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Python versions are numbered “A.B.C” or “A.B”:
» A is the major version number - it is only incremented for really major changes in the language.
 Bis the minor version number - it is incremented for less earth-shattering changes.
« (Cis the micro version number - it is incremented for each bugfix release.
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Alpha, beta and release candidate versions have an additional suffix:

EE

 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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See the Developer’ s Guide for more information about the development cycle, and PEP 387 to learn more about

Python’ s backward compatibility policy. See also the documentation for sys.version, sys.hexversion,
and sys.version_info.
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Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Program-
ming Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The latest stable releases can always be found on the Python download page. There are two production-ready versions
of Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although
2.x is still widely used, it is not maintained anymore.
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>>> L = []

>>> dir (L)

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

' dir_ ', '__doc__', '__eq ', '__format__', '__ge_ ',

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

' _dimul__ ', '__init__ ', '__iter_ ', '__le_ ', '__len__', '__1t__"',

'_mul_ ', '_ _ne ', ' __new__', '__reduce__', '_ _reduce_ex__',

' _repr_ ', '__reversed_ ', '_rmul__', '__setattr_ ', '__setitem__ ',

' sizeof ', '__str_ ', '_ _subclasshook_ ', 'append',6 'clear',

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

'reverse', 'sort']

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

["append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
—'reverse', 'sort']
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>>> help (L.append)
Help on built-in function append:

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

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

[11]
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available
as Tools/scripts/idle3), includes a graphical debugger.

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

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
22} A S sk B A8 st 4 IDEV} Ut e 2 gheh ok
» Wing IDE
« Komodo IDE
e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
https://www.activestate.com/products/python/
https://eric-ide.python-projects.org/
https://github.com/rocky/python3-trepan/
https://code.visualstudio.com/
https://wingware.com/
https://www.activestate.com/products/komodo-ide/
https://www.jetbrains.com/pycharm/

Python Frequently Asked Questions, Z!Z2|A 3.11.14

212 I8 A7ILL YA BMS 28 ol £20] Hs SR USLINNK

of.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.

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

O] I =

>>> x = 10
>>> def bar():
print (x)
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https://peps.python.org/pep-0008/

Python Frequently Asked Questions, Z!2|A 3.11.14

>>> 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

ol AF A o] YT o, s H57F 2 AF o) thsf A o (local) ©] F AL & F A5 2 o A
W5 o) B2 Mg she) 7] iR AU h fooo] kA E B xo A ghS d st R, Aokdel L o]
22 A9 W A4k AFAL L % print (x) 7 27135 A e A BEE AN 2
) o &7 ey e
A9 ool Al H4E A o (global) & 2 A Adte] 7 A5 2 W0 A S 4 QlFUTH
>>> x = 10 )
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()
10

>>> print (x)
11

nonlocal 7| YEE ALE3te] SHE AT A B 4S T+ d5Uth

>>> def foo():

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

sho ol A, 4 ol A s 79 sk s %
deUsE, BAReR Aow s g A A G oz

Agole 27 YA v A A2t W global S Q134
o) = oFA] o2 F&-g o tht A cRbEel, RE A F=xol globalol & FHTHH,
ST ot et & AB S BRI U B S B BB 5 o) A8 S A A e
Aok FuITh. o EAL RG-S AW AT global M #84E P2 FUTh

Utk W57k g4 B2 0 oftel A 4

[N
2
=
rv
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223 C}2 o2 RmOIM HOIE AT of Z5 22 ZWE WEBHLINN

E
ﬂ

I

for £ 28 ALg3ho] B 717 ThE FTHEE 0 G52 E A FThn AN L, NS Eof:

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

O AL xx+2 8 AN 574 Frivk EHE P 2ES AZFUL TEH W, 24240,1,4,9 R 162
A Ao o 4T 5 gtk Teih AAZ N ESE BE 168 BaRlthe A8 &4 A5yt
>>> squares|[2] ()

16

>>> squares[4] ()

16

o]+ x 7} griol] A (local) ©] off e} 9] F A5 2 of o= of gl7] uffZoll L5, Fohrt S EE w)
AN~ FUtt— Hold w7} opd Ut F 29 ZolA, x9 F2 40| B, BE T oA 4%*2, 5 16
= 9 th x 9] FhS M A k] AUt o BA HAE =X B2 2R ol AT & dFUTh
>>> x = 8

>>> squares|[2] ()
64

o1 3 3hel W, Frhol thal A A el Wl ghe Agste], A x ] goll o EFA FET F BRI Y%
ek

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

A7 N n=xt @rjol A A A Wa g BET, Bxo) P AHAA x 9 2L HEe AEE )7}
3018w AE U o= a9l gol 3 WAl ekl A 0, F WAGNA 1, A WA 2 S o] BL o] v] 3
Yok wehAl 7 e ol A 2ulE 238 wEeh o

>>> squares[2] ()

4

>>> squares[4] ()

16

o] B24-2 Frtol vk F g A o] obuie} Auk Pl = 2§ Uk

224 2 7t0f| M HeE S7SH2{H OE A sioF gLint?

S 22T oA ZF ol JEE Fiske #HA A WS 538 28 (FF configi} cfgeh
EHUS HEs AUtk S8 22332 BE E5oA config LES YEE 3}7]1:} st gyth
Ted BEo] A9 o] B 02 AS ASHPYL 4 BES AxHAL 04 Shpo] /] W], BE A
of thet 97 Ae RE ol N R U ol 51 023 2wt

config.py:

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

mod.py:

import config

config.x = 1

main.py:

12 Chapter 2. =21z FAQ
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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 DE0M LEZEE AIZ5l= “BH-H A" = RAYLIF?

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
B JEE VA BAE 1A JEES F1} FU2E 055 oF 3= 397} A%tk Gordon
McMillan2 TH53F 2 o] S5 Ut

T 25 BT “import <module>” 3§ A1 9] JZEE ARSI €8 A X E = WIS YT T HA
EEo] A AA 52 o] (name) & B3 S 8 11 dFaL (“from module import name”) ¢ X E 7}
49 5o dod AUt A AR REo] F A RES YXE 3= T2 A
HA BE5o) & o5 oHF A 5 U7l =YYt
0| A4, % WAl 2Eo| Shje gaol Ak ASHTHY, JTES 3F B4 44 5T 5 dwyoh
AFEsL 52T ), A WA ES 2757 HRE 9T, F A RES ATES 432 4 du ok
Uy 2Fo| SUE SAOW YTES REo) H 49| FE0IH T RoE o FaoF T 4= s
0| A%, Y W o TE REL YEE e Ao] s ehA %2 45 daith ol 39, AT 2AE
S mEoA LHE BES JEE S Ao] £2 48T
TR AETEZ HFAYREY 27 AHE EoldE Y AN EAst=o 2o uvh &5 49
YRS 2o Ao ARER JRES /AL, of /e T A wel e BE xS
D257 9 ] 53 HETUTE RE0 AT Frol AT AED ) ATEE B §7 1 42 4
AUt ZEY 434 27| w7 BES AS EEste v &o] WolE F AT EES Y W
2Eoh 28 A4 R 0] F o SHIA 2, F 0o B 230 AT BE ol Bol ATnE
Hold Ao, BEL otutk sys.modulesol| = AUt
2.2.6 A 7t0| 7|2 0| SRElE= Olf= FANULI?
o) 3] WL 5 AF 22T 5L AR o] $5E AzaHAA 2
def foo (mydict={}): # Danger: shared reference to one dict for all calls

compute something
mydict [key] = value
return mydict

ol & XS &3, mydicto] ©d FEo] 2FHYLh F AL, foo () 7F A AE 7] A1 w,
w2 of, mydict 7} F M9 &&5-& 235

Z 719Ut 284 =52 st gr Jod

H S oj A Yth o] o A2 A e} 2ol s AR 7} A=W, of o gt
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Bolol we}, 54, B4, §
QQAMAHAﬂﬂOﬂ@

o] 75 0. I8, 4 : 4], None 2 7| BZLO% AL
3L G4 U ol A 94 7) None 914 S 919 18 Al € A E /<A 1 2]/ 0] £ A R 41 Al 9.

= Sof, o3} 2o] 22 uAAQ:

def foo (mydict={})

o Nonedt 2 9 AL WA AT AV, A o
o .

Jf’v e
M
23

_lé
é
]
N,
e
gy
[o
fru
>
fo
ol
B
biA
rr
paY
o
off
11]>
o c
_\‘L

AL o] FA ANA L

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

mydict = {} # create a new dict for local namespace
o) 5L H 8T 5 ABUTE ALSE o Aol APt B4k e, ANAA WL G P &
Zo) w74 0f ARFES AN S, 22 ko] ThAl L FH W A A B ke wEets Aduth o AL

A o
= L
“memoizing” ©] 2}l o1, th5} 2ol FH T 5 Q5 th

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

# Calculate the value

result = ... expensive computation

_cache|[ (argl, arg2)] = result # Store result in the cache
return result

ARG A BAY S T3S A WS E LSS S dFTh A g BAY U

227 B BHR0IM CHE B2 MEARIOIL} FIE TR 4SS HEHst2{R OfZ A ol

= =

L
G4 A BE <9} +x AP AE AGF] AR FHFAAL; ol AL AH ANE FEE,
79E AAE GAV 2 AFFUTH T2 ThE #5h++ B A S0l THE F4 2 BT ) ol 5T IS
ALY 5 Y&tk

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

g(x, *args, **kwargs)

2.2.8 2x}e} o7 A, XIO|H 2 FULULI7?

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 D kwargs= func® W7l AL J Ut 28, funcE 350, o E E9:
[func(42, bar=314, extra=somevar) }

42,314 ¥ somevar < QI YT

14 Chapter 2. =21z FAQ
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N
N
©
o
)
[m
<
I}
rII
oY

stiul 2|AE X E HAL = 0|fReE 2AULYUL|7I?

rir

>>> x
>>> y
>>> y.append(10)
>>> y

g 5ystE P as) Aee BEA g
£ WE U ol shupel 27 (2l 2 E) 7 g

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

A B AAE xoll t dshd:

>>>

= 5 # ints are immutable
>>> = %

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

HKoX X

>>>

o] % £ A7t Blo] 7] W o) :, x =

= 5% T obduieh thAl AL AR (B4 6) 8 w5 o] x 2
M (&, ot A L e e, F A AH (R 63} 9)% o] T FRI}E F
Al A58 2 GUT ek o)A 68 BEIAA T, v+ ]3] 58 FEFU.

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

T, 22 Asbol wiu 2 o g o2 5 3E 2E 3 7HA] A4t A s Ut SE O Y A4
A& 0], +=F B|2EE WA, FZolu 4= HA3sHA O}AHEHa list += [1, 2, 3]
a_list.extend([1, 2, 3]1)HF 5537 a_listE HASA 9 some_tuple += (1, 2, 3)
some_int += 1& A AAE kS5 T}.
ge xdsd:
o 7P AA|(1ist,dict, set 5)7F YW, R EA AE AHE3to] AAE A G AAE
A= RE b7t AA S A g Yth

Pxsyhae 2 g e g
G g2 SAANAA 4
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2210 £ 72T} JE &4 E =H5H2{™ o E A sHok L7t (R0l oIt

S5)?
shol ol A AAHE B9 02 AYHS 7] A 0. T wA ARl he B2 E WE7) w R, &
S5 3 BE A QAo F ko] A Deloj2vk L, Fxol O F BHE QU ol pA P OoE

>>> 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)
. J

o] AL Ao] A 717 1
2) Ao Mg ARS8t 01
3) 7hd (Al Ak ol A W

>>> def func2(a):

al[0] = '"new-value' # 'a' references a mutable 1ist
all] = all] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func2 (args)
>>> args

['new-value', 100]
. J
MAEE gAY eE agste:
e N\
>>> def func3(args):
args['a'l = 'new-value' # args is a mutable dictionary
args['b'] = args['b'] + 1 # change it in-place
>>> args = {'a': 'old-value', 'b': 99}
>>> func3(args)
>>> args
{'a': 'new-value', 'b': 100}
“

5) e Fda dadae ghs FoA:
- A
>>> class Namespace:

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

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

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

>>> vars (args)

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

o] FA s wEol ok E FL2 o) fr= A9 fFUTh

16 Chapter 2. =272 FAQ



Python Frequently Asked Questions, Z!2|A 3.11.14

2.2.11 mo|MollA{ X} &t4=(higher order function)E O{EA| TIELI2?

F7HA AdEol sUth $3E 2328 /\}3'6}74‘/} Eig AAE A AT U dE S0, &
a*x+b & A4rstE & £ (x) & W28HE linear ( £ A8t ot 7Hg s Al 2
L2 ALLHA:

def linear(a, b):

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

return result

= ZYE AAE AL A

class linear:

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

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

FASET
[taxes = linear (0.3, 2) }
taxes (10e6) == 0.3 * 10e6 + 27} HE= 3= Z 88 A E A2 YL}

228 A7) 42 AL R =2l W TEshof Aol ek w0l Atk 1o, B8 2
42 59 AP FHT S ATk

B
L
rlo

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

AAE ol A= JHE Aest &+ A5tk

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] 71X inc(),dec() ¥ reset () & ZL& A5 HETE F731= T4 AH 5k

N

N
I°]
0z
e
o
—
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dutrg o w, Ak Y uf copy.copy () U copy.deepcopy () 8 AEIHA L. BE AA & FAT
T+ gAT gEE s gy Th

AR AA = o GA BEAFE 5 5yt 9 Y Elel= copy () HIAEZE A5 UTH
[newdlct = olddict.copy () }

2.2.13 ZHH|2] HIMEL} O{EB|REE O{EA 3 4 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 ZE0lIM A OIF S O{EA &E = USLIIR?

=)

datd o 2 ez, AA o= AA 2 o] Fo] gl wlFoll 28 4 glsyth 712 F oz g gL Ak
o] 28 ol AZAZTYTE def S} class 9 A% upRrpR o] A 4k o] AL ke ZH B¢ Yt} e
IEE FHIFAAA L

>>> B = A

>>> a = BY()

>>> b = a

>>> print (b)

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

<__main__ .A object at 0x16D07CC>

J

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

gutA o 7 whg] FE 7 EA 7he] “o] =S Yolopr st F e = gLtk o)A o7 YA Ao J(mtrospecnve)
22 a9g FAA e o, ol AMA e Y2 A A0l £ 8ol F 4 glrk As v
comp.lang.python o] A, Fredrik Lundh= A A 7} o] A& t)&f] &5 v|-+& A5 Th

ojejEo] FFo A LAZE g0l o] 5 A= A T i 1ol (AA]) AA = o B &

oAl ZHAlS] o] 5& T 4= glal, AF] A 2A % FFUTH- upetx] 23 o] B A &=

A ol f A P e R o] % B (o] B F A A4 el mefel (AA) A B

Atk

o o] F o A JAU A o]F o] JlvkE AS ¢ HH ks EEkA] v A L
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N

2.15 g7 AR M =2 = O{EA ELi2?

T shol Ao A A7t obd U Th o] A4S 1B kA AL

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

HIEE AT} ok ek BB Abole] PR Aol W] A the 2ol YA AN Y B Uk

[(nau in llbll), ngn }

the 3 2ol Bk A Uk

["a" in ("b", "a") }
YT AU 1= HE LA AL IRE AN QLA R A ) Y T2
ek

2216 C2o| “2” &I ALkxet S ST AO| USLI7?

ol, g ek £ ohe 3t 2

[on_true] if [expression] else [on_false]

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

o] E o] Fho] M 250 A AaTfE 7] Aoll, ubA l B = AMAE AFSS= Aol AF Yt
[[expression] and [on_true] or [on_false] ]

T, o] AEF = A G Ut on_true7t AR 28 A T
Utk wabA, 84 ... if ... else ... A AE

2.2.17 mo|MollM H=E3stEl ot & ZEE XY o~ USLIR

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

from functools import reduce

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

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

# Mandelbrot set

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

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

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

# v v / / columns on screen

(TH5 sl el Aol Al<)
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# / / / maximum of "iterations'"
# / / range on y axis
# / range on x axis

(o] sl o] A ol A AI)

oA o] A2 Al=8kA] mHd Al 2, of d o] 5

2.2.18 2| D7 H, SFOUAM SeHAl()E FASE 2[0S LI7t?

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

function that accepts positional-only parameters. Its documentation looks like this:

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

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

RS 5% 2] el A T A7) A A8 L ootk e, 719 = AR divmod ()

2 s2ed o 27 Tk

>>> 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 16Z12t 8Tl e O1E A X|FELIN?

8X+5 AA o}ﬂﬂtﬂ 8% %Oﬂ 0L 203, AFAY HEA “0” & 2 UTh d & 5o, g “a” &

8ZJ—r %k“lO”(IO 8) 0 Aot E, o] FA YAl L

>>> a = 0010

>>> a

8

16X1 = H45UTh 1675 kol 08 20] 3, 2 FA 22 X" & 20l 7] vk st YT 163 A=
TAUHEAZ ARZT 5 AFUTh ol & 501, ghol A AE Z 2] E o A:

>>> a = 0xab

>>> a

165

>>> b = 0XB2

>>> Db

178
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2.3.2 9l -22 // 10 0| -3 HI&tEHL|77}2

FE21i % 373922 REEZEEFEE AYUTE A8 o] o] AS Wata, v 22 A= dst
o4

[i::(i//j)*j+(i%j) ]
A5 7] floor S WEESIoF FUTh CE3 o] 54 S HEFEE 278, 1 // j B AR
(truncate) Aot =1 ¢ j7Hi 22 FITE AT T 27054

I7F A A1 s joll ek AA AR Al A suth 37F o, B A7 gloH,
AR RE AL 5 37h>= 09 2ol B {FE&FUTh AT AF 10& 7he) 2 Thd, 200 A1 2F A el =
ot E 7tEl 71 AF U7 -190 & 12 == 27} F8FYth -190 3 12 == -10& E7]E 7tele

WY

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

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

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

A

SyntaxError: invalid decimal literal

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

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

<class 'int'>

234 ZXEE IAIE O{EA HERILIT?

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

JNEROZ o]AL £AE A4 E AT UL LefA int ('0144') == 144 Fol1
int ('0x144"') & ValueError& ‘37'/@/\] ZAYTh int (string, base) = F WA A= ZF Qx=2 H
o] AFR S X4 (base) & WolEo]A], int ( '0x144', 16) == 324YUT} base7} 02 & X A= A,

b shol 1S AL A ESre] AT LIk A3 00 £ 818 LLEL, 06 & 167152 Lhebg
k.

223 Aol BAE e AR et AR olehd WA I eval () 2 AHESEA TR AL L. eval () &

FEe mew e 2 S Ut Tt 9okA] gke FEE 0] Y ol d S AL

¢ dFUTh AE 501, TR F HHABE A= __import_ ('os') .system("rm

-rf SHOME") = AT+ JdFUnh

eval () = ETF RAS gtold @A 02 s A ste A7} Qlol A, A& S0l eval (109") & FFo] A o]
(‘0 S AL AN A 0 S F&5HA 7] w2 oll & ol 27T Eﬂql’/}
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23.5 A EXLE LA HEESLI?

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

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

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

2.3.6 HMZI2|0IM 2XIEE O1EAH SHE LI

285 gHUh BAGS Buol mE AUk R 39, 2YSet hFR ER o2 A 24D
FAH S U T AR SN FUTE Hlol 88 +AF 4 9= AA7F BRI, 0. 5tringTo

AA G array RES AL HAA L

>>> import io

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

>>> sio.seek (7)

7

>>> sio.write("there!™")
6

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

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

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

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

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

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

dispatch[get_input ()] () # Note trailing parens to call function
. J
o W& T4 getattr () & AHEIA AL

import foo
getattr (foo, 'bar') ()
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o] AL vt ol &2 BholH e P of 2] oA AR E U th

class Foo:
def do_foo(self):

def do_bar (self):

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

o« 3 o] 52 A (resolve) 3F2 ™ locals () & AHESHI Al 2:

def myFunc () :
print ("hello")

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

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

strings?
S.rstrip("\r\n") & AH§3E ChE 3 T2 A ASA g3 EAE 9 Bofl k BE F FAA
EAAZ %l%‘%‘i‘r TAE s ol Wl Eo] o | Bl & F o] S UYEYH, RERI 29 &
2 AR5 AA D Uk
>>> lines = ("line 1 \r\n"
n\r\nu

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

'line 1 '
At o2 gt Hof| st SN HAES ¢S wjvt o317 wfZoll, S.rstrip() & ol A& AHEEHH
4 AE P

2.3.9 Is there a scanf() or sscanf() equivalent?

Iy Aoz sk

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.

23. X2 EXE 23



Python Frequently Asked Questions, Z!Z2|A 3.11.14

2.3.10 What does ‘UnicodeDecodeError’ or ‘UnicodeEncodeError’ error mean?

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\\"'

J

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

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

Also see the specification in the language reference.

241 W Z27340| {5 =EILICEL =& =0[2{™ oY sHok gLln?
2

IR 9o g FE AT WA, o HolE7] Aol 7|3l oF & Abo] AF Yt
o A% 542 IolA Fd vttt thF U th o] FAQ& CPyrhondll 3 <& FUTh
o 532 29 AA vttt g £ AFUTH 53] /O U thE 2~ = sl o] ok uf 23 F
o IEE FAFeH I AR ol 22 TN A FAF TATHS Frolof FUT) (profile BES
FRBA A L)
« WX 23 HEE FASAE A AGS AT o wh2A 85T 5 A5 U (timeit BE
Zx).
o st 2 A 3}oll & AZ 3] (regressions) & FA A &2 EQY317] Aof| (B9 HAEY 7| 71 H <
)+ e A A E e Ao F5UTH
Ol AL AAZ, Fo] W FE £TE Fole B2 EY] IFUth g2 T8 75 F A5 A =T
371 fel W 248 2w =0 = 2 7FA] gukg ol 439yt

24 Chapter 2. =21z FAQ



Python Frequently Asked Questions, Z!2|A 3.11.14

o FuFSS HMEANEY (Ee guE S or AR ZE AA o vA H A3 EE e
P Al Yy 2ol d= 5 UsUh

o ZHFE Hlol8 #2& AES Al L. bltin-types 3 collections gl tiet A8 A& A7k
A2

o XF holBY 7t FAVE 7] AT ZenEEE AT o), ool WSd thE thtE T}
WS 7hs /ol EF Ut (EAE A= FFUTh. ol A2 W A7 2P ol Cr 2 H =2
B EE] Fols FlE 2EEU oS S0, AL ™ list.sort () WA WA =Y &d
sorted () TTE AFSSAAIL (28|21 & 1 F AFEHY o= sortlnghowtoE ZZFAA L)

« F43}= 24 (indirections) & WE=w A o] I AHZ 7Y B2 42 st=F 2yt
TR ol 83 AP F= 2AsH, ESEE A St =S A YTh =3 FA3E ok

).

U RS RS AAN  Ere

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 B7):

ds el 21E 917] 7l o)A

-

N
S
N
5l
rlo
Mo
A
1%
mjo
ook
=
o
Ea
M
o
rr
N
ol
o
2
ro
0Z
I
rlo
4o
r
N}
)

str@} bytes AR = & tﬂo]EE; w0
wfjEol vlEEA YUttt dRbA d of, & A3 AT 082 HA| A 2 ]-4 A —’—Oﬂ H]ﬁlﬂ‘%‘?}
% alm

W str AAE FA 7] 980, A7E = &= AL 2laEo) wiA 8t

EEshs Ak

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(Eoh= e Aoz Aol #HLFE=i0.5tringIloE AR = AYYTH

&
LEL bytes 7“X1]% l’_‘—Z_’} ‘}'7] ‘ﬂ%ﬁ) .?:]_ZO]-QJ‘;: j&%:}*‘f X‘“Z}-E} 0]01%0] 7] (+: ﬂ/‘\l_;q_)% }\]_%_6_]_0:]
bytearray AA|E 33= A G U}

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

251 REI} 2AEE O{EA HEFLINN?
3 B2 tuple (seq) & YA AL (HAAZE BEEOHHE)E L2 TAHE L2 FES /AR
ZZ Wt

So°l, tuple ([1, 2, 31) & (1, 2, 3)%&%*Pﬂtuple( abce' )L ('a' 'p', 'c")E
Z )
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ol Al 2L FEol 552 G YT S5 A 02 A AR g nojn 12 F

FolA Aoz ALH U S5 QAo B 12 upx|gf eldl o3 2 BojlA F WA dE Aol
ol A0 2 ALH YT} seql-n]l & seqllen(s

T AY~E AR v HE T = dFULh o & Eol s
A, EAE A £33 & vhE 2 A Ak ) °*°“§‘4")r-

reversed () W& T+E AL 4 A L

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

o] AL PE A Ao FEFE A A AA L o EEH o] E & H Y =A9] A ARHES R T

25.4 ZAEONM S22 O{EH MHEL|I}?

o 2L FHBHE o7 7hA P ol tF 7 =2 Shol A R el AL FR AP L
https://code.activestate.com/recipes/52560/

YA ¢AE U E JUUTY, D2ES FYF TS 2 2E Bol A 2WFAA T2 FHS 44 3

AL

if mylist: ]

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

last = mylist[i]

daEe] BE 84 HE AR AHEE & ATHA (5, BT 514 /s ol@) o] Aol 5 o mEth

[mylist = list (set(mylist)) }

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

2.5.5 E|AE0IM 042] &FE H{EAH MAHELI7F?

5} “*’\V“’i"ﬂ oz olF ¥ o] st A% T 7HA] 7t

A A v AAA 2, AR ZAL LS
2 &G o HA | Ao Sebol s NS S/ A

SR, ey A ol A 2
WS T OS2 Al 7R M e U ok

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

g 2E B alol obul 7bg whg i th
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2.5.6 IO MOllA OJEH HIES UE=LIR?

e LS A SIS

[["this", 1, "]..S", "an", "array"] J

2P ol A O} a2 (Paseal) ] @7} 55 G Th M 2 Aol L shol Al el s
A7t =gE + ek A9y,
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.

N
-~

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

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

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_1ist [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 C}x}2 E|IAEE LA StS5L|771?

Y]

Bem 2ol BAe g e BT 9 AUk

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

Q4hshe eup=A YU

>>> A }

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

e gt e e, of & 9110l e o

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, None]]
DR v HAEE RATE BALE WEA) 43 /)% A T A2 95 AR, 3
o209 22 g rE| e 37)e FxE 2T 2 AES T UTH S o it WA AT B E
Aol ebub, 7o) 8413] of e # ol Fete A2 o U,
ARbE W2 Aot 2ol HAEE WA ME I ME THE ZH2ER ZF 345 A9+ AYYth
A = [None] * 3
for i in range(3):
A[i] = [None] * 2

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

w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.
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2.5.8 How do | apply a method or function to a sequence of objects?

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

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

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

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

for obj in mylist:
obj.method ()

for obj in mylist:
function (obj)

259 M2 E=35l=0|, 9 a_tuple[i] +=[ ‘item’ 10| Ol|2|E

Lo ZiL|7k?

ot FH Y AR Y AxbAEhE AT sho Aol Al b AR BW AR 9 Aol o] AEHH]
o £ ek,

o] o HE 9 AR AW AAE A2 FEO fae] 482w QAo AgHA W,
F2E list o +=F oA 2 AHS T o

T} 3} 7o) A hrpu:

>>> a_tuple = (1, 2)

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

TypeError: 'tuple' object does not support item assignment

ol £] ¢} o]+ '8
A A3 25 F

o & 7} & g ot

Ut 10] a_tuple[0] °] 7Fe]7]= A4 (1) ofl T8l A A,

A3k A7 28 A T
7 elsle Ae

A
WA s fl7) w2 ol

T ot ol A, o] T HPEo] e S =S EsUTh
>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

< EWoleR, dite T HEo] ol HE A HYTh

2ol A4

do

MU
)

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

TypeError: 'tuple' object does not support item assignment

Ao x5 ¥ HsU d w2k AL oA H 7 AJA T E 871 7 5

the A YTk

>>> 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

28
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statement; and (b) for lists, __iadd__ () isequivalent to calling extend () on the list and returning the list. That’
s why we say that for lists, += is a “shorthand” for 1ist.extend():

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

[1]

AL T FEFUh

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

a_list7} 7k} 7= AN 7 WA Qa1 Al Aol ik ZAE 7 ohA a_List ol o g vt o 9] <]
2 A3 no-op U], a_list 7k o] el 742] 7] 9l | A} 22 Aol th g £R1E o] 7] Wi E JTh,
SHA R T Y2 o1 3] Lot

webA, 219 F& AN dojute 42 3 5 Hth

>>> 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 2zl ML 5110 AlSL|Ch: Tlo|MOol|A| Schwartzian HEIES &F 4 QIS L7712

e

ol

Perl 7154 E] 2] Randal Schwartzo]] 2|3 o] 7| H & B|A~EQ Z+ QAL ZF Q45 “AY 7o v H 3=
HEZ o7 A3t Ffol oA, list.sort () WA EE key AAE AME AT A L

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

2511 St 2|[AEE CIE 2[AEQ| g2 = HEHSIHT o€ sHof SLI7t?

IS FEY olHE o lHE Hesta, 27 |l 2EE A3 TS, Hohe 845 AHGHA A L.

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

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

>>> pairs = sorted(pairs)

>>> pairs

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

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

>>> result

['else', 'sort', 'to', 'something']
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2.6 ZHA|

2.6.1 Eelae 2AdAL|7}?

St class B2 APt BE 5 AA AUtk FHd s AA = d2d A AAE HE7] AT =
o2 AEE Y, HolHE A AHE dolH(JEYHE)G I=E(WAE)E ZF WA TH

Fe s wo)la FEaetal 3t gty o] T E FHAE Vo2 T 4 F Utk I3 H Wl
FH 2o oE El%ES’JrUﬂ/H £ 353y Th 1t &S *ﬂ AA BdS FAH o2 AT 5 9
& gyt A 3 7 & JZA WA EE Al °“:&Mallbox e g 5 AT
& A1 2] 2] 3}= MboxMailbox, MaildirMailbox, OutlookMailbox 9} 248 A H ZE|A7F QS 4
A5yt

26.2 HMEE= AL

HAEE dHA © 2 x.name (arguments. ..) 2 S&5t= ofH AF x9 YUk A== FHg~
Ao Yol A = ol Yt
class C:

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

2.6.3 self= 2aiQlL|7}?
9

self = &2 WA =9 3 HAY AAE 93 #Ae| 4 o] FYUTH meth(self, a, b, c) & FH wA
EEAYTRF ZH Y o AAEA ko] h3f x.meth(a, b, c) E2 EZEEH oFFUTh E&4
HAEEmeth(x, a, b, c)AHB STE&H At 7o

HAE oot TZolA ‘self” & BAI A O Z ARG oF = o] = FA AU & FRFFAAIL.

2.6.4 A7} FO{Zl SEHALI O ME Ee{AQ| QIAEAOCIX] O{EA| &telstL|771?
Use the built-in function isinstance (obj, cls). Youcancheck if an object is an instance of any of a number
of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,

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

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

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

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

(Th= sl ol Aol A1)
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>>> isinstance (c, # virtual

True

Mapping)

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

mro_

<class 'P'>, <class
"true inheritance"

) o

# Test for
>>> Mapping in type (c
False

mro

(o] sl o] A ol A AI)

'object'>)

gy e

AREAE o] Fe ol A

isinstance () & A}F AL SFA] &2 T A L.

ZelAg 47 s dekd, o AAE A7 A F AL A S AL Flel 2o 2ol e}

2 A8 35t Al E
2Q/E 2 ASE G547t YTHE:

54 84S Aedste

SRz MAEE AYste AUtk A€ =1,

def search (obj) :

if isinstance(obj, Mailbox) :

# code to search a mailbox

elif isinstance (obj, Document) :

# code to search a document

elif

O U2 H2W S ZE S 0lA search () FINES Aosta &4 242 T &8k= AdUd

class Mailbox:
def search(self):

# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search ()

2.6.5 2|o|2F 2ol L|7}1?
191 (delegation) & A 2|8 7] (T -9l F o ebaE FUth uth x AR 7} AT WA= F 5]
FAS HAst L A Ta 7P AT fAS = AR AR FRAS AT TE REAES
x9] S WA =0 Ao Al 248 wHE 4 U
sholl m2 vt 4 A9 TR 4 s Uch o S0, thg FAaE HAAY SAAAL,
7155 = B HolHE HEAR WSt FHAE FEFYH
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

calling the underlying self. outfile.write

self.

_outfile object. The delegation is accomplished viathe __getattr_

() method. All other methods are delegated to the underlying
() method; consult the language

reference for more information about controlling attribute access.

2.6. A
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Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved,

the class must define a __setattr__ () method too, and it must do so carefully. The basic implementation
of __setattr__ () isroughly equivalent to the following:
class X:
def _ setattr_ (self, name, value):
self. dict  [name] = value
Most__setattr__ () implementations must modify self.__dict__ tostore local state for self without caus-

ing an infinite recursion.

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

extends it?

W super () S AHESHAIL:

fr

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

In the example, super () will automatically determine the instance from which it was called (the se 1 £ value), look
up the method resolution order (MRO) with type (self) .__mro__, and return the next in line after Derived

in the MRO: Base.

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 MM ZzA HIO|EQ} HX ZeiA HIMEE THER{™

(C++1}Java ol o m] ol Af) 7 2] o] o] ] &} A & v A = 2= sho] o A A

A7 dolH Y 4%, Bed] 2o o2 HES JY AN L. =8
ANA 22 o SE BAHC = Aok FU T

O1E A aljof &Lint?

gt
o A g tiSlskel®, o g

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

J

c AA vt c.__class °ﬂ}‘1CE£°}7}“Hﬂ°]’\aiﬂ AN Br g dF S0l Y&l A%
= REEco g C.count & FZ I}

T A 9F= 3l c.count = isinstance ( 7} A =5}

4 o]
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o] WA= ol A, self.count = 429} 22 Tl 9)L sel£ o] 2P T AL 2ol “count” B A B
A2HAE BEYTh Zela A4 HolE o] e] AADL G4k vl A Rl Ao
A glo] 2|22 A A sl o ok

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

=

Jevh A WA EY 3E e A DR IS GET BE o T4 E AR s Ayt

def getcount () :
return C.count

oe) el mEV} RE G shte] 2 (B WA BAD 22 AF ) E A HES P25
Ak, ol A1l HS L AE5E A5 I,

2.6.9 T}O|MOf|AM MAMXHEIEE HIME)E O{EHA RHEQIE 4 JUSL|IF?

o] ML AA T BE WA T o ALE Al AR AupA o7 A2 Zilof A 7hg AA ST
C++ol A= o2 3} o] At}

class C {

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

}

shol Mol A 71 AAE Agolo] BE A9E Rt B A4AE Aok G o8 S

class C:
def _ init_ (self, i=None):
if i is None:
print ("No arguments")
else:
print ("Argument is", 1i)
o] 21 &3] TE A= LA L AA R s uth
i go] AR BB AET £E JgUTh B S
def _ init__ (self, *args):
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2.6.10 __spamE Al235|2{1 sl=0 _SomeClassName__spamOi| CHSt 0|27} 2t
Lct

o]% 4% WEo] G W o] 5L e vl AN (private) WHE A She (A W AFA A PP
Algst7] Al <A A DHmangled)” __spam @4 (Ho]= = 7je] A& DE, Fitel £9 WE)
o] ZE A8 A= classname_ spamO Z HAE Eﬂiﬂﬂ = T«ﬂ o] 71 A classname S HEAY LZ0]
AAE @A Ze ol 5 YUtk

This doesn’ t guarantee privacy: an outside user can still deliberately access the “_classname__spam” attribute, and

private values are visible in the object’ s ___dict__. Many Python programmers never bother to use private variable
names at all.

2.6.11 L Salla FXI2E ARE AHE ] SSEIX| E5Lch

I'|I'
fjo
ol

I{Ol

__del_&E H™Me
% 7HA) b ol %7k sl e
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
canrungc.collect () toforce acollection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’ s still a good idea to define an explicit close () method on objects to be called
whenever you’ re done with them. The close () method can then remove attributes that refer to subobjects. Don’

tcall__del__ () directly - __del__ () should call close () and close () should make sure that it can be

called more than once for the same object.

CHATE AL E TE PN weakref RES AR AT o mEL T2 A48 5
%3 ANE D 5 YEE AT o B Sol, B2l AR FAL 2RI} 9A) Fxol ohe] ok w22

g a0 BITt (o] 8 AB ol Ba T,

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

shol M e Feja(Er WYY BE ALDAE 4514 FEUTh S AYAT 2 A28 2o
e ok 12 B AEE §AFe] BE AARAR FANES z2 Y B 4 Yoyt

id() gL AR £ Fd THIES B A4S B Th CPythonol A= o] o] A7) W=
2] Zaolng, A4 7L vl Eelo] A AR E F AR whE ol 2 The A A vl 2] o] 22 91X o] FkE =
A9k A BT The 7 2o AT 5 A vt

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

2.6.14 is HALXIE ALE ¢S OIO|HIEIE] HAl= AWM LEIE &~ JSLIT?

is AAbAk= A ofelHIE Bl S AAg YT A ta is beid(a) == id(b) &5 dHTh

cFel el el BASl /2 528 S0 AR B AUAEATD 2 15 at A True T WBBT
AdUtt ofe|dlEE 7“? ARt o7 54 AAHE T S U 5574 A 2, ofelxl

EﬂAE = 22/ TrueY False & HHadto] H A Urh.

Tejuy, A ool M ElE| 7t B4 uf ool M ElE] AAILFEA AAE AT 5 Atk Qpdos

ofoldlE] §] 7} H A= = Al 7FA] o] sy th

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

anteed that new is old.

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

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

2o thE Aol A= otolHE B AAZE AR A o 54 HAEM AT g Y. 53], 42

=0l HAE A %‘t int &b strdt 22 AE FAske H ool IE B AAE A= St EUTh

>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a is c

False

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

>>> ¢ = b + 'thon'
>>> a is c

False

A &2, 7hE AE oy o] A 1™ Ao 5 dskA FFUth

r[r

#xE gholB g e] ZE oA, ofoldlE] E] HALE SHEE A AHE-Sh= 2 7HA] ERbA Rl S Y
t}:

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.

mlo

24 95y

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

_sentinel = object ()

def pop(self, key, default=_sentinel):
if key in self:
(Th= sl o] A of] Al%)
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(o] A | o] A oA A A %)
value = self [key]
del self[key]
return value
if default is _sentinel:
raise KeyError (key)
return default

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

For example, here is the implementation of collections.abc.Sequence.__contains__ ():
def _ contains__ (self, wvalue):
for v in self:
if v is value or v == value:

return True
return False

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

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

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

from datetime import date

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

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

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

return super|() . new__ (cls, wvalue)

class TitleStr(str):
"Convert str to name suitable for a URL path"
def new__ (cls, s):

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

The classes can be used like this:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

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

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

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

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

This example shows the various techniques:

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

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

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

@cached_property

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

@lru_cache (maxsize=20)

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

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

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

class Weather:
"Example with a mutable station identifier"

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

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

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

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

@lru_cache (maxsize=20)
(th sle] Aol Al%)
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(o] A | o] A oA A A %)
def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

EEo) A5 AxE D (£ A AvddE sdo] ol F ax vpdo] MAHglS wl) Aot
" FES 2A3= pye L2 py HLS 2= HHE 29 __pycache A H fHE o vt
solA kAU .pyc L .py

= (=hw 511_8]'—1_—7; .pycx® ELJ'U%,JJ'EE ﬂ'%%@
python Htol Y] stdof| F455 = S 74 845 2 982 Z5Uth (RHAISH W82 PEP 31472
=z o]—/\]}\]
j=

_1_.)

pyc 3t o] 5o A A &3 5 Y= 3 7HA] ol = ax Itdo] 23 H tEE g A A Y UTH
%, __pycache_ AE gdaEHz & WE + uheE SS9 Uk o & 9, e ARRAZ g A v T2
AHEALE At Afol olF do] dojd 5 A5 U 7HE S AME HAES Y IS g Ut
PYTHONDONTWRITEBYTECODE &7 W47 AAE o] ¢ 4L 3l RnEL AdXE 33 o] Aol
__pycache_ A B UHAHZE WL ALY B2 I AE HAH N & 5 = 8 (dAsh oA+
FTZ5) ol Yo pyc 3L A2 AHF P U T
4N 2THENA spo| A S A3t A2 AXER 384 oy pyc7t A A A] FFU T
A g 5o, HE EE xyz.pyE YZE &+ H 4S9 2E foo.py 7t = W, (python foo.pyE A 9
B[O JYotd) fooE AT, xyzE YZE 37| wf Zoll xyzoll thal .pyc 7t B A AT foo.py
£ IEE &7 g7 wFol foool aiA = .pyc TP o] 5] A A k5 Th

1=

foool thgt .pyc IS W= RV JCH-F, A=
-py_compiled} compileall &
o
=

py_compile &2 999 B &
compile () &4E th3}4 0 &2 ARG A YUt

H A ke BEO te .pye HE S WS E

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

O] AL pycE foo.pye T Y X o = _ pycache_ AH fgEE o 7| EFT ULt (= AHF
ARG cfile & o] S A QT 4 9

2=
\
compileall RES AF&alo] tdEele) RE AL AFoR AT

N
H
;0

d <Yt} compileall.
pyE AT A5 A Y o] A sk o] A v 2 ¢ ﬂ%i%ﬂ%‘d%é%z oA ol 5T
s 01_/;1/]]-4_-

T M| .
[python -m compileall . ]

BozA BE A9 o] 5L 3
19 ST ANHoE RES
E=Ny ks
=

B2 RE2HE E AL Ol’“)r ZHA Eﬂé AFetH, __name_ & FRIst Fo gho] I = B
g
def main() :

print ('Running test...')

(Th= sl o] A ol A%)
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(o] sl o] A ol A AI)

the 2ol ATk A 2

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

A JdHZ g o GAE 3o AdUth
e main imports foo
o Empty globals for foo are created
» foo is compiled and starts executing
« foo imports bar
o Empty globals for bar are created
e bar is compiled and starts executing
e bar imports foo (which is a no-op since there already is a module named foo)

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

uh ) o g7 7 Ao g ek Shol do] o} 4] foo B QIE EE S AL SRR 91 food] B 7|5
YA el7} o 18 o] 917] w2 gy e,

import fooE A3l AYQ FE oA foo.foo_varo] BN AGEH T S ujx 22 o] dojdy ]
o] FAIo "5l 7153 (] 4%hH Al 714 3l 2 W o] 5yt

Guido van Rossum2 from <module> import ... o} AF&3}A] &1, ZE F= & Sk Yo vl A
T AL AAGUTE A 050 o5 0ee) 275 A5 0 TR AR T ol AL
AXE H ZEQ BE Ao <module>.<name>0 7 ZIZH L on|shc}

Jim Roskind+ ZF REANA thg <A Z dAE 3T A& AU

s WEWZ (A, g A ulo]x FHas dZE T F27 e U

e import &

c A FIE (JZEF FolA 2713 A 29).
Van Rossum doesn’ t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs & #] 7B 2|7 YZE7I ZQ3A A& F=E AL A dFYTh

ol s 24 =2 FE viEtH ol A s

27. 2= 39
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2.7.4 __import_ ( ‘x.y.z’ )£ <module ‘X’ >E&

importlib®] HQ] &4 import_module () = Al A& 5=

HIS}

—_ -

L

SLick z& oEAH HsLn?

22 nE A A L

importlib.import_module('x.y.z")

E

275 UAXE El DES WSO CHA| AEZE & iff, $1Z AFSH0| EAIEIX| Z&LICh
H O o] Lt |nt?

FEARG ol ABAY o] R, ol AL HES AL YEE TV EE FAL J5Uch 213X
Gowm, 2t HEC| 2L /B RES JEE B PO BEE P T2 RN, /|2 RES oje W
TR RS O] TR R4S U WA E BES A Bl goed, that 2ol A A L
import importlib

import modname

importlib.reload (modname)

aL: o] 712 100% A skA] kUt 53], a3 2L 8= o= RES
[from modname import some_objects ]
YEE @ A oA WA AL 4Gt mEo| Felx F st LI W, A Fe) s HE A
FE= 71E Fe) 2 A2 AT AT A et o] A e 2 dHH A B0 = o]0l Puh:
>>> 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

o)z A o “ofolWElE]” 2 s 5hu BA) o B o] R ALtk

>>> hex (id(c.__class_ ))

'0x7352a0"'

>>> hex (id(cls.C))

'0x4198d0"'
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if (x <= vy)
X++;
Y-
Zrar g

ZA0] Fol W xe+ U AT A, Solzr) e Be Algte] 187 ehrkn WA BRI 49 BLC

35]
ZEadnEREx > vO WSy FAshe o 8 FFAREA 2o SolthE w7k ok

A2 B2 QU e, ol e 19 Aot S W AU, CANE ST WA
o] 717w el A5 UTh SA AU S Aol TES g 2t o &AW, ThE ABdR 9
(=t ook @) W ki BHFL =71E AL AP}

o 59 AU e AT BEE I AN Sol WALtk ol % A5 =z o] 433 o1

F9 3w F7ho] Gulsof, 2 ade 29517 6 oA A AU o FH o2, B3k B B
shofof gt} (78], 20-30%). 20%9] Shol A2 C9 202 KT B4 o WL 494 +9F 5 A5k
AL AT BE/ DL g7 W B obd ke - Aol i A n5E B HPE 7)ol g
- S Zla e S5 £8e] gyrh
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3.2 ZICHGh A QLI R 0|48 2t LIR = OlfE RAYULIN?
e AL BAA L

3.3

Ofn
1>

e Aol of OZA REEEL

=i

N

AEAE 5% Tes 2 Aol seial Utk

>> 1.2 - 1.0
0.19999999999999996

223 o) AL shol M Mg AZ T 28X F5Uth ol AL st A A9 Beo] glow,
S EUE] HE 25 2 Aelshe TN QA o B At

CPython®] float 2 A FS 93l CdoubleS AR UL float A 32 1A ALUT (IRHA L
2530 2)9) o] $E £5go] 4G I sho] ML HE 45 AN FAE o C A4S AH3}
o] thAl 2 A MY HE o} THo| LTk F, FF 257 A4bel] B 3, 5ol AL CoHava s
zohet e el oA QoS A Y A5 g

Many numbers that can be written easily in decimal notation cannot be expressed exactly in binary floating-point.
For example, after:

[>>> x = 1.2 ]

o ol x ol thol AR R 1005 3 1.20] th3 (S FL) 2AA o AW, A3Hs] 2= AU
QubA 91 7| Aol A AR A = ghe the T 25Utk

[1.0011001100i10011001100ilO011001100110011001100110011 (binary)

1AL BE3A L e ZEUTh

[1.1999999999999999555910790149937383830547332763671875 (decimal)

S3R|ES] A A EE ol HF agFol 15-16712]19] 10+ F =S A5 g

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

3.4 mio]’M Extgo| 2 Ol FALULINN?

¥ 74 g4 o] Uk,
S 45Utk 24go] By
gulste, 2224 27 e 17
o1 % shbgueh

EThE GRS sl e FADL £AWF | BA7 02 RFTH AU oW U g8 The
Ao WASA S, 5o el AL o1 BT EAG ot & 8 A6 8 AA BeLIe)
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3.5 HAME Mot SE0|A ‘self’ £ WA|MOZ AI235|0} 5t= 0|2
2QL|7?
o}o] t] o] == Modula-3 9| A ¥ 551 Tt} o
QPN

gl &
AR, 22 W oAl WA=y 2 o]EZREE AMESAL Jthe Aol o £ 3yt self.xt
self .meth() Eelon Sda e 7]‘11?3‘W ZolHetE A E7t AR E T A
£33 & AFUTh CHoll A, A G W Ao gle Aoz

N

A5 g4 &t (S e =2
37 A% 5 STk AR R ) - 1A 5 sfol ol A, Ao W A elo] Qo] A, B3 el E el
49| & gtofof i th A Crrolava 1Y L)AL A2HA O ER HES m_ Aol S £ T

wheba ol 28 WAl 4L o7l o Sel Ak of W8 f-8 T

Second, it means that no special syntax is necessary if you want to explicitly reference or call the method from a
particular class. In C++, if you want to use a method from a base class which is overridden in a derived class,
you have to use the : : operator — in Python you can write baseclass.methodname (self, <argument

list>). Thisis particularly useful for __init__ () methods, and in general in cases where a derived class method
wants to extend the base class method of the same name and thus has to call the base class method somehow.
upR| ko g ol AE A W0 Ao tiolu) B W E2AE S 2} stol Mol R o] M= (A2 AH)

e 2EA gol diYE = (2l dgor “3/\]14 o8 AAF A ok2) Wo] 7] wi&ol|, Qe Z 2 E
oA o] A% WA} ob) ek QB WMol ThEk Th ol ek AS S W o] 9lojof Bk, (584
o SHlA) FEAHIE FHULE Ce Adde T3l o] HHe frf’“%}?ﬂ“} sho] ol = A o] §lolA]
OIEWPE% oW ERLE ?J*ﬂolt e A2 AU BAIA self.varE AHESHH o] A 71 &
BER ke U}ZW}NE GAEA MRS AL A, self.var kil Ao} 5”/}‘: ZiE oA = el
A A EE A e 01%01] ga g2l dadas) deEe 2 44 2.7} 9L o n gy oA
Wo), Ao Mot AAH A Mt F Ao AR 02 o] B o0, A8 01% 5+ sho] Ao
&efof .

3.6 A UM CHYLS AIESE &~ Bl Ol RAHYULIIP?

Jpol 385 H, 7Hs T i

vtk 7] 8] (walrus) A 2R} =2 AFS 5= T AL 3o 9= W42 g gy

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

>

ZFA| 3 A B = PEP 5728 #2314

1<

3.7 mO|M2 o) el |§( |£ E0] list.index())0l|l= HIMEE A5}
1 CHE 7|o(01l =01 len(list)) 0l = &4 E AI2ELI1?

(a) Q5 A2 A9, A9 % 7] 9 (prefix notation) ©] T (postfix) E7|HHET} o & dFych-
A (2822 S5 (infix)!)) A4HE F8Hol A e Al A5 7HA AL gl 847t "‘Zﬂ of oh
A=t AdH R Ego] He= 27He o]'?f]"_ ZJUth x*(a+b) o Z2 34
K+ x' 2 TpAl A4 5] A8 A3 U4 00 EAUE ABstel ¢ A 2B
o] WSS H| W3l KA

(b) len(x) 2t ZEE ¢J= Wl A= 7471 2olE 2738t Jthe As duth o] A2 A
oA F 7HAE dHFYth ﬁﬂr% 2&4013, A= 459 74Eﬂ oyt Bith =, x.len()
= =l x7t Aol 28 FA AU EE len() o] & SeH2olA FEste 459 2
Holvehe 21 ol &L °‘°1°l: Fuch e e g EaJMﬂ get() ©] 1} keys()
| A =7} °‘7M, Qo] ofd Aol write() FIH =7} QL w Wlu] 2 A= TS BAA Q.

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 join()0| E|AEL} £& GIAS 7} OfLlat 2XIY HIMEQ! 0|RE
SoiQiLimf?

Ry Exgde e 25 2 ° °
AAR AF 237 26 sk AL v 2eyt
[n n jOll’l(['i’, v2v, |4v, '8', '16']) }

o] Ab& R0l thal F 7HA A Y= wkE o] gl YT

A WAL AL 2B (EAD A9 A EE S S Ao] A8 B FRUTE e Sol mehg
Yok olo] e thghe 18 4 AW, 4D P 04 nAE g Boleks AU AT
AL A2 ol Fol HFATH, elH DA ST 5 QA BEE =24 ol 77 g
WA o)) BB th3 3t gol ERPUTh Ut AL/ 9 E 4D 52 A stetn Bahn
EUTh. 2ZAE, FAL T8A FEUTE oW o] 2 split () & EAL HAER A S o
24 9 oS AL 2 2EYT, 12 0 13 2L o

["1, 2, 4, 8, 16".split (", ") }
AL PPN A Fold TRA(ES, RACE, 499 FW A%) 2 TRE 59 EADL T
S5 5 ggge 47 & 4 Q7 MEgU,

join() & 24 MAEGUTE A A FEA Lol A FAD A ALE ol H Aol E B AP
22 Abolo] AAL AYFEZ AN T WEGUT of A AT A AT 5 A A
Zelas mostel, AL A0l & 742 et RE A9 3 AT 5 dEyth el Ed

3.9 ol|2l= Lo} tHEL|7t?

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

try:
value = mydict [key]

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

o] AL
Zol =

gAav e Ao &4 717 & Aoz AR w27t sk 28X o, o2t
dys Utk

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

o] £EA AL, value = dict.setdefault (key, getvalue (key)) AbEg 5

= T QA
=2
getvalue () B&0] BE 4ol F715 7 wj ol $23) AP A9 AT S A5UTh

AN )
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3.10 mOo|M0of| switch L} case 20| Q= 0|R= R2AUAQUL|71?

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

case statement. An older alternative is a sequence of 1f... elif... elif... else.
S B P o1 Kok o Af ol e G BRI IR U
AU &
functions = {'a': function_1,
'b': function_2,

'c': self.method_ 1}

func
func ()

functions|[value]

AAA A A

class MyVisitor:
def visit_a(self):

o] %, getattr () W& & AFR S 54 ol5< 7HA WIAEE AW of

def dispatch(self, wvalue):

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

o] oA ¢ visit_ g} 2ol WA E o]

of HFAE AHS S Ao FHUTh o8 @ AT AL glow,
ghol A= @ 4 Qe 2ol A =

ol A+ <
= AL ZARI AR RE BA=

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

3.11 OSH A= F30| 2| ESt= Ll AUE Z2[E0M AB|ES o
0|8 & GlELIf

1 EPs 5, Bz B = 7 sbold 28 Ze dof thaf] A o] = shute] C 28 Ze 2 FAI Y T
T3, 2GS ALY do o] £2hel stojew FM T JFUTh webA, A 28 = FEH = Coll g
el= A glo] AR,

o 2: T3], C 292 NS E S4AS LA H e =Z 8l 8 F =7} 9+ Stackless Pythono] 1514 T}

sholde] ¥ =AY 2L BBA ol FYE £32 AT 5 g7 o] vl Yrh AL L
S £3E 5 gEUTh TeLh st Aol A, o] A2 A4 EA 7 obd Ut 715S FsHe T
2loje] Pr} P43t Del, sho] A Prhe FHE A/ U ACE FLE NV EY B/ WD B
Yot

4 ol v] shol el A A o)), Ao Amzmol A MAT 4 Yk wehA A ojo] BoH T4
B4 FTHE ALg et f AT oL W o] B2 BE B2} ks AdUTh- ST IR L B
G4 AR (Frh BAA o] A2 FE AT 33 2L P AR S E A WL Y B}
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3.13 mO[’ME 7|4 2=, C L= CHE A0 E HIY & & YSLIIN?

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

3.14 HDjo|ME o2 2|E oA Z2|BL|7}k?

shol 41 v 2] Fele] AR AR TR el thg LTk, shol o] BE TAA Pylone FE ALY L
Agstel AT S Gl A E GASKIL T AN SE 85l 2 S8 A5, AA 2
T GE SUE AV QD ANE A £Y LA QNI 5E 2o M0 2 dAPU s wEL

7HA =R = ;536}"’ U A sAE A, A7 v 7H TE 245 5 AT h

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

Q% vo] 4l TRl A, The 5 (CPythonol A= M AL TH = olukE 5t 7] 7he] 47 Yotk

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

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

B2 o] 8 FRNA AE o TEE A, BAALE FAL TAY with £E AL oF )
i che.e omel Bel AAST BAGe] 5 ek

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

3.15 CPythonO| & M3 Al 7HIX] £ MAIE ALESHK] E= O|lF=
FALLI7F?

FA, ol AL CRE 7150l b ek 0] 449°) 93 eh (o], $21 Bochm GC ehol B e 2l o) 3] o
S e Hte) A EAFE (1F AP ohillEh 4 E e 22 9, Al T A,
23] £R A= Utk shol Mol o] Aoz A5 HES shelw 92k B P Th)

Traditional GC also becomes a problem when Python is embedded into other applications. While in a standalone
Python it’ s fine to replace the standard malloc() and free() with versions provided by the GC library, an application
embedding Python may want to have its own substitute for malloc() and free(), and may not want Python’ s. Right
now, CPython works with anything that implements malloc() and free() properly.
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3.16 CPythonO| Sz = M &= HIZ2|7} SHMIE|X| 4= OlReE FA

olL|7}?
stold g A ol 5 w2l A Fxd AAE stoldo] FuE wf T4 T AAH A= AF U
<8 et gow AT £ dG Utk C ehojreflo o) ddd A7t 27 R SH ViR =
AFUTHAE 50l Purify 2} 22 =& ool thall 333y th. 22}, sholn 2 F 5 A v e] A 2o
Aol BE Td AAE gL A=F Y
G oA Al shol o] 54 FEL AASEE FA S atexit RES AR5 oD A4S A S
T AYIENL

3.17 Hx 9| &1} 2|AE H[O[EHE0| Y= O|F= FANAULIN?

Lists and tuples, while similar in many respects, are generally used in fundamentally different ways. Tuples can be
thought of as being similar to Pascal records or C structs; they’ re small collections of related data which may be of
different types which are operated on as a group. For example, a Cartesian coordinate is appropriately represented
as a tuple of two or three numbers.

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

REL WYL 2, QU R E0| BEJAY, on R4 A OB HE S YU P AEE AP
oJehd, AAEA P2ES] R4E WAL S AFUTh B 24W AU 72 AET 5 glolA,

37 &
eaEs}ole REW A2 AT 5 dE UL

3.18 CPythonO|M E2|AEE= O{EA LS EL|7}I?

CPython-"/l E]CE% AA 2= 7 4 O] Auth Lisp 2EFL o] A 2] 2 E (linked lists) 7} oFd Ut}

A
Mgk, o] W el ek LB gt Do) Aol PlaE

fjo &

AL AAE Ay a[i]) 9 W Go] HAAEY T7|Lh Y20 Gt T A AHOE HEUTH
Fzo] F7h AL AU W, Fx W Ge) 2717 24P UTh GBS WRH 02 25 45 G
571 9190 OF B2l A2 FiTh G E Sl ol T o, Foh B kol BE of ohg B Wel & A

A7) Aol B3HA FF YT

3.19 CPythonO|AM EMLA2|= {E A L E L|7}I?

CPython®] Y MU e] s 7] 2% 7hs o 81 A] o] 22 78H 1 th B-Eelo} ul s, o 5 50] 4H5ho] 4
28] (2714 7P B8 A4b) A% o] BAE 1, T Aol § 2kt

Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function.
The hash code varies widely depending on the key and a per-process seed; for example, “Python” could hash to -
539294296 while “python”, a string that differs by a single bit, could hash to 1142331976. The hash code is then
used to calculate a location in an internal array where the value will be stored. Assuming that you’ re storing keys that
all have different hash values, this means that dictionaries take constant time — O(1), in Big-O notation - to retrieve
a key.
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mydict = {[1, 2]: '"12'}
print (mydict[[1, 211])

A 2o A8 (1, 2)9id7h A WA 29 A3} th27) w2l KeyError o9 7h 4
Utk 3, 94U 7)& 157k ohl ek ==2 AHg-sto] vl wsiof Gk,

CRAEE A2 ASY W AL BEUTH W AR B AES} AN S 2B 2WY 5
9131, B AF SLE 7} R3F Tzl whad 5 917] w2 ol AE5hA) skt

. PAEE A2 HSHAT, AFANA FAHA FEF ANGUT 0| AL DAY W52 )2
EE 54w =20 2457 ofde M8 Bt =3 G UeY FaB B4
AmAUThd.keys () o E ghe SAUele 7= AL 5 Qe

X0,
rr
Py

c YA AR ALHE B AES Y] AEos BAFUL BAE e AR 5 e
249 A wre] ol 2k AYUTh P AES TR FES JE AET 4 JFUTh RoloE
Az GAv e GEFE A7l 22 5 e BE AAE 97 Ao EAH o FuTh-
TJel3 ek, A7) BE AL R RE2E dod 5 A&

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

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

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

def = hash_ (self):
1 = self.the_1list
result = 98767 - len(l)*555
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + 1
except Exception:
result = (result % 7777777) + i * 333
return result

SA] Alate Bl AELY] AR AW 7L SIA] BT The AT Abs LW SRS Ve o2 A B
YA L.

=3t AA 7 gAY Q=X FAG ], FA ol == 02(F ol._eq  (02) is True)olH
hash (01) == hash(02)(Z ol.__hash__ () == 02.__hash__ ()) gJoF &t} o]& 3t A3t A}
TGS FEoRA] ot gAY et A 7|uE 227 25 g o)
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In the case of ListWrapper, whenever the wrapper object is in a dictionary the wrapped list must not change to avoid
anomalies. Don’ t do this unless you are prepared to think hard about the requirements and the consequences of not
meeting them correctly. Consider yourself warned.

3.21 list.sort() 7 HEHEl 2|AEE HISISIX| Q= O|ReE FAYLI7?
o}

Aol 23 A3 A, &R A7) 935 B|AEE BEAE AL Ju)dyt) weba, 1ist . sort ()
< HXEE Zﬂx}ﬂoﬂ/ﬂ AU °] /\Va% FNN 717 e, AEE 2| AEE WEASHA st
o|8A S48, AEH BAo] LR 5HA T AL A ke AL FAHof ) A Bl 2= E Poj2A
= Ty

A Bl ~EE whabste |, th A W sorted () & E ARSI Al L. o] FE Al 5E o] B 7 & ol A Al
Dot nEi, 34U o BAFI o Bol, 2R ¢A% G 7S ol HeolE st
R U= syt

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

3.22 ulO[’MOllA 2UE{m|O|A HME O €A X|HStD ZHELI7F?

C++8} Java @} Z-& oA ojo| A A& st= REof T3t A B o] HA =
EEYS AYTUL B2 A HS Aud gl e ol HME
F53t= dl =50 vt Ay
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glo] W 262 A4 Hlolx FHA(ABO)E AT = Y= abec RES 274U 29 o
isinstance () £} issubclass () & /\]-—&6]-0:] 01/\51/\\4- Y27 EH ABCE L3 stE=4 ol
4 Ut collections.abc EELS Iterable, Container 9 MutableMapplng.\} e 523l

ABC J < Ao gt

shol W] A%, T4 Sao] he AAF HAE FES B3 Aol FAY B o] FS AL 5

)

RENHI ZLH2E AJEEIFA H2EE AT 5A ZE AE|F o] AL A JFo=z
AT AU Bl dold R ES ATHER @%45}04 st “zpA] Bl 2B E AT F dF U
o 533 2] 2 QB H| o] A5 AL 3 E RER AR 9 5 A H o] 29 7PDP§}“£E§. (stub)” o E & o] A&
A otel 55 A2 HAE & 4 A& U doctest 9 unittest B Ei A A4} HlAE 2e]9 92
S A5l REL RE FE 22 AYPSE T2 HA HAE AJEES :rLZ“L‘F AT

A ol HAE Zt= Aol et A HSHAE &2 vlo| A OEE]‘XLU]'T’H‘_HLD cemgaRs
destesd Tl @ 5 AdsUth AAZ, JdHH a2 Y= 22038 EH SAHS HAES 5
A7l w2l o] Aol ¥ & 5 JF UL o] & E0], list .append () HINEE %l—‘?— Y g aE Zol A
8A4F 78 ok Fyth A H o]~ P 1ist. append( T AA R o] & ZHIEA = t=A
HAET 5 AT HIAE AQJEofA o] £4Z s A2 gy

HAE AQEE A= A2 ¢ 2o FHu, gA HAE S FJEE FI=E AAT 5 A5 U
AA o wol AFRE = 7]& 2l "2 E 7] ¥l 7)) 2 (test-driven development) of| A =, A A T =& A 517] Ao
HA HAE AQEY JHE A ok Futh B gto] A2 o e R o] AAZMNA AU E|2E A o]AE
A5 ZAAGeA Fs 5 =S T

3.21. list.sort() 7} MEHE 2|AEE HIESIX| &= O|fE RALI? 49



Python Frequently Asked Questions, Z!Z2|A 3.11.14

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

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

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

class label (Exception): pass # declare a label
try:

ié.condition: raise label () # goto label
exceéé'label: # where to goto

pass

J

This doesn’ t allow you to jump into the middle of a loop, but that’ s usually considered an abuse of goto anyway.
Use sparingly.

3.24 & EX}H(r-strings)0] G S2A |2 EE & §l= OlfRE FAYL

7F?
o ABSAL, B4 19 9 SAAE B ¢ @itk e el flt o SAA L BE UEE A
ojAAlo] Z &L, EUA] 2 FAE S FH YT
g EAGe A o SeA o) aAolm Ae)E AT L 22 AN (R AT D)ol BF 9L
YA 05 5 Q=S A dHUT ol H T Z2 A AL AAIA b T4 o 2N E A= 05
B8, FEAEL 55 8eA gsUth TV, o SHAIR o] AFA o] L sto] FAE g E FAME
AGE 4 etk o #HLrEAAel O£ H BA o2 A8 wl & A5 FU T}
AEF-AEHZUESFH = A EEAEF A2 TE22 SHA = 5 &l ot Al L
[f = open ("/mydir/file.txt") # works fine! J

DOS ol B3t A2 3 e F=se = A%, 8 ol the 5 B ARFHIA L

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

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

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

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

Trol Mo A, ol & P27 RE ) R YTt
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§HAE shgh, Woto] 3 Cres) 22 THE Aol A4 B AR SR o) Wl o) 95 3 e
Qe & itk o o] A4 erolRe] e AUV TH- AAe = B4 AT A Ao BE W5
RS R
sl e 54 Y& ALY A% A0 o o= el fE ) s A vl & 2 gy et W
EZREE A Fo AA z7}s}741/}x1]74 = AFUrTh ol & Qa Tt gr|vte® = ofd
SEREVFxEH = FAA ST AFUTE A W, A M Es {lY olEFFE?
NE 5], 5 22 EAATF 2YAS HAA 2
def foo(a):

with a:

print (x)

The snippet assumes that “a” must have a member attribute called “x”. However, there is nothing in Python that

tells the interpreter this. What should happen if “a” is, let us say, an 1nteger" If there is a global variable named “x”
will it be used inside the with block? As you see, the dynamic nature of Python makes such choices much harder.

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

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

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

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

o GA 248X 2

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

ref.a = 21

ref.b = 42

ref.c = 63

ol AZL2 gholxo A A Al Zte] A2RH =], F A HALS FAS S gty H HEE A
£EE ol RALE d5Un

3.26 Why don’ t generators support the with statement?

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

3.27 if/while/def/class 20| 20| 225! 0|f= FAL[7I?
ZEZFEEALES =17 A8 22FUTH (AT A ABC Ao A3 F sty Uth. o] 2 s i
AAL:
if a ==

print (a)
9}
if a ==

print (a)
T A Zlo] o g A FF Y ¢ 7] HEA FHEAAIL. o] FAQ HH A & o] o] B A A E Al At
EAR FESAUAL; Fole) BE AW AU
T THE ARAS o] = F B0 FE AR BAZF JE ARV E EEuE AYUth E942 T E 58 oF
e 2487 A, =22 A S o JustA TE 2 A 2L 2 5 JEUn
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print (sys.builtin _module_names)

import sys
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4.1.3 FH20M ojo|M A3 EEE A ot = ST oY SHOF ELi7t?

% A E shok Guith 2 YE 5Ae] mEL A9 b5 a0k S N WA 22 41 2 A Ak 1 Hof

Shol A <€ 3216 427} 5101 oF Pl .
A WA= chmod +x scriptfileo]i} o}ul%E chmod 755 scriptfileg A3slo] +3g Ut
TR o 7R o g 43 & 4 G 7 ash uhg e ey ge 28

[#l/usr/local/bin/python

stold Iz B 7t SR F A E B2 ol FS AHgste] std o] A A E = FHAd st

~agET} shol A AHZE B Y AAL YA OR HES HeI W, env 221
Aga ol 8 A 21¥) 7} A8 A parine] el elo] Stk AR, o) mE § YA W0l
2 Aaguck

[#//usr/bin/env python

o] Z1& CGl 2T Y Eof| A Z1A] np4d A 2. CGl 2T HE Q| PATH 4+ T L gholgtA], Az 2]

o] A Ao A=Y S AHgsloF gyt

A2, 384 B0l 7hm A fusr/bin/eny 2Bl GAY S & em 22 gl oo
SFUth o] A9, 23 Z2 HAS AIET 5 A5 Ut (Alex Rezinsky & 7]H Y th):

#! /bin/sh

nmww.n

exec python $0 1+"s@"

mmww

2 G- Z ol 2ol AT HEY __doc__ #AHE S Ao stte A YUtk 2, thEE FUhste] #AE
A28+ gt

[ doc = """ . .Whatever..."""

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

FH2 MY A ZE oM 2 mzRL VEF o2 AIYFE A= %A T Modules A B ] &
B g o curses EES 2T UL (A= iz = AT = g5yt - 58 curses B2
AsyTh)

BA B

curses &2 7] & curses 7] 5 Tk ofy gt A A, thAl] E A 3 A, = 9 upe- 2 2] 437} 22 neurses
2} SYSV curseS-4 g2 3775 AdP UL o+ £ A A& T3 2] ok
&= SotA e @XH ‘rrZ] HLHE=0SE2 ol A% o] o &5t ¢ T

4.1.5 mlo|Mol| C2| onexit()2t S St A0| JUSLIW?

atexit BEL CY onexit () & FASE 5 & S4E Al F YT
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4.1.6 Al X2|7|7t X%tSSHX| = OlF= FALULIN?
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A2 Al2E A 717 2xd A

2oz AddwE AQUth o2 £28 U

[handler(signum, frame)

w2k F 7] wi ) W= A Aok ok

def handler (signum, frame): }

4.21 mlOo|M T2 JHO|LI HEHEE O{EA EHAEEL|7}?

oMo = F 712 H2E 2 Y37 95Ut doctest RELS REY EAEFH QL dAE
20 AP 3, 28 S FA2EHA AwH AN S v a g Th
unittest 2RE-L Java} Smalltalk | 2 E Z &< 3o 2d 3 5 ¢ B H2AE g d3dYr
HeES o 4 Selw, ool 22 £ BEA U Agslok Futh 22 aRL A<
BEETSS ?:#1%‘3&11/\ HAEE PedsjofdUtt- 2ol w2 22 WS B mh2 A APt
txohe A3 eUnh (A A5 G2 A G R wE Y] g 2ol). Ed 22 TR A
WSS WG 2ol o 2544 Sokof gtk o B Shel Bl 2E S 2H A o} 7 7] wl® U e,
Zeage) A vl et e 2L AEg
if name == "_ main_ ":

main_logic ()
zza3e) vo 2E stde] ¥ AX W e 5 Ay
Jetzz ol b 42 B9 2ex Fa) B 202 THH W, o] 324G YA B AE ¥4 8
Aok gtk JA HAES AFASE HAE 2HES F RER VD + AUtk o AL
Be gAY Sel A, sl Mo o} 21 Asku R AT R EFES 45U “mEgH D
o} A HAE 5 st IES AN O SHL AV YA v = syt HI2E fgA 2
AES 27| BT 5 A7 =Pyt
229w ZEo| ofd “A Y EE” = ZEY A HAEZL 2TE syt
if name == "__main_ ":

self_test ()
e o R QA o] 29t AT AL et TR AL slolM o2 FHH “THR QI H o] A AHE-
sho] 94 QlElso] 28 ST 5 Y W I AES = s
422 SAECE MEME O{EH USLII?
pydoc EEL sho]d s TEO] SAE M HIMLE 5 5 A5Uth <5817 S2EF A API
APAE B = e epydocY U Th SphinxE SAEH YL 233 4 915t
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U Hygole 9 7kA sl 2 A o] 5 Uth cursesE AFE Y] o] FAL = A2 s A L
curses= v 7| o] AAFs] 2 2 E QYT

43 Ag=

4.3.1 AB|ES ALS5H0] O{EA =22 YELI7t?

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

A4z molo|En slo] Mol e 2ASHE 72,

4.3.2 M 2B ETI OIR AL M™AEX| b= A ZELICh 2 O3II?

Mol 2E s FRE A, BE AA S FHUD W9 2d S0 0T B AY5 o], Ad =}
442 2T Azke] g&UTh
AR 2L me g B BE AU St $RE 1E 88 1 FUS 28 29Uk

import threading, time

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

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

B2, 81lege (1Q) & o 4

e o)A (B ERBCIA) 2T FYUE AR A 9w, & Aol S EAHow e
sAZE 7} ol 2 B BE E w7hA A 2 =S A A A

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

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

time.sleep(10)

time.sleep() & A FE AU Ug FEL A, A Avhro] dAUTE gL Aol $5
U}, 2 717] o} o] o] = queue & & A310) 7 AA & WL, 7 Adlesl AR of ol £2&
FA3A B, w9l 2SS 2dE 5 Bl B2 dES st AU
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2t olg SW ke 2a Ut

import threading, queue, time

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

ARt ohed 2e E9 o 44T

Running worker
Running worker
Running worker

Running worker
Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument O
Worker <Thread(worker 2, started 130283824404752)> running with argument 1
Worker <Thread(worker 3, started 130283816012048)> running with argument 2
Worker <Thread(worker 4, started 130283807619344)> running with argument 3
Worker <Thread(worker 5, started 130283799226640)> running with argument 4
Worker <Thread(worker 1, started 130283832797456)> running with argument 5
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= | = ZFASE AFFYTh sys.

ol drty A ARIAE AFL 5 %%‘4‘3} tr]-a]-/ﬂ ZbHlolE =
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R &8}7) m) 7] $131 4= PYM ulo] & FE 3o o 3 A &3k of oH7} galtie
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AL u gk AP AorE, oL g 2 HolL” W HolHd (A4, A28, G )
o] B ol ek 22to] AAl = A A AL o w1 Th

& Sol, th A4t B A4 AUtk (L L1, L2 2125, D, DL D2+ gAY, x v AL 1 j&
A4YTh

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

x = L[1i]

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

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

o) AL ohgYTh:

i = 1i+1

L.append(L[-17])

L[i] = L[3]

D[x] = D[x] + 1

T2 AA S WA AN AR F2 A5H00] £2F W) TE_del () MAES 5ET S
lov, ol JFE & 5 gtk o) A YAV st el e tfF AN wf 53] aFHU T g~
0w, FElAE AL EHAIA 0!

A% QIE z el 2(GIL)S 5% so] A= thg 2 A Au 7] A o s 42 w3k o) 38 7} Heh
e AT, (A9]) BE sho] f LEIFGILS 3 9 5 kol g A 3h2] 3 8] 4, T 20l = spo] 1
=2 o] A4 2.4 Shike] CPUT ALS 8] B g U oh.

Back in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the “free threading”
patches) that removed the GIL and replaced it with fine-grained locking. Adam Olsen recently did a similar ex-
periment in his python-safethread project. Unfortunately, both experiments exhibited a sharp drop in single-thread
performance (at least 30% slower), due to the amount of fine-grained locking necessary to compensate for the removal
of the GIL.

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

C2¢ 55 A8 3He A% Ego) Gtk CHFL AHg ool A7re] 22 Aol FAL L3,
2545 AES

ok JX,OL

4
4o 9 AHEIC T o] 9t ok GILE 34 53 TE A S} of | 42 &
% 915U Th 21ib % hashlibe} 2 A B eholHeje] RE-S o u] o] &7 ghy]
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It has been suggested that the GIL should be a per-interpreter-state lock rather than truly global; interpreters then
wouldn’ t be able to share objects. Unfortunately, this isn’ t likely to happen either. It would be a tremendous amount
of work, because many object implementations currently have global state. For example, small integers and short
strings are cached; these caches would have to be moved to the interpreter state. Other object types have their own
free list; these free lists would have to be moved to the interpreter state. And so on.

And I doubt that it can even be done in finite time, because the same problem exists for 3rd party extensions. It is
likely that 3rd party extensions are being written at a faster rate than you can convert them to store all their global
state in the interpreter state.

And finally, once you have multiple interpreters not sharing any state, what have you gained over running each
interpreter in a separate process?

4.4 ¢
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1
[

=3

4.4.1 LS O1EA AAELIZI? (2] CfE oY HES--)

0llr-

=}

A=

fifo

o}

0s.remove (fllename )y o]t os.unlink (filename) S AFRSHAHAAL; AHAE=o0s B E =z
AAL. F38,s 593 Uth unlink () & @3] o] o gt Y Al A" $F59] o] & t}.

tEE g E A A Y, os.rmdir () 31\}—3 514 ]9_,?}5 2 os.mkdir () S AFESIA Al L. os.
makedirs (path) & £A161A] &+=pathd 7 AEZE w5 4Yth os .removedlrs (path) & v

o9t 3, 7t Ol el 2] 8 A ATk A4 A el @) £l 9 1 )82 A4 SFe W shutil. rmtree (
£ AHE AL

il
rl

Y o] 5L ¥l W os. rename (old_path, new_path) & AFS34I Al L

LS A=W, £ = open(filename, "rb+") § AFE3o] €3 f.truncate (offset) & AFE
B4 A 2 ; offset 2] 7]%7“’ A G A (seek) 91 X JUTh os.open() 22 HH 5tde] F L os.
ftruncate (fd, offset) & YHFUTE 74 fdE 51d 7| AHEFL2 A5 YU o)

shutil EEO| % copyfile (), copytree () ¥ rmtree () & £33t Yo A ZE3= WL 347}

Z3s]o] 3ok

4.4.2 TlYU S OfEAH SAEL|7F?

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.

Bapguhol v e vl ol B WAl S 9711} 28], struct BES A88HE Zo] A4 F5UTh whel v
o1E) (5 A S LS B DS A ol fl AN WAL s w3 1 A

hs gk
o & o, the e Aol A A AT FAe] F A9 2-ubo| = G5 9} Bt d-npo] = H 4

[e])]
By

mlm
of>

import struct

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

IR EALY > =9 dytdoldE ZAFUTH 4 ‘h’ & 3] “EH-2 (short) B 2uFol E) &
A shuke] “7l(long) A4 (4vlolE) & 31'5‘/]‘*
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Al str A E RESH o

4.4.4 os.popen()2 2 Ot= mHlO|ZO|A] os.read() € AI2E £ Qe AXME EQL|C};

HlL|77}?
os.read ( %ﬂ dE YeEtdE 22 52 5Hd 7128 A e AeE T YUt os.popen ()
2 W open () Foll A dgst= JJr 22y 5‘—40‘ AAE T yth WebA, os.popen ()
o7 s ﬁJrO]Ep"ﬂ/H nyulolEE Qo8 W, p.read (n) & ARS8l oF U th

4.4.5 2= (RS232) ZEO0f O{LLH| HMAEH|77}?

Win32, OSX, Linux, BSD, Jython, IronPython 2] 73-$-:
https://pypi.org/project/pyserial/
T4y 29| F%, Mitch Chapman @] 24l AIA &S FZRIFHAIL

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

4.4.6 2l sys.stdout(stdin, stderr) SO} EFS|X| QS LI7II?

gto]d utd AA & A4 C ot d 7lsAke] a1

W& open() FTE 3 ’5H «L}O] oA REE= o)

Sholde] Aol A Be A0 AT I

uj £9] 3} Z}pof| A AHE —E dojtr| = it

&1 stdin, stdout F stderr< o] M of| A E -3 A A gl= =, C AA] o] 5olA S8 JE & -‘?—01'3]'
1 2 9t AR 7 &3] 202 FAH A5

,f.close () = gto| XA o} AA =
= g 0174 o £7} 7bu) 2] 7} =

ATE C 3 ) AE B kv,

o) Al 7}A] Z shutell ti gk 3H C 91 7|28 2o 21, WA o] Zo] AT ofj o] 5faL AL 24|
ol o gt (& €0, V/0E 3= FF REO 5T+ AFUth. 28904, os.close ()
E AFSSI Al L

os.close(stdin.fileno())
os.close(stdout.fileno())
os.close(stderr.fileno())
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4.5.1 nlo|’Moll= Ot WWW =7} /JUSL|77?
grol 2 & g ¥ H A v 7 LY internet 3 netdata F-E FR YA 2. Tho| R AW S FEoldE
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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.

4.5.2 How can | mimic CGlI form submission (METHOD=POST)?

I would like to retrieve web pages that are the result of POSTing a form. Is there existing code that would let me do
this easily?

Yes. Here’ s a simple example that uses ur11lib.request:

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

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

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

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.parse.
urlencode (). For example, to send name=Guy Steele, Jr.:

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

© B7):

urllib-howto for extensive examples.

4.5.3 HTML 4= 2[5l 0I'H R ES AFSSHOF &LI71?

4.5.4 mO|M OllM HiYe HLH2{H O{EA| sHOk ELint?

£ goluele] BE omtplibE AHEFAIAL L

e e o) 2 AL EHE WP ek s Y BA A AU Th o] MY S SMTP 2] AU E A FE RE
s A 5P,

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"')

(TH5 sl el Aol A<)
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(o] A | o] A oA A A %)
server.sendmail (fromaddr, toaddrs, msqg)
server.quit ()

U AL o oFL sendmail & A2 Tl sendmail Z 2 139 Y X = A|A"uitt oS Ut w2 =
/usr/llb/sendmall ] 2% /usr/sbin/sendmail. sendmail B4 o] X 7} =20] E AT}
NE REE 083} 2T

import os

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

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

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

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

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

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

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

4.5.5 A319| connect() HIMENAM E2ZULE 1|5tz o{EAH| sHOF SH|7}?

select BEo] 2719 ¥]5 7 VOE A Y3t o E3] AHSH U

TCP A4 &5 57 AEF 317 93], 2SS 0 E2F B2 44T ¢+ 5tk 18 b=

connect () & 33}, Z/\] AZH AU (2R 7Fed ol glsyth ol HeE .errno°ﬂ 2%t
of| 2] 7} @43 gt} errno.EINPROGRESS & A2 o] X8 F o] A ul, o}z &5 5] 2] 9 ok5& LEFH Y
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H]57] grol Bej g & AT Fth Zﬂ”ZPTWlsted gholBel gl de] AFSE = 7)ol SRS A YT
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pickle gto]B &gl RE-E o] AL vl it Ao 2 s A et (3] €8 3, 27 E+=
22 A2 AZE o+ FATW, shelve 2to] B 2] EE-2 pickle?} (g)dbm= AH§-5Fo] ¢ 9] 9] aho]l
AAE E3F5F= 42 (persistent) U] F S W5 Y T}

import random
random.random ()

This returns a random floating point number in the range [0, 1).
ol Egole the W S 4477 A5t 7H:

« randrange (a, b)+£[a,b) W A& A&k

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

e normalvariate (mean, sdev)+= A (7FFAIQH BEE2E A}
YH upF Fre AlA2dA A3 A5 78

s choice (8) & FolZ A2 A F29] 8 4 ShUE A8

« shuffle (L) & B AEE AL oA AFUth & FA9 2 M E vyt

2 =

=949 o2 7o) B4 A7) E BET 98] AaE

kel

4.7. 8Ha X} 63



Python Frequently Asked Questions, Z!Z2|A 3.11.14

64

Chapter 4. 2fo|E22{2|2} &ZF FAQ



CHAPTER B

5.1 CZ LITS| S48 BHE 4 USLIM?

JESUTH &, B, A E ARG MERL P S XTI WG EESCERE T
index —‘?—/ﬂc‘ﬂ A= o] Gy th
REEY FHoluv g Fto]H AFoA & o] FAE THE A YU T

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

ﬁ g
"C" { - BHXl 5kl EJrOM‘i EZ e & 7+ g4 oo extern
A= 7PX1 7‘* o o] 1} A A (static) C++ A A= o7 2 A 7ol obdYth.

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

F3ste] s Zhol whe}, of & v C S A4 sk of ) 1A Hl ko] Y55
CythonZ} & Pyrext= k7 54 H aho] A 3 Al S vhol S o) 11 3|
Cython T} Pyrex & A1-2-51H glo] W o] CAPISE w9 % k% 38 A4S 4 9l
@A vhold o] gl A Cuf v a} o]n
B 33} 45 SWIGH 7L3 T72 e 2 9
3o thtd

% YTt} extending-

EE

= 2 T (include) 3} Y F9 ol extern

"Cr g X S Al

.

e Aok AU
Y

ol B 2]2] 9] t o]

eave ™ C++ BFo] B 2] g

65


https://cython.org
https://www.csse.canterbury.ac.nz/greg.ewing/python/Pyrex/
https://www.swig.org
https://github.com/Python-SIP/sip
https://cxx.sourceforge.net/
https://www.boost.org/libs/python/doc/index.html
https://github.com/scipy/weave

Python Frequently Asked Questions, Z!Z2|A 3.11.14

CoOllM 2|2 mo|M 28-S {EA &

o

02

g ASLIN?

o] & 3= A4 & T4 =PyRun_ SlmpleStrlng yolH, o] =2 E main 2] AHAE|A]
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o 1= PyRun_SimpleString () &8 FRIFAAL
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AENA Y2 PyRun_String() $F5E start 7] & Py_eval_input & AFE31] T &34 Al L;
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5.7 Py_BuildValue() & AFS510{ 22| Z0|o| EES T=E wHe 2
ololL| 712

2% 4 g Uth B4 PyTuple_Pack () & AHE3HIAI 2.

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

PyObject_CallMethod () t}; LAY Ao HAEE TEFE= Y AL 4 g5y Ttk il A
£ A, 52T WA= o) F, By _Buildvalue () o] A8 FE A% 2L 2 £AA I 012}%;%?3143}
PyObject *

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

HAEZL Qe Be AAA AUt - ol AR B9 25 gyt wE e
Py_DECREF () & A ]2 of g oA KU th
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...
}
else {
Py_DECREF (res) ;

}

PyObject_CallObject () & &4 212} | o & [}
format © 2 “()” & M@t st AR -5 TE5HH W, <

5.9 PyErr_Print() 2| &2 (E &= stdout/stderr2 Q&= BE Z)2
oA EsL|7t?

gtol M T = A, write () HIAEE A Q3= AAE YU AIL. o] AAE sys.stdout I sys.
stderrol] Hl Y34 Al L. print_errorE T &3 AY BF Ed ol v A UFo] FEIEE FAAL.
23l 82 Y write () HINEZF R U= o2 Ytk

o2 3= 7MF H WL io0.Stringlo FUPAE AFESE AYYTh

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

22 A S s AMEA B A= g ZE U Th

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.10 COllM mo[Me = EHEl 2 =0l O1EAH HMATL|7}?

che 2ol BE AR e £AHE AL 4+ AFUTh

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

Bgol = ol tidshr] Al pyobject_setAttrString () & 2&3he A= A5 Fyh
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Setup> )@ 0 2 Zupo sl Aol flow We 2ot As g (o BAE o 2steid A
ALY A 23YE d 7ol AR}, o] M1t W ALEA 18 =4S 5 3 A7 Qe A
Z3uh)

5.13 2&S oA CIHZELII?

Aoz 2o 30| GDBE A S

), 2o 2= 9 W7hA] Fgo] FHEL 4T 5 5Tk
_gdbinit SHo] A (E= th5h4) 0 2) ThS

3
ML R L

[br _PyImport_LoadDynamicModule

a9 1S, GDBE A& uj:

$ gdb /local/bin/python

gdb) run myscript.py

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

) br myfunction.c:50

) continue

5.14 2|52 AAB0IAM mjo|M 2RES HulUst
glsLich o O™ SLI7R?

3

X2, 28 ool

Most packaged versions of Python don’ t include the /usr/1ib/python2.x/config/ directory, which con-
tains various files required for compiling Python extensions.

For Red Hat, install the python-devel RPM to get the necessary files.

For Debian, run apt-get install python-dev.
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AolelRe] A8 A9 A BhE Y AEE ARY 2% AL UTh AT AELE Modules/
readline.c® Parser/myreadline.cE FR3IJHAI L

5.16 ™MO|Z|X| 42 g++ 7|S _ builtin_newL} pure virtualE 0{%&
A 32 = JAUSLII?

g+ S EES FHOE ZESHHY, oS THA *‘fﬂrm%}L g++5 AH&-sto] thA| A5k (ol A
Modules Makefile 9| /] LINKCCE W A3 Al ), g++5 AFR5to] o] &2 & 252 H I3 o gyt
(o] & 5], g++ -shared -o mymodule.so mymodule.o).
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F5 U int, list, dict 3} 22 WA SWN2EFED 5 A5tk

Boost 3}o] A 2}o] B ] 2] (BPL, https://www.boost.org/libs/python/doc/index.html) = C++°l| A o] & 3 3}
92 AT, BPLE AHB}o] Cor 2 A4 H 3 Fo) 28 45T 5 A5 Th.
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6.1 ZI=<0lA mfo|M == S AlHSH™ 0L A sl{of EL|7}1?

o] AEe Wate Agol ohguith. oln] A= WY Fol A 2 IAL s Aol 0% s of
BE Ao ERT AU 194 gow, & ¥ A Qo] Do T 5 e

SAlo] oW EG N BAL 2A) g o4 A% WA ZEDE B ol2} Bk Ao AL Aol
92 & Atk 2E Q%9 A4 Fol A cnd & Aol o] 32 He 4 Agvth kAR L3
T2 Ao “H Yy ZFZE”IF FAIF 7] wj &l o] 2] o] AA A ZF=A] JAAE 4 glofof Frt:
[C:\>

obwt 27k th= 3, 1 F o e AEol 9 4+ AFUTh TR BR 2T 22 AL 9 E 5 U9EY
c}:

[D:\YourName\Projects\Python>

A AA AT 2o W 7 9k Ao =AUt Aok o] FS A uid, sfo]lH Z2
We AT Fu 7t E AT

ol ~2aPEE stolH ez g2 22 aW oA AP D27 k= AL 4 glojok
Ut JEZEEE A2THEE Q)1 HlolE FER A A, Hlo|E I =5 APt =2 IR S
FEdUh 2309, JEZ 2 HE S8 stelde Al st | o DA Fulsl o sh3l5 Y 7k

WA, BE o] “py” B Tl E Sl 4 71 S AlEtekE AN = A4 SEA Fdsforgdutt WE Fe 41
gow, ¥ py S B3} return 7| S oF gyt

[C:\Users\YourName> Py J

o3 o] EAE U

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.
>>>

AElZ P HE “H3E R 2 A FFHHF UL =, 5o
St Foll A 52 F7HAIE 5 Y5 Th o] A2 5ho]
7HA A E A sto] Felsta I AFE el Al L
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r Fﬁ
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>>> print ("Hello")

Hello

>>> "Hello" * 3

'HelloHelloHello'

Be Aol atY RES AYGUAE mr o] b A2 STk 81 sol A
AAE S, exit () FFE ZTEAY 2 & 9YstdA ctrl 7|8 F 23 WA “Enter” 7] &
¥ Q=P ¥y 2R Sohghrh

TS A2 > 2 25 » Python 3.x » Python(4 B &) Wl A9 22 A2 vl 7 53 grold 4~ 9lom,
S oA oo EFEEE B4 ok o] B8 eit (0 B4E BEAAG CtrL 2 2 99

= 99
St o] At Utk =0l A & “python” W H = A st= FoliL, JE =T HE FTESHE F=

g,

oA py W] A gong, FAL A shold 2AYEES E 5 AT ol
A A2 4o A28 Ao T AU Th FAY sholw 2~

A B2 F o 9 X B She, B =E

EAHh

g_EL

[C:\Users\YourName>

DA oA 22HE A= Fol py E YDA FojW 2AHEE AT Aalpy BHL 2FY
Ak

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

6.2 mo|M A3 E A3 ntU= TS 0G| sHof EL{7f?

Ao A FF Fho] A A X HAe]2H= o) v] py B AEe} 31 Y # 3 (Python. File) & A2 3 11, Q1 E = 2] E
(D: \Program Flles\Python\python exe "%1" $*)E AP open H Y FH S A
Utk o] A2 W3 ZEZEA ‘foopy I T2 ATHE APud S BE7 A FEF YT A
glel “foo’ & YB3l 2P EE 4P 3stel W PATHEXT 37 ¥of py S F 714 oF g th

6.3 o} = To|[M2 A|ZISH= O AlZH0| 22 ZEIL|71?

Qi 0 2 st AL Aw oI A] o) whe A A4S A, W) 2 sl g A2 d 447 2.3
A7t BTG v A G L, ST A8 el H0] 5 7AE ADE Ho L e
AE ALl A & 53}/ W 2] 6% o BEATA BEU,

o) #AIL 3% AHEIS volels PN azEsole) BRA Ao YATE AL S AsiTh Y
dhol g 2 E Y ALHORRE 98 BE A2 RUHYHES 2HUE 7T ) F A2
%Eﬂﬂ%owﬂceCM@LﬂOEMaﬂﬂ%wWAVﬂﬂﬂmmaA@}aggnqq
T2 Folstel WAL FA5 FAH YA BATAA L. RE HD 2T 97 442 AAFES
TR A4, MeAfee s 55 £A1E do U,
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See Ffo| W AT ER =7 A3 vlo] g = whEe 1 o) w A & oF ] 7} for a list of tools that can be
used to make executables.

6.5 *.pyd I} DLLI} EUSH|7}?

of, .pyd 3} 42 dll o] x| 2, H 7}%] i}ol Aol gLyt wek FAlo] foo.pyd 8= o] 2] DLLS 714
I YT, PyInit_foo () E&‘—’F% WA 7RA] AL O‘O%OF ?&H‘”/‘r. F4l-& 3Ho] A “import foo” & &
Aow, gho] /-2 (foo.py, foo.pyc W7k of] 2}) foo.pyd E FAME A o]aL, o] & LA = 7]|35}317] 94
PyInit_foo() TES A= AYYUth A=A DLL o 22 27 2 o] 7] wj &9 .exe = foo.lib
o}y ashd oty

foo.pydoll T3k A A2 Q2o A foo.dllS ANt v AHLS= 7 27} obd PYTHONPATH @&
frolstAle. Tt 22 238 AP35 HOH foo.pyd7t Y& o= YA, 2 TR S I F 237
Foledie] Z8 3t £8, import foo & 17| ]34 += foo.pyd 7} B & 3] th DLL O A "471le
ey 51501]/\1 __declspec (dllexport) & AAFH YT} pydo| A H 71 A= ALE 7153 S B E 9
gyt

6.6 2= SEZZM0il ulo|MS Z&5t2H o€ A sHOk FLI7t?
A% ol A shold Al Lol el Fehe W g3} 2ol R ok 5 ok

L. exe 5FQ0) A4 shol 2 WEBHH & LT A% o)A o] ML I 0] DLLY R ES] U
EZ A glst7] flalj A= DLL o] o oF ghuth. (o] A o] F A1 315 2] ¢k A HA) Abd ) thAlel,
pythonNN dill o Hastd Yk dulA o 2 ¢:\Windows\System o] AXF Tt} NN& o
o] % W o] 11, Python 3.39] 7-¢- “33” 1} -2 =AY th
T 7HA o g stol o] AT 4 5UTh ZEE B ¥ 3+ pythoniN. lib o et F3 &
./] u)stal, AEFY FF = pythonNN.dll o t)st H I E o v}, (YuF Z3l: pythonNN. 1ib
+ pythonNN.d11 || 3] 3 3k= 49 “import lib” U th @2 FAE 98 719 A drh
AEY GIE 92 §AS A DAL BE AL BekY 3o WAG I A9 2=
= 9% % LoadLibraryEx () $HS Al235}o] pythonNN.d1l 2 ZEEdjof Uttt I F=+=
A= GetProcAddress () FEOA A& ZQAEE AL 51o] pythonNN.d11 (o] # 9] CAPI)
o AN~ R W HolE & AbEsl ok Futh WA E = o] st £RAE]E FHo] A CAPIA FH &
SE%E REC T FHAA ST S A5

2. SWIG%/\} 31, Ao HolE e WA= E 3fo V‘*Oﬂ/ﬂ ARG S 4 QA e Fhol A “ght
1o

20
L

k=]
< A3k Aol g5 Ut SWIGE é A3 BE A AEAZES AT AdYeh 1
7%}; exe Ao P33 C T} *é‘ JEUTH DLL ¢S & 2ot glon, BHEX o
gast= A El%‘r*ﬂﬁﬂr/}
3. SWIGE 23 859 ol 5ol whe} o] Fo] @ehAl= 27138 4 (C ) & A FUTh € =9,
REO o]Eo]leod] F-¢, 273} = mitleO()E . SWIG *ﬁ ZH & AFE-31HH initleoc()
Z Utk o] A2 T ZYPAT7F ARSI E O RE A 282 28 271384

2EANA C TEE exe Ao AT 5 Gl o] FE 2713 F5E TEFE Ro] RES ol
o2 JEESE A% F A5t BEYUTH (o] 20] EASH A FL F WA AL AL Th

N
4. {LOl “‘o}W A2 G G RER vpo| M AH 2 HE 27887 A v ZEE AHE
i

#include <Python.h>

Py_Initialize(); // Initialize Python.

initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.
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5. T}o] 9] C APIo| = 5 712 A7} 9=t o] AL Al o ]PythonNN.dll% HEE=H A EHE e
A2 2l MSVC ¢] ] 9] Autd H & A& sy
TA 1L FILE * JAAE F 3t &9 “uf-¢ %%—’F 7o) S 7 At 2] 24| FILE 7H 4 o]
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T2 Ayt
TA 2: 9hghgko] void Q1 C 9] e & A E uff SWIG+ th53 22 Z =5 AT h:
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50 N
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Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

o}o}, Py_None-2 pythonNN.dIl W3 2] _Py_NoneStruct2}+= 233l tf| o] ] 2 of tf 3 =z 2 343}
EWIZEJUch OA 2R, o] ZE+= HE Aade] A A AUt th53 22
FER B AA L

[return Py_Buildvalue(""); ]

A2 o) 21€ 2HE A7 A= E A T, SWIGE] stypemap WAL ALE 5ol AE 02 WAFE Ao
7He A E REUTHA & &4 SWIG 2 B 2kl U th).
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6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?

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

6.9. How do | solve the missing api-ms-win-crt-runtime-I1-1-0.dll error? 75
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7.2 nlo|Moi| ot GUI E2I0] /}SL|7}?

gho] Mo FF WEofl= Tel/Tk 98 ol th st AA| 2 3F e 7 o] 27} 2 3] =], tkinter 2131 & 9
yrth o] Z o] ofutx 71 (Fho] M o] tf & wfol ] v o] 23 E o] Qlerng) Md X 3tal AME-3}H]
A5 Ut A0 )3 S E 2 &8H= Tkl o 3F A 3F U 8-S Tel/Tk EJﬂ 14 & Fx34 A L. Tcl/Tk
=S, A5 U ZPE A A T3H Ut

oA Eo] BRZ 3t S Fof weh 2 7HA tigke] dFUTh A2 23 9 S5 54 GUL =3
dH T BEE gto| 7oA &g = dHyh

7.3 Tkinter & &

7.3.1 Tkinter 22 T2 13 0{EHA| 1™ (freeze) &tL|77}?

024_,
ok

o], &&

[kl

Freeze= =3 A8 28 27271 %E’_E% FJYch Tkinter S8 Zz 2 1HE 71 =z
T

aue oqxq—a]TclJ)era}o]agqg] 2 A3 = Naﬂb‘ﬂo] obd Ut}

BAAAAAE §8 ZLIYE T Tk ol uefels) P4 AT 205E A A2
TCL_LIBRARY2} TK_LIBRARY &7 W4 E AR5 7F8] 7] &= A Y Yl

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/).

rE 4

Build Tix with SAM enabled, perform the appropriate call to Tc1sam_init (), etc. inside Python’ s Modules/
tkappinit.c, and link with libtclsam and libtksam (you might include the Tix libraries as well).
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0[0
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bl

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

e 2e A5 M2 4 dedh
o The default Python prompt of the interactive shell when entering the code for an indented code block,

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

e Ellipsis WZ A4,
2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34} Wo]| A~ S| A)

FAWlol& e A& hasattr () 22 OHE H]EE'% ol EHGAY v HHA Z5H (&

UHX‘ HAE) A, A H o]~ Ao ot S ATT RN Y Efo]d & BagTh ABC‘— 7}
AXE ZYAE =Yde, FHAE ASHX H A% isinstance () 2 issubclass ()
°ﬂ os) AAE - e ZN2EY YT abe B 5 ABYAE BHA 8. EJrOM‘iOﬂ‘: @2 U ABC
ol Mt 3 22 250 dFUTh: A8 7 X (collections.abc EEAA), A}
(numbers R E0l|A]), —/QE%] (io ZEEA, 92 E Joe} 2 (importlib.abc RElA]).
abc BE& AFSa A A4l RS ABCE THE =5 s Ut

annotation (¢] %= €] o] A)
HFol w3 JE B AR EHE A, SR EYRE E= A wi/ibs Ut gy A2 H

CSEDIEIE
B0 e A A 2hol AT 5 G, A W, Te 54
E

&3
[o
_EL

219 fg o S|
HolHde 4 2E, Zd2, &49 _ annotations_ EF oJEZE

2)
o] 715L AWt W4 o] .H o] A, 34 o] .- E] o] 41, PEP 484, PEP 5262 32314 2. o] H] o]
A Zr ol o 3k =¥ Abg = annotations-howto S 22 34| &

°

YrE YW 95 (LA D) 2 A g T R AT AF Uk
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719 = Q1) (keyword argument): T = uf] 2127} ko]l -2 Q1 A} (A & £9], name=) =+
*x F ko 2 g R AeEE = Ak ol S0, b Z2 complex () TEAA 334
5% BT 719 E AdYh:

U]o

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

o Y X] AR} (positional argument): 71 = A A}F7} ofd Q1 x} &
U AL ol B 2] E o goll * & B AT 5 st 9o
35 e wT R AR,

‘complex(3, 5) J

complex (* (3, 5))

ﬂx}h3‘$ﬂ}ﬂ4 l% w2 A Wl o gyt o] ti el 485

dg HAL. o2, ol Aol AAZ AHEE & JFUTh T A ghol A o]
RIS s

g ojx o] w7 ¥l FE I} FAQ A& 21218} u 7| ¥ 422] z}o] 9} PEP 3625 B A &

asynchronous context manager (B] % 7] A€ A& &2z}

__aenter__ () &} __aexit_ () MIAE=EE AT O ZH async with BoA Hol= &2 A
o] sl= AA|. PEP 4922 =5 g5 Uch

asynchronous generator (B8] 7] A& o] E])
H5 7] Al e el olgdl oy & FE T async def & Bo5 = ZFH T, F Ho
<tl, async for F27} /\P%E‘ S Je L FES VEEyield BFA L £2FITHE Ho)
tE YT

BE w57 AU delE §52 A AW, ol @ o] 4 w7 AV ol E o EdolE &
AR o E e ol ul 7l WasA) 9 A9, HAT GOl B AN BERE YA o

v 57 AlvEolg g4 await EH A asyne for 3} asyne with & 288 4 5

U,

asynchronous generator iterator (8]% 7] A& o] €] o]€] & o] €])
u] 5 7] Al e ol B 47k BE e AL

—

HlE 7] ol E ol E vl __anext_ () & T=35HW 0191 oJHE AAE EH T, o A2 U=
yield &2 742 v 7] AV dl ol ¥ g9 vit] & A gt
Each yield temporarily suspends processing, remembering the location execution state (including local vari-

ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
async for ZolA AR 5 = AA. _aiter () WINEE HlE7] olH e olH & E8F oF

gtk PEP 492 2 % 95 95Ut}

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

__aiter_ () & _anext_ () I EE FH3= AA. __anext_ () = oS HE AAE
EFHoF Ut} async for+ StopAsyncIteration 927} @A E w71 v]5 7] o] & g 9]
B9 __anext_ () WAEZIE8FE oslolHES FUTh PEP 4922 == A5 Ut

attribute (o] E 2| H E)
T3] RIS A= ol 5o = FxT
€ 7HA W, 0.aA 8 FRF YT

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

awaitable (o] $Jjo|E] &)
await @A ARGT 5 = AA|. ZFH oy __await_ () WIAEE ZH AAI7LHE 5 Qs
Ut} PEP 4925 H A 8.

AA ok A3t gk & S01, AA o7} o) ER|HEa

rlr
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binary file (v} o] 2] =}

)
WOl =R AA S 93 & 4 A 9 A4, vholviel 3hlel of 2 vpol il BE (rby,
"wb' ¥ 'rb+') 2 € ¥ 9Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO &
gzip.GzipFile o] A2EHAE & F JFYtTh
str ARE QT2 5 G 3 AR DAL 64 5 ® BEs 8.

3
borrowed reference (" & % 3%)
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 (W}o] & Q& 7))

bufferobjects & X Q3L C-A< HHE X E & ¢ 9l5 T o —'Ememoryxuew AA =
E 20|31l bytes, bytearray, array.array A5 43U} vHlo]|EEF AR &L v}o)
g tolH & tF £ oy 71K Ad4tsdd AMEE £ JdFUth 45, vielv g Y2 A, A7
AL E2 74:0] AT

o A4t viojuvi g dlolE 7 7h A A Z 87 5 Uth o] Ao ABA= FF “¢lal-
27 vfol EG 7 A" gt A F YT 7 W A9 d 2= bytearray i}bytearray 9
memoryview 7} 55U Th T2 A4ALE2 vtojy g HlolH 7 B AA (“917] A& vl EEF
WA ol AFEE=F 7Ytk old ZE9] 92+ bytes® bytes A 2] memoryview 7}

91Ut

bytecode (H}o]E F &)
ol A~ FEFHlo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HHAYYTH vlo|E I E+= Lpyc 3ol A Hof, 22 314 S F AR AP T uf o] WA A v
Utk (oA H]'O] ‘:EJ AAsL S -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

ufo| & 3= w ol

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

tlo % rlo

i

ol B2 dis BE 4ol gt

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

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

callback (&)
Ax12 AL & v)ee] o= Aol A AW A= 2E P4

class (Z|»)
M-SR ALY AAE
EHANAEAYES
class variable (28] A ¥4

SehzolM B FeHlA 2 (5, 22 AT 20X 7 ofy ) ol MRt A= & M.

complex number (&4 4)
AT A AL APA, DE SAIL AR FR
Aol B4 w9 (-19] ABD) B BH AAU, TF AL |
shol e Al £/ WS 2L Has s /1B A AT 5

b o
o ¢
5

AW

o
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o),3+13. math BE B4 Mol LM, cmach® ALSFUTH Bado #gL
© 5918 715 Utk Basteha w714 £RThH, A #A8 EAHE FEU T

context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit_ () methods. See PEP 343.

context variable (&l A E W 4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there
may be several contexts in one execution thread and the main usage for context variables is to keep track of
variables in concurrent asynchronous tasks. See contextvars.

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
YT} A9 85 C- A% ol M A ZE Y A% Ut A v Lol A, FEELS A 2ol AL,
0ol A Al &8s 2 Ak ‘“/\-4 AR v =2 g ol ulj x| =] of oF Futh. thabd C-A % v ol A,
20 el GGl YEEE DD vl AU e W W, E
S oA, A A S8 2} 7k e W g .

coroutine (ZFHE)
2 quzee) o duse Fe Uk Ar2ae A PN A ekw o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def Bo 2 T 4 95U th PEP 4925 H A 8.

coroutine function (Z &€l g42)
17 AAE FFE A5 29U Pt asyne def FO2 HOD 913, await Sasync
for&async with Z|9JEE 23 5 Qls5UTH o] 2152 PEP 492 o] &3] =45 54 th

CPython
gtolW =& 1) ololo FHA 13 ?jtﬂ python.org®| Al Wi g Yt} o]
IronPython 7} 2+-& th& 2157 7 F 2 7} 915 uf 8-0f “CPython” ©] A}
decorator (t] 2.2 o] €])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Aot g2
o] EH EG& o= classmethod () ¥ staticmethod () YUt
diZeoly 232 &4 do] 2 d #IUth o F 5 A= onder 55 Uth

s N

def f (arg):

782 Jython ©] L}
U,

f = staticmethod (f)

@staticmethod
def f (arqg):

L

22 hdol Eel ol EA AR, & A5 2quUnt. v Z ol B ofl th e 5 AA T 82 T
ol e Ses Ho o AYAE B Fyth

descriptor (] A~ 3¢ Ei)

MAS gt () ol _set _0 oM _delete () & ASlste Al )2 clmelie )
qrognud, o se e cac =9 g 4EE do Utk 0, abS QA 2AL,
At AR 0 A Ao b ehr B Bl A AAE Bl A b

Haade, ARt 0Aage WAt E 2P U 02T dHE o] sHe AL sho] Ao
g 2.8 olale) A4, 4, WA E, 22, Zela WA s, A0 HAS, 59 2o B2
So Be 759 7|28 o= 1 97 eI UL

Yoz P A =Eo o 3 AL 3 Y -§-2 descriptors U Tl 2T HE AR H QU A of] U3 U th
dictionary (9 41 2])

9o o] 7|8 Zhol] S A 7] A v & (associative array) 7]+ _hash__ () & _eq__ () WA=
T A BEAATE £ syt el st 25Ut
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dictionary comprehension (€ 4] 2] # = 2] 3l A)
ol HE &= 84 AAU R E Agsty 235 T2 gAY E WEstE HEA S W
results = {n: n ** 2 for n in range(10)}2Fn *
A 8l & A A Yt} comprehensions 2 ZFZ S Al L.

dictionary view (9 A4 2] )
dict.keys(),dict.values(),dict.items () WA EZ} B8 FE= AAES I8 &l
2Ech o] AEL gAY FEEN g3t TH ) BE AFshe, gAY WA of, 2o}
o] M3lE Nk gtk YUttt 9 Y Y RE 4T |2 ER v list (dictview) &
AHg-3HE U T dict-views S B A L.

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (Y] €}o]3)
Sl Qe o) 28 A Feete] A7 B HA g 22 aa Y 2Ek; Y
HAEY AEYREGISH A ARSI UTH (“Le|A Y Holal 2 2|x 3 #AdrH,
egth”) 54353 iAo Qe o] A~E AT 2N, A AAH == TP H QA A=
oZN FAALE NMAE 4 AdS5YTE & Elo]F L type () ©]Y isinstance () 3
S (SR o ERol ol 24t o] 2o~ B 1 4 9 g o8 of
hasattr () AANVEAFP =2 18192 £t}

EAFP
&R }= §4E F317] 71 ¢ v} (Easier to ask for forgiveness than permission). ©] £3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Utk o] ZFstumtE A8 Y2 B2 tryftexcept Y EAE SAA A H Ut o] H|
oF 22 o2 B2 Aol M A5 A= = LBYL 2~ 8p A3 v v g Y o

expression (%3 2])

>*
N
=
=2
)
(i,
N
=}
o
]
o
ok
rr
JE EE

o 9 [ ;_Yl
> Ry
it 1 rlo ok

ET‘
i
Tﬂ
=2
>
=2

i o>
flo ZX X9
Al

lu
v

o oz Pald 4 Y BYAA 27 e Br BESE, BAAL IH Y, o] F, o2 HE
AN 2, AMA, FHET L R EHFE BD 2458 B0l £2 AT 2 RS ojg}
HzH o, BE Qo] PHET ] RAA I AL obdLth wnile Y, RAHOZ G T 5 Gt
4 5ol A% @] ob ek,

CUCo+2 A48 REQT), Thol 18] CAPLE AHE8I A 841 o] L} g4} L9} 415 28 3 o,

f-string (f-F2}4)
bR S el £ BAY HHEEL B8 LRAG  olgty Ry, 2y B4Y Y
o] Z ¢ Uth PEP 498 2 H A Q.

file object (3} 2] A))
SHE 2ol oSl 3} A &2 APl(read () Ywrite () T2 HAEE)E
ol weh, st A= AA ta2 g s oy thE A AR Y S A
Y=g, d-v=e ¥H, 47, stolz, FF) ol th3t M2 E FAZ + s Ut Y AA = 3t
5 AA (file-like objects) & 2~E & (streams) ]2t = & YT}
AA 2= A F7Y otd AR E o] A5 UTE Eraw) BFo] 2] 3k, W 3] = (buffered) HFo] A 2] 3} <,
HaE o1, o] 59 AEH o)At io BEAA BPUth o AAE L A A YL
open () &FE 2+ AYYrth

file-like object (3} 5 2 A])
b AA o vl

filesystem encoding and error handler (5} 2] A ¥ ¢l 7 93} ol 2] 2] 2]7])

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

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

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

Eiﬂlolo E]J_liﬁﬂ

finder (¥}¢11)
QEEd BES A w0] & Fodu AEtE AA.
Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4> U=A)
R A% WY ohe o e, A% G A/ o of

49 gL 27k FAT, A A2 2. 758 EHF YTk (-11) // 47k~
ol § ]3] oF g ). PEP 2388 B4 2.

function (g+4)

N il
R
2
=3
FBL
,:
-
~
S~

FEA A oW he BT Ao BAS. QAU T o4 94 7t dYE 4 e, uiy gl
Ao A" 4 YL Th w75 9} v 4 = 9} function A A E KA 2

function annotation (T4~ o] - E o] H)
S WAk whEE ghe) of e o) 4
5 o Eo] M dMHOT § 9= 2 AFPUTh o & o], o] 5 F A9 int AAE
wlols e Ao 7|0 1, B0 int M %S E AR AthE Tk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 o] - B o] A ¥ 2 function A o] A A g 3T}
o] 715LS At W o] mH o] 4 I} PEP 4848 A2 3HA 8. T3t o] =g o] M o] T 3t = Ale =
annotations-howto = Z+Z 3}A] 8.

__future__
A future statement, from __ future__ import <feature>, directs the compiler to compile the

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

default:
>>> import _ future
>>> _ future_ .division

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

garbage collection (7}8] X] 4~ #)
O S A 9 vl 228w ek Ak shol M Fx B4 2 AN Fx TS PAFLFS 5
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aol 4 g uch

generator (| & o] €])
AuvEele ole e oel & geiFs ok A A Mol ], AR 5L HEs yield
B34S 23rt= Ao 1‘/}—1,]1’/} o) ZFEL for-FZ 2 AFE 3} A Y next () 42 3 W 3}

8 AY 5 YU

HE A Ya ol g &2 7] 7] A, oj Wl Ewlo] A= A a0l € o] Bl &l ol £ 7}e Pt} o=
St o m 7k B EehA| of2 7

gm““”mmwﬁﬂﬂﬂﬂaqawﬂa)
Zﬂtﬂﬂ]o]g}§}1\7}u}t w ﬂ{ﬂ
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Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

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

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

generic function (A1 g 34)
2o AXNE AZ T2 FEo tisl] 7+ E o g
E]érﬂ]i] dare| el of sl 28 E ek

= 29 %] 80]F 23} functools.singledispatch () Bl Zd o] E]} PEP 443% HA| Q.

rel

<

FEFAD I T2 ojE FH A EAE

generic type (] ¥ &)
] ML 4 Qe YU 0 & 1ist Ydict 2 22 AEH oY FEi2. 3 SIES} o | o]
ol AHgE Uk
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao ez = 2 HAS

global interpreter lock (A& QlE] = €| &)

3 ol 932 3lte] Ag ) gho] M HlolE I T B AT E B A7 98 CPyhon QA E Z g
A A WA B (aet o 2 588 AR E S Ee0I) A 2ol FA4SE A
o1l tho) 21515 % RHE014 Chyhon 8 & DS UL A zeld A2 2k

a9

1E1 FJEi 5 E‘r%/\ﬁﬂ 8517 A7 BE oA, o Z2A A AT A B BE A
U}

14 22 AN QFA YL £

o{r

ShA| e, 01 kil %‘f%‘ E’_%%% EEO U A A 2, o5 o]
= GIL2 RSt 5 AAE d5 Ut =3, V0E & W& F4 GIL= vy

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity)
have not been successful because performance suffered in the common single-processor case. It is believed
that overcoming this performance issue would make the implementation much more complicated and therefore
costlier to maintain.

hash-based pyc (3] A] 7] 9} pyc)
‘rrE/H < 837 8 G e 5p P
. pyc-invalidation& Z+Z 3}A| 2.

% A7kl ol $ A1 AHE BH ol = T A A

e
of
it

hashable (8]] A 7Fs)
AR 7t A2 22 ghol WokA] b= s AIgk= Z¥2L (__hash__ () WIAN=7FE 33U eh, o "Xﬂi’v‘r
HuE ¢ e® (eq () HIAEZFE LAY, siA 7Fs stk ok 2ol
73t A7 58] A A k& 2okok Tk
WA A AAE GAG At A W= AT 5 A Fd), o] A FEEo)
WRHO T HAEE AHE S BB
o 72 gheo]x o) £ W AR =-2 Al }‘—%H,]D}; F2EU YAy g Z22) 7HA dHl oy &2
2R FsUth (7 ]1%frozenset Zo) Bl Aol EL 159 9450 3A 7]—‘—61—u:]]1:r]-
A A5 A8 3] A9 Yo tin AATE 0 0m o] et o A
A& AL etale) B 2 ral Hla s, s Al gk id () B B v ol T

IDLE

o]l H-E H3t F5 /N A s<5 37 (Integrated Development and Learning Environment). idle & 3} ©|

% gho] wjek 2 7] 2491 A7) 2 el el e B4,

l:l
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢ 3

BEZINEIRIY 7 A2 E @ BEg 27 A8 AAse Fas (Ee 4= dEF - ¥

E s 5eh ol B9 55E B sys.path ZRE JUT, SHA|RE A H 9} 7] 2] 9] - 7
E

A=
To 2=
A7 A9 _patn_ oERERZLEH & % IS
importing (¢ 2 ¥))
I wES| shold TEsrhe RES stold EolA AH8E £ YRS ot 2
importer (2 E.—L_EJ)
-—L—'E' E ZL 7 ] ]'1 =
interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly

by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)).

interpreted (€] Z2]E] =)

-

sh= AR ; S Al 3HOI T o] 2} =T A A YT

In
)
N
i
of

SOl S AU S| 24wl L] SR S sfolae Ao 2ol ) of

Qe e Aol o] AL B Aoz A% IS VEA %, 42 FAe AH AN

STk =T 1z adel B0 AN AW /s A, e Zele dojt BE A5t
o

Aojrrh Fe AW 2718 25Utk ojshe £ R AL,

interpreter shutdown (ClE|Z2]E] £8)
golehe 2 S He o, stol dHzZ Y

L E
v T
dgE AdsS 9A

X
[k

Saaun ¢ PRED LL RE & dAA e B0, 8 S
o2 W B2tk A8 A 49 3 Ak weakref 2Wo] 9 TEEY ARE A D - A%
Utk 55 A7) 59 495 nmt oo o958 v 5 glet, 220l oz ahe AUE
7554 e 4 7 W2 UTH(ES o olHele] BEolu A1 A S Th

A zey £59) 29 AN AYH L main BEAIYEALPS BUE AU

iterable (¢]E]3] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any

classes you define withan ___iter_ () method or witha __getitem__ () method that implements se-

quence semantics.

o|H &2 for Fxof A§ 349}1, AFAE BQE St ThE ‘E%S X (zip (), map (), )
of AH&2 = AU olEHHE AAZF W T iter () o AR AL, 21 A2 o] F

dolHE EHF U ° ]EiﬂlOlEiL FEo Ade T AAE TS FEFUL olHHES

AE S, HE2iter () £ 2E3HA W, olHEolH AAE AH HE 22 (FUh for &2
oZlES S EHQ%HH Ao d|Fed, F2E 5= TS olHA oJHE Fots ol & fie
A& W yth ol Bl ol B, Al 2, Al | o] B = HA L.

iterator (©] €] &) o] ¥])

tolg o ~2EHS x83tE AA. olHElE e _next () MIMES WRACoE SE5d

(e WH F next () 2 ALstd) 2E-] ) e 5= Addlz 45Utk d o449

tl o] & 7} §l& wi+= th4l StopIteration o2& o Uth o] Ao A, o]H & o] & A=
A dR= °]—1—-4 BEE_next_ () WAH=ETEL StOpIteratlon o 2] & E‘r/\] do 77|k
Utk OlEiffﬂ ol &= o] o] E] A A S EHFE __iter_ () WHMEES 7}A 2o 875 7]

- Zoll, olEEl o]l & ol B £°]7| = Al thE olHEHEE= E‘:‘O}’: ol thF&2] ol A AHg

T AFUT T2 9= o W ojH o] S A Este =YY (List 2-2) ?iEHOM
7”7<ﬂ T iter() ¥ = ALSAY for Fxo AZZ wjuirt A} oJEHo]HE Wyt o] ¥
2 olg @ ol B ol tisi A 3 ste 1 s}, A o] Bl | o] ofl ARgE ol W] 271 o]E# o] &
S FAAM, W AE YA Kol A eyt

typeiter of B 414 )80 YLk

CPython -3 A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().
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key function (7] g4)

7] e B iﬁﬂ °] 4 (collation) &<+ 4 & (sortmg) o]} vl & (ordering) ol AH&H = = EHF=
%—H%%MD}. L Eol, locale.strxfrm() S ZAY SF PAS W= FE 7|1 U=
AR&H Ut

gtol Mo W2 =77t @450 oBA A AR Fol=AE Alofstr] 38l 7] F4E o}
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

7] g5 s dEs oy W o O]A‘/]E‘r o5 £0], str.lower () WA EE Aojx L&
FeAEdS AL 2 AL = dFUTh FFH o2, 7] e+ lambda gdA 0" &
% =4, oJd AYdYrct: lambda r: (r[0], r[2]). ESH operator.attrgetter (),

operator.itemgetter (), operator.methodcaller () 7} Al 7§18 7] < A AR Y YTt 7]
T E S AR S ol thE o 2 Sorting HOW TO & B A 2.

keyword argument (7] 9] & 21 x})
AL E HA L

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Y4t}

LBYL
5 7] Aol 2 2} (Look before you leap). ©] T AEFYL T Zo|L} 23] & 317] Aol YA|H o7 ALA
2RSS AAULE o 2EhAL FAFP AT U 1, B it Bol EA 2 S A0l QU
U 2= S ol A, LBYL W2 “H 77 2 “H 7]” 2ol B 24 WA 2 A U5
th o9& 59, Z= if key in mapping: return mappinglkey] + 3 }5‘01] B A vk 23]
Aol ot e =7} key S mappingql/ﬂ AAsHE dsj @ = JFUth o4 olf= F ol EAFP
A2 e A8 To A AT + ek

list (B]~E)

W gtol W Al A, T o) FdE B, Yad thdt QA 7o) ) 7] Wl 3 ZE BlaE
(linked list) ¥ Th+= oh2 A o] o] vl @ F AU o

list comprehension (2] A E #H =z 2]3A
Az 45 AR T %—‘T‘—% Aeletal 1 AHE P2ER YT E T . result =
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =00°]A] 255 A}o]<] g}
=AY 1675 (0x.) 2 2T TAEY g 2EE W Yth if B2 AT 5 5T
7Yk, range (256) o] Y= B 847 A Yt

loader (2 ¢])

An object that loads a module. It must define a method named 1load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

[-ﬂ

(@)
rlr )

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl1252").

On Android and VxWorks, Python uses "ut £—-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (A " A E)
Sl A o] VB A W e

mapping (7} 3)
oloj o 7] %3 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Wlo]2x Sl o] AAFH HAEES 7+ ZAH oy A4A. dz&
dict, collectlons.defaultdlct,collectlons.OrderedDict,collections.Counter

= dsdth
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o] A o] & selr. We B2 3t 4= A= 3helv] of AAH o
9171 817 % g o,

H el A2 5t 7F A= A =S e A= importlib.abc.MetaPathFinder & X W

¢

Hyth
metaclass (W €} 2] 2)

Feag S, %EH’\ Aol=FrolE, F gxv e, wola FAEY 552 eyt

H e Ze 2 o] Al AAE oA iiﬂig ‘&Et AN At thF2e A A FYP =2 1)
W AdojE2 711"7”52 A&FUch sto| W& EHEA = AL A~ HEg FYPAE BE T

9,)\‘3]'% 34\‘?4‘4‘3]'- REZE AR A= o] EF7F A 28 QAT B84 w, vl S

7FE skl §-ofst ;H‘:Lﬂ% ATyt AEHRF "]"-/] Z 7 (logging), ~# = A ] 71,

AA B4 8, 42 TG T2 o2 ZYd

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] A &)
e nby boll A ol
A WA A2} (BF self
HAR

method resolution order (W] A= 2 & $4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See

The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the
2.3 release.

a2 2 AE

module (2E)

shold IES] 223} B9 S GYIE AR, BES 499 oA ANES Gt 0§ UL
AeUrh RES 9 EE Axbo] oo Fol Moz 2=,

712 = BA L.

module spec (2§ A 3))
RESEEScU AR H - dZEHA ZESS T
ModuleSpec o] AIAE A,
MRO
A= 274 A4 & HA L.
mutable (7}H)
7hH AR = ghol M8 4= AT id () & A FAFULE E¥ E HASL.

named tuple (V] J & )

rlr
(]

]Ei;ﬂ
=

&7t importlib.machinery.

“named tuple(] Q1 = F )" o] b §ol = FZol A A% 51 o] F £L o ELHES &5}
A2 G 4 9l fdo] M AT 4 Qi BE Poluh 2o o] A8F Tk Foluh Feh ol

OE7sE de T dsyth

time.localtime () I os.stat () 7} BF&3}E 2H £ 3H5o], of 8] YA S o] Y d = EZJ Ut}
T o2 9= sys. floatfinfoﬂqr/]—.

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

P9 o) YUtk Eis, tupled A A&dta ol 5 B2 =8 Ao 5he
T AF Ytk oy st :ﬂ]’\‘_ 23 2 A typing.
lections.namedtuple () & ¥H& F JAHFULE &
FEoAE 2 fle B 7 FUH A EE 715

®
Q
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namespace (¢]= 27
HE7E ARE = FA. o5 32 gAY 2 TG YTh AAlof S HE o] 5 &7 (A= ol A)
K4 =

o
ek ohy 2} A9, A, U7 o & B7bo] Uit o8 BLE o] B YA A 2B S
ALYt} & 9], T builtins.open Fos. open () 2259 ol &3t 93l +EEY
O E 3, ol B AL oW R Eo| Y4B FAEAE B A BE ol A HE AT} 7 WAl
£ 0], random.seed () =& itertools.islice () 8t 2 1 35S o

=52 FUTh g
Zy 7y random ¥} itertools &l o3 S o] s H T

namespace package (0] & 7+ 2} 7] A])
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no
physical representation, and specifically are not like a regular package because they haveno ___init__ .py
file.

BEZ HAS.

nested scope( HPA A233)

SR AY A BT E FRE= 8. & 59, o2 T WRA BYH T+ upd ol
AEWMFESL ART L IFUTY FHA 27z 7Bz = A2 7T 3 gL 54
ethe 2ol FYsioF FUth A Y M52 7P R AT oA i FUTH npRA =
A ALEL AY o] & F7oA a7 Ut nonlocal 2 HPZ AT Z o 2= Z& & ZF3 )

new-style class (- A€l S A)
A2 Be s AR AHEH I Qe ZU 2 M A oA o] 5. 2719 stolH WA A=, 24
LAEY ZE AT slots Q/\E/_%E%, Z g9 E], __getattribute_ (), Ed2 HAZE,
AEf 8 WA Eof 22 Fho] 3 €] /‘Hij gt 7l s AT g ST

object (7 A])

A (BB HEY ) E 2T 52 (AE) o] B8 REHJE. T BE FAEYd Zo)a
BEESDE PR PRsl-y

package (2} 7] #])
ANBRESOIWL AARCLE AR 7RSS T 5 Ae FolAH 5. 7|[sH o2, 7| A&
__path_ oJEZHET} = Jo|d ZE YT
A5 AN A 9 ol 7 HAA = BAL.
parameter (uf] 7} ¥ 4~
ﬂf(whwﬂc)ﬂquUMvw@%¢
= dgE. A /7Y WiZIR 7 As5 Y
o Y X-71 Y = (positional-or-keyword): <] %] 12} L} 7] ¢ AR AYE 5 e AAE ARY
A, o2

=9l
S ER PRI FERE PR o) ekl A o 5

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

o Y X-A] (positional-only): S} X 22+ A2 5 Q)
U]-/\ Z—]_/]_/] UH7H "\Eioﬂ /_‘_X]_ t};
Oﬂ /\1 posonlyl T} posonly2:

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

E-A§ (keyword-only): 71N EZ2 N AlFE = A= AAE AFFULE 71 H=-A8 wi7A
Hy= T F oo w7 H g BF ol A Sholl 3hute] Z7HA- X w7l v+ & I = 23| A
g4 F UL oAl E £, thxoll Al kw_onlyl &} kw_only2:

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

« 7HA-91 4 (var-positional): (CHE T} AW E o] |31 4] o] u] ok Eol 91X AXHE ol Bsh)
ABE % e A AR Yoo AAAE AF L o nh S v o)
£ 9ol EolA A 5 dHUth o8 Sof thElA args:

[def func (*args, **kwargs): ... }
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o 7191 (var-keyword): (FE VI 7| M55 o] ) A o] u] wkol5 o] 1 7)) = x-Sl )
AT 4 e 999 A5 AN Q4SS AAFU T ol v vl o] Bef
% ol Bol A BolE 5 AFUTh o 2 S0l 919 ool A kwargs.

RS A AAES 98 | EERY ol A Aol AL B4 ANES AT 5 A%
ek

ol z} —Q—OJFQ g2 ol ztet v 7/l 4= 2o] AFolo] Y2 += FAQ A&, inspect.Parameter &,
function 2, PEP 362 HA K.

path entry (3 2 dE2])
AR 7INEIIY 7t A2 E F RESe 2] fl6 Fushe 2 E AR 4 shte] 4.

path entry hook (2 JEZ] &
sys.path_hooks B|2E) Q& ZHEQU, 5 42 dEZ A EES = HS &1 Atkd
AR AED IAY & EHFYH

path based finder (7 2 7]4} 3} 2l )
718 v el A= I HE F s, Y2 E A= oA REZ FFUTH

path-like object (7 F 21 A))
3 A2l A2 E UEE A3, A2 AAE F2E YEhE str G bytes A70] AL}
os.PathLike ZE2EZS T A%+ AA YUt os.PathLike ZE2EZ S A Yo+ ﬁiﬂ%
os.fspath() ¥ E TEZA] str Ybytes L A28 Az 2 ASEH 4 J5Ut) Al
fsdecode () & os.fsencode () & Z+Zt str U bytes A4S BAS=H A2 5 9,)\/\‘4‘-7]'
PEP 5192 =5 <5 th

PEP

sho] 2 714 Aok, PEP shol 2 AR E]o] 458 AF5HA L sho] L 1 mm A $H
of et =2 /)58 4she A BAITh PEPE A8 750 et 228 /)% AFY o

27 A58l oF gtk

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 3% 3HA 8.

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

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

provisional API (23 API)
%‘@ API= % ghol B2l 29 I A T84
W37} o A= A= A v FH A A ol gt
) 5 8 Ao] F A5 A S8 o] 2ol
% %S AYUtt — APIS £3317] Ao &3
Ak

A API A Z S, 3 A T34

AR 2A S sl 374 T A

o] A= ®FE golB "4317} = A

syt ‘:ﬂx}/‘ﬂﬂLﬁgo P 4
provisional package (274 3] 7] #])

T APIE R A Q.
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Python 3000 (2} ] % 3000)
ho] R 3.x v 2hQle] M (WA 39 sj=7 ¥ njef ] o]of7|d Al Hof| gt % o] Fo|t}) o] A
2 “py3k” B Zo] 27T T T

Pythonic (3} o] t}-$)
£ o) Bol A QukA AYES AgaH 2=
| EoUAES 7Mtol 2=
for & AHE3I A ol HHE9

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬂ124
TAEo lormg, stol W 943

FeHE A S = Pt

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk W ol th

for piece in food:
print (piece)

qualified name (g 73} o] &)
REY AY 2azoA BE FH Fehx, F5, M o2 “HR7E HolFEHoR
FHHE o] 2. PEP 3155 o Al A Uth A4S B9k Sej2e] Aol A 7318 o] 22 AA <]
ol 23} Z5Uh

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname
>>> C.D._ _qualname_

>>> C.D.meth._ qualname_

BEE /tEl7l=d AMEE ul, &A 3] AFSH ol (fully qualified name) & = 22 I 7| A&
ZPNA BEZ b o2 R o] 22 9 u]gUTh o 8 Sol, email.mime. toxt:

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

reference count (2 X 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon imple-
mentation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (737 =] 7] #])
Cinit .py 9L 2@sE Ode e 2o AE A 574,

ol T I A = EA 8.

slots___
S R A, o OJEEH:%E%%%?‘&%{P% v 2] ddsta A" MU e| &
AAGoZH MR el 2 At B3-S FUh A7) A71E A, o Blayg e guk= A Ag3
AAEATEE Bolot A, o melol DD 55 222 9ol Be o AAtAs e 5 aT
B2 A= Aol F5Uh
sequence (X] @2)
An iterable which supports efficient element access using integer indices via the _ _getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

collections.abc.Sequence FA4 HlolA FdlAE _ getitem () I __len_ () =
QoA AN FHS O HolA~E HY3E=d, count (), index (), _ contains__ (),
__reversed__ () & F7FE Ut} o] F3H AHFH o)A E FAT F S register () T AHE3H
A AIH R SET S YFUTE AF2 FIAE kel T3t XHﬂﬂ 5/‘1 =, 3 Alds ddE
F2oA L

i

set comprehension (g 7 = 2] 3 A)
ol g &l A& 84 AAV dFE At A28 F2 J S vhhshs 7HE 8 . results
= {c for c in 'abracadabra' if c not in 'abc'}+ F (' , 'd'} &
23 A3 t}. comprehensions2 #2314 Al £

single dispatch (32 t] A3 x])
T&o] e QAR Fof| 7| 2 A A= = Al 2 o Yasf X9 3 FH.

slice (&2}o]~)
E%Mﬂcﬂ%$%£@?Lﬂﬂ SeholAE HH AFHE 77
variable_name[1:3:5] A&, [] ¢tol|l A of &) 7 AE EECR
pal

2IHE) BVIHS U R LR sllce AAE AHE YT
L=

—

special method (54~ W] A]
sholmo] Goj ol | <l4he, G4l 2L, AWT w FAAOR TEHE WA=, oA MAEE T
Aol dE 2 AJFeaL 2uyE ol 5S 2L 5 Ut 55 vl A =+ specialnames o] A 2 W5 o] A
PN

statement (&%}
2R AYE (ZES “BE (block)”) B FATE REAUTL 2R w4 oAU NAES
AHEBHE o8] 7HA] 2R E S sty gy th 7HE if, while, for.

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

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference (73t 2 X)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

W9 2z E HA L.

text encoding (2 A E 217 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (2] A E 5} 4)
str AAE d1 & 49 .‘5 j]_Cﬂ AA. Z2F, dAE 9d-2 AA 2= v}o)
Oﬂ}\ﬂ/\*g}j_Eﬂ/\EO ]_E;QQTQ-QD} Eﬂ/\E JJFOLJ Oﬂﬂi“ _‘i\_
2 dd 99, sys. stdln, sys.stdout,io.StringI0 & A2EHAE & F AHF YT
juy

4 9l 5HQ AR ol sl A ol e 5l
triple-quoted string (2% u}2 % ¥ —“?_—x}oaﬂ)

HJrii )W F2wEE C) A AR S FAE. 2F whEE stuE S A 222 )
7152 AFstA = A, o2 7HA] o] froll A £ E7F s U olAA ol H A ¢he 2w

ol EAR AH & 91 &

rr
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EU} 202 EE FAY ol TPV S AES 37, 42 BAE 2A FUE olg Fol A 5
e, SAEYL Ll 53] 1 A5

type (&)
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits __class___ attribute or can be retrieved with t ype (ob7j).

type alias (& o] dg]o]x)
P AL Y ote] w0l A= F Y Foof.

Foldefojat § G =S dedahe ol § 8T o2 B
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
= ohe 2ol B 97 97 B & 9tk
Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7%-& AW e typing 7} PEP 4845 R 5141 L.

type hint (g 31 &)
W, FelaojEHE 9 S v/ s U uks g ZIdiE & 32 A A s o wEH o] 4L
Y I EL A8 Aol i o] Ao A FAE A= AT, A 3 AA] o 83t ESHIDES]
F= A L HHER S FHFUTH
A9 A4E Ay, A9 W, Fea oJEHE 9 &9 3 I EL& typing
get_type_hints () & AHESF] AN 2T 5 JFUTH

o] 71%5< A W3} typing ¥} PEP 4845 F2 1A

universal newlines (-4 £ 397)
qn4ﬂ3ﬂgga?gAﬂszﬂﬁﬂadazczﬁgo@
2 & "\n', 9ES2 FE '\r\n', A N EA] FEH \r'. F7FE QA Aol A
bytes.splitlines () ¥qlolUe} PEP 278 &} PEP 3116 = H A 8.

Ko}
o
rlr
fuj
f
Jo
1©
[>
=
o2t
rir Ao

variable annotation (¥4~ o] - €| o] 4)
W 2o o 2 2 eS| of e o] 4
M EE e o EY e o H o 42 9w B9 e Au AR
class C:
field: 'annotation'

Mg olwEo| e AuA o § dER ASPUTH o8 Eol, ol Mt int 2 AL AR

AdEdc:

[count: int = 0 }

LE o] B2 A4 annassign o A] A g o)

A E= k4 o] - E) Mi, PEP 484 2 PEP 5268 Az 3A 8. 3 o] =g o] A Z+¢] o
A £ Iz

-
jn
rlr
o
=]
=]
o)
[l
oo
=
)
=]
[72]
%’
=
—
o

3
o
B
ol

virtual environment (
ol A9} &8 =
]: O = X]
Sahos an

venv & HA| L.
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virtual machine (7}4} 7] A))

azEgolero 2 A8 AFH. shol A Mg 1AL vhol =
S=g Aug,

Zen of Python (}o] 4 Al)
shold T A<l Yele} ASHES] B2 e, 20) S o]a] 8t AFgahe o] E8o] FuTh o] HEL

3} ZFZEOM “import this” & #Hshd HYurt.

=3

s}

off

Qei7h

== |
=]

‘I,

i
rle
)
o

m
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
2 A Z 39 Misc/ACKS & =R SHA A 2.
3

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

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

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

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

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

HH = =} o=l 32 Y AL =N GPL compatible?
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-dA] PSF yes

ZF11: GPL-compatible doesn’ t mean that we” re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Guido o] A/ =5to]| o] i 25 7h5 oA Whe B2 & F A-A ARSI A A= - Yt

C.2 THO|Moll HMIASHHLE AFRS7| SI8H 012 2z

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.14 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF.
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.11.14 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.11.14 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made._

—~to Python
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, 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,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(TH5 sl el Aol Al<)
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

(TH5 sl el Aol A)
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this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
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,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

o7 e 29 ARke TRFUTH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode & UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24
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<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(TH5 sl el Aol A<)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libfli sources unless the build is configured
——with-system—-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B A 2d oA B 7dib W o] YR Q= oA WEo] AE & glow,
AL ARG Bhe] W E L Tk

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] 9J3l AFR 5 = 3] A] H o] E9] F+8 & cfuhash ZZAEE 7|ulo 7 ght}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(TH5 sl el Aol A<)
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

(TH5 sl el Aol A<)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/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 INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(TH5 sl el Aol A)
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

119



Python Frequently Asked Questions, Z!Z2|A 3.11.14

120 Appendix D. X{ZH#



1=
e

erutsl o] 2|

..., 81

2to3, 81

>>> 81

_ future_, 86
_ slots_ ,93

A

abstract base class (F4 H|o]lx Fd2), 81

annotation (o] €| o] A), 81

argument

difference from parameter, 14

argument (A}, 81

asynchronous context manager (8% 7] #
H2E e, 82

asynchronous generator (H] % 7] A\ g o]
E]), 82

asynchronous generator iterator (H]% 7]
A ol o]l o] ¥]), 82

asynchronous iterable (B]% 7] o]E]2] &), 82

asynchronous iterator (B]%7] o|gd o]H),
82

attribute (JEZHE), 82

awaitable (o]9°]E]E), 82

B

BDFL, 83
binary file (8}o]d g 1Y), 83

borrowed reference (A& #X), 83
bytecode (H}o]E F X&), 83
bytes—like object (H}o]E

C

callable (F88), 83

callback (&), 83

C-contiguous, 84

class (238 2),83

class variable (232 WA
complex number (&4, 83

context manager (AEAE #HE| A}, 84
context variable (AYAE W), 84
contiguous (¥1<), 84

coroutine (ZFH), 84

g5 AA), 83

coroutine function (ZFHE &), 84
CPython, 84

D

decorator (HZ @ o] H), 84

descriptor (2= HE]), 84

dictionary (944 %), 84

dictionary comprehension (5442
M), 85

dictionary view (944 g H),85

docstring (52EH), 85

duck-typing (5 €}o] ), 85

E

EAFP, 85
expression (23d4]), 85
extension module (%

F

f-string (fEAFY), 85

file object (3 AA)), 85

file-like object (F<F AA),85

filesystem encoding and error
handler (FFEAI2® JAF Y} o
A8 7)), 85

finder (3}¢1H), 86

floor division (B4 Ux=A), 86

Fortran contiguous, 84

function (&4), 86

function annotation (

G

garbage collection (7}¥]A] $4), 86

generator (A1 ] ), 86

generator expression (Al @ olE & H A,
87

generator iterator (AU o]E o]Ed o] H),
86

generic function (AUl g &), 87

generic type (AU &), 87

GIL, 87

global interpreter lock (A9
=), 87

Azl

25),85

o o] = H] 0] ), 86

A=

2 H

121



Python Frequently Asked Questions,

2ig|A 3.11.14

Fl

hash-based pyc (G| A] 7|4} pyc), 87
hashable (3] A] 7}%), 87

IDLE, 87

immutable (&%), 87

import path(YXE F=),88
importer (Y Z¥), 88
importing (¥ *H), 88
interactive (t]3}3), 88
interpreted (B Z 2 E| &), 88
interpreter shutdown (QAE =
iterable (o] E] & E), 88
iterator (o]E ¥ o] ), 88

K

key function (7] &), 89
keyword argument (7] = Q1 A}), 89

L

lambda (ZFth), 89
LBYL, 89

list (B]2E), 89

list comprehension (B|2E #A=Z g3 A), 89

loader (2H), 89

locale encoding (ZA Y 217 9), 89
magic

method (WA &), 89
magic method (W] 2 WA =), 89
mapping (7] 3), 89
meta path finder (WE FZ 3} H), 90
metaclass (W EF Z&2), 90
method (WA Z), 90
magic, 89
special, %4

method resolution order (WAZE ZAA <+A),

90
module (E&), 90
module spec (2E 23), 90
MRO, 90
mutable (7}H), 90

N

named tuple (VY= F=),90

namespace (°]& &7H, 91

namespace package (°]& &7+ 3]7]A]), 91
nested scope (EFH £~23%),91
new-style class (284 Za2), 91

O

object (AA]), 91

P

package (3 7] A]), 91

ZE £2), 88

parameter

difference from argument, 14
parameter (W] 7 ¥ 4), 91
PATH, 54
path based finder (AZ 7]4} 3}2lt), 92
path entry (FZE dE=Z]),92

path entry finder (A2 AEZ 79lH), 92

path entry hook (A& AEZ %),92
path-like object (AZF ZAA)), 92
PEP, 92
portion (EA), 92
positional argument (%] %] ¢}, 92
provisional API (A API), 92
provisional package (ZA 317]A)), 92
Python 3000 (3}°]# 3000), 93
Python & =Tr

PEP 1,92

PEP 5,6

PEP 8,10,35,74

PEP 238, 86

PEP 278,95

PEP 302, 86, 89

PEP 343,84

PEP 362,82,92

PEP 387,3

PEP 411,92

PEP 420, 86,91, 92

PEP 443,87

PEP 451,86

PEP 483,87

PEP 484,81, 86, 87,95

PEP 492,82,84

PEP 498,85

PEP 519,92

PEP 525,82

PEP 526,81,95

PEP 572,43

PEP 585,87

PEP 602,5

PEP 3116,95

PEP 3147,38

PEP 3155,93
PYTHONDONTWRITEBYTECODE, 38
Pythonic (3}o] # t}-2), 93

Q

qualified name (534 o] &), 93

R

reference count (ZFx 34,93
regular package (AF 3 7] A]), 93

S

sequence (A @2), 93

set comprehension (& A=
single dispatch (A& Y29
slice (£8}o]2), 94

special

213l A), 94
%)), 94

122



Python Frequently Asked Questions, Z!2|A 3.11.14

method (WA &), 94
special method (4 HAXE), %4
statement (%), 94
static type checker (A3 & AA7]), 94
strong reference (73 &%), 94

T

text encoding (H1AE <913 9), 94

text file (AIA~E 3}Y), %4

triple—quoted string (A% W% 9 £x
4), 94

type (¥), 95

type alias (3 o] gglo]2), 95

type hint (8 3 E), 95

U

universal newlines (FUWA & d7),95

\Y

variable annotation (H3 o] = E|o]A), 95
virtual environment (7} #7), 95
virtual machine (7} 71 A), 96

Y
TY U

o

PATH, 54
PYTHONDONTWRITEBYTECODE, 38

Z

Zen of Python (Zo]# A), 96

123



	일반적인 파이썬 FAQ
	일반적인 정보
	파이썬이 무엇입니까?
	파이썬 소프트웨어 재단이 무엇입니까?
	파이썬을 사용할 때 저작권 관련 제한이 있습니까?
	파이썬은 애초에 왜 만들어졌습니까?
	파이썬의 강점은 무엇입니까?
	파이썬 버전 관리 규칙은 무엇입니까?
	파이썬 소스를 어떻게 얻을 수 있습니까?
	파이썬 설명 문서는 어떻게 구합니까?
	저는 프로그래밍을 해본 적이 없습니다. 파이썬 튜토리얼이 있습니까?
	파이썬에 특화된 뉴스 그룹이나 메일링 리스트가 있습니까?
	파이썬 베타 테스트 버전은 어떻게 구합니까?
	파이썬 버그 리포트나 패치는 어떻게 제출합니까?
	제가 참고할만한 파이썬 관련 기사가 있습니까?
	파이썬 관련 책이 있습니까?
	도대체 www.python.org는 어디에 있는 겁니까?
	왜 이 언어는 파이썬이라 불립니까?
	“몬티 파이튼의 플라잉 서커스”를 좋아해야합니까?

	현실 속의 파이썬
	파이썬은 어느 정도 안정화 되어있습니까?
	얼마나 많은 사람이 파이썬을 씁니까?
	파이썬으로 진행된 중요한 프로젝트가 존재합니까?
	파이썬에 어떤 새로운 개발요소들이 예정되어 있습니까?
	기존의 파이썬과 호환 가능하지 않은 변경안을 제시해도 괜찮습니까?
	파이썬이 초보 프로그래머들에게 좋은 언어입니까?


	프로그래밍 FAQ
	일반적인 질문
	중단점, 단일 스테핑(single-stepping) 등을 포함하는 소스 코드 수준 디버거가 있습니까?
	버그를 찾거나 정적 분석을 수행하는 데 도움이 되는 도구가 있습니까?
	파이썬 스크립트로 독립 실행형 바이너리를 만들려면 어떻게 해야 합니까?
	파이썬 프로그램을 위한 코딩 표준이나 스타일 지침서가 있습니까?

	핵심 언어
	변수에 값이 있을 때 UnboundLocalError 가 발생하는 이유는 무엇입니까?
	파이썬에서 지역과 전역 변수에 대한 규칙은 무엇입니까?
	다른 값으로 루프에서 정의된 람다는 왜 모두 같은 결과를 반환합니까?
	모듈 간에 전역 변수를 공유하려면 어떻게 해야 합니까?
	모듈에서 임포트를 사용하는 “모범 사례”는 무엇입니까?
	객체 간에 기본값이 공유되는 이유는 무엇입니까?
	한 함수에서 다른 함수로 선택적이나 키워드 매개변수를 전달하려면 어떻게 해야 합니까?
	인자와 매개변수의 차이점은 무엇입니까?
	리스트 ‘y’를 변경할 때 리스트 ‘x’도 변경되는 이유는 무엇입니까?
	출력 매개변수가 있는 함수를 작성하려면 어떻게 해야 합니까 (참조에 의한 호출)?
	파이썬에서 고차 함수(higher order function)를 어떻게 만드나요?
	파이썬에서 객체를 어떻게 복사합니까?
	객체의 메서드나 어트리뷰트를 어떻게 찾을 수 있습니까?
	코드에서 객체 이름을 어떻게 찾을 수 있습니까?
	쉼표 연산자의 우선순위는 어떻게 되나요?
	C의 “?:” 삼항 연산자와 동등한 것이 있습니까?
	파이썬에서 난독화된 한 줄 코드를 작성할 수 있습니까?
	함수의 매개변수 목록에서 슬래시(/)는 무엇을 의미합니까?

	숫자와 문자열
	16진수와 8진수 정수는 어떻게 지정합니까?
	왜 -22 // 10 이 -3을 반환합니까?
	How do I get int literal attribute instead of SyntaxError?
	문자열을 숫자로 어떻게 변환합니까?
	숫자를 문자열로 어떻게 변환합니까?
	제자리에서 문자열을 어떻게 수정합니까?
	문자열을 사용하여 어떻게 함수/메서드를 호출합니까?
	Is there an equivalent to Perl’s chomp() for removing trailing newlines from strings?
	Is there a scanf() or sscanf() equivalent?
	What does ‘UnicodeDecodeError’ or ‘UnicodeEncodeError’ error mean?
	Can I end a raw string with an odd number of backslashes?

	성능
	내 프로그램이 너무 느립니다. 속도를 높이려면 어떻게 해야 합니까?
	많은 문자열을 함께 이어붙이는 가장 효율적인 방법은 무엇입니까?

	시퀀스 (튜플/리스트)
	튜플과 리스트를 어떻게 변환합니까?
	음수 인덱스는 무엇입니까?
	시퀀스를 역순으로 이터레이트 하려면 어떻게 합니까?
	리스트에서 중복을 어떻게 제거합니까?
	리스트에서 여러 항목을 어떻게 제거합니까?
	파이썬에서 어떻게 배열을 만드나요?
	다차원 리스트를 어떻게 만듭니까?
	How do I apply a method or function to a sequence of objects?
	덧셈은 작동하는데, 왜 a_tuple[i] += [‘item’]이 예외를 일으킵니까?
	복잡한 정렬을 하고 싶습니다: 파이썬에서 Schwartzian 변환을 할 수 있습니까?
	한 리스트를 다른 리스트의 값으로 정렬하려면 어떻게 해야 합니까?

	객체
	클래스는 무엇입니까?
	메서드는 무엇입니까?
	self는 무엇입니까?
	객체가 주어진 클래스나 그 서브 클래스의 인스턴스인지 어떻게 확인합니까?
	위임이란 무엇입니까?
	How do I call a method defined in a base class from a derived class that extends it?
	베이스 클래스를 쉽게 변경할 수 있도록 코드를 구성하려면 어떻게 해야 합니까?
	정적 클래스 데이터와 정적 클래스 메서드를 만들려면 어떻게 해야 합니까?
	파이썬에서 생성자(또는 메서드)를 어떻게 재정의할 수 있습니까?
	__spam을 사용하려고 하는데 _SomeClassName__spam에 대한 에러가 발생합니다.
	내 클래스는 __del__을 정의하지만 객체를 삭제할 때 호출되지 않습니다.
	주어진 클래스의 모든 인스턴스 목록을 어떻게 얻습니까?
	id()의 결과가 고유하지 않은 것처럼 보이는 이유는 무엇입니까?
	is 연산자를 사용한 아이덴티티 검사는 언제 신뢰할 수 있습니까?
	How can a subclass control what data is stored in an immutable instance?
	How do I cache method calls?

	모듈
	.pyc 파일을 어떻게 만듭니까?
	현재 모듈 이름을 어떻게 찾습니까?
	서로 임포트 하는 모듈을 어떻게 만들 수 있습니까?
	__import__(‘x.y.z’)는 <module ‘x’>를 반환합니다; z를 어떻게 얻습니까?
	임포트 된 모듈을 편집하고 다시 임포트 할 때, 변경 사항이 표시되지 않습니다. 왜 이런 일이 발생합니까?


	설계와 역사 FAQ
	파이썬은 왜 문장의 그룹화에 들여쓰기를 사용합니까?
	간단한 산술 연산으로 이상한 결과가 나오는 이유는 무엇입니까?
	부동 소수점 계산이 왜 그렇게 부정확합니까?
	파이썬 문자열이 불변인 이유는 무엇입니까?
	메서드 정의와 호출에서 ‘self’를 명시적으로 사용해야 하는 이유는 무엇입니까?
	표현식에서 대입을 사용할 수 없는 이유는 무엇입니까?
	파이썬은 왜 일부 기능(예를 들어 list.index())에는 메서드를 사용하고 다른 기능(예를 들어 len(list))에는 함수를 사용합니까?
	join()이 리스트나 튜플 메서드가 아니라 문자열 메서드인 이유는 무엇입니까?
	예외는 얼마나 빠릅니까?
	파이썬에 switch 나 case 문이 없는 이유는 무엇입니까?
	OS별 스레드 구현에 의존하는 대신 인터프리터에서 스레드를 에뮬레이션할 수 없습니까?
	람다 표현식이 문장을 포함할 수 없는 이유는 무엇입니까?
	파이썬을 기계 코드, C 또는 다른 언어로 컴파일 할 수 있습니까?
	파이썬은 메모리를 어떻게 관리합니까?
	CPython이 더 전통적인 가비지 수거 체계를 사용하지 않는 이유는 무엇입니까?
	CPython이 종료될 때 모든 메모리가 해제되지 않는 이유는 무엇입니까?
	별도의 튜플과 리스트 데이터형이 있는 이유는 무엇입니까?
	CPython에서 리스트는 어떻게 구현됩니까?
	CPython에서 딕셔너리는 어떻게 구현됩니까?
	딕셔너리 키가 불변이어야 하는 이유는 무엇입니까?
	list.sort()가 정렬된 리스트를 반환하지 않는 이유는 무엇입니까?
	파이썬에서 인터페이스 명세를 어떻게 지정하고 강제합니까?
	goto가 없는 이유는 무엇입니까?
	날 문자열(r-strings)이 역 슬래시로 끝날 수 없는 이유는 무엇입니까?
	왜 파이썬에는 어트리뷰트 대입을 위한 “with” 문이 없습니까?
	Why don’t generators support the with statement?
	if/while/def/class 문에 콜론이 필요한 이유는 무엇입니까?
	파이썬은 왜 리스트와 튜플 끝에 쉼표를 허용합니까?

	라이브러리와 확장 FAQ
	일반 라이브러리 관련 질문
	작업 X를 수행할 모듈이나 응용 프로그램을 어떻게 찾습니까?
	math.py (socket.py, regex.py 등) 소스 파일은 어디에 있습니까?
	유닉스에서 파이썬 스크립트를 실행 파일로 만들려면 어떻게 해야 합니까?
	파이썬 용 curses/termcap 패키지가 있습니까?
	파이썬에 C의 onexit()와 동등한 것이 있습니까?
	시그널 처리기가 작동하지 않는 이유는 무엇입니까?

	일반적인 작업
	파이썬 프로그램이나 컴포넌트를 어떻게 테스트합니까?
	독스트링으로 설명서를 어떻게 만듭니까?
	한 번에 하나의 키 입력을 받는 방법은 무엇입니까?

	스레드
	스레드를 사용하여 어떻게 프로그래밍합니까?
	제 스레드가 아무것도 실행되지 않는 것 같습니다: 왜 그런가요?
	여러 작업자 스레드 간에 작업을 어떻게 배달합니까?
	어떤 종류의 전역 값 변경이 스레드 안전합니까?
	전역 인터프리터 록을 제거할 수 없습니까?

	입력과 출력
	파일을 어떻게 삭제합니까? (그리고 다른 파일 질문들…)
	파일을 어떻게 복사합니까?
	바이너리 데이터를 읽는 (또는 쓰는) 방법은 무엇입니까?
	os.popen()으로 만든 파이프에서 os.read()를 사용할 수 없는 것처럼 보입니다; 왜입니까?
	직렬 (RS232) 포트에 어떻게 액세스합니까?
	왜 sys.stdout(stdin, stderr)을 닫아도 닫히지 않습니까?

	네트워크/인터넷 프로그래밍
	파이썬에는 어떤 WWW 도구가 있습니까?
	How can I mimic CGI form submission (METHOD=POST)?
	HTML 생성을 위해 어떤 모듈을 사용해야 합니까?
	파이썬 스크립트에서 메일을 보내려면 어떻게 해야 합니까?
	소켓의 connect() 메서드에서 블로킹을 피하려면 어떻게 해야 합니까?

	데이터베이스
	파이썬에 데이터베이스 패키지에 대한 인터페이스가 있습니까?
	파이썬에서 영속 객체를 어떻게 구현합니까?

	수학과 숫자
	파이썬에서 난수를 어떻게 생성합니까?


	확장/내장 FAQ
	C로 나만의 함수를 만들 수 있습니까?
	C++로 나만의 함수를 만들 수 있습니까?
	C를 쓰는 것은 어렵습니다; 대안이 있습니까?
	C에서 임의의 파이썬 문장을 어떻게 실행할 수 있습니까?
	C에서 임의의 파이썬 표현식을 어떻게 평가할 수 있습니까?
	파이썬 객체에서 C값을 어떻게 추출합니까?
	Py_BuildValue()를 사용하여 임의 길이의 튜플을 만드는 방법은 무엇입니까?
	C에서 객체의 메서드를 어떻게 호출합니까?
	PyErr_Print()의 출력(또는 stdout/stderr로 인쇄되는 모든 것)을 어떻게 잡습니까?
	C에서 파이썬으로 작성된 모듈에 어떻게 액세스합니까?
	파이썬에서 C++ 객체에 어떻게 인터페이스 합니까?
	Setup 파일을 사용하여 모듈을 추가했는데 make가 실패합니다; 왜 그렇습니까?
	확장을 어떻게 디버깅합니까?
	리눅스 시스템에서 파이썬 모듈을 컴파일하고 싶지만, 일부 파일이 없습니다. 왜 그렇습니까?
	“잘못된 입력”과 “불완전한 입력”을 어떻게 구별할 수 있습니까?
	정의되지 않은 g++ 기호 __builtin_new나 __pure_virtual을 어떻게 찾을 수 있습니까?
	일부 메서드는 C로 구현되고 그 밖의 것은 파이썬으로 구현된 (예를 들어 상속을 통해) 객체 클래스를 만들 수 있습니까?

	윈도우 파이썬 FAQ
	윈도우에서 파이썬 프로그램을 실행하려면 어떻게 해야 합니까?
	파이썬 스크립트 실행 파일로 만들려면 어떻게 해야 합니까?
	왜 때때로 파이썬은 시작하는 데 시간이 오래 걸립니까?
	파이썬 스크립트에서 실행 파일을 만드는 방법은 무엇입니까?
	*.pyd 파일은 DLL과 동일합니까?
	윈도우 응용프로그램에 파이썬을 포함하려면 어떻게 해야 합니까?
	편집기가 내 파이썬 소스에 탭을 삽입하지 않도록 하려면 어떻게 해야 합니까?
	블로킹 없이 키 입력을 확인하려면 어떻게 해야 합니까?
	How do I solve the missing api-ms-win-crt-runtime-l1-1-0.dll error?

	그래픽 사용자 인터페이스 FAQ
	일반적인 GUI 질문
	파이썬에 어떤 GUI 툴킷이 있습니까?
	Tkinter 질문
	Tkinter 응용 프로그램을 어떻게 고정(freeze)합니까?
	I/O를 기다리는 동안 Tk 이벤트를 처리하도록 할 수 있습니까?
	Tkinter에서 키 바인딩이 동작하지 않습니다: 이유가 무엇입니까?


	“왜 내 컴퓨터에 파이썬이 설치되어 있습니까?” FAQ
	파이썬이 무엇입니까?
	내 컴퓨터에 파이썬이 설치된 이유는 무엇입니까?
	파이썬을 삭제할 수 있습니까?

	용어집
	About these documents
	Contributors to the Python Documentation

	역사와 라이센스
	소프트웨어의 역사
	파이썬에 액세스하거나 사용하기 위한 이용 약관
	PSF LICENSE AGREEMENT FOR PYTHON 3.11.14
	BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
	CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1
	CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2
	ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOCUMENTATION

	포함된 소프트웨어에 대한 라이센스 및 승인
	메르센 트위스터
	소켓
	비동기 소켓 서비스
	쿠키 관리
	실행 추적
	UUencode 및 UUdecode 함수
	XML 원격 프로시저 호출
	test_epoll
	Select kqueue
	SipHash24
	strtod 와 dtoa
	OpenSSL
	expat
	libffi
	zlib
	cfuhash
	libmpdec
	W3C C14N 테스트 스위트
	Audioop
	asyncio


	저작권
	색인

