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

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

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

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

Python’s backward compatibility policy. See also the documentation for sys.version, sys.hexversion,
and sys.version_info.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStruc-
turedText source for the documentation is part of the Python source distribution.
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Announcements of new software releases and events can be found in comp.lang.python.announce, a low-traffic mod-

erated list that receives about five postings per day. It’s available as the python-announce mailing list.
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To report a bug or submit a patch, use the issue tracker at https://github.com/python/cpython/issues.
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The very first article about Python was written in 1991 and is now quite outdated.

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

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

The latest stable releases can always be found on the Python download page. There are two production-ready versions
of Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although
2.x is still widely used, it is not maintained anymore.
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https://www.python.org/about/success o 4] }o ] d% A g AEE o £ QU 34 I)
olxl 2ol =< F3l stoj e} Aol 7o d th e 7]
High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux

distributions, most notably Red Hat, have written part or all of their installer and system administration software in
Python. Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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See https://peps.python.org/ for the Python Enhancement Proposals (PEPs). PEPs are design documents describing
a suggested new feature for Python, providing a concise technical specification and a rationale. Look for a PEP titled
“Python X.Y Release Schedule”, where X.Y is a version that hasn’t been publicly released yet.

New development is discussed on the python-dev mailing list.
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>>> L = []

>>> dir (L)

['_add__', '__class__ ', '_ _contains_ ', '__delattr__ ', '__delitem__ ',

' _dir_ ', '__doc__', '_eq ', '__format__', '_ge_ "',

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

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

' mul_ ', '_ne_ ', '_new__', '_ _reduce_ ', '_ reduce_ex__ ',

' _repr_ ', '__reversed_ ', '_rmul__ ', '_ _setattr ', '_ _setitem__',

' sizeof_ ', '__str_ "', ! subclasshook__ ', 'append', 'clear',

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

'reverse', 'sort']

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

["append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
—'reverse', 'sort']
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>>> 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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There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using
Tkinter. Emacs users will be happy to know that there is a very good Python mode for Emacs. All of these pro-
gramming environments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while
coding. Consult the Python wiki for a full list of Python editing environments.
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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.
22} 9 A S E3sH B A8 ol 4 IDEY} U th e 2 3heh o
* Wing IDE
* Komodo IDE
e PyCharm
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of.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte
code to C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with
the standard Python modules.

4% AN AR A5 import F(F YA ) 2T EE shol W JR Rk ol ek &2 T
dolqd BES ZHUT (N3 BES A5, 19 b3 shol oz 448 mEe] vho|= IEEC
SLE (marshal 252 AHES0] TE AN 2 WAL S Yz WA 27137) 2 P 2R o)A QAR
AgHE A EET EFSE 5U8 74 39S HEYTh 19 e A4 E CRES Aot sia o) E
Lol A she] 4l QlE mel B9} J Aske] AAY =S} S A A58 AA L3 vho] Ve & J P,

The following packages can help with the creation of console and GUI executables:
¢ Nuitka (Cross-platform)
* Pylnstaller (Cross-platform)
¢ PyOxidizer (Cross-platform)
¢ cx_Freeze (Cross-platform)
e py2app (macOS only)
* py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

O] FAE=:

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

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

results in an UnboundLocalError:

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

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

global x

print (x)

x += 1

>>> foobar ()
10
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>>> print (x)
11

nonlocal 7|9 EE ALg3lo] FHE A2FZo A H|%3 & &5 JdHUnh

>>> def foo():

x = 10
def bar():
nonlocal x
print (x)
x +=1
bar ()
print (x)
>>> foo()
10
11
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494 P_‘?_t AzE ﬁﬁgi
2142 AW at7] 93 global AL 4L 7 ?:M 22
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for #22 AH§5te] B 71X THE Prh(E: A 5230 S I RThn A L, ol Bol:

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

O

132 xx*28 Adste 5709 &7t 234 B2 APt 3259, &
g oz e dsyth 2 AAR AR B 165 Nhekeith=

>>> squares|[2] ()

16
>>> squares[4] ()

16

o]+ x7} grhell A1 (local) ©] of e} ] F AT xof e of Ql7] uffZoll L5, &ty S5 E u)
AN FHUh— B E w7} opd Ut T2 Fofl A, x gk 4 OlEE EErE OlXﬂ 4%%2, %16
< wEsh ok x9) e WA T e Anh o)A MAE A Bo2A o] BB £ & stk
>>> x = 8

>>> squares[2] ()
64

N
ol
2
=
18
b

1o
N
2
Lo
riN

o
)
Frl
Jh
ok
i)
ko
N
30,
xf

o) 2 7l akelw, Zrhol tjal X o el WMol e A%
Yk

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

714 n=xt Frhol A4 A W5 g BEIL, Fmo] G A Gl M x 9 2L e REE Prhr} A
2 j A 4Hg Utk ol no] gho] 3 WAl el A o, F WA A 1, Al WA A 2 5o] BL ol ulgTh
mebA 7 ghs o)Al SulE A7E wakgh

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

H3l 25 (£3 configt} cfggl L
< 9XE 7| std Ut

=] = S E
= — = H~ T
HUthS v=s A9tk S8 22379 B E 5o A config Z&5S
R REo] A o] 202 A A5 A UTh 24 REY AxbAE 24 shtol7] wjRe], R E A
o B3 W AL BE R wegUch o2 B9 2D 2H U
config.py
[x =0 # Default value of the 'x' configuration setting
mod.py:
import config
config.x = 1
main.py:

K

12 Chapter 2. =2 7|7 FAQ



Python Frequently Asked Questions, 2 2]~ 3.11.8

import config
import mod
print (config.x)

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

225 BEA YEES G “mH Al s FAYUAR

O
l(

YA © g from modulename import *S AFREFA| npA Q. 28 A & AFE FF= 29 o
F 3ol o ds A a1, D (linter) 71 A o] F A] 932 ol 5= A S 7 E W o2 U Th

o WA BES YZE AN L. DA 5t Z =] BRI e RES WS St BE
Fol aFzo Ao T DS AT+ YFUth TSl shte] EES AHESIHE BE 92 E
A A F7Fskar 24| o

w THE EES 9EE o= ol FHuUth

e O,

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

locally developed modules

T A2E A A E 9AA AEEE T FH AR o] 55 oF 3t F -7 AF YT Gordon
McMillan-& t}-2 3} Zro] T35yt

o w

T B2E B “import <module>” 3 A1 0] AZEE AR oA 3 Y ZE = AFAFUTH F HA

EEo] A WA 2E2 o]F (name) < E3© 8 31 3} (“from module import name”) ¢ X E 7}

HAH Tol o AUk A HA 5ol F HA RES YXE st FolehA A

HA) 250 A& o5 o A 5 g7l Wl =AU th
o] 49, % WA BEol i) FrolNw A4S, EES Y HrE 47 5T 5 AFUTh
QEEAEZDw, 2 WA BEY 275 SRHAUL, T A BES EES 24T 5 Y Th
Q¥ mFo] EAE S0 W JEES DEo A4 FEN OE ZOE oAk E S E A&
o] 39, Y W AN A BE RES YEE S Qo] A5 e 1= AFUTh o] 4%, AP EAE
=4 nEoH SHE RES JEE St A0 £ AHIUY
TR AZEZ AFGAU EEY 7| NS Eolele TY BAE N A=l 28T wjvh T B9
WHel 2 A AFng JXxES FI7IHAIL. o] 7IHE 22 3 AP o et e dxET}
dastA gl 58] &P REol T AN AL E w] AZEETTE KV I AS TE
AUtk 259 434 273w 2ol RES A 2Est=tl vl ol gols + YA EES oA ¥
2rote A2 A FR A FYSHHAIL, F 1Y gAY 233Ut BE o]go] AT 2 E
Hold Aol s, BEL otutk sys.modulese] Q& FUTh
2.2.6 AA| 2ol 7123kl F-fr &= ol FAYY7I?
o] 590 Wk B8 AP 221 WSS AT o] B2 AN 2
def foo (mydict={}): # Danger: shared reference to one dict for all calls

compute something
mydict [key] = value

return mydict

22, I 2o 13
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i)
M
rlo
M
)
12
i_:‘l
rlr
&
o
2

O
N
1101'
L
:L

i)
Re
i)
AU
)
[>
ul
M)

A oo ukg}, $=2} 22D ;ET% 4 None
Zg A drHA) O 7}tﬂ AE W7
o] 71522 Qlal], 7bH A E 7| RG22 AFEEHA] 9= 2ol E5UTH Al Nones 7| B3 2 ARG
S &4 Y E o A vl 7| H 47} None 9 A #2131

& S0, tha 3 Zo] 24 n A L

def foo (mydict={})

o o
AU
o
=
[>
]ﬂ
)
R
Ay
L
—d
2,
o
i
=
fu
4,
f
>,
>
3

AL o] FA ANA L

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

mydict = {} # create a new dict for local namespace
o) /1%L F8F 4 YL th ANSHE f Alzke] At 4t YW, ANA WL 4 P4 B
E-’] w7 oF A3hS AHAISHAL, 22 ghol Bl 2 A H W A A e vkEstE AUtk ol Ae
“memoizing” ©] 2}1l 8, Th-&3} o] L3 E 4 g5 Ut}

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

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

return result

ARG A BAY S TS A WS E LSS 5 dFTh A B4 ok

227 3 F50A 2 T4z AU Aol 719 = A ESE Adslelw oY so}
U7
G4l AW G BB <9} xx A JALE AL Tl AAE SHFHAA L o A 93

1
SR AR S e 2 AR T8 g <9} B ALESol THE §4-8 52 0|2 & A4S
ALY 5 Y& uth

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

g(x, *args, **kwargs)

2.2.8 <17} 7o) o] & FeI A2

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

def func(foo, bar=None, **kwargs):
pass
foo, bar B kwargs’= funce] AWM AT e, funcE T2 o, S S
[func(42, bar=314, extra=somevar) }

42,314 ¥ somevar < QI YT
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229 PlAEYE WAL W B AE W E WAHE o] FE R

>>> x = []
>>> y = x
>>> y.append(10)
>>> y
[10]
>>> x
[10]
yol 848 271518 xE WAH & o #7322 A9
o] A}E WL F 7HA 247t AU
) Ree s AAE 7H)71E ol 59

£ 5ot o) 2E0) RS BHEA G5
s ol shkel AR (2 2E) B 9,

After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the
variables refer to the same object, using either name accesses the modified value [107].

A B AAE xoll thdsha:

>>> x =5 # ints are immutable

>>> y = x

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

>>> x

6

>>> y

5

o A% x Sy HE 2A g Ag 42 et ole ASA gucl ARl x - x ¢ 12
TS o e FTHAAA A 58 HA S Ao] obduth A A AR (B 6) & TEol xol A7
Utk (5, x7F Fxst= AAE } Urh. o] ] Foll= F A8 AA (B 634 5) % o] & Fxdh= F
N M-S A AUt (xE oA 65 FX AT, yE A3 5& FE2FYTh.

Some operations (for example v . 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 v . sort () thinking it will give you a sorted copy of y, you’ll
instead end up with None, which will likely cause your program to generate an easily diagnosed error.

T}, 22 Aito]l wiuf 2 3 of] whet ohE B A-S 2= S 7] A4t :SEH’\ﬂ AsUTH S o A4
oAE =9, +=t g 2EZ HA A J,%‘éo]‘/‘r 4’\“ HASA stk (a_list += [1, 2, 3
a_list.extend([1, 2, 31)H =531 a listES 1?17:1-5};(] 2 some_tuple += (1, 2, 3
some_int += 12 A AAS Eﬂ-%\%\:]—),
g xdshd:
o 7bH AA| (1ist, dict, set 5)7F J oW, dF 5 A4S ARt AAE AA S T AAE
A= RE |7t A S A g YTh

« B2 jxﬂ(str int, tuple

HG e ML oz

7
WA 2 ANE FRFHEAS S AT, is QARG NG B

e H
rﬂ,‘olﬁ
—_ ~
rlr
re
2
flo ¢
o
o
S

> U
Mo
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2210 =9 w77t Qe S8 A sk o9 A sl of U7t (el 2% &

Z)?

>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values

>>> x, y = 'old-value', 99

>>> funcl (x, V)

("new-value', 100)

AL AL G4 1Y
2) A M5B A3, o]
5

3) 7HA (AArE A RABE 5 =) AAE ALt
>>> def func2(a):
al[0] = '"new-value' # 'a' references a mutable 1ist
afl] = afl] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func2 (args)
>>> args
['new-value', 100]

L

WAL GHV & Aestel:

r

>>> 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}

“ J

5) e Zdla da" R 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)
>>> func4 (args)

>>> vars (args)

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

o] FA s wEol ok E FL2 o) fr= A9 fFUTh
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2.2.11 s}o]X o 4] 122} g4~ (higher order function) & o|d A vt=1} Q?
TR "o JdsUth FHE 232 E }ﬁﬁ}ﬂlﬁr Ei B AAE AT 5 JdsUth A E =9, %
a*x+bE A48HE 4 £ (x) & WHBEHE linear (a,b) & B 38 1 ot AR 2.
ATZE2 AL A
def linear(a, b):
def result (x):
return a * x + b
return result
T ZHE QA E AEHA:
class linear:
def _ init_ (self, a, b):
self.a, self.b = a, b
def _ call_ (self, x):
return self.a * x + self.b
F A T,
[taxes = linear (0.3, 2) }
taxes (10e6) == 0.3 * 10e6 + 27} H =% 3= ZHE AAE ATt
22 AA 42 YA 7k el w T o7k Aoj Rtk wo] U h T, BB ddae

gL
442 5ol AWS FHE S ABUT

class exponential (linear) :
# _ _1init_  inherited
def _ call_ (self,
return self.a *

X) :
(x ** self.b)

AAE o2 A= JHE Aest &+ dsuth

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]7]14 inc(),dec() " reset () = Z2 A5

2.2. 4 Aol

17
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2.2.12 o] Ao] A A& o] LA BAF 2

dutrg oz, AutA A wl copy.copy () U copy.deepcopy () & AIEIAHAA L. BE AAE BALg
S A, TR b g o,

AR AA = 8 GA EAE = s Utk 9M Yol < copy () MIAEZF ds Yt

[newdict = olddict.copy () }
Aee seholdom BAR 4 At

[new_1 = 11:) )

2213 A o WA S o 2L RES o)A 2L 5 AFUR

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.

N
V)

14 SECA AA o] § o PA 2S5 AHUA

o2 B3z, AA o= AA R o] o] g7 wjEel] 28 S Utk VB FHo 2 gL A
ol A2 UL detfl class &9 3%
AT AL

H oo
[ ol
i o o

>>> B = A

>>> a = BY()

>>> b = a

>>> print (b)

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

<__main__ .A object at 0x16D07CC>

J

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.

QukH 0% oo =L 5 ol <o B FoloP B AR

ol
— wB
22 3L A4 o o ol QubH o P Ao WAl

ol Zo] oA AT agele o] 52 A= A 22 W 2
oA A9 o] F2 BT YL, A A 2A & FFUTh-webA 27 0] B 8=
A ot A7 L oA 2R ol B (olF w X ol Al A arckol (AA) A 2=

Atk
v ol¥ o202 FeA QAL A o Fo] Yrke AL VA HHPE Beh vpa Al 2
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N

215 g3 A4A FAHE = oA9A HuhQ?

dixE Fol oA A7 obd Ut o] AldS YAl L

>>> "all in "bll, "all
(False, 'a')

HEE AT} ok ek B4 Abole] FRAo] /] W] A the v 2ol YA AN Y FrAY U

[(nau in llbll), ngn

=3 2ol B7HE A syt

[Ha" in ("b", nau)

AELAY QA 1= D)= AW DI SES A AR Sl Y 2 20T
uiet.

S
)

2216 Co “2 313 A2bzko} B5 8 Aol A&

o, ek £ o3 25 Uch

[on_true] if [expression] else [on_false]

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

o] £30] shol # 2.50] 4] 475 7] Aoll, AukA A HETE =] ANRE ALGIHE Z ol AU )
[[expression] and [on_true] or [on_false] }
a0l AR T _XJ'SP Al st on_true7t AR Bl A 32 7HE o) & A7 & 5 As
Uth mebA, 34F ... if ... else ... B4 AREE Aol EHUT)

2217 sto| Mol A U5 3E & F LES AT 5 AU

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

from functools import reduce

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

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

# Mandelbrot set

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

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)), range(Sx))) :L(Iuty* (Io—Iu)/Sy), range (Sy
)))) (-2.1, 0.7, -1.2, 1.2, 30, 80, 24))

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

# \%4 % / / columns on screen

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

# / / / maximum of "iterations'
# / / range on y axis

# / range on X axis

Ao A o] AL N E3}A] HFAA] L, o] 8l o] £

2.2.18 st o] njj 7

BZo4 2 () FL

o ml gt

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.

EEAES

22 2o s

& B2k o el 7h By ok

747} 91 %) A8 L ol g T webA, 7191 ARZ divimod ()

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

Traceback
File

(most recent call last):

"<stdin>", line 1, in <module>

TypeError: divmod() takes no keyword arguments

2.3 S:7}e}l 4o

2.3.1 1671283 Fo =

8A+S 11760}?4‘?3 874 7k

£E A o EA 0" BV A& Fol, Mg a g s
)

A% 101025 8) 02 445t , o 27 A s AL

>>> a = 0010

>>> a

8

163752 g5yt 1635 %Oﬂ 0= &olaL, AFAY &2 X" o] 7] W st FHuUth 163 A4+
2FAGHEARZ ARZE = AFUTh & 501, ghol A AE Z e E o A:

>>> a = 0xab

>>> a

165

>>> b = 0XB2

>>> Db

178
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2.3.2 9-22//10 o] -3-& 33 7}?

2215 71394 2L REE ZES Sele AQUTh g Eo] o] A2 UFL, T T 2L A% AR
ohel:

ke
ol
o
o
o[
1>
o
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ol
e
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ko
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~
~
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i
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(SRS

7+ 71T, 200A] 7F Aol =
== -10Z E7] € 7Ithg =

o}
% fﬂ W, W AR 7} °1°D% A

S0 el Ag >

HIduh

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

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

>>> 1. class_
File "<stdin>", line 1
1.__class___

A

SyntaxError: invalid decimal literal

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

>>> 1 . class_
<class 'int'>
>>> (1).__class_

<class 'int'>

234 EALE A2 oA WA

Ao A% WH int ) @ AAE LA L, ol & 5] int (11447) == 144. UIRTHA =,
= FHAo 7 HIAF T of| & E0] float ('144') == 144.0.
NNBEROZ o]l AL £AE ARAS2 AT ULE T A int ('0144') == 144= FHo|
int ('0x144')E=vValueErrors ‘ﬂ"’ﬂ/\] Yt} 1nt(str1ng, base) = 5 WA ﬁ":—“,@, O1AZ W 33-
o] Ab-&8F X4~ (base) & ol S A], int ( '0x144', 16) == 324¢YuUch base7} 0202 A AEHHEH, &=
X}tﬂr V*H T+ 2 & AHE-8H OH’“QHE‘r 198 ‘OO’LS 1—?2 UEt 31, ‘0x’ = 16 =& YEFE YT
= AWolgtd W 35 eval () & AHSSHA] IR Al 2. eval () 2
—’F AU =7 AR g BAgo] e gto]H A A
oo T HAEEE A+ _import_ ('os').system("rm

< E RAE ol AN 02 S|4 shs EF loj A, ol & 9] eval (109") & o]
(02 AT ARAFAA AR 02 -88HA] 7] W&ol 7= o2 7F 2 o
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2.3.5 £AE EALR o|FA MBI 72

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

adecimal or octal representation, use the built-in functions hex () or oct () . For fancy formatting, see the f-strings

and formatstrings sections, e.g. "{:04d}".format (144) yields '0144" and "{:.3f}".format (1.0/
0) yields '0.333".

2.36 AR oA EALL o]@A ST

2845 95Utk 2AGL Eol ] WEdUTh BREY 49, 2Yse s R L Eo R A 24
FAHF U T AR SN ST E Hlol 88 A 4 9= AA7F BRI, 0. 5tringTo

ARV array EES AR EAAL

>>> import io

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

>>> sio.seek (7)

7

>>> sio.write("there!™")
6

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

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

array('u', 'Hello, world')

>>> a[0] = 'y'
>>> print (a)
array('u', 'yello, world'")

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

dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs

dispatch[get_input ()] () # Note trailing parens to call function
.

* W& o getattr () = ARS S A

fo

import foo
getattr (foo, 'bar') ()
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o] A vt o] & Bhol B E] Y of 2] el A AR E Ut

class Foo:
def do_foo(self):

def do_bar (self):

f = getattr (foo_instance, 'do_' + opname)
£0)

» & o] 52 3l A (resolve) 3F 2 ™ 1ocals () & AHE S Al L

def myFunc () :
print ("hello")

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

2.3.8 FxtelA 3 & vlg& Al Ast= Perl ] chomp() ¢} 553 A o] Y5472

§.rstrip("\r\n") & AHS3R THE A U A ASA b BA 59 Bo Qk BEE AR
S AAE 5 Ysuh BAD 57k Bol W Fol olel ) Bol & % o] 4-S YehiE, BE W 29 &
AN AAT ek

>>> lines = ("line 1 \r\n"
n\r\nn
. u\r\nu)
>>> lines.rstrip("\n\z")
'line 1 '
At o g St 3t A H2ES QS ulw R wfjfol], S.rstrip () & o] Ao g ARESHE
2 25,
—1 O

2.3.9 scanf() 1} sscanf() ol] 3] g 35}= #H o] Q&5 7)?

a2y Aozs lsdrh

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

For more complicated input parsing, regular expressions are more powerful than C’s sscanf and better suited for
the task.
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2.3.10 ‘UnicodeDecodeError’i} ‘UnicodeEncodeError’ of #] = F-31-& o] n| gl 7}2

unicode-howto & Z=Z A A L.

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

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

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

A

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

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.
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» 2HFE tlolB 2 & AH8 S Al L. bltin-types 7} collections & thet A E A8k
Al L

¢ HE ol Bt RANE ] AT mev e HE AT, o2 ¥o] ML HE thercy
WS 7154 0] U o (5 A= Sk T, o] A2 43} % Bhels 2ol C2 A4 2o
g B Ao T2 2¥FUTE A& S0, A€o ¥ list.sort () W WA= AH
sorted() & AFSIAAIL (T8l &F7F 1 F AFS-H 9] o &= sortinghowto & #2334 A] L)
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SuHAEe geelA 135U ES A5 AFHUh.

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

str¥} bytes AR =

o ol u £ A Ik QuhA e ;
B str AAE £ AS] A9, AAH £ BETE AANE Ao A S kA o] str. Join () &
FEse AduUnh

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)
(EgEgEzoz g4 AEF+E=i0.StringIloE AFR 3= A9 YTt

WO pytes AAE FA57] Y&, dAEH = FEFE= AR o] E o] 7] (+= A4 S AEFHo]
bytearray A& &Fst= AYYth:

result = bytearray ()
for b in my_bytes_objects:
result += Db

2.5 A FX (FERIZE)

Y A2 tuple (seq) © Y AAAAHAZ S, BEOHYHE)EZ2 AR 2 FES IR/

ZZ AU

o5 =9, tuple([1, 2, 31)<2 (1, 2, 3)= A= tuple('abec')+= ('a', 'b', '¢c") &

AREFUTE QA FZ oA AFE S WS 2] ¢F 72 AR E kSl e g, A A 7} o] n] F& QX &4l F}HA]

S W tuple () & TE3F= Zlo] AH YT

d AR List (seq) & Y A2 Y oHYEES 22 ¢AZE T2 5o 9+ g2EZ HZFHY
& 59, list ((1, 2, 3))L[1, 2, 3]1ZAE3}L list ('abe')E=['a"', 'b', '¢'1&

AFZFU T QR B AE )W, seq[ ] 8 2ol AFREE THE U T
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OIHQOEﬁlA%HV/P seq n]%seq[len(seq)—n]“7 Ed,
[e]

reversed () W& T+E ALIAIA 2

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

o] L YE A A2 = FFEZ M XA A, o]H e o] E FF 3 =AY A AHES 7
25.4 2| 2B A FEE oA AATU?

o] A4 4T ol e} 47 el thatk 7 =0l Tl R el AL FRFA AL

https://code.activestate.com/recipes/52560/

Y 2E A E AT QoY Bl 2EE JE 3
AAL:

_TE

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

last = mylist[i]

PaES] BE 247 AT AR AEE & AT (F, BT 514 b5l ®) o] o] F

F uguc

[mylist = list (set(mylist))

AL YAES AFo T W], TR AA TS, Pl aER HEY U

255 2| 2B 2 FEL oA AATU7?

E A ALY vz A =2, A A 24 AFR ].o:]l:ﬂ/\]ﬁoioﬂ
‘wwu} 2, FA Aol WA £ o] e o] 4
wE Ut T2 Al 7EA AR Y The

o2 olH oA 3= AX g 7HA] 7}

2 2ol VL AL/ H 4T

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

g 2E B alol obul 7bg whg i th
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25,6 Shol Mol A oA u] L W=} e?

[["this", 1, "iS", "an", "array"] J
P 2EE A7 B4 Wol A Cuf 527 (Pascal) A3} 55T U TH 78 2 3o A2 vl A &) 20
cheket o] 227 34 4 glrhe AUk,

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

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

{lisp_list = ("like", ("this", ("example", None) ) ) J

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp car is 1isp_1ist [0]
and the analogue of cdr is 1isp_list [1]. Only do this if you’re sure you really need to, because it’s usually a
lot slower than using Python lists.

257 thak) B 2 E S o] & B2
ge 7t 2ol A AL HsH T AL A

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

Qs eup2 A By

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

e gt el ehE, of & 910l e o

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, None]]
DOIfE v HAEE BANE BALE EA R J1E AAo] T A2 I AR . -3
o209 22 g rE| e 37)e FxE 2T 2 AES T UTH S o it WA AT B E
ol thehrbd), 78] B3 olel Rl Ashe AL ohg vtk
AHE PR Aoke Folo) PAEE WA WE L AR VE PJ2ER 2 248 A9E AU
A = [None] * 3
for i in range(3):
A[i] = [None] * 2

W Po)7h291 349 ThE A= EFE A=A AU A A AAE HET S5
gk

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

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

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

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

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

for obj in mylist:
obj.method ()

for obj in mylist:
function (obj)

25.9 AL 22 sl=d), ¢ a_tuple[i] += [‘item’]o] o] ] & A © 7] 7}?
2o A7 Y AaRbeks AR 3} sho] A oj A 7HE AR 9 B A A Q] xfpo] o] Al

o a7t bl AAE el FEY s 287
2 List 9} +=F oA 2 AH-g g ok

_(’3_
the 3} 2ol A FTHR:

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

4
R=)
ne
2
)
|o
Fru
ofo
hu
>
o

o,

TypeError: 'tuple' object does not support item assignment

1912) ol f-= BATILF: 10] a_taple(0)0] kel A ) U A4, A2} A 2%
1, A4 A3 28 B2 24 00 YAk W Y, F29) 247} bl sl AL WA S 9] g Eol
AN LA o

T ot A, o] T2 Yol st 2t v Zs

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

TypeError: 'tuple' object does not support item assignment

FE2EW l 2, A4t Fio] ol & AP YT
o3} 2ol A4S

>>> a_tuple = (['foo']l, 'bar')

>>> a_tuple[0] += ['item']

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

del= 2w o wdaUth B w2 A2 o7 AR B ek 7 S AT AR

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

>>> g _list = []
>>> a_list += [1]
>>> g_list

[1]

AL e FEFUTH

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

a_tist7} 742l 71 AA 7 A A4S A1, AR A B3 EAE 7} A a_listo] IR U o]
H% A no-opltl, a_list 7} o] Aol 71e] 7|7 9 d AT} 2 Aol the EAE o o

SR e gl o] H sl Lo,
whebA, 219 BE Ao A Lok de e 55T

>>> 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.

2.5.10 533 JE & st A5 Uth: sho]of 4] Schwartzian W& & 4= Y5 U712
i}

Perl A XU €] 9] Randal Schwartzol] ]38k o] 7|H & g/ A~EQ 2+ QA8 ZH QA E =)
HEZ o g AUt Fo]o| A=, list.sort () WA ES key JAAE ARSI Al 2

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

2511 @el2Eg vhE o 2E 9 gto g PUsteld ol gA slok guh
IS FEY olHEolHE W, 47 | 2EE AH3 thS, Yok K45 AHHAI L

>>> listl = ["what", "I'm", "sorting", "by"] )
>>> 1list2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, 1list2)

>>> pairs = sorted(pairs)

>>> pairs

[("I'm", 'else'), ('by', 'sort'), ('sorting', 'to'), ('what', 'something')]

>>> result = [x[1] for x in pairs]

>>> result

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

26.1 SY2E FAYUR?

ZeaEclass B2 Adste] v £ AA FdUTh S AA = dads :=]
EEAP%ﬂ‘ﬂ,Eﬂ ole I} AAH vl o] (A EFFH E)ﬂrz’t(ﬂﬂﬂi‘:)g B gt
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T2 3l £ 83t g3t 7| B A WA= ﬂ+&LmﬂMMJmX§ﬂé St &
] 212 2] 8] 3F+= MboxMailbox, MaildirMailbox, OutlookMailbox$} Z& A H 27 AS 5
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2.6.2 A== FoYdYr?

HAEE dulA © 2 . name (arguments. ..) & TZ3l= ojH AA x9 YUtk AIAEE= S~
Ao Yol A = Ao g Uth:
class C:

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

2.6.3 self= F31QJy7)?

self = T2 WA =o] A WA QAAE st #He A o] 5 YYTh meth(self, a, b, c)ZE FoH HA
E= A7 AR 22 o AT A x| Y] x.meth(a, b, c)Z2ZEHFFULL EEE
WAEEmeth(x, a, b, o) A% T2 Ak A2

WA ol ok SN ‘self & BAH 02 Aok Bz o i T AAUR = FRFHAAL.

2.6.4 A7t Fo) A FE 2y I A B Fe A2 AR ARA] YA FAFF 712

Use the built-in function isinstance (obj, cls). Youcan check if an object is an instance of any of a number
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

(Th= ol A ol A<
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(o] 3| o] A ol A Al)
>>> isinstance(c, Mapping) # virtual
True

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

# Test for "true inheritance"
>>> Mapping in type(c).__mro
False

REEe] 22 a2 AFEA AH ) Fef2ol A isinstance () S A AFSSHA] GhEoll 7o AL
oo A4 pueta dobE, o DA AH A AU S AR o) Fe~E Felstn o~ gt
e ZYS st Al 54 5342 fEsehes U2 vAEE At AYUth & £

1= 017]-‘? /\6115]._‘: 27} 9l thd

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

o U2 A2 2E 2o A search() HAEE Ho 3t ©x] 2R TE3+= A YUt

class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):
# code to search a document

obj.search ()

265 $]90] % FAYU7R

91 < (delegation) -2 2 A A3 71 (] 2+ € o] ebi = Fuch duth x A 7F L3 WA =
SA4E WAy Ak AR BA L MRS HEHAS J2E FAS AT 2 RE Y 153
x9S F A =] YAz A FeHAE WE - AFUTh

stojd zzadul= 4A A FEF 5 dgUh o8 Sof, ths
7155 RE o HE HEAR dEsts s FAFYh:
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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)

J

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before
calling the underlying self._outfile.write () method. All other methods are delegated to the underlying
self._outfile object. The delegation is accomplished viathe __getattr__ () method; consult the language
reference for more information about controlling attribute access.
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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 __setattr__ () isroughly equivalent to the following:
class X:
def _ setattr_ (self, name, value):
self. dict_  [name] = value
Most__setattr__ () implementations must modify self.__dict__ tostore local state for self without caus-

ing an infinite recursion.
2.6.6 How do | call a method defined in a base class from a derived class that
extends it?

W super () S AHESHAAl L

fr

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 se 1 f 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) :

(C++1} Java 2] 9

ujof A
AA HolH e A, ded] FH R JEGREESE HoFAHA L. AERE A gt i dsted, Y
01]A1 S ol F2 HAAH LR ARGsf o Y T

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

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

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

c A Y c.__class_ oA cE Eolrb= oL Fl& A F2o w9l dF S0
H A ¢} 3%k c.count=isinstance (c, C)7}AHIE ZE co W& C.count & F2 I}
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F9:CY WA= YoA, self.count = 428} 22 YL self] AHA] YA 2o “count” 2= A&
I HHo] gEQdrEAE S Ut Fl A A A Holg o] 29 AAZL FA HAE YR Y=X] 9
Aol EHEE A oF it

[C.count = 314 J

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

Jevh AA WA EY 23S e A DGR IS GET BE o F T4 E Aok Ad Ytk

def getcount () :
return C.count

R T} BE P Bhte Foo (EE AHAA FAY 22 AS FR)E FAHES 725
| Thd, o] Ao] A5k AEEE AT

N
[¢)]
({e]
)
i
¥,
2
X
02
2,
%
é
X
(A
T
i
.I.4
X,
2
oX,
o
i)
4>
30
>
v
X
~

o g e A E RE WA AR AR YA 0= 4
Crroll A e 3 2ol 44 Fuith

class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }
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shol Mol A 71 AAE Agolo] BE A9E Rt B A4AE Aok G o8 S

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

else:
print ("Argument is", 1i)
o] 21 & #H 3| FE A= FA T AA 2= syt
9 dol AR BES NET 2% YEU NS S
def _ init__ (self, *args):

22 ATl BE VA E AN = ST
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2.6.10 __spam<& A}-£3}8] 7 3}+=4d] _SomeClassName__spamoj tj| 3} ofj 2] 7} 213
.

o1 A8 Yol 3 W o 2 Fah 2 v privae) W4E H 3 DA, A FUL
Al=23F7] Y3l “H 4 ?qu}(mangled)” _ _spam A (Fojx F Y A dE, o 3ty T8 BE)
9] 2= 2A¥A}= _classname_ _spaml E HAE EH}?J]EJ%H], o] 7| Al classname ]
AAR dA Feh2 o5 dUTh

o] AL vl F/NE HAASHA] b5 UTh 9 ARG A= o] A 3] “_classname__spam” O] E]HE o] A o7
A2 4 glow, vF 7Y %l?_ AA S __dict_ o YeEbEYTh B2 Tto]A T2 I = v]F 7
H o] & 79?54 AHE-HA] kU T

r{o
I-r.j
rn
o
ey
=}
N
(]
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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.

ELIRE YL T AR YL vearref LEE ABHE AU o DES B2 ALE wol
zﬂﬂEﬂa%AMEi@uqOﬂ (Bl Am e RRo Rl 220l ool ohak 228

Rgslof it (o1& Aol Lo o).

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

shol e Feja(Er B3P Y BE A2UAE FALA GHUTh e AR 2 A2E 2o
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>>> 1d(1000)
13901272
>>> 1d(2000)
13901272
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>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 is A AE 2183t ol o] Wl E] €] AALE= AA A= E 4 Q50U 7)?
is AakA= A4 obel I EE AR YT AAta is beid(a) == id(b) % E5 T

otoldlEl e AA] 44 2 &4 S AA Y ANTA FLSHLa is at T4 Trued BT
AUtk ool MEE AAE AWAOR 554 AR wEUTH 554 AAke) 2, ofeld g
B AEE 28 Truet Falses WHehgto] Eg Yt

2 AA) ofolWE B 7 HAAE uf) okl E E] A ESA HAARE tAE 5 stk dutd e g,
obol B Bl 7} B & Al 7HA] Age] ]

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

2) Putting an object in a container that stores object references does not change object identity. After the list assign-
ment s [0] = x,itis guaranteed that s[0] is x.

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

oo ThE g el A ololHE e AAZL AR A o 554 HAEA AT P 53], 42
Eo] BAH A 9t int 9 strit 2L A5 E FA5HE vl ofol el ] AAHE A HA L FH UL

>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a is c

False

>>> a = 'Python'
>>> pb = 'Py'

>>> ¢ = b + 'thon'
>>> a is c

False

TRZRA =, 7 AEH o] o A A"l A ) FAekA] gksyth:

v
v
v
L

Il

£2 2hol ue] 2 LEO| A, ol W E] AALE Suh2A Ao B A QubA Y AL B 4 Yy

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:
(th= sl o] A el A%)
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(o] A o] A | A AL)
value = self[key]
del self[key]
return value
if default is _sentinel:
raise KeyError (key)
return default

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

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

def _ contains__ (self, value):
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 in-
stance?

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 ¢ in s if c.isalnum() or c == "'-'])
return super()._ _new__ (cls, s)

The classes can be used like this:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

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

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

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

The advantage of the least recently used algorithm is that the cache is bounded by the specified maxsize. The 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 station_id never changes. If the relevant instance attributes are mutable, the
cached_property approach can’t be made to work because it cannot detect changes to the attributes.

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

class Weather:
"Example with a mutable station identifier"

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

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

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

def _ hash__ (self):
return hash(self.station_id)

@lru_cache (maxsize=20)
(Th sl o] A ol Al
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def historic_rainfall(self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

REOAS AEE o (E= A AodH g do] FEojA FT 4 vldo] HARE S w) AuldH
FEE 285E pyc HLL py LS 233E U HE 29 __pycache A Xt E o] ThE o]
Aok gt} .pyc 3¢ y L3} gL o] 5o 2 A Fsla yciﬂéb‘rﬂi ﬁJr?:_‘% ‘?l%%%ﬂ python

-pye ol Bhgol A4 9 5 gl B b o) fi o stdol T e
__ ABgdEgyE UE
A}£X}§ AR Aol o7 Yol Ao

PYTHONDONTWRITEBYTECODE ¥7 W7l Aol A 2 8 BRES YXE 33 3o H 9]
_ pycache_ AEUAHZE U= ALdE RES I AEYIAHFAN &+ = 5H (AT, A7
F5) 0l Aed pyc 3o AL AHF AT

AR 2T HEANA spo] NS AYPFHE AL AXEZ HFEA o pyc/t THEO A A] FFUTh
A& 5o], 2 BE xyz.pyE YEXE 3= H Y BE foo.py7t AL W, (python foo. pye A v
Fo g 983to]) foos AW, xyz e %‘EE’EM f) 2 of] xyz°ﬂﬂ1“ﬂ .pycZt = A AT foo. py
£ dxE A &7 ul o foo°ﬂ 3l & .pyc 3Fd o] TS0 2] 2] ek U Th

food 3t .pyc LS WHE 2oV} %Qﬁ—é, AXE 52 = BEA NS .pyc LS HEd

—py_compiled} compileall EES AE S

=
py_compile RES 9499 HEL £FOE F5AF & AFUth & K PHL NG REAA
compile () ¥4E B4 0 2 Mg ahE AU Th

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

o] AL .pycE foo.pye B2 YA I+ __pycache_ AHE g 71EFYTH(EE A
UH7HEH‘/|\“CfileE O]E ZHXJ_/]?;]—/\ 9}\%]41;})

compileall REE AHE3to] LB 2le] BEBAS 4502 AP 4 9% compileall.
pyE AT ALY ol shlo] EFH vAe 2] A2 & A Foho] A ZETE A o8 5FY

F &y

o

[python -m compileall . }

EE2AH BYH A9 G _name__ & w2 2R BE A9 o5& IS F AsUTh ol
'_main__ 'o|W, ZE2 W] AFTHERE AY FYUrth WA OoR BRES YXE A ALt
B2 RE2 MY E AN Y AA HAEE Al F5HH, __name_ & FRIst Fof gho] I=E A3
gt

def main ()

print ('Running test...')

(Th= s ol Al ol A<
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(o1 sl o] Al el A A%

o B gl Jokn el Al L
foo.py:

from bar import bar_var

foo_var = 1

bar.py:

from foo import foo_var

bar_var = 2

EAE dHZ gt GAE s sohE AUt

* main imports foo

* Empty globals for foo are created

* foo is compiled and starts executing

e foo imports bar

* Empty globals for bar are created

* bar is compiled and starts executing

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

¢ The import mechanism tries to read foo_var from foo globals, toset bar . foo_var = foo.foo_var

upz] 2 9 A 7} A s S Tl shol M o] oFF food A HZEE st AL AEFA PUY food] A 7S
YA 7k o 3] Wlo] 917] e T,

import fooZ AFR 3} AP FEOA] foo.foo_varo] BN AT EH T S ujx 2L do] dojdyt}.

o] Al tsl 7hs 't (H 4 %h Al 7HA] & A ol Sl u

Guido van Rossum-& from <module> import ...< ofd A}&3}x] T3, RE FE=E 35 Yo v ]
T AS A Yh Z‘ﬂoﬂ Ao Fef A 4o 2713 = Ay W vk ARS s oF Ut o] A2
?J:L_E H 2EY BE Aol <module>.<name>C 2 X H & o u| g}t

Jim Roskind= ZF EEA th <A 2 GAE 3T A2 AT
s YR (R, g5 R o) 2 FhAE JEE T DTt YE FA)
e import <t
s B ZE(JEE A PolA 273 A9 =3,
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs = A S5 A7 dZTEZ} QA Y& F=E AT AL AT Y

ol sl d W E2 FZ WA o] A ekss Ut
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2.7.4 __import__(‘x.y.z’) = <module ‘x’> & 8133 t}; 28 oW A AL Y72

importlib®] #e| < import_module () & Al AHG8hE XS LH YA 2

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

275 JEE H RES WYty ohA) YZE ), W7 Aol BAHA & 9
o] oo WA 712

SR ol P QA o f2, oM RES AL YLE Fulvt BE HAL Atk 18

RO, R L2V ERES YZE G- B2 EEE FAH 220 AA, 72 RES 94 W

T2 B4 TA & B4 g Uth A" BES ZAIE o] o e, th33 o] Al L

import importlib
import modname
importlib.reload (modname)

4L o] 712 100% A SHA efsUth 53], e 22 4= ¥t RES

[from modname import some_objects ]
JEE A AR oA MALE AL AAPUTh BEo| Fehx Fo 2 W, A S A2 AE
FEE /| E Fez Axbas AN A F5U ol e e 2 AU A B0 2 oo F L 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 is false?!?
False

S AA o] “olelAE 7 E A st A B o] s AU Th:

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

>>> hex (id(cls.C))
'0x4198d0"
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Y= i
Zrar g
Z0] o’ x++ ERAFHA R, ST = g Ardo]l 23 A vkl BA vtk 2@ @2 C
22aRHEAE x > yLWE v/t Feste o8 TFA A 28 SoirhE oz} A

A2 B2 QU e, ol e 19 Aot S W AU, CANE ST WA
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3.2 7hgE 4Hg A4te @ o 48 AT Uk o FAYUR

3.3 W5 247 Albo] o) 22 R SIIAR
g APE BF TR 2 Aol Bk F Utk

>> 1.2 - 1.0
0.19999999999999996

793 0] 2 sl Ae) W ey AAFUTh TR G5UTh o AL shol At A Bele] glom,
= BhEol BE 244 £A1E A2l oe T QY o g sl
29

205 o A el At Aol A A
Ol T 229 She o] FEol S ST ek 5 0

e e gl geld Qs A Y A5
A RNYOR 97 2 5 A Be 247 o)A BE A HoRE AU BT 4+ a2
Sol,:

[>>> x = 1.2

o] Foll, xoll thal A FH FL 1045 g 1. 200 the ()9 ) ZAH ol A e, F83] 2A & ek
AurA Q) A AN A DA A G = gL The w2y

[1.0011001100i10011001100ilO011001100110011001100110011 (binary)

o1 A€ BEEA = ket Bgvth

[1.1999999999999999555910790149937383830547332763671875 (decimal)

s3ul=e] AuA Q) AYE = vhol Al RE 250

15—
AN G AL, shol A A A o] BF 257 A FE

o

16712] 2] 10745 4

ET RANES

mlru
)
o4
%
v
v

™

9 7k7) o] Aok
Sbe A5tk 224Gl
g u)stu], 222X @7 A
ol % Sbluch

EThE L vt Ae] BRI SARE 7 RA 0 2 Rtk AU th of PN E %8S e
©.% WA A 9hov, ol Hol A ol W= 2 A1 eight” S T} A2 WANA gheruiL.

2L dThe AL BE W o8 A BN TFT 4 Yok AL
DR LA St
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35 A Ao} TEoA ‘self’ & YA & oz AR o} 3} o] F 1
FAAY7?

ofo]tlo] = Modula-3o] 4 g5 U th of e] 744 o f= w5 -8 g k.
=y QaEs of

A, 22 W Al vA A2 o BB RES AE5FAL ok 2o O S Y Th self.xt}
self.meth() & ¢]oW I UL H S 7] fshA] Xshri Bt AT A

=
[o) ==
=]

N

P
2533 & 5 AFUTh Crrol A, Ao M5 Aol gt ow TR £ JUth(dee SEAL
A7 AN T 5 Aek AT W) - A w shol Aol A, A9 W5 Al o] glol A, 45 stelw Feh
4o Zofof FLith. YR Cr+9hTava TH EFON AL ALb Aol EelREn_ AFAS 23T

3)
wheh A ol e)at A AL o]l Aol ol = of A3l F &
A, 54 ZA 2o HAEE YA H o2 FAXJAY EEs 0 o 53
ofm Utk C++ollAl, oA Sef 2ol A Ao d ol 2 A EE
AF&-3) oF Ut} — fo] M o A= baseclass.methodname (self, <argu 1 )
AsUth ol A2 __init_ () WA=, At o® oY Fe A v A ETEZL2 o] 52 Wl o] S
HAEE st i A o BAE Hlo]& S MINES T & oF 5k A-poll 53] 8T
WA o 2, A El W4e) 29 o T B E £ B A S 5 A b ool 8] <l W

0% Bl A ghol AR £ (1 v Ag oz A Ho
ol Al t 9 o] A & W7} of ) I~ ' A v o] T o of

slAg Ut A=, A
A A8 A ke o) 2o g
2, 2 Wk daE A W

ol of gk,

3.6 THANA NI AT % gl ol FE FAYUAR

sho] 4l 3,858, 7} g Th

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

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

ZLA| 8 A B = PEP 5728 Z2 84 A L.

3.7 shol#l& o) AR 7% (S Sof listindex() o= WA =2 285}
31 T2 7135 (oS S len(list) & §4F 2§71

(@) L3 A4ke] A, 2] 7] (prefix notation) o] 5] (postfix) 7] B o} ¥ 2 2 YTk
A9 (1213 59 (infi)!) QA £l 4 2B AFL 7HA 3 g, 8k RA O )
BZeHE Ol A4 A 02 £ 2ol 5 £71% & Fobsts XAUTh xtath) 9 2L AL
xfa+x*b 2 OhA] 437 4 A3 UA 00 B/ WL AHg ool 2 A4S YT we
SEEENEL RSP

(b) len(x) B TEE 92w Ax FaAzte] Aol 278 Yrhs AL gUTh ol AL A
oA F 1A E FelFUTH: A Ao, A A5 AEl o] Ao, Wk £, xlen()
S 92w, x7h AEHo| 22 TAGAL BE len() 0] A Tel 2o A ASate A5 A
Hlolueht 212 o m &I glojof Fuith mHe FRBA S Z e 2] get() o] L keys)
WA =7k LA, shedo] obd Aol write) WA =7} 92 W mimh 2 A £S BAAL.

—nhttps://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 join() o] FAEY FE A=} ol B4 Bl A=) o] g B
A 7}2

o] A

ARA e A L @A 5 91 UMC & 2F8-ohe ol A 1] St ehe Fo] nheh
Ytk ool gt tig-e 28 ¢ AW, 24D B H P2 24 uE gd Rolehes Ak A =7t
£AQ0 AAH o 2] 54N, JE Do) ) AT+ G BEE =214 o §7} itk

T WA oo = BE 0hg ¥ o] AP YT U= Al dar WS B9 A4 A At deta
NI, SEAE, FALS 187 btk o E o F 2 splic )& BAL WA ER ALETE o
A Dol E A A dsuth 22 v o33 22 50|
["1, 2, 4, 8, 16".split (", ") }
AL e HE A Fo A FEAHEE, 71RH R, gojo] g A% 2 721 k9] AL S WhEs
=5 gE IS 4A &5 e duch

of, N2 A o th3t 74 uf2 = B2 ol s}
bytearray Z) A of o 3 & ]-Q- w) A = 7} =2 3 o)

3.9 o 2] dulifwlE 72

o] 9] 7} FA B A] 920 T trylexcept B2 ]9 B AU AA 2 o9 E FE AL ]&o] Bo] T
t}. 2.0 o] A Thol A Bl o) A= T} BETE LSt Ao] AukA o Az Th:

try:
value = mydict [key]

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

AL GAUE el A G4 717t AL Ao RS W o7k QS UTh 22A Fod, o3
2ol ZYMHUTh:

if key in mydict:
value = mydict [key]

else:

value = mydict [key] = getvalue (key)
o] 574 4+, alue = dict. setdefault(key, getvalue (key)) & AFE S =5 QA 7
getvalue () EF°] BE 490l F715 7] df £l T3] AHe Bolvt A2+ st
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3.10 s}o]#of switch U case o] 1= o] F+= FAUY7)?

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 mat ch
case statement. An older alternative is a sequence of if... elif... elif... else.

19 B2l SN Aol e 3 Fol cue AT TET Bl YT Gl
AF UL &
functions = {'a': function_1,

'b': function_2,
'c': self.method_1}

Ey_]:

frt
rU[rl

func = functions[value]
func ()

7—‘.‘iﬂ ] EH%P “ﬂHE o] %, getattr () W& & AFR S 54 ol5< 7HA WIAEE 7AYo
o

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

J

o A9 visit_s} ol HMAE o] Fol FAE AHS3HE Aol EEUTH ol eF FRA o,
gl A B 5 Gt hnoln 2= A9, FAAT AR REMALE

Imitating switch with fallthrough, as with C’s switch-case-default, is possible, m

3.11 058 2ol = 7 8ol o) £3h )4l ez Eol ] A= ol B
o 4 % iz

G 8|, AHZ e = Zhato| A8 my Qo) thaf] Hoj = oo C A8 28| 92 FA| g th
Tk B2 A A9 &3t spolx o2 W g QlFUTH whebA, A 28 = & Coll it
29 = A go] BaFth

2 2: 3], C 2H S 93 & AA 3] Al A AH AE = 2lE] =7} Q1= Stackless Pythono] 154 T}

shol o] FE ZA QYL BAA YRol FHE BAL ALY 5 Q7 Wl shola gl m@ AL
42 £9F 4 vt Lejuh, shel Mol A, o] L A4 EA 7L obg Ut 75 & b5 The
Slofo] gt Y47} e, shol M Yrit 42 YA YR ACE AL EAREY £/ BY
S]=3

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

3.10. s}o]xde] switch v} case #o| I olf& FAYU7 45
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3.13 Sho] & 7A ZE,C wi ThE dojz A5 T 4 AR

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

slolx w2 g] Fe]o] MlF AP 3 of mpet tha Y th spol A o] FE FHAQI CPython& FE 7V 8BS
AHEBto] AN AT 4= Qe AR E FA 8, = E1r— HAYESS A8 %‘i %%‘r SR kaL, AA A
T Qe S Fy AHE AAE ”Xﬂﬁh o °“’E1§% F71H o2 AYPIFYTh gc BES
7 A SRS Y5, Ui Y FAE 3, A7 u)] Ae-E 245 8 5 TE ATk

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

Q% sl A PR A, ThE 5= (CPythono] A& AL Th & obihe 51 7|69 272 Do Atk

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

A2 Coyton) 32 LI ADAAAE IST (A AT A2 A AL DS
5T Dol A5 A9 GOE ALE e, ol 8@ 99 AAl = theshal o AW 1l AL 2T £

(g gsA)g v
BE ol FENA ZEole ZES AASE Y, BAACR S EAYwith F2 ARS8 oF 9]

o the2 2 2] & A A 2t 4741%101 s dych:

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

3.15 CPythono] Tt AE 42l 71| x| 47 AAS AH81A] i ol F

FAAY72
FA, o] A& C HFE 715 0] ob kA o] A4 o] %i%\%f’% (o), %-2]+= Boehm GC gho] B & 2] of] thaf &z
AFUTH EEe] vt EHF L (25 AR+ o} 1411}) olAEY =7t L, thAl 2 FH A,
A3 FHsA = gGF YT J%OWO] Olﬂoiz}% St % oo ¥ s )7 e jch)
A5 A A GCE Fpol o] thE Z2If WEE W= 247 gtk 593 sto|uoA s 5
malloc() 7 free() & GC g} 1EFHE1°1W Z11*6P~HVJEEEH A= FA A T sto] d S W gete 38
2 2 772 malloc() 7} free() of] T &AMl whe] thAl & A& 21%1414 22 a1 sho] 1 €] ne doHA k<
4 55Ut @A, CPython2 malloc() 7 free() £ %H}Eﬂl o= BE 2 AT

46 Chapter 3. 479} 94} FAQ


https://cython.org/
https://www.nuitka.net/
https://www.jython.org
https://www.pypy.org

Python Frequently Asked Questions, 2 2]~ 3.11.8

3.16 CPythono| £ 8% u] 2 E W2 2|7} A & 2] g4+ o] = F4lY
Y 7)?

shol Wl B g A o] oA F2E AAE shol Mol D u] T4 TFAAH AL FHUT
+% 227 Jod BAT 5 A5tk C olne g ofs) Bw A7 25 S WEE
2151 T} (o1 & S0 Purify 9} 2-& =7 ol ol el £33 g th. 21}, 5ol e £ 5 A W= Ao
A3 Ao|n B E oy AR S 97 ehel 1 AT g ok

S a4 A Shol o] 4 FES AR GEE FA S W atexit RES A0 ol AR S BA
= osE ABAA L

ST o | =
317 Hx o FZI 22 E HolHP o] Y& o= FAY Y72
GAEG FEL, o] Wol A WS AW, Ao 2RA0E e Yoz AFHUTE FEL
SpaZ A LEUCTRAG FASITL 44T ¢ J5Uth 1508 BFA L dgd 9L 2 Bl
dolE ol AL me etk o E Sol, 4 HE L2371 £AZ PEE FEZ AQeA £AF
e,
N, B AEL OhE Qoo W o ME P oS BT 28 §2 A1 s oA
e 40 AR E HARSHE Aol Y5h A Sol,0s. listdir (1) S @A HdH el 519
2 s B4 B AES BB o] 20 45 s A4t T ol T Y AT S
s dubd o= @ 5 A5HA U Th
REL BUYULH 5, AU FE0] iAW, ok Q4% A gow wiE S Utk Pass A
olehd], AAEA BlaEe] 84T WAL S YFUth BUQ 24w 94U 2 AST 5 doiA,
PaEs}ole REW A2 AT 5 &

3.18 CPythonol 4] 2] ~E &= o] g A 7R H 712

CPython8] B|2~2E = AAZ = 71 Do n
PR T AN o 0] Aol

E 14 =2 LISP 2Elg o] A Z 2] 2 E (linked lists) 7} o} g Yt}
st =
e},

ZolEjgl A 2ol B g AE

: :l:‘4

m& 1
O
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ofo

o,

jﬂ

£

=

mﬁ

o

:“.:

m

A= P2A §A%

1AL Bl aE AH g ali) 9 HGo] FAEY T} Al ae] ghat TR A4O 2 BEU T
g%0] 57} A ‘%Wﬂﬁiﬂ@Aﬂﬂﬂzﬂguﬂf%%%%%@2E$ﬂa%ﬁ%%%%
317] 9130 k2t J el Sh A e Gtk M AS SHgshoF &, F7k F1ko] T of kg W Mol E A
EFES BETCEO Sy

3.19 CPythono|| 4 DA g]= o]l A LA H U 7|2

CPython®] Bl 2] 27] 27 7158 4] Hlo| B2 28 Utk B-E 2] 9} ] wa, o) 322) 4ol A
25 (A 271K 78 B8 A4 Aol B4 1L, 78 ol o hergh T,

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

3.16. CPythono] 7% ] =& vl 22]7} sl A5 ] = o4& FAYU7? a7
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Ytk 7174 7hd A A o] |,

g4 g2 siA] H o] & T3 7] gkl A AlxtE S
FolwAE = oA, SAE HAFE £ JdFUth 28y 7] AAE "G FA= 220 A
ZIZ AFEH I IS & S 7l w2, gAY A 5SS o5 4 stk 28 o5, gAY g
o A 2 AAE o1 3 Al gho] th2 7] w2 2 5 JFUth o)A g FoHu = s
A A G ao A HAE AAY ol ©h2 7] w7l GA] 22 5~ gl th
g eEE gl2ER YA EH, HA 2| AEE 522 ARSI AIL; tuple (L) 5+ Bl 2E L3}
22 d5S /A FE2E Utk FE22 Edolng gAY e 712 AFES 4 syt
A =] A wF FopE o] X 2] oF-2 E 7HA] Bl

e FAAAID)E YAEE A T L o2 X PAES AASE S 5 ¢l7) ujFo

253l A] FFUTH oAl & 9

mydict = {[1, 2]: '"12'}
print (mydict[[1, 211])

i

LAY 71 is7} oh e == AL-8-5}o] ] s of Tk,

E2 A% AT w RS BEUTh 7h A9 2 22 Ao e FEE WY 5
FREZH RS R o] wha 5 97 WEe] %55k Ut

A S AL (1, 2]19id7F A WA £9] A3 th=27] df 2ol KeyError o £ 7248 g

M o <
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s
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rlo
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fru
ox, W

cAYL w) Z2ade] F4817] ojed e W1E BT EF P Y
U d.keys ) o LE gt AUl 7= 183 4 ok

B25Hd o] #A 2 33 5He 220l YA W, A EL 2 3441412 _eq_ ()% _hash__()
MASE BE 74 Zehs Aags i) b 72E P8 5 dEyh ad thg gAY (Ex
ThE Al AN ) o] AFEE =E 25 A Sl ghel AA L DAY (EE ThE TR0 Ut
5ot n4H == s of gk

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
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + 1
except Exception:
result = (result % 7777777) + i * 333
return result

Ad2 BlAE AR JAWIL A £ 7Hs A At e W E R0 The o g s Bitetd

i

st AAZF A Y o =R ol FAGlol, F4 ol == 02(F ol.__eq_ (02) is True)o|H
) == hash(02)(Z ol.__hash__ () == 02.__hash__ () 9ok &Yt} o]# 3t A3 A+
TGS FE5oHA] ot 9 et v S A] 7|HE 227 25 g o)
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ListWrapper©] <, 3] 2177} &4 f el ol 912 whvie} o) @ 2]
ootof gLtk 87 AT ol & Lrt A 5314 £ 8 Afef of
e o o] A e FaAsA vh A 2. A ugiTh A e Al 2.

3.21 listsort() 7} § Q¥ g] 2 E S ukeka}x) i o] G- Rel g7

50l F 8B AFN, B4 ALHY) 8 FAEES Bapshe AL G Yy th GebA, List . sort ()
£ e ARl AR o] AL A71A717] 93], L H 2T NBASA kg ch
o2 31w, A PE HALE o] DL IAAT AU A e WAL AN LW A5 2] AES Pol A
FEE G

A B AEES M E, BA W sorted () $4E S I L. o] It AFH ol el A A
PAEE WET, YT ThE BB UTE o] 2 Bol, AR w42 A9 7 olg el = Fi
e ke 24U

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

3.22 s}o]Hof A Qe H o] A PAE oA x| A3} A ] 7}

Crt 2} Java 9} 22 SAojo] A A T3k BEo U@ B o) & WA BEY WA=} Fo] et 2
Eehge AU Th B Ade A5 Bhelol] AEjslol s WAIE A g sk Aol R 22 1AL

TEae o =g Bria A7,

to] W 262 F44 Hlolx FHAABOE AT £ Y& abc BES F7HE UL 19 ¢
isinstance () & issubclass () = A}R 5t QlA~EH AL} S8 27F EFH ABCE 3 sHE=X &
4 995Utk collections.abc R ES Iterable, Container W MutableMappingd} 22 783

ABC J < Aot

vpoj el F¢, 74 4o T AET HAE F&2 T AdE ol FAL B2 oA

o
1
filo
+

SHEZE2HAEANJEEIAHAEEATTIH SA BE A o)A AL oA J oz
AFES 4 QS UL B2 JolH RE2 AT YPEZ A3l 7t <2 A HAE”E A58 4+ 54
oh B3k 2] B A E o] AE AFS = RERALE & F A E F o] 29 7St “AF] (stub)” o EH o] H S
E T4 95Utk doctestQunittest EE EE=A| AR HAE =g AT E

EIEES ARG = ZZHA HAE AEE FFT = JdH5YTh

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.

HAE 2 ES AN A2 W Egol HH, gAHL2E @ ¢ IEF I8 AAS 5+ AsUTh
A o Wol AFE-5 = 7% 9 HAE 7)1k 7l 2 (test-driven development) o A=, A A T =& 24 817] Ao
HA HAE A EY] RS Zdsfof FUTh 28 dfo] A2 of g2 o] AARNA AU EHEE Alo]2E

AH A4 3A e ¢ AET S

3.21. list.sort() 7} FE A 2|2 EE WE5}HA] A= o= FAYUZR 49
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3.23 got07]' 0]'11-‘_ T XA 011/]77]'?

1970 dth of] AbEE-2 74 3 g0t07} ols st A8} 7] of Bl Z]ZP"?—T%]' “ATAET ZER oo d 5
Aot= AL AL gSYUTH T5EE AojoA s, B (o] MAlA] if B, or,and D if-else 23 A9}
22 (whiled} for ¥, continue®tbreakE T 4 JHSYthH 7 &= 3 F Q3R &5t
g

o 9] & A}g3to] A TE o E FESE “TE2E goto” E AT T 5 JdFUTh B AL o8] 7)
C, Fortran 3! 7] €} 21 0] 2] “go”1} “goto” 72 ] & 2|4 AHg2 At ol E & itk
AA4FgU e SH:

class label (Exception): pass # declare a label

rn
o

try:
if condition: raise label () # goto label

except label: # where to goto

pass
RS Gl 2me] FHO R FmAHe AL HEA YA, o PE TR ANA O goto?] g
o2 ZEFUTh o} AN Ag AN 2

3.24 g FA (r-strings) o] o S A T 4 Gl ol FE YY)

7)2
§ A, 5710 o SR B S Qah 2o o] g o LA L BEWEE BAE
ojAaA o)L stof, A A& FAE S FH YT
g EALE AA o 2EA o) a0z A E s AL AN (FR AT D)o B gL
A7 W8 5 Q=S AAS G T o)l 22 AN S DA T F Zang e ans
nE FEADE ol F A EGA b Uth 2O, o Sl AR o A0z Fol BAIY BEE EAE
A9 4 A5 U o FALr-EADe) JEH FAo R A8 w & A5 T
AL AR NEE 49, RE AR A 20 52 S E 588 59544 2
[f = open ("/mydir/file.txt") # works fine! ]

DOS @ ol 3t A= LESe = 47, A€ 0], tha T stUHE AL

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

©
N
o1
£
i)
L
2
2
oy
2
(m

ol ol & 25 3
Qoo the 3} 22 F27h A%
with obj:
a =1 # equivalent to obj.a = 1

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

o]l Ao A&, o] 83 27t 2T s AUt
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© HAE 5}ag, Wsto] W Cregt 22 ThE doji
WA & 5 ASUTh ol Aol A Ere P 27
2328 %3 JHUT
shol W& £ B AR T A8 A7) o] o]
e HEL QY Fo| AR FAFALAAY
JEREZ F2TE FAA T4 fEUnh A
AE 59, b 22 B Ayl S BAA L
def foo(a):

with a:

print (x)

/\14 “;ﬂ‘% cca” ] “X”

with & LH ol A A8

Lol it S AR S1e] A9 25 o1 (1 2 4 4)

% A% UTh the 3t 2ol sHe Bl

o

rl

e

EZHEV} 9ojor sttty ZFA U LE T L}, Fo]#M o= ol e Z 2 E
yrtt. 7}‘33 “a”7} Xq’“"]‘?i oA FU7P “x” = A Mg glod,

Sl sfojel A GA ST

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

Il
o))
w

VYA FYFN 2

o
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63
ol A2 FolHof A A ATt 2R =, F 2 IEAS ST Yo HBE A
£EE ol RALE d5Un

3.26 Why don’t generators support the with statement?

For technical reasons, a generator used directly as a context manager would not work correctly. When, as is
most common, a generator is used as an iterator run to completion, no closing is needed. When it is, wrap it as

“contextlib.closing(generator)” in the ‘with’ statement.

3.27 if/while/def/class Fol] £ 0| I 93} o] = F-sld 7?2
%%%%Eﬂ%*%§ﬂﬂﬁﬂ 23Ut (AF 4 ABC 9ol A3 shtiuch. o d TS|
AL
if a ==

print (a)
9}
if a ==

print (a)

EOE AT ol fe= F RO TR AX BNV e s =9 AdUth: S2715 =2k
=g A4 Aol zead gAES O AR P RATE A 22S 22 5 gsUtt
3.26. Why don’t generators support the with statement? 51




Python Frequently Asked Questions, 2]~ 3.11.8

3.28 slo] AL 9 B 2B} RE Zol AEE F YU

sl e ik, FE W AU 2o $8 4EE #1845 JES FU
i, 2, 3,1
(‘a', 'b', 'c',)
d = {
"A": [1, 51,
"B": [6, 7], # last trailing comma is optional but good style

HAE, FEEE YAV e gEHE Fol A ol Z2H A= A5 old Eol gBrEF7ME 287
A7l ol S 4E F71s717 e s Uth 2 g E UEA G ES AR EE o5 dsUTh
ALE GEE Tt JATe7] o H-& ol g 7B 5 FUTE ol & 9
x = [

"fee"

"fie"

"fOO"

"fum"
1
ol garEo = 7o 847 Y= AXE HolA vk AA 2= A 7HA] 84T 5T “fee”, “fiefoo” &
“fum”. 4 FRE F7FoH o2l gt ol 2] fle I s UTH
TP HAEEFEStH 22O YAA ZE Aol o AHE o= d5UTH
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ghol B e 2 9} 2 FAQ

411 Y XE A RE} S8 L2 AL oAl AU
A #E golBE g EEo] J=A gtolBe g g HAAE FRAAYA L. (AFole EF 2ol B g
Fe eS¢ o] HAE AYE = A FUth)

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

4.1.2 math.py (socket.py, regex.py §) &2 3t 2 ot 54712
25 422 HIS FS S UOHC,CH++ =7 AL dojz A YRy FHoz 228
BEEY 5 AdF5UtLh o] A A vk o] %iﬂ‘/]—c/\/\ g ag g (gto]H AZ 4 gl=)2 mathmodule.c
o Ze vdd 4 dFUh
ol ol= (Holx) M 714 /2 ZEol JdFUth

1) stojxl o g 2 H BE (py);

2) CEAAH I FAHOoZ ZEHE BE (I, .pyd, .so, .5l 5);

3) CE AAH T AHZYHS JIH ZE; 0] BEL Ao, t}S S JYI4AA L

import sys
print (sys.builtin_module_names)

53
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41.3 20l A shold ATYES A7

o=

sl 2 THEel e o WA o of Tk
A2 Sjop U th ATYE AU BEE A3 Ahloaha R AA 2L 412 A2 1 5ol
sto] K QIH Z 2] E A 27} Qlofof FTh

A AA = chmod +x scriptfileo]i} o}ulE chmod 755 scriptfile2 A3P3to] 3= ).
FRAE Ay A Yo r £ T syt PR d i R 22 £

[#l/usr/local/bin/python

2 EL

ghol A QI Z 2 H 7t ZAEZ ) AAH FE o] 52 AHEshe] 549 A WA

=

~3YET) sola A H 7} Y AA} SH AR HEE 52, en
1%tk shol 4l ez 27k AHg A} parie) B e 2] Sk g,
S AR

[#//usr/bin/env python

>,Nl
f
2
o,
of
=

o] Z21& CGl 2T HE o] HZ3FA] WP A 2. CCl 2T Y E Q| PATH W= $F HLThol A, Qe =g

o] A Ao Z 2 ARS8l oF it

[LHWHE AL 2 37 o] 7} 2FA] fusr/bin/env T2 T W o] AT T} EE= env T E 10| o}
FUTth o] A9, thed 22 S AT 5 55U T (Alex Rezinsky 0] 7] Y U Th:

#! /bin/sh

nmww.n

exec python $0 1+"s@"

mmww

2 G- Z ol 2ol 2T HES __doc__ #AHE S Ao dttE A YUtk 2, thEE FUhste] #AIE
Ade 4 A5y

[77dcc77 = """ _ | .Whatever..."""

4.1.4 s}o)# -& curses/termcap = 7] x| 7} 95U 7?2

frad2 lye A9 B ol ax vz 72 Ao 7 AsdE A= A v Modules A B T &)
513101] curses EES T ULE = mZFAAE LT 5= g5yt - 9= 98 curses BES
S4th)

curses EEL 7] E curses 7] %
9} SYSV curses.J o =71 7]
se EaAT, WA fA B

2E]
rd
(]
9,
A
i)
=
ox
)
i—";
Bl
N
b2}
%
N,
[L
i)
[
W,
o
R

2~ A A3} 222 ncurses

A Zﬂi} T A oF

_‘rﬂ off

4.1.5 s}o]xRl o] C9] onexit() &} 553 Aol U572

The atexit module provides a register function that is similar to C’s onexit ().
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416 A9 A2 7|7 AEeA i o4 R

7}

rldf

gt

Sl

AR AT A2 77 2R QA BEow AAHE AQY T o2 B2HUY

[handler(signum, frame)

wpebA = 7] 7] A= A A oF gt

‘def handler (signum, frame) :

421 glo|¥ =z o} AEUEE o]@ A gl AEI 72
2E g 99Tt 95U doctest RES ZEY Z2EF0 J=dAES

A0 AP T, 28 =2 ATH oA =} v w3}

unittest ZE-2 Java®} Smalltalk B]| 2~ E =& ¢ 9T oA 28 & ¢ B H2AE =8 JYa

H2ES o 47 el w, e e me o] £ REA tA S Al oF gLtk Ze a9 e Ae
2E )5S B 2 MAER Aaskslof gt - Tel T ok uE 2219 e o e A
t5ehe AR/ ASUT (S BS A2 A A AEchwkz ] gRo)), EH ze a9 A
M5B W Ashe Aol o 2544 ghotof FLith o 2 SHel HlAE 7] 7H BA o H 7] wE Uk,
=

1 -g]cczqoz]uﬂo]ialnl_q_ 4,1—7]'02 %

if name_ == "_ _main_ ":
main_logic ()

zza3e) vo 2E stde] ¥ AX W e 5 Ay
Jetzz ol b 42 B9 2ex Fa) B 202 THH W, o] 324G YA B AE ¥4 8
Aok gtk S HAES AT HAE 29 EE 2 RER VD + AUtk o AL
Be A Y el Ak, sholdo] o} 1A% R AR W o] EHES GH Uk Z2 e 1E"9)
A HAE S5 AAdst] I 92 A H SHL A A = syt B2 E gA 2 43S
Z7)o) A 7l W E Atk
Z22 39 wdl BEo] ofd “A W BE” = ZEY AA HAEZ 28E 55U th
if name_ == "_ _main_ ":

self_test ()
BAE )R A o) 2% 4T AT T2 IYRAE So| O R THY THA AE| o A8 AHS
sto] Q) F QIEF o] A5 AFEE gl W HHAES 5 Y5yt

422 ErEz oz AYAE oA WEUR

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

4.2. AwrAQ e] 55
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423 3 ol shte] 7] GBS W gL R

Y2 Agol= 2 71x sl A Ho] AHUh cursesE AFR3Ho] o] FAL FFFE= AL hEA|
curses= Wl 7) o] AAFs] 2 R E U}

4.3 ~A¥ =

_thread 2E9] o}d threading EE& AF&3HAA] 2. threading R E2 _thread EEo] Al &3t

A%z weu e 9o #e s #4388 75 g

432 A 2AEA b FAE AP A g A ZEUTH: o) U792

Mol 2E s FRE A, BE AA S FHUD W9 2d S0 0T B AY5 o], Ad =}
e e 2B Azke] GhgUTh
e gL m2ay Bol BE AdEst #RE BE 383 0 FHS S5 AgUh

import threading, time

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

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

B2, 81lege (1Q) & o= 4

T o] Al (B2 ZAZNA) 2d == HEE AYH A g, st Ho) St a8 02 Ads =
2AEH 7t o)A 2 =7 BE 2 w7 A A 28 =8 A7

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

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

time.sleep(10)

time.sleep() S 93 £& A S 224 o4, A5 Antzo] WAUZ
k. & 744 ofol e 3

F7vsHA star, v
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H
W
w

of o] 2l A} Ael = zboll 24lE oA Wl LI

£ concurrent. futures 28, £3] ThreadPoolExecutor S 2E AFL3E= A Y

N
N
ol Sox
b
o
oL
L

2|

) G3e) B2 AR Aol sl w, A w22 A Y S LU queve BES A5
9252 ZYPFE FE BEAA L. Quene T2 AN BEL FASL Fo FBL sk

put (obj) WA=} 0|8 MAFE get ) WA SE REUTh Feh2t 2 G4jo] Fos) & A

A9E =2 st o 9e e 52 el

2t olg SW ke 2a Ut

import threading, queue, time

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

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers
for i in range(5):

t = threading.Thread (target=worker, name='worker 2i' % (i+1))
t.start ()

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

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

AR Tt 2L Eol 4

o,

gk

Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping
Worker <Thread(worker
Worker <Thread (worker
Worker <Thread (worker
Worker <Thread(worker
(
(

started 130283832797456)> running with argument
started 130283824404752)> running with argument
started 130283816012048)> running with argument
started 130283807619344)> running with argument
started 130283799226640)> running with argument
started 130283832797456)> running with argument

~

~

~

Worker <Thread (worker
Worker <Thread (worker

~

= o w N
~

~

g w N e O

43. ~¥= 57
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AT G- 285 APAE FXAEA L. Quene FH 2t 750 TFT U &S Al T

WEA oz Ao dE el H S(GIL) o] AHg5 o] gk Hof 3tife] g = Tk 5ho]H VMo A A s =5
FUTh dtH o2, ol M2 HlolE I = ”é?%oi% Aol At 2 = 7 AZS A3 UL sys.
setswitchinterval () 2 53 4oty 2F AR E AT 4 A5 Ut welkA ZF vlolE I =
ggojel 7 g ol EEetE REC T T =& 9] JEEJ%‘/] H o A DA} x*‘ﬂq“/}
o|E2H O 7, o] A2 A A WA 7] A= PVM HEO|E I = L& o 5t A &3t o] 5| 7} F g i
AL JugUch AFH o2&, o] A2 “d Pﬂoiiol“”‘%ﬂﬁﬂ oY (F, B2k, gV E 5)
o] 4 WMo e 2Fo] AA 2 YA A LS ]y

S So], Thg AL B F A2 AJUTH(L, L1, L2= A E, D, DI, D2 gAY, x, y= AA, i, j&=
A=dYyth:

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

x = L[1i]

x = L.pop ()
L1[i:j] = L2
L.sort ()

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

AT L ohdYTh:

i =i+l

L.append (L[—-11])

L{i] = L[J]

D[x] = D[x] + 1

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

count reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists.
‘When in doubt, use a mutex!

435 A QE|LelE] B2 AAT 5 &I

A9 H 2 el S5(GIL) & 55 ko] A= ths Z 2 A A AW 7] Alof] 3}o] W& vl x| sh+= d] Walf 7} Atk
1A AFUTE (AQ) BE Fto] A FEZFGILS F L U= Fetoll A ddste] 31 el A, th5 28| = o] A
ZgIWo] AP 2 A 8] CPURE AFE-517] o & 9l Y Th
ﬁ]"’]”ﬁ 1.5 Al "o, Greg Stein-& A A 2 GIL= Al At Al Ee Fo & thAl| st =24 < s 4] =3 (“A}
E 2 /\fl‘ﬂ 9”9 X)) & F+d A5 Yt Adam Olsen2 Z = 12] python-safethread —TE@,E |
=T3PPS UTE EPJS| 5, FAFE EFGIL A AE Bt o] Za3t AU 59 &
aiﬁﬂc dsol wAs] BolHFUT (Ao =30% ¥ =HYTh.
A thE CPU 7| Aol A Sto] M S A& A8 o+ gltke 52 obd Ut of 8 28 = oAl
oAy Z2MAE ZIYPE BTt F S T oF FUth. M2 concurrent. futures EE9
ProcessPoolExecutor Sf&E 1‘%'4—7‘]] e A2 U S Al TR UTH multiprocessing &2
2 fasf Ao gt Aol & o 4w & § & A+ APIE AT o
C S AF oA ASdh= 2= =& o] FUth; C 275 ARg-ste] Al 7ho] 2
]
o]

[
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rXL mz
[e3

ZF

A
o2t
ok
g_EL

2
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1% glo
ok

e 98 2 =7hC mEof 9t 59 GILS AL ThE 2 =7} ol

o o ¢l
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S
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ES
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=

& AU z1ibot hashlibfl 22 dF EF 2ho] B2 REL ©]

o]
GIL2 AT o] opet I 2288 e FofofoF Bhrhar Al b= Ut
AAE FHE T AFUT 235, o] A= doj 2 7ol flsUth B 4
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HE 7HA 3 Q7] i 2oll, 4G 4] Zfd el 2 AYGUth A& 50, 22 A5} g2 A o] 7HA
=AU t}; o] 83t A= e =2 E] AE] 2 o] =38 oF gt} o= 7“xﬂ 3 oll &= ZHA| ZH-i- F5 (free list) ©]
AsUth o] A 552 A Z 2| e = o] F3l oF T} o] ™ *‘EE ALH Uk

T2 3 A FFAE B2 BAS QA WR, F A A A B YA GG UTh
AR G2 ool 3ol 1B A A el S Qe zel e Aelol AR E WAL+ Ui AR}
o

e e 4455 gl

=
Iz U}Xl‘““’i AT FEHE T/ e UF dHZHE 2 Avd, A4 dE =g HE E R
o

<]

44 Jd3} 59

441 5192 o YA AAGUZR (29 2 THE 5 AEE)

os.remove (filename) ©]W os.unlink (filename) & AR SHH A2 ; AH A= os E’_%%
AN 9. F B4E FQTUDH unlink (& B3l o] Forol o 92

He g e Al Aste |, os. rmdir ( /\}*Q“ StHAlL; W58 W os.mkdir () = AHE A Al 2. os.
makedirs (path) & S 3HA] &= path-/] 7Y dE g & 5 Yt os.removedirs (path) & H]
of e g X d A E A AGUTE AA B g Eglet 2 W85 A6 ™ shutil. rmtree ()
2B L.

=3
o},

9l o] 52 vl 3 W os.rename (old_path, new_path) & AF&SHHA] L.

HdE A2, f = open(filename, "rb+")E AFESte] 1 f.truncate (offset) S AFE
SHA Al 2 offset o] 7] & gk A &AM (seek) A YUTE os.open() o2 ¥ 3AY A os.
ftruncate (fd, offset) & QJ\QL]D]- oA 7| A fde 34 7= A (FHE ) dYth

shutil ZEY %X copyfile (), copytree () ¥ rmtree () & 283 FJ Ao A F5 3l B2 71

ZAH O dFUth

44.2 5L oW BAGU7?

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.

443 wrolu ] HlolE & 9 (T 25) WS YR

E s uloly g dlolE AL dAUY28W, struct B E
HolE] (2% 54h & E ek RALS AN ko1l A2
Fssuct

A5 S0, ths =& ahdol A | ATyt F A9 7 7] 8] 2-vlo] E 49} 5hito] 4-nfol E A4 E Q5
Ytk

import struct

with open(filename, "rb") as f:
s = f.read(8)
X, y, z = struct.unpack(">hhl", s)
W FAEY > & ] drctolHE ZAd YT 4 ‘b= b “EHE (short) (2 HEOI E) E
9la1, T2 ER A A St “7] (long) A4 (dHE| E) & LT
B% 72 A dlo Bl (o] & Sol it} float®] 5% 2| 2E)9] B¢, array RES AT SE duth

4.4, Y3} 29 59
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Zar: vlojy g HlolElE ¢lal 28, viol v 2] RER 3td-5 Fojof U Th (o] 71 A=, "rb" & open ()
o7 ﬂﬂz}w:}) A " (7] B ZH S AFR S, ol HIAE RE R AT f.read () = bytes A
Al str AR E dHeh T

4.4.4 os.popen() o2 THE slo] o A os.read() & AHEE 4 gl AAMH BTl
o J 72

os.read ()= <4d 3}dS e 22 H 42 3 7)1 AHE A o= AeE T Ut os.popen ()
2 W open () fé}-r o] A “Pﬁr?} J_’)rQ% P 314+F 39 AAE THE YT mekA, os.popen ()
S 2 g0l Xl o] Z pol| A nvlo| EE ¢l 08 ¥, p.read (n) & AHS3f oF FUTh

4.45 % (RS232) EEo] o] B A 2172

For Win32, OSX, Linux, BSD, Jython, IronPython:
https://pypi.org/project/pyserial/
$j222) %%, Mitch Chapman®] $= 9 7 X B-& #2314 A &

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

4.4.6 9J sys.stdout(stdin, stderr) & Polx &3] 2] &1 7)2

shold 51 A A A4E C H A1 &R 14E 245 ASIUT

WA open () 848 T8 ol Mol A wm i3 512l AA9) 3, . close () £ ol 1l o AA| &
sholme] Brlol A B A2 EASL R C 2 YEE Gk o] 2L £7 Ahulx
o £9] 53] Aol A A5 o = Aol = gk,

22} stdin, stdout @ stderr-& I}o]| W o A EW5HA A 2lE =4, C DA o] S A E43) A
7] W= d Ytk sys.stdout.close()§ AP 3HH Fhol AW L% 5k AL @E Ao B ¥
AF#E C 3t 7| AHE &2 g5

o Al 747 % Shitoll Th B C 54 /16 AE Do el W, WA o] Ao] B oje o] Hu AL AAA
shelslof FhiTh(e] & 5o, VO S astel: g BEol 52 4 A5 UTh. 280hY, os.close ()
£ AFgEIAA

RCA
e
N

>
gi

i

?
N
e

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

EEXAZTO0 132

M)
it

2788 4 A5

rlr

45 Y EIF/AEY Z 2 Tv

4.5.1 slo]Holi= o WWW E 7} Q15U 7)?

ghol B & g ¥ ¥ A )7 <29 internet 3} netdata S %37— AN L. FolR = AW &3 ZFo|dE
S A A FEoeH B0l He W2 280l dsuth

AHg 7158 =8 4 = 2 9k Paul Boddie 7} https://wiki.python.org/moin/WebProgrammingof| A - A]
Pl o)

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
202102241836 19/http://phaseit.net/claird/comp.lang.python/web_python.
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452 CGl Z A 22 ojd7 Fu d 2 94 U7 (METHOD=POST)?

£2POST 8 27 9 5I01 A8 A 23 At o 4 e 47 $AT 5 YL e A& 227
1311742
. 2 urllib.request & AFE3tE sk o Ao

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

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

# connect and send the server a path
req = urllib.request.urlopen ('http://www.some-server.out—there'
'/cgi-bin/some-cgi-script', data=gs)
with req:
msg, hdrs = reqg.read(), reg.info()

J

AdutA o 2 HAE AFJH POST A4Le] A, He] EXAFE 2 urllib.parse.urlencode () & A&
Slod Q1R of THofl Fo T A L. o] & E0], name=Guy Steele, Jr. S HUz:

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

o] ®7]:
FH 8 o = urllib-howto2 FZ3H4 Al 2.

453 HTML A4S 9l5) o]® B E-S ALg3of F7}2

Web Programming wiki page| Al 83t 33 Z2& 22 4 5 Th

45.4 shoW 22 o)A WAL w2l W oA a0k F7?

EF TholHe ] 28 smtplibE AHESHAIAl L.
T2 o & Ag e )¢ ke Tl a4 W L B 7 AUk of W SMTP 221 A Ushe BE
FrEo|Aq AE P Th
N

import sys, smtplib
fromaddr = input ("From: ")
toaddrs = input ("To: ").split(',"'")
print ("Enter message, end with ~D:")
msg: T
while True:

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

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

- HMEYI/RIHY 22 727 61
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frd 2 A& b2 sendmail & AHE- U T sendmail Z 2 710 0] 9] X = A] A"l wjrh "4’%‘4 1=
/usr/lib/sendmail, |2+ /usr/sbin/sendmail. sendmail W]+ <& #H o] X7} =&0] E AU
MEFIE+= o3 25Ut

i) r]r

import os

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

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

p.write("To: receiverQRexample.com\n")

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

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

.write ("Some text\n")

p.write ("some more text\n")
sts = p.close()
if sts != 0:

print ("Sendmail exit status", sts)

455 272 connect() Wl Al = ol A B2 7 ssleiw oA alof Tz

select BE°] 279 8|57 /OE A A3+ o £ AFREEH YT}

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

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

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

4.6 t|o]eluo)lA

4.6.1 st Tl ElMlo] & 7] Aol ThE QTE|H o] A7} AL U742

of.

DBM¥} GDBMZL T A3 7]Hk s Al o] U3t QB H| o] AE T Fo]# o 3
718 AA Y d| o] ElH o] A S A F 3= sqlite3 REE YHY

t}.
o R A E Eﬂ ol Ej ¥ o] 2 of tff St 2] @ o] AT Ut} AFA| S W82 DatabaseProgramming wiki page &
Tz

kel

e o] YUt A Tlaz
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T2 ol A= vl A A Ao AL (o] de] dd 9, 22 e A
%ixl 1h), shelve 2}o] H 2] 252 pickled} (g)dbme AH-E-3tof 2] 9] vho] i

22 A AZE 5 4
AAE Z33l= 42 (persistent) "] F S HEU T

471 shol Aol A 445 oA B FU7

®F EE randome G A7 E T FY L A2 sl o

import random
random.random ()

AL [0,1) B9 FAY HF 45 £AE BB
o% 2]

2)
ol REolethe B2 S+ 44717 3

th 7+
e randrange (a, = la,b) Y9 A& A
* uniform(a, b)<[ab) FH FF 274 AE AT U
e normalvariate (mean, sdev)+E A (7}FAIH EXEAMEZHT Y

AR D5E P AL A4 A5 I 7

* choice (8) & Fo X Al A2 A F29] 84 S5 A= Th
* shuffle (L) 2 B 2EE AR A A5UTh & FAHZ A& vy th
=Y Al o7 7H91 G B4 71E TET) 8 dad s 31 F 4 9l Random F A% YFU T
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51 Cz Uyt & ¥s 5 AF5U71?

JEFYLh 5, Mg, o H AR ANEZEL PSS 2= WH RESCEUNE ST
iMw%Hﬂ”mﬂﬂ“Sq

o) Saoly g sholf A A A= o] FAE o

5 Yt} extending-

E&

i
pa}
iAs
<
£

5.2 Ci+2 Ujuke] F42 5 5 AS U7

J2F5 YT C++ol = CERA 752 AUt ko] JEF = (include) 31 9] ofl extern "C"
{ £ W A8k ,q-O] RHRAHZH7F & 72t & Yol extern "C"E WA SHAUAI L. BAAE

} s
A o] U} A A (static) C++ A & th7h £ 4 zo] obgy]

—

53 C2 2& AL o]P &t vkl &7

Sashel s Aeiol whek, of 2 & Wl C 338 B of el 1A kel gtk

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

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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5.4 CollA] 4ele] sho]® EFe oAl AP 5 A&7

o] & 35t = H A & g4 E=PyRun_SimpleString () ©]H, 0] 25 _ main_ o] AEHAE A
A4 B EA S Ao $ 0% WAL GyntanerrorS XS ola)} g
-1& HkEshch o W Aol E Y3, PyRun_String () 2 AF&SHA A 2 ; Python/pythonrun. c
o 1= PyRun_SimpleString () &8 FRIFAA L

01
U'I
9]
RS
2
19,
lo
lo
i)
2
Fkl

AL oA B 5 AEUR

AEANA Y2 PyRun_String () & start 7] & Py_eval_input2 AFE3le] SE3HH AL,
£ R, 715 g S NEH

5.6 shol® 27| o] 4] CZHL oY A 22 F72

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

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

AR HE& 7“}6}34 H, WA NULLo] obd %] #2138 t}2 PyBytes_Check (), PyTuple_Check (),
PyList_ Check() =S8 AL IR L

429 FA A H o] AT A|F Sk o] W AR o] T $F 1 4F APIE Y5 U TH-AHA 8 &2 Include/
abstract.hd 24 A L. PySequence_Length (),PySequence_GetItem() S} % %EEEE’_
= 22 0] sho] # A A0 O E] 5] 12 F 4 51 ok b2} S yNumber_ Index( ) =)} PyMap-
ngAPIJ gy g2 g2 U S T2 EZS AT h

5.7 Py_BuildValue() & A§3to] 42| Zole] REE wh=
ol el 7}?

28 % vk B4l pyTuple_Pack ()& AHESHAI A 2.

rlr
ok
¥
rlo
4

5.8 Coll 4] WA 2] v =8 oA 55T

PyObject_CallMethod () T4+ A2 4o HAEE

S 338k ol A 5 Y Th v W
L AA, 52 v A =9 o] 2 py_Buildvalue () o AH&E E

i% . o =
AT L TR EAD D AR P

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

2y
tlo

HAEZ e BE AA A A5t - Wolu A2 Ao =% 25k nks
Py_DECREF () & A -2 o 2| oA Ql5uth

o & 501, A2 10,022 5t A “seek” MINE=E T &5 W (5L AA| ZAE 7 b 7 )
oh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...
}
else {
Py_DECREF (res) ;

}

PyObject_CallObject ()£ T4 AR HE of
format & & “()”E AEslaL, shuho] AIAE TS T

5.9 PyErr_Print() ¢] &3 (== stdout/stderr 2 2135 =2 & 7)) & o
A A5 7R

ol ZEOA, write () HIAEE A D3t AAE FIHAHA L. o] AAE sys.stdoutH sys.
stderrel t J3H Al L. prmt errorE TS AU TF Ed o] WA YF o] AFHEF FAAL.
aud 28 oy B write () MM EZFHUE X2 T

olgdA st= M A WL i0.Stringlo EHAE A= AY YT

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

22 AP e F Y AR B AA = ok 2 h

>>> 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 CollA] slo]x o g ZAJE R E o] DA HAAF7I2

che 2ol BE AR e £AHE AL 4+ AF Uk

[module = PyImport_TImportModule ("<modulename>") ; }
5L obd YJEE 32 $%OW (F, sys.moduleso] 44 YOH), o] AL BEL 27T th
IR 20 <=3 sys.modules["<modulename>"]19] ZH& WU} o] A2 2 ES o]H o] &
BT 9A FLol F2) oA 2 - DA 27134E £ 813 sys.moduleso] A 4H £ gt

I 7ol RE o EFFE(H RE YA E o]F) ol ML 5 Jd5unh:

.
r®
=
o
o

5.9. PyErr_Print() ¢] & (£ stdout/stderr 2 Q1 == & ) S o9A ZF5 U712 67



Python Frequently Asked Questions, 2]~ 3.11.8

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

25 = Ao thYd7] 93 PpyObject_SetAttrString () & T=&3}

rr

A A5

5.11 5}o] Aol 4] Ca+ Aol o] B A AE] o] 2 FLI71?

27 AFol mek ol 74 H2 A o] AU ©] YL S FOR ST W, I AL P R A
9 202 AR A S Shol A FIEFY A2 81€] B9 C9h Crt Aol & 2 2ho] 7} Girke A& 4
AN S - mehA] C T2A (ZUH) BS FHOE AL Shol A BE AYSHE A o] Cor 4%

2 gk

Crv BolBeele] A%, 08 2t A8 o 5L th thero] I 7RE BashalA L.
5.12 Setup 5} & A}-&3to] BES F7F3=tl make 7} A s g c}; o}
wA=-S KA

Setup-> 7§ & & Frtof &t 7 o] gl
A2 A AT HE |7 o] B, o] W

5yt

5.13 2732 o)A TIm FFIAR

Ao 2EH 40| GDBE AHS S wl, o]l 2Ed wj7hx] 3o IS AT 5 s Uk

_gdbinit LA (E& BIA 0 2) 0h S F A L

[br _PyImport_LoadDynamicModule

a9 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

514 252 A 2" A slo] X RES Auldsta AT, i 51 o]

dsdth A 2547

o) £ 1A vl L vl B2 Aok sk v BT ThFR 91U o] £E /usr/lib/
python2.x/config/ vl el 27} £ 3= o] 9% ehrvivh.
A= A9, DL AL 20 # B python-devel RPM-S 4 X 5441 A1 2.

o8] ¢te] A9, apt-get install python-devE A3 3A A Q.
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5.15 “Z2H 77 B AAT ALY oA TEY 4 YLK

A2 ol 5 Az el 5 e olze
eI Sof, i 2o A2 QDAY B AT AL IR EE DA e w) A% 28
EAISAT, o] FEAA GO B ZA] 2 ol# WA E EA

AL = IDLE° 0174 = AHEEY

Coll A ]""q?ﬂ 3= 71 412 WL PyRun_InteractiveLoop () & S§&3}1 (o}l HE 2] A = o
A, 3tol A Qe Z el 7} 9 % g 3t=E 3= A Yyt PyOoS_ReadlineFunctionPointer ()
7h A2 AR AY Y F4E MY =S AT = 5 YT AASE 1 E= Modules/
readline.c®} Parser/myreadline.cE ZTZ3IAHAIL

5.16 A o] % 2] 94L& g++ 7|5 _ builtin_newy} _ pure_virtual & o] ®
A 2g 5 &
g+ FFRELS FH o 2, do| A oA A LS, g++E ARS o] thA] 331 (ko] A

EE!
Modules Makeﬁleoﬂ /H LINKCCE ¥ 7 ‘6]-/;:} A 2), g++S AFESte] ol B B B4 R 5L Ao gt
(o] & E9¢],g++ -shared -o mymodule.so mymodule.o).

517 YR OIAEL C2 7R 2 9| e shol oz TR (A8
So] A44¢ Bal) A 2UAE BE 5 YH U

25Ut int, list, dict 53 22 WF ZH2E 45 5+ stk

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

5.15. “RE YT R AAT YY" S of

o

AFEE + AFU7? 69
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A% $ 7ol 2 FAQ

6.1 Aol A sl A =2 IR AW o] FA ok Tk

o] %L Bag AR o] ohduith, ofu] A= BE Tl =2 1YL AYsHE Ao 4% FHriH o
BE o] Y AQUTh 284 ghow, E 8 Aol 928 5 &t

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

[C:\>

otuf F27tth2y, A Fo 2 AL Jd& F stk 2HEE 33} 22 AS 94 B 5 A5 Y
t}:

[D:\YourName\Projects\Python>

A A7 WD 20 B 29k 20 A g Th AW o) d Fg ARk, sl 22 1
We AR EulztE A

sho]d 23 Y e shold Az elE eh BhE mE IRl A ABY B} ke AL T3 glofof
Uk Az B ATYEES ¢a, vlo]E HEE A5AST, vlo|E AEE Aol 2L
TE U 2Pk, A2 2 B4 shoal & Aejstelw ol YA FulaloF St AZ U

U, B Yol o SIS HA7IE A N2 AN A AR B 3 2
god 48 py & B3 return 7| = oF gt}

[C:\Users\YourName> Py

oh3t 2ol AR

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.

>>>

AHzHE “tgty Bere /\lﬂi‘i"qi} , Stold B oy A S Ao g gste] o 7]
St 20l Ao L BIAAD 5 A5 h o] AL Tl 0ol AR AE D A5 B Tk A @

7



Python Frequently Asked Questions, 2]~ 3.11.8

7HA) 48 A sl sk 1 ARE HARIA 9

>>> print ("Hello")

Hello
>>> "Hello" * 3
'HelloHelloHello'

W /\P%‘Ol 3ty REE AsiAE 22 aero] 7hs A= AR Ut ti3Y stol A
7]

A= E?‘F}E% W, exit () FFE SE}AYz & Y3 WA cerl 715 F 23 YA “Enter” 71 &
YUYy 222 ER Solghrh

3, A% > 2222 Python 3x » Python(B % &) vl AE T 22 X % vl GBS LR 4 9o,
I AZJ AN oA >>>2FZES E S "“4‘3} o] A%, exit () FE ZTE}AYCErl-2 & Y F
st ol Al Ut A= 011/‘1 ‘I:‘r"‘ “python” B &= A3 st= FolaL, JAHZ B E TESYH S
g ok

oAl py W o] JAAH o R, FAL G4l ol ATHES F F UsUTh Fo|H AT HE
Ao Az A AR A4 ok ¥ ATk FAS shol W 22U E S} hello.py 2 o B2 2
G gAaTEY YXsctr e, g 22z T ydEDd Z degon g e o] Y& o]
ENEES

[C:\Users\YourName> }

e o)A 23 YE A2 Hol py & YAske] oA 2TYEE AT A py BIS 23T
Ak

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

6.2 sholdl A2 Y= A U2 WS oA slof TR

AE oA F Fhol A x| A2 Ak o] 7] .py 322} 91 73 (Python File) & <
(D:\Program Files\Python\python.exe "%1" %*)& A 35l=open W2 I FI A&
Utk ol AL Y ZETEOA foopy I 2L ATYE AATNAL WEslo] FRFUL A
%10l “foo’ & & eho] A% =% 4145121 ¥ PATHEXT 27 15:0] .py & 713 of g .

6.3 o wiw] 2 Fho] WL X 2l Bl Al7ko] 2.7 AR

Quba 0 2 shol AL AL SO A] o whz A A2 A B, w2 shol AE A A o] 4747 2
A7kel ARtk M3 R A7 95U )@@ AL sholde] $ARA TAH A0 Mol e
AL S AN 2EAA T AF ] A2 U B 2520 vEUG

o] BAL A AFE vhol g A xS o] A2 A AP0 WASE 29 5 AF U 9
dfol g 2 £ Y ALHORRE 98 BE A2 BRUHYHES 20 FAY W F s
FRE AE S HI=E EYoht A0 FeiA Uk A2dolA wholg s GA AmE o]
T2 Folste] AAZ FASA FAH YA BARAN L. RE D A2T 47 42 AAFES
T8 A%, MeAfee = 53] 2418 Do v,
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6.4 Sholdl 2T Y=ol A A Y S BEL PHS FAYU7R

See I}olH A~z FlER =8 A vlo| ]S vEa W o] e A & oF g1 7}? for a list of tools that can be
used to make executables.

6.5 *.pyd 5122 DLL %} £ A& 7)?

o, .pyd I+Q-e dil o] 2wk, ® 7}x] xpo] A o] Y& Th wHeF Al o]
R A= A PyInit £00 () z&-’;g vkT A 742 31 9l o] oF du] o).
Lm, '4'01 A& (foo.py, foo.pyc 1k of1] 2}) foo.pyd & H AT o] aL, o] & WA s X 7]3}617] 9 5f
PyInit_foo () TESAEE AAYTLH 95204 DLL o] Z2A]E 2 738 2 0] 7] u] E9f .exe = foo.lib
o}y ashd oty

foo.pydol] thal AN A2 = A% L0 A foo.dll S 7 M3t o AFE 3= 4 &7} o} d PYTHONPATH ¢!
T L. =3 =2 T3S A8 E}) —AOH foo.pyd7} & 8+ AT 22 19 S dllF} F33F
Qo=dlle] L3YTh E&, import foo & 3}7] $J 8] A= foo.pyd 7} B LTl DLLO A & 7] A=
A FEOA _ declspec (dllexport) & AAFUrLh pydol| A 87| A= AHE 71531 S B2 o
Aolg

foo.pyd 8H= ©] 22 DLLS 7}
ZFAl2 Fho] A “import foo” & & 4

m[o

6.6 A=F &= sto]H g £t oD A 3 oF 72

AE S P4 shol A A= HE ZFSHel W b} 2ol LT 4 A5

1. Do not build Python into your .exe file directly. On Windows, Python must be a DLL to handle importing
modules that are themselves DLL’s. (This is the first key undocumented fact.) Instead, link to pythonNN.
dl1;itis typically installed in C: \Windows\System. NN is the Python version, a number such as “33”
for Python 3.3.

F7HA e oo FaF 4 JlsUth 25 B9 3 & pythonNN. 1ib o tist J3 &
./]U] 3}, HELY I E=pythonNN.dll o gt B3 E ol ujgyc}. (&t #31: pythonNN.1ib
= pythonNN.d11 o | F3t= 29 “import lib” Ut} 22 HAE 35 7|7 Ao gth

Aehgl 9aE 93 242 2 desyth BE A2 And Fol w4tk P9 =
= 959 LoadLibraryEx () FH & A2 3}o] pythonNN.d1ll & ZE&oF gt 7 3=
A5 @ GetProcAddress () FEHOA A& ZAEHE AR5} pythonNN.d11 (o] 2] C API)
o oA £ 9 o] 8 & AL ok T T vl 2L o]} e E B S Thol 4 C APIA] SEIS
ZESERE iE°ﬂ FEoHA A 5 sy

2. If you use SWIG, it is easy to create a Python “extension module” that will make the app’s data and methods

available to Python. SWIG will handle just about all the grungy details for you. The result is C code that you
link into your .exe file (!) You do not have to create a DLL file, and this also simpliﬁes linking.

3 SWIGE 8 259 ol £o] ek ol Fo] Reb & 275 Y4(C B8 A4 oI So,
2E9 o]&0]leo? AP, 27| THE 1n1tleo()E s} SWIG Aﬂ EH ~E AF2-3}HH9 initleoc()
2 Ut o] A2 ME Fe a7t /\F‘l“#~ fREE AN G FH2ERT ]E]rﬂ‘/”/}
2UAN A C EE e T FY S ot 2718 HE BEE Aol BES ol
aiﬁgza AT 5 Ao 7] R (o] o] BASHE A 22 F WA AL th

9 WA, P PAIS) B mE R shol A A T el E 27157 A8 b TEE AR

YA

#include <Python.h>

I“N'

b
lr\]
n

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

64. vtoldl 2ol A e TS BEE W AR 73
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5. 3}o] M 2] C APIo| & F 7}A] B4 7} 911, o] A2 B4l o] PythonNN.dI1E THE = o] A5 = 75}
] 9 MSVC o] 9] 9] Aot 2] & A-g3he B as) Yk
Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-

compiler environment because each compiler’s notion of a st ruct FILE will be different. From an imple-
mentation standpoint these are very low level functions.

A 2: W gho] void 1 C 2] e o € AT vl SWIGE a3 22 ZEE ATt

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

o]-O]- Py_None-2 pythonNN.dll 141—r.4 _Py_NoneStruct 2= 2318 ] o E] 2 0] o8 F 2 2 43}
£ W2 YT b oA, o D= We Aohd B4 4 AU B 22

;'Ei B A A 2

[return Py_Buildvalue (""); ]

A o] AL FAE A7) A= XA T SWIGY] stypemap B &= AMHE 8] A5 02 ¥ 7 8k= A o]
7Me A= EEYUTHA = &4 SWIG 2 H AU .

6. A= F U FoAA sfpol i A 2THEES AFGsto] sho] A IE 22 H Fe AA st AL F2 47
ol obd Yt A F2 Yo FA2HFAE =AY AUt 238, GA(E= WxPythonWindOW
S 2) 2 “native” I H 2 H F& whSofoF Pt o] F2 stol e Ze|E et ddsr] d5
Utk G2 ol 9] ifo 2 2171 % 27|18 AN R E AR 2 A AT 5 902 2 read()
write() W A = & ¥ 3842 vho] 4 23] (FF 2o Ao e gk

6.7 75717k Ul shol 4l 2ol 2 YA S SHel T o] g A 3o
Ui

FAQ+= H& AH8ohe Zls AgshA eron, stold 28 A (PEP 8 )&= 4 sho]xl I = o tjsf

4 7o) 25 ol2~E A3t} o] 3 Emacs python-mode 2] 7] k<] Ut}

7] Oﬂ/ﬂ B3} 2ol A2E T8k 7;‘1—8— T2 7ol obd Ut o] Hell A MSVC= th2 A ¢
&

] E A5 DA FAEAE YT 352 vk} S| B A Al L Tools » Options » Tabs, Z1LE] 11
“”Defaul 31 “Tab size” 2} “Indent size” =42 A A3}, “Insert spaces” & BT L HES Z

Lot 5 o
XL rlo

I-ﬂi

o

AT )

fo

3} Ag|o] AR 0F Al Zwlo] EA| 7
£ A A YT =3 tabnanny B E

.

<, 9}o]| M o] IndentationError L}
N2 R=o A t]dE e EE &g

SoE ox o (g

Q
o @l 1% me H i

=
Y
N

oy o o
HlIO —
T
)
o,
=)
rr
n: oﬁ,

L“rﬂ

4
bt
;0
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6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?

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

6.9. How do I solve the missing api-ms-win-crt-runtime-11-1-0.dll error? 75
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7.1 YubAIGUI A

7.2 What GUI toolkits exist for Python?

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

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

7.3 Tkinter 2 &

7.3.1 Tkinter -3-& 2 73 o]E A 117 (freeze) P 7}?
Freezet: 5 A3 §8 2219 g vt=+= =Y Uth Tkinter §8 T2 1S 1 HT o), 5§
S92 ol 4% Tloh Tk chol Helel 7 Ao atne A48 59 A8 d ol obg Tk

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

[kl

=

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

SAMo] 4314 TixE Y 3l11, 5to] M 2] Modules/tkappinit.c WH oA Tclsam_init () &
A A8} T2k, libtclsam 7} libtksam 7 3 Z 3H o) (Tix 2ho] B el 2l = Z 3t 4 gl th).

77
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732 VOE 7ittelE SATK o] MES AelES & 5 U7

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

7.3.3 Tkintero] 4| 7] n}Ql g o] 5281 2] 5 Uth: o]-77F FAUY 72

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

7h3 &3 A2 il g o] AL Aol “r]HE 2 AT gl AUt focus T F ol o @ Tk 4
ME AN 2. BE AL 0L 29T 0] 7| E 2ALE DS UTHE ] E2 ;
takefocus &S H A Al 2).
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sfolp e =2 e Adojduch B2 o2 S8 2 W AL FH YL ol 2 mj7] 2=
g 71 =38k 9 tf 5o /ﬂ% SIRsS MEZEH“J Ao} & A5 A 9k, Google, NASA X Lucasfilm Ltd. 2} Z+-&
XA HAE AZES HE%

8.2 U AFE o slo]H o] Ax]H o] &

rlr
—d
e,
z
L
3

shol Aol Al2glol AXx o] AT AT A1e0] Yobd, TFA D 5 Ut B A A5 g ol
91Utk
+ oluhE AFES] TE S A ZE 2L W9 Ao] S 1A AN YL AU Th 3L
Tﬂ AFEE AP AAREA F23 o Gk,
- AFH BN ANA GG 22T ol MO T AP G Oom, oA BN E ZFT S A%
o GUL 25 10904 11 A o) the) g ] A 28 8
Sl eh

o« 4R A= AFHo = ol o] AXH o] Ql5Uth o] 22 2= A F |, $el& Folx o] T4
Hewlett- Packardi} Compaq®] ZAFE ol U] &2 A5t £ 93] HP/Compaq 2] & = g8

7 sl oz A4 92 AUTh

¢ Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed
by default; it’s included in the base installation.
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8.3 slol e AAY 4 YHUAR

sholdlo] ot A A ol 2 95Ut

R YRR R AAFPo uﬂ olE BT o 07| o1 Al AT S QiU Tk AT oA, 7 o] o)
=239 274 A ool 28 A4Sl Al 2.

AAA 5§ Z2 YA st A AAATH, AAG += g 3§ =2 bt 455
A Btk shol A4S A4 AAGE A A 8 =219 A A =2 TR Aok g Th
stel el EIAAL BAASAAAL AAGE AL NGRS G5 AN G ol des
448 BE S HE AYHA Fow, 1% AL 523 5 A5 U BAL AEsEE oA
A2EE AP A o B 5 AU,
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>>>

2o s
c E027) 9 IE B TES QYT W, AL o) FE TEA(BE, BT, FBI) o]
sEgqe seo]e) A4 F9 T34y Ae] 8 sol W ZEZE.

2to3
ol 2x TEE Fo|H 3x TR ‘33%}"‘5} HA A3 =AU, &22E 77 BAL 7
4 EZE FA5A 75‘]%‘4\— A= R EY v sddS Ut
2t03 + EF #Hol B g oA 1ib2to3 2 ﬂllﬁw/} SHHACE AYT F Y= 2THEE
Tools/scripts/2to3 & Al-&H Yt} 2to3-reference = EA]}L

abstract base class (34} # o] 2 Fa| ~)
S o) 2t hasater () 2L T2 HIYE] BAFAY v REA ARE (I8 5
& H A=) -, A o]~ 7‘4-43}% Y-S ATTFozZAN G Ero]d & Hashth ABCE 7}
AR ;'?/H’\E ‘:C"J?ﬂ'—tﬂ ZHP2E A E5HA] "}qu/ﬂ_l_isinstance() 9} issubclass ()

Oﬂ o3 AAE 4 Ad+= :E:‘EHCC AUth abc B E AHYAE EAM 8. o= w2 W3 ABC
Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers BEEA]), 2ET (1o EEA), YT E 3} £ (importlib.abc EE o A)).
abc BES AMESA] A2 THY] ABCE THE 5 Y tth

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
ol &gt

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAd2 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

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

-

argument (¢l 2})

FrEE2YW U5 (EEWAD) 2 ASHE T FRY A4 A5
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7191 = QA A} (keyword argument): T T= o] A tt‘?<]-7]— Qroll L& 912} (o] & £ 0], name=) =
7

g e 2 ﬂﬁtﬂﬂiﬂﬂlﬂ“ A} 01] o], o= E‘écompleX() TEolA 33
5 EF7IHE dAd YL

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

‘complex(3, 5) J

_8{ jlgl
rO
2
N
N
o
-9
rc
O,
2
do
R
O,
B
il
rlo
ro,
2
B[
I
fo
2
o
=2

complex (* (3, 5))

AAF= T4 vt o] 82 A v hgF Uth o] Yol -85+ 7 2 5ol thaf Al
AL HAL. EHAoE oW 1% ES )

2R A=

Sl v FEFFAQ A < Ake} w7l ¥ 4= ©] A}o] & PEP 3625 H A Q.

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

asynchronous generator (8] 7] A4 ?,1] o] E])

Hl 5 7] Al & ol o] & o]E] & F+E T4 async def 2 FoH = IFEH T H Ho
=, async for FZ7} /\P%ﬂ" P A FES UIE L yield BHAAL 23T} Hol
o5y th

HEuls7] Aldd el &5 7 7| A R ol " Bl o A= v 5 7] Al el elH olE#olH &
ZHI AU o= ok= o n| 7 g &elA] 2 B, dAT Gl E MM RS gl Uth
vl 5 7] Ay oY gk await H A} async for 3} async with 28 X338 5 9%
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext___ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (V] 5 7] o]g]g] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter_ () and __anext__ () methods. __anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.
attribute (o] E 2] H =

A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] §J] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},
binary file (W}o] 2] 3}4)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary

mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (v} o] E G F A A))
bufferobjects & X]ﬂf"}J—C A5 HAE JAXE T S FULE o8 F memoryv1ew AA S
E 20|31l bytes, bytearray, array.array AA &L Y} H}O] EF AAE2 vlo]
g ol & T o8 717 Axbsel AH8E £ AdFUThH 945, vtol v e St E A, &
FHAEFE EL AE] dFUTH

=

tlo % rlo

H AWE-L vpol i el HolEl A Y B AGUT olF o) AHAL FF el
» 7] vlolEdE AA”y AT ) }‘?‘i bﬂfﬂ MA| o] o] 2= bytearray & bytearray 9
nenoryview 7t G YT, THE A% e wholue) Holel kSl A (417 A8 vhol =t
AR o AFEHE=E QUL o]H AE9 o2& bytes bytes A A 2] memoryview 7}
AEIES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A2 AL = v 2o o= A Rol A AR A H FE B4
class (22 2)
g7} o) S
cHAE Y=
class variable (22| A ¥H$)
2ol BYFH I FHHE T (F, FHLY A2 2o A7} of e} o A v A= = WS,
complex number (& 4 4%)
o153t A4 A 2Hle] G, BE £A7} A5 B
o] 315 B9 (19 AFD E FE A, 32 oAl
ol e Ao BIWE 2k Bard /2 A AT

b o
o ¢
5

AW

o
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o], 3+1j. math R 59 B4 5 HHo] BQ 5, cmathd AHEFUTH B4 E82
2 784 7 gtk d8stthal =71 A Zetthd, A Q] F4 5] FAIBE 54T
context manager (€ A E 3]z}

An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A El A E HS)

Ae Aol mhef hE ke 7hd 4 9 W4 ol 24 AR a7k vl sl ohE ghe Al 4
Do et 8 A5 oL b A AT BE B0, olikel A8 2] ol
GALEglg S olon AUAE Mao] 3 guE $A4 HIET HAAA WS FASE

Ayt contextvars 2 AR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contlguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
oAl A Al &8k @ E Ak 01“*‘/\-4 A E w22 v X5 of oF It thxkd C-A<5 i Dol A,
Azel a9 AU FEES PRS0 0D AY )b we g S Y, X2
S ol A, 3 WA A8} e g o,

coroutine (T &)
2 queee) o duse Fe Utk Are e A AFAA A ek w o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def 2o g 8T 4 95U th PEP 4925 H A Q.

coroutine function (7€ g4)
FEZE AR E ESF =T ZFYU G4 E=asyne def B0 2 AHo)E 4 911, await 2 async
for®tasync with 7|18 24T+ AFUTH o] 252 PEP 492 of 23] == A5 Utk
CPython

stolH 2w Adojo] FHAA LU, python orgo| Al Wl ZF Ut} o] 7
IronPython ¥} Z-& th-& A= 34 %Lté?‘;} 227} & uff & o] “CPython” o] AL&E Y

decorator (t]) 8] o] E])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] EH EG& of = classmethod () & staticmethod () YU Th

ol 2L BA Ao BPY BYUh oS F 4 AL v o 5Pk

&S Jython o]}
=

<

s N

def f (arqg):

staticmethod (£f)

£

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] 232 HE])
Any object which defines the methods __get__ (), __set__(),or __delete__ (). When a class at-
tribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

H2age e qA=Eo o g 24| 8 U §-2 descriptors U T2 T HE] ARSEH bl Aol U3 Y T

dictionary (9 A 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (€] 4] 2] #H = 2] 3l A)
o H e Gt 84 AL} ARE Aelsn AFE e YA LS NBFHE 1A
results = {n: n ** 2 for n in range(10)}<2 Fkn ** =
Ay gl E AU o) comprehensions & 2 3 Al 2.

dictionary view (5 A 2] H)
dict.keys (),dict.values(),dict.items () HAEZ} E8F= AAES I Hetn
EEUTH o AEL 9V FHE e 54 HE ATt 94Ut A48 W, 57}
o] M3l W Brh YU GAUY HE AT 2 2ER wRYE List (dictview) B
AFR-3FH FH U ). dict-views S H A 8.

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (< €}¢]3)

SulE AEF o)A S R EA sl AR P& BA G z2 Y 2EY; A, T
HAEY O ERHET SEHAY AL UTH LAY Holw 22 H AAuirid, 142
2Pk EAF F tjalol] B o] AE FEFo e, F AAY TEE Y H A (2L F e
2R #A4E M 5 AdsUth 9 BolF-& type () °|} isinstance () & AHES AAE
93T} (3hA1 8 Bol o] 24k v|o] A Zel s 2 BeE 5 9l g ol 498 of gtk thAle],

hasattr () AAFPVEAFP T2 18-S &t}

EAFP
s H}= §4 5 F317] 71 4 v} (Easier to ask for forgiveness than permission). ©] Z3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Ut o] 2835t w2 AEd L B2 try@lexcept B EAZ EA AR UL} o] HIZ
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (.3 2))

i o>
flo T 30
A

1

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
zrAozg BRE Ao FAES A A AL ofdyth whileXq, EHA 02 AT 4+ Q=
T sl dHsuth o =3 FAFo)ar, xd A o] ol d Yy

extension module (&% 2 &)

f-string (f-2=2}49)
EU R B ] B BAE EHYES T3] -G o Bt Fatd, 29 £A Y 2 EH Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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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_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}21t))
Ared BEe A o & 2odn Awss 4.

stol® 33, o] m E E220] 5107 Y& T sys.meta_path 9 37 AFLE= HEF A=
51T 9} sys.path_hooks I} 7 AHg3HE A2 dEE 5hlH.

o #FA 3 U2 PEP 302, PEP 420, PEP 451 o] U8t}

floor division (A< U=Al)
7V 7V A2 W E s &

#8HA UeAl. A4 vl A4k // o g Eo), B84 11 //
4 7re 27 2]l A4 =Moo
o 2 27k A AR, A e

755 EHE Utk (-11) // 47}-2.758 W& 3 -39]

Aol ‘rr-/] afj oF gt PEP 23 AlL.
function (g+4)
SEAANA E 3 EE T dHY 2. LAY T o] Y A 7FAEE 5 Y=, iy g
Ao AF2E 4 Qs yth v 74 9 WA = 9} function A E HA L.
function annotation (T4~ o] - ¥ o] A)
S wj A A S ukek ghe] of e o] A
P4 olmHo]de AMA o o dE 2 ALH Utk o & Sol, o]l F5E F AL int ARFE
wol5 e Aoz 7t 1, S int B S E A= At E YT
def sum_two_numbers(a: int, b: int) -> int:

return a + b

& o] mH| o] A B2 function Z ol Al A g}

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

future
A future statement, from __ future__  import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

A+ dsUch
generator (%] ] & o] E])

Ael ol E o Edo) e & BelFEe B A3 A , g weEx
EHAL EFATHE Aol HEUT o] EL for-FZ 2 ALE 57 U next () F42 o Wlof sttt

8 AY 5 Y

BB A o) E $5E 71 A A, o @ o] = AU el E olg el o H & 72 AUtk o =
ah oful 7} WEEA) 3L AL, FHT §o)E A EEFES QAT

generator iterator (A 1]z o] €] o] €]& o] E])
Zﬂ Lﬂ &l o] E% 5‘;}/\ 7]_ ol = 7 iﬂ
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Zhyielde AIA L& Ae|E F&etaL, 2 A (A HesR 7] S uy-FE5& TT5He)
AW A E 71 FUch AYdeld ojHe oy 7 AN, Bt o E B FUTH(ZE vt
A= A2k ek thu) g U Th.

generator expression (xi] Hdole] £84)
olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
=T °“:‘P4fﬂ*‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

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

b

5. 5E W o H THo] AR L

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

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
% ol 2.4 Shujsl 2A| = sl vlol = 7= § AYSES WA A5 CPyon A =2
B 7k A8 S B AV S (dict st 2 FR 8 & st AH o] HAH L2 5
o 4] 0] £} 93 % §HE-0] A CPython 73 A B o Qe Z e e AA g s
AL JHZEE & thFad =3er] A vt g4, ths iEHW 71 A7} St HE A Y
O i R g A=
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

(@A ¢ v A -5}71] F4 d ol HE F1E) “Ad & o A 2 -& (free-threaded)” QB Z 2] ] S W+ 11 A}
st A =g AFHolA] X, Tt 22 AMA ALY 45 A7t AE ] i
Yt o] 4% ] €35‘3}% AL 7S W B35 whEoi A 7 A H]'Q“O]‘:ﬂ sz esw
o] AL ;l [BR=

hash-based pyc (3} X] 7] 4} pyc)
‘rrE/H S IH37] fel S A 5o HF A Al o] obd S Al E AFSEHE HEo | E I E A
. pyc-invalidation 2 %% 3}A] 2.

hashable (8]] Al 7Hs)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz sfA gk AFE st ol = Yo
52 stej o] X WZ AAE2 Al 7Hs FuHh (Rl2Eu gAY e Z22) 7 AH ol s2
a8 dFUth (FEotfrozenset 2-2) B¥ AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felne] Aol AAEE ARA 02 HA STt (4]
AN g Algetils) BF 2l v aE AL, A g2 id () 2 R BEol Yt

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

£

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢} %
@;7]3}3}0] A AME= AAS (E= A2 QE

2] 9
path X8 S5 SA% AL A4 39 3

@i

importing (2 3 €)

3 R EQ glo]lH FEVITE REQ glo|H FEA ALLE F JEE 3= F A}
importer (¢} Z€])

EEE 37| = st 2E 817
interactive (¢} &3)

gho] & o513 ez 2] E

=
=
i, %7 AWE A7 B 5

bt
ok
rlr

AR; Ao Tl o)A =1 AA YTk

]

3 gled), AEEelE 2ol 2 XA 49U 2
che Sk 94 flo] ©A) pythong AT 2 (AFE
7 =

Fulirol A Ad e A% 5@ 4 A5 Urh. Al choltolE AAeA L BE R 917148 Sol
T E = v 28 g 3 QU th (help (x) & 719 38HA1 2).

interpreted (21 €] Z 2] &)
Bpo| = 3= 751 )9 24 o] 2 PHo] 5 2% A7) 87 7, shol W2 A} Qo] 7} ohy]
g olezed Aol gtk o AS WA RO T A AL BEA Gk, £ AL M H ARG
FATE=EdUth 2 22330 F = H e ASd

AojEoh g2 Wd/yH 3 71 €zt o

interpreter shutdown (Q1E]Z2]E] £ 8)
Botgte S WS u, Sto] A A ZEH =

223 | aaza%@uw»w+AMﬂTﬂﬂ
A2 W 52T A4 4o 73 A} weakref 2 o] Y= FES AWE AHALD 5 %5
Utk 8 A7) 5 ARE & TEE ke o9 52 v 4= gl 1A o] o EdE RS0
o 7155k 9L 4 917 MU THE S o= gholBele REo} A1 FAEUTh

JHZEH £E2 FH 92 A= __main_ BEINU2IHEAIY S ZYE AGUTh

iterable (o] €] 2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha __getitem__ () method that implements sequence
semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator (o] €] & o] ¥])

An object representing a stream of data. Repeated calls to the iterator’s ___next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T Z}A 3 W& 0] 9l Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] $] & 21 z})
12 & HA L.

lambda (&t}
529 0 gro] FAAL e HA4 0 PAE ol F Y Ak B4 BT FLE BEL
EHL lambda [parameters]: expression Yt}

LBYL
5 7] Aol B 2} (Look before you leap). ©] T ~ElI 2 T E oY 23| & 517] Aoj YA FH oz ALA
ZAES AAUTE o] 28 Y2 EAFP @%%‘#W“]QL, g2 if 7o EME EZA P YT
s 2= 27 °1V%LBYL A2 “HI77 <R 77 kol A 20 WA 2 AF %1%14
th o & 9], FE if key in mapping: return mappinglkey] & ZAA} o, 3}X 2 23]
Ao, o2 28 =7 keyE mappmgq]/ﬂ A ASH Ao 5 5yt ol# o5+ F o]} EAFP
NS ST A2 4+ AL

list (F]2E

A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] A E A 2|3 A)
AALY L A5 AR EL ARE An 1 ATNE JAER FeiF RS
["{:#04x}"'.format for x in range (256) if x % 2 == 0] &

=

2
Nm
UlH
S
-
o
=
30

(x)
CR2E0] 1605 (0c) £ TR AU o228 BEUL i1 2
7§ 2kl H, range (256) ol = EE 847 A Ut

loader (2¢])
BES 223+ AA|. load_module () O]+ ]%—9/] HAEE Aodor Ut 2= BHE 3}
ol 7k =¥ E Ut AASEF H L2 PEP 302 &, A vo] A~ Z8 2 & importlib.abe.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (v} 2 v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path & ZMo] T+ selv]. Wet A2 St 4= dEg] 32T of AAH o
9171 % B A b,
H el A2 3t 7 A= A =S el A= importlib.abc.MetaPathFinder & X W
U,

metaclass (W€} 2 2)

¢

Zej2 Ses Ses s S ol F, FUs YA, o2 S 25 B2 B
WEf o)At o Al AAHE Wobx] el AR TE A ele ATk BlRR o) A7) A9y Zz e
Y doj 5L /) T AL AFGUT st AL BWH BEL AL ALY e FHLE BE S
ohe AYUTE R g Aol AL o] £/ AF B AW, B2 D 0, e Se st
A3 Sobat M-S AFFUTH o= RE AA 29 27 (ogging). 2 = A F7,
AH AY FH, JFE AT B THE Ao AHEFE L

o

metaclasses O A T ZFA| 8 U &2 22 4 914 T}

method (W] 4] &)
Ze)2 o) oA A H & P 1 Fel 2o o
A WHA AR} (RF self
BA L.

method resolution order (W] A & Z2 A £ 4])
]

HYAE 2 ¢AE 23 e 5 EUHE A= vlola FHAE9 A YU 23 E|afH
glo] A A el ZE B AR H L8] Z9 AN W &2 The Python 2.3 Method Resolution Order&
B gk

module (2 -5)
stol A F =9 223 A& FFetE AA. RES Y9 golH AAEE & ol F S
ZSUth EE2 g Aol o stojHo g 2T

module spec (2§ A9))
RESEEScU AR H = YZERAZEES HL Y
ModuleSpec o] QIAE A,

MRO
MAE dd ¢4 & 2AS.

mutable (7}H)
7V AA = ol i 5 AT id () & EAEA FAF UL £ = HA L.

rlr
(]

| & &7t importlib.machinery.

named tuple (V] J & 5Z)
“named tuple(] Y = FZ) o]t
g2 g5 Qe 840 AN E

time.localtime () @ os.stat () 7} BFESF 2k £831o], o8] WA 3H o) v d = E=ZAth
T 2 o= sys. float_infoY Yt}

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be
created from a regular class definition that inherits from t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting typing.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found
in hand-written or built-in named tuples.
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namespace (0| & 27
M7 A G £ B4, o8 B0 BT R FER I AR S4F
£ ol A, A, 7 o § 3 2bol] Ag1ITk OB S0 o1 F FES WA
AdgUH & n() &1E9e 3l
.t ol 500 T 2Bl A T HNAT H A Dol A 1= § A
Z1Uth 9 & 5], random.seed () =¥ itertools.islice() B8t AW 1
andom # itertools &l o3 +8H 5ol M| Frh

namespace package (©] & 7} 2| 7] ®])
LA A B T 7] l‘:9l ZE o] 27 7]58k= PEP 420 3| 7] #]. o] 5 FXF s 7] Al = E 2] A 1 A A7t

[o

N
Nedo
I

fleTE Y, 53 _init .py ddo] glem g At 97| 4] 2= thE Y th
e T HAS.
nested scope (£ H H AF )
S AYAN H4E Fxote 5. oA E S0, v & ielA Bod T kg ol
AEWFEL A2+ J5UL FHI 2Fz e 7EHogE 20 75T 2, g2 54
STk o] Feloof ALtk A MRT2 g hie] 2 mmol 4] 9w HuiTh v A 2
A MAEL Ao o] 2 27H A 3 ZUTh nonlocal & HZ A3ime] Ax AL 3 g c)
new-style class (- A€t Fe| A

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like ___slots__, descriptors, properties,
_ _getattribute__ (), class methods, and static methods.

object (7 A))
e (EYREYH & 2L TH(MAE) o] AYH ZEHolE. 3 BE 7Y ZH~
o HFAJA HolA ZHAY YT

package (3} 7] #])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module with a __path___ attribute.

AT A7NA 9ol 2 B A = HA L.
parameter (W} 7] ¥H )
B @S MA) Aol q $4 e sl o (o A S & A4 ol
Y

2o ogE. oA 2F v HET) QS

o 9 X|-7| ¥ & (positional-or-keyword): 91 %] Q12 U 7] Y& o1z 2 ALEE F Q= ARE X AT
Ut} ol o] 712 Wee] v A asd T o & So] thol A foo St bar:
[def func (foo, bar=None): ... }

» 9121208 (positional-only): 91X ¥ A3 4 gl AXHE AFFUH X AF ARG
5 Ao WA RS BEe / BAE EFL 1 Fo) AT 4+ AEUT oIS Sof the

ol A posonlyl I} posonly2:
[def func (posonlyl, posonly2, /, positional_or_keyword): ... }
* 7199 =- 8 (keyword-only): 719 EZ R Al FE 4 Q& AAE AU 7| =-A-§ vj A

@—T—g T o o) w7 R 4 EF ol A kol sk ZHA- X vl U+ 5 IH) 2 38l A
= F UL A& 9, th Al kw_onlyl £} kw_only2:

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

» ZFR-91 3] (var-positional): (FFE PAMSEE o o34 o] u] wrolE o] 2 912 AAE ol B 3)
AZE 4 9 97 AAFE] Aele] AALE ARFUTE o A vl ¥4 vl w4 o] o
<& oo ol A 398 4 YU o8 Sof th ol Al args:

[def func (*args, **kwargs): ... }

|
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 78-715) = (var-keyword): (12 ol 855 ol 9314 o] v] o0l 1 71912 Aol T sl
AFE 4 e 999 A5 AN AAEL AAFU T ol v vl o] Sof

wr g ool Bol A Ao 4+ Ak, oAF Eol 12 ool A kwargs.

WA A A 9 E 7 B b g A Aol AU B4 ANES AT 5 A%

ol =} —9—017‘3 g2 ol ztet v/l 4= 2o] AFolo] Y 2= FAQ A&, inspect.Parameter Z &,
function Z, PEP 362% H A 2.

path entry (F 2 JE )
AR 7N 7t A2E F REES 7] Y8 Fudhe dx2E A2 Y st .

path entry hook (Z & Q] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (7 2 7|4} 5} Q1)
712 vel A= A HE F o], Y2 E A Z A BE

path-like object (7 2% A A)
st A2 A2 5 Ueidl= AA. A2F AAl= F2 5 UERY = str U bytes AA o] AY
os.PathLike Z2EZ2 FT3dsE AA YY) os.PathlLike T2 EFZ S A Yot= AA =
os.fspath() ¥4 E TEZA] str bytes G A|l2" Az 2 H3E 4 5yt Al os.
fsdecode () & os.fsencode () & Z+Zt str Y bytes A4S HAS=d AFRE 4 A5 Yt
PEP 5192 =5 95Ut}

PEP

tjo
L)

FU e

sholm /4 A 9. PEP 5to] il AR Elo] AR E A B AL ol il e 1 me A EE 87
o that = 7% AW sk AA ZAYUTH PEPE AlQHE 7% ol T8 A S 7% AHe 2

27 A58l oF gtk

PEPL %8 A 2¢ 7158 Abeka 2410 ol A e 9¥& A5k sholde) Soi 2 27
27e 2N WEY 913 /1% W AYZS AL ek PEP A4 A AR UE WolA § 8 2553
uh) o A2 #4135} 8 A o] g ek

PEP 1 3x3A4 8.

portion (3 4)
PEP 420 ol 4 23 &) st A A °]% e V] of o]u}A| 3= dtute] f Al E glof] Eo] Q= 3L =9
A% (zip Lol A== A= 73

positional argument (¢ %] ¢l x]-)
A2 E HA L.

provisional API (23 API)
B APLE S E Soleielo) 7 S Uy 1
W37} o A1) A Qb v, 28 A o] 2k EAIE = 7, 7o)
) 5 8 A0] F A5 A S o] Qo1+ DAt el WA
£ 2 AU —APLE 2R Al ¥ 2 S 229 o

AUt

A API A Z A5, A i%‘r
A A S0 s A &

o] ”i}hﬁxﬂ‘roweﬁﬁlﬂ Al o &8
EUth o AR g2 P 411—%_%%1 HY

provisional package (%3 3| 7] A])
T APIE RAL
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Python 3000 (=} o]4 3000)
hol R 3.x v i 2hQle] M (WA 39 s 7 ¥ e o]of71d Al Hof bS] Z] o] Fo]T}) o] A
2 “py3k” B Zo] 27| % T T

Pythonic (3}o] #1c}-2-)
£ QoS4 A AGES AEHA T
85 ot Y5 rhe] Mt
for £ ALEIA o5 E

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬂ124
TAEo lormg, stol W 943

FeEE A S E ST

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk & ol & th

{for piece in food: }

print (piece)

qualified name (3413} € o] &)
TEH o]&. PEP 3155 o A @QQ‘/}D} 54 ]'-H ?:L—’FQ}E‘EH/\J —?—01] 7§‘FF§]-Q o] 52 A% ]4
ol 5% 25Ut

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_
>>> C.D._ _qualname_

>>> C.D.meth._ _qualname_

2ES 71g 71 =g A , AR BAFIE o) 2 (fully qualified name) S 2= RR | 7| A &S
ZFeA RER TH= Mi 29 ol 5 guFYrch A& 0], email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (=X 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementa-
tion. Programmers can call the sys . getrefcount () function to return the reference count for a particular
object.

regular package (A1 2| 7] A])
init._.py 392 ZESE A 2L AT 574,

ol T I A = EA 8.

slots___
S R A, o QEH%E%%%Q%{P%UM AAsta JAadA g E
A DA AR A S AE BTG, 87 A AT o) F e 2T A A
AAEATEE Bolot A, o melol DD 55 222 9ol Be o AAtAs e 5 aT
B2 sk Ao] F5 Ut
sequence (X] @A 2X2)
An iterable which supports efficient element access using integer indices via the __getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (F 3 A= 23 A)
ol g &l = 84 AAY ARE Hesta A3E F-2 HAFS vkt 1HA s Y. results
= {c for c¢ in abracadabra if ¢ not in 'abc'}E EXEY F
A A g t}. comprehensions2 2 514 A &

single dispatch (& 2 t] A3 x])
T o] shte QAAFY] Fof| 72 AR = AlvE S Y Aau) X9 st FE.
slice (&g}o]2)
BREANAL Y SR E XT3 7 iﬂ SOl AE AT HE B
variable_name[l 3:51 A9, [] dNA oJ8 M| AE FRoZ R
A2FIYPE) RS YRPo= Sllce AAE AUtk

special method (54 M A &)
s}o] 4 o] 5301] ojd AkZ, QA 22
o] BER AFStaL Ehe © Z
AF U

statement (& 3})
BHL AYE (ZES “BE (block)”) & P4 REJUTH EFL
ARk o8] 7HAl 2 E Y st Ut 7 1f, while, for.
static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

d 2 AT o FAFeE TEHE VAR ojd HAEE F
15< 231 Y5 th 54 oA =+ specialnames ©f] &A1 2 THE 0] A

el

@4 ol ALY AAEE

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B] A E ¢137.9)
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (B A E 5} 4)

scr AAE AR & £ AEAY A T domqYe dAEEWo= AG Ao m e

M rstn B AE o7 S 2% JE Uk HAE 9do 2L BAE BE (1p! Ly

2 99 9}, sys.stdin, sys.stdout, 10.StringI0 Y A2HAE & 4 J5Y 1’/}.

Hlol 2GR AR B A3 & 5 A 5D AR A Hhol el 3 =
triple-quoted string (3% u}2 % d Fx19)

w53 (7) U 22w 3R ()
ﬂ%%wﬂaﬂ

A}

~

=
A
O]Tr°ﬂ/\1 ER7F s Ut olaA ol H A gL Ao
+ 5 53, A7 BAE 27 Qe ole] 2ol AW 4
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type ()
oW AR ] §& TR0 oW FFY ANAXE AR FULH BE AF = Fol ASU T AR
P& _class_ °E ﬂwt-'rEE RA 2T AU type (ob]) 2 & 5 AF U
type alias (3 ol g 2]o]x)
32 A ztel B Y 3te] BEol A& Yo oo,
Yol Qelol 2t ¥ Y= Bedett vl R8T o8 5
rdef remove_gray_shades ( |
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

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

o] 7158 A3t typingd PEP 4845 2314 S
type hint (& 31 E )
He, Fa o EGRHE D 34 w7 H 4= L} 93 3o 7| oiE & 3-& XA 8k o wE o] 4.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A Aes AYdsta, A9 Hg, SH2 JERE 9 F59 F FE+ typing.
get_type_hints () & AFE8t] AM 2T - S5t
=

o] 7= A8t typingd} PEP 4845 3

g

A

.?o

universal newlines (f-UH A & J7)
q%ﬂ@%ﬁggECZAIWEQMWP-ﬂAEiE%%g
Z]"?\:]_'a] '"\n', '{:]_E—?—.E -{:]_’Ezﬂ \r\n', ]Z(j_,] UHZ]_E/\] :7‘:]_.3:“ "\r'. _'i__7‘l_7_q?_ /\]’%
bytes.splitlines () %} ol e} PEP 278 £} PEP 3116 = E A 8.

variable annotation (] LHo]A)
He e Fda 01 g RHEY of o]

W e SR oERRE B olde 2wl o d2 A8 A YUt

class C:
field: 'annotation'
WS olieElolde dulgor o Y= AHGHUTh 8 o), o] WSt int S AL A0R
e o
[count: int = 0 }

W o] o] A B2 A A annassign o A A ™ gt

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

virtual environment (7} 2+7)
slo]| W AL & 219} 28 =7 ;o] e }\]/\8101]}\-1 AN E = o2 oM S8 =7 TS o] £ 2o
VS FA FowA, Fol HH+ H7NAEE AAFAY A =S
dggoz Aud 49 87,

venv & HA| Q.

virtual machine (Z}4} 7] A))
sz EYolvtog FoH AFH. go] e 7H4} 71 A= vlo| E T Huld e 7t 8t vlol =

T APt
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Zen of Python (=}o] % Al)
sto]x Ykl A2} 5 FEA], Ao E ol et AHEh= ol =] FUth o]
t3}e ZEZEo|X “import this” & Y3t EYUth

X
=

=
=

rlo
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APPENDIX B

o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

B2 Abgho] shol A o], shola F gholB e e Yl shol Aol 715t 7] o] Ak FE A Q)
22 glo]y £ Wi ] Misc/ACKS & FZ M Al L
stolzdo] o] & B X A
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appeENDIX C

>

o A9} 2o A

[".\.4

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 ﬂ a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 UTH 2001 W, IfolH A Z E 9 o] XH ©H(PSF, https://www.python.org/psf/ ) o] A 8= A5t
o] BAl= stol M HH A A AYAAES Aot S-S YA v e 22 Yt Zope Corporation-&
PSFS] 591 394U o}

BE gpo|p w232 I A2 YUTH(F N & oo ths A= https://opensource.org/E & 314
). AR, L (SHA v AN obdUTh Thel 2 Wi £2H-2 GPLF} B8P LT ofele] Et
chope ol e 2ok AU

EE e 287 GPL =3}

09.0~12 n/a 1991-1995 CWI yes

13~152 1.2 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.1+2.0.1 2001 PSF yes

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] PSF yes

Hi: GPL¥ SHETH: AL 927 GPLE Sol AL W E stk 42 oJnapA: ghayrh B
shol 4 2ol Ml At GPLT 9] o] e Bo] MAL 37 4% 5 21 248 HAL MED 5
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3hth GPL 53 glo] dlA s Sho] M3} GPL 3ol HEH T2 A Z EQ o] S 483 4 9 A Iyt o2
A2 194 5t

Guido®] A 5}o] o] W& 7H5 57 THE BHE 93 AR AAE A A= T,

C2 s}l ol A 28} A A1-83517] 1% o] & ok

Z E o]} A A= PSF License Agreement©l] W2} gFo] Ml A7) Hof = U},

2
}o] 3 3.8.6 5], ™A 9] oA, 28] & 7] e} Z == PSF License Agreement 2} Zero-Clause BSD licenseol|
% ol Al a7 B og YTt

e} of
shol Mo SEE AR 4T E9 o]0 12 Fhol A7t AL F YT ehol Al As o5 2ol Al 2o o )
= FES 3] JLH U ol 3t shol A BAAY BEL w3k 4z e olo] gt eho Al B
Solg Az L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.8

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.8 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.11.8 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.11.8 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.8 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.11.8, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

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

(th= ol Al ol A<
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(o] 3| o] A ol A Al)
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

(Th= ol Aol A%
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with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
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)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

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

%
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

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.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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.

%
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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
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue S1E 3] o] 2o thal THe 3} 22 39 AlgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
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<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/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the 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.

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(Th& s o] A ol A<%)

110 Appendix C. S x}¢} glo]Al A




Python Frequently Asked Questions, 2 2]~ 3.11.8

(o1 A = o] A | A Al)
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.

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.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

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

(Th& sl o] A ol Al<%)
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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.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

%
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C.3.15 zlib
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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.

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
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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
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal BEE2 WU EE —-—with-system-libmpdec & A 3}A] &= 3, 2 3HE libmpdec 4~ AR

& AHgstol Meg

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ 9| E

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.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
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
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https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0
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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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Copyright © 2000 BeOpen.com. All rights reserved.

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