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Python versions are numbered “A.B.C” or “A.B”:
« A is the major version number - it is only incremented for really major changes in the language.
 Bis the minor version number - it is incremented for less earth-shattering changes.

« Cis the micro version number - it is incremented for each bugfix release.
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Alpha, beta and release candidate versions have an additional suffix:

ms’i‘

 The suffix for an alpha version is “aN” for some small number N.

« The suffix for a beta version is “bN” for some small number N.
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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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Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Program-
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_add__ "', '__class_ ', '_ _contains__ ', '_ delattr_ ', '_ delitem_ ',
' dir_ ', '_doc__', '_eq ', '__format_ ', '__ge_ ',

' __getattribute__ ', '__getitem ', '__gt_ ', '__hash_ ', '__iadd__"',

' dmul_ ', '__dinit_ ', '__iter ', ' _le_', '_len_ ', '__1t_ "',
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' mul_ ', '_ne_ ', ' _new__', '_ _reduce__ ', '_ _reduce_ex_ ',

' _repr_ ', '__reversed_ ', '__rmul__ ', '__setattr_ ', '__ _setitem__ ',

' _sizeof ', '__str_ ', '_ _subclasshook_ ', 'append',6 '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

[1]
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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

o.
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.
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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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DE)S 27 BFE go|H Ar®ul

EEe ). 29 o volor A4E 2
T e wd 2713517)
d& etk 28 o A

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)

214 IO T2 7S 9

o. & gelE e REo &7

o

—

SH Al
o B |

2.2 01

2.2.1 HL0| ZHo] U2 1 UnboundLocalError 7} BAi51= 0]

= EEO|LI 2EFY X

P |

ol gl 4 v E E
EY ¥HI|E IEE
Zuly 2 a3 AR
BACIES Audstal o5

M7F Q&L

|_E"—o a
£ 7Y AEQ S PEP 8ol 4 4H ek

oL O
S 2o

L|77}?

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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https://github.com/python/cpython/tree/main/Tools/freeze
https://nuitka.net/
https://pyinstaller.org/
https://pyoxidizer.readthedocs.io/en/stable/
https://marcelotduarte.github.io/cx_Freeze/
https://github.com/ronaldoussoren/py2app
https://www.py2exe.org/
https://peps.python.org/pep-0008/
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(o] sl o] A ol A AI)

UnboundLocalError: local variable 'x' referenced before assignment

ol & £33 o A —’F°ﬂ A o], sl A7 2 25 o] thaf A (local) ©] H 3L 9] F 251 32 o A]
Hj2gk o] 5o fe S 7] 7] W& A Ut food] mRAI ) A2 ol A} e thlste g, AotdeE o]
h=AGHsE J—&ME} AA o8 9o print (x) 7 2713 A 2 A H4E Adfstr &
o o 2 7} A k.
919 ol A M5 A < (global) © = A A3po] 9] - A5 Aol AA| T YFUTh
>>> 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)

2.2, slig] 2104 9
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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?
YA O 7, from modulename import *& ARGSHAl WPHAI L. I HA st Y E dH& 9 ol F F
Zho] oAl df A a1, = E (linter) 7} 8 & = ] &2 o] 52 A3 7 A2 o H Y Y th
gd W oA BRES AZE A L. 284 3t Z =0 283 ThE BES WA stal BE 9]
Zo] 2o YA e ARL T 5 YUk & F0) Shte] YEEES AFHA RE JEES
AA 2745k AA T 5 AW, @ Foll ole] FEES AS S A S D ASF T
g eE RES QRE S Ao 24T

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<

12 Chapter 2. =21z FAQ



Python Frequently Asked Questions, Z!2|A 3.13.7

(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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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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def b():
pass

dispatch = {'go': a, 'stop':

dispatch[get_input ()] ()

b}

# Note lack of parens for funcs

# Note trailing parens to call function

o WA B4 gerater (2 AL AN L

import foo

getattr (foo, 'bar'

oyﬁjl

p
class Foo:

def do_foo(self):

def do_bar (self):

getattr (foo_instance,

£0

'do__

' + opname)

=L A~ =2 O
St o] 55

a4

(resolve) 3} ¥ locals () = AR 3N A]L:

def myFunc () :
print ("hello")

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

2.3.8 Is there an equivalent to Perl’ s chomp () for removing trailing newlines from

strings?
S.rstrip("\r\n") & AR5} T2 =3
AA T4 AFULh FAL s7H Bl W &

ZFAAE U

IS A ASA 91 FAD 59 Bol dk BE S FAAE
o) e} 7] o] T = o] 4L ek W, BE ¥ 29 £ 544

>>> lines ("line 1 \r\n"

n\r\nu
n\r\nu)
>>> lines.rstrip("\n\r")
'line 1 '
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QA oz o Mol & 54 HAEE AL Wy BEH) WL, s.rstrip() L o d AT AGIH
2 25 gk,

2.3.9 Is there a scanf () or sscanf () equivalent?
au Aoz gdsyth

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 What does UnicodeDecodeError OF UnicodeEncodeError €rror mean?

unicode-howto & F2 84 A] &

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\\"'

J

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 Ms
241 | ZE= 0| HR =EILICH SE& =0[2{T™ oA alof L7
EPEE R o). 94, B €0l 7] Aol 7] sl ok & Age] A&

. %5 B4 shol W TV YT o] FAQE (Pyhonol] 3¢ Ut
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. 542 2 AA I OHE F YU T 53 10 vtk A S B3 o]

oF71% W 1@ E Tk

o TEE HAZSIH L A E87] Hol| =2 2ol A 4 Shaghs Frotof Tt (profile RES
=}
o WX U2 2T HEE A A AGS AT o mhaA RS S JFUT (timeit B E
=).
o RS F A3}l 5 AX 3] (regressions) & FA A 22 = 45t7] Aol (49 BI2EY 7B 7| =
o) ¢ ZE AW AE 2= Ao F5UTh
oS AAE, FolM FE £ 5 ol UL EYo JFUTE 2 TR 75T A5 oA =
S 9o W 22 2] 5 go] 5t R A4 AR A}
s duEESHmEA N (B e S or WAsHH) & AA o vA H A3} ER s
Fol= A8 dR ZodS 4L Adsth
o ZHIE dlo]H LR E AFE3IA Al L. bltin-types ¥} collections &0 Bt AHAE AL3}4]
Al L
C £E Dol BE 27l FAAE 5] A mel v nE A, el ol W e o vheku
W 7bs A o] R Ieh (HRE AL 5 h. o AL W4T AR G 2ol C A4H =
U EY FoleFulE 2 5UTE o & 59, AEste ¥ list.sort () WA WA= 3™
sorted () TTE AFLIAIAI L (28] 22 2 17 AFEH Q] o] = sortinghowto S ZHZ 34 Al 2).
o F7¢3}= 214 (indirections) & WHE+= A o] A JIHZ B 7L W2 IS St S ZR
Y S0l 48T AU S EAoE, x2Sk eI 545 E 35 of
UITh 53 42 BotHATE FeholA] TR UTHES 715 Jo) = HBLUITH.

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,

Cython can compile a slightly modified version of Python code into a C extension, and can

be used on many different

platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension

module yourself.

o B
45 "ol &3d $7] 3 o] A.

242 BS BXIAS B 00120IE TH BB HOl WHS RAYUL

str¥} bytes AA =

=
ol vl aEAduch IRk d o, & A3 AR H]R2 AA 22 2ol Aol v gyt
=

B str AAE F
T E3h= APk

e
N
o
gul_",
)
o
i
rlr
rH
ofo
4
rlr
3
f
L)
[>
(m
=2
=

18ha1 v

}X]E}ﬂ]str.join()é%

chunks = []

for s in my_strings:
chunks.append(s)

result = ''.join (chunks)

(=2 Fggor FLAQ BHLITE io.5tringToE AFR 3= A YUt
pal
A

W2 bytes AAE FA5H7] Adll, AFH= F&F = AAE oloj&ol 7 (+
bytearray AAE Bdt= A9 Uth

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

25. ARA (RE/2|AE)
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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']

26 Chapter 2. =21z FAQ



Python Frequently Asked Questions, Z!2|A 3.13.7

2.6 ZHx|

2.6.1 EcjA = 2AL|7I?
A

Ze) 2t class B2 ABstol HE 54 A4 BT FAL AAE Q282 ANE FE7] 9T 7
OE*PQLQU% dlole 2 #e ‘3]01151(01 2] E)Pv‘r:'E(Vﬂ/ﬂ—)T‘::—
Zejat WMol Fehoehu B Bt ol 49| HE FALE Mo I
o] o1 A A S AT ol e A4S Bl A 1S A A6z
Gtk SR Yol e 712 A oA S B AT Uk as 1box S99} D
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

28 Chapter 2. =21z FAQ




Python Frequently Asked Questions, Z!2|A 3.13.7

__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)

2.6. 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
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iy
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o
ol
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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
ANsHe = AR 7ol A3 Ao} I B Sl W, 1 AR 3 ThE FEE BEA L

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

2.6.14 is HALMXIE ALZSH OIO|HIEIE] HAl= A AZE & JUSLIN?
is AARzE= A A O}Oltﬂﬂﬁl% AAEYTE HAla is b id(a) == id

o}oltﬂE]FJ AA] M 228 £ 438 AR 7 FA AT 5L a is at F
AY Ut ofolHlE ¥ 7”}— E‘HJ oz 224 AT E ST $54 At e, ofold
E‘" EL Bgd TruetralseE v3lsto] H A Ut

i}, A obol WEEl 7 HgE w) ofol ME e AAE S5 AAE dAE 5 AUtk Qb oz,
ofol W E B 7} 24 = Al 744 F3ke] 5 oh:
1) Assignments create new names but do not change object identity. After the assignment new = old, it is
guaranteed that new is old.

rd

2) Putting an object in a container that stores object references does not change object identity. After the list
assignment 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 & strd 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'

>>> ¢ = b + 'thon
>>> a is c

False

nRR7EA 2, 7 AEl oy el A dad e A FUSHA dsuth
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o
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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 float ('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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(o] sl o] A ol A AI)

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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>>> import py_ compile
>>> py_compile.compile('foo.py"')
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[python -m compileall
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2.7.2 x| 2= O|F S OEAH HSLIM?

BEL AW AYE B WE _ nare S BOEH BE AMY 0B 22 & AFUTh Fol
' main tolW, mE o] ATYEE AP FYULh ANHOE RES YEE A AT B
BEL B3 E AL ol A AR HAES AT,  nane < FHA8 Fof v o] LES A o}

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

npA ok €A 7L A g Tk Shol A o] o} foo B AE = E sl AL R A kT oo A 7] E
g9 el 7 of 5] wlo] Q7] g o,

import foo& AR A Y iEoﬂf\‘] foo.foo_var Oﬂ qu\ﬂiﬁl'ﬁﬂ iy EHL:_ rd XN
o] Aol th3l} 7hs 3k (H 4sh Ml 7HA] 3 2 W o] sy th
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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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2.7.4 __import_ ( ‘x.y.z’ )= <module ‘X’ >& HIEIEtL|C}; zE O{EAH LSL|7I?

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.
QH O =] S

—_
EEARY oo QB o] §F, T ML BES A YLE T vt BE HAL P&th 13
ow, 7 mEe] Yo /N BES YRE L B BEE T 22 P, L REL oY ¥
TR BT A TE A Gk A48 BES 2R oA godw, the vt ol AL

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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while chunk := fp.read(200):
print (chunk)
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try:
value = mydict [key]
except KeyError:
mydict [key] = getvalue (key)

value = mydict [key]

AL GAUE el A G4 717t 9L Aoz RS W o7k QS Utk 22A Fod, o3
2ol ZYMH Uk

if key in mydict:
value = mydict [key]
else
value = mydict[key] = getvalue (key)
o] EA Z2ol,value = dict.setdefault (key, getvalue (key)) = AFRE S 55 YA 9 getvalue ()
TEo] g Aol B 7] Wi 2ol &3] AR T A-polwt AR 5 sy th

3.10 mOo|M0of| switch L} case 20| Qi= 0|R= R2AQUL|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...

U B 7Pe 4 Fol A Ae e ok o

RSN

else.

Ao, case S T2 5ol MiFsE gAY E BHE F

func =

func ()

functions = {'a':
Vb'.
’C'.

function_1,
function_2,
self.method_1}

functions[value]

27 ol o3 vl A =
Hg west e 4 9l

529
Uk

olF= 7 WA EE A o]

class MyVisitor:

def dispatch

method_name =

def visit_a(self):

(self, wvalue):

'visit_ '

+ str (value)

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
method = getattr(self, method_name)
method ()

o] A A& visit_ <} ol Uﬂ/ﬂ‘: °l &l HFARE AHgsh= A0 w%‘%‘?}- ol T HFAE gL, Fhol
AT = Jle anodM 2= A9, 4247 AA 2 REAMEE 22T 5 s YT
h ha

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

B

3.11 OSH AP E &0 2|&5I= CHAl CIE{Z2|E{0|AM ABIEE O
=d|0|ME £ QlsLINf?

G 1 B35 =, A Z 2B = 7t gho] W A8 z | Q) tfsl] Aol & shite] C A8 2 ol FA T
E5h g2 A9 Qo9 =3t spojH oz Fu g 4= QlF YT whetA, A 2= = Cofl ti st
29 = Yol BaFth

9 2: 5], C 2" S I)ote 5 S5 AHAAE AEZ 2]y £ 27} 9l+= Stackless Pythono] §ls5 U th.
3.12 EiCt 340 E¥2 Z8E + fle OlfeE FAYLIN?

golHe] T ZH AP TIA YR FHE EFES AT 5 o7 wl2oll sho] A o A2
TS 23T 5 U 2, shol R oA, o] A2 A A4S £ A7) ok d Ut 75 S F7hske o
dojo] g} P4l G, stol A grhe & Yo YR AL ASEAT Y 718 L B4
Sh=

gt o] glol M) AF A olw, A/ AT Lo A AAT 4 H UL b A Gof FojH g
Al e ARS S Y o] W2 B o] 55 WE 87k itk AUt - AT 1AL 1w
T AA (Fo 2 d A o] A2t AT B3] 22 o AAN M= A9 e d BT

3.13 mlo|ME 7|A| 2=, CEE= CHE Ao ZE Hul & £ JSLI7R

Cython2 A ¥ M A Q] slo] WS AEHA A
Aol AP BEF 2 o po] W g C++ TEE A3}

3.14 mOH 2 H|Z2|E O{EAH 22| EL|71?

shol v el gelo) A Ag-e 2o met ehE I Sl o] & 2R Pione A% D2
A Eshol AL T 5 G AN E A For, L W22 AL Bl Bt 8E 5, A
L5 e 82 20 BAE ANE AAFE 28 41 FuAEE FAA08 AGYUT o S
A SRS A, TN EAE 21, 5 A7 W WS 24 BB AT
e, T 8 G} sythonol L Pypy) & SR A A 71719 e sk el AUl & £ 8 4 515
Yk o Aol stold TEJ #& 718 TR FH JEHE AL nEB o4 EAE oD 5
gyt

Q% shol A Rl A], the 1= (CPythonol A& MU th &= obuhs 51 7] k9] 22 Yotk

for file in very_long_list_of files:
f = open(file)

c = f.read (1)
A2, CPython2] 2% 7293} ) 4 AAE A8 o, £ol he A 7k2] Az )2 ol skl g
Ut 18U A5 A9 GOE AHS 3, o 8@ 3 A& thFsta oA W 7 A oz w57

(elx 23 A) B k.

2 o)l 2 A AF o DES A, YA L2 HA2 BArhuicn & A8 o T
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for file in very_long_list_of files:
with open(file) as f:
c = f.read(1l)

3.15 CPythonO| Cf MEXQI 71| x| £7{ M ALS3HX| 0= 0
D oiolL|7}?

36
rr

A, o] A& C &F 75 0] ofH kA o] Al o] gls Ut (o, 72l Boehm GC 2ho] B 2] 2] of thaf &L
AUt FEE Ul ERWEL (25 AR O}”‘JD}) AdEY =7, A= F kA u,
A8 FHetA = syt StojHo] o] 210 o 2ot e 5 ot s X 7 B 2 th)
AEHAGCE sfolHo] thE S8 Z2 a2 HE i = 7<1]7}9‘4D} 593 golHAe BE
malloc () ¥ free () & GC gto] B & 2] o] A 7‘1]—“5}— HAC = A E B A T stol Hg W et
28 28 IWL nalloc() I free () o thak ApAlwke] A& Q3 5 g}%u]r/}, 22 al %015\‘19] A
AsHA] ok 5 AFY ‘jr- ?“;ZH CPython% malloc () ¥ free () & SHIEA FH3 = BE A 5243
=2

3.16 CPythonO| Z=E I} 2= H22|7} A E| K| = Ol A
olL|7}?
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3.18 CPythonO|M B|AE = O{EA & EL|7}I?

CPython 8] B|2~E = AAZ = 71 Zo] v g Y uth Lisp 2EFE 9] A4 ] 2 E (linked lists) 7} ob g Y ¢}
T T2 Ao gk Fxo] ALH QA v E-S AFS-star, o] mj Foll st 2 QA E e} uj E Y dolE B AE
al= F2A §A g .

1AL ULE AeY ari) 9 M G| PaES] A/} Qe g FRF Ao R BEYT
F2o 2o AL YW, F2 Qe 377 2P LTk GBS VRO R FATE J52 FY
317) 9131 k7 Bl ohA A2 R o Wl Qe Sgelof B wl, 271 B ko] TRH of The B Wl A

27 270 AR oA etk
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3.19 CPythonO|M ElALH2|= O{EA S EIL|7I?

—_

Uth B-E 2] &} ] w3, th 52 Aol Al
gk

YA 8= hash () W& F4E AHE St gAY Elol] A8E 2 7] gt A Z=E ALbste] 2
FUh HA ZEE 7|9 Z2AAE A =of wpet A thF U ol & £91, 'Python' & -539294296
S Z A & ole ik, e S AR HE FAFE Q) 'python' & 1142331976 2 S Al & = Utk 1™
o2 SlAl Z=E ol AFE U wid e X E A4ste o AFHEE UL BRE SAZel g2 7S
AZetta 7k s, 9V B 7 71 & A S o] 44 AlZke] AR the 59U T - Big-O 7o &
oQ).

CPythone] 9V El= 37| 24 713t slA HolE2 713 Y
23 AF7HA 78 & A4 el FEH AL, F@e °

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

41122 Al B0l 7L A gkl A AL 81 A gL A}
ghol MR8 4 ol A, A= MR8 4 gLk 2] A
A2 SR T 9o T4 gy W], AU FEL 058 5 AsUth 14 o, gAY
o 4 22 AAE FoP 5 3 Al ghol Tk of 22 5 YUtk oA ghe Ao n A E Y
A Aol A TAE A 7]

YA E B 2R A gsteld, v P AES

e gE2 ¥

ofo
o
.
Ay
i
e
fy
£
=
N
N
N
N
T
i
i—”;
o
E_EL

o A
=T
HESIA A L; tuple (L) T+ B2E LY

« F2(AA DR F2EF

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

£ AR 2o A8 (1, 219 id7h R WA 29 AT b2 7] o] keyrrror 9 7H AT
th. %, 94U 71 is7} ok ek -=2 AL§shel Wl awshof Pk,

CHAEE AR ST W ALS BEUTh 1A AR B AES A B B2E EWY 5
931, BA TEFL R g £zl Wk 5 97 wEel A5 8A ek Th

« P2EE A2 HEIHAW, ASANA FRHA FET ANGUE o] AL AAY AL 22
EEsANew Zeade] 2457 olel e W1 Btk ma G4 et BuAL

MEHUT; d.keys O & ZE Z2 94U 712 AT 5 T
d

. 94iel 72 AHE
249) A wko] ofu e
A= Gl g su
28T, A7) FE AN E RR2xE dod 4 IS

d2std o] £41E 333t £ HAlR: _eq

HAES EF 71 S dada Y7 3 syt 28 s g9y (Es
e S Al 719 F2) ol AFoke BE A H AA Y s gkol AA 7 g (EE vhE 7R A=
S 145 =2 3 oF gyt

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_1list
result = 98767 - len(l) *555
(Th= sl o] A of] Al%)
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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

A A A ?4"‘5-4 AR AT A 7S Tte AT s LW E R Ve o g Qs B

St AA 7F A B ol A=A ol BAglo], Aol == 02(Z0l.__eq  (02) is True)©]™ hash (ol)
== hash(02)(F ol.__hash_ () == o02.__hash__()) oJoF gt} o]t A5t AFS FF3HA] X3
W gAY g9} ohE s A 71%}%1357}37%‘%%“4%

ListWrapper®] 2%, Bl AA 7 G- ]l & wuich 23 H 2]AE& o] 52 13t
=] 2] gkotof Tt 87 AM o] & iﬂ}eﬂl ZZ3HA % Aol sl FE3 4T F
UAA F2 3t o] ZA S FHFA| v Al 2. FAREdTHY A e Al L.

3.21 list.sort() 7} WEHE 2| AEE UIEISHA| Q= Ol FAYL|7}1?
2}

0] F28 AN, B ZP37] 93 222 BASE AL dul duth GebA, List.sore O
£ aEs ARl AEIUTh o] AL 47N 8], AL HAES HBHA by Th
|97 51w, AL H AR AR AW AL A B WAL AN B A5 R 2 AES PojR
U= vk

A P 2ES BB W, HA W sorted ) FHE A HAA L. o] B4t AT H o H e ol A A
~EZ WEL AU OhS RAFUL o & Sof, YA w42 IAU Y 718 o He o= S
Py ke 24U

for key in sorted (mydict) :
# mydict [key]® H 7t T-I=F. ..

3.22 mlOo|MOj|A QUE{H|O|A HMIE O{E A X|™EstD ZAISHL|71?

C++9} Java ol 22 A of ol A Al-F8h= 2B thet QB3] o] & B A&
E]:)ro] o /\41::]31-1,]1—4_ uJ-O /\]_F/LO 74_401 E]_oloﬂ O]Eﬂ.rﬂol/\ tﬂ)\ﬂ%
TEHE o Eeo) Wby A2Ey th

BE] A
488 7ol

Tho] A 2.6-2 F W o]~ ZFEA(ABO)E BT 5 e abc BES F7FYTE 18 th3 isinstance ()
9} issubclass () & AbE3te] Qdx® Ay ZEA7 54 ABCE 73X FA8 5 JdFyrh
collections.abc 2 E-L Iterable, Container @ M tableMapplng-»]- e 823 ABC A2 A9

.
sholme] A%, 74 2aol Ui AAF HAE F22 Fol AE o2 WAL WL oJHE AL 5

91Utk

e
>

J

Fo | AE A9 EL HT] HAES AZY FA) BE AE sl 2 WA oA GO
AT F YU BE v A RE L 2aYER Aol 1R AA HAE" S AFE 5 A

ok AL 9 Q1B o] A8 ALG B BERAE 915 STE] o o] 29] ZPEHe 2 (stub)” o B o] 4
Agool $% A HAE F 5 95U doctest Gunittest BE EE AN HAE 2o JY 2
Mgt BEY BE IE & AYS A HAE AIES THY S AL UTh

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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HAE AES 443 AL 9 S0 Hul, AAHAE S5 Es =S AAT 5 A5
AA o Wo| A2 = 7% _EW&Wmemmkwwmm%ﬁwéﬂiE 24

WA HAE AR ES ARE 2ol of GUTh BE Tl L of e Lo A AR A HAE Ao A8
7510:] zLM—(s]_;q o}; z': [ R = % —a%@.qr/}

3.23 goto7}| Y= Ol E BFAUL|77}?

1970 3t of] AbEE-2 FA| 8 goto 7} o] 3| &FaL 4=
Athe= A WH%JQHDP. AgE AojollA =,

23 (whiled} for &, continue 2} break S ¥ g

37 e AAL G LAY TEE oo d &
71 (Z}o] M A A if B, or, and L iflelse T3 AL}
f,\_

ALUTH7) 9l B B e shA Syt

] r{m o

o 9] & A}3le] B4 T & 7o AT el “LRA goto” B AT 4 JE YT B2 AL ¢ 2] 7} C,
Fortran % 7]E‘r Aol goltbgoto FXY BE A A A oHA o B o E %‘—’F AT A ZHHY
= "ﬂ% =4
class label (Exception): pass # label2 N Tr-|=r
try:

if condition: raise label () # label® goto o-l=t

except label: # goto 2ZF &%

pass
)AL PAlo] 20| FoE FLFE AL HEFHA FAW, o BE TAL YWAOL goro®] FE
o2 ZEFUTh o AN AHE AN

3.24 & 212(r-strings) 0] & SHAIZ B 4 Gl 0IRE AL

7?
H g sAL, B4 09 SN R B 5 GGtk 29 4] gt o SelAE B 1R BAS
o)A o) o, ELFA G ALE AU
G Rrde AA 4 ol o) 20l x AR E AT L m2 AN (F2 A AN T 4G L
AA BE 5 EE AR YU o) B Z2ANE A5 A B Tl o 2 A E o2 = A7

B, dEADL 0|8 5 §5HA GHUTh TR, o oA 2 o] 27 0] Sho] FAD W E FAHE
AYF 5 d5Uth o] FHL EAdo] =W BH 02 A5 wf & AP
ASP 2P WEHE 49, BE AR AT T2 SHNE 35T fo AL

f = open("/mydir/file.txt") # Z S I T-I=r! }

DOS @ ol 3t A=< LES el 47, A S 0], b T stHE AL

dir = r"\this\is\my\dos\dir" "\\"
dir = r"\this\is\my\dos\dir\ "[:-1]
"\\this\\is\\my\\dos\\dir\\"

dir

3.25 off mlo|Mofl= O{EEIRE S ITt “with” 20| YSLI7F?

=
goloE EF APt dEdu) T=E T EstdA 85 AP A= with T JFUTh 47
S o Ea q_
= L =]

dojoll& ot

with obj:
a =1 # obj.a =1 F 5Tl
total = total + 1 # obj.total = obj.total + 1
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sholmo A, o 3 P27} =B e Ao

@ MAE 5}AZ, Wvto] W Cri s 2 THE Aol A A F2 AGHBE, o W7 Y 1 GeA
Y85 & 5 gl o) ze] 34 ol Bl e AV h- Antd el I A5k AHel BE Wsel

2328 43 JHUd
stol e 54 S AT A A 7ko] oW o) ER)HET F2T LA vl & gk Wy
JEZREE A3 Fo AA %ﬂﬁ?ﬂb‘r?ﬂlﬂ%?%%‘%ﬁ} ol& Qs T Mo e oW
JEPREN F2HE FAA &5 gtk A WS, A WF £ W o= HE?
o E o, e 22 Edd 2YslS BAAI L
def foo(a):

with a:

print (x)

22U a0 x 2 WH o E ﬂw‘:%‘fﬂ"‘oi of Thrhar ZHA Ut 2y, stol el A H z 2 E o A
AL Rt Aol B YT 718, a7t ASolH @A FU 7R x St A AL 9 oH with B2
WA AHEE 7R MAIThA 3, shol 8] B4 B4 olel A WA B ol A BE LT

I with & FARRE o] 7]528 2 o] (ZE 2§ Aa)S A< & gelfoA gA 248+

%Itk The 3 ol St thAlel:

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

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

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

o 8 2 AN 2

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

ref.a = 21

ref.b = 42

ref.c = 63

ol A2 ol AP AlZto] AARH =], F HA HAS FAS Ry H FHEE Ay
L5 85 Folv AR R A5yt

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 20i| 20| 228t 0|fF= FAY

=
%2 /b5 42 017 93 BRYUTH (WA ABC oo B3 3 sty

>
2>l
fo rlo

if a == Db
print (a)

if a == b:
print (a)
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L, 2, 3,1
(Ya', YbV Yc’,)
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"B": [6, 71, # "IFF FW HEe APYINT 3 2A YA
}
o1& 583t Hol & 2 7HA o) f7} AUtk
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cHAPTER 4

3

(]
X
=2
rr

=) Al 7HA 72l s o]
pas

ath.py (socket.py, regex.py &)

2
o a2 dde S goedC C+ B 78

$ dFUTh o] A% 4 gdo] YAYC

—

52 voun g

o1C|oll UASLI7F?
o]i :,Laqg q]zyo]urim oz zrE

=) 9] mathmodule.c

SELRREE

import sys
print (sys.builtin_module_names)

4.1.3 SLIAO0|A mlO|M AHE.'E%

A% sloF gUth A3 E 3L =

Sol7l Qe =2l 6 A2 /F glofof ek

o]
WA= chmod +x scriptfile©|t} o}u}E chmod 755 scriptfiles

2
F A oY A P OR £ T 5 A%

U}, 7hg e e

[#J/usr/local/bin/python

51
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shold B Z el 7t S Fol A" A= o

~2YET ol JHZAE L Qe XS SPHOR AES e, envZZ IS AEE S Y%
Utk shol 1 Qe T 2B 7} A8 a} pata] Tl el elo] Tk 1A, o] RE fUs Aeo] e

A Qg ok

[#//usr/bin/env python

o] & CGl 2T HE 2 L3112 upi Al 2. CGl 2T HEQ paTE UG£ 55 F adto|ghA, AEz g
B A A 429 A8l oF Futh

ol 2, *}—Qx}ﬂﬁo] 7}V5 A}A] /usr/bin/env ZE I o] A FUTh = env Z 2 I3 o] ofof ¢}
Utk o] B¢, tha 3 22 5 A= 5 5 U o) (Alex Rezinsky 2] 7]‘:”‘?:1‘4‘:})

#! /bin/sh

nww.n

exec python $0 1+ms@"

A2 -2 ol Aol ATHES __doc_ AL S Fo st AUt 2H Y, & Sk BAIE
AT+ dsUth

[77doc77 = "nw . Whatever..."""

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

FE2 WP A ZF FolA axmjzd2 V|EFHow AdE A &= AL Modules AH g
B o curses R ES 2T ULH (AEF WiZFoA = AT = JF5UT - =8 curses ZE2
AFUTH)

curses REL 7| & curses 7| 5 ®ul o} gt MAH A A} AT A Y, e @ oA 2] A3} ZHE ncurses
2} SYSV CurseS«l g2 F7 75 Ad o]+ 2 E°] BSD cursesf& A= = A A=} E?&El A

H
eg =AW, @Al §4 RA4H EO0SEL o A of Mol S84 9 A 24 Th

4.1.5 m}0|M0f| C2| onexit() 2} S5 0| QYSL|7}?

atexit B E-L CY onexit () & FASH 55 &4+E ATt

4.1.6 A|lO'd x2|7]7} 2&SSHA| ¢tz Olfe RALYULII?

7V ESF AR A A 7|7 EEE A B0 2 A= AUt ojg8A SE&H T
[handler(signum, frame) J
webA F 7fe) vl ) M4 A Qe of g Th:

def handler (signum, frame): J

S
421 o/ Z2JOIL AZHEE O{EA HAESL|7}?
E

|~E 28 A9 37t A5 UTH doctest RE-2 ZEY H2EH | = oAlAE 2
AP &, 28 S K2 AT A Y vl a P
]

2 Java®} Smalltalk H|AE Z | T oA Rl & ¢ Bl HAE =PI YT

2E
HaEs o 47 selw, e 22 ade) $& LA TR Agalof gtk 2R 1L e
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if name == "_ main__

main_logic ()

zzage) vol 2E shde] ¥ AXW e dwdc
Jetzz ol b 42 B5e 2es S B 202 T Y, o] 32 YA B AE ¥4 8
zZHgsloF itk A HAEE A5 3ote HIAE 29 E= 2t R} ARE 5 AdFUth o] AL
B AAAE AT st o] ofF ZHE st FASH| W Eo sHES dsUth ‘229 327
o} A HAE -5 AAGst IES N O SHD AV JA v = syt HI2E fgA 2
AES 27 BT 5 A7 =Pyt
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if name == "_main_":

self test ()

B 9% QE o) a0} AT Agole e IARAE
shol 915 Q3 o] 28 ALEH 5 Qe W HAEY S dS YT

o
2

423 B wol ShLte| 7| YRS We WS SRALIR
FE2 HyPo= 2 7HA s A A o] dF YT cursesE AFE3HY] o] Y-S A= A2 TESHA T
curses+= B -%-7] o] A3 & REJUTH

4.3 AflE

4.3.1 APEE AI25I0{ O{EA =2 UL 71?

_thread 2E9°] o} threading EE & AFR A Al L. threading R EL _thread EE ] A| 3=

A4z zeju e n 9lo] Bel e #A431E 755 ok

4.32 FN| ABET}IOIRAZ AMME|X| &= 4 ZSL|CH: o) ORII2?
o}

 EPS N RS AR R N =
A4S ST Aol gEUTh
AU SAe me I Bol BE A S 9EE B2 S8 1 FUL FsE AU

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)

tine.sleep() & AT FL A e FEFE A, A5 AvkEo] WAUZ S A FE R0 5
Ytk @ 744 obolt el queve BES AHG 1] 7 AN E BET, 4 2 =st Hud ) o E2L
FA8A S, WA e} 2dE 5 vl 22E QxS o AT

433 02| TR} ABIC ZHol RIS OfRA LHELELINF?

oo s X Hc}t,ﬂ% concurrent. futures &, 3] ThreadPoolExecutor =& 2E AF23F= Al

E, Ta A SR EE ALHA Al E, A el E AT 5 AL Tk quene RE S AHE3

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

# AR 2ME e FOIM FAe THG .
#FTT VIS e, Se FYCl AT AYTT FRYH A
FAA ST FYAT BT TR APt
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)
T UE4

#
d = queue.Queue ()

T g% NFFT

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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(o] sl o] A ol A AI)

# R A R AT M
for i in range (50) :
g.put (i)

# 2™t AW M2 F

print ('Main thread sleeping')

time.sleep(5)

At ohe 7 2e £ o) A4 H Tk

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

A S &2 BE APAE FRAA L. oueue FH 2 E 750l FHE AHIA o] E AlFFTh
434 OfH ZFO| MY gt HHO| A|E QMBI

A
WiREAH oz do IE 22 E =(GIL) o] AHg-H o 3k ¥ o o] 2 = vk oho] VMo A dalis ==
duyth drd o, vpojH 2 FolE Atolo At 2~ = 7F A ES AT FUTh sys.
setswitchinterval () & &3l vt X]'Z AL E HAADL + ds5UTh H}F/}/ﬂ ZtulolE = W
olet Zt W Holo| N mEetE RECTH ZEE ol 2] Aol A A A Yy

olZAOF o]AL 7&?@;6}71]11}%] 7] 915 4= PVM Hlo] E 7 & 78 of t] 3t A B3} o] 3] 7} B © 5}rj=
~ % O] AL “YA Ao Z Kol YA U HF (B, Bl2E, A §)
dA 2 A2 A YES r gy

4
Sof, g Are B 94 AUt (L, L1, L2 2 AE, D, DI, D24 YAUE, x, v AA, 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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(o] sl o] A ol A AI)

L[i] = L[3]
D[x] = D[x] + 1

£ AAE HAstE A2 AAY FER 57100 E2F w] 259 _del () HIANEESZET 5
om, ot AT & 5 A Uth AL SN Yot e AEe] A o] S8 25U ) oA
299, Felag AL A4 A S

435 M QlE{ZalE| £ xﬂv@ & gLt

Aol IE] 2] E] 2 (GIL) & $5 ol A 1 Al A3 71A9] shol
oo (190 T e A& g 9 L abel A ]
=2 age) A .4 Shbel CPURE AMS-3H7] w4 Uik,

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.

A GILS Al A= 22 Sam Gross&] GIL o] A A% 3o 3.9 235 7|¥re 2 Fruth 1 o] Ao+,
b1k W 1.5 Al Ao, Greg Stein-> A A 2 GILS A AStTZ A3 S0z gia| g &4 Q 9 x] B3 (“AF
2L 299”9 x))& T+ W5 Y Adam Olsen2 1.2 python- safethread Z2AE Oﬂ A SAFS A 2 e
T 3?&?‘4‘4 B3|, 0] F RV AY EFGILAAE B = 283 A Es S o= Jﬁﬁ
2~ E 5ol 473 mo{ﬁgqq—(;ﬁ'o]g 30% © =g Yt}. fq"’]"ﬁ 39 X3 = Aol 4TS
u] X]Z] oA GILS Al Aste = A AR Al= Yy th

A shold v £ o] GIL o] lth= A o] v CPU 7] 7

2 v X 5}= d] Wl 7 "ot
A A, o 2 = sho] A

>:|o

er

[e]
olduUtH o8] AF = Al o] Z2AN AR P S _]E_sal_-a—]_{_ 1o 2] S ukE] o of ST Al 2o
concurrent.futures _1_?_5-/] ProcessPoolExecutor Z A= I8 A dt= & H S AF Ut}
multiprocessing &2 2Y Y2 X0 Bt Ao £ H A& ul £ 13 A= APLE Alg Yt
C 942 A3 A8 5He A% £ g0] Utk C AL A8stol Azko] 29 Aol 492 £ 3,
TFE AY 2ASAC R A FACLE HANT e 2 8 AAS $AY Y=
st 4 g5t zllbﬂ—hash be} % —‘Oj EZ golrdEyg B olu] o] & A Ut}

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.
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os.remove (filename) O]Q-os.unlink(filename)
F e 5T YUT unlink () £ @3] o] ol thd f Y /‘] o E%" olFYduYth
daAe g g AAFHY, os.rmdir () = AFSH AL BHEH W os.mkdir () & AHS3HA /C[ os.
makedirs (path) & ZH 3A] ¢ pathd =7 YA EHEHE T YT os. removedlrs (path) H] o]
Ae sl 57t ‘:1"5]'15%’4 = 11]745“45}, AA Ydag e Evet 1 W83 AHAI 88 H shutil. rmtree() =
HEFAA S
3} o] && vl 2 ¥ os.rename (0ld_path, new_path) & AFE3A Al L

=

Y-S A2 W, £ = open(filename, "rb+") S AME3te] E1l f.truncate (offset S A}235H4A A
2; offsete] 7] & ‘o A A A (seek) Y X YUTH os.open() 22 A 3349 AL os.ftruncate (£d,
offset) & _/;1/]1—/]_ 047]/\1]( += 3 71 AHF2 Xé‘/l\‘)?:}"]r/]'

shutil Eoﬂ_,_ copyfile (), copytree () U,—l rmtree () & :‘Tﬁﬁt}é‘} 34'?—_-_] °ﬂ’“] 31.’%'5]'11: ‘5%'% “;_:]'51\‘7]'
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4.4.2 ulY =S LA SALSL|71?

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.
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9] % 9] 2-u}o] = F5 9} ke dtol = B4 E A%
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import struct

with open(filename, "rb") as f:
s = f.read(8)
X, Yy, 2 = struct.unpack(">hhl", s)

o X
A, 8 A oI S ) long) 7 (47h] 2 % 215

S 4 A lolel (1 Tl inti} floate] 55 ¢ 2E)9) %, array RES AT S E YU

0 Fx

Hlol ] HlolE & ¢lu 28, vloj e REZ 35U Fojof gt} (7] A&, "rb" S open ()
o7 AGFYUh. hA e (7)1 BZH S AL, gfdol HAE REE I3 f.read() & bytes
AA A ser AA S wHegh T,

4.4.4 os.popen()2Z OL= IO|ZO0||A{ os.read() E A& 4 Q= AXE EQlL|CE;
lL|77?

os.read () = 9 3L & E 2o F49l 1Y 7| AE Hvhe % + T4 Y YTt os.popen()
2 U7 open () Tof A ‘31'3:]'5} J']' Fo 14E 7Y AAE Wt kA, os.popen ()
oz ‘?}%Oiﬂ-ﬂr |Z poll Al nupel EE ¢ 28 W, p.read (n) & A3l oF 3t}

}\
=
pd XN
-

4.4.5 =& (RS232) ZEOf O{E A HMAEILI?
Win32, OSX, Linux, BSD, Jython, IronPython ] 7 -$-:

pyserial
Y29 29, Mitch Chapman @] =4l AIA &S FZRFFHAIL

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

4.4.6 2l sys.stdout(stdin, stderr)E EHOI= 5| X| RLSL|7I?

gtol A 3t AA| = A5 C o 7l 14E F

W open () 45 &3l FolHolA o= FE 9t AA| o] A, £.close () & T}

o] AN & Ao E FAEIL G C

uf £9] st 2po| A Ao 2 dojur| & Th

121} stdin, stdout & stderr-2 3}o] A of| A S8 51A A E]ﬂ%ﬂl, C A o] 5o Al EF A E F o517
Eolyrth. sys.stdout.close () = A5 slo] W 52 5 Y AA 7} 238l Ao g TAE A w A

C ot 7|28 &4 syt

4.4. Az} E 57


https://en.wikipedia.org/wiki/NTFS#Alternate_data_stream_(ADS)
https://en.wikipedia.org/wiki/Resource_fork
https://pypi.org/project/pyserial/
https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

Python Frequently Asked Questions, Z!2|A 3.13.7

o] Al 744 % bl g 81t C el 716 AHE Bo |, wiA) o Ao A g ole)ito] 3t AL AR
srelafof FU T} (]2 S0, VOE S35l = B4 R0 EES 4 LU TH. TR, os.close )
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os.close(stdin.fileno())
os.close (stdout.fileno())
os.close (stderr.fileno())
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4.5.1 mlo|Moll= ot WWW =37} JUSL|7F?

ghol B2 g # H H vf QD9 internet 7} netdata F-S FZ A L. o] Mol= Au] S5} ZeoldE
S AcdE FESF=H =Rl He w2 BEol dFUth

AL 753 2 9 Y = 2 °F-2 Paul Boddie 7} https:/ /wiki.python.org/moin/WebProgrammingof] A -5 %]
eyt

452 HTML MM E 25l o{tH 2 EZ AFZSHOF SHL|771?

==
Web Programming wiki pageoll A f83% 3 232 32 5 5T

e ol 8 A e vl ke osha W Q B 7 U T o] MY SMTP 2l Ay & A Aete B
SAE

=
<
ol A =5 LT}
N
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
# ™ 38 T
server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()
e A8 th b2 sendmail & AU T}, sendmail Z2 231 9] Y A= Al2Huttk fhEUth W 2=
/usr/lib/sendmail, W} &% /usr/sbin/sendmail. sendmail "l 574 #H o] X7 =2o] E AJUrtch A=

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location
p = os.popen("%s -t —-i" % SENDMAIL, "w")
p.write("To: receiver@Rexample.com\n")
p.write ("Subject: test\n")
(Th= o] A ol Al<5)
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(o] sl o] A ol A AI)

p.write("\n") # ®IS& &S F e U E
p.write ("Some text\n")
p.write ("some more text\n")
sts = p.close ()
if sts != 0:
print ("Sendmail exit status", sts)

4.5.4 A ZQ| connect() HIMEONIAM EERZAE ul|stze{™ €A SOk ShL|771?

select 2 EO| 4712 |57 /OE A Y3l o E3] AFEE Ut

TCP AdZo] EF HA F=EF 517] A, 27 v BE27 Rz 44T + sk 29 o

connect () & RS, FA AAH AU (I A 7}%@ ol glssyth o8] MEE .errnol] XL sh=
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(wawaﬁﬁﬂﬂﬁﬁﬂﬁ*AMAﬂﬂHTﬁlJ%ﬂ%ﬂQﬂﬂ¢WQW
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of| 9] £ 1]3}2 ¥ connect_ex () PINEE AR 4 Q)5 Ut ermo 3k
connect_ex () = THA] E%ﬁa}-’{: 9}31/]3]—— 0°]t} errno.EISCONN-S
o] AAL select select () B2 AE3t & 4 Q=X &Qe 4 <5k

i JEiin]

asyncio EEL H EZ2 YELIT FEE A= AR S S J=HE T ~g e g A4
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import random
random.random ()
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e randrange (a, =a,b) B A4E= AT
e uniform(a, a b) ‘:”—.4-/] —‘?'—- A2 =
e normalvariate (mean, sdev)<= A (FF+AIH ExE A S}
Y3 THE Yot AU2olA A H B O, 74
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5.1 CE LI2te| gfe& U= & USLIN?

a5t &5, A4, ] DA NEL FE XTI = T RESCERHE S
index &A1 ol A= o] JHFYTh
g REe] SFolu a7 JolH AF AT o] A E T}

%5 Ut} extending-

EQ‘

i
Py
1A
v
v

5.2 C++Z LIAIS| &t & QhE & USLII?

MM
LGt Ol e C B 152 BT, A
(L E AT sl Al 9l r
kA 73010114—?4 2 (static) C++

= o 2 AN
5.3 CE& M= Z2 o{ESLICE CHeto] /USLm?
There are a number of alternatives to writing your own C extensions, depending on what you’ re trying to do. Rec-
ommended third party tools offer both simpler and more sophisticated approaches to creating C and C++ extensions
for Python.

5.4 COllM 2|2 mo|M EZ&E O{EA e = AL

o] & 3 3tE= H AL &5 4= PyRun_SimpleString() o], 0]= BE _ main__ o] AEAE A
AgE g 22 AAE H et 23 08 BH3HEl AL (SyntaxError & 2 3al) o 9] 7} t‘“‘g Sk -1
S 9IS Ut} o B2 Aol & YSHE, PyRun_String () & AFR 3] Al 2; Python/pythonrun.col =

PyRun_SimpleString () 225 FRIAHAIL

5.

O

COllAM Qoo 0| BESHAIS O{EA IS 4 JUSL|7?

o] A AFo| A L}-& PyRun_String () 5= start 7| & Py_eval_input = AFR3te] SESAA L BF
Ag 18 $A%, Bohe T 2 WH
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5.6 mO|'M ZHAOIA CZtS O1E A F=SELIIN?

°l” AR 0] Yol wet thE Ut FE o9, pyTuple _Size () & 20|

L 2 AH Ad A9 FES B]—E]-ﬁ-\,]r/} ﬂ/\EL H| =3 S5 E 7HX
PyLlstiGetItem().

B3}l 3 PyTuple_GetItem()
I Y5} PyList_Size () 9}

]

=

=

Hlo] E Qo A=, pyBytes_Size () == Z o] S ¥h838} 1l pyBytes AsStringAndSize () = 3kt Z o] o EH
St ZAHE AT @Yt Fto] A vie]lEE A= d (null) vlol EE 23S 5 0101*1 C4 strlen() =
NET 5 20l F 544 2.

A B< 74/‘]"“5]'34 A, WA nunL o] o}d X &<l3l t}S PyBytes_Check(), PyTuple_Check (),

PyList_Check () S AFR I Al 2

28] FA ?_15131101./_\.7]—Zﬂ%'—‘3]——‘5 glo] # 2 A o] o $F 1L 4F API= QJ\QHD} AFA B W -&-L Tnclude/
abstract.hS 21O AIA] 2. PySequence_Length (), PySequence_GetItem() S ZL STEZ RLEZ

9 shol A Al A2} QI o] & & 4= Q1S ' oY 2} A} (PyNumber Index ) &)<} PyMapping API
omF} T E R H I e EFTS AT

5.7 Py BuildValue() € AI23510{ &o| Z0|e| &
odolL|n?

—
DI_I-E: Elbl-téll

MH
fmjo
rlo

=
=
29 5 glssyth thal pyTuple Pack () & A Al 2.

5.8 COllM A2 HIMES O{EA SSELI7F?

PyObject_CallMethod () F4-E AAS ele) WA =S EE e ol AT 5 AUtk o/ A5
A7), 2T WAES o] F, by Buildvalue ) o AHEE = AT 2 EW EAL % A% ghd v o)

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);
H A E7} = B AA A 2ok - W ol v AR A B o] B AFE ok WHek 3E-S Py _DECREF ()
AL of Rl A Yk
g Eol, A4 10,002 5 AR 9] “seek” WA= E SE3e W (3 AR EAE LT ek A H
Yh:
N
res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
. an exception occurred ...
s
else {

Py_DECREF (res) ;

}

J

<32l ™, format

07 ()78 AP, o] ARE F4E TEFY, ANE BEE BHUh 8 S0 “()”.

5.9 PyErr_Print() 2| &£=(EE = stdout/stderr2 QI &= B E Z)S
oA &Lt
gtol M FEO A, write () HINEE Z] A= AA S HYHAIL. o] AAE sys.stdout I sys.

H
stderr ol th Y34 Al L. pr1nt_err0rE TEAAY EE EFolaw] flAYUF] AEIEF FHAL
a¥E 8L R write () WM ET HUlE o2 Y

o]ZA = 71F A WHL io.stringio FHWAE AV S A Y YTh
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>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

kdy

A sq e A Ao AR e 25U

rlo

>>> 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 COllAM HO|M2Z - El 2=0f O{EAH HMAEL|7I?

o
chet ol E AR the £AEE A2 5 d&YTh

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

EE2 ot JxE A %o (5, sys.modulesol oFF QQlowd), o] A2 &S 273Ut 13 A
?%Sl?i?}{fﬁ1sys.modules["<modulename>" 9] ZH& vk o} o] il 4
SA] 5ol FYFAAIL - DA 27|FFHES UPJ— sys.modules ol A

T e, T o] BEY o B HE (S BE] A8 BE o] 8o YA

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

25 = Aol th 4 317] 93 pyobject_setAttrString () & &= AL A5y th

5.11 T}O|MOf|A] C++ ZHA|Ol| 01 A| CIE{H|O|A

27 Ago] uek ol 8 42 G2 A o) dEUT o] 4YL FFOE 57
9= oz AL S, shol A HEF A 28] 45 Coh C Abe] o
B4l e - whekA C T2 A (EAH) & FHOT A2e shold §2 4
AggUrh

Crt eholBei el o) 49, 8 2t AL o & th T ere] Y%U7RE B2 L.

|]:0II

FL7t?

5.12 Setup TIYE AIE5I0] EES F713 =0 make 7} AuiEiL[Cl;
°d :LE_,';*.gL_pJ}?
Setup& H#W O 2 ol ahn], jAo] ow W= ZzA AT}

e DA e S I e R wre B A SR
2%5Uh)
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5.13 S22 oL A Cl|H US| 77?2
3}

==
[

_Pi

2 2E=9 3749 GDBE AT ), Sgol 228 w7hA) Hgo] FHEL

=
.gdbinit ItDoA (e 3o R) tha WH S F7HHA Al L

i
o2
ok
4
%,
>
<
Iy

[br _PyImport_LoadDynamicModule

a8 t}S, GDBE A3 & uj:

$ 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

5.14 2|5A AABOIM TOIH RES HulYstD AIX|2 L& Do)
GiSLICE Qf OE5L|71?

24 W Aol 9 OVﬁ% Sold B AT e o B d A% Qe Ak A5

w2 shol A sk dEzelEe] 52 Ful w42 w7 A5tk AL 4ol AT
(15 Eol, “it> #2) A4S AAPAL FE} 45 RAD L EE DA GRS ) A% 2ERES

EASA R, o] §

=]
Sol Mol M= codeop 2B S ALEE 5 5T of BES T8 B47le] 22 23 2AFIL
aﬂ% %Oi, IDLE—% O] Z—]\_Q_ A %_—;.—J_L] [_/]_

Coll A o] 87 3H= 715 %)

fols
ok
Y
5
[o
(2
AN
>
Sl
T
=2
i)
=2
>
Y
]
=
>
ot
>

< W2 PyRun_TnteractiveLoop () & &34 (opu} H = o] A EofA),
ol A ZFE 7 YHE A stE = 5= A Y YTl Pyos_ReadlineFunctionPointer () 7} o & &

AR A A JH F4E 7] 7| EE AAYS 5 JdHF5 YT AAS I EE= Modules/readline.cﬂ—
Parser/myreadline.c

mlm
N
BN
ok
>
z

5.16 ™M2|x|X| %8 g++ 7|S _ builtin_newL} pure virtualE O{&
A S 4 UdaLnte
gt Y RES EH 02 2 udlel Y, Sl Mg ThA] AT, gt B ALE3}o0] ThA] Y 25k (Sho]

Modules Makeﬁleoﬂ /ﬂ LINKCCE ¥ 74 6}*‘ A L), g+ AR 5te] o 2] 2] 34 R ES P sof gt
(] & E9], g++ -shared -o mymodule.so mymodule.o).

5.17 R HME= CE 7#8iE| 1

tl
al
So) s Bol) 2l TUHAE

=
a5 Yt ing, list, dict 534 22 WF SH2E A5 5 sk

Boost 3}o] A 2} o] B ] 8] (BPL, https://www.boost.org/libs/python/doc/index.html) = C++l| A] o] & 43 3} =
Mg AT T, BPLE ALE ool Crv 2 44T 38 228 448 & d4uth.
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=L mjo|M FAQ

6.1 ZI=<0lA mfo|M == S AlHSH™ 0L A sl{of EL|7}1?

o] A¥L Bag AR o] ohduith. ofn] A= BE Tl Z2 1P AYsE Ao 4% FHriH o
BE o] 29T AQUTh 194 gow, 5§ Ao ART 5 5y

Falolod TFNLT BAE S 2R G ol A= “HE ZF2E Frojgt B Ao = HHolE
e T AYUTE BE AT A4 Fo| A cnd B A 5j0] o] F2 ¥ & 5 A5y AnAow 0L
T2 Ao “HY ZFZE”IF FAIF 7] wf &l o] o] AA A& =A] AAE 4 glofof it
[C:\>

obvt 247} b, 7 Fe) BhE AEol 92 4 YE Utk TR e T 2 AL A B 5 U5y
t}:

[D:\YourName\Projects\Python>

AFE 24 H&%#A—%ﬂ 29 25k Aol = AdUth det ol A F& AF T, shojH =2
P AP 7t E AdYrh

Ttol AT HELE ol Bz gt th2 Z2 g oA AT D27} ke AL &3 glojok
FuUch JEZeHE 23 HEES ¢J, vlolE ZEF A5t Hio|E I =S Agstel 22 IS
FEEUTh 28 i, JAE Z 2 HE F3l sto| & A elstel ¥ o @A Ful sl of shAls U 7R

WA, B ol “py” ol & 3 A 7] E Aok AA 2 A=A sl ofguth B S daL
Aod, WY py & ‘?J"'ﬂﬁh_return 7S oF gtk

[C:\Users\YourName> Py

3} 2o] EAH YT

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.
>>>

Az elel g 5y B0 2 A ARG 5, shol# B0} RAAL B 0= Y4 sto] )]
e Fol A T2 FHA D 5 QEUT o AL sholde] 43 AU /)5 F Utk 4w 3
7HA] A2 Qe ste] S5k 1 ATE FAFHAA L
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>>> print ("Hello")

Hello

>>> "Hello" * 3

'HelloHelloHello'

Be Agol tj5hY BEg M WA E 2230l 9 o] 1w Ay 2 AL Tk tlske sholal A
AeFEHY exit () FFE TEFAY 2 & dHotdEA cerl 718 F23L YA “Bnter” 715 ¢
Aro me zgmee Bl

k
o

Al & » = 2 T3 » Python 3.x » Python(H ¥ &) W7 A9 3 22 A& b7
2 AF A FolA >>> 2FEZES & T s U ' o 9
Sh o] Abgt R Uth A=A &Y “python” B H 2 A B ot= FolaL, JAH 2 EHE TR TS
St

oAl py W o] AAH N eBR, FAL FAY Tl ATHEE & 5 YFUTH FolH 2T HE
A 7:131/}/‘1-\:]] A2 E A A3 E7}hello.py BHE o507 ©
Ae) o 28] ) 3heha S, H9ome that 2ol v §ol
EAF Utk

[C:\Users\YourName>

v
)
odl
—o
0]

X

o
e

o
]

[k
[
\l ©.
N
UM
A
)
H
)
=
3
m&
T\

TeA o)A 2T HE AR FHollpy & Bt gtolH 2 HEE A F57] Al py HES 23T A
Ytk

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

hello

6.2 MO ASRE A D}UZ THE T OfE A SHOF BLITf?

A= gol A FE shol W BN Tel A ol ] py A9k 5 £ (Python File) & A AT, Q) el e)
o]
5

(D:\Program Files\Python\python.exe "$1" %$*)E Al 313} open § E:‘-/] 349 588 ATyt
)AL WY ZETEolA foopy 3} 2L 22UE AASAL BE7|o] SR 24T gl
‘foo’ & 9] sto] A3 HEZ AP ste] W PATHEXT &7 5o pyS F7)af oF g th

3 of M2 Zto]’M 2 AlZISH= ol AlZHo| 2:2] ZEILI7I?

U¥tAH o 2 sol M2 AT Lol A v w2 A Al QZIUJ ol 2 o] W& Al At o A7) 2
AlZbol Adth= W1 BA 7L dFUth o]y s 22 sto| o] FUA 7+ 2o & Hol= o &
AE S Al E"OM 2 Agst7] ol S o 232 A wEYth

ol #Al = T AFE Y vpolglx AALAZE Y] ARH AR BAYS= AL 5 AFUTE 47
Hpo] 2] 2 27 % g AadorHE g2 BE ﬁ%EHEﬁ%ﬁ}CEAﬁLﬂ%?@@ﬂ T A8l
TR AE QW EE =Yst= Aog I A d5Uth A" A vlo]# A AAF A2z E ¢ o] 9
T8 st AA R FUA FAE QA FATAA L. BE Y Al2H Q7] Y-S AN ES
773" 8%, McAfee= 53] £A€ oYt

6.4 O’ AT ZENAM A S UHE= YE2 FALYULIT?

e
See ol ~AaHEZ =2 A3 nlo|H g S S o] w A & oF 3] 72 for a list of tools that can be
used to make executables.

6.5 *.pyd I} 2 DLL1} SSL|7}?

o, .pyd 3+ L& dll o] A uk, & 7}A] Aol o] ‘”"b]ﬂ} Jkok T Al o] foo.pyd 2= ] 89 DLLS 717
A JHH, PyInit_foo () E‘?E WEEA] ZFA AL Qlof oF Fruth Al koA “import foo” & & 4 A
o, ko] (foo.py, foo.pyc - 1F o}y 2}) foo.pyd & H A Zl o] L, o] & LAt z7]§}6}71 Skl

113
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PyInit_foo() TES AIET A Uth A=A DLL o] EAE 27 2] 7] wl 2ol .exe £ foollib
s} =)= 5ku ok |k,

foo.pydell th et A A2 = A= oA foo.dllS A St tl] AHE-8H= 4 27} ob'd PYTHONPATH 91 &

%94 ﬁMW&. 3 Eil%% 3 317) 99 foopyd7]- Je o= YA Z2 1AL dix FJE_E]-

. B2, import foo & 3}7] $ 3 A= foo.pyd 7} E 23t} DLLO A & 7] A

__declspec(dllexport) & AAFH Ut} pydo A 7] A= AR 7153 3H B2

.

-|o
é
rlr
=
o
18
ko
Q bini
L
_ﬁ

A% oA ol e zelel & EgFatel W ohe 2o) 2ok S Yt

1. .exe }dofl A4 sfo] WS WEsHH ¢ HUth A x-fo A sfo] 2 T A4 o] DLLQ 52 d &

EE A g st7] fsi A= DLLo] oo Futh. (o] Zl o] A1 35 #] k- A WA AL Y th tH*Joﬂ,

pythonNN.dll oﬂ %ﬂé}tﬂ Huyth. 01t‘1_]_;§' %2 C:\Windows\System oﬂ éx]% Ut} NN I’}"]”ﬁ

B] 7 o] 17, Python 3.39] A% “33” 3} 2& =24 Uth

= 742 Hp o 2 sho| Mo P34 9t 2T 81 I pythonny. 1ib o T3t T2

evlstal, A8 9 3+ pythonwy.dil ol ot 932 )k eh. (i 3Lt pythonN. 1ib =
pythonNN.d11 o 3 Fat= A& “import lib” YU T} 2 P AE &) 7152 F gt}

LR
A9y YL Y92 FHE DA BERTY S BE AL A8Y o AT G0 2

part

T =

A% 9 LoadLibraryEx () FEH S AF2 6} pythonhN.d1l < ZEE oYt 1 FE=EE= IE$
GetProcAddress () S EHOA] A& ZAEE AT} pythonNN dil (Frel e C API).J A A A
Fe ool E *P%ﬁﬂ‘* FUth 22 = o] st ZAHE Ito] & CAPIA FHE S &8+

RECIT o THEA AT 5 Q5 Th

2. SWIGE A8 -9, Ao Bl o] 69}l A =8 shol ol A AL & 4 A WHE = Shol 4l “SH4 BE”
£ 45 ol A 5UTL SWIGE FAE el 2E A0 AR ATES AAS AT
BT exe 0] W29 C 2ESL AAH UK DLL 59 € s D27} glov, 7
= a5k A kel g,

5. SWIGE 33 259 ol g0 2} ol Bol YebAE 2715 € P E YL, A Eo)
2E9 o]E0]leo?] AL, X7 T4E= 1n1tleo()§ St SWIG Al = Z 232~ & A3} initleoc()
E2FUth o] A2 ME ST A= T EARA 2GR ZHAE 273U

S € 258 ane 510 G5 1 I 2715 A E BEAE A0 28 ol 2
o2 QEESE A3 L7 WEJUTH (o120 BAS A %L F A AL Th

A
4. ZrErs] MRl A, AL GAlS) Y RE R st A A E Ze 8 E 273157 99 0he TEE AL
5 ey

#include <Python.h>

Py_Initialize(); // Tf°IM<S &= 7= gr-|=t.
initmyappc(); // ¥ =2 2 (AE =) TSl
PyRun_SimpleString ("import myApp") ; // ME 2={A 2 QAX = St =t

5. F}o] M 2] C APl &= F 7}A] B4 7} 9=, o] A& @Al o] PythonNN.dIIS WHE = o] AF2 5 = A}
2 9l MSVC ©]£] 9] ?JJJFOWH = A g skd uﬂgﬂ—oﬂ@q i
2 L raie + AAHE AShE 28] O 2 £379) Bk 2 AT AR PRA FILE A
27 w2 BE] A AN A5 ES5UTh T3 BRAA B of o] 5L n] & e

B 3}./\%}]/11:]_
A 2: BEggko] void Q1 C &2 3 & A Y o SWIGE thx 3 22 =8 A th

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;
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o}o}, Py_None- pythonNN.dIl WJ5 ] _Py_NoneStruct 2}+= £-%}3}1 t] o] ] 2o T 3 =
I EJUch oA BRI, o] ZE+= HE Aade] A AA AfE AUt th34 22
FEFE U AL

[return Py_Buildvalue (""); }

A ol AL AEA 7 A= EHA T, SWIGS] stypenap W HL AF&35k0] A5 02 W A5hE Aol
A5 BAE BEUTHAL 24 SWIG 222191 o).

6. FES o R0l A 5ol 1 A AIYEE ALg3fo] ol 1l el e A AATE AL FL A7
o ohM ek 83} Ao Qo] & sde SR Ad A B. 290 541 (& wxPythonWindow
Ze)2) £ “mative” QA Ze]E 3-8 50l of Gtk o] 32 shol M AE ZelE 9} A Ae] %
Ytk G4 L stol A9 o 97 13—&7]2 A sk RE AAE 2T A4 4 9082 read() o
wite() W A =& 831 shol 8 A2 (%4 R Eol Aol e e w Fujc,

ol

6.7 TZE! 7|7} LH mO|M AAO0] EHE AMQl
SHOF &L |77}?

Xl 2 =5 St O{E A

I

FAQ+ ¥ *P&3}~ As AFsHA] ko, sto] i ALY QP A] (PEP 8) = A s}o] &l 3 = of tf 3
4 719 29 o] 25 At} o] T3 Emacs python-mode 2] 7] E ZFd v T}.

EE dR 700§ 23 lé—% =&k A2 F2 7] obgdUth o] oA MSVCE th= 4] ¢fo
/\

AF o] A8 AFEEHY] A FAE YT U 35S whek s A AL Tools » Options » Tabs, 12| 11 3+ Y
T3 Default” 2 33 “Tab size” &} “Indent 51ze” =432 A3, “Insert spaces” 5 2] 2 HHEOS R
At

g =89 iy AdojlAR Qe A3 Z oﬂ —v—xﬂ 7} A= 49, 9}o]# o] IndentationError W
TabError 5 WA YT L3 tabnanny &5 A sto] w2 E=oAq HHHe BT S AT+
9%

6.8 S2Z gl0| 7| YHS =I5 oL Hof ELi7f?

| -
msvert 2 ES AFSEUTH o] A2 X2 AEF-EA FF EEYULE o] A2 7| R E | EV EA 8=
A& &3l kbhit () 2ol T glo] FAE A& geteh() A

0

6.9 How do | solve the missing api-ms-win-crt-runtime-I1-1-0.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 2AEENOI GUI ZE

7.2 1IlO|‘Mof| oftH GUI E3210] /}sL|7}7

sho] o] % W= ol Tel/Tk 9121 7 8ol thak AR 2| % o185 o] 27} £ 3] £, thinter e 3L 2
Wtk elZle] ohuE s (o) We) o2 vl o)) v] o] £ o] §lom2) B33 2§31
H5Uth a2 tf gt b E £33k Tkoll th & 2pA 3 W 8- Tel/Tk 53| o] 2| & FR A Al L. Tcl/Tk
LU0, AES D fUA 2| S etA T3P

o o] BEE sH= BAT O ek, @ X Phgrol AUtk T2 s B E D EUE 54 GUL Y
Q) =0] BE2 shol 4 7)ol A HAT 5 AFUTh

7.3 Tkinter &

MO

7.3.1 Tkinter 2 T2 E 0{EA| DX (freeze) &tL|77}?

Freeze= =g Ay 22 2 1dS Ul =& —TL?:}I%D]- Tkinter € T2 1S 7 AT 0], 28 =&
L o] A F Tcl.»} Tk gtolB 7 dostnz AAQgst =4 “3333 °] obgyrth.

St 7bA] A2 8§ =2 WS Tl Tk 2tol B2t &7 AlFstal, 12453 A Azt
TCL_LIBRARY S} TK_LIBRARY &7 W& AL dlo] 718 7]+ A Y th

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

7.3.2 /0 7|cl2|= SO Tk O|HIES X{2|6t=2 & 4 QUSL|7I?
]_

Ydx o o9 o e = Q3R = FHYTtH ZTHYI/0 Z=
Z o7} A A & oF B

I/O 7} 7 s u Tk o

zl—z-@-]_/\]/\]

559 AL 23 Y, 3 7S A A
g 4 9) = & st} tkinter-file-handlers =

7.3.3 TkinterOl|A{ 7| HIQIEI O] SZH5IX| QS LICEH O|KR7F BoAL|71?

A% S B AU AE FHE bind() WASE o|MlEe] AAY o WME Hel7] 7 A=A
eFerhe A9yt
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71 &3 Y2 nilgd o]l 85+ A
e 303N 0. HE AL 742 =22
takefocus 32 H A A 2).

ol et Tk A3

o “Z|HE = AA” 7} Q= A YT} focus H
Tuf 7| HE ZAAE WG UTH(H o] 82 184 g5yt
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sfolp e zz2 e Adojduch B2 o2 & 2 3 ALEFH Ut ol 2 mj7] A2 =
B 7St ud Ustoie dE 2 aHy Aol 2 285 A 7 Google, NASA U Lucasfilm Ltd. 2} 22
oA AE 4 zEgo] AUAT BT T

shol ol o af o] &1 Ak, sholH A} A H A FE A7 Al 2

gpol o] AJAwlof] A F o QIARE 2T 7] o] glrh,

Uk

sk

o« 4R A= AFEH = ol o] X H o] QFUTh o] & 2= A F |, $el& Fol o] 23
Hewlett-Packard &} Compaq 2] AFE ] o3 &1 951 th 293 HP/Compaqe] &) & & 41

7 el Moz A= 9 AU Th
C W OSH AN B s W EDTY ZL B fYATH L AR o] AR A0 Fo] o] A5 o]
itk 718 Aol s o] U

8.3 mO|ME AlME & USLIN?
o}

slo]xl o] o T A =] ol D&
FE7FYEH o R AP, of
2207 FIHA A ofo] 2 AFE-3SIA Al

AAA 5 G Z2 2P A s e AAATH, AAL 2= QAW T $§ T2 0] B 4534
A T sl W2 g A AT A D S5 =) Al A mz 9L ALEs o} gt
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stol o] 2 AA L B A ke, A AT AL M 5A hgUh AR, sholMo
448 BE E77l e AR A gow, 15 ARE 228 4 dwUth BAE A st oA
AESEEREL L R siey
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APPENDIX A

0[0
<
bl

>>>
thely Aol 7] stold g2 E. IHZ oA el o g AdPd 5 9l FE oA a5
25 gy
e 2 AES A 5 sy
e S27] 9 FE B5Y FEE YT o, S o) F = A (FIE, HWES, TEI) Gl
=2 ASg W, Heold A4 Fo the1d A /R oW LEmE
o The three dots form of the Ellipsis object.
abstract base class (34} ¥ o] A Z&j) *)
T Aol 3?41/\“ hasattr () Z-& & HIadEeo| 2AGAY n]HsHA &5 A (o & 591,
=] WA =) 3, AE V‘E oot S AT LEN | Elo]d S Haghrh ABCE

7HE A B :'EH_/_\g = YdstEd, SHaE 74]*—-‘5']'?(] Qr O M A& isinstance () 2} issubclass ()
o -/]:ﬂ ZAE F de= FH2EYUTh abc BE AHAE A L. sho] o= B2 YA ABC 9]

o} =9 o237} ?EL% AE0] A&5UTH A8 FF (collections.abec EEA]), A (numbers
%ﬂﬁhﬂ_ﬂf ﬂﬁ)m*Eﬁoﬁﬂiﬁ(mmﬁhbﬂwE%ﬂﬁ)wCLEE
B A TS ABCE TE S5 Slach

annotation (o] - €] o] A)
HFo w3 S E 2 AR EHE A, SR EYRE B S ui/ides U ts gy A4 9
o] &yt
LH o] M2 A3 Al AN AT ﬂx]“ﬂ', A9
T 25, 22, &4 annotations_ 54 oJEEF
Hote W ol . H o] A, §h4 o] ioH| o] A, PEP 484, PEP 5262 2314 8. o] k¥ o]
s = annotations-howto = ZF X 514 2.

n: 4
o mln
o=
\
S
ox.
g,
b=
&
Lo
2
b

FrEIET 0 T (B vAD) 2 ALGHE L T EFY AT s Uh
. 7|9 E 9] ]—(keywordargument) S 55w 2B 27F ol 22 A A (€ £, name=) =&
* 2 olo] 2ol dM g g % %}Q“ AL o & S0, b 22 complex () TE0l A 3 3}

5= 2% 719 = AR o)

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o X QA} (positional argument): 7] Y E QA A}F7} ol d ¢l A} 9 X
‘/]'9—74‘/]' OlH & o ol » & E ALT 5 AFULE A&
B2E A AAG YT

A= e HiY 9 o] F &2
de HAS. Aoz, o
RIS s

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

Bl goll T LItk of T Qo] 8 & 57 25l thal A = calls
Aol Axbz AHE 5 dgUth TR kol A Ao

asynchronous context manager (H] 57] A2~ E #E) 2D
_aenter_ () & _aexit_ () MINEE ALY T O EH async with ZoA] Ho|= A3 Aofst

= A%, PEP 4928 E%}ﬂfﬂ’“uu‘r

asynchronous generator (8] 7] A #] o] &)
Hls 7] Ald el ol E olE ol & ¥ FE & async def 2 HHE

|-
=, async for FEZ7F AR T £ Q= dHY FE2 VE£ yield A

=asasiag
g HlE 7] Alvd el s 7Fe] 71 A vk ol | EH oA = HlF 7] Al ] = O]Eiaﬂo]‘ﬂ
Zhe AUttt o = 8h= ) 7F g ghetA] ok A9
W15 7] A o] 8] B4 await A, asyne for BT async with B ERE 5 Ayt
asynchronous generator iterator (H]5-7] A& o] €] o] €]#| o] €])

An object created by an asynchronous generator function.
S 5 Z5td ofglolHE AR E E2F L, o] A2 th yield

¥
e
N
B
ofo r
2
*
>
[Lul
}01[
n°l'
m[o
§E
v
e}

v = 7] o] @ o] g QH] __anext_ () &

Z8A 7HA ¥lF 7] Ald el ol o] it E AF ok

Ztyielde SAA 2 A& 5D, (A MRt S uy-EE52S ZFte) AF JH S
719 gyt w57 Ay # ol E o H e ol 7} __anext_ () 7} BB FE E o] ojglolEHE R

AW, g oz B3}l PEP 4929} PEP 5255 H A S

asynchronous iterable (¥]57] o]E] 2] &)
async for oAl AbSE 4 = AA|. _aiter

gyt PEP 492 2 T Y= A5y th

asynchronous iterator (8] % 7] o] €] & o] ¥])

O WA E=EE Hl57] olEdolH & EHF ok

O = oldlelgHE AAE =

_aiter_ () & __anext_ () HIAEE FH3= AA. _ _anext_
23 oF &Yt} async for+ StopAsyncIteration o2 7} A& wl] 71| ¥] 5 7] o] H & o]
__anext__() MM EZFEHFE ol olH &S FYth PEP 4922 == S5 Ut
attribute (0] E 2] H E)
T3] ARAA S AE o= ol g o2 FxHE AASG AT L. ol E Eol, AA o7t ERREa

E 7MW, 0.a X H F2F YT
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] ¢ o] €] &)
await XA AFET = &= AA. TFE oY __await_ () WAZEE 7FA AA 712 5+ dFY
t}. PEP 4925 H A 9.

BDFL
AR 22 F
_1

)
el E A% AN E 9D % 4 e Y A weldel AU A2 el el B (e,
'wb' = rbt') 2 AW 9 Y, sys.stdin.buffer, sys.stdout.buffer, io.BytesIO 2} gzip.
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str AAE 91 & % gl s AA ol G AL g Ak Y ® FREA L.

borrowed reference (] 2l %)
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 &)
spol A A FEE=Ho|E I EZ Al E =4, CPython QI E| Z 2| Ejof| A Ifo] A =2 T3] Y7
EAYUTH vlo]E I =+ pyc It i Hof, 22 LS F HA AP T ujf ] WA A vhE
Utk (axo A vie]E ZERS AATNL S 3T 5 J5UT. o] “FZHAo]” &= ZHvlo]E =
H-&3t= 71AE A st M 71 A oA AdE o e YT vlolE I == A2 ThE shol A
7 AN ANA e A2 7 EA E, sho] 2l w2 Zhel AP F o] A & gth= Zlof] 9 5] oF
Fch
HlO|E T E 7 7o
callable (Z2] &)

A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

il

o] HE2dis 28 WAl Y=y

[callable(argumentl, argument?2, argumentN) }

A function, and by extension a method, is a callable. An instance of a class that implements the __call_ ()
method is also a callable.

callback (Z4)

Axtz ALY & vlehe] of = AF A A AH A P,
class (Z &8 2)

AR ) AN

A= ZYEs
class variable (22| & HS)

Ze2olA BYH I FH A FF (5, ZH2Y A2 A 7L oby B} o A vk A = = B
closure variable (£ 2 % ¥$)

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.

i o
%
1%
T
kv

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
(Th= o] A ol A1)
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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 (& 24
ATT AL A LAY AYA, 2E KA} A4 G Fog DU, Ades
Ao F 4 T (-1 Zil*ﬁ%)%’ Fot AJ], TF A= 18, FANAE I E 7| Th
sfo] & ?—Z}ﬂ B/HS 2= EBaTE Utk sl 5 JujAE B 04/‘1 £713
& 50, 3+19. math REY BA5L W Ao 223 YH, cmath S AR UTH B A4 82 7
4% 5o 208 A duth Bastthn 1714 £ache, A9 #A8] TASE £

context (YA E)
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 (AY|AE #2] 22 £ F)
The _enter () and __exit__ () methods called by the with statement. See PEP 343.

context manager (] A E #2]x})
AdAE Fe] 22 EZE FTASL with FollA Hol= &3S Alojsh= AA. PEP 3432 F=x3}
Al /\]_?_
1=}

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 (%)
B ¥ = A 35 C-Oi—"\—(C-COntiguous) o] ALt X E & A< (Fortran contiguous) ¥ W) A< o] ekal o] AR
Utk 939 Wt C-AgoluA £EY A% AUTh AR MAol A, FEEL Ao A,
0l A Al ZFsh= QEX}’“ a AP 0] AR Uﬂ 2] of] v x| = of of itk ThhY C-<A <5 vl Dol A,
MEe) 40 SAUE 5L T 0l v A€ A7 7bg we) Ao AW, EED
AL v Goll A=, A A A7) 7hgwke] Wy o)

coroutine (¥ 5€l)
FH2 /‘1EEH«] o dutstE Ptk AEFEL S A FA A AYstar o2 A F A
g3tk IFEL o8 o2 A H A AYstar, &3k, AN 5 A5k o] A E2 async
def 207 2T 4 95U Th PEP 4925 H A 8.

. . E 3 A
coroutine function (Z ¢l g4

25 d AANE BATE T

~—

= asyne def B0 2 AYH 4 93, await 2 async

=T pun —:-‘:'—'Er“—ﬂ =
for&async with 7| EE 233 4 9lG LTt o] A 5L PEP 492 of 93] =45 IS5

CPython
stol =27 Ao FH A A 3 A, python.orgoll Al Wi =8 Yt} o] &S Jython ©] L}
IronPython 3} 248 t}2 A S FH S & 2 7} IS uff &0 “CPython” °] A& Ut}

current context (3] AL A E)
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.

76 Appendix A. 0{%!


https://peps.python.org/pep-0343/
https://peps.python.org/pep-0343/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Python Frequently Asked Questions, Z!2|A 3.13.7

decorator (] Z ] ] €])
£ 952 BelFt B0, HE eurapper UL AET B4 WP AEF U o 2
o]E] 9] £3} 9|+= classmethod () & staticmethod ()

dselol e 2L v A P Y BYUTh the F @5 Aot gu g FE5FYh

def f (arqg):
f = staticmethod (£f)

@staticmethod
def f (arqg):

e Aol Fe 2ol ® EASAY, & A4F 2k Bz ol el e o AT &L B
o] o) Ho) o AYAE HE Huin

descriptor (t] A =23 E—])
HAE get_ () olY _set_ () °]Y__delete_ () E BYst= AA. FU X AEHFRET}
ﬂ*i%ﬁﬂmaﬁ 01 YHE 23] = 58 A4 A&S 4otk B, absE JAY 2A,
A A S AHE R o, o] FE —M‘%ﬁﬂ"ﬂ/ﬂ betil o5 X AAE F5 ULt sHA b7t
E]/\i%Ei yl Bt daa gy A= S Utk Ha E%E%E o3l k= 21 3ol Kl o
=1l 7‘3010114 g4, =, mA s, Z2 HE, FHA AL, AHE HAE, 3 SEs Fx

S0l g 750 /2 E o= 3 97 WY Uk
23 HE 9 WA =50l o & 2HA| & W82 descriptors U T 2 3 H B ARG bWl Al o] vy Tk

dictionary (5 A\ 2])
919]19] 7] Z gholl th-3 Al 7] = A& vl & (associative array). 7]= __hash__ () & __eq () HAEZ

2 2E AA7HD S Tk BolA S A2k R F g

dictionary comprehension (5] A1) 2] 7 = 2] 3l A)
olElE B 9t 24 AAY YRE Ay 2HE FLe gAY
results = {n: n ** 2 for n in range(10)}< Zkn * o] 3
£ A A3 o} comprehensions S ZZ 34 A L.

dictionary view (5 A1 2] )
dict.keys(),dict.values(),dict.items () WA E7} BT AANES U Y8 Helu &
JEF O AGS A2 FRE] U 54 $E AT, GAe 03w, el
ﬁ'%‘ﬂ%@'E}L ?:]141“/]- D]/qLﬂF/] %Zﬂx_ E]AEE H]'lriatq llst(dlctVJ.ew)%/\]-%—_]-
Ut} dict-views S E A &

docstring (52 E g)
S, T, BEAA A HA 2340 Z2 YE+= FAE g HE. 2 EVTAYE v = FAH
] gk, 74-4“’]?401] -4°H QX 5401 = i, ?:L—/F, BEEY __doc_ AEFFEE AYFIUth
1— A%

duck-typing (9 EFOI%‘)
212 Q3 o] A8 AR A Boshey
HA U ol E H%Eﬂ E%El A A&
L) 5% & Aol AE s o]~
o FALES 7H/\-]‘0‘]— a5y
Ut (SHA R 9§ BRolsg o] 4F
hasattr () AAPY EAFP Z 2 18"

_4

AR S] P WA = zgae 28 Y; A, B3

quOﬂﬂﬂﬂﬂﬁOﬂﬂ%@@@wa a2
AzrITqozn, FHAAE I = r,].‘o‘ﬂx—]o] x8-& 3=

E]—O] 32 type ( O]‘%lSlnstance() 2 AFL3 AALE

k= EEQP T A&l T8 oF Futh) Al

_|_L, ﬂllm kﬂ

]i =
& #uTh
dunder

An informal short-hand for “double underscore”, used when talking about a special method. For example,
__init__ is often pronounced “dunder init”.

= ’3}7] 7} 4 T} (Easier to ask for forgiveness than permission). ©] &3] B 4~ 9l+&= 3}
K<l

,ZHEE 7Y o EFRESY EAE 7HA 6L, T VMg o] £ W @lﬂ%é}%:ll’%-

|4
om AN E}g___]
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o] Z4E T W2 AEFY L WO 1y 9} except 2] 2A|ZE EA A} A UL} o] HlZYL C} L
T W2 ool A A= A}ﬁﬂ = LBYL 2~ 3} o n| g U ok

expression (%3 2])

od oz FHA e EHAd 27 T2 U2 193, 2342 2lHY, o] &, o ERHE
WA 2, A2} FHER L2 G EHFE A 245 Fol 28 AU g2 g2 dojg}
HzxHoz BREA FAHES A AL oldUrth whileAH, BHA 02 AFRT = Q=
T =] AUtk Y =5k FFolar, x4 o] op gt
extension module (8% 2 &)
CYUC++Z ZAA4HE BE A, Fto] M 2] CAPIE AMSSIA A4l o] AL 2 T =9t A4S 283yt
f-string (f-F2}9)
£ LR & Yo ¢ -\rx}"é PHEES &3] “f-TAE  olgt a2, 29 44 gHE
o

< zowmngu} PEP 498 & 24| 8.

file object (3} 7} A)

3}—‘?’— Ao e Y AR API(read () Ywrite () 2L HAEE)E =gy= A4, S0
gl oje, 5 A7 AA o2z M shelolu} the A% A FA B (o =

d"eﬂ A-ml 2] W, &7, sto| 2, F5) o thet AN~ E ﬁﬂ‘l# AL UL 9 A= 5t
5 AA (file-like objects) L: CE,BJ (streams) olgli= EY YTt
AAl 2= Al 72 9k A o] °‘A1/]D‘r g (raw) Hho| L] 2] 9}, ¥ 3 = (buffered) Hlo| L 2] ¥
A S 9] Aol o BEAIA 3R 5 AAE UE L 79 A Y Bue
open() TS 2= AYYTh

file-like object (3} 7 7 A)
< AA| o vl .

filesystem encoding and error handler (3} ) A~ ¥ Q17 9 3} ol &) 3] 8] 7))
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.

2ALAIY T HA L.

n
of
u
o
_‘(;_L
ro
O
~N
30
ol
L
o

: sys.meta_path & 7 AL St= e HE 3 9 sys.
path_hooks 3} &7 A3t & A Ee] 3fQlr.

t] AFA gk Y] -8-2 finders-and-loaders 2} importlib& F2 3 A 2.

floor division (B4 U=A)

7V Wk A2 WE8EE 51 Ul A A A4kAlE // th 9 E B0, 284 11
// 48 327 AT ,a$b}%é%2.75§ =H&Yth (-11) // 47F-2.755 U E 3 -39]
HAL

g o] &2 5 of gHuT). PEP 238%

free threading (A}-7- 2 #|9)
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 (2} HS)
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

&4 o i E| o] A 32 function F o A A gy}

o] 71%5& A3t W o mE o] 4 F PEP 4845 F2 A 2. =8 o] mE| o] Ao Tl 3 B AH =
annotations-howto S =2 3}A4 8.

I

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] €])

AuiEele o) e ol & B FE B AN AFAY Rol i, A GEL V=
W4 EPVTHE Fo] thgUTh o] GES for-FZE ALGEHA Uhnexe ) B2 3 Aol St

Ad 5 95U

BE AV olE d48
ahi o] 7} WEHal ) ghe

ol A= Al ol €] o] el &l o]l 2 72l ATk o %

3]
LA |
T, AT FAE NN ZETS QU

o
o &
N
B

rﬂ

2

ol (&,
40

1=

generator iterator ()] o] €] o]&
A g ol B g7 == A A,
Zyielat AN o2 4P FRIL, (4

71k Ay gl ol Bl o] g & o] ] 71 A 7h
349} oju) g ] o).

generator expression (A2 o] €] £32])

—1

i
EEL
ko)
ne
>
|o
K
Iz
A
%
L
-
fol
)
_|r:L sl
Iy
>
KU
>,
_
ok

olHH o HE FEE T x4 F2 E‘i?% HAE Aot for A A=k 7H5ic Do FHo
B EdA AY B APF EAAL F B8 A FEL B WU
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 4] g g —’F)
2o Aare A =Z ot
Héf'ﬂ A %_L_Tli]éoﬂ -‘3] 3

4
AZ Y2 A %‘Cﬂ@ 8}E2 3} functools.singledispatch() Bl & o]E S} PEP 4435 H A Q.

rlm
m[n
-3

sl FAR o S FAE T 2w ojH TR AR EAE

generic type A=
o7 531

B2 e 9 A0 1er atersh 2 Aol FA4, 3 92 o]0
Aol A&k
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
A dHzeH = S BAl8

global interpreter lock (A< ¢le] = 7]E] €)
gk ol 24 st ’\Eﬂ c 7t ghol# npolE = & AYIEE ®BAe7] 93l CPython AE Z ]
Hﬂ&ﬁdfﬂﬂwz(mmﬁP”Ozﬁ@ﬁ%é%%iﬂﬁerwmBﬂﬂ#ﬂﬁoiiﬂ
0“/\1]/\011 i3 A= E vHE o] A CPython 7+ &-& ©hdh Al THEUTH JEZEH AAE F 1+

S AHZYHE ths2dE3s] A BEE A, Exﬂ/ﬂ P A 7} A 2ol W E A o

w}fi i R e
AT, oW B BES L, B0l AR L, g0l v 8l 4l 28 A4 2 0FA Q) 2]
= GIL & Rhete = AAS 5 th =3 V0OE & wj= 4 GILS v 3o

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.

;1
o{x
1:

o
o2
ok

hash-based pyc (3] ] 7] 9} pyc)
TEAS WE5H -ﬂﬁﬁ G A skd o] HF A AlZhe] ofd A E AR B HEo| E & A
. pyc-invalidationS 3% 3HA] 2.

hashable (3] A] 7}%)
AR 7 LA 1 Fhol tﬂﬁ}?ﬂ U= A FS 23 (_hash () WIANEZFZ 30U, o2 AA <}
W = SO W (eq () WA} D8 T, ol e Aeh St ek Wl oA
g AAE ) F S 2ol of U

SN A5 AAE GATAY A AH WA A 5 QA e, o 4R PR
WA 0= A ghe A5 mE Y ek

S shol el B W AL S s T (s 8 e e s Ad ol e
28] S5 U T (20| frozenset 2-2) B Ao EL 15 R 450l A4 7452 0w
3141 75T e A8 3l ) Nepls AR A B A S A e oh
G A9 BaE) B e vk W@ E 3, A L id () 2 FE TS F Uk

I r[

gbo] M-S 9t T3 N 2 sk 37 (Integrated Development and Learning Environment). idle & 5} o]
. ]

A7 719} ez elE B4 vt

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 (£¥)

T4E gL 2 AR, B AL SA, BAD, FES ZFPU o ANSS WRE 5 ¢
FUTh A e A3 dﬁﬂﬁwﬂkéﬁaﬂﬁﬂuq— W54 ere A ko] 9101 oF She ol A
83 4TS Frich A8 S, gAY 7).

[e= ko) SN

l =

import path (Y £ & % 2)
A7 7|9k 7}?;?__‘2@3%%%].&0}] 7—1/&43].‘— HFArS (= Az odED) o BE 9

B sys.path 2 H¥H il/] D]—, SR HF A B 37X 9 A F

o]
= T
Jﬂﬂx]-/] path ANEZREZLEH & X JdFUTH
importing (¢ Z ¥))
St 259 FtolH F =7 THE BREY Fo|H T o AHEE & I EE o= E AL
importer (Y 3ZE])
BEES VT 32 R V|5 3= AA; A 3ol oz 21 AA YU Th

interactive (t} 3}3))
ghol M- th3}3 QB Z 2 E ol, JIEjZ 2§ =

27217 9=
= 1= -
93, %7 A9E A0E B 5 ok FYuTh A glel

d
m‘ IH
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Folirol A ddshe 2 b 5 gy, A ofeltlo]
B9 22 P AU (help (1) B 719314 2). 121
£ HA L.

interpreted (21 €] Z2)E] &)

E AANSIAY R EF 7 AE o)
B o tf g XA §F U] 82 tut-interac

Hhol £ T E At el o] £A) w2 T 72 o] BANA 7| AT, s A A Aozt ohy]
helzele dofguct. olsle Aoz A sddgus guE aosde 44 A4
QJolt W% 7Y

F A SYUY. 222 T30] & T AHS| A 7= A, dE 2P H
Aojrot g2 d/Hw A 71 25Ut Hlehd = 2AS.

interpreter shutdown (QIE| Z2]E] £8)
=3tehe 8 g S |, 3o
o

iterable (o] €] &] -‘%)
AL st ol st EE 5 e AA. olHEH B9 o2+ EE (1ist, str, tuple Z-2)
ANAEE 5, dict Z2 2Z2 U AAL 5, 3 A5, _iter () WA A2 G 7=
__getitem () WINEEXNA AT EZE Feh29 7"11] o] 1¢14u}.

AL cor R348 £ AT A8 D
A28 5 YUk o B e A 7} g 3

= ia]’ D]'E 11:,%:8 = (zip (), map ( )Oﬂ
ite
=85 ‘/]T/} o] °]E1€1]O]E1‘— rE 9 A b‘]—t‘ﬂ

>ﬂﬂ4§@%ﬂ%g1ﬂﬂ41ﬁﬂﬂﬂe

HE2iter() E EE37A, o H ]E% 7“/'<ﬂ
Oﬂlfﬂv‘i‘—% ﬂwﬁﬁfﬂ Ao Fed, F2E
BrS Ut} o g g o E, Al A2, AU d o E = BA

iterator (¢]E]#] o] E])
tolEe] ~2ER-|Z 8= AA. o]HH OB _next_ () HIANEEWEAHORE S &3}
1/HX]"GL-rnext() ZAZEH) 2EH JE=FEES Z]‘E:”EHE-EE]]ZI’]D} o o] 49|
= 4l stopIteration o9& o Ut o] A A, o] & o8 AA = 2%,
9] E’_ _next__ () HIAE=E Egt StopIteratlon o 9] & t}A] 4o 7] 7|9k gt} o] B E o] Bl =
g #lolE] A A S EHFE __iter () HIHNEE 7P“ Zo] 875 7] wZell, o] H &l o] B =
°JElE el 7| % 3l thE oJH S S = E‘:‘O}C‘ﬂ R oA AHEE 5 syt 8%
oel= oy Mo oHd o] = Al=stes ZE YU Th (llst Z-2) AH oY AA| = iter ) FTE
At A for Fz o A ufjuict A o5 F o] Bl & WUt o] & ZAE o] & o] E] of] thaf A]
T3t L shH, A o] g dl o] Aol AHEH o] n] &K H o]H# olHE EelF A, Wl AH o] YA
HolA ”}:‘4“4’

typeiter o] T Z}A| 3k U &0] 95U th

CPython G-3& 4} 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] & E = ) 0] A (collation) T+ H (sorting) o] 1} vl & (ordering) ol A= = 32 EHF =
ZHEYUTE A2 9], locale.strxfrm() 2 EAY EA NS == AH 7 E ,_]-E—“f d
gtk
oMY W =77 8450 ofEA £A AR FoleAF Aoty A 7] FrE
WolE<d Ut} o] AEol+= min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () O] 01—1/]1’/}

7 g Be s e o2 o) IS UTh o & Bol, str.lower ) A EE Aloja PR gl
YS9 7 FFE ALY $ YFUT WAHOE, 7] FHE lanbda ER O WE £ 5
Ol—tﬂ, ] ﬁ /5] ?:] 1/] ﬂ— lambda r: (r[0], r[2]). 5‘5‘:‘}, operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] &4 AAXL UL} 7] g8 52
AH8-3F= ol tf 3k o]l  Sorting HOW TO & H A &
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keyword argument (7] 9] & <12})
17 E HA L.

lambda (&t}

$29 0 go] TAAL ] A4 22 TAE ol ik A B4, Foh P42 BES
—E—‘ﬁ% lambda [parameters]: expression ?:]\4\:]-

LBYL
= 7] Aof| B2} (Look before you leap). ©] Y 2EIL T Eo| ) 23] 2 3}7] Ao WA H o2 ALA
2AEE AAGU o 2eA L EAFP G203} U1 E W, B e Be) 2= SR o Pt
05 29 = 270 A, LBYL H2H -2 “H 7|79} “H7|” 2kl A 270 WHEA 2 A1 o] 5
t} o & £0],FE if key in mapping: return mappinglkey] &= AA} Zof, 3FX 2 %3] Ao,
k2 28 E 7} keyE mapping | A A AsHH A 4 QU Th o]/ o]fr= SO Y EAFP HI2 RS
AHeEe N S AdE o st

lexical analyzer (]3] &4 7])
Formal name for the tokenizer; see token.

list (2]~ E)
W stolx Al A~ T2 o] Foll = B3, Ao thk AM 7o) o] 7] wiel, A
(linked list) 2 th= TF2 A oo v &3} F- AU o}

list comprehension (2] A E 7 3 2] 8l 4)

AA2Y A AR EE=IRE APt 1 A& g2ER sHF+ HE
2

b
Auk
[>
[m

59116715 (0x.) 52 EASH= BALY 228 Uitk ir 4 AeF 5 gk A ekt
W, range (256) o] Y= BE 847 AZFE YL

loader (2 1T)
An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

« finders-and-loaders
e importlib.abc.Loader
« PEP 302

locale encoding (27| 217.9)
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 (7] 3] v 4] &)
S A= o v A A vl e

mapping (7} 3)
?:]9/] 9/] 7] Z‘_ﬂ% X] %?'5]-3’_ collections.abc.Mapping 0] 14- collections.abc.MutableMapping
FA oA FE 2 o AAFE HAHEES £HF= A oy A, 9|2 += dict, collections.
defaultdict, collections.OrderedDict, collections.Counter & & 4\— 9}%14 D]-

meta path finder (W€} 3 2 3}2lt])
sys.meta_path & ZAAo] EFE= vlolr]. v A2 ey 4=z dEe gl & &= o
A1 A W ThE U th

U'“E]' 7§§ -‘—’4'?_]‘:1 7]’ :r’“?‘a%]'% U‘“HE%Oﬂ ﬂ}ﬁﬂ/“]% importlib.abc.MetaPathFinder = E@ {4,

e},

metaclass (W€} S 2~)
Fag FHa. FHa A= FdxolF, N2 gAY, vl oA FHAEY FEE Y TH
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WEf Zo) 2 o] Al 9ALE WolH Fel A BEE A2 Atk thie] A7) Awd 22 1)
% AL 7| E FAL AT HULL Tfo] B S HRINA BEL AL ALE T FU2E BE
Stk AU B2 R A g A Al o] =77} A3 A AT, Best A2, vel T At
ZE3sta ol A HE AlFTdUTh AJEZHE AM 22 2 7] (logging = kA AL 71,
AR A A, A2 E TEA B O Ao e A
metaclasses o] A ] ZpA| S W85 S 5 JFUTh

method (WA &)
A vty gol A FYHE 5. I ZH 2 AAEHAY AJERREZAN TEFHY, I HAEE
A AR A2} (BF self 2Hal %%T/H E2A2HA AANE RHFULL - FHA 272 E R
Al L.

method resolution order (W] A& 2 A & 4])
HAE 2 &A= 23 o= U E A= wlola A A YU 23 EaRH
sholx Az | of] AHgH g F 9 A S 82 python_2.3_mroE H A8

module (X&)
stolH F =9 23] 9 E FFots AA. RES 499 golH AAES FE ol F U
24Utk R 52 9w Aol o8 sol WOz 2= UL
W72 = HA L.

module spec (25 A d)])
BEES ZES U AASH = dZE BH AEES G Y+ °o]§ 57t importlib.machinery.
ModuleSpec &] A 2H A
module-specs & H A &

MRO
WA= 274 A & BAL.

mutable (7}H)
7hH AA = ol A 4 AT id() = €A FAE YL 2 & HA 8.

named tuple (V] J & £Z)
“named tuple(Lﬂ A= FE)olgte &l FEoA 455t o5 B2 A EZFEE AHE Y
ﬂﬂAﬁP“mLOﬁﬂﬂﬁﬁé&?%&i%éﬂ%%ﬂéﬂﬁ%ﬁﬁﬂ-@ﬂ%%ﬂéﬂ%

E275E U= F s UTh

time.localtime () & os.stat () 7} ¥FESE 2k £3835to], 8 YAFA P ol v d= FZ2Y Utk &=
T} 2 o] &= sys.float_info YUY T}:
>>> 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
%Hﬂmcﬁ*oWﬂQHQOW%*%+L&wmﬂH £33 olF B2 28 A3
At e~ Y= v E%%%&%?”VWW+ﬂaﬂiﬂi%ﬁﬁﬁ@7ﬂ4ﬁwmq
NamedTuple = ﬁ]—ﬁ}ﬂb} J-H] 1'-L] %\:}4\— collections.namedtuple () & s —/f— 9,)\%14 _‘5;_;(]-9,]
A A AAAAL RR UAE REAAE 28 5 9t D AA 2 HAEE T4
o,

namespace (¢]5 37
W AR E A4, o) & B BAde 2 AR AA 3T olF B (WA= o A)
ek opfe} Ao, o], A o 5 21bo] AT o] B o FEE ANN LEAS
A AZ YT} of| & 5], @ builtins.open Fos.open() & 159 o] F Ftol 3 +EH Y
ESh o] F F32 oW BREo & FHI=AE wHEHA HEAA TFEA Y FA BS54
22 ZUrth o9& £9], random.seed () == itertools.islice() B} 2 1 3rSo] 2zt

random _.,]. iterto

ols

g0l os 3= 5ol g YT
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namespace package (0] S Z 7} 3] 7] #])
@7 A1 57 A 5] Aelo| M 27 7 5 ahe 97 4. o] F B A AL Bl AR G
X Q3,53 __init__.py F o] gloemz G4t 9 7] A &= thE Yt

Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

For more information, see PEP 420 and reference-namespace-package.

._1__'@_‘ _J_ E_/K'ﬂ_u_

nested scope (ZHE A7 =)
el Aol MAE A2oE 5o o3 Bol, the T4 uol A Fo) R P 12 ool
G MAES A2D 5 ASUL FAY ARZs JEHOoRE 2T AT R YL 57
STk o] Fo)a|ok FUTh A MEE S A Use] 23zol A 93 HuiTh B A %
B MFEL A9 o] F TN L £t nontocal & ME AR mo] 2% AL Hetghith,
new-style class (FF2Etd 8 »)
AFE BE Zla AAol] AHEH I = Fala MAY oA o5, 2719 gho] A W Aol A+,
QA T YA slots_ , U2 HE, L HE, _ getattribute_ (), FH 2 WA E,
~Efe WA Eok 2o shol e AE L ThE 75 B S ALEE 4 Asls T
object (2 A])
JH (EZREUYZH) £ 20 3R (WA E) o] AoA REHlolH. =3 BE 7AEY ZH~

o HF A Wol~ 2o ~q vt

optimized scope (2 23} ¥ A7 =)
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])
AB BESIU AAA
__path__ o]EZHFET}
At W71 4] e} o]l 5 71 A & A L.
parameter (UH 7H Hy
B (e MAE) B B 28 4
22 OilElEL A FF7 AR S5

o Y A-719Y & (positional-or-keyword): 9 2] Q12 1} 719 & 212} 2 AEE 4 = AAE XA
Ytk o] Aol 718 Gefe) u A asIu ) o & S0 T ol A foo 2 bar:

[def func (foo, bar=None) :

o A A-AL (positional-only): | A Z A2 5 & AXE A AT
S Hol o Wiy S B Foll / FAE 238t L F ol T 5
/ﬂ posonlyl T} posonly2:

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

o 71 =-A§ (keyword-only): 7N =2 A2 5 = AAE ABFU 719 =--8 w74
W g oo i A ‘?i-’F 5ol 4] gFof] shite] ZhA-91 4] w7 L+ & T = 23l A
o) g dsUth A& S0, th=ol A kw_onlyl &} kw_only2:

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

ositional): (2 vl 7|55l 2| ) 4] o] ] Wo}E o] 2 912 ARGl B3

« 7FA-A A (var-po
AED 5 de A2 QA= dolo AAAE AZ P o w4 w74 o] Fof
A

Agold £ HUth A2 S0 T2 ol A args:
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[def func (*args, **kwargs): ... }

o 7}H-7191 = (var-keyword): (Th-2 W 7| A =E0l] &3 A] o] 1] oty F 7] 9] = AX}Eol T 3H)
AT % 98 ) A5 FAE AL AT, o8 oA a7 o] Bl
g ool 2o A HolE = AdsUTh A& =0 91 oAl A kwargs.
A A GRS 7 7 R ol A e Aol B4 AR5 L AR 5 U
Uk,
Ol 2} 8o 7 &, ol x}o} uf) 7] =2 2}o]of] L} 2 =FAQ A&, inspect .Parameter &2, function
A, PEP 362% H A 8.
path entry (7 2 JdE2])
A2 NS 7L JRE B BEES 3] 99 BAshe JEE A= Ae Sl B4

path entry finder (3 2 9 E 2] 5}21t])

—

sys.path_hooks o &= FHE (F, 4= ED =) o] EHF+ 3} A, T3 F = A E¢
ZEES =TS L dsUY
A7 dEz g Eo] T3 HIANEEL importlib.abe.PathEntryFinder o U3 th

path entry hook (& dE2] )
sys.path_hooks ﬂ—ﬁoﬂ e ZeEQdY, 5 AR AED A ZES FE=HS ¢ JTHH
AR EDZ QY & EHF YT

path based finder (7 2 7]} 5}¢1 )
712 ve F 2 9 H S F stul, Y2 E A oA RES ey th

path-like object (7 &5 2 A)
std Al2d AR g vetde AA. FEF AAE Z25 Ul str toytes A o] A
L os.PathLike ZR2EZFZ FAS= AAYUTE os.pPathLike ZEEZZ A Ast= AA+=
os.fspath() &4 E TE3A str L bytes FL A|2" A2 2 ASE 4 5y} t4Al os.
fsdecode () & os.fsencode () & ZtZ str L bytes 235 B AS=0 AE 4 d5 Yt} PEP

5192 =95 35Utk
PEP

ghol A 7§/d A <E. PEP<= sto] W AfUEl o] AHE A Fot A spo] W e T =2 AL Es 2
o gt 2R 715S A ste A A dUTh PEP= Altd 7)ol thet 1+ 8% 71 A 2

A AT o Tk

PEP: 58 Al 2-¢ 7552 AlAstn Ao o3t ARUE A2 53510 sho] o] So)7k A7
A4e Hiﬂcﬂﬁdﬂ%ﬂﬂQ%ﬂquwﬁdﬂ%ﬂ%QHWlﬁﬂﬂ%¥wd¢
she] o) 2 £ A5 A Qo] YT

PEP 1 &z 34 &

portion (Z )
PEP 420 o| A A 2] 3k
A (zip sFLoll A%

positional argument ($] %] <12}
A5 HAlL.

provisional API (23 API)

A3, 0% 57k 37 Aol o] upA 3hi She] Tl e 2ol Sol gl 5

il
1o

B APLE 2 Solnefelo) 37 S84 B Aoz e 153 ASd A9y e e )2

2 W87k oY A S AR 2 A ol eha BAIS] & 3, 3of A EAS o B8 shrk et
BA B o) §45 A ghe Mol ol d 4 dUTh 13 WAL BDL A YA OE dofh
£ 92 AUt - APIE 2 HE) Ao £ T A 22 Agel wae dped ol

At

A API AN Z 2%, 37 53
/«hﬂﬂ TAE sl A TS
A

o] AL BE ol nejel} 2.
U o A4S §- PEP 4
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provisional package (273 3} 7] A])
A APIE HA Q.

Python 3000 (3}2]% 3000)
gho]x 3.x vl ghQle] M H (WA 3] w27} w9 o]okr|E Al Fof whEo]R] o] Fo|t})
< “Py3k” & o] 27|% Fth

Pythonic (3} o] % t}-2)
THE Aol EolA dutd A HEES AFSEA 2=
£ 5 ol PSS sprpol Gt
for & AFEAA BB EY RE 847 FP3+= A
TAE0l gleng, stolylo o5ehA] ¢h-& AFREL thAlof

o] A

FRskE tA, shol A Aojol A 7P 2F

Ab
50, WOM A 2 oy g2
Ut o& w2 dojlls o] TR/
oA A} 72 EE AHE S = Tk

for i in range(len(food)):
print (food[i])

o 288, Folanke we o34t

for piece in food:

print (piece)

qualified name (3 -3} 9 o] F)
RES A 273z RE AW Zefa, 5, AT o2 “HR S HoFE
25 o] &. PEP 3155 o A Ao g th 49 e Fejag %oﬂ AatetE ol 52
ol g3} 25

-

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname
ICI
>>> C.D._ _gualname__
IC.DV
>>> C.D.meth.___qualname_
'C.D.meth'
A
EES 7ME]7)=d AFEE ull, &A 3] AF3E o]l & (fully qualified name) & 25 F 2 9] 7| X E&
A RER 7t AoR BEH o] 52 YUYt dlE £, email .mime. text:

J

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

reference count (%= 314)
7_11‘;‘4]01] q@ Fzo N AAY F2 A5471002 oA d, W27t vbhdguch 45 7
Folmn Q’Kﬂ—’v\—ﬂﬂ?‘] 0}/‘% A 7} &g s A = A °}A‘4r/} Tz 3¢ F42 gyt
E«L‘r 184 FEo &5 A= EA T, CPython 7+ A 349 Uth =2 adHE= 54 7

FZ A4 E 58 FE sys.getrefcount () FFE T2 5 AFUTh

In CPython, reference counts are not considered to be stable or well-defined values; the number of references

to an object, and how that number is affected by Python code, may be different between versions.
regular package (4 =] 7] %))

_init__.py AL EFFE UAE I} 2L AFA 74,

olF L H7NA & HAL.
REPL

An acronym for the “read-eval-print loop”, another name for the interactive interpreter shell.

86 Appendix A. 0{%!


https://peps.python.org/pep-3155/

Python Frequently Asked Questions, Z!2|A 3.13.7

slots___
Ze2 YR AU, AATA A ERES S AT I v]2] HABT ALHL A e &
AAZoZN v Ee] g Aot &35 U Q7] Q7= AR o] Hla Y2 ZutE A A3t
A% Ak & Fol kA, W elo] F7He 3-8 2 IRl A BE 49 A28 A Yt SEd
492 AR s Aol FHUL

sequence (X] @ 2)
_setiten_() 54 UNSE B 4 AAAE NEIME 24 A28 AT, A
Zdol& %ﬁT = _len ) MIAEE Ao ste ol Bl s 2R WA ALSS g B, 1ist,
str, tuple, bytes 7} %IQHD} ict B8 getitem () I __len_ () & A HD3A T 23]
B oA 4ol 9l 54 b 18 g sk Wl Rel AWt bk g oz AF Ak o] 79
3 oF g ok,

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 A = 2] 3l A)
olE & Y= a‘li AAG dREE Aot 235 G2 A TS vkl 1H2 8 . results
= {c for c in 'abracadabra' if ¢ not in 'abc'}+ *-‘7(]—24 ;Q@’{'r', 'd'}
Yt} comprehensions% FZIAA L

single dispatch (A2 t] 23] x])
T3 o] 3hute] Aol Yol N1z M A E A g g a2 o 3 FE.
slice (&g}o]2)
HE A A2 o RS 23 }t AA. Eetolae MH ATHE B7)HES AFESIA
variable_name[1:3:5] _4 ?l’oﬂ/q 04?4 7H9/] %x}g ZECR ‘E“ﬂ ;ah/] E]- Eﬁgi (/“]
IYPE)F7IHE YRAo Eslice WA S AHE
soft deprecated (2F3}A| 5 2] H)

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 M| A &)
Aﬂmﬂaﬂﬂmovw,i@@%gﬁgw 2AAoR 55 E A ojd MAEE ¥
Mo W& 7 A2 BEUE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 W50 A
PN

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

statement (&%)
B SIS (@0 RS b)) & FAcke BRUUT £4 004 A ANEE
A5l o8] 71A] 22 29| s Utk 718 if, while, for.

static type checker (3 2 & 7 x}7])

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.

stdlib
An abbreviation of standard library.

strong reference (7}3F 2 X)
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.
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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.
e gx T HASL.

=

text encoding () A E 2137 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (Bl A E 3} <)

e WAE AL & % Sl 29 A $F, sE AAL Arle vhol = A HlolH2EYE
BN 2B HAE oFY 2 2F AETUth dAE gldo 2= dHAE BT ('pr IEE 1y)
2494 9+, sys.stdln, sys.stdout, i0.StringIo & A2EHAE E 4 95T
vhol= R 7] & 93 & 4 9t 5 ARo] AL vo] el Y = FE AR

token (E2)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,

strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.

triple-quoted string (3% w}3 & ¥ F2}¥9)
G2 () ALEE () AR AL B

m&
L
ol
Ja

28 Sz B Aol Ao

A=
715& Algst A= FA T, o8 7HA] o] ol A EPJP EA%HE}. OléﬂlOl A e F2u2
ZUEnSxE EFAE ?Ml IS £ AT E 313, A2 BAE 22X GAE o8 £ 2 5+
Aded, Z2E"S &0 53] &2 Jds5Utt
type ()

shol® A 2] BL 1A ] oW F20] AMA ol X =
L  class. O E E]‘:'Eiﬂf\ﬂ"?ﬂff—Elﬂb]-type(obj)iﬁ%‘/l\‘wl\%

type alias (& o] dg]o]x)
F= A A Q) sto] Rt A= B9 59 0.

g ol Qefolat o AES deslshe o - 8FUTh o 8 S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:

pass

£ e 2ol § 971 471 Bs 4 5 Uth

Color = tuple[int, int, int]

-

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

pass

0] 7]1%5S AWl typing T} PEP 4845 F 2314 S

ERE B o i Ui kel ZIdi s = 2 AR sHE of =E ol Al

o] 2
H B s AlH Aol i Tho Mol A AAIH A& hA W, 44 & 747]o] §-8 g Th E 3 IDEY)
D= g 2 B EYS FHunh

A= E
A9 "4 ALdsta, A9 Ay, Zd
get_type_hints () & A}

o] 715 & A9 typingd} PEP 4845 Fx 314 2.
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variable annotation (‘14> o] = €] o] A)
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class C:
field: 'annotation'
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virtual environment (
Spo) A AEAh5h S 12 18], 2 e A g0 A = g =
B FA LA, FolH vl FH 7)1 A= @X] ‘}744 Jadel=stes AL 7Hs A Sk
P EEEEREEE
venv & BEA K.

virtual machine (7}%} 7] A))
LzEdolvtor FoH AT, spol o 7H} 7 A= vlol E I = A9 7F S8 vlol =
2= R

walrus operator

A light-hearted way to refer to the assignment expression operator : = because it looks a bit like a walrus if you
turn your head.

Zen of Python (3} o] Al)
sho]#l Ti Al el s e] B, o) & o]l oty ALgate o] £gol FUTh o] BB
e}y ZFZEOA “import this” & YHHH E Yyt
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C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
//www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/lwww.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations, which became Zope Corpo-
ration. In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-profit
organization created specifically to own Python-related Intellectual Property. Zope Corporation was a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 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 yes (2)
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
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido®] A= 3}of| o] Wi ZZ 7hsstAl e W2 o7 A B AAE o Al AAFEH U T

i

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sho]mol S5 Q4 £z EFofol i T2 2ol M AT A 88 U Th ehol Al o % 2ho] o] o o}
= 2= 3 YA gU ol @ ehol A BeAE 2B

Ol FZ3IAA L.

RS

l

of ]
]

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

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

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSEF 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 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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
(TH5 sl el Aol A)
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Agreement does not grant permission to use PSF trademarks or trade name in a

trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,

BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license

to reproduce, analyze, test, perform and/or display publicly, prepare derivative

works, distribute, and otherwise use the Software alone or in any

derivative

version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee.

This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

trademark sense to endorse or promote products or services of Licensee, or any

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the
granted on that web page.

permissions

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research

Initiatives, having an office at 1895 Preston White Drive, Reston,

VA 20191

("CNRI"), and the Individual or Organization ("Licensee") accessing and

(T2 sl ol Aol A1)
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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
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".

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.

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.

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.

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

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.

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 DOCUMENTA-
TION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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

(TH5 sl el Aol A)
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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 %)

98 Appendix C. jAle} 2fo[MlA


https://www.wide.ad.jp/

Python Frequently Asked Questions, Z!2|A 3.13.7

(o] sl o] A ol A AI)
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

(Th= sl ol Aol A1)
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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.
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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,
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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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