
2 AE Akl off §) st 1 o] 59

s
Fodeoaes 3 I ES IS et ol FEF U & &9
e )
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

.- J
= a3 2ol g 7] 94 B & dsUth
e Y

Color = tuple[int, int, int]

7

rlr
of!

2

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

o] 7%= AW+ typingZ} PEP 4845 2 otA 2.
type hint (3 3 E)
A, Fela ojERRE 9 3 w7 A s o uks g VI diE & S A Qs of = E o] 4.

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 A4 ALety, A9 W, FH2 JEHRFE 9
get_type_hints () & A&t M AT 4= HF YT

kel
o] 755 A 3= typingd PEP 4845 FX A 8.

I~
g}

9 3 I E £ typing.

universal newlines (F-UH A & g 7))
O 22 AEE BEF Y Eo2 s, HAE 2EHS A= Hl=: 92 /13 2}
ZE \n', A== FE \r\n', A Fe] WA EA] B \r'. F7HE QA AFRof] B A= bytes.
splitlines () 225k olL] g} PEP 278 9} PEP 3116 = H A S.

REo] olxElo] 4 g ul vlge e Alaelyrh

0
[0}
(=]
[\
n
0
Q

field: 'annotation' J

W o nElo]He A oT P AR AGPUTh o E Sol, o] Wit int g2 M AoE

[count: int = 0 J
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LH o)A -2 A4 annassign of| A A F ).

virtual environment (7} 7))

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.
Sho] A AL A} 8 2T o], TS N 2H]

o

HNS& ZE2IWEY FH
A RS

Heimoz Ao9 A9 87,

venv & HA 8.

virtual machine (7}4} 7] A))

axEdolRo 2 oY AFH. sto] el A /1A & HholE 3 A3
seg ARk

SEPESE
Zen of Python (3} o] Al)

shol 4l 1ol 9el9} A3HES) B2 olH, Aol & o) 5 AHg 5 Hl 8ol Fuith o] BF
W33 ZEZEA “inport this” & YA Huink,
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APPENDIX B

About this documentation

Python’ s documentation is generated from reStructuredText sources using Sphinx, a documentation generator orig-
inally created for Python and now maintained as an independent project.

A A9} o] & 918 EA Q1 N2 Fho] A ApA| 9 upRFA 2 A A 0 2 AFY -5 AMAFe] = QU Th 7] o] 3}
T AT, o] # ol th gk 7 B = reporting-bugs | o] 2| & IS Al 2. A 22 A B AR AA Y
A

Te BEol 7 Be 7ArE =y
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and author of much of the content;
« 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.

B.1 Contributors to the Python documentation

B2 Abgo] sl Al Ao, shol 4 EE wholHefe] B shold ABA A 7l AFUTh el Ae] FRAQ
222 glo]H A v ZF9 Misc/ACKS & ZZ S A L.

spolgdo] o] dd MK A AME 2 A A2 o)W AFUE L A 7)o Wl E AUt - AU
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appeENDIX G

AR} 2fo Ml A

C.1 AZEQ0{Q A}

}o] -2 ABCEF= o] o] T A A& Al U] E 2k 2] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
=) 2] Guido van Rossum ol 2] 3} 1990 dt] Z vkl Wkl H5Uth shoj ol the A2 &2 e w3
o) .85 917 ¥, Guido = 30] H9] 7.2 A A= ol %],

1995, Guido+ Virginia 2] Reston o] ]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A sho] M 2 S AL a1, o] Lol A oA HAY AZEYAE SAUFYTH

20003 59, Guido %} sho] A a4 7] 9El 2 BeOpen.com 2 2 % A A] BeOpen PythonLabs © & 74 3155
Ut Z+2 3 104, PythonLabs Bl -2 Digital Creations(3 ] Zope Corporation; https://www.zope.org/ 2Z) 2
L A5 Yth 2001 d, 5ho] & 4 = E 9 o] A H(PSF, https:/www.python.org/psf/ %) o] A g% g4 th
o] @All= stol M A A A QA afote s 5835 AYHE v F 8 24 YUt Zope Corporation-&
PSFo| 391 3| Yyt

2 A oo thal Al = htips://opensource.org/S FZ 34
Ut shel A W E e GPLT e LItk ohele] &

H
A
.

o
— o©°
A1), AAH O, YR
chea M E R 2 ke AU
HHZE  DHME R 2R GPL S &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 2001-3 A} PSF yes
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GPL3} & 3H v} 212 92| 7L GPLE vlo] WS m| L3 th= AL 2 n|3iA & 5 UTth ZE vloj A
glo]l 2= GPLI} 28] o2 A S ééi S 0 £ AE WAL WEzS 5 IA Y
t}. GPL &% gfo] Al v}lo] W3} GPL 3o 2R E t}2 2z E9 o] 2 Ada 4 91 U} o=

)\.&
U—"C
A5 184 FaUTh

1w\

Guido®] A = 5to] o] Wi x5 7}5oHA vk B2 9 7 AL RS ol Al ZA=H Ut

C.2 TO|Mol| HMIASIHLE AFREL7| QI 0|2 b

glo] W A I E Qo] 9} A A= PSF License Agreement©l] e} gho] Al A 71 Fof g U,

v}o] A 3.8.6 5], AW A 9] oA, 2] X 7] e} 7 == PSF License Agreement 2} Zero-Clause BSD licensel|
wret o] gho] A 7h Foj gt

shol ol E3HE Q¥ Az e ojo] = ThE ehol A7k A g P Ut ehol Al S ehol Al 2ol s
£ =9 8 GAB U ol e ol dl20) BAR B2 wahE £m =)o o] o3l 2ol 4l u

Sog AL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.13.1

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

=

3.13.1 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 3.13.1 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.1 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 3.13.1 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
3.13.1.

4. PSF 1is making Python 3.13.1 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
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.13.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.1
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.1, 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
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8.

third party.

By copying, installing or otherwise using Python 3.13.1, 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

i.

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").

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.

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.

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 THEREOEF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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.

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

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.

Subject to the terms and conditions of this License Agreement, CNRI hereby
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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.

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.
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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.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.13.1 DOCU-
MENTATION

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.

=
r
M
e 0
2
ok
Y
rd
e
2
)
K
30
rr
i)
)
22
[>
to

spol 2 vl EZdhof| ;2 3HE A AAF &z E S of o

C.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

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
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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,
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 A3

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
(TF& sl o Ao A %)
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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.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

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 F7| &g

http.cookies E Tha 22 2| AMg 23t

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
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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 X UUdecode g4

The uu codec contains the following notice:

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.

(TH5 sl el Aol A)
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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
version is still 5 times faster, though.
— Arguments more compliant with Python standard

C3.7 XML YA T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

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. 1IN 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
(T2 sl o] Al ol A1)
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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-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

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

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<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>

Original location:
https://github.com/majek/csiphash/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. c, 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
following 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.

* 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 and ss1 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.

"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
(Th= sl o] A of] Al%)
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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
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,

(TH5 sl el Aol A)
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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.

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
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.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)
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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

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
(TH5 sl el Aol A)
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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

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

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.

C.3.15 zlib
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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.

(TH5 sl el Aol A)
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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 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

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
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.
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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

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. 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.3.18 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,
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,

(TH5 sl el Aol A)
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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 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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.3.20 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
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.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’ s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 " "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 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 © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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