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The language comes with a large standard library that covers areas such as string processing (regular expressions, Uni-
code, calculating differences between files), internet protocols (HTTP, FTP, SMTP, XML-RPC, POP, IMAP, CGI
programming), software engineering (unit testing, logging, profiling, parsing Python code), and operating system inter-
faces (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.
 Bis the minor version number - it is incremented for less earth-shattering changes.
« (Cis the micro version number - it is incremented for each bugfix release.

See PEP 6 for more information about bugfix releases.
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Alpha, beta and release candidate versions have an additional suffix:
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« The suffix for an alpha version is “aN” for some small number N.
o The suffix for a beta version is “bN” for some small number N.
o The suffix for a release candidate version is “rcN” for some small number N.

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText
source for the documentation is part of the Python source distribution.
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The very first article about Python was written in 1991 and is now quite outdated.

Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Programming
Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The Python project’ s infrastructure is located all over the world and is managed by the Python Infrastructure Team.
Details here.
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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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>>> L = []

>>> dir (L)

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

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

' mul_ ', '_ne_ ', '_new__', '__reduce__ ', '_ reduce_ex_ ',

' _repr_ ', '__reversed_ ', '__rmul__ "', '__setattr__', '__setitem__',
' sizeof_ ', '__str__ ', '__subclasshook__', 'append', 'clear'

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

'reverse', 'sort']

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

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

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

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

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

[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 programming envi-
ronments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while coding. Consult the
Python wiki for a full list of Python editing environments.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

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

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



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
https://www.activestate.com/products/python/
https://eric-ide.python-projects.org/
https://github.com/rocky/python3-trepan/
https://code.visualstudio.com/
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https://www.jetbrains.com/pycharm/
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Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte code to
C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with the standard
Python modules.
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The following packages can help with the creation of console and GUI executables:
 Nuitka (Cross-platform)
« Pylnstaller (Cross-platform)
o PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
e py2app (macOS only)
o py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

o] It =

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

(THS sleTATol A1)
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R s S e e P I )

>>> 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

o) 2ZZoA Aol S|l 51 W7} 2 222 e a) A o oca) o] H 2 9 R ARz A 82T
AEUEE A HEY T food) AT BRE x4 BE AYSA=E FAIAE o e A1
M2 QA gtk A0 %ol print (x) 7} 27]3E A L A Mg A Se 2 & 0 o2l 7}
S P T

F1 ] dlol A M-S A (global) &= A A 9 F A3z Wpof dA 2T 4 st

>>> x = 10

>>> def foobar():
global x
print (x)
x += 1

>>> foobar ()

10
o] A H HAL (Feag drEs W) FUAoR AT AP D)) AA 2 R 2Fmol] Yt
A59) e S AR 982 371477 A3l BLF Uk

>>> print (x)
11

nonlocal 71 =8 AHEate] £ HH ATz A H5e AL & 4 AU}

>>> def foo():

x = 10
def bar():
nonlocal x
print (x)
X += 1
bar ()
print (x)
>>> foo ()
10
11
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2.2.2 HlO[’MO[AM X|Hat M H40f Cet &2 FALIT?

2 AUk W57 g5 BE Y ol HelA R
oz RFY

shol Aol A, §4 ol A F25) 77k sHe st BA A0
e e, WAAoR dejor AAEA g & Ao gy

Agolls 23 AAA W GA A LE o3 7k Btk $HO R, thYH WSo] global & 87 3H
=8 ghe Habgol oje A4 M-S AFITh vhule], BE Ao Fxof globalol 7 HTHY, B4
global @ A3 BUth W4 B4 YEE & 5 74 0] ha RE B28 A0z Ads|ob
FUTh o £ $A45S 1R8] 9% gloval 4919 FEAL FRE P}

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

AL xx+2 8 AL A YTt G E e AEB AU AW, 4240,1, 4,99 162 NTT
A0z 4T 4 Jguth 2 AA R AESE BT 168 HaaThe !

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

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

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

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

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

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

ol o ge
w) A 2B Utk o) ne) gho] 3 WAl ekl Al o, F Aol A 1, A WAl A 2 5-0] B2 o vl ek uheA
2 RThE o)A e ATE B ok

>>> squares[2] ()
4

>>> squares[4] ()
16

o 57

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

rlo
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Gd 2233 Yol A BE ol BEE T/t F+HAA PHS 5SS 25 (5T configi} cfgetl &1
UrhS BEs AdUth 58 2203 BE E5o]A config RES 94X E sh7|vkshd gut; 231
BEol Y o]gor A 7kl Uth 4 59 A" aE A shutol 7] ufZoll, 25 A o thet ¥ 7
AFE BE ol WP Uth o) & 59 o2 2 Uk

config.py

x =0 # Default value of the 'x' configuration setting

mod.py:

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

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

225 ZEOAM

[m
Ml

AtESHs “2” AlE|” = FAYLII?

QuHA O 2, from modulename import *& AHGEHA AL, THA S YEE S R o & 2
o] o] 5 A1sH A\ 3, A E (linter) 7} 4 9] 5] 4] k& o] B-L ZA187] 7L A of el YA U Tk,
Sl W gel N BES JEE AL, 137 oW BEo] WS TR BES WA 1 BE o] 2o
szse] QeAe] et AEL 9 5 Axvch & 2ol hte] YEES A RE JEEE
ZoVel A E 5 AR, B Boll ol 7] YEEES ALgetE 3 BHL W AR
Us A2 RE2 Y2E 8= 2ol FFUth

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

2. third-party library modules (anything installed in Python’ s site-packages directory) — e.g. dateutil,
requests,PIL.Image

3. locally developed modules
<2 AT E B FAE o1} QEEE T4} 2o~ = o] ol of 31 4-$7} 914U Th. Gordon McMillan
£ 0hg 3t 2ol BT
T EE B “import <module>” A1 9] QI EE AL S £ JXE= MFSUTE F HA B
Eo] A WA 59 o] = (name) S E52 8 11 &1 (“from module import name”) ¥ 3E E 7} ] AF9)
FEo dloew Ayt A MR EEo] F A EEe QX E sk FolghA A iR 5
9 o B2 ob2 AHE T 5 g7l Wl E ALt
o] A%, 7 WA 5ol st FolAut ALGHTH, X EE T TR GA ol T AU dx
ElsEd ), A A 5o 273 AR, F A RE2 d2ES YT F A5 U
8 BEo| EPE SHoW JTES 7T H 4 $FoIA 2 ROE o) 5ok F & FL T of
AL, 5 W oA RE RES YZE 3= Ao 7h58A S £ JFUTh o] AL, g ZANE EA
FEA ZHE RES YEE 3t Ao F2 A JYth
THAEES VAU EEY 27 NS Sl T wAE st 22 winh, & Fol Y
Ropge Ao Anng QEES /AN L. o] WS 22 Y A Pyl et B JEES RS
e 55 §8FU BE AT Frol AT A 0] AZEES P2 S0 AL S E S U
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= 2 H] =
AR doll Fol AL, = e gAY g 23] B g gyt
REL olULE sys.moduleso] 9& AUt}

2.2.6 Zx| Ztol|l 7|2 20| SRE= OlF= FALLIN?
gl

o] §WY M1k £ A ZE A0S AR o] B4 AL BAA

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

return mydict

ol & A5 =&Y, mydictol @ FHo] 2dF YTk F AAE, foo () 7 ARFH 7] AT df,
o

3% G5 520 NEGOE A AN E UE A
a5 o W

T N e
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of, 1%
>
N
oX,
lo
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Eghe AEe o wsol Ay o} zrol, sl A 7L WA W, Fol R 4
522 o WAN AANE B2
Qoo we}, 5 8 None T} 22 Bl AL WA AU GA YT, elaE 8 Zea

E5UTH Al None 2 7| 230 2 ARS8
2]/74d

o= =
34 ol 4 w70 95 7 None @1 4] SHol 3 thE A 2] /RSlel e A BEAA L. o] E o,
che 3t o] 24 mpyI Al @

def foo(mydict={}):

AL o] FA ANA L

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

o %52 H8T 4+ A5 Uk A4Sk vl Azt Aelt vt e W, QA Y 24 g BEe
oW 50} AZE AN AL, 22 ghol ThAl £ 3 W A A B g Wkt AUtk o
oleba 3, the3} 2o] PAE 4 YLtk

133

# 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 GAY S TS A WS E ALST S dFvh A g BAY U
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227 Bt BH0A CHE B4 2 MEINOILE 7S DHHH S8 HEs2T OB A sHok

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

& Uk

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

kwargs['width'] = "14.3c’

g(x, *args, **kwargs)

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

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

function definition:

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

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

’func(42, bar=314, extra=somevar)

42,314 9 somevar F2 A Yt

>>> x

>>> y

>>> y.append(10)
y

>>>
[10]
>>> x
[10]
yoll 848 F718td x = AAH = /7t 358 At
ol %S wrEE F /A 847 syt
) Waeges] A S 7M7) ol SdUth v = x8 F33 W BB AR S e oddayt-x
7hFzshe A% e AAE Fxehe Al W yE U ole sty AR (EIAE) W LA, x 9}
B2 AAE FEds gyt




Python Frequently Asked Questions, £ A| B{% 3.10.16

>>> =5 # ints are immutable

>>> = X

>>>

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

HKoX X
|

>>>
6
>>> y
5

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

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

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

g xd e

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

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

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

gho] oA A=t o2 AL S 71 AAHA L. Y& A AA o g FxE w57 w2, T4
9} 952 2] 97} o] 2 7ho] o Aelo] A7) Qlit, Fxo] o 5EE QL UTh olg] 71X BH o dste
e
1) 29| /&2 wkshsto]:
>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values
>>> x, y = 'old-value', 99
>>> funcl (x, V)
("new-value', 100)

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

3) 7hA (Al AR oA W S

4> Ny J&ﬂ
rlo
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>>> def func?2(a):

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

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

4 WARE G E A dtel:

>>> def func3(args):

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

>>> func3(args)
>>> args
{'a': "mew-value', 'b': 100}

5) e Sl dad i g FolAl:

>>> class Namespace:
def __init__ (self, /, **args):
for key, value in args.items{():
setattr(self, key, wvalue)

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

>>> args = Namespace (a='old-value', b=99)
>>> func4 (args)

>>> vars (args)

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

o7 BAFsHA BB ok & L ol f A gt

Ao AEe o) A7) 23E FE2 BEsE A9

L)

=g A3 22 AAE 82

*x+b & ArShe & £ (x) & WSE Linear (a,b) S 95t Shrpal 7H4 s}

def linear(a, b):

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

return result

e 28 202 AL A

class linear:

def _ init_ (self, a, b):

(TS sl AToT A

2.2. Sy 2104 17
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R s S e e P I )

self.a, self.b = a, b

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

= [} =
A BT,

taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27} HEE 3= Z2]E A= A=Y}

228 A A2 PAL 8 =2 TET ok Aotk B ol JHUth 2, 2HE Adde
44e B AL THE S Atk

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

AAE o MM =S JEiE Aest &+ sk

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]A inc (), dec () % reset () & 22 AF W4E FHote F4AH D5k
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2.2.13 ZHA|Q] HMEL} O{ERIEEE 0{EA 3E £ USL|7I?

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

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

At o7 Lol At, AR o= AA R o]go] Y7l wZel 28 5 glsuth 7|EH o=, tf g2 T4 o]
22 3ol AT def S class B9 A9 % vpaTA o AW, o ¢ ke FREYULh g AEE
THIFAAN L

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

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

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

datE oz ] Z=TFEA ghe] “o]lE5S Lotopr F F o= F Utk o =& o2 YA F 2 (introspective)
Z2IWS AR v o ol It o E HT WA mA o] Egol E Ut AT YU th
comp.lang.python o] A, Fredrik Lundh+= A A 7} o] A& o5 53 v]|7F5 A5ch

oj g Fo] dH A LAT 1 Fo]| o] 5 A= AL W) ZHA = of 212l Al

1y
z
ok
¥
o2
)
F

A ol Fe B QL A A aZo] oA E2=A dotll=
FLE YL o2 o] R EF (O] F TN oA ALY L Fol(AA) AA 2 ALY

Q3 shol WMol 4 A7k obguith o] Ml 4L Tl sH4l Al €.

>>> "a" in llb"’ "a"
(False, 'a')

AE L AR} obl e ERA Ao]e] T Aol 7] whiel 91 The} 2ol AHF AX W F/hE ek

’(nan in llbll)’ LIPR

e 2o WAbE A sk

"a" in ("b", nan)

TS Y] AR, = 5)E BHAH JUTE oSS WA A7 ok e B Y e B TR
Yk
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2.2.16 C2| “?:” &gt ALKl SS¢EF A0| /}USL|77?

o, AU Th 9L The st 2Eth

[on_true] if [expression] else [on_false]

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

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

[expression] and [on_true] or [on_false]

T, o] $§TE AT B Th onruert A2 B e HA w22 E A7 S 5 g UTh
wWebd, B4 ... if ... else ... BAS AHHE Aol EHUTH

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

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

from functools import reduce

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

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

# Mandelbrot set

print ( (lambda Ru,Ro, Iu, Io,IM,Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru,yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,v,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-TIu)/Sy), range (Sy
y))) (=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

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

# 1% 1%4 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

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

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

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

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

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

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

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

2.3 X2t EXE

2.3.1 16712} 8XIL ML= O A X|HSHL|7F?

845 A g stel W, 8K gt ool 02 & olal, 2AFA Y q]-hz} “o"E BYUTE A& 59, A5 “a”E 8
24 3k <107 (10515~ 8) OE@%"PF#‘H, ol FA YHAHA L

>>> a = 0010

>>> a

8

163 4+% g5 Ut 1674 9o 08 E0]aL, 272U thE2F “x” & 2ol 7% ot Futh 163 A+
AFAG HEAR AR T F dFUTE A& S0, ol A AH =2 E ol A:

>>> a = 0Oxab

>>> a

165

>>> b = 0XB2

>>> b

178

2.3.2 2§ -22//10 0| -3 & Hi&tStL|77}?

FEIL S IS RIEZES Y= AYUth o] o] 22 ot th 3 22 2 & dSrid:
i=(1//3) *3+ (1%3

A4 7] = floorg vl oF Pt C S o] 5412 WEJEE 8 F5tal, i // & A2 (truncate)
AL =1 % 1B RIEZRET T I8V YSsUTH

23. X2} 22X 21
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I7h e d B 1 % joll thE ARl AR At AL flsUth 37 Frold, W2 Abel 7 loew, AR A
BE Aoo]i 5 §7b>= 09 Ao ©] $&3 T} }\]7&]]7}z]2100 7] 71T, 20041 2 Aol & oY &
7HIZ1AHE U7 -190 % 12 == 27F 88Utk -190 % 12 == -102 7] & 7|tele= g yh

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__

S

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'>
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E0°]lint ('144') == 144. 9}ZR7MAE, float ()
%%M float( 144 ) == 144.0.
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AL RAE AT Z HAFUTE ZehA int (10144") == 144+ FO]alint ('0x144")
alueErrorE HAAI YT} int (string, base) = F HA A A X7 HE o A& A4 (base)
OP—OEW int ( '0x144', 16) == 324Yth base7}0_°£ A= H, A= ol Mo &= AL
o A g Yt ﬁ?‘%‘ ‘00’ %87&‘?% ‘/}EM]I’_, ‘0x” = 163 4& e Y Th

= AR A WF T eval () = AHEEA HHAA 2. eval () &
T AFUth +7 A5HA = —‘T‘—xﬁ‘%o] Ue FolH A AT
HE T fAEHEE A= _ _import_ ('os') .system("rm -rf
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b 2 Eoleval (109") = Fpo] M| (0’
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ek,

23.5 X8 EXILZ oL A HEBIESLI?

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0)
yields '0.333".
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2.3.6 M| Xl2|0AM 2EXIEE O{EA =H-EHL|77}?

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

AR array RES AFL HAA S

Ystels Bor HR o= A ¥4

=
TARAT A= AATES -Hﬂ, io. Strlnglo

>>> import io

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

>>> sio.seek (7)

5

>>> sio.write ("there!™)
6

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

>>> import array

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

array('u', 'Hello, world'")
>>> a[0] = 'y’

>>> print (a)

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

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

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

pass
def b()

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

o W& & getattr () & AHEIHA Al 2
import foo
getattr (foo, 'bar') ()
getattr () & 2ol Zehs JAAA BE 5 ERSHE BE AN 5] F AL
o] 21 thZ I 2ol E ghol B 2o oY oA AHEH YT
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class Foo:
def do_foo(self):

def do_bar (self):

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

o 3= 0] 2L 3 A (resolve) 3HE] T locals () & AFR B L

def myFunc () :
print ("hello™)

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

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

s.rstrip("\r\n") & AHS5HE O $Y FUS AARA G2 24D 59 B Y RE E FAAE
A et A S Bl 1 Be] o 0] B E o8 T, B 6] £ 5 A

AAF Yt

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

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

ddHezEglsyth

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

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

unicode-howto & ZZ 1A A L.

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

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

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

A~

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

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

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

Also see the specification in the language reference.

241 L Z23H0| L{F =2IL|cl. £SEE =0|2{™ o{=AH| sHOoF &L|7}?
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o] ZZ AA R, spol W FE £E 5 Folv W2 EYo] Utk thF2 & 7Hs 85 T EE5H]
Al W2 2o Egol He 2 7HA A dA Yy h
s PSS HWMEA TEY (e g Sor HASHH) ZE AAof nA H A3 EYS
Fele AET R 2 ojdE de syt
o 212 dlo]E LR E ARSI Al L. bltin-types ¥} collections BEO] st A YA E AL3HA4 A L.
o BF TolBH 7L FAVME 817 fgt Zen Bl BEE AT o, o o] Y o Y E T w-E
7ol E5UthH(E A= dsUTh. o] AL ‘th)r YF G Lol Cr A4 H Zenel B
Arole Fule 2854t °‘ﬂ§ =ol, g™ list.sort () WA WA= &H sorted()
2 LA Q (28T 7 ]—%Tﬁ./] o= sortmghowtog TR AIL).
» 5743} 74 (indirections) < ‘?}E% Aol AN AHZE 7Y B2 IS st 5 Zaguch 2HF 9
FFol F83 Ao Fe 2HoHH, iila@ L7t =AUtk x5t 2435 96 oF Fuh
53] Z& e rA =Y FHoA 2EFUTH(FF 7= w5y th.

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

o ®17]:
A Hoell &3E 917] 7l o] A.

24.2 2 EXES 2 0|01 20l= 7HE =X WH2 AL

str»]—bytesﬂxﬂ%%‘iﬂo]Ei, w2 EALE S g o] o & o1 Z} o] o] & o] 7| 7} A AAE A A 37 wlf ol
HEgAdUth dubd A uf], 5 A3 A7 u82 AA| ExE 2ol AlFol v g
W2 str AAE FA317] f8, AFHE FEFE AAE g 2E0 9] X 3FaL npA] 9] str.join() =

s AUk

chunks = []
for s in my_strings:

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

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

B& bytes AR E A7) 4, 4w = e 7= AR o]0} 8] 7] (+= ALY & AE-Ffo] bytearray
AR g Fse AQyh

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

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

& A7t tuple (seq) & 4 NAA(AAZE, RE OJHHE)S 2L AR L JES AD 27
LSRR =N

S ESo], tuple ([1, 2, 31)L (1, 2, 3) S AEdLtuple('abc') = ('a', 'b', 'c')EAE
U AR FFoI W RS WEA 931 22 A E WA R, A7} o) v FEAA 2AFA 3
ol tuple () & E& 8= Aol AHFYTh
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2.5.3 A|REAE A0 O|E{Z|0|E St2{™ oL H| &tL|7}?

reversed () W& T4+E AFLIAHAIL:

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

oA UE A

i

rlo

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

2.5.4 2|AEOIM S5 O1EA MAHELIN?

o] 2 & ATt of ] ZHA ol thgk 7 =9 = Shol 2 S FX YAl L
https://code.activestate.com/recipes/52560/

PAE SAS IR JRUTHY, JAEE J YW T PAE BN 2WFHEA 2 FEL 4AFHAA
o .

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

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

AL B REE Ao Wdsts, FHES AAT S, BlaER HEHUT

25.5 E|AEO0|A 04

ooll

2 o{EAH HMAHELII?

B A A AAA R, A 21 AT YA H O R JL 0 o a0l d i AL & A A5
ﬂﬂﬂ:ﬁ$+#ﬂﬁﬂw 3414 20 olH Aol d o s Sebol s B AE3717h o Fu whE Y
22 Al 744 WY AU Th:

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

g 2E Fmel Aol obul 7bg whg ok,

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

P AES SN

’ ["this", 1, "iS", nan", narrayn]

2 2Bt AZF B4 Wol A O 922 (Pascal) W] A7} 55 FUIth 714 2 ol AL shol 4l 2] 2o thop
3 o) AL EFE + Yk QU Th

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

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

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

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

2.5.7 CIX}H E|AEE O{EA RHEL7I?

O 2ol Ak wid = wee L e Ak

*
w

’>>> A = [[None] * 2]

Qehshe eubzA B

>>> A

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

e} e e, o2 920l e o

>>> A[0][0] = 5
>>> A
[[5, None], [5, Nonel], [5, None]]

28 Chapter 2. =22 FAQ


https://numpy.org/

Python Frequently Asked Questions, £ A| B{% 3.10.16

DolfE R YaEE Y o)
o]0l 2 el Amo g3 e HEE £ A E B
Yehued, 7o) 248 o #Ee] dale AL ol

Al wr e At 2ol

A = [None] * 3
for i in range(3):

Ali] [None] * 2
a9 Ao 7b29 3749 the PAES TP el2E AT U P FEYdAE ST 5
sy ch
w, h =2, 3
A = [[None] * w for i in range (h)]

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

2.5.8 ZHH|Q| A|RAON HMEE {EHA MEH|7}?

o

PrE Az R g e AL

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

2.5.9 Ml xt=5t=r|, 2 a_tuple[i] += [ ‘item’ 10| OI|QE LS ZIL|7}?

o)t F% Y A4 Y AaRbeb AT sho] Aol A Zh AR sk B A S Kol W o] AEH)
SETISEY

o ot FE Y AT AP AR E AL FEY Sho] 45T W) AVHO R AGH AT, S
List 9} +=2 o Al 2 AL FU T

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

TypeError: 'tuple' object does not support item assignment

o919 o]+ PP ULk 19] a_tuple(0] o] 42171 AR (1ol HAAA, A7 A 2
AL A28 FEY 84 00 hYSHeI L 5HW, FEY 827} He7E AL A
TGk

S ofzlol A, o] S8 B el she AL e o T BHY T
>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

2 EWolBR, At o] FZo] ol E A H YTk
o
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>>> a_tuple = (['foo']l, 'bar'")
>>> a_tuple[0] += ['item']
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

N9t 23 U U B Beke A AH7 AQAR H 5 B ARk AL AUt

>>> a_tuple[0]

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

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

>>> a_list = []
>>> a_list += [1]
>>> a_list

[1]

o7& e} F5 Tk

>>> result = a_list._ iadd__ ([1])
>>> a_list = result

a_list7} 74 71 AR 7L W AE 93, WA R AR ) v 3k EAE 7 ThAl a_listol BT B9e H%
A7 no-op A, a_list 7k ol el 72l 712 9Ll A 22 AA o) v 3k e o] 7] WlE T shA
B9 o 13 Lol ek

webA, 2o T2 oAl oA dojute 42 v T FUTh

>>> 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 EZ5t MHS 5110 AlSL|Ch: THO|Mof|lAM Schwartzian HH&LS &t & QUL L|77}?

Ol

Perl # 1] €] 2] Randal Schwartzol] 2] 8t o] 7|2 g|~EQ] 7+ &
go g FEIh sho] Mo A&, list.sort () HIAEY key
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Isorted = LJ[:]
Isorted.sort (key=lambda s: int(s[10:15]))
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2511 8t 2|AEE C}2 2|AEQ| Ztoz Hstai™ oG Al siof B2

A0S FEY olHolHE Hesta, 27 gl 2EE A3 TS, Hohe 845 AHA A L.
>>> listl = ["what", "I'm", "sorting", "by"]

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

>>> result

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

2.6 ZHA|

26.1 SalaEs FALYULIN?

Fatclass T APt THE 5 AA FYUh Sa A= dad A2 AAE DET A FPo 2
AHEE M, HolHE g A-dE dolH(JEYRE) S Z=EMAE)E BF WA UTH

Zeatwola Felasta s st o) o) T Felas Fwto® & 4 gtk 2 wols Fe
G AEGREJHAMNEE FETYLH o= 4E5E &3 A RS AIF o2 AT 5 == Fth
Pl et 71 E Q2 A E A B Qi vai Lbox Foh 25 TFE 58 AT A AL Ao
MboxMailbox,MaildirMailbox, OutlookMailbox2} Z-& A H S 27 AL S5 dS5UTh

2.6.2 HIME= R2AL|7I?

HAEE dUFA © 2 x.name (arguments...) & &35t ofH AR x9 ddUth HA=E S~
Bl ol A 42 Aol ok

class C:

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

2.6.3 self= 221QL|7}?

self & 2] WA =9 3 AR AAE 93 Fel| & o] YT meth (self, a, b, c) 2 ZHA YAHEE
A7t 5T ZWAY olH A2E A o tfel x.meth(a, b, c) 2 ZEFHo ok PUth TEH WA ==
meth(x, a, b, c)A¥H & Ut AUt

MAE A9 BEAA self & FAH R AGH ok S ol FE FAAUR = FEIHAAL,
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2.6.4 A7} F0{Zl 2eHALE O ME S A9] AARAQIX] O EA| EASLI7I?

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

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

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

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

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

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

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

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

g m2 e A 9] Feh 2ol 4] isinstance () B A% AHSFHA ol FAHAN
A28 A7 LS AT, O A AR AA AF 25D L AA ) FeYAE BAGA T~
FY4g 2 YT A 54 54 AEdets Feh2o AASE Fo st AU ol & o, A%
SYshe g4t ek

-3
=
i)
&l'

et e iy

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

o U JoHS ZE FH20 A search () WIAEE ZYtal &4 130& &

i
o
rlr
pa )
o
<
T

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

class Document:
def search(self):

(TS sl AToT A
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R s S e e P I )

# code to search a document

obj.search()

2.6.5 2/0|2F 2oIQIL|7}?

£ 9] (delegation) & A7 A% 7% (242l A€ oleb i FUTh AU Th x A4 7} Q3 WA= 5 shite) 5
22 WS Atk 4R s) BATh MAs L A=Y ARe THS AR TE RE WA EE x]

SN WA =0l A5 A 2eAAE BE 5 Sy
Sholml 2 1ejv = A A0e AL 5 AT ol & Bol, thg Tolat HAA Y SAGA W, 1%
St wE HolH 8 EAE MESE FoAE FAT

class UpperOut:

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

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

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

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

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

class X:
def _ setattr (self, name, value):
self. dict [name] = value
Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing

an infinite recursion.

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

W super () &

ft

GBI 2.

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

In the example, super () will automatically determine the instance from which it was called (the 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.
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class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 X a2 ClO|E2} X SalA HMES TH=S2HTH 02 A dljof ELi7t?

(Co+1}Java ] o] v]o] A) 5 2 vl o] ]9} A A v 4= B sho] W] 4 A AF k.

AA tolE Y] A9, Td] Fe 2 o] ETHEES HOBI A 2. o] EHE A ZhS T Yste H, th ol A
iz ol 52 HAH o2 AFR S oF Fyth

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 ARG o.__class_ oA c2 okt Mol Fes A 2ol H9l AR Lol 20l o5 AR5 A
o= 3l c.count+ isinstance (¢, C) 7FAYIE= BE cof tdl C.count & FE3Yt}.

F: CY HWAHE oA, self.count = 422} 22 tf Q]2 self] XAl YA 2] “count” B} A F 3L
o] gl JdadAag v A A o] H o] 59 A AZA2 I WA= Wl =R AR
ol 2o~ 8 A5 oF T TH

C.count = 314

R A WA EE 715 F ok

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

Zevh A WA= 238 A A MR IS G BE o F T E AR ske Ayt

def getcount () :
return C.count

of2l&Y FEVEE T o] S (B B #dE W2 AT F2)E AotEF 23 A
o, o] A o] At HEdE Al dUh
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2.6.9 mO|MOllM HEXHEE HME)E O1EA MZ2E +~ USLIN?

of e AAR BE v So] A8 A5k AR AuiA oz AR Bulo] A g WA e
ool A= The 7 ol 24 g ch

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

}

Shol Mol A 7| QA4S AHg3hol E F 98 Tt B BHAE Aok Gtk o) & 59

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

def _ init_ (self, *args):

22 HIWol REMIAE A= Sag YT

2.6.10 __spamE Al25l2{1 st=0| _SomeClassName__spam0i| CHEt of|2{7} gtitst

L|C}.

olF AY W= Y W o5 Zl 2 HlF N (private) W45 A o oh= hdspA vl R A QI S
Als3t7] A8l “F 4 gt ?}HE]-(mangled)” __spam A (FoE F /e A D&, Hdf 3tte] 3 2E)Y
2E A %X}%_classname_spamgi dXE T/Hiﬂﬂ =], o 7] 4] classname S EE A3 LZo| A A=
Az F 2 o5 YT

Ol AL HFME KGR FF U 2 F AFE A= o A 3] “_classname__spam” S E R E| o= H o=
MM lom vF7 g2 AAL _ dict_ o YEbGUTh B2 slojd 2 g mE= v /) Hae
o5& A3 AME-3HA] k5 UTh

2.6.11 Wi Eella= _del__S 25X HAE A M SE=IX| G45LICH

2 7hA) 53 ol f 7k gL

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 when-
ever you’ re done with them. The close () method can then remove attributes that refer to subobjects. Don’ t call
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_del_ () directly-__del__ () shouldcall close () and close () should make sure that it can be called more
than once for the same object.

<2 F2E Yok £ O Y2 weakref BES AHE S AdUTh o] RS F X A E 58 A ¥
ARNE el D 5 YES GULE o & Sof, E2] AR TR L0 GA Fxo] ] I3 F2E LS o

gtk eld A5 o] D2 sheha).

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

shol & A (EE DY) BE ALAAE FAA Gtk SUL QA7 4 A2Alo] O
g Fx P AES FAN] BE ALUAE FAHES 1Y T4 YgUT

2.6.13 id () | A1’} D RSIX| 2 AXMEH HOl= 0|RE BAHYULI?
) Wge AR £8 F o LRFEF B & J5E BAIUTH CPythonol A+ o] 0] AR v e)
S alom s A Ao A AAE P AL FE ol 8 AAA AL 2o FAN B A
A5 AU T3t 2ol A 4 ATk

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

5 709l idis ThE A% Adle] 3w, 1id() $E AW ol WEIA L, 5F AF AP idE A4
Shel A 15 Ao} e % S, 1 AA o B L B S T A

pal

>>> a = 1000; b = 2000
>>> 1d(a)
13901272
>>> id(b)
13891296

2.6.14 is HLXIE A28 OIO|HIEIE] HA= AHM LEIE & JSLITI?

—

is Aabab= A obel B B S AAR YT AAta is beid(a) == id(b) 2 &5

E]
olo]WEIE] AALY] 71 283 &L AR 7 A AT ZTAS T a is as A True s Hdsitl=
Ut} ololHlE E] Arl= Auld o 2 == AXHthwE Ut S5 4 AL} 2, olo] Wl E E
2@ A True}Falses 11135}6;} ] 225Ut}

e, A bl Ael el A E W ool dElE) 447 554 AAE AR gl ek Ao,
obol W e Bl 7} A = A 7HA] 4] g5 eh:

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

2 JH

o

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

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

o 2] ohE Aol A= ofel B 8 AL A A of o 554 H]éEﬂﬁi%‘blE} 53], el
HASHA ¢+ int b stri} 22 A8 F sk vl ofoldlE B AALE AHgsiA = <k Yt
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>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a 1s cC

False

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

>>> ¢ = b + 'thon'
>>> a is c

False

npZRA =, 7H AEH o o A Ada"d A s A FhekA] eksyth

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

FZE gholB 2] ZECA, ofo] B E] AAME SRFEA AFE St 2 7HA A d sld e & 5 dsyth
1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English in
code and avoids confusion with other objects that may have boolean values that evaluate to false.

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

_sentinel = object ()

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

o £ 59, 422 collections.abc.Sequence._ _contains_ () & FA@YYth
def _ contains_ (self, value):
for v in self:
if v is value or v == value:

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

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

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

from datetime import date

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

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

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

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

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

The classes can be used like this:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

>>> TitleStr('Blog: Why Python Rocks')
'blog-why-python-rocks'

2.6.16 How do | cache method calls?
The two principal tools for caching methods are functools.cached_property () and functools.
1ru_cache (). The former stores results at the instance level and the latter at the class level.

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

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

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

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

This example shows the various techniques:
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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.

The Iru_cache approach can be made to work, but the class needs to define the __eq_ and __hash__ methods so 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)

def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.
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27 2=
2.7.1 .pyc LS O{EH RHSLI?
RO A AZTE D o (= A HAILE o] e T AA ol HAHJS W) AdH I =&
Z33E= pyc FLL L py 9tAL T35t A E 2 pycache A B YA g ol vhE o] A oF Ft
pyc 342 .py LI 22 o] F o & A FSlal, .pycE EH, JJra‘% 9= 57 python H}Ol y 2] 3hd o
FTEHEFT T LAE =YY S ;%Hﬂ‘r (ZFAM S 82 PEP 31475 234 A L
pyc 3g o] oA A & 4= & 3 7HA] o] f & Aa pd o] 23HE tHE g ;‘JﬂTXﬂ%MDP Z,
__pycache_ AE A E & F gltkes A UTh A& S0, A AZ /PR o2 A A2
AYsle Aol old do] dojd 5= AF Ut 71 W AW E HAaESI T & wiJYth
PYTHONDONTWRITEBYTECODE &7 W7 AAE O YA 42 3 RES YXE 3t Jho| x4l 9]
__pycache_ AHE UAEHZE UEL AL ZES I AE gHAEHZ & 5+ & 8=, 97

2
F25)01 908 pye hd2) A4S AF U

AN 23 HENA sfo] WS APt AL YT EF 7HF6HA] ¢kon] L pycrt BHE o] A A %}’S t}.
9, e EE xyz.pyE X E 3= AN BEE foo.py 7t A& W, (python foo pyE A
JE3to]) foos AP, xyz & YZE 'P WHTOﬂ xyzoll th3l .pyc 7t SHE O A A ¥ foo.py & 9
BHA] 9k7] W Fol| foool A= .pyc T o] B A A] k5 Th

fooo| et .pyc dtde wE 227 oW -5 A2 E HA e ZE T .pyc LS HEE -
o

U

py_compiled} compileall RE& quq
Py oo e EEL Y BES $£50 A0IT £ JAFUTh T AA P T BEAA
compile () F5& tF4 o2 AHgshe AUk

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

)AL .pycE foo.pys T AR 3l pycache B B o] 7St (EE A2 o))
FcfileZ o] E AABY T = A5 Th.

complleall_l_g% AL3e] gaEE g RE 39S
S AP HId T ghol A ahdo] 23E v HE o
AsYth

Z AL += JdHF5YTH compileall.py
2 A 2] A ZE2TEA ]2 5T 5

python -m compileall

g
>
)
i
[w
S|
)

PR
o] | ~agER A% $YUrh dNAos RES AE

in_ "' =1
U A B AEE AlFetH, __name_ & 31 T wko] IEE A3

o
ain__
SEESYH E Ao

def main () :
print ('Running test..."')

if name_ =
main ()

main '
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273 MZ YEE sl ZES O{EH U= & USLIN?

foo.py

from bar import bar_var
foo_var =1

bar.py:

from foo import foo_var
bar_var = 2

A JdEZH 7 o dAE s3EHE A9 Y th
» 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
e bar is compiled and starts executing
e bar imports foo (which is a no-op since there already is a module named foo)
o The import mechanism tries to read foo_var from foo globals, to set bar.foo_var = foo.foo_var

up A whA 7} As U T ol Wo] o1 F fooR ATl E st AL FEAA FAT food] A A F
g4 27} o 45 Hlo] 917 wE Ao,

import fooE A3l AYQ F T oA foo.foo_varo] BN AT S ujx 2L o] dojdyt}.

ol Aol thall 7k 7k (H 4% Al 74A] ol 24 W o] A5 Utk

Guido van Rossum< from <module> import .. .2 ofof ARG} ] Uy, 2= F=E e Yo mj X
& A9Te. 99 B 2ol v 205 gy 3 B A4eok T s, oA Jzs
H 259 EE Zlo] <module>.<name>C 2 IFZHE 9w D]—
Jim Roskind+= Z} E A TS A2 GAE ¢3S A2 A gy}
c WHUYZ (A, T L alolaZ2E dXE T Ia7tgles F8)
e import &

« B4 ZE(JEE A oA 271308 Ao 23).
Van Rossum doesn’ t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs = 2] S5 €] A7 YZEVI ZQFA AEE F=EANFAS A2 A}

ol s 2 =2 FL vietH ol A st
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2.7.4 _import_ ( ‘x.y.z’ )&= <module ‘x’ >E HIEIEIL|C}; zE O{EAH LS5L|7}?
importlib®] 9] &4 import_module () & thAl AFR 3= LS LB FHAHA L
z = importlib.import_module('x.y.z"') ‘

275 UEE E RES WS CiA| AZE S, HEF AZ0| EAIE|X] 25 LICh <f
|21 o] LS| 7t?

AEAWE ohe AW ol f 2, oML BES A YEE T T BE A2 gHUTh 134

om, 7 mEe] 22 /R BES YRE S Be BER Y 22N, /L BES e W 7

2483 chal T EASA FUTh A48 BES AR T oo w, e el shal A e

import importlib
import modname
importlib.reload (modname)

daL: o] 712 100% F4 84 ks Utk 53], a3 22 232 24 RE2

from modname import some_objects

)
=

E 3

3z AAL] o] WA R AL At HE_EH/\ Ao = A3
2 7%

o}, ,
Zea dAdAT ANRA gUTh ol AL e} 2L J4A FAo ootk

Nr

jus
a

>>> import importlib

>>> import cls

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

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

>>> isinstance(c, cls.C) # isinstance 1s false?!?
False

S AR ] “ololHE E]” & Aot B A S| £ o] s AUt

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

>>> hex (id(cls.C))
'0x4198d0"
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if (x <= vy)
X++5
y-—i
zZ++;
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AL Z 0|kt 2V} LIE OlfF= FAHELIIN?

il

e AR A
3.3 HE AL HAO| o AFA BHESLIN?

AEAE 5% Tes 2 Aol seial Utk

>> 1.2 - 1.0
0.19999999999999996

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

CPython?] float 2 A S 93] C double & AFEFUTE float AAS] 2 A AU (Htyg oz
530 E) 9] o] A B5 Ao AT Al o] B %5‘—-/?;@ Oﬂ’ﬂ'%f\r_g 3=l C oq/q.o AH&-8kH, o] =
1:]—}\] ZE2ANA "5]'5"?1101 THo &3yt &, 15 A4 F At &3t 3l o)W Co) JavaEs X EH3

Be el 2o Aol EX Y 5k
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o] &ofl, xoll thafl A17&=a g2 103 gk 1.200 th ek (W% F2) SAA o] A vE, B &3] ZA = S5yt
LA Q1 7| Al | A A A A 73H = %kS o= 2s Yyt

’l.OOllOOl100l100l100l100l100l1001100110011001100110011 (binary)

1AL BE3A L e ZEUTh

’1.1999999999999999555910790149937383830547332763671875 (decimal)
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3l oF T} - fo] Mo Al =baseclass.methodname (self, <argument list>)z1 €4 AS5UTH
O]Z1L __init_ () WA Ze, dutHd o g I FEA AT 2 o] Ho]a FH A WA =E
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EHo 7Y %E?JG“HOP%}% AL FaUY 1f.varE AH33tH o] A 7F 2 s 29 Yt
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U A7FA 2, A2’ A HpEE AFSSE A $, self.varetal
g2 olgol dg Fx7t dxd 2 e g & AT 27 32 v FUch oA D3l A1 W9
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3.6 EBAO|AM CHUS AFSE & Bl= Ol E FHELII?

ghol 4 3.8 ¥, 7Hs AUt

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

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

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

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

Guido 7} &3 = o]:

(a) &5 Ak A F, A1 3F 71 (prefix notation) ©] 9] (postfix) 7| HE T o] 2 13Ut - A
(11’41 %9 (infix)!) A4E-2 F8Ho| A 2 3; AFS 7HA L L&, A7 A ol s A ZHsh=
HAZH R EFo] 5= R7|HE ZO}HPL XYPYrth x*(at+b) oF T2 T4 S x*a + x*b 2
ThA] 243 3H7] 912 23 YA 00 719 & AHgsto] 22 Zd< —*r?f“”ﬂH 01*“5“’ H| 2 3
BAAL
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= Rle] 208 2787 ok AL Tt o] AL Ao
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AL olu] &1 QQojordUth mjFLS L3R Y= %aﬂ o] get() O]H—keys() WA =7} 9 AL
shelo] opd Aol write() Wl M =7} 912 W) o] = HE EAL HAAL

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

3.8 join()O| E|AELI & HMET} OlL|2t ZAIE HIMEQI O|RE A

olL|77}?
A4 string B 42 AL A2 Qd A 2L )5S AFEE WA S 271, shol A 16k Ei
ERge e 25939 A4 o vl AS U o] H3 A2 W] gRRe Ja] wolSo A v
AR =2 g7 s B e AL e gE U
n " jOln(['l’ 12v, |4v, 181 '16 ])

o] AHg el Thal T 744 A vhe s wkE o] U Th
A AR L 2D D EAD A5 ) WA EE A3 o] AP 7] 3 Th ek S ol webg ok
ool th e Bl g2 18 4 AT, 22D B P 24 nHE gk Boleks AUtk WA= 2R
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"1, 2, 4, 8, 16".split (", ")

e A Fol A FRA(EE, /1R Ao R, dolo] T AR TR A9 BALL MBI
ddsdA ¢ A7 WEdU
join ()
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A A o] thal GAFEE vl A =7 22 S o}
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ol 9] 7} wr A 31 2] 9F 0 W try/except BEL w] & EEA YU TH AR Z o 9] 2 = AL n|§o] wo] ST

2.0 o) 79} Thol 4 WA A T} HETE AR5}

try:
value = mydict [key]

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

else:

value = mydict[key] = getvalue (key)
o] EA AL, value = dict.setdefault (key, getvalue(key)) & A& =& YA g,
getvalue () &&°] BE Aol B7te 7] wf £l T3] AH e Aol AR o+ s Ut

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

You can do this easily enough withasequenceof if... elif... elif... else. Forliteral values, or constants
within a namespace, you can also use amatch ... case statement.
- W2 7he A TolA Aok sk A-fols, case e T2 Fol iF sk MY E BE

&Y A2 =49:

functions = {'a': function_1,
'b': function_2,
'c': self.method 1}

func = functions[value]
func ()

<9 B, getattr ) W FFE ARt 54 olFS /M AIAE=E Ao H=

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

method_name = 'visit_' + str(value)

method = getattr(self, method_name)

method ()
o] A visit_2} o] HIAE o] F ol HFAME AHEsh= Zlo] E5UTH ol g FF AN §lod, ghol
AR5 G 22old 28 39, 3427 AA Y REMASE 523 % st

3.11 OSE A3 = 730l 2|E3l= 4l AE Z2[EHoIM A ES oS

Z goll thal Hojx shi}e] C 28 =y YL FEAF YT
W5 Qs Ut webA, A A= FHolE Coll thE

of

128
Y92 Th s, C 292 3 SES 903 AAAT AEZE FE7} 9 Stackless Pythono] Gtk

3.10. m}O|*M0l| switch L} case 20| Q= 0|R= RaQlL|7p? 47
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shol{o] T8 mAl A9 TE BN YR FHE FHL A Q5 7] wEol ol 4 Gk HAN L 2L
239 5 95U Th 2, Fol Mol A, ol A 4248 £AI7 opd U th 7% 27451 ThE dloj o) gt
3417 22, shol A Ykt FHE A/ UT ALE ASE AR 2 E/H L YU}

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

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

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

shol @ W22 ¢l ol A% e 7H e wheh hEUTh stol e BE TR (Pyhone FE ALY S
]_

ALg ool A AT 4 G AN E AL, E R WAUSS Aol xS FANL, QAT 5

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

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

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

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

A7) 2, CPython®] # % 7123} 543l A A A S AL 2w, £l &t 27) RS
FUth 24 A5 A GCE AL, o) 28 3k AA & thFsa ol AW 1 AL 2w 7 (27
23 A) g Utk

B sho]d 2RI A 455 LES A4 steE, JA Mo AL
the-e vl m el wel AA o A glo] AE T ok

o

FAG with B8 ALg S ok Ttk

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

A, o] A2 C EFE 7] 5] oty A Ol*‘“ ol gl vtk (o, %8l+= Boehrn GC gtolB g glo tfaf &1
S5 oS o) A BABE (25 A opd T oAl B e TESF 9w, oA = AT, 23
=B eA L 9T shel 410 ol A0 2 A 5ohe % 5ol A7 B8 )

A= 4

(5 A9 GO ool ThE 5.8 22190 3T W LA G FHY sk
JJrfree() S GC ghol B g A Al &3l AR Al = A=A A T, Fheo] H-&
malloc()»]—free()oﬂEHG]—X]-/\]UL/]1:]] 2 98 4 9y}

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

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

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

2e Al =3 o

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

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

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

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

FELEHIUTE & A FEo] UEoA Y, o 245 Af gre g vhE 5 glguth BlaEs b elg
A, JAAEA B|l2EL 245 AT $ AFUTH E¥d 240 9- e 7|2 AL 5 oA, g2ET}
ot zt FER 712 AT 5 A5

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

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

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

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

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

= 371 24
=3

CPython 2] 12 7 sl Al Hol 22 #+3E Utk B-E2| 9} vlus], o) £ Aol A
23] (A= 7HA 7 ) Aol FAHE L, el ¥ eyt

A
A= hash () WA 48 ARS8t AU o A 27 7)ol vt s Al Z=E ALbste] 25y
A LEE 719 22 A AE A=) mpet 274 tF U ol § S o], “Python” 2 -539294296 0. & S A] &
A Wb, o F A ohE EAFE 9 “python” & 1142331976 2 s Al & 4= gl Uth 1@ o3 diA Z=+
grol A UF i de] AAE ALk v AR YT ZE iAol 0E 71 Adeoha 7HE s,
g7 718 A sk Ul A A1l 2d v Yyt - BigO 27122 0(1).

=

Ut 717k 74 A ol H,
£ 27 gAY 7=
g stk 28 v, 9A vl 22
% oAl S = o o Sl Al A A

A 9H] A B WobE o] A A] ¢k R 7hA) B
Z

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

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

tF A Sl A8E 11, 219id7F R AR £ A7 k2 7] w2l KeyError 9] 7F 2 gy ok
5, "9A4 e 71 is7t ok et ==& A8-8ko] Wl s of Pt

« PJREE 7IZ AT o AR S WU 7P AR A B 2ET Al Y F2E 29T S
At ZEZL 2 2z whbd 4 917) w &l 2H58kA] ek yith

s J2ES 71 383 A vk AL A Al A8 FEF AA P o] AL AV AR HrES
TAYL ) =2 FAFY] o2 WaE UFUh TR GV Fod BUAdS A=Y
thd.keys () o] E %2 9MH 9] 712 AT 4 ok

gAY elol At A
A, A7) B2 ARE FREnE dod 5 dsyh

Bestd o] £AE 35 2ol YA, ABL %

MAEE BT bR S dags gy

A 710 22 o Fehe wE o A

52 & o gk,

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

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

(THE seTATol A1)
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R s S e e P I )

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

A AL Bl AES dH AW 7L IA] BT The AT At SHER Y The A o E s B gl

B Al L.

=3 AAZF gAY A=Al FAG ], FA ol == 02(F ol._eq  (02) is True)o|H

hash (01) == hash(02)(Zo0l.__hash_ () == 02.__hash__ ()) oo &Yt} o] 3 A5 AL
%3514 Eﬁ}fﬂ; gAvelet e A 7|9 27 L AE T

ListWrapperﬂ 3%, @l AA 7 gM e el Sl ‘IHU}D}
QFotoF Ut & F AL o] & SHFE A S }"5}7(]

LA e PR RS

Jo
o

;>4 [m o,
)

4,
I
>,

(%
o
i)
ko
ok
B
rd
o
)
Moy
N
5§
rlo
3 >
N,

L. ol g AT olE e EA A g
AUk £ S0, AEA =ME 9HU 29 71 & olHEH ol E sh= 2

ol g
oy

> = o ol Wox
M@ &[> ol

oo

Ry, 5

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

3.22 ulO[’MollA 2UE{HO|A HME O{EAH X[FStD ZHELI7F?

C++8}Java s}l -2 A ojoll A Al & sk ZE ol ik Qe s o] &~ B A=

A% R, oAb 251 e el el ol B AE A 5ol 7
o =gol Bcky Azt

glo] M 2.6 4wl o]~ ZA(ABC)E YT 4 Y+ abec BES F7FUth 218 v isinstance ()
% issubclass() & A8 Sel A28 Feas 54 ABCE TS FAT £ g4
collections.abc REL2 Iterable, Container ¥ MutableMappingd} Z+-2 +8 3 AB s

gt

stol o] B, 74 840 e AV E2E &2 55 A o] BA S B2 ol H <

@)
b2}
oy

ol it £ ~EE A Aoz
BT et e ool R E S Aa s Assiel Aea A HAE 8 AR S 9% et
B3e 9% QB o] 28 ALS e R ERAE 92 SlE ol 28] 2eal S 8] (stub)” o B 2 o 48 ARE-3}

3.21. list.sort() 7} HE 2|AEE HIEtSHX| = Olfe FALLI? 51
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I T

iy [
flo ok

e oy

o} ohuje} AT HAE T 2

AR, AEsols B 2R 54 £ HAET 5 gl
$Uth 912 S0], append () WA SE AR 3 Bl AE Zoj A 848 2719
TR0l AR o] & Suk=A S YA HAET S YA, H2

Y
it
N
N,

z,
f
ol
Ir
o >
i
o
N o
i,
5
X0,
oy
Iy

MOOENP
dob > o>

qo K o
rlo
o
-
¥
[o
fru
Iz
)
ok
=
4
ol
oo
ofo
[k
Hu
[

o 2ol o] A o] ¥ 3
Ut AdE
2B A o] &
HAE X E
t wol] ARSE = 7]
HAE A9 EQ
_/':

4937 Fe

y o 1L
BLoox [y of
o yo,

|
o,
ok
rr
S
rlo
=2
o
bl

wolHu, A HAE T S IYEE IEE
714k 7 & (test-driven development) of| A &=, A1 A
Al of Ut B2 Fho]H & o g Eo] AAENA

i o
S rufe “r”{o’

b )
L
ot
v

30 1o

3.23 goto7} Y= Ol = BAYUL|77}?

1970 d o o] AFEE2 F-A| Sk goto 7} o] | 3kl =73 81 7] o & A A ESH “AFAE” T EZE o]ofjd &= =
A MEdsULh I5F dojollA =, 271 (FFol Mol A if F,or,and D if-else EHA]) 2} FZ (while
3} for <&, continue$} break & 2T 4 JdFYH 7 Y= s B8 sHA g5y th

oAl & AFEete] B T & o= &5 dhs “Fx2 4 goto” & AFT = AFUTh B2 AR o971 C,
Fortran @ 7] E} 1 0]€] “go” U} “goto” F+x 9] BE el 4 AME-S HesHA o Ed ol E T 4 Jvha A ZHEy
th o & 59

rl

class label (Exception): pass # declare a label

try:

if condition: raise label () # goto label
except label: # where to goto

pass

3.24 2 EXIL(r-strings)0| S S2AZ2 2 & Qle OlR= FAYLIMN?

g A, 25 M9 g SHAE 2 sUth 29 ol jle d €A G WZE ZAS
olxA oz sto], EUHA] ¢k A S YT

g ARG AA o Al olxAolz H2lE st Z2AA(FE A4 Al i A H S A
BE 4 JES AAYAGUh old R AL AASHA 9 3 o AN B YR BFSE,
2AQL ol F 3§34 Qath U, o SUNZ o Ad0) = so] EAA WL E EAE ADE 4
AUt o] #HLr-EADe] 9 EH BAoR gD v & AEFUT

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

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

DOS W@ ol et A= dEstels 47, A& 50, tha T stUHE A=A L
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dir = r"\this\is\my\dos\dir" "\\"
r"\this\is\my\dos\dir\ "[:-1]
"\\this\\is\\my\\dos\\dir\\"

dir

dir

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

golols E50 IYPet @& o] T=E STESHUA E5 AYPS R with” Zo] st g7
Aol e Ze T2} ATk
with obj

a =1 # equivalent to obj.a = 1

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

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

9B AE s Wokol 8 Crrs) 2 THE dojt 44 g Agsu e ofm Yozl ol gs 3 e
WatalA & 4 d5UTh o Aol A golBel R AT - Av L el A A9 Y Al Ho] BE Wge
2325 43 JHUh
sho] A2 52 §2 gL Th A9 A7kl o | o ERlHEJL F2E =) e &4 U Th Wi ol =g
REE A3 Fol AR o) FAAGAAL 5 Atk o2 <1 Dedt g rlmorE oW o EelRETL
F2E e 3AA ¢4 Qeuth A9 Mg, A WS w0 o E R Er
NE 5], 2 22 EAATF 2SS HAAL
def foo(a):

with a:

print (x)

2YBL a7 o] “x” gk W o] E ] HE 7} glojof Stk /A Gt ey, sl Aol & Qe Z el e o A
IRE *#ﬂLﬂMﬂaqw”wahaaﬁfﬂmoawmg%

Ji

L

22 1 o7 Wk

A ) o
e, “with” & FAMEE do 7159 2 oH(ZE BF Z-}i)%tﬁ e Fof sto] WA A 2D -

%t thet ol sk thAlol:

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

oA A A A 2

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

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

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

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

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

if a ==
print (a)
9}
if a ==
print (a)
AR Zlo] oA 2T ¢ 7] A FHBHI A L. o] FAQ HH oA FE o] oA A E A Fsh=A =
BN L; ol o) BE ASE AU
E ChE bR o] f i BE0| PR 4E BAZ It BH/E SoETE AYUTh S0l 8 Sk s
WE 2Ass] A9, 22 BAES o Jus] 2B RGO 2ES 2 5 U

L, 2, 3,1
(’a|, ’bl Yc’,)
d = {
AT, [1’ 5 ,
"B": [6, 71, # last trailing comma is optional but good style
¥
ol & &3te ol R 7HA ol 77 =
BlaE, F& = gl e el8E gho] of2] S0l 24 A= BF, o)A Sl duE FME 287t
7 el R 4E F7het717hH g5 Uth 29 dHE UEA G S AR EE v s UTh
ArE 43 Tt Jdst7] o oH b2 S = s Utk & =1
x =1
llfee",
Ylfie"
"fooll
"fum"
]
of PaEs) &l AY K47 gl AN H Hol AW, AA 2t Al A 228 AFUTH “fee”, “fiefoo” B
“fum”. FF A EE F7SHE o2 ollH e I AsUT
FYHES NG Z2aRY e BE Yol o A9 L= dUr
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CHAPTER 4

ato|=2a{a|e BH&F FAQ

—/ O

Egol A gtolud g dHdAE FASGHAN L. (BFoll= £F gholH g
= - o] EAE AYE & A HUHh)
For third-party packages, search the Python Package Index or try Google or another web search engine. Searching for
“Python” plus a keyword or two for your topic of interest will usually find something helpful.

=N
-t
[\
3
)
(=

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

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

1) FolHe g A4H 2E (py);

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

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

import sys
print (sys.builtin_module_names)

55
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41.3 FEANAM To|M A ZIEE Al nl =2 OF=S2{™ 02 A| SOk BL|71?

ZHAE slof uth A3 E 9pde REE AY Jheslof stal A WA £2 #! 2 AlFsta 1 5 o
slol A olEl =2 g AR} 9 o]ok Tt}

WA= chmod +x scriptfileo|u} o}ulE chmod 755 scriptfileg A33le] PP Ut
WA= ojg] 7hA) W o7 48 8k 4 9yt b sl w e e a e =9

o Eon

#!/usr/local/bin/python

Jhol AE 22| B 7} S Fo A d A E ol 55 AHE3te] 949 A WA 22 A st AYyh

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

#!/usr/bin/env python

°] Z1& CGl 2T HE| 2§37 mp4 Al L. CCl 2T P EL PATH ATt $5 FAdto|ghA, JdH Z g
A7) Ao 7 2 AR of T
ool 2, AF& A} 87 o] 7+S A}A] Jusr/bin/env Z Z 1 o] AT} = eny = & 1% 0] o] 5]
th o] Af, T2 22 A3 AR T 5 5 U T (Alex Rezinsky 9] 71 1/]1‘/}):
#! /bin/sh
exeé python $0 1+msE"
2 GH2 ol Ao] 2THESY  doc_ EAES AodrhE AdUnh 2 Y, e F7Hst] £AE
AAT 4+ A
’ doc = "nw  Whatever..."""

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

Y2 H1PY A B ool ax xR 7| EH 0w A dE A= A9 Modules *13 ol 2 E 2o
curses ZES 23U LH (= wlZ A= AL 5 5 YT - =98 curses T E2 54U Th)
curses B E- 7| & curses 7| 5Tk oyt A4, thA] 22 A A Y, = 2 vk XY} 22 ncurses

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

b

4.1.5 m}0|M0of| C2| onexit() 2} S5t 0| YSLI|7}?

atexit BE-2CY onexit () & FAMSH 55 & ATt
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4.1.6 Al X2|7|7t X%tSSHX| = OlF= FALULIN?

7

ok
s
Sl

AR NTY A7 22E AR BEow A s AR o] 24 £EE UL

’handler(signum, frame)

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

def handler (signum, frame):

4.21 ufo|H == 0|t HEHEE WA HAESLI?
gtol o= F 7HA] HAE ZH A A7t dF UL doctest RES REY F2EF & AAE Z2
AT 5, 2892 F2EYAN ATD AY A NPk

HAEES o g4 steld, el 22 a8 £2 254 HUAIE ALgsjof vt =282 A9
BEVSS deUEdavAsz fEesslordutt- 2y ole w2 22098 o wEA A3
ek AV S UT (A i AA 27 A QA AE T mar] o 2of). £ 22 T2 A9 ieE
WA s Aol o EaHA] ghotof Futh o] FA A HAES 7| 7 A o 7] w2 Y th

Zeage) <del vel mer e e 2L FES

if name_ == "_ _main_ ":

main_logic ()

zzadel W BE st Yt A Y 29 5 A
ok 2ol ) A€ B Fea T R oz FAHY, o] 343 AN HAE F5 2
Lagsjol et Aee) BlAEE AEIIE HAE AL 24 RES AVD 5 Yk o AL Be
A4AY S AW, sholyo] o} A3k F A W R EHES HH U “Z2HH 779} B
HAE 45 A4t 39S X8 9 S A A B & dsUch HIE A 23 43S 279
LA 4 A7 ZYUch
z2a3e) Mo BEo] obd “A Y BE ol BES) A HAEN 2HD 5 U
if name == " _ main_":

self _test ()
S )R A o) 29 4F AgFE T IRRAE o] A0 T TAD IR AEI 3] o] 2 AHg-Shol
9% Qe S0 28 AEF F P wl HAET 5 lFU T
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422 SEAEZIoZ MUHME O{EHA HSL|7}?

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

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

4.3 AfE

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

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

A%z weu e u 9o #2458 75

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

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

import threading, time

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

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

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

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

ek,

T A2 AY g Al 2 A2 e FUkske Addth

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

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

time.sleep(10)
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time.sleep() & 1% 2 AA g F5 3 4, Q59 Antzo] v AUS L A3 Aol EHUTH
3 744 ofolt]o] & queue BES AHE ] F ANE BT, 2 ~d =7 AR D 0] Fol E2E F743A
i, vel AH =T AU E 4 gae] E2e AR s AU

4.3.3 02 ZHX A= ZHoll RS oL A sHEEILI7I?

7} S L concurrent . futures 2§, £3] ThreadPoolExecutor | AE AFL3HE= AYUth
T, g A digss AEsHA Alojsteld, 44 =2 A48 + 5yt queue ZES AHS 3}
o %Y BHE T A2 BEAAL, ouene T2 & AA BES FATIL Fol FES 215
.put (obj) FIAES} o] & WkEeh= Lget () WA EE ZFUTH %"/Hi% 7} 2] o] A &s] I A AL
EE=d 28 55 AP

st o & =9 o Z2sUt

import threading, queue, time

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

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers

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

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

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

Qe gL e o) A4 U Th

Running worker
Running worker
Running worker
Running worker

(TS sl AToT A
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R s S e e P I )

Running worker

Main thread sleeping

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

Worker <Thread started 130283832797456)> running with argument

g W N e O

worker

N
Y
EY
o
)
rlo
fd
i
i
ol
>
et
jat)
PN
ok
>
>
fo
| @)
c
D
c
D
Y
o)
[>
rlr
N
ofr
©
o{u

R QE o] 28 AT

sk ol Shibe] Ad= u sho] M VMol A A E =
o AN o= A 8-S AEH A sy,

setswitchinterval () & 3] dul} A2 AT R E AAT 4 JdS5Uh weta 2 ufolE &
So1o} 7 WAool ] Eetel BEC TH TEL slo M we o] BEcA A Ao,

O EH 02, 0| AL FEH3A A7) AL PVM ko] = 5= 7R tha G Eat ol sh 7 DSk A2
guiguch FPAHC R, o] A2 “dAH o g Hol” WA H O HI (A, e|2E, gAY e 5)9 3
Aol e 2 ato] A= A4 e o ul gy o)

oAE 50, thx d42 EF 92 A gtk (L, L1, L2+ 8|2 E, D, DI, D2+ 9A Y e, x, y&= A4, i, j+&
Ardyh

L.append (x)
L1.extend (L2)

x = L[1]

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

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

i = i+1

L.append (L[-1])

L[i] L[3]

D[x] = D[x] + 1

o2 AA St Al st A4k AR Fx Slrtodl R2 @ 259 __del () AEE ZET S YO
W, ol A2 E 4 AFUTh oA GAveleh e ase i A4 Wl S8 25Uk g dad e,
AT G4 2
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435 MY QIEZE|E 2 MHE £ YSLIM

e ¥z e =(GIL) < ?? 5}01 A= o5 ZZAAM AW 7| Aol ko] d 2 v 2| sk ©l el 71 "ok
AARAUL, (AL]) E spold ZEZFGILS FH1L e Lol AL A, b5 S = sfojd =22
D9 A € A S CPUT AL 8] e o

ato] A 1.5 Al A oll, Greg Stein> A Al 2 GIL2 A| At AL e o2 thA|§ 224 s 2] B3 (“AHrE&
289”3 %) F+& <5 Y th Adam OlsenS 3 2 19 python -safethread Z 2 A Eof| A] FAISH A TS T3
FUTh 2%, F AW BRGILAAS RASE o 22 R AL S For s 9o 28= 4ol

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

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

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

%0, |

oy

Tl
™ XL m

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

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

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

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

44 Y3 £

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

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

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

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

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

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

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

ol dsyth

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

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

443 HIO|LIZ| HIOIEE QI (Ei M) WS 2RALIII?
4 vtely e dloly F4g A AW 2849, struct EE2 AHESte A o] 7 F5 U Hhold g
UolEl (M 50 S Ao EALL AaAA Shol A AR 2 WRT 5 YT FUTE 227 1 e

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

import struct

with open(filename, "rb") as f:
s = f.read(8)
X, y, z = struct.unpack(">hhl", s)
ZY B > £ 9 AT U ol E ZAFUTE B} h’ = 5] “F-2 (short) B4 (28}0] E) & ¢]

I & ZAE ol A 3k “Zl (long) B4~ (4vto]l E)E Y5t
S A Z4QA gloE (& 9] intLH float] 55 2| A~E)9] A%, array B E

o

A8 SE AU

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

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

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

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

ghE o] sz po

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

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

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

ol
A

orEL|7k2

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

C 3td 7|&AHE &4 5yt

o
ot
X
qw

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

= gk ol AL £7h A7 2 o £

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

g A A L

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

E A 40,1 228 A7 AS 4 AT

rlr

45 YESI/QEY T2 Y

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

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

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

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

m
_ll)l'
)

S

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

ltd

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

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

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

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

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

45. LESZ/E{W T2 Y -



https://wiki.python.org/moin/WebProgramming
https://web.archive.org/web/20210224183619/http://phaseit.net/claird/comp.lang.python/web_python
https://web.archive.org/web/20210224183619/http://phaseit.net/claird/comp.lang.python/web_python

Python Frequently Asked Questions, £ A| B{% 3.10.16

dutA o7 HAE AF G POST A4 F¢, Al BAFE 2 urllib.parse.urlencode () & AF&3}o]
ol g3f oF ghof] F2l s d Al L. & 9], name=Guy Steele, Jr. & R U8 H:

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

o B7]:

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

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

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

rin
fof
[>

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

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

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

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

e 24Utk

import os

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

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

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

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

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

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

sts = p.close()

if sts != 0:

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

select 20| 279 W% I0E x| Akt o] 3] AL o,
TCP 4o B= H X g5 = 37 Jd, 242 v B2 2z 44T 5 95Utk 28 thg socket .
connect () & F W, SA AZH AU (2R 7Fe Aol glsUth o2l 1S & .errnool £33t 9
2] 7} A3t errno. EINPROGRESS+ A 2 o] &) F o] A gk, o} &5 5 2] ¢ ¢k5-& Ve Yt OS
WO} EIE B SHRHSIAL el el Al ATol 4 7ol o] ke 2] sl oF ghuich

o 9] & 338 ¥ socket .connect ex () MAEE AFLE 4 Q<Y errno g9 BES U o). =8 518
9, U4Fol socket.connect_ex () E A &5 4 Q55U TH- 00t errno . EISCONNS A 2H &<
e UTH-EE o] 2AS select select () B AEstod & 4 J=x] Fold 4 9t

F1: asyncio BE2H EZPVEYI F=E A= U A S = I HE T 2= I FAA
H]5 7] ghol B & 2] & Al g th Al4bAL Twisted 2ho] B2 2] = 2] A = 7] 5 o] T3ty th

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

4.6.1 1m}O|Mof| Ci|O|E{H]|O| A THF|X|0l| CHS QIE{H|O|A T} /Y &SL|77?

o.
DBM} GDBMZH-E T] A3 7]k & Al o th 3k ol E] | o] A% ® 3 wpo] Mo £3FE o} YUtk AZyA3 7]t
AP dlolE | o] A& A F3l= sqlite3 BEE JFUTH

F& AA Y dlol g o] 20 tf 3k A o] AlF-F Ytk AHA| g Y-8 DatabaseProgramming wiki page S %
26‘]_/\] }\] o

4.6.2 TiO|MOIM AL ZHAME O EAH LA LI7N?

pickle sholtefe] e o1& o F AUA PAOE AU (85 AP el oA B F U
Ae AZE = A "H, shelve glol B g &2 pickleZ} (g)dbm & AR-&-3to] 4o mholH A&
E?j St= 9 ’\7‘4 A (persistent) 1 3 -& 2H5 U Th

B

1

7

Ok

FUIN,

4.7.1 TO|MOlIM S OB A HEHEL7?

oX
N
it
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o
i)
flo
()
au)
d
<
v

%% 2 E randomd WG A

import random
random. random ()

AL (0, 1) WAL T B 25 A 2AE MEI T
ol BEOIE ThE BE 54 44717 AT
o randrange (a, b)<+[a,b) B9 A
e uniform(a, =a,b)HYY HE 4

e normalvariate (mean, sdev) = A (7FFA¢H
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CHAPTER B

5.1 CZ LITS| S48 BHE 4 USLIM?

% Yt} extending-
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a5 4, A5, o9 8 47
index 241 435of 5]
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iuj

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

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

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

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

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

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’ s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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5.4 COl[AM 2o mio]M EEE O{EA &l &~ USLIIN?

/49 4% ¥4+ PyRun_SimpleString () o|H, o] EE __main__ 9] AHAE A
ZP% Heta destE 0e tﬂﬁhf}i (SyntaxError & Z3H3ls) o 2] 7} w51 1

£ 93, PyRun_String () & AHE-3HI Al &; Python/pythonrun.col Y+

_ implestrlng() 2AE ZARIAAAL.

5.5 COllAM i2|e| mio[’'M HJAE O EA It = USLIN?

o] A U2 PyRun_String ()

s} start 7] & Py_eval_input & AFR5lo] TESHAHAIL; F
EREEE P et i

‘{"\_
U

o},

5.6 THO|M 4H0IA] CZLS OB A ZEBILIN

o) A ] Fol whel thEYTh 73
o ;(]7(43 O]Eﬂ/‘\_/] s % t‘l_]-g_]-fg
PyList_GetItem().

o
1)
)
<
'_]
c
o)
P
o
0
'_l
N
o)

L Zo]E ul3lelal PyTuple_GetItem()
B 23 42 7R 2 95 Y th PyListSize () 9

C,
=
Au)
[>
ut
rir

u}o]g go| A&, PyBytes_Size () = 4 o] & k33l 1l PyBytes_AsStringAndSize () = k3 2 oo

A5 g shol A vl = A7)

3k O EHE g (null) vlo| EE 28T = Qo] A Cﬂ strlen() &
AFEE = gl Fol A Al L.
AAe & A A}H}fﬂ H, WA NULLo] obd XA &<Qlst t} & PyBytes_Check (), PyTuple_Check (),

PyList_Check () & AFE3IHAl &

29] <Z=2P olE 3| ]/\7} A Z3t= spo] M A ol B3t 152 APIE Q55U TH- AA 3 &2 Include/
abstract.hE oA }\]J_ PySequence_Length (), PySequence_GetItem() SHZLsTEE R
Z20] glo|H /\]-Tﬂi E} g o] 2 & 4= & ¥l ol 2} S A} (PyNumber_Index () %) E}PyMapplng API
o WP gL e B R e R ERe ARTUD,

= 3=F

ol
[ — |

—_—

5.7 Py BuildValue()Z AI23510{ Q19| Zlojo| &
oIL| 712

Ml
fjo

A

rlr
ro

=
T

248 5 g Uth t4l pyTuple_Pack () & A3 Al 2.

5.8 COIA| ZHAIC| HIMEE O{HAH S&&HL|7}?

PyObject_CallMethod () &+ A Y Y HAEE TE5H= Ul AHEE 5 sy i) ©ig=
AR, TET WA EY o] F, Py_BuildValue () ol AbEH = 27 22 29 F2d 2 AR Ut

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

 E AR A A5G- ol AHE R 9 BF A5 G W ¢ by DECREF ()
of & ol Al g% e,

°
A& 5ol 210,002 3} AA ] “seek” A =5 T3t W (3L AA ZAE 7L 2k 7H U oh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...

}
else {

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

m]
ind

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

(]

ol FE A, write () FINEE ADst= AAE HostHA L. o] AAE sys.stdout I} sys.
stderrol B 34 Al L. print_error& T &3t A U EF EFlo]ad mAYF o] A5 E FAAL. 2189
g2 YR write () WA= R E X2 ® T

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

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

e A4S S ASA o AR L heT 2EUTh

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.9. PyErr_Print()2| £ (L= stdout/stderr2 QIME|= D E Z1) S O{EHA EELI7F? 69
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5.10 COIM miO[M2 2 ZHEE ZE0 O EAH HMATL|7F?

et 2o] RE AA ) e £AHE A2 5 AUk

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

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

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

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

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

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

= 4 8k
Crt eholBej el o] A%, O 25 AL oI5 th tlero] A5 U7RE B2FUN L.

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

El
—_—
o
r
1

O
—

$408 229 34 GDBE AT ), o] 22 W7k el VAL AT+ 9HUTh
o
=i

.gdbinit 3toflA (£ 34 o) ot

br _PyImport_LoadDynamicModule

29 thg, GDBE AW &

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

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

gdb) br myfunction.c:50

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

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

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

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

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

AL

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

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

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

23] 2 ol &

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

E01 IDLE° 0171 X=X /\}&gqq

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

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

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

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

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

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

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

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


https://www.boost.org/libs/python/doc/index.html
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3

6.1 F=0M oM == RS A3 0{E A 3loF EL|71?

o) AEL P Aol oyt oful AL Bl T2 P& AR o] % Frhd o BE
Aol B AUt 184 ghow, F ol A Mol BLY 5 Y&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:\>

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

’D:\YourName\Projects\Python>

AFE AW PHA 2o 2l 25 2ol A dUTh A o] FS A F T, stejH 22 S
AeE En 7 E Ay

ol 2 HE = stol M JH el E gk thE ZR I A JFE D g 7} Qlvke A 3 Yookt
AElZ e 2T HEES ¢, vto]|E FET AL 3oL, Hlo|E FEE i) 22 a8 5t
230, JAB Z 2 e & F3l she]H & A st W o g A Fulal of shAls U7k

WA, g o] “py” ghe Dol & A 71 E ANFTE AA R QA=A Fsforduynt. ¥y S da
AW, By py & ‘?Jﬂﬂﬁh_return 71E of gty th:

C:\Users\YourName> py

che 7} o) EAH YTk

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

—win32
Type "help", "copyright", "credits" or "license" for more information.

>>>
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Qe el 8 TEY Be 2 GRS U F, vt A Bl RAAS B34 0 = g ste] o] she
Zo 49 22 FAND 5 AUk RS ol A g B A5 F Stk AT 2 A
SAe QEstel Folstn 1 A0E FHASHYA L

Hello

>>> "Hello" * 3

'HelloHelloHello'

W Aol 3ty B %%ﬂrﬂﬁ} ANz z2agde] 7ks 3t A7 2 ARt 3ty st Al d <
;‘Eﬁ}ﬂ%‘a,emt () TS 3EAY 2 S JEstdA ctrl 715 F 21 YA “BEnter” 712 2] 9459
HE ZEZER Sopgtyth

W%, A2 » 2 T30 > Python 3.1 » Pyihon(B % ) vt AT 22 A4 vl 52 FolE £ glov, 1
A7 A FolA >>> 2EEEES B 4 EUTh o A9, exit () B4 BEHA Y cerl 2 & 93u
ol At 9 %Oﬂ/ﬂ E‘r?é “python’ PR Adcte Sl dHZYHE FHH IS E5Uth
o|Al py W o] AAE o BT, FAL G4 Tto] M ATHEE E 5 UFUTH To|H 2T HE | Af
Azp ) A2 e AAsok & AQuITh BA1e) Sho] Ml AT YEsbhello.py Bt o] 50 2 BAle] 2
S5 AT S, WY mEmestE tdEelo] 4 ejglon e o 2ol go] EAF T
C:\Users\YourName>

A o)A AT HE AR F o py & YHtA stol W AITHE S AFH] Al py BHS LT AYUT

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

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

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

-1
o
B=

Program Flles\Python\python exe "31" $*)E A 3P3}=open HEH O FY A3} o]
Ao W mgaEo] A foopy T 2L AZYE ANTAE WE/o] 2RI FFAE Qo] oo’ B
S) e shol ~ 21958 44 5he] vl PATHEXT $14 W2ol py2 2 7bsh oF 3l ch

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

Qa0 2 sho] AL AL ol A B whe A A 25 A v, w2 vho] A& A 4He o 4] 2.3 A3kl
8 e1el W1 % A7} S e o)l 8 A Thol Ho| 5 A5 S AH A0 ol e A% S A
o A 2 2557 whel 8% o 252y BEUTh

o A% o3 ARl holel s A4} 2xEdolsl 42 dgoz WATE A S FUh L vt
ozl 2L Y A2HORRE 98 RE AL RUHYSAES 2/ U E FAR T T A2 RO
A% 2B =E = ot 202 el gt Al S oAl vhol el 2 QA 4z =l oo 7S Feldo
AA 2 5 QA FAE eA FAAA L. E A AL 97 4GS AAFES THH F9, MeAfee

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

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

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

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

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

r{n

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

o

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

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

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

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

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

3. SWIGE 8% 2. B9 ol Sol mek o) So] BebA = 27)3h #4-(C T4 & AT ol & Sol, 25
o]E0o]leo?l A, 273 T+ E 1n1tleo()i Ut} SWIG Al = Z 8 A2 AR5} initleoc() & Hu] T}
AL AE A AR I UL A 284 2T 25,
2dA A CZEE exe Y °ﬂ Fad T e olFe 27 FTE IS Ao RES Fo|Ho R

1= e st A% 5 Ush] EJUH (o] o] BASE A 32 F A AL T

7]

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

g
X 0
(> Ho rfr

>
et ol

91t

#include "python.h"

Py_Initialize(); // Initialize Python.

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

6.4. TO|M AJZIEOM Al

02
U

melg BIEE e RAULI 75
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5. Tho]m 2] C APIO) = 5 744 B4 7k Q=t], o] 2-& &A1 0] PythonNN.dIl& THE = o] AF8-5] = 7 5hal
&9l MSVC o] 91 9] 52 & & AHg-3he §us) 2 Lk,
Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-

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

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

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

o}o}, Py_None-2 pythonNN.dIl Y] 5 2] _Py_NoneStruct 2}= B33k g o] ] 3£ 20 o ¢t Iz 2 &3351+=
I dUch oA DokAtd, o] FEE HE A SAA AAT AP o R Z2 IR

HERA A 2.

return Py_Buildvalue("");

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

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

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

FAQ+ ®& AH83t= A& AF3HA o, gto]H AetYd A (PEP 8) & #4HE shol I =of o3l 4
o] A5 o] AE A3 T o] B8 Emacs python-mode ] 7] 2 ZE%] U T}

BEE AN |F A o] A8 TL3E A2 T2 A Zo] ofdUth o] Fo| A MSVCE th2 4] ¢k
250228 AV85}7) 4] FAH T T A% & w554 A 2 Tools » Oprions » Tabs, ) 3L 72§
“> Default” 2 S} “Tab size” 2} “Indent size” = 4E A A 3Fa1, “Insert spaces” & 2] @ HES 7 AT

Y S84 By Avolaz A A FHo A 7F DAY = F %, el % o] IndentationError
TabError S 'HAI YT B3 tabnanny 2 &5 A sto] WX Z=oA eE e E2|E AT +

flo &

k=

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

msvert 2 &S S AU o] A2 B AE-54 A BE QUL o3l L E S ETt A=A S

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

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

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


https://support.microsoft.com/en-us/help/3118401/
https://support.microsoft.com/en-us/help/3118401/
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CHAPTER 7/

Jef = ARE A 2IEH 0] A FAQ

7.1 dixol GUI &

el

7.2 What GUI toolkits exist for Python?

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

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

7.3 Tkinter & &

7.3.1 Tkinter 22 T2 13 {2 A D™ (freeze) EL|77}?

Feudgu, 58§ 2

[kl

Freeze= =3 433 22 72 7WHE vl = T Ao}l Tkinter 2 = 219
2]

A
© o] 78 Tel#} Tk 2ol neje) 7} Bestng A48 59 AA o] oyt

BN ANE $8 2T UL Tl Tk 2ol 20l BA A 30, 245 A A o] 1L LIzRARY
9} TK_TLIBRARY 37 W42 A}23to] 71 7]= A<y}

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

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

A Tclsam_ init () 52 A4

o
> A&UTh.
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https://wiki.python.org/moin/GuiProgramming#Platform-specific_Frameworks
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7.3.2 IOE 7|cl2|= EQH Tk O|HIEE X2|SIEE & 4 QUSL| 71?2

AT oo th2 S;EZ e, 28F5Uth 2832 28 =7 FRFAE 5yt 28y 1/0 T =8
oF7F A A & oF ﬂqu} Tk Xto] XtAddInput () £EF 553 A2 241 J=d), 3L 7]E Ao A I/O7P
75w Tk W] Ql FzoA &8 2 45 553 4 == gy} tkinter-file-handlers & 2 34 Al &

7.3.3 TkinterOl|A{ 7| HIQIZI0| SZHSHX| LSLICH 0|7 BadQL|71?

A3 S8 BN A3 7|5 EYE bind() WA ZZE o E AdZH oM E 28717} A g5 A e
= A Yok

7hg &5t A2 vl g o] 485 = A I HE AT Q= AY YT focus gEgof tht Tk A PA S

RIS L. RE A2 22 9T ] 7| B E TAAE I5UTH(E o) &2 1E A ¢85 Ut takefocus

SHE HAAL)
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8.1 mlo|Mo| FAL|7?

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

AE £z Egol LA} ALS S = P

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

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

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

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

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

oo
<2
i}

>>> 1319 o] /|8 shold xEzE. ABze o)A tfE P oz AP + Y L ool 4 A B 5
&k
LT e A
QL ], 4

Aol XA Fo] ojsbe Ao 7K 5

e Ellipsis W& Ab<.

2to3 FtolH 2x TEE THo| M 3x T EZ HEASH I AT =4, 22 E 7 B4 7 B4
EE JAA ZATE = = gFEY g S vyt
2t03 = & glolHE g o A] 1ib2to3 E AlFHUth 58 Ao g AP 4 = ATHE = Tools/

scripts/2to3 & A& YT} 2to3-reference S H A 2.

abstract base class (4 #lo] 2 Fe|2) Fd W o] ZF# A= hasattr () é‘% g2 Hadsel A AY

n B 3HA ZRE (& 0], A A E) 4%, A O]’\E Zq-/]ﬁ]'h %Zﬂ%fﬁﬁi”"ﬂ g E}o]
< B3t ABC= 7 A B ZEi g EYot=d], FHAE AlS 3}11 FO A E isinstance ()
9} issubclass () o & AR E 5 Y= %"/Hic O]D]T/}, abc 2E /‘“ﬂ/ﬂ E HA L. Jlo]Ho=wk

£ 1y & ABC S 9] tq—ﬂ- o gSH 22 A5 AF5YH: A8 F X (collections.abc BEOA),
A} (numbers R EA]), 2EF (1o EEIA), YZE 312} 2H (importlib.abc EEA]).
cbe BES AL A AT ABCE BE S 9% ok

annotation (o] =€ o] 4) Tﬂr’\oﬂ wet 3 S E 2 AMSH = ¥y, SR oEYRE B T WiviHS U
W gt 92 Aol Bk

9 W40) ool 4 99 ATl DALY YA A s, T2 54 D el ofseefo
AL A2 2E, Zd2, T49 _ annotations_ EF oERHE A AH Yt}

(
~

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 (12} & 22w ob (B A=) 2 ABH e % F 57 A7 S U h

« FIFE Z} (keyword argument): &< i% uf] A1 2}7) kol B2 A} (A& 01, name=) = **
E ool £ gz 31%}51% 12} o & £, th-2 3 22 complex () i%oﬂ/ﬂ 3 JJr5 =
E—r 7] JE AAFY Ytk
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o Y X QR} (positional argument): 71 = A X7} obd Ql A} § X QA= ?_]Z]'% o] Aol e
AvolHHE o gofl » & 2o A2 AFUTh A& 5o, bR 22 T2A3HF 5 =

B 9] %] QR e,

vl D9 Ut o] thelol] 483 = S0l thal A calls AL
EMML%@qgiﬂﬁﬁﬁﬂ1@%@&&%%¢”M%W+?ﬂﬂﬁﬂﬂﬁﬂTﬂmﬂgqq

fol Qo v w4 FETFAQ A& <l #}&} uf 7 w59 2}o] 2} PEP 3625 H A &

asynchronous context manager (W] 5 7] YA€ #2]2}) _ aenter_ () & _ aexit_ () HAE=E A9
3O 2 M async with FoA Holx AL A|ojst= AA. PEP 4922 =Y A S 1/114—
asynchronous generator (8]-57] AU o]€]) H|5 7] AL o]E o] o]E & 58S+ T4, async def

ZEAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
284S 2FSTH= Hol YT
B3 uE7] Avdeld g€ 7He 7| A v o] ¥ W o X = vlE 7] Al delE o5 olH & 7He 3]
Uth ol =8t= oJu 7l §EshA] e A=, dAS o5 M TS gy ch
B]Z 7] AlF g o]y &4+ await EAAT} asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (¥]-5-7| #| v #| o] €] o]ej#|o]€]) 1|5 7| A& o] e T4
H)5 7] ol E & o] ] At __anext__ () & Z&5HH olflolHE AAE E2F 1L, o] A& thF yield
E3 A 712 8% 7] Ay @ ol ¥ 42 uit] & A8 3 o)
Ztyielde YA R AEE Sy, L AAY (NG Hesdd7] & try-—Er%% Z3ee)
A Al E 719Utk v 7] AlY ol o]E# o8] 7} __anext_ () 7]—33% L ko) o9
olHE R AN, w2 o g B}t PEP 4928} PEP 5255 E/\ﬂﬁ.

asynchronous iterable (8] % 7] o]E] 2] &) async for FoA] AF2E ¢ Q= AA|. _ aiter_ () WAEE
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (H]£ 7] O]Ei dole]) __aiter. () & __anext_ () HIAEZE A= AA.
__anext__ = oldolHE AAE & FH ok @HV/]— async for+ StopAsyncIteration 9|97}
DG 714 WE7] o Eelol 89 _anext_ () WAEI} EHEE olslolHEE ZUrt}. PEP
4928 = Y= A5yt

attribute (o] E2]J E) A value associated with an object which is usually referenced by name using dotted expressions.
For example, if an object o has an attribute a it would be referenced as o.a.

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

awaitable (o] 90| &) await A AHST 5 Q= AA. ZFH o]y __await_ () WA EE 712
AA7FE 4 A5 Y Th PEP 4925 H A 2.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}0] %1 2] ZFA] 2},

binary file (s}o] 2] shed) ol S5 A EL Q1 & S gliz el AL vpol el shde) o2 vlol
U] ZEE ("rb', 'wb' == rb+ ) 2 98 3¢, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO &l gzip.GzipFile & A2EHAE &5 4= 95Ut

str AAE AL 2 5 9 L AR tal AL Bk 5 E Fxa L.
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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 (B} o] E Q5 M A)]) bufferobjects S X P31 C-A% HHE AAZE & 5 g5 Yt} o
_’Ememory\uew AAEL EECX bytes bytearray, array. array AHNEL T .
OJEGF A= H}O]Lﬂﬂ dolHE thF+ o 8] 71A A4rEdd AH8E 5 dFUTh 45, vhol v gl
A2 A%, & ]2 Tt AS T2 A= 01—14‘3]'

o H QA2 upol ]2 o] el 7 AW A L AR AU ol @ AL AHAL BF g 027 vl
Ol EEQRF AA et @ YTE 7P H I QA2 d|E=bytearray bytearray & memoryview
}/mw+qgg&%%mqgﬂmqaﬂ%@ﬁﬂﬁgﬂﬁ%ﬂﬁ A7 AA) N ARH ==
278U old A5 dZE=bytes@bytes A9 memoryview 7} JH U T
Pl

bytecode (H}o]E F &) wlo]H A2 F == HlolE =2 ZAutAE =], CPython ¢8| Z 8] g of| A] u}o] A
22 IR YR YUY vio]E FE+= .pyc 3ol A Hol, 22 3L S F A AF T o
o et A A REF U T (Ao A] vlo] E I ER O AAIGLE I T 5 d5YTh. 9] “27} Aof” = 7+
Hpol E I = o g)-g-3h= 7| A& A sle 7 714 A Aty D Yth ol E IEE A2 OE
o] 71t 71 Ao A FEE AR 7t EHA =, 3ho] A w3 Thol| Qb A o] A & gkt Aol s of
Fch
HlolE I E Hgol59 552 dis ZE AH A U3yt

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, ...)

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

callback (24) A2 Ags & vle)e] of = Aol A APP N2 A P,
class (]| 2) AF2A A AANESS WE7] Y3 3. S A= HE Zgao dAEHAE A2
Asbete MAE Fo 5 2FFYLh
classvariable (ﬂa]] W) S Aol AoE T e s R (B, Ze) 29 ol A E Ao A7 ol el o A ut
:‘E]I__ 1__'T‘
coercion (F. o] ) Z+& 3o F oz}
PEEERETIP N

ST FJor H
Ae 302 Wty kA, 3+4.5 ol A,
% =

7 . =1
7 A2k o2 3 o] A1 (3Fhe int, THE 3 float), & U317 Aol 22 P o2 HEs) of ).
282 o TypeError% doynh FoM glols, S8HEFYERAE 22097 22
3 5t= thAl float (3) +

complex number (524:42) ¢l A4 A/ A9 ZAd], 2 xAHY
oh BeRE A5 S5 B9 (1o AR E D AN, £F Sl E 12, FAHE I
#2713 th gto]lH e 329 RV S 25 HAFE 7|2 ALF UL s5F = § HuARE B A
#7105, o€ ], 3+19. math BE] H44 w20l 23, cmach & A4E I Th Base)
G2 v =2 7H 7Ytk sttt w7 A XS, A9 g4 6] FA E E5UTH
context manager (A€ A E 72 }) __enter__ () i}_exit O HMAEE AT o2z with FoA B

context variable (] A E HS$) AP AEo ulg) & %)\'% M 4 9= .
A e ade-22 AFaetv gyt 18, A9 A2E A48 33, sty
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Q% 2A o) o e AYAES S 4 gon AYAE Ml 2 Bt B4 W] BaaoA
HEE F438t= A YUth contextvars g FRIAAA L

contiguous (%) W= A &3] C-A <5 (C-contiguous) ©) Ay EE 2 A S5 (Fortran contiguous) 4 W) A0l
o A LIT). 9714 B3 = C- Aol B A =g A% Lok AR f o) A, FRES A 2ol 273}
a1, 091 A Al &Fehs L5 Ak J@V\«] TR &2 2o v X5 of of F T}, thakd C-A % v F ol A,
RS F0) AU G EE YT oo AN ] W, S L2 A

c°“°“tme<f’—fﬂ) %%% NESE R om@m Fel YUtk ARFEL 3 AHAA AY3T b
A A A B2 UTh T2EL ofa] g2 A Fo| A A, G2, AN 4 QST o] AEL

ruQL‘ %ﬂl

async def 2o g F3T 4 95U Th PEP 4925 H A 8.

Sl async def o2 Fojd 4

coroutine function (Z €l 3r) T2 E AAE S E= 4. I 2Y 3
e 4 55Ut o] AE2 PEP 492 of o] &)

91, await @ async for®async with 7Z|H=& 3+

Ed= s Ut

CPython 3}olx 2 I efw Adojo] 784 Q1 -3 <1, python.orgol| A vl 3= %‘4‘:} o] F+& S Jython ©| L}
IronPython ¥} 22 t}2 Z &3+ & g 7} 915 ulf 89 “CPython” 01 A YTt

decorator (W] Z#|oJE]) Th& 55 55 T, B8 @wrapper w2 AHSSH g4 Hgtow A8
AUk dlZd o]g]e] &3t ¢f]= classmethod () -»]-statlcmethod ?J\/]D}.
s eole 92 944 A FHYE BYUTh v F 5 Y= e s F5Fth
def f (arqg):
f = é‘ééticmethod(f)
@staticmethod
def f (arg):
2 Nde] FH o= EA AT @ A 2 YUt o Z 3 o] B of th$F ] ZpA g 82 3 A 9
G ZHA ALY g AHAYAE BE U

descriptor (= e i‘d B) A= __get_ () o]yb_set_ () o]y __delete_ () & H 3= AA. S

( 2 A
2O EFREVIHAIHHA W, o EFHE 23] = SHF A2 A8S dofUth HE,abs ¢
U, 22 AL, AA SR E] AFS S T, a0 Zel s BV o A b i o] 2 Bol 2 AR S 2 .
b7 A Y Y, 3 F8h= A HE “ﬂ/ﬂ‘:ﬂigﬂ‘%‘:‘r HaaHHE olsishs A2

g3 2L olalel A e, B, WAL, 22 olE, 22 WAL, 20 E HAL, 57 202 B2
59 Be 759 72 023 Y7 MEAUTH

Y22 Yo A =5 tf 3 &AM 3t &2 descriptors U} T] 23 H B A& Sh A of] Y34t}

dictionary (“’U%L-]E]) o9 715 ol f3A7]= AF vl F (associative array). 7]= _ _hash__ () <&
_eq_ () MINEE Z+= EE AA7HE & dsUTh oA At FEUTh

dictionary comprehension (5 2] HZ e A) ole 28l & 84 AA VY IR E Aestl 2H4E G2
gxyeE ‘ﬂ-il-é}— a8t ®HY. results = {n: n ** 2 for n in range(lO)}‘_ fn *x
20] Wi A 7] nS 23 9 8l E A4 3 ok comprehensions & FZ 3 A L

dlctlonaryVlew (“’]K%L‘]?/] H) dict.keys (), dict.values (), dict.items () HIAE7} E8]F = A A
52 9Mve Hebn LEUL o A5 9AUe GBS0 qa FH9 H8 Agsed, 94
Qel7b WAE o, $7h o WahE WA ATHE EAUT G4 HE BAD I AER SR
list (dictview) & AF2-3HH = Utk dict-viewsS H A 2

docstring (S 2E3) Fe)2, B4, REA A WAl B84 02 Vehbs 249 dEg. A9 E7 499

w2 2 A A, Aokl of o5 AR H o] T4k Fehs, B BES _doc_ S| ESHER 419)

Utk QES 29 AL B3 AET 5 GOuE, AR APAE AT FHAL FAAUTH

[¢)
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duck-typing (4 B}o]3g) &H}E AHH ]2 E 7HHE=A %E‘r%}%tﬂ AR L HA ez
A A, s A=Y A ERREZ SSH AU AR HUTH(“L F/]ﬂa —”?—0]-1—-:—3] A =
‘?i,——’-ﬂ—:J—ﬂr/}”) 57483 Al sl ol~E 701’5—?}0%5"1 ZAAE == HF AR
Oaa]'ﬁ'oi’yﬂ AdE 7H/‘%U]’/\%IQL]D} 9 E}o] g2 type () ]Urlsnlstance() 2 AFR- 3

= IFdUnh (AR 9 Erolsgo] FA4 o] Fe s = E%‘r% T Aol frel s oF gt thale,

hasattr() AAMG EAFP Z2 28 WS £

EAFP 3] 2 H t}= 8 A1 S £3}7] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4= 9l 1}o)

Y 2B, 2uE 7| o B HEY EAE 7HA sk, I 7 o]l B ol E &

ZZ__}—‘L'a}I!_ w= /\E‘ro‘ 2 W2 trytexcept w2 SAME EZA AP YL o] HIa Y2 Ce 22 T E
Wo Aojoll A AHF AL = LBYL ~EFL 3} ol v Ut

expression (3 2]) ojH oz 73 H;q 9
Z

o L1

oy o e [>

M)
v}
rlu
112)
i
Bl
r
0{1
EE

M N By
rlo rlr

=
rC el

ko

=3
mqa}q}zﬁog rE ?joi %M =50l
R Tg Eol dFUTE Y =3 FFolal, A o] of

extension module (2% 2 E) C U C++E ZAH REQ|, ulo] A9
TS ALY

f-string (f-= 2} %F) 'f ‘)r F'E o 2 AL glHEES &3] “f- A g olgt 2+, W A4
21612 o] 29l LI, PEP 498 S 1A 2.

file object (3} 7—11*“ 5‘]“‘?— 2+ o] EHEH 3t A &A API(read () Ywrite () 22 WA EE)
A R Wy ol whel, 3t AA = AA a3 gl -‘74'%10]1/]":]'— A ZFA Y FAl X
o, ZF Y=Y, d-vRE ¥, &7, gto]=, 53) ol gt AN AE FAT 5+ ds5Uth

= 3} dF AA (file-like objects) Y} 2~E & (streams) )2}t %= EH T}

AR 2 Al F5) 5 AR S o] DB UTh Sraw) vho] U 2] 519, ¥ 9 (buffered) vhe] v 2] 519,
22 5. o129 el ol o R EOIA AL Lk st AAE W= R A P E open )

g 2E AU

file-like object (3} A& A A)) 31 A7 2 v)$8h

(

Na S
24l e

S

)

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.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (3}31t]) YxEE BES s 2] & 2o il Al =3t A

glo]H 3.3. o]& 2, F Z29] ulel 7} JE5 T sys.meta_path & A AE5t= v e} 4 = 5} 2l T
%} sys.path_hooks 3} 7| AF-§-3h= 4 = QI E g 3}l
o A 8 Y22 PEP 302, PEP 420, PEP 451 o] U84 T}

floor division (3 4= U Al) 7173 77k A2 W Edhe 318 Uil A U A4x= // th A&
Sol, BRI 11 // 49 L2 FA, A% b AL 2. 758 BAFUL (-11) // 474-2.75
£ 141%‘ gk -30] ol Fo sl oF Fth PEP 2383 H A Q.

function (4~ &= 7}ol 71] o' S T dAY BHE. (AU L o) At AEE 5 e,

}1;]/] o] AF2E 4= J&ych v 7w 9F v A = 9} function AR T H A Q.
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function annotation (3= o] - €| o] A) 34 v 7f A =1} 9 gk of | o] A

B olwEo]de Ao d g 2 ALYk & 5
d Ao 7, SA 9 int ¥R S S o2 ZtE Ytk

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

Bh: o] L H o] A ¥ L function B ol A A W3}

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 (/1] 2] 7)) o A1-8.5 A ok v Rel G whd sl WAL Sl W e Fx A4 F47 B2
= 7 A = AE FF AU 7R AT =

TS AAGAL Fe 5 e =F 7HIA A E F3)
gc BES AHESlA Ao g

generator (AU & o]€]) Aol oE & olE & EeFs 3. gl
Y yield BA4E EFAUTHE Hol BEUT o B
2 wloll b 71 4 g o,

RE A o) F48 Fel 7| AT, o @ £ ulo] A A a0l E o Halo]8 & A2yt o el
o] 7} WA Qe A9, AT GOl B MA RE TS QUL

generator iterator (AU @ o] €] o]e]d|o]E]) A ol 7t e = A A,

Zryielde A O R A2 E S8t 1 9149 (A ] W

A% el S 1 g A Aol g o el 8ol el 7} Al E W, m
A3k 2s) ol F U o,

generator expression (AU @l o e] EH4) o EdlolE] S BejF e Ed4). £ W59 ¥ E Ho st for

A3 A s if Aol Hol & AN EAA AP BAU AgA B L SR A4S AP

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AW g &) 22 AXS AR 2 FEo Hs 7S A T2 78 5. S 1

o o] ALEE A= Bl A5 Fuel 2o o5 2R ek
A= o292 8o 23} functools.singledispatch () Wl Z @ o] E] 2} PEP 443% X A Q.

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

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< olg=ZgE] & & HAS.

global interpreter lock (19 Q11 2]e] £) 3t o] © 7] sjL}e] Ad| =7} gho] 4l vo] =
W 57] 918l CPyhon QB 2] B 7} A& 51 Wl AU S (dict 9} 2 528
A7) melo] B A0 5 A AA 2ol tha] HASHE S §H5 0] A CPython 78
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AelzelE AAE F1e A2 dHzHE HF2d =387 A BEs tiA, ts =2 A4 714
AABE BE ] Be RS g

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.
(2 O vASHA -/ v ol B E A aE) “2d =l At 22 (free-threaded)” 1 22 B & RH5 314}

She A9 e A3 Ael A R, £@ e ZeAA 290 A5 At A5k B2 .
o) 95 oI E T AL THE UL AGIA LRolA £ WG] Rold A0 AN

hash-based pyc (3] 2] 7]¥t pyc) &S FHHL7] S el T a2 5t o] HF 4 A ko] obd A& AHS-
3t= ulo]E I & 7) A] 9}, pyc-invalidationS 2% 544 2.

hashable (3] X] 7}5) A7} 44 71 ko]l W3HA] o= A ZS 283 (__hash__ () WA =7 3],
o2 Az et vl aE 5 9}2“4 (_eq () ®WIN=7} éﬁ%‘bl oh, Al 7hsdtehar o 2okl v

== Al 7hs st 7“211 S 9] A gES Zolof gyt
A 7He A2 AAE 9 Y ZIv AT I E A E 5 QA sk, o] AFR TR E] WRF
o= 6HAl #HZ AHSSH 7l W gy

ol Aol EH W A EL A 7Hs
—"—E‘Zl AsUth (F *Olb‘rfrozenset ZE“’) =4
7Bt A AL Ao 2 A0 dA"HA AAE

o
shals) B thEral Hla s i ﬂ/‘l F2id() 2 FH
IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.
immutable (B¥) 1389 gs 2t AA. 28 AA = 2L 24, fEs 233Uk od A2 ¥
%%4>MHHG*Wﬂ°ﬂﬂﬂﬁﬂw7hwfﬂ—ﬂ%@ﬂﬂ:%ﬂﬂ%%%MMb1ﬂﬂ¢ﬂ%
%011* T2 LS FUth ol & S, 949 7).

B R0 A g8 (e dw A

Fdunh Gl2EY gAYy e 22) 7k AH U E2
Gl S Al 7hs 2 ol it 3 *]
2 oAl 7He Ut (A7) A S A9

g
=
=
=)
=]
©
Fd
g_g
)
ta
i
o
i)
)
X,
2
[
N
iv)
rju
td
i
o
i)
)
¥,
HJ
s
K-
>
_,h

25 YES e B
715 ot 2 E 87| = S AA; Al 3hlH Olz}iﬂﬂ A Aok

interactive (t]3}3) Tlo)H & 318 ez g8 & 21 Q=] JE =z 22 Ei EXA EFH

U84 U7 52 498 AoAE ¥ SIhE T A 90l B4 python g AR

FEIS] ol 4 s ). Al oot ol & AxTeA Y 2 EH 7] 2
e g A2 A At (ot () 5711

interpreted (QE]Z2|E]=) vio]E I & Aapde] o] EA) ufFoll 2 F& 0] 3B A 7] &= sHA| 7, Jho] #-2

Aol 9lo] 7k of ek QlEj el e elol itk of

o

importer (Y £ E]) &

XN
i oY lo

>)i
bt
N
Ir
n@
w
rL[>
i
L

paLY
rlo
ok
>
N
o
fru
>,
o
X
o
]o
o
1]
XN,
2
S
krl
B r
> 7l

S A AT Aol ULk 1z ool & o A4 A
doje= BE Ao Aok g2 i/t F718 25Ut tisla = BAL
interpreter shutdown (QJE| = 2JE] £8) 53t LA S 1S uf, golH Qe ZgHE EHS A 7] A
AsFetl, BEoI L o2 44 F 28 U3 FRED} RS LE BEE ANES ST wdgh .
w70 A 571 7] & ol el W B2 gtk ALEAL A 9] 919 A weakref 2 o] 9 L= Ee] S
NAND % itk 2 A7 B AR E 2L ke o 2 S B 5 g, 220 o £l
(£ = golBeg g REolv A FAEHdUTH

SRS el G oA e 4 S A E o
H

Jdejzele] 2o 79 AL A3

iterable (°]E]2]|8) WSS A A S8 5 A= AA. olHHYEJ A2z = ist,str,tuple
Z2)ANAXFE, dict Z2E2E o NI FE, Y AAE, __iter_ () YAE2NES 73
f5}‘Efgetitemf() HAEE WA Y3 nE Fef29 AAE0] Y5 Th
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OB H &2 for Fx AH’% T UL AEAE 8 E St U8 B2 X (zip (), map (), )
AHEE 5 dsUth o HHE A7 W T iter () o AR AGHH, 17“%114 olH ol HE
EHFUh o] oH b olH+= #EY %‘Ji}%?‘a HAA = T FaEFUTH oHeES AT o,
HEL2iter() 3 %‘}ﬂlﬁr olg g ole AAE A thE B8+ s UTh for w2 o] AE=2 o ¢
2 ASIA AHs o2 i Fed, F2E T B olHE OB E FotE ol v ¥ E s Ut
o] el dl o] E], A A 2, Zﬂ U olE & RA Q.

iterator (o[E]#| o] ¥]) Ulo|EH o 2ERS Fd = AA. o]H#H O HE __next_ () HIAEEHEHOR
TESHH (B 141*‘ Fnext () 2 AL W) 2EH J&= FEES X}ﬁltﬁiiﬂizqq g o]
A+e] dlo] ] 7} 912 w = thAl StopIteration &S ot} o] A A], o]Eld olE] AA=
A2ZRET,0]Z BE  next_ () IAEETESL StopIteration A& & thAl €27 7] vk
OlEifﬂlolEiL OlEHlolE% A A X}LE = FE__iter_ () MINEE 714 Aol 875 7] w2, o]

el o] B o] el el B ol /| 311 ] & ol | | BE & Wo B ol o 28] £olA 18 5 9% ek
Fog e o] WY ojHd o] S Al=dte ZEYUTE (List Z2) AE oY AA| = iter ()
T2 A S AL for Fxof A& ufubtt A o Ej#] 0] B S bR th. o] | Z5 o] Ef el o] H of v 5)
Al et o sk, A o] B #l o] Aol AFEH o]u] &K1 H o]E o El & %Eﬂ-’_ﬂ/ﬂ, Wl AE oA
H oA wEYth
typeiter ol & ZFAI gk W -§-©] hF Y Th
CPython & AhAl|: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] ) 7] &4 == =4 o] A (collation) &= A (sortmg) o] 1} 8l & (ordering) o] AF&-F] &=
#He =T FHEYYULE A& E9, locale.strxfrm() S EAL SZ S == AL 7| E
e A Y Th
ol R g =77t R AE o] oABA A A ] A AL F ol = A Al o817 fl 5l 7] T dotE YU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby() o] g5 Yt

7§58 BE s U ol g ol dguth o S0l str.loer () WA TS Aol s TR gl
AEZS A7 FTEALE T UF 1/]D}. Ao g, 7] T+ lambda i—i?ﬂ*‘ii s £% e
dl, o]& AYyrth: lambda r: (r[0], r[2]). =3 operator BE-2 M 71 7] g5 AAHAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &5 W= /\]-—9—'6} = o
tf & o] & Sorting HOW TO & H A &.

keyword argument (7] 9] & 12p) <A} & B A Q.

lambda (Feh) % ] gro] To A= sl B4 07 PAT o] F g dekel B4 B} RS V=
= EHL lambda [parameters]: expression YUYt}
7] Aol X e} (Look before you leap). ©] T ~ElL2 T E& ol 23] & 317] A WA H o Z ALA
ﬁ%% AU o] 28t Y& EAFP H2R 3 thu] = 3, @2 if £9 S E SAA A YT
= 374 A, LBYL FH2 “B 717 2F < 7] 7ol AA 24 WHEA 2 Aol dFUTh
o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] Ao,
XY =7} keyE mapping | Al Al At A& 4 QlFUth ol# o] F o] U EAFP H2 W&
Na oA A AT A g aad,
locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

Ir

url

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

list (R 2E) WA sho] W A2, 7 o] Bl £ B35k, Aol tha X271 0(1) 0] 7] wEoll, A B aE
(linked list) B t}= T2 Ao 9 v g4 A Y o}
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list comprehension (2] ~AE Hz 2| M) A|F2o 84S AR EE

FE A3 Y. result ["{:#04x}'.format (x) fo
] L 00] 4] 255 Abolo] 9l BAES o] 16712 (0x) S& Ef‘&‘}% A B AES “*CIJDP if

A2 S+ AdsUrth A=sHH, range (256) ] 8L

loader (2¢]) 25 ZE3}= A4, load_module () °]ghe= o] WA=
= 5loly 7 == UTh x}/\ﬂaj} Y22 PEP302 &, 4 vl o]~ F~
E HAMQ.

magic method (W] & WA =) S5 wjA = o v]FA] A Q] v] 23k

mapping (W] ) 2] 9] 7] 23] & XY}l Mapping oY MutableMapping FA H o] S o A A H
HAEES F3stE Ad oy AA. d 2= dict collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 J5Yth

meta path finder (W€} 7 2 5}QIt]) sys.meta_path 4 Adol EHF= Il e &2 A= 4=
Q=) 5holE] o ghel sl of 9171 ShA v cheu o,
et A2 37 £ St= WA =S A= importlib.abc.MetaPathFinder & X
.

=
)

r[r
td
r[n
ﬁ&
Ry
oy
Ekﬂ
<
%1

£ syt == X

importlib.abc.Loader

metaclass (W€} Fe2) ;2] S oA Fo = FoH o5, FHd dAYE, vloja FHaEY
EE52 WUeUth HE S A o] Al JIAFE Wopx FHAE Tt = A Y-S J YT HEZY AA
Ay 223 A E2 7|8 TS AFFUTh oM S SEEA & 22 ALY v E
25 WE = odtE AYGUth HRE AFSA A E o]l 37 A8 28 AN 27 A o, wE}
FeaEs AEea ot S AFF UL AJEYHE A2 27 (logging), 2H = A9
F7h AA AN F4, AFE FEH F2 02 I ARRRS YT
metaclasses o A T Z}A| S W8-S 2HS 4~ 5 YT

[e] P
= =
method (A A=) 2912 vpe] ol A A9 S & B4, 1 229 ALB2Y o
HAEE A AR A} (BHE self gt ETH 2 A2EHA AR E A5y S S HE ~Fs
£ BASL.
method resolution order (WA= A £ 4]) WA= AA A+ ﬂ ole 5L HHE A= wWolA~ &
259 AP UTE 23 AR E Fho]d JE Z g o AME-E da e &2 Al e W82 The Python
2.3 Method Resolution OrderS ¥ 3t}
module (2-5§) Jlo]# T =90 2 A3 Q& @Fdte A BES A9 sho| AA S E+ o5 o=

P T e A R D i)
74 = mAL.

module spec (RE 2%) ZES Z =34 AL 5
importlib.machinery.ModuleSpec 9 ¢l

MRO "4 = 24 =4 & BA 8.

mutable (7}H) 7HH AA = gho]l M 4= YA T id()

named tuple (| Y& =) “named tuple(V| Y= F=)” o
=€ A8l Al B 2 g)
St 7T E S T d5Y
time.localtime () & os.stat () 7

o2 o= sys.float_info Yyt

rlr
ko
P
=2
_I (e}
)
[>
]
4
30,
rr
I
rln
o
_O,
i
iy
Ry
[>
=2
2
ofo
juad)
<
u)
ool
o
L

bage ghe 2@ stel, oo 3P ol MY FEY UL &

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(TF= el ATT A
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R s S e e P I )

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR U= FES PFF I o) QUh £t tupledl A 4551 o] £ BEES o5t
Aut o)~ A2 YT FES UE S Gk B Fohat 7 FAAAL A= F5
collections.namedtuple () & B& & JFUTh 242 712 A3 A4 AY W I A= =+
FoAE 2L 5 Yt B A FAUASE TR Tk

(A=

_>L:
RES
o
-,
(e}
9
i
ic
XN,
:IR
=

uiltins.open ¥ os.open() < 1E9
T 32 " BEo T E -7"543}1_*] £ 29335 vk
o —E—l/]D}. = %01 andom seed() X itertools.islice()
tools & 011«1011-?@510“’0]“321011@‘45}.
namespace package (]S 7t 3 7] A] S =]
FHA7IAE EHAJAAT S T 915’-, % ‘1 _lnlt_-py sdel gloeng Haf 9 7] 4] &=
ey
TE T HEASL.
nested scope (ZH H A7 =)
BHE AT g Sl ArEe 22y
Y A e
WA, AY MEEL A
g o

new-style class (7 ~EHY Se2) A5 2 BE S AA N AEHL 9l S
H]

H
. 2719 o)A HAdAE, A F2gd FHa _slots_, Y2IHE, ZgdH,
" getattribute (), S22 A S, 2HE WA} 2o To] o] MBI THFR 552 AHE
l*‘ 0104}‘L]E%

object (A7) el (GIEFHELZH & 2T 52 () o] AolE RE vlo]H. T, BE FAEd 29
o) H A Wo| & Zel 2 U,

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

Bt 71 A & ol F T H TN A = HAL.

parameter (W 4) 315 (L= Bl E) Ao A B2 L 5 Qi QA (B oW A9 AAE) B A

R ol 22 A, A S5 vl Eas et
o X]-71 9 = (positional-or- keyword) A ARG 7= RIAt R AeE 5 e AAE AR Y
o] Zlo] 7] FEf ] mi7h A J U th oAl & S0l vl A foo £} bar

def func(foo, bar=None):

« 1 A-A & (positional-only): S| A 27 A 5 = AAE AAAUTE A2 AL AT =
S Aol M 5o/ 2AE 2@t I F o AT AU dlE o] thollA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o 1Y =-HL (keyword-only): 7| Q=2 A2D 4 Y= 9

‘— AAHE A Gt 719 =-A -8 v 7/lA S
=g 7@-4-4 UH7H HE FZ o A ol 3hte] 7FH-91 ] vi7f i =up + & I 2 23 A YT
FAFUL A E 01, t}-& o A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

o 7FA-9 X (var-positional): (TH2 o 7} A E0f] 2] 3 A] o] n] 1
T A=A A=Y A9 A%"V‘E A1 2 gt o] & uj
OJW Ao)d ¢ JdFUTh A& 59 thxoll A args:

Yo} 5 o171 914 Q15 H3) 4152
ARG w0l o] < 2 ool

def func(*args, **kwargs):

o 7F-71 9 = (var-keyword): (Th2 Wi 7l A =E ol &8 A oju] Wof5ol 3 7] = AAEof T &)
AETE 5 A= Y A5 719 = < X]' < AR FYLE ol v/ M= v W= o] Bl x*+ &
ol 24 BE 5 A Uh oAl & 5o 919 ol A kwargs.
A= AR JAAES At 72T oYt A8 H o] Ay B4 A2 AR T = A5t
12k g7 g, 2 zke) uf 7 ¥ 4=2] ZFo]of] U2 +=FAQ A%, inspect .Parameter & ]2, function
4, PEP 3625 B A Q.
pathentry (G2 dER]) 4= 7|Wt 3t 7l X2 E T REES 27 A& Fadtes 42 E 4= A9 3t
o] A,
path entry finder (F 2 & E] J]— t]) sys.path_hooks ol = FHE (F, 4= JdEZ 5) o] EHF+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH

A2 Qe AT E°] FHIE WA EEL importlib.abc.PathEntryFinder of U th
path entry hook (7 2 <l E]—?:;— sys.path hook B|2E Qe ZHEQH, &4 FZ AdEL A ZES
H=wS dy 9oty Az ol ez vloly 2 S8 F Uk
path based finder (32 719 5hQIe]) 718 vl e} 42 shel S 5 Shuele], A= J2 o4 BES 25
e},

path-like object (27 AA|) 3L A28 2S5 ‘/‘rE‘rLH% AA. AEF AA+= BE2E et = str Y
bytes AR o) ALl os.PathLike ZE2EEZ L ZLHst= AAYYTh os.PathLike TEEZ 2 XY
3l= AR = os.fspath() TTE 1%6}]/\1 str U bytes 9t A|AE Ag g Mg 4 95Ut
thAl os.fsdecode () 2 os.fsencode () & Z+Zt str Y bytes 235 BASE=H A E &+ A5

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A oF & o
PEP= F8 MEL 7]5& Z]?l tal 2 A ol e AFUE 9
712 W AYE 4t PEP &4 Ak

= pun
oA B A3 T Ao et
1

KN

o9& 54 515] Fol o] Sol 7t A 2
AR E el A ge) & 553 vy

portion (£4) PEP 420 o 4 B9 & AAE, o1& F21 3471700] ol i ohs shipe] el el elof Solsle
5159 2% (zip Foll A 2H = A% 75 g Th.
positional argument ($] 3] €12} <1} & H A Q.
pr0v151onal API (Z+A API) ZA API= 2 & o289 A 53
o} QeS| o] 2] 2 @rﬂ N GE A= FA T, FA A ol gkl EAIH = 7 I AEAEol 2
AT 17 BB A o] §45] A S WA o] Lol &
Qoj A £ g AT — APIZ £3817] Aol £

rl
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o] A= = ol BHE 7 LW A B FRE AA L F IE 3R] gy AAE = A==
Ut o A e Ul 82 PEP 4112 29 Hyth

provisional package (7 3| 7] x]) 74 API S HAM 2.

Python 3000 (5} o] %1 3000) o] 3.x w2z g}ole] ¥ (H A 39 w27} A uj2f o] o]ok7|d Al Fef g5 o] F
o]5o|th) o] & “Py3k” 2 £ 27| % gt}

Pythonic (S}o] ¥ thy) the AdolEolA] kA A dES AHES
71 A AR E = ol A e kel mE OPO]qoib‘r
ol Hd for T= AMEIA OlHHES BE Q4R FX

of B gloern=, gto|Hlef Q53tA k2 AMEE

m
N
m{m
=y
%
r
;

41, she] 2 ¢l o] A
41mﬂﬂz2ML
2 = Be dojo o e
g Alo] %7} 2B 2 AFEa 71 T o

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

o 25 sfol itk Y2 ol syt

for piece in food:
print (piece)

o A BLEo Qo Sefs, G, v A Eef o] 2 P2
A A FU A4 B5oh 22 Ao, 3734

é
_|_4_,

Aze A o5 4@%q55

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

B2E2 7t 7= AHSE o, &A% A3t E ol & (fully qualified name) > BE H B | 7| A 5& X3
A RER VM= HoR T':ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

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

reference count (R 314) AA o N3l F=x2] /M4, AR AR 3L 710082 Bol AW, W2 7 v
Ut 2 3¢ 332 dutz o g glo]ld F =9 ‘“iﬂx]t %}X]UP CP_\tlmn:rLﬁf] RN R =
sys BEE 54 AA 9 £ Sl+E 585 getrefcount () = F A

regular package (FF #|71A)) __init__ .py IS X33 ‘:]"’“Eiﬂ-ﬂ'ﬂe AF A 9 7]A.
ol5 w7 A & HA L.

_slots__ ZEia U Fo AAJ], AXBEAERRESS A F S vg] Adstn dad A2 gAY el &
A A “?:}33’5‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
F 722 Holgh A, vl m o] e S & 22 oM B o AAB AT} Qe EHE 92
S sl= Zlo] 5 UL

sequence (A]FX) __getitem () 55 UﬂHEE Eé‘ A AdAE AL 2 @ 4 A5 A Y3},
Al A dolE 58 FE__len. () WIANEEAZYst=olHHE. 22 WA A AXES YEHEH,
list, str, tuple, bytes 7} 01—1/]1’/} dict "":fﬂ—_getitem_() I len () 2 AY3A
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z3]0] A4 )4l Qole) 2 7|2 ALg a7 bl Eo] AR~} ol jE o2 AFRTE A 2
S oF g

collections.abc.Sequence &4 Wlo]~ F& A= getitem () I len () S dojA &
A Z2H3 olE]H o] A8 Ao s, count (), index (), contains (), reversed ()&
F7H Ut o] 49 e o]~ E T3 F S register () EAMEHA HA AR 55T 5 9

%Yt

set comprehension (3 AZ2]AH) oEHE) = 84 HAAY LR E Aty 23 2 A2 v
3el= A S . results = {c for c in 'abracadabra' if c not in 'abc'}EEXA}
g A3 {'r', 'd'}E AT} comprehensions S 2 A Al L

single dispatch (Y2 t] A3 x]) & o] st QAAke] Fof| 7|2 A A = Alv = &5 t2as) X9
el
slice (E&lo]2) HE Al 9 4R E xFst= AAl. SelolAs= B AT HE H7HS ARSI A Y
t} variable name[l 3:51 A ¥, [1 koA oAH Y £AE S22 REPYTH 23S (B
Z

=

2~2AYE) BV|H2 W FEH O Z slic zq = A& 3T
special method (54> WA =) Tho] o] o ofH A, G4l 22, AT ] EAHCE TEHE HAE.
ol MANELE F Y LEE A ﬂs}i 2y oS 23 YF Ytk 55 vl A =+ specialnames

A BEolA guth

statement (£73) 24L& A9 E (=9 “BE (block)”) & FATHE REYUTE B2L 584 o AL} 7]
ZEE ARSI Y A 2 E FY U YT 71 if, whlle, for.

strong reference In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding

the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () 2 E 217 YJ) 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 fle (5 5} str AAE 92 £ 5 Ui 59 A 5, 22 FLL AARE vol= Ao
o|EA~ET S on/\ﬂ/\-g].jj_ﬂ/\eo:zu] A5 8 o E]AE FJdo 2= HAE BT ('
e 'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & A2HAE & F ASH T

ol R 24 B 9T £ 4 9l 5 AA o del AE hol 2] 5Hal ® BZ kA K.

triple-quoted string (4% w4 ¥ ¥ £219) W% () U ALWEE () A AR SR BAL, 1d 1
2 E Uz S A Ao Qe 7SS AlgaiA s AT, el 71A) ol fol A 227} 5T
SES EEE o SRS SRS G4 YEE o, Ad BAE 27

=
U
Hi= o S0 2 e, FLEFI S £ 0 53

type (&) slol# AR ] P 17 0] o] F7F2 AAAAE ZAH T A= Fol stk A
type ( F JdsUth

o
o
9
2
|

K
X
rr
o
Lo,
oft
1o
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def remove_gray_shades (
int, int]]:

colors: list[tuple[int, int,

pass

int]]) —-> list[tuplelint,

£ oheat 2ol o 7] 94 BE 5 Utk

Color = tuple[int, int, int]

—> list[Color]:

def remove_gray_shades (colors: list[Color])

pass

type hint (g &) W 2

o] 4.

@ A=t A8 Agolm st Mol A BAE AL k& Ith SA W, 34 § B4 =7ol 585 IDE

o mE 94 WU REY L FHUT

A W5e AsT, A W, 2Hgs JEIdHE % 49 P AEL typing
) 2 Agetel A AT 5 dEUTh

get_type_hints ()

o] 71%5S AWt typingd} PEP 4842 2314 2.
universal newlines (SUWA £ d7)) 23 2L AEL BE £ ZoZ A HAE AEFYL FA
S e s A B Tl A, AE = Pl \r\n, o A W EA Tl \r. 2A4E I

) 0k o}y g} PEP 278 2} PEP 3116 = B A 8

AFg-of #3f A= bytes.splitlines (

LHold) | B o] E R HEL] of . H| o] 4.

g vjgle A AUt

variable annotation (‘14> =
He Tl s o]EHE Oil:Eﬂ o] A

I_.—,_ ‘J—_

class C:
field: 'annotation'

Mg olwEo|de AR o o =R ASHYTH o Sol, o] Wat int %€ M4 o Ay

Yt

count: int = 0

W o] gl o] A 2 H-2 Al A annassign o] A A gy o}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.
virtual environment (7} £7) 3Jr°l R AREASE 58 22O o], 2 A adoA AP = ohE st
o% Z2 IS0 3 g2 FA ‘E%—O—‘IW aho] 4w 32 47111%% AR AY 28 ol ==
2 b5 s, AU Ao A 3 9
venv E H A 8.
EFc At

virtual machine (714 7|1 A)) £z Eg ol oz Ao H AFE. sho] Ao 7h4 7] A= Hlo]
EYshe vlolE I=8 AP FYTh
Zen of Python (ko] ) 7ol E212) Aeigh Atge] %5 0], 10 & ol A0 ALg 3= o] £ 5o
ZEZE A “import this” & ¢&E3td B Y ch

FUoh o] 552 i3t
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APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}
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09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI 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 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY._
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

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

third party.

8. By copying, installing or otherwise using Python 3.10.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(THS sleTATol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(= el ATT A

102 Appendix C. A2} 2fO|MIA




Python Frequently Asked Questions, £ A| B{% 3.10.16

R s S e e P I )

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 24 EQIAE

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A U] &
We BEo e LES ERPUT 0L Aeh mEe] A2 vk $7 Atk

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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TS sl AToT A
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A%

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.]jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

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

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML EH Z2A|XN S&

xmlrpc.client BE-2 b33} 22 £ AFgS 233 T

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll RES 0h 3 28 9| AL ZFFUTH

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

(THS seTATol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select 252 kqueue Q1E 3] o] 2ol thal The 3} - 39 A9He EFE UL

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 <11 2] < 2] Marek Majkowski @] <=8 o] 3£ 3} of
Ut of 7ol bz 22 8ol Eglof ATk

<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>

(THE seTATol A1)
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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 fol-
lowing copyright and licensing notice:

/****************************************************************

* The author of this software is David M. Gay.
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* -

(THE seTATol A1)
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Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

LR S I T S R N I S N S N S e S N S S N S N S N S T S S S S S S N S S NN S S .

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(THE seTATol A1)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ' "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.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

pyexpat &2 T 5 ——with-system-expat & FAFA o= 3, EHH expat 22 AHES AFR-3} o]

dEgych

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes FF2 W EES ——with-system-1ibffi 2 FA3}A] o 3, ZFH libfli & AHRE-S AFE-31

ey

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

21ib B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

Agstel et

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

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

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal REL2 YE=E ——with-system-libmpdec & FASIA] ¢+ 3F, E 34 libmpdec A2~ AFE-S

Ahgste] =P ok

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N EH|AE ARIE

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,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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