Python Frequently Asked Questions
A ¥ 7 3.10.13

Guido van Rossum
and the Python development team

114 14, 2023






Contents

>

o A = »

1=

U nbA Q1 ste] %l FAQ .
=2 7#% FAQ .
A7 9} 9 A} FAQ "
gte] B2 2] 9} 74 FAQ <
/78 FAQ s
A =% sho]d FAQ -
222 AH&-A} AV E] H o] 2 FAQ ’
“off W 57 el sto] A o] A= o] UFH7F” FAQ -
Lk o
o] A Aol #3}e] o5
oAb} gpo] A~ o
e 115

b 117







CHAPTER 1

sholale AEzele 9], 345 3 A5 gl st AN AYA 22y dojdv e 2E,
54 o g2 Zoha Yeruieh AAA o] 1}

, L

gy Z2 Oy 22 A AF Z2 2 o)L o JE:’—EHU] ot S AdF ot shol A
< 373 @'jﬁ“ﬂ‘ TEo R EETs IS A h °] 0301 S A" S &3 gtol Bl Bt
oby gt th gt A= AlaE H™H AHF o]~ E 2 glom, C Aol C++ ol 2 o] 7hs T
Tt zz gy Qe o)At BQ T &eAo) AL Q’;f: AARE AHEE 5 %1%‘4‘:]'- Ao 7,
gto] A2 2] 529 macOSE X33t B2 92 ‘iﬂ%—f’/} AT oA Bol7l= ZEE Aoyt
Z7} A B = tutorial-index o] 155Ut} dto] 2 H 2} 7ol = o A o2 71 % A5 A} gol M-S wl 7]
A AEES B F AsYTh

shoHl 22 =9 0] ARkol & Shol M 213 2 R WA ALAL ST Y SR Aol L W4
Al J Ut o] ko] At SFo] MY AFEE tF 3 Al 7] AL Fhol A HAH L EAA TS A=
AJQUth dlolA AZEQ o] ATk &9 ]7\] https://www.python.org/psf/.

of Ajdore] 7R umo A M AFA &g td AUt stold & AR HAL =50l
W PSE 7] 3| o] A & S8 71 F=AA 2



https://wiki.python.org/moin/BeginnersGuide
https://www.python.org/psf/
https://www.python.org/psf/donations/

Python Frequently Asked Questions, < 4] 1] 4 3.10.13

11.3 sho] g A48 ul A2 Bl ATl A&7

Eolo] 42 sho] Aol thal A AL WA S, o] 9} HAY JHE o} W e Y= E AFA o] EA S
Bolo] a2z Folo|E ¥4 FUth A4A #d FAL Waw ol AL 4Y HAow A4S
Fom, £ATEL (FAR L F4H A FL) ol AW e st A BA, shol A S AT AFES
Fobe WFHUT 1o E A3 & sholdo] MG H BE 4 852 B AF U

eho] 41 2ol ek A2 Q) AT} AL PSE 2ol 42 5 o] Aol 4 H1 % 4 Uitk

shol Wl = AEE 525 o] 9o, AN Aol Ag3Y] AT H AL Bk o Be 4uE
AFA W L ALE A0S FRFYA L

1.1.4 sho] AL o 2ol of WS o) A7

] 7] Guido van Rossum #] 7} 273 g+ 33 73] 2 ok sfo]x o] &4 A 7] it}

Z = CWI(Centrum Wiskunde & Informatica) 2] ABC ZE o4 QI Z 2 E o] & & Y3ty
HAS A slgka, 2 253 4ot Ao fAardlo tis) B2 A mdsynh
2712 & F71u oA -dE A5 S 23eE A 22 gho# e thekdt 7] £l
FA AP vpgo 2 Eol A5y

ABC o]0 9o} 4] At B ggIA ¥, who] St 7] = Bel% U th ABC Qo (19 1
Qlofel o] W) Al BES R B2 F4T ol Y95 A H3go] HojAx
Zo] o] Aef ] 7bg 2 F A % HHASUTH AL Modula-2+& AHg 3Hod] kzre] 3@ o]
91913 Modula-3] t] 2o 1] S5} tf 3= 113 2 9o 1 Modula3 B3l #|EEE 9o 1 4}
B 9% U o} Modula-3-2 of 9] 0l| 4] 2291 2313} o] o] £2 W] %3 A2 shol A 71559 7194
Y.

A= CWI| A Amoeba B AF 2 J A A 25 &3l €3t 9 955 YT Amoeba+ Bourne A 2
= 4A A23A ok L/ A" & AEHA o)AE YA A7 wjFo A3 =
C 2ol } Bourne A AT HE S A4 3= o 2 AaE de] o]l 32
FFUTEH Amoebacll A o2 A el E 2 HAE ol A= z2 2 A9 750l oA
el T84S AdA A AT

H
ABCY] S 2 7] WA Amoeba A 28l T20] A2 753 A3 E Aol D e st AL
M SEE. Amoeba E52] Ao & Tl =
Aol7F 283 Feoleta A S U

1980 gl AupA AF o] A= we X

2

N
N
o
o,
4

AP, I Fo] TAHEANE F5UT oS

o= Al 7 AA QA AT TRt Ao E AJ A A 7= 245 ol Python-2 Amoeba Z 2 A E
oA o] ZeEAFHOE ARRHIL JASUTE 22 A FEEY =S B8l A=

27 AAAFES 2718 5 gz,

1991 24, 1d 9] A= 7 717+ &, A= USENETO 22712 5k YA =
Misc/HSTORY 3} 9 15 th

1.1.5 sholHe] 2 FAYUR

shol e thopet 43l A4 b5 e, M4 dx mFAA AU

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

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

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.

T Gul At 2o WA S RS £ 5 gl th o) “2.2+7. o] CPython 78 A W uhe
=8, W27 e AU AR & ol WA A £FRNES o Lo Al hg 2FRMAOE
Z7Fste] “a0” W A o] U th o) “2.4a0”.

sys.version, sys.hexversion, 18|13 sys.version_info &4 GA] 3 A L.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStruc-
turedText source for the documentation is part of the Python source distribution.
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The very first article about Python was written in 1991 and is now quite outdated.

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

1.1.16 o o] 2o} shol Aol BYUR

Guido van Rossum #| 7} 5ho] M & 3 & TFA] 2= 1970 d T o) BBCo| A B}d | Fu|t] Al 8] =<l “HEE|
sholEe] Zebe A4 A RS 91 UG B 242 AAo] BE Aol B1 S M WA

ob7k M) gt =70 o] 2o W arha Az 7)ol Aol S TholMolel Hesle AFAS T

1.1.17 “2e] 50| 2 o] S} ALY E Folal kg2
ohug, AR ESL AU )

S 1991 d HE E11"*6711 ol A 187]d Afolof| A <3l A
oh WA 397, sto] i 2 127 vttt A =2 2 v

LA o] o WA W5 EBES FA 5] W] ZEel MED 1A AL A A3
ZHgUTh M 2 ERS WA A WAEAZ EASE (o 353, 3.62), 542 93 el
Utk M5 Mz AA7A FelA W IRS S e, e ol At Ar) WakA gt
54 LAAL WELL ol A 2= S0 HAY -
2x % 3x ol A F 747k AUk BUN A AST £ PR eholH el el § A
H W8 T dx e o} A7 B A A B 3

122 b Be Algo] shol A U7

o
% omp lang.python ©] 2= F 2T 5 o] YA T 2E golf FAEo] 13 FS 22 A

&9
rom 47 o] 9 A opyuth

—
N
r G
>
A
lo
&
o
rx
(3;]


https://wiki.python.org/moin/PythonBooks
https://wiki.python.org/moin/PythonBooks
https://infra.psf.io
https://ko.wikipedia.org/wiki/몬티_파이튼
https://ko.wikipedia.org/wiki/몬티_파이튼
https://www.python.org/dev/peps/pep-0602
https://www.python.org/downloads/
https://www.python.org/dev/peps/pep-0373/

Python Frequently Asked Questions, < 4] 1] 4 3.10.13

https://www.python.org/about/success | A] Zto]H & A3t L2 AEE AT 5 JlFUTh HA 3t

High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux
distributions, most notably Red Hat, have written part or all of their installer and system administration software in
Python. Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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'_dir_ ', '_doc_ ', '_eq ', '__format__ ', '_ge_ "',

' __getattribute__', '__getitem__', '_gt__ ', '__hash__', '__iadd__"',
' dmul_ ', ' dinit_ ', '__dter_ ', '__ 1le 'y, '_len_ ', '__ 1t ',

' mul_ ', '_ne_ ', '_new__', '__reduce_ ', '__ _reduce_ex__ ',

' _repr__ ', '__reversed__ ', '_rmul__ ', '_ _setattr ', '__setitem__ ',
' _sizeof_ ', '__str__ ', '__subclasshook__', 'append', 'clear',

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

'reverse', 'sort']

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

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

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

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

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

[1]

Aelz 287t ke, st S0l It A S E=3t7] A5 Ut

There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using
Tkinter. Emacs users will be happy to know that there is a very good Python mode for Emacs. All of these pro-
gramming environments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while
coding. Consult the Python wiki for a full list of Python editing environments.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available
as Tools/scripts/idle3), includes a graphical debugger.

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

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
22} 9 A S E3sH B A8 ol 4 IDEY} U th e 2 3heh o
* Wing IDE
* Komodo IDE
e PyCharm
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https://www.jetbrains.com/pycharm/
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Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte
code to C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with
the standard Python modules.
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The following packages can help with the creation of console and GUI executables:

i
o}
s
Py
Ew

¢ Nuitka (Cross-platform)

* Pylnstaller (Cross-platform)
¢ PyOxidizer (Cross-platform)
¢ cx_Freeze (Cross-platform)

e py2app (macOS only)

* py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

O] FAE=:

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

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

results in an UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment

ssmel 4 WAl Y wl, sF WAk 2 23zl sl Ao (local) o] %
58 7| WE YU foosl v B2 el A} @AY dstde: o
e @A 22 gl print (0 7 2718594 e A A5E

ok gy, T O,
o g fo M) rlr
X,

Y ool A H4E o (global) & 2 A ATHA ] AF = Hpof AN T 5 JF U
>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()
10

>>> print (x)
11

nonlocal 7| EE AFE3te] S HA A2F T A v S & 5 A5Uth:

>>> def fool():

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

2.2.2 sol Aol A x|} 7} Wl Wl that 5 & K72

shol ol A, 34 ol A B2 78 S WA BA A 07 Aol th W4T 34 B ol 47
A 9t 3 z

%ko g3, A Ao g Ao g Ay

ﬂi

(&= sl globals 8739
<] ‘:S}Xl °}° 7 7‘—,“—’—011 o3 A1 4 dg A g

Hio, B E A F X9 globale] R FHTHA
4 global & ALE S Btk R B} AT E B RES 74 R 4ol YU BE 28 delow

AQshoF Ttk o] T RG2S A83k7] A% global A HEAL PR FuTh

m
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223 T}E gtoz FxolA FoE Prht o BF 22 A9E BEIUIR

e, s =01

r[m
E
kA
rlr
ne
rE
@
+
PN
=
]
o
1o
r
v
-]
N
oX,
o
>
>,
3

for + 25 AH§-3te] R 7HA ok

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

o] AL x**2 & AL 5709 Erirt 23 E g2 EE AU EE2HW, 447h0,1,4, 9 2 16
e A0 o 4 4 Qg uUth Teh, AAR AR BE 168 WAt AS & 4 dsth
>>> squares|[2] ()

16
>>> squares[4] ()

16

o]+ x7F @rholl A (local) ©] ofu] e} & F A5 zof o= o Q7] wji ol HA s, oty S & uf
AN~ FHUTh— Ao w7} ob g Ut 29 FofA], x9 F2 40| BE, BE T4 oA 4%*2, 5 16
= £ AP 5= Yk

MBI x2] g WA BTk Ao YA WA LA B2 o]

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

2
ol
2
=
18
X
1o
N
=2
Lo

riN
o
X

Frl
Jh
ok
i)
ko
N
30,
xf

o) 2 sl shel W, Frkol sl 2| ool Mool ghe A1
Yk

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

o] 7| A n=x= Fr}o] A F ol A A4 ne wE 1, _,_;:___/] A F A A A x & e S 2% Z s} A o)
2o A Ut o= nel ghol A MA driol A o, F HA A 1, Al Al A 2 5 =
TebA 2 Behe ol Al guHE 23E BBFULH

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

d AN & ol JEE FRSte FHAA B 52T 25 (FF configt} cfgehal
RUTHE = AU 88 22099 B E T 50l config $ 52 9% E 517 54H 5 U ok
R REo] A o] 202 A A5 A UTh 24 REY AxbAE 24 shtol7] wjRe], R E A

o that W7 AHge =E Rl wdP UL ol 8 5 o2} 25Utk

config.py

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

mod.py:

import config

config.x = 1

main.py:

K

o8,
-
>
(]
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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 BEA YEES G “mH Al s FAYUAR

—

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
£ YEE VA AL WA JZES Gk FH2E o F5 o 3 A9k A5tk Gordon
McMillan-& t}-2 3} Zro] T35yt
T B2E B “import <module>” 3 A1 0] AZEE AR oA 3 Y ZE = AFAFUTH F HA
EEo] A WA 2E2 o]F (name) < E3© 8 31 3} (“from module import name”) ¢ X E 7}
HAN o Jdoed Ayt 3 HA REo] F HA RES YXE 3t FolghA] A
WA BEo i ol 82 obg ST 5 g7l BT
o] A%, F WA BEo| ko] ol AW AS B, YEEES HF T2 47 ol 5T 5 AU
QEETZD ), A WA ZEY 2797 ARH UL, T UA BES JEES ST 5 A5 U
YR BE| TYE SHold JRES =Y YN $FN BE L0 o] 53 of T & U Th
o] 39, 3 W oI A BE RES YEE St o] A5 ohA 4 S AUk o A%, AT EAE
=4 FEolq SulE RES JEE ol A0 £ A8t
T JXEES JAU BEY 273 N s Eoldle 5o BAIE S 2ot= vl 22T wfnh, T 4o
WHel 2 A AFng JXxES FI7IHAIL. o] 7IHE 22 3 AP o et e dxET}
2237 2wl 53] 4§ FU BEC| AP oMV AFE W YEES G2 S L AL FE
UsUTH ZE59 43 273w ol RES A5 2Est=d v Eol gols 5 AT BES Y ¥
2ESE AL M FR A f AL, T el GA U e 23T AT BE ol Fo] ATLE
Hold Aol s, BEL otutk sys.modulese] Q& FUTh
> o o
2.2.6 77| 7koll | B ko] FHEE ol fi TR
o] §99) Mt B3 AR =2 IRNEL AR o] F4E AAA RN L
def foo (mydict={}): # Danger: shared reference to one dict for all calls

compute something ...
mydict [key] = value
return mydict

o) §4E AL 5EW, mydicto] B FEo] BFH YT T WAL, foo () 7F AW 7] A2,
mydict 7} o] n] BB Sof gl Al 2 Al 2} 7) o], mydict 7} 5 e} BB EEE ok
=

TETEF TEo Ve A AAE wE Ao gyt 23 A HA st St Hod
o, 712 gk 4 23] o A vbs ol Ut o] dlAle] g™ Bl et Zel, sl A7 A A= |, gl o g
FEHET IS o WAE AAE F2FUh
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Bl ek, %71, £AD, FE 9 Noned} 2L B AR WA FAFUTH G4, PrE B
Sejs Aadsc 2o b AAE AN ERa S+ dHUT

o] 1502 I3, /bl ARE 7| BGEOT AL A g Zo] EHUTH B4, Noned 71 B o2 AHg
o1 4 Lo A 97 W 7} None 917 SIS Thg A Bl AE/S AU B/ Sl E AR BEAA L.
o5 Sof, th3} o] 27 upAI A 2

def foo (mydict={}):

AL o] FA ANA L

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

mydict = {} # create a new dict for local namespace
o 715 89 4 SIS Aes ol Aol ARt F47 AE o, ARAA e 7 g &
<=9 iRk A3 AL, 22 3ol Al R A E W HA | S WwEske Ad YT ol A=
“memoizing” ©] 2} 31 S}, TH& 3} o] TR Y 4 &Ltk

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

# Calculate the value

result = ... expensive computation

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

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

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

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

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

g(x, *args, **kwargs)

2.2.8 9o} wjAMSe] o] FE FAY7?

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

il
2

foo, bar B kwargs= func®] W7/AHEA YU 28U funcE 2T ul], &

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

42,314 ¥ somevar < QI YT

K

o8,
-
>
(]
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229 PlAEYE WAL W B AE W E WAHE o] FE R

g Ysd Pose) ARS BEA AHUTh
= o]= 3}t AA (F2AE)HFQ T,

append () & £&% %, 7
A3 & 2287 o], F o

A B AAE xoll thdsha:

>>> x =5 # ints are immutable

>>> y = x

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

>>> x

6

>>> y

5

ol 4% x 2yt He 2A °}DP— A &g AdsUth ol At 2ol 7l W Rolal, x = x + 1S
TS o e FTHAAA A 58 HA S Ao] obduth A A AR (B 6) & TEol xol A7
(2, o7t B3 AAE AFUTh. o U9 Tl % RS A2 (45 63} 5)9) o & BEoH T
Aol g ZHA U th(xe oAl 62 XA, y= oA 3] 55 F2F U,

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

T}, 22 Aato] wiul) 2 3 of] whe} th 2 B A-S 2= S 7] AAt :E.:"EH/\7]—}J\ Utk S o A4k
oAE =9, +== g 2EZ HA A J,%‘éo]‘/‘r J4= W AR 5T (a_list += [1, 2, 3]
a_list.extend([1, 2, 31)H =531 a listES E‘iﬁ'@}x],_,some_tuple += (1, 2, 3
some_int += 12 A AAS Eﬂ-%\%\:]—),

g st

- 7P AR (List, dict, set §)7F oW, AR 54 Aakg ALg 3ol AA g WA A G AAE
Tz B As7E A S HA Py

« B2 jxﬂ(str int, tuple

HG e ML oz

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

e I—‘
rﬂ,‘ ol
—_ ~
rlr
re
2
flo ¢
o
o
S

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

Z)?
sho] ol A Ak B o2 ADES 7|5 A 2. T YL wA) Ao hat FEE BES| Wi, T
2715} 9152419 A7t o] & 7k o Lelof 27t Gla, B2l R BEE GEUL ole) pA Pow

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

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

>>> funcl(x, V)

("new-value', 100)

AL
2) 40 058 A1, o
5

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

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

4 WA= YA E AYstel:

>>> def func3(args):

args(['a'] = '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 Zdla da" R g FolAl:

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

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

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

>>> vars (args)

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

o] FA s wEol ok E FL2 o) fr= A9 fFUTh
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2.2.11 s}o]X o 4] 122} g4~ (higher order function) & o|d A vt=1} Q?

F 7R A" o] 5 Uth: S HE
a*x+bE A= g £(x) &
AFZE AL A

EASIATAL ANE 482 UG A S0 2
£ linear(a,b) & 4 o)8telx Soba 7FgsHAAl L

def linear(a, b):

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

return result

= ZYE AAE AREA:

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} HEE 3= ZHE AAE ATy}

ZHE AA A2 A S melu IV oAt @ o] Utk 28y, FEE dd AL
S5 AHAYEE TRFE ST A5y

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

A o2 WA= AElE AEs T 5 AUk

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() W reset () 2 ZL A+ A4S F = d-AE F5FUrt
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2.2.12 o] Ao] A A& o] LA BAF 2

it

opy .copy () Y copy.deepcopy () & A/ E3AHAI L. BE AAE BEALS

o GA EAFE 5 s yth 9 vl E copy () MIAEZ 5T

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

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

N
V)

14 SECA AA o] § o PA 2S5 AHUA

ANk o g7 oA, AA|oll= AAE o] Fo] g7l el 28  fsUth 7EH o2, t Y- 34
o5& #oll ABF YT def S} class 9 A% vpR7EA o] A7, o] A 32 FHEYUTE T
s v L

>>> class A:

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

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

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

QubA 0 2 Wal TE7} 54 3o} <o) B2 Folopr & W e = g5 ek o =4 22 U4 A 9 (introspective)
22398 4457 ok 3, ols Ao s A A W =

2ol 9 4 glrh Az gy ok
q_.

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

Atk
v ol¥ o202 FeA QAL A o Fo] Yrke AL VA HHPE Beh vpa Al 2
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22.15 ¥ A7) S E YA =22

dixE Fol oA A7 obd Ut o] AldS YAl L

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

AE £ AuA7Eoh ek BAA Aele] PRI W] 9 et 2ol 4T AH Y FoAA Uk

ohe3t 2ol 7R A gk

"a" in ("b", llan)

CHFR Y A=, += 5)E PR QUITh o] B2 AAIR AR ok 2k Bl Y £ B PR
Juct

2.2.16 C9] “2.” gl A xkx}e) 553 Al o] 57?2

o, AUt BHL e 2ayh

[on_true] if [expression] else [on_false]

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

ol £ o] stol 2.500 A 2705 7] Hofl, kA QA FEF £ =] RS ARgStE Aol s uTh:

[expression] and [on_true] or [on_false]

T, o] FET= A A FwUth on_true7t A3 =2 A
Utk Wb, A4 ... if ... else ... FAZ AL3E

2217 sho] Mol A U538 & 5 TS AHY 5 YaU7R

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

# Mandelbrot set

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

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

# - o\ /] / |__ lines on screen

# 174 1%4 / / columns on screen

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

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

Hol A o] A& A= 8kA] A AlL, o] " o] E!

2218 FH4o] vl NS BB oA Lol Al ()& P PR

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

W4 55 o SefAls o ARS7 9K BE DS R Th mebd, 719 E AR divmod ()
2 3hel ofl e} 7h A g o

i =2 :

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

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

2.3 xAet F2kd

2.3.1 1671598214 F4 L oA A A FU7R

S5 ABSNLAW, U5 4 4ol 0 Fol L, LRI HEA 0" RYUT. oA & B, 0" E S
A% k1071025 8) 2.2 245l R, o 9A AFTHFAA L

>>> a = 0010

>>> a

8

16755 44Ut 1674 o] 02 20|11, 28 A} tf 22 xS o] 7] ek b BYTh 167 £2He
A2FAGHEAZE AAQT 5 d5UTh ol & S0, stolH JAH = FJEMW

>>> a = 0Oxab

>>> a

165

>>> b = 0XB2

>>> Db

178
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2.3.2 9)-22//10 o] -3 372

FEi 4 §7hi9Re REE FES SR AYUTh R oA AskL, e} 2L A= AT

=
7t esd AL
48t i
o] &
M

7Fe] Tk, 20041 2F ol =

o}
ol 02 A o, At
2 — -102 E7)€ ket

N rlﬂ
o,
o
=2

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'>

N
w
=S
Md
_>;
rulo

272 o] g A W2

A4 AF WF int () B AEAE A?ﬁﬁk*‘Alﬁ, & E°] int ('144') == 144. HANRAE,
EHE 45 Aog WAL o & S0 float ('144') == 144.0.

ZVN2HeR ol xAE AAFE AAF YT A int('0144") == 144& Tl

int ('0x144')EvValueErrorE& YA ZA YT} int (string, base) = F HA| H‘—;ﬂﬂ QxL=E Eﬂ;%

o] AF-&8F 214 (bas e) kol S od A, int ( '0x144', 16) == 324YYrTh base7]-0°E AR E, 5=

Zhe ghol W 9 5f & & AR§- o] oH”QHE‘r 2138 ‘00" &= 873—?2 UEH I, ‘0x’ & 1655 YERE Y o)

St 7 o] TZ} fﬂi A&k 2ol gt WA 5 eval () & AHESHA] IR Al Q. eval () &

P AU Th 7 95HA] gbe R AE o] e stold @A S AY

& T YA E A $=_ import_ ('os') .system("rm

S S EAE ol W BHA O R S A AFTL A, S Eofeval (109") & Tho]# o]
(‘0= A LT A XA A3 0’2 38 5HA] ¢k wf Foll & ol 2l 7F AT

2.3. &A1} 214 21
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2.3.5 £AE EALR o|FA MBI 72

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

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

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

2.36 AR oA EALL o]@A ST

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

ARV array EES AR EAAL

>>> import io

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

>>> sio.seek (7)

5

>>> sio.write ("there!™)
6

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

>>> import array

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

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

>>> print (a)

array('u', 'yello, world'")
>>> a.tounicode ()

'vello, world'

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

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

* W& o getattr () = ARS S A

fo

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

class Foo:
def do_foo(self):

def do_bar (self):

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

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

def myFunc () :
print ("hello™)

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

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

S.rstrip("\r\n") S AR SIH v} 2 23] FWS A ASHA g &
SEAAE T A ‘45} AL s7F 2ol Wl £l o T 2o T £ o= WY, EE W 9 &
%‘—@Z}ﬂ 1%1745‘14"/}-

>>> lines = ("line 1 \r\n"
n\r\nn
. n\r\nu)
>>> lines.rstrip ("\n\r")
'line 1 '
AntHg oz gt Hof| st X HAEE ¢l S ufvt B8t wiFol], S.rstrip() & ol A& AHEEHH
A5,
i

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

a2y Aozs lsdrh

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

For more complicated input parsing, regular expressions are more powerful than C’s sscanf and better suited for
the task.

2.3. &A1} 214 23
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2.3.10 ‘UnicodeDecodeError’i} ‘UnicodeEncodeError’ of #] = F-31-& o] n| gl 7}2

unicode-howto & Z=Z A A L.

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

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

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

A~

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

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.

24 A%
241 Y =2 ao] YR YUt $E& Fol2H g A sfof P72
e duig oz FE YUt WA, o HolE7] Aol 7] o & Apgo] glH T
« A% 542 stol W Tt tHEUTh o] FAQE CPythonoll 32 FUth
o« 522 2o AA T} T S AF YT 53 V0 U thE 28 2o #e) ook ) 185Ut
« IEE AL AE] Aol 22 aYNA T FAFE Fopok It (profile RES
Fz oA L)
« WA T AT PEE A AN AGS ST o w2 A DRSS JFUT (tineit BE
).
- Qa3 2 Aol % AR F 7 (regressions) & FA H 0 2 £ Ye}7] Aol (2] HIAEY 7 e 72
Bl £43 TE AW S 2= Aol THUH
o) AL AAR, ol TE £EE Folt B EYo] IFUTE L £ 8 5T A SR =
517] S8l W A4S 2 o) Ego] HE W 7kA] dubA ol 9F YTk
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o
v
£
1

ol
L)
rlo
i

s G ESHmEA NS (e e dugSer WAsHH) ZE AA o vA H A3 Es
Pl AEg AR 2 oldEs 4 syt

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

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

» F/¢3}= 2HA (indirections) & RFE&= A o] JA JHZH7FH W2 4L =5 Z 2T
o] R Eol §83 499 F2 ZoH, m e 19 Sk Lol AU e 243 E 39l of

)

o) 5
SuHAEe geelA 135U ES A5 AFHUh.

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

o B

strd bytes A=

ol vl EEA Pt dRbAd 4l

W str AAE FH 7] fal, AFH = FET= AAE g 2B viA St uhA wof] str. join () &
TEoh= AdYth:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(== de|Foz 83 |7 E=i0.5tringIoE AFRSIE A YdUDh

WO putes AAE FAF7] 95, BHEHE BRI AR o]o]Bo] 7] (+= AARH L AL 5o
bytearray AA & &4st= A YU

rO
A

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

2.5 A FX (FERIZE)

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

ZZ AU

& 59, tuple ([1, 2, 31)=2 (1, 2, 3)=A=3 tuple('abec')+= ('a', 'b', '¢c") &

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

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

g AR List (seq) & Y A/ B2 U olHHES 22 A2 22 5o 9+ g 2EZ HEFHY
& 59, list ((1, 2, 3))L[1, 2, 3]1ZAE3}L list ('abe')E=['a"', 'b', '¢'1&

AFZFU T QR B AE )W, seq[ ] 8 2ol AFREE THE U T
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shol W AP St 2 AddAg Ut S A9 02

"/o]EJNOEﬁﬂ’\ Y FQl =

oldd Aoz ALH UL seq[-nl = seqllen (seq)-n] 3 2o A 234 Al
[e]

253 A P2E J¢ o2 olHY 0| E sl ojH A Y712

reversed () W& T+E ALIAIA 2

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 B 2B A FHE o B A AAFU A

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

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

PAE 2B AT JHYTHY, D AEE YD THS P2E Bol N AAREN B8 GBS A5
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]

PrEe] BE 247 T AR AEE 5 AT (F, BF 514 450 H) o] o] 5 o mE

’mylist = list (set(mylist))

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

255 2| 2B 2 FEL oA AATU7?

5 AAS} AR Z, AR S AHEEt] BAI RO R deo® olF e old st A= B 7HA 7t
‘"”?JHD} a2 _—‘T}\]qull/]'tﬂ/‘]xqfc}% ol o] o ® SefolA A& AMESEH 7 AL
whE U th o2& Al 7HA] A3 ok

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

2| AE Haxedd o] ofnf 7p wkE U T
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25.6 shol Aol A o] @ W& B} 82

["thiS", 1, "]'.S", "an", uarrayn]
2B A7 EAHA Wol A O whzd (Pascal) ] Q7 55U T 7P 2 o] @ whol 4l 2 s
e Aol A7 £3E 5 ek Ay

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

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

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

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

257 thak) B 2 E S o] & B2
e 2ol e gL BEen YL A

’>>> A = [[None] * 2] * 3

Q4 5k 2 ke A KU

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

T ke g, of 2] f1Ao yEbd Y o

>>> A[0][0] = 5

>>> A

[[5, None], [5, None], [5, None]]

:'- olft= * & B AEE HAS| = HAHES vHEA] ¢kl 7] A A o g FE ek vk wf YU Th *3
© Fo]29] Ze ik grEE YT @ Aol ta WA AL RE

3N FRE T }
23] o Fo] Y3t A2 obdyrth
EgS ANz REgrER 248 A= AdYUTH:

Foll b, Aol 2

AR g e At ol o e A=E WA v

A = [None] * 3
for i in range(3):
A[i] = [None] * 2

I Zo)zk2A 3709 g Bl AEE 2 et B AEVM AP U BlAE AuAAE A S

gk

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

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

2.5. A PX(FE/RIZE) 27
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2.5.8 A o] A| Aol WA EE DA AL 7)?

goe Frel e AL

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

2.5.9 B2 zE8l=t, < a_tuple[i] += [item’]¢] & ]S U 2 3 7}?
22 QALY A4babehs AL sho] el A b AR o B9 AR ] Aho] o] A7)
)

B g¢] AR 7 AR E s B0 Q4o ALE u] YutA o 7 A LE 2l
Eh= listsﬂr —E oA 2 AL F T

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

TypeError: 'tuple' object does not support item assignment

4212 o] f-= WA T 10] a_tuple(0] ] ZHe171E AA ol B AN, A5} A4 28
W, A A3 28 FEY 24 00] B Sel 3 S, FE) 2247 HeAE AL WAT S A W)
ol el 7 A g e

s ofefjoll A, o] Tt Yol St o= o= 25 yth:

rlo

Q]
=

rr

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

TypeError: 'tuple' object does not support item assignment

FE2EHEE, A4 Y Fio] ol & HB A YT
T3 2ol 2 ehd:

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

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

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

Aot 2T 6 EPEUT 5ok AL g7 AAA W H 5 F AR A DUt

>>> a_tuple[0]
['foo', 'item']

To see why this happens, you need to know that (a) if an object implements an __iadd__ () magic method, it
gets called when the += augmented assignment is executed, and its return value is what gets used in the assignment
statement; and (b) for lists, __iadd___ () 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 ():

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

[1]

oA ok} 55 Pk
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>>> result = a_list.__diadd__ ([1])
>>> a_list = result

alist7} 742) 71 AR 7 @A 5, WA AR ol v F EAE A ThA a_tiseol Bl E YT tele)
A% Ao no-opQlHl, a_list 7t ol Aol 72 A2 A| AT 2L Aol that e o o

SR e gl o] A sl Loy,
webd, ele] B2 el Aol A dojuhs Qe the T S5 Th

>>> 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.

2510 5319 4L 53 &vIth: sho] el A Schwartzian WS & 5 Y417
3

Perl A5 €] 9] Randal Schwartzol] ]38k o] 7|H & gJA~EQ 2+ QA4S ZH QA E =)
HEZ o7 ATt Ffol oA, list.sort () HIAEL key AAE ARSI A L

Isorted L[:]
Isorted.sort (key=lambda s: int(s[10:15]))
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>>> listl = ["what", "I'm", "sorting", "by"]

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

>>> result

['else', 'sort', 'to', 'something']
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262 HAEE FAYL7

HAEE WA S F x . name (arguments. ..)Z TE3= o A A x| St Uth A== FIP o
3

o] ol A gz Fol gyt

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

2.6.3 self= 3¢y 7)?

self & T2 WA =9 A WA A=}

EE= A7 5 Fe e ofE A

HAEEmeth(x, a, b, o)A T=
=X

A= Ao o T E oA “self” S AT A

AYrtt meth(self, a, b, c)Z ZJH HA
.meth(a, b, c)2 IE&FHA U &4
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g0k shs ol & FAAUMN £ FRSHAA

2.6.4 A7} Fol R FE 2y I A B Fe A2 A2 ARA] YA A 712

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

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

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

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

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

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

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

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

guee) 2 ae AHgA} Ao Fe)20lA isinstance () & AT AGFA Fgol £ A <.
Seja2 47 AU rkd, o A A% AN A F 2 S AR o] ST Folshu Zef 2o e
He 42 A U 54 542 Aestee 20 =S Ao she AT 9F Sol,
Bozte £ashe P47t Arka:
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def search (obj):
if isinstance(obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
. # code to search a document
elif

O U2 H2H2 € Sd20lA search () FINEE A8t &4 IS &5t AYUth

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

class Document:
def search(self):

# code to search a document

obj.search()

265 $190le FAYU7?

91 < (delegation) 2 A A 2] 3 71 (K] AH] 3 FUTh AUt x A4 7F QL WA= 5 8}1/}4
=2 W Asky Atk 7 s AT WA aq o] 2L S ATLE EEHAE
xS G H A= ) Ast= A FHAE THE S A5 UTh

sl 2ol 9 F92 FAL S gt o8 Sol, thg aE HAAY FAAA L,
125t RE HolHE EAR Mo S48 FAFUh

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 () method. All other methods are delegated to the underlying
self._outfile object. The delegation is accomplished viathe __getattr__ () method; consult the language
reference for more information about controlling attribute access.

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. 74 31
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2.6.6 How do | call a method defined in a base class from a derived class that
extends it?

W super () &

fjr

A 2.

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

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

267 Wlolx 2HAE 4 WAL S YT TES FASY o WA sk Y72

A A E Aol g ek WA sk
2 (2 S0l X19o] A2 Ao weh) AR L

class Base:

BaseAlias = Base

class Derived (BaseAlias):

268 F4 Zel 2 vlogol A4 T2 WAEES BEY

)

o9 3l of Fi7?

(C++1}Javad] of mjof &) A4 A dl o] E] &} H A w| A & 25 Fho] 2ol A 2| A Yt
A7 ol Ele] 4%, Bl Fel 2 o R RES FO A 2. o ESHEA A g AT A, )
oA o2 o5 WA A 0= AHgH of Fch:
class C:
count = 0 # number of times C.__init___ called

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

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

c ZAHAtkc.__class_ oA cE Foprbe Wlola Fei s A AR 54 A7 S0l o) A4 <
F| 2] ¢+ % c.count+ isinstance(c, C)7FA 1“;]6}% BEco s c.count = %5‘1-1,]1;}

F9:CY A= Yol A, self.count = 422} 22t -2 selfo] AA| E"AEMEM] “count” 2h= A&
3 FAHo] gl AdadAE Ytk FH A F A vlolH o] 59 AAEAL FA A E YR =X
FA ol M AE A A3 oF T )

C.count = 314

A MM ER 7hs gyt

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!
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Tk AA WA= 238 = A DA IS DT BE FF T E AR s Ayt

def getcount () :
return C.count

o2 ZEVFEE Tt SUs (Es dysH #¥dE S A ) E A ES 7235
= Athd, o] Zlo] Aot AedE ATt

2.6.9 stolR oA APYAH(E= WA E)E ALA A AT 5 JS5U7I?
ol gL AA 2 RE AT ALH A AR Aoz AR Bol A 74 WA )
Creo A The 3} 2o] 24Tt

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

}

shol A A& 7 2 AAE ALgIe] BE F9E R B YAAE 24

O_Lz

g3lok guic. ol 54

class C:
def _ init_ (self, i=None):
if i is None:
print ("No arguments")
else:
print ("Argument is", 1)

o}z A% yth

z2=
| .
2ol AR BEL NEF FE Y5UTh NS E

def _ init_ (self, *args):

22 HIN ol RE M E oo A= Fag YT
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2611 U Feh2x_ del__ & B elshA w2
@ 714 75 @ o §7h A5 U Th

The del statement does not necessarily call __del__ () — it simply decrements the object’s reference count, and
if this reaches zero __del () is called.

i

A v 3557 Tk

If your data structures contain circular links (e.g. a tree where each child has a parent reference and each parent has
a list of children) the reference counts will never go back to zero. Once in a while Python runs an algorithm to detect
such cycles, but the garbage collector might run some time after the last reference to your data structure vanishes, so
your __del_ () method may be called at an inconvenient and random time. This is inconvenient if you’re trying
to reproduce a problem. Worse, the order in which object’s __del__ () methods are executed is arbitrary. You can
run gc.collect () to force a collection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’s still a good idea to define an explicit close () method on objects to be called
whenever you’re done with them. The close () method can then remove attributes that refer to subobjects. Don’
tcall__del_ () directly—__del__ () should call close () and close () should make sure that it can be
called more than once for the same object.

T F2E I3 ErhE WS weakref EEg AHgote AUt o] B2 Fx S E 524
S AXNE 7HelE %‘\E% %‘HD}. ANE Eol, EY AR T2+ TR FA Fxo O&f S FxE

AHg-loF gt (o] @ Aol Be st

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

26.13 1d() ¢ AT} THHA) G AAH Hol o= FAYUIAR

) W2 AR 4
%5}\o]t1§; 7ﬂxﬂ7}

W 50 U {3t E 2 B AE = A4S wEkgh th CPython ol A= o] Zl o] A A| <] =
] T -
A7 AR AT T3 2ol AT 5 9l

Aok AL R e 2o 9 B

e =2

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

F A9 idi ThE A5 AR o], id() BF AY ol HEAA L, £F AF AP U idE
BASAL AR} o105 o) S B G, 1AM T e 2 :

>>> g = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296
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2.6.14 is AUAE 1§ ot MEe] Al AA AHE 5 PR

is Ababe AA) oboldE Bl AAFGUTE FAta is by id(a) == id(b) 2t F5TY

o}o]gﬂﬂﬂ 731\},] HE 53 AL AA| 7 A AA R 5 LstT a is ax A Trues WSttt
AUk ofo|dEE AAbe A0 FEA GAR BB 54 £l

Eﬂ/\E“ E8d TrueY FalseE ¥I313to] H A4 Ut

a2y, AA ofolHE| Bl 7} HAE uff ofo| B E] AAML 554 AAME A S

ofo] dE] E] 7} B s = Al 71A] 4d3o] Ql5 Yt

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

+
30
/>
A
=
ne
z
X
o
i

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 g el A obolHE e AAZL AAH A ko 554 HAEA AT P U 53, 42
Eo] BAE A 9t int 9 strih 2L AL E FAshe vl ofol A e FAE AL AL ST

>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500
>>> a is c

False

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

>>> ¢ = b + 'thon'
>>> a is c

False

nRZRA =, 7h AEH o] o A Ada"d A s Y FhekA] ks yth:

£F ol ueje) FEO A, ofol e E AAE SuhEA AL FHE B b DA A HELS B 5 95y
=

1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English
in code and avoids confusion with other objects that may have boolean values that evaluate to false.

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

_sentinel = object ()

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

3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code
from being confused by objects such as f1oat ('NaN"') that are not equal to themselves.
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o5 5o, }22 collections.abc.Sequence.__contains__ () A Y Ytc}:

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 in-
stance?

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

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

from datetime import date

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

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

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

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

s = s.lower() .replace(' ', '-")
s = '"'".Join([c for c in s if c.isalnum() or c == "'-"])
return super().__new__ (cls, s)

The classes can be used like this:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

2.6.16 How do | cache method calls?

The two principal tools for caching methods are functools.cached_property () and functools.
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.
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The Iru_cache approach works with methods that have hashable arguments. It creates a reference to the instance
unless special efforts are made to pass in weak references.

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

This example shows the various techniques:

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

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

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

@cached_property

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

@lru_cache (maxsize=20)

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

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

The Iru_cache approach can be made to work, but the class needs to define the __eq__and __hash__ methods so the
cache can detect relevant attribute updates:

class Weather:
"Example with a mutable station identifier"

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

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

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

def hash__ (self):

return hash(self.station_id)

@lru_cache (maxsize=20)

def historic_rainfall(self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.
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BEOASAZE Z uf (& IA AL E Fdo] oA T Aa Fdo] HAFEJ S ul) A3dH
FEE 3ol pye HAL oy 5L Eahele YA 29 _pycache_ AE aEo] B0l
AoFFUrth .pyc 92 .py FAFH 2L o] F L& A FEAL, .pycE 2, 3192 BHE 57 python
vloly gl g do &5 = 50 74 245 2= 4y S 25Utk (AA S Y82 PEP 3147 =z 3}
AAIL.)

pyc 3t o] TS XA ¢F& = & T IR o] f= A pdo] x3H g EE e A% EA YU
Z, __pycache__ AH OEHZE BE 5 gvtE 9 Uh o & Eol, 3 A& A2 /L@ A v
AFSALZ A sls Ao o]d do] dojd 4= AFUTh 7 W AW E BHlAaESH & Wi gy
PYTHONDONTWRITEBYTECODE 37 W7l A o] A 2 3 RES YXE a1 o] H 9]
__pycache_ AEBE UHAHZIE HEL ALE BES I B gAEHE & 5 =58 @H A7
s F5) el o pyc L] AL A AUt
HA 2T HENA sho] WS AYPst= A2 AT ER HFFHA o pycrt BHEO A A H YT

=

A g 5o, 2 EE xyz.pys YZE 3= H A BE foo.py”t & W, (python foo. pyg/g'l_] =

ﬂ_g_i C)’:]E:]B‘]—O:])fOoE /\W‘GE o]—tﬂ,xyz,—E_- ?;EE%]—7]EEH Oﬂ xyzoﬂ EH——H pyo7"_t,]_1: Cﬂ}{] ~I  £00.py
£ AZE A 47 rﬂ%-roﬂ fooo] tha) A= . pyc T+ o] BFE0] %] 7] 9k Th.
foool 3t .pyc FLE HE LRIt JOoW -, YT E HX b ZE e .pyc B wEHW
—py_compiled} complleall RES ALE S gL yrT)
py_compile RE2 Y99 52 FF2E 3
compile () &+E g4 oz AME3h= A9 Uth:

4{

ﬂll

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

o] 2L .pycE foo.py9t &2 A Ao 9= __pycache_ ME YA 7|SF Ut (Ee A=A

WAHG cfileE o] & AAY T 5 g5 UTh.
compileall EEE AME3t] tdlE g RE IS AFoz AT % J5UTh compileall.
pys HA St AR el e to]l Al ZEZEOA o] & YT

T A5yt

kel
iy
rﬂ
A}
JE
nj
AC)
lo
oM,
u
]
)
of

python -m compileall

25 AR AE A9 WS _nane L BOEH BE AN 0|2 2L 5 dFUth gol
'_main_'ol®, Z2ago] ~aYER A9 FYUUth YVAHOE BEL YEE A A
B RES Y S B At AM HAEE AT, name & HI3 o] wo] ZES A

if _ name_ == main
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i
Im

273 A2 JEE o1 RES oW BE 5 ASUR

e BEol ek AR L

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

A= dHZ BT O dAE s Tt Ad Yt
* main imports foo
¢ Empty globals for foo are created
* foo is compiled and starts executing
e foo imports bar
* Empty globals for bar are created
* bar is compiled and starts executing
* bar imports foo (which is a no-op since there already is a module named foo)

* The import mechanism tries to read foo_var from foo globals, tosetbar. foo_var = foo.foo_var

nh A5} A 7L s g ok sho] Me] 014 fo0® SIE Z P E B AL $EFA ShkiL £000] A /)%
g7k ol 43 o] 917] w2 e,

import fooE AR5t AY FE oA foo.foo_vardl] AN AT e 2 do] doj gyt
o] FAo sl 7HssH(F A%h Al 7HA] & 2 W o] s Uth

Guido van Rossum2 from <module> import ... o}d AFR3}X] T, BE =& 3+ Yo v %]
T AL ;ﬂﬂﬁqr/]’ A Apel Fefs U5 2718 = A u Y

AFTE o] & Ao] <module>.<name>L 7 IFZH S oju|dtc}.
JimRoskind & Zt 25X th= A2 SAE 3T A=
s WEHUWZ) (A, e dlo]x 228 dZE T o7t le Edd)
e import <+
c B F=(Y2E A ol 271348 A =23,
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs = 2578 A7) Q2 E7L 264 =5 F=E5 A4 A2 AP

ol s 4 =2 FL viEtH ol A st

2.7.4 __import__(‘x.y.z’) = <module ‘x’> & 8133 t}; zE oW A AG5 Y72

importlib®] 9] < import_module () = Al A& 5F= X2 T FAIA| L

z = importlib.import_module('x.y.z")
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import importlib
import modname
importlib.reload (modname)

A3: o] /1ML 100% SHAFHA UTh 53, he T 2L RS TR BES

from modname import some_objects

PZE A AA 9] o] d AR AL AP BEo FL2 BY7 2FH W, A FAHE BYE AHE
SIEE 7] S A JA2H AT BAAH A s UTh o] AL a3 22 JH4 A FHALZ ool Ut
>>> import importlib

>>> import cls

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

>>> importlib.reload(cls)

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

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

False

o)z AR o “obo] WEE]" S A 5HE FA o] B o] AL ch:

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

>>> hex (id(cls.C))
'0x4198d0"

o8,
-
>
(]

2

[k
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if (x <= vy)
X++5
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zZ++;
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3.2 7hgE 4Hg A4te @ o 48 AT Uk o FAYUR

33 BF 257 Aol 9 23A RAIFUA

AgAE 5% Tes 2 Aol sesl Buth:

>> 1.2 - 1.0
0.19999999999999996

)

223 0| A 3ol ¥
= J

EEESERER P

CPythonA float P& AFE 93] Cdoubled AU float AA 9 F2 1H LT (EHEF o
E 530 E)9 o] —‘?L% Ao AFE I Fpo| M By A5 Asks F8 k= ul C A4S AFS-31H,
o= ‘:]'}‘] ZZAA Y =] FE 2T ULH &, 5 AR Aol &3t 3l glo] -2 C2} Java s

g8 Be 9 FeA dolsAY FE Tt

AR ENPOZ AA £ 5 A WL AL oA R 25002 A%a/ RS S st ol g
=9,

’>>> x = 1.2

[*]

130, xoll T8l A A g 1025 g 1. 20 TSk (W5 $-2) AR o] A wk, AES) 2= sy
QurA Q7| Ao A AR A £ gL The T 24t

’l.OOllOOl100l100l100l100l100l1001100110011001100110011 (binary)

AL ABIAE G T 2 Th

’1.1999999999999999555910790149937383830547332763671875 (decimal)

S3H|E9] AuA Q) FUE & Tl BE 25 Aol

15—
AN G AL, stol A A A Y] BE 257 A L

o

16712]9) 1024 A= 2 AeFduc

CELPRK]

™

¥ 74 g4 o] Uk,
s A5 Ut 2AEe) BN Atk AL BE ) o E 9% THS BIT 4 Yok A2
ge)se, AR A 7 e 1A T W o
o1% % shhgu et

EohE AL sholie] £AD e £ATE YRR 0w B BTHE AU o F P %82 ThE
o2 WASA ROv], ol WAL o] W PH T EAL “eight" S OHE A0 WAA Reich
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AFUTLE o] Z1& __init_ () WA=, dutH o7 I FP A WA =T
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3.6 THANA NI AT % gl ol FE FAYUAR

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

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

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

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

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

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

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

—nhttps://mail.python.org/pipermail/python-3000/2006-November/004643.html
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try:
value = mydict [key]

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

o)A
2ol =

gAvgel A9 A 717 JS Aoz RS w9 n 7k s Utk 282 o, o2
95Ut

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

o] £ AFol, value = dict.setdefault (key, getvalue (key)) S =
getvalue () T&°] BE Z 5ol 7= 7] u] Eof| S 53] A H o vk A& 5= A5y Th
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3.10 s}o]Hof switch 1} case £ o] I o= FA Y7

You can do this easily enough with a sequence of if... elif... elif... else. For literal values, or
constants within a namespace, you can also use amatch ... case statement.

U9 B A Fol A A Eelof iz 7 foll i, case G2 EEE 4ol vl B sk A
&yt o & Su:

u

ful

e
mln

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

func = functions[value]
func ()

A ol T 2k v A o] B¢, getattr ) W& & AFR o] 54 ol5S 7HA WA =S A of

=
H% T ¥4 gl

class MyVisitor:
def visit_a(self):

def dispatch(self, value):

method_name = 'visit_ ' + str(value)

method = getattr(self, method_name)

method ()
o] oA o) visit_o} Zo] MM o] Zof FFEAES NG Aol EaUh olgd AFAI flod,
Fol AR T 4 Qe 22004 L8 S, BAA AA) TEANEE 52T 4 AU

3.11 OSH A& F 8o o]E35]+= &l Qe Z gl oA A =E ol E

T 1 B %, A 22l E e 7 ol W 2 w# Qo] el o} slite) C o w9 FAFY T
w3}, 3 A9 4ol =7bo] sfoj W o2 & 5= It whebA, A AE = FH )& Coll tidt
¥ E Aol 223tk

9 2: 03], C2HL B E 4As] A LAH Q8 =8l g £ 27} 9= Stackless Pythono] 945U th

sholdel 72 me 9 e £WA Yol FPA £AL AT 4 97 wlFol Fol g} wAA L
A4S EFT 4 vtk Tejuh, shol Mol A, o] A& A4 EA 7L oYtk 758 e thE
Qlofo] gt P47} el sho]d i BT A/ YT AOE ASE AR ZY B0 BY
Y,

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

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

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

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

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

A gho] i T A, THe T E (CPythono] A= WAL U TH &= il 519 7] & 71e) 2212 Lot

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

A A2, CPythond] F=Z 712937} 53] 2} A A S AL, fol]l hst 2+2te] 2L YL o)A FYdS
g5yt :’-Eiﬂrﬂix—i?_GC%A}ﬁﬁh, o7 g 34 AA = Z
(g gsA)g vt

BE spolfd FHAA AFdte ZEE G sted, YA Ao g S EA Y with £& ARSS oF Y

o the2 2 2] & A A 2t 4741%’101 s dych:

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

3.15 CPythono] & 52 Q] 7Hu| 2] 7 AAE AH&3HA] = ol
FAAY72

pacs

EZF 715 0] oFU kA o] 44 o] %i%\%ﬂr (¢ll, §-2]+& Boehm GC gfo] B & g]of] tfaff ¢z
AN ZAE S (25 AR+E o} 1411}) oAMEY =7 N, A= T 3HA] T,

AHULEH Fpol o] o] Aoz AFIEE sl W X 7t 2oyt

29 GCx Fhol o] b2 $§& 2 13o A2 wl= EA7F gtk 59 oo e &

malloc()j ree() S GC ghol B gl of| M A5 3t WA o2 Al = 4B A ¢, FolH e U Fshe 5§

Zgagse mauoc()JJrfree()oi]tHTfo} 1ako] A & g 21%1414 T A ghol g 742 A7 &

4 AF YT @AY, CPython-2 malloc() 7} free() & 02 A T+ o= € A 523U

O
(]

o

W3

1=}
U

I

2oy

Zi o T
o
o
N

rlr
m oy

rzi e 30 o
—m

3
N

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

[«

[*]
=

stold ZEe] A9 o] F 53 S ojpol Fxd u 4 T MAHA = dFU
<2 FzrElow AT ¢ lgyh CEtolBeielo] ofs) @gd siA 7t 27e e 54 R =
Ayt (ol =0 Purify 9 22 == o] o thsll 28 th. “Lei}, sho] i 5 Al v e A E ol
Aol ZE &d AXE s s Al =g T

Bt F A A Tho] M o] EX 2GS AR FEE AAFEH atexit RES AHEEH 3D AHA| S A B
e AN

317 W59 EE7 g2k HlolH# o] i o] fi FAYUA?

P AES}L FE2, o WA vsAw, dRbA o R SR AR E Yo R ASH YUY FE2
sz g i=y CFAe A A4S JsUth 2R 08 R A= vde 3 e A
dlol8 9] 22 5t A S Eof, Ju Hx 23709 A2 #4E FEE A48 RAH
Yt

Rheo], |~ E = e dojof mj it o Byt o] 52 B 22 F5 JPX I S o A=
O o AAE Hfots A Fel AFUTh A& 0], 0s. listdir ('.") 2 A HHE 29 3
< HEhl= 244 2l2EE &g UL o] 2o AFsts T ddEH o o 9 AF N E
M= ARt o2 @ FahslA] ek h

FEL=HdUS &, A9 [FEol HsoAW, ol 845 A Fo = vl 5 gl Uth B AE= T
oM, AAEA BAES 84S MAT stk W 84 gAY E 72 AR 5 3lolA,
FaETFolet REw 7|2 AR S 5 dF U

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

CPython.‘l] YArE= AAZ = 7HH do]l Wi g
Ao op2 A7t ek B2e] A% 3l ]
CEEETREEE N

AUt Lisp 2 EFY ] A2 2] A E (linked lists) 7} o} g Y o},
= AH&eta, o Bﬁéﬂlmliﬂ Belujge] dol & gaE

AL UAE A a(1]9] v G| PAES] A/} Qe se) g FRE A0 2 FHEU T
G2 o] 275 7] ?m  BE WG] 277 24P U L MR 02 2ot E A5 B
5171 913 <21 2l 3 A 2 i ch AL SeloF &, %} 2bol BE o] ohg B Mol A

ERES EEECEE

3.19 CPythonol 4] € AUzl o5 A TAH U2

CPython®] 52l 27 =
23 (N 7HA 7HE £ A J) é

b5 8 s Al Blol B2 FRF Utk B-= 2] o) vl e, oh -2 o) Aol A
o] G4 11, 7@ o] & 7Rk k.

P8 ARt gAY el AgE 7 7)ol i gt s Al ZEE ALkt &
A A 2o wel A oy th; ol & S0, “Python” - -539294296 . 2
T o2 2214 Q) “python”-& 1142331976 & ) A] 3 4~ 95Uttt 138 oh-&
v o] 9 X & ALbshe Wl AHEE Ut B E S Aol T 71 & A STt
A= o A4 AlZbe] Z-thE SS9 Ut -Big-O £7]H 22 O(1).

g1 8]+ hash () W3
Bich ) 2 1)
A B 5 e wh, B

}.
WA == %kol A 73E LH$

1 AR e, G} 71

3.16. CPythono] S22 ul w5 vixe]7} sl A5 2] bt o] FoIgu7R a7
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3.20 g4 e] 7]7} Bwlo]o]o} sh o] i Fol Q)72

>
£

EREEE

A Hlol & 2R A ol A A 4D A ghe AHS o] 718 R th 717k 7hE AR o,
ghol W3E 5 doA, A= W38+ dEUh a7 AR AR HE FAL T2 94
2 AHEE T IS G5 g e, AUl FEL 05T 5 Uk 13 g, 94
of 4 Ze A E FOP T 5 Al ghol The 7] mhie] 22 5 GFUT o)A b Ro A=
A Aol A AR AR Y gho] the sl whe] G4 2 5 gE
YAUHE P AER AUASE Y, WA B AES FER WHHAA L tuple (L) BHE PAELH
e gue M FES HEUT FES 20enR gAve 72 A58+ A5y,
A 5] A B ok S0l A 4] 9 B 7hA 3y
» FAAAID)E PAES HA FUTE 2L Gow A JAEE YA 22 5 g7 wzol
5547 BT o2 Eof

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

A Eol AHEE (1, 2)9id7h R A 9 AT 2] Wl KeyError 9] 7 4%
ek %, 9418 At s} obu et =8 Abgste] vl s ok gk

CHAEE AR AST ) ARG BEUTH 4N AR B A=A A B B2E ZWY 5
9131, B AF SLE 7} R3F Tzl whad 5 917] w2 ol AE5hA) skt

¢ PAEE A2 HSHAW, AFANA FAHA FEF ANGUT 0| AL QAL W52 )
E2 24N T Z2 o] 2457 o) WIE BEUch =8 94V e BuAS
A=tk d.keys () 9 BE ke 99 A= A2 4 ek

c YA A2 AEEE B AES 7] AGOE BAFUG BAE 1 Ge AT 5 gt AL
249 Az we] o2k AUtk Y AES W FES % ST 5 B UTh oo E
Az GAv el QB AVlol ) ST ¢ s BE AAE 97 Ag o EAN ok FUTH-

LA O A7) e AAle B s dod s yTh
dast o] A 2 vk Eo AN __eq ()9 __hash__()
HAEE B 7R Fels A" YR =

S sl Al 7Rk F2) o A5she BE e Al siA
& ANAHEF S oF k.

30
N
=
B
o M

BT 5 Syt 29 oF gAY (EE
grol A7 g e (e vhE 72) o =

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

A A2 B 2B AR W 7L SjA] 7 T A Abe oH

il

29 7}

olr

Hoz Qs Bigto]

i=4

st AA7F Ao Ao A Glel, &4 ol == 02(F ol._eq_ (02) is True)©o|H
hash (01) == hash(02)(Z o0l.__hash__ () == 02._ _hash__ () dJoF &t} o]& 3 A3t A}
TGS FE5oHA] ot 9 et v S A] 7|HE 227 25 g o)
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ListWrapper] 3%, 251 2147 AU 2lo] 912 wWivbch 819 B 2] 2 o] 4 52442 s)3hei W M35 A
olob e 27 49 018 Su2A SR KT Aol Bl 33 Yok 27} sof 5l
oFe g o] AYL FWFA nH A 2. B hrra A 7S

3.21 list.sort() 7} A2 & 2|2 =& ¥l3}

T
b
o
R
52
rr
9
o

£ R olgUrR

%50l 2% AN, BA) AL P9 HAEES A AL U Th A, List.sort ()
%ﬂiE%14ﬂﬂﬂﬂﬁﬂﬂﬂ-ﬂ&e%%ﬂﬂﬂﬂ$ﬁlﬁéﬂﬂé £ whakalA gk,
o2 31w, A PE HALE o] DL IAAT AU A e WAL AN LW A5 2] AES Pol A
% 3o,

A B AEES MY, B4 W sorted () $4E S I L. o] It AFH o) ol A A
PAEES UED, AU hS BAFYTL o8 Sol, ALH £AZ GH U 7] & o] E e o] E shi
e ke 24U

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

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

Crt 2} Java 9} 22 SAojo] A A T3k BEo U@ B o) & WA BEY WA=} Fo] et 2
EEQle AWtk B Age A5 ehele] e oA BAE AL o Ao thFE 22 1AL

FESHE o E 8o Hoky A2

ol 26 FA4F Wlol2 FelAABOE A% 4 Ut abe REE FARUG. 18 08
isinstance () & issubclass () & /\]——9%5]-0:] AAE AL Z ?4]/\7]- £ ABCE F+3d3t=2% g
4 AF YT collections.abc R E2 Iterable, Container & Mutableh’lapplng.ﬁrZE

ABC J < Aot

shole] A%, 74 240l N AABHAE 782 Fa AEsols WA B o]WS AL 5

E%ﬂﬂ&%%ﬂiéé%é%ﬁﬂﬂéééﬂ%;ﬁ Aol 2E QT F o] 2 BA S} o Al o
A S QFUTL B Fdold RES ATHE 636}04 e A HAEE Al AFY
25 A8k E%Zﬁi}t QA E 5 o] 2 9] 7PE¥3P“AE§(stub)” o &dold<
H2E &4 syt doctestﬁ}unlttest HEE=AMNAHZCE 29 A3 E
T 22 AdsE TLAQ HAE AYES 22T L YS5UTH
QAE] | o] &~ ZER ol et A HAE 8L vfo|Hor BT R S8 221
MEse o g0l 4 gtk AR, Aellol s BAE 22 1o 54 442 HAc T 5
] 2ol ]740]1:120 T 3 %%01 append () MIAEE 45 W7 22E Zo 2} &
F7bsloF Futh; e F o () L) AAZ o] 2 ntzA 5357
AR B AE A9 E oA o —7;‘% gt
o, qAH2E ¢ JEF I=E HAAT 5 UFY
Z

o,
xfy
> <
o W =
~L i JX,‘E% 2
g
D
e 2
B
) i N fo

—_—

°

HAE AEE A5t = =£4
AR T o] AMREHE 7)< 1 (test-driven development) | A=, A A T =& 24317 A
”“1 HAE A9E 9 °‘—ra 2} th 8 o] H & oA o] AAZMNA AL HAE AojAs

A3 A A e 5 AES 3

L o

L
L;:

= M o

o
d
L -
o

mT fr
lf“ (o,
I rlo
o |
:(?L_A‘

3.21. listsort()7} 3 H 8 2| ~E & whghslA] 2 ol 4= FAYU7? 29
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3.23 goto7} gli= o] 4= F eIl

1970"‘]‘:}101] At s T A g goto7} ol&lj et A3} ol -2 Z]x{l"i—fsl- “ASIAE” ZEE o]o] A £
A= AS AGAdFUTE 5= Ao A=, B7](Fo ] Holl A 1f B, or,and Y if-else 8 4) 9}
—‘?‘—E(while.ﬂ]— for &, continue® breakE 2 4= QlFUTh 7} = 3 H 2 31K 54t}

A9 E AHg ool B4 B2 ol AFIHE F2A 007 E AT AGUT: B AYL 97
C, Fortran % 7B} 9] 2] “go” 1} “goto” 728 RE §el 4 82 AelohA o Beol= & 5 Slrkn
B2 ol SH:

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

except label: # where to goto

pass
)AL GAlo] Fxo FNOR FumIhe AL HE5A FAT, o AE 1AL YWAOL gowo]
o= ULk ol AN AHE A L.

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

7}2
5 AsaAs, B4 710 o AN B S 95tk B9 Ao gk o AL B U E BAE
o2 o= shel, B ke £AAL FAI T
G EALE A o 2o o) AA O Al B sAAAEL Z2ANFE A Ao T AL
A7 BE 5 AEE AAH AR ol B TR AN E DANA B T o 2N 2 olB 2 1D
B2, G EALS 0% A 8A P Uth L7k, © SN o] 202 Fol EAL L E EAE
AT 5 Y5k of FHLrEAel £ BH o2 A8 o 2 AE )
ARG ARYL WAL A9, LE AL A2 522 SN 318 2ol felahaiA e
f = open("/mydir/file.txt™") # works fine!

DOS F ol th == Y E=sH

rlr

A9, o8 Bol, the 5 S AR L

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

©
N
o1
£
X
o
2
2
oy
2
(m

RE UYL 98 “with” o] G572

N XAYstr G o F=E T EoHHA BF AP A= ‘with’ 7o) lsUth 7
o}

shol Wl B2 2
Aojol = the 3} 2L T2 A5
with obj:
a =1 # equivalent to obj.a = 1

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

o]l Ao A&, o] 83 27t 2T s AUt
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©BAE sz, Dfo] W Cr+9) 22 THE Aol A4 WL ASHEE, o W7 Y= L YA
WEa & 5 A5UTh ol Aol B ol 2@ AT Aot el B4 Aot Aol BE WMo
AFZE LT QFYTh
ol e 52 & ATk 4G Aol ofF AEFEI B A 7P & 5 Qe
AEZRE A Foll AA o F7tA U A AT & A5 UL o2 Adf Dt ¢l 7| wroE = o] |
AEEREI F2H L FAA T4 Ywvich A AL, A Mg me w0l 22l HE?
A& £, b3 22 EdAd YIS HAAN L
def foo(a):

with a:

print (x)

PN

& of) “x” ghi o] o] =2 {E 7} glofof Srka Zp Ptk Teluh, she] Mol Qe melE)
A7 o2& FEFE Aol Gtk 7Y, Wk A ole o9 A vk Bk W Wl slew,
with 25 ol 4 AL F V7R BAThA 3, shel We] $4 4L oA 482 D4 6 o] A B ch

e, “with” 2F FAFEE do] 7159 2 o] H(ZE EF A2 S S8l shojol A GA 24T

T AsUth =3 2ol sh= Aol

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

VYA FYFN 2

o
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63
ol AZA L2 stolxo A A3 A ztel| 2= =d], T HA HAL FAS S A Yo B2 A
£EE ol RALE A5

3.26 Why don’t generators support the with statement?

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

3.27 if/while/def/class Fol] £ 0| I 93} o] = F-sld 7?2
Z2e 2w 74542 2ol7] Y8 B2 FUTHA R ABC doje] A3 % s UTh. o] 2 el i
AL
if a ==
print (a)
9}
if a ==
print (a)
A o] o B A k2t 1 ¢} 7] H A FHSFAAA L. o] FAQ HH oA Z& o] oy EA oA E Al &St
EAR FEHAUA ;o) BE ASHIYTH
T TE AL ol = FEC] FE AR ZAV A= AT E 2E T AUt E92 78 8o
Semle 4487 o), 2 HAES o JREA T EASE A 2ES 22 5 dF U
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(1, 2, 3,1
(Ya" YbV’ ICY,)
d = A
"A" [1, 5],
"B": [6, 7], # last trailing comma is optional but good style
}
o] & 3 g3k Hlol B 7HA o §7k &Y Th
g2k, FZEs gAY g B gtol o S0l 24 e B-7, cld Sl x5S F71d 287
Q7w Eol 848 2745717 Aauth B e 8 BEA 2n 22 AFLE 4= AFUTh
A5E YEE TR AU el o H B E S YTk o S
x = [
"fee"
"fie"
"fooll
"fum"
1
o FiEot v A 847k 9t AAY Rol Ak AA R e Al 1A 84 &Y TR “Fee”, “fiefoo” B
“fum”, 33 TS 245 oD AP NAL A 5 AL
FY PRSIz agYAA TE 4ol 8 994 £ 2 &y
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cHAPTER 4

ghol B e 2 9} 2 FAQ

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

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

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

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

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

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

import sys
print (sys.builtin_module_names)

53
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41.3 GU2A Fho|H 22PES A7

o=
o

shel 2 WS o] A ok T2

£ RS SoF R Tth ATUE e mE A s alol S R WA 2L 412 A As7 1 F o]
Shol A QUE) 2B 327} 9ol ok g

A WA= chmod +x scriptfileo]y o}u}E chmod 755 scriptfileg A33slo] &3 U}
FAE o 1A BHe R 48 B 4 AaUt g DRSPS 8T 2 E2

#!/usr/local/bin/python

St QI Zel B 7t S Bo] AAH AR o] B2 ALE el hAe] 3 WA 2

~agEs} stold AT E I} A= A A} EPHOT HEE 512 W, en

1% ok sholal Q1El =2l 7h AHg A} patie] B e 2] Sk g,
Se AT

#!/usr/bin/env python

o] A= CGI 2AYE AL51A upd Al 2. CGI 2T HE S PATH W& 58 H 4ol ehA], AEZ g

Bl o] AA Ao A2 9Y & ARE-3l oF g Th

EEHHHE AH82F &7 o] 7}5 AFA] /usr/bin/env T2 131 o] AU TH E= env 2 1Y 0] o}o
FUTh o] A9, th2d 22 S A 5T 5 55U T (Alex Rezinsky 0] 7] Y U Th:

#! /bin/sh

nmww.n

exec python $0 1+mse"

2 AL ol Ao 2T HEL]  doc_ EAE S Aot AJUT T e F7Hst] 2AE
CEL Rt

liiducii = """, . .Whatever..."""

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

Y2 AP A ZF Tlo|H 22wz 7| EA o7 9T A= ¢FA g Modules A H t] 2l
51 2] of| curses %% Z3hUth (A= o ZFoAE= AR E = AFUT - =8 curses ZE2

Syt
curses BE2 7] curses 7] 5T oy 2 A UIA A A A, = H vpf 2 XA 7} 22 ncurses
9} SYSV curses.J oo =71 7] A 7‘1]9} S8 A o
2= S AR €A 72 B

,‘rﬂ off

415 s} 4ol C] onexit() 9} 553 Aol &R

atexit BE-L CY onexit () & FAS 5 & S+ A2t}
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416 A9 A2 7|7 AEeA i o4 R

r]olr

gt

Sl

7V A2 AIZE A 77 2Rd A FFo2 Ads = Ad Utk ol 2A Z&g Ut

’handler(signum, frame)

upebA = 7] i) = A A oF S o

def handler (signum, frame):

4.21 slojy 2230 X UEE oY Hl2EFY 71

2E gAY I7F A5 YT doctest RE2 BELS SA2EFHY JE=dAE
g8 S2EF AlgH A4 287 vyt
unittest REL Java®?} Smalltalk H| 2~ E Z ¢ L1304 2d 3 H o WA H2E =g dYgagyrch

H2ES H 47 el w, oo e m2 o] £& REA TS Al oF gLtk Ze a9 e Ae
BE)S By 2o MAER AGFelok gt e ol uE 221 o weA A
£ 5ehe EF/ ASUT (S BS A2 A A AEchwkz ] Ro)), £R ze a9 A
W52 W Ashe Aol o 254 ghotof FLith o2 Shel HlAE ]2 A o H 7] wE Uk,
=

age) e el welnt o 2L AEE

if name_ == "_ _main__ ":

main_logic ()

zzadel W BE st Yt A Y 29 5 A
ddz2ade] 7] A T Fea T4 B3 o g FAHY, o] 542 A= HIAE T &
Aok gtk S HAES AT HAE 2HEE 4 RER VD + AUtk o AL
Be 2 Y Sl A %, sho| o] o} % ST A AR W B suEE A5tk czred 5E7g)
A HAE T4E AAdste I9S A H SHL A A = 5 syt B2 E gA 2 43S
Z710) A 7w Ed o
2o Wl BEol obd “A 9 BE | BEY A HlAES 29T & dsUn
if name_ == "_ main_ ":

self_test ()
E5SE Q] H Qe | o] 28} AT Ag ot 22 AWM XA So| Mo g FHA TR QI E T o] A F A
aho] 92 AEfsl o] 2 S 5 gl W HAET S YUt

422 ErEz oz AYAE oA WEUR

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

4.2. AwrAQ e] 55
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423 T Wl shile] 7] Q1S W Y- B o1gl Y7l

Fua Hygols @ 7kA S A A o] 5 Uth cursesE AFE Y] o] FAL = AL s A AL
curses= Wl 7) o] AAFs] 2 R E U}

4.3 ¥ =
4.3.1 A~Y =5 AFS St oW A =2 Y P72
_thread 2E9] o}d threading EE& AF&3HAA] 2. threading R E2 _thread EEo] Al &3t

Az el el s Sl Bele 74318 75 Gtk

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

Mol 2E s FRE A, BE AA S FHUD W9 2d S0 0T B AY5 o], Ad =}
442 2T Azke] g&UTh
e gL m2ay Bol BE AdEst #RE BE 383 0 FHS S5 AgUh

import threading, time

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

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

time.sleep(10) # < !

F o slUAR Aoz AdE s
Z g u71A] A 28 EE A Z5HA]

A% G5 A A R A2 FUe 25 AQUth

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

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

time.sleep(10)
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»
w
w
2
)
™
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e olE Y ohed 2aun

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)

AR ohe v 22 2] 4

o,

gk

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

os.remove (filename) ¢t} os.unlink (filename) & AFSIIAUAIL; AH A= o0s RS FX3
AN Q. 3= A3t} unlink () = @3] o] Sh4rof o3l U2 A| 28 320 o] 2T}
el Al AstE ¥, os. rmdir ( /\P*‘l%} ]-‘?—; W2 H os.mkdir () & AHE S A L. os.

makedirs (path) & SA3HA] %= path-/] 27 gd@E g E W5 Yt} os.removedirs (path) = H|
Q=g S Y EH e E A AT AA A g Evlet 1 &5 AHAISHE ¥ shutil. rmtree ()
2 AL B A A 2.

g o] &2 vlH 8 ¥ os.rename (old_path, new_path)E AFE3HAIA] L.

JdS A28, £ = open(filename, "rb+")E AR Ste] 1 f.truncate (offset) S A8
O}A‘AIJ_,offsetA 71 2 7Ee &R A (seek) Y X YU th os.ope n()OE g8 gde 49 os.
ftruncate (fd, offset) & QJ\QL]D]- o 71 A fd= 31 71 2H(F ) Yy

o T
shutil EE| X copyfile (), copytree () YW rmtree () & T3 5} YojjA AEd= B 347}

239 o] et

442 540 oA BAU?

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

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

2333 upol e Hole §AL ALY 22 W, struct 2F
HolE] (15 520 & Fahahe BALE F o)A sho] #l 272

s,

& 50, thy =+ 5t ollA] | <lt] et F 29 F 79 2-uto] E A4} 3hto] 4-ubo] E A4E s
Ytk

import struct

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

9 B > AT SO B S FATFUTH B4 e el gL shor) 42 ukel ) &
93, 1 BRI A Bhike] “7l (ong) B (Ante] £) & vk,
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A3 vlold e tol B o3 23, uo] 2] RER 549 dojok FTh(] 7| A, "rb" & open ()
o7 ZJQEME}) A " (7] B ZH S AFR S, ol HIAE RE R AT f.read () = bytes A
Al str AR E dHeh T

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

os.read ()= <4d 3}dS e 22 H 42 3 7)1 AHE A o= AeE T Ut os.popen ()
2 WY open () fé.‘—r of] A “Pﬁrﬁ} ﬂ}é‘% gol u4F 9 AAE WYt WekA, os.popen ()
o2 HEAZ o] Z po| A nHle| EE Y28 H, p.read (n) & AHS-3H oF Ty Th

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

For Win32, OSX, Linux, BSD, Jython, IronPython:
https://pypi.org/project/pyserial/
Y29 49, Mitch Chapman 2] =24l AIA &S FZFHAIL

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

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

shold 519l 7] A4E C e 71 &R 4 E 24 AS YT

W open () B4 B9l shol Aol BEL R A AN A, £ close oI A Y AAE
Aol te] BAOIA T2 A% HAI S SR C A A EAS S ok I AL 71 AuIA

ol £9] 3 oA AE o2 Aol 7] g o,

2]} stdin, stdout F stderr 3}o] H o A 5 A A gl= =, C AA] o] 5ol Al S5 FEf & F oI 3
7] B JUth sys.stdout.close () & A3Psd ol == 51d AA 7L 238l Aoz ZAE A 1L
A#E C Y 7|sAE 24 G5 Ut

o A 714] % Shitell thek 14 C 5 7] A8 Do B W, WA o] Ao] HR of e} Ro] 53 4L A
3ok FLITH (18 1, VO £ 432l + B4 BE0] £5T 5 YFUTh. 120Hd, 0s. close )
B S IHAIA 2

=

os.close(stdin.fileno())
os.close (stdout.fileno())
os.close(stderr.fileno())
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4.5.1 s}olR o= ol WWW T 17} Q&5 7)2

ghol B & g ¥ ¥ A )7 <29 internet 3} netdata S %37— AN L. FolR = AW &3 ZFo|dE
SHAAN2EE S =d =20 He B2 2E dH5UTh

AHg 7158k Z 8| 4 32 2 9FL2 Paul Boddie 7} https://wiki.python.org/moin/WebProgrammingof| A - A]
Ze gyt

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

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

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

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

# connect and send the server a path

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

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

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

o B

FH 8 o = urllib-howto2 FZ3H4 Al 2.

4.5.3 HTML A< 93] ojul =52 A1-&3) o} 3712

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

454 st 23 ol A WYL B2l w oW 3o Fi7l?

£ZF golHele] BE sntplibE AL
o2& o & ARG Sk v S 314 W D 2 A 7 YUtk o] -2 SMTP 2lA W & A Yshe BE
FrEo|A AEFYTH
import sys, smtplib
fromaddr = input ("From: ")
toaddrs = input("To: ").split(',")
print ("Enter message, end with ~D:")
msg: T
while True:

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msqg)
server.quit ()
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Ty A8 o oL sendmail & AFE YT} sendmail L2 723 2] 9 X = Ala"uit} g Uth w2 &
/usr/lib/sendmail, |2+ /usr/sbin/sendmail. sendmail "] 7+ & #H o] X 7} =& 0] &

BE =L e 25U

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)

455 2:71¢] connect() Wl A = ol 4] B27)< 75kl ® o] A sl ok g2

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

TCP A4 o] &5 7 O}Ei:‘SV]HOH 2AZH BEY RERE AZET 5 JFUTE 19 th socket.
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import random
random. random ()

AL [0,1) A T £F 257

h=4
o] BEE TE BE 55 44717 9
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Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the cor-
responding C code. Cython and Pyrex make it possible to write an extension without having to learn Python’s C
APL

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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o] 9= PyRun_SimpleString () 2AE ZARIAAL

5.5 CollA] oo 9] sto] A4S oJEA F7HE 5 AFU7?

AE A Y& PyRun_String() S5 start 7] & Py_eval_input= AFE31o] TE3HAIL;
£ w483, B15 L ke R

5.6 shol® 27| o] 4] CZHL oY A 22 F72

l A 9] Yol et th5 Ut} /& ol ¥, PyTuple_Size ()&= Aol E W88t al PyTuple_GetItem()
AZE dd o FES ULt FAEE v 45 A A 5 Uth PyListSize () £}

PyLlst_GetItem ().

Hlo] E oAl &=, PyBytes_Size () &= Zo]E W3E3} 1l PyBytes_AsStringAndSize () & Ztd Z o]
of th gk A& Al g gyt sto] vpo]Ed A= d (null) v EE Z T = 9lofA Cﬂ strlen()
S 8T 5 Yl AN L

2AA 0 &< 74/\]"5]"74 4, H A NULL O] 0]—‘4 A 3913} t} pyBytes_Check (), PyTuple_Check (),
PyList_ Check () S AL

29 3 QY 5| o] A7} Al Sk 3hol W AR o] 3 1 APIE U5 Y k- AR 8 W82 Include/
abstract.hE 924 A L. PySequence_Length (),PySequence_GetItem() SH Z2IE2 &
T 7Y Tl Al A2 QIEH o] &~ & 5 Q1S Uk ofy] 2} A} (PyNumber_ Ind x () 5)<} PyMap-
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5.7 Py_BuildValue() & A8l Qo] Zole] RE& vletyhye B
A7}

28 4 g Uth B4 PyTuple_Pack () AHESHAIA 2.

5.8 Col 4] A o] WA =2 oA TS

PyObject_CallMethod() t}; LAY Ao HAEE TEFE= Y AL 4 g5y Ttk il A
= AA, Z=Z A=Y ol F, P BulldValue ol AME = = A 2 29 FA4d E le}g}@qq—
PyObject *

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

o

HAEZE de= BE AAANA eyt - Wdoly A&A A9 7 gyt vk 3}
Py_DECREF () & A -2 o 2] H oA 5uth

oA Z Eof, 22110,002 5L AA 2] “seek” MIANEE TE5EE (9L A AL 7“2t 7HE Y
oh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...

¥
else {
Py_DECREF (res) ;

}

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

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

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

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

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

e AYe ST SR A AR L he 2E U

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

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

Che 2ol BE AR e £AHE AL 4 AHUTh

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

olF] AXE 3R ko™ (F, sys.modulesd] o}3F o Eﬂ) o) AL RES 2783,
M ©h<=3] sys.modules ["<modulename>"]2] L& |l . I}
2| kol ol st Al & — A 273} =5 SFAL sys ~mOdUleS°ﬂ AZE == gk

to] R59] o] ER|RE(S 280 B BE o]F) ol IA 2T 5 JFUth
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’attr = PyObject_GetAttrString (module, "<attrname>");

Egol = ol tidshr] fel pyObject_setAttrString () & &8s A= A5 dUTh

rr
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= Mze shold WS A4k Aol

5.12 Setup 3} & A}-& 5t BE5 7=t make 7} A sl cy; o}

A<
JESYUR
Setup2 7oz Zrjok dtu], /3ol glod A Zz a7t Aigrct. (o] BAE s 23 A
Ais A A2aHE A o] LR3I, o] HIE YF A 211 =83 S s 7HA 7 gle A

5yt

513 2732 oA LW P

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

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

br _PyImport_LoadDynamicModule

a9 S, GDBE A3 & uj

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

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

gdb) br myfunction.c:50

gdb) continue

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

dsdth A 2547

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

o8] ¢te] A9, apt-get install python-devE A3 3A A Q.
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5.15 “ZEH Q& T «B AT Y7L o WA THF 5 AHUR

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

AL = IDLE° 0174 = AHEEY

ColA] o] Z A 3= 7H3 412 W2 PyRun_InteractiveLoop () & 3% 811 (olul M o] Ag =0
A, Thol X Qe Z B e 7 4 % g 3t=E 3= A Yyt PyOoS_ReadlineFunctionPointer ()
7h A2 AR AY Y F4E MY =S AT = 5 YT AASE 1 E= Modules/
readline.c®} Parser/myreadline.cE ZTZ3IAHAIL

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

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

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

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

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

5.15. “RE YT R AAT YY" S of

o

AFEE + AFU7? 69


https://www.boost.org/libs/python/doc/index.html
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6.1 A5 ol A shol 22 130S AYste oY slof Ful7k

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

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

’c:\> ‘

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

’D:\YourName\Projects\Python> ‘

AFE A% T H o) Bl 2 ko) Aol A2 AUk A oA FE Ak, soj T2
W AWe E0kE Ak

shol sl 2= R =t shol 4l Qe Zele) g b me o)A AT BR L ek AL ¢ dolok
Utk ABZEHE 2TYEES YL, vhe]E IER A5 AFT, ulo|E TES Agstel 2L
T 2T, AE) 2 e 2 B8 hol ML A elstel® o) YA £ulsl of st Az IR

B, B Yol o G HA7IE AT N2 A4 HEA SR B 3 42
god 48 py & B3 return 7| = oF gt

C:\Users\YourName> py

oh 3t 2ol AR

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

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

>>>

Qe mel e Tj 8}y TR AAMEUCTE F, vho] A Bt AL B34 02 o] ]
AR L T o ool A3 B @ A% B s Uk A9 e g

fu

l
ol
NF
>
my
+
30,
fy
A
ul
o
S,

7
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7HA) 48 A sl sk 1 ARE HARIA 9

>>> print ("Hello")

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

Be gl fsy RS HelSUAE 2290l Aew A2 A8 dsha shelu
ABE FRALAY, exit ) B4 S22 & AHAEA cerl )& £ 23 A “Enter” 7 &
el 99 ¥ =gz ER Solzhh,

FESh, A A > 2 1) > Python 3.x » Python(8 % &) w41 A8l &2 A2 vl 47 @55 Zroba = glov,
L AR Bl M >>> ZEIES F qu °] A, exit () FFE TEFUCLrl-z & 4Y
Sl 3ol Aebg LTk HE oA Y “python” B & AW dh= Foli, AHZHE FE5HE T
sy

o|Alpy B0l A= G onR, FA2 FA o]l 2AHES F = JFYTh vhold AAHE
Ao = Ao B2 E AR 2 AUt FAl9 sfo]d AAYE T hello.py Bhe o] F o2
G dlagafel AAdtn o, ¥E Z5ZEvt F OdEd 2 degleng g 2o Yol

AP

lﬂ

C:\Users\YourName>

2e)A o)Al AZHE A Fol py & Aste] spold ATWEE AT el py FHL 2HY
AUk

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

6.2 sho]® 23U E a5} 2 WS el oW A 5ok g7

Ao A T shol A A X el A ol v] py 2449} 519 78 (Python File) & A 2 7, o1 E = ] ]
(D:\Program Files\Python\python.exe "%1" %*)& 43J5}= open W2 <Y = Alx
Ut oA We =2 eol A foopy 3 2 229 E AR5AS B o] TR HPA
Qo] “foo’ & 91 e 5hol 1% =2 4% 5] ® PATHEXT 23 ¥ 5:0] py 3 743l of v,

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

QA 0 2 o] AL Ao A vhS whe A A4 A, W) 2 so] A4S A 2 d 4] 23
A7ke] AAThe W R0A7 &Y ole @ AL sholdo] FUAsA FAH AOE Hel: The
AL AN 2N F AF 47 W2 U o 252 THEU

o) BAL A AFE vhol g Gt xS0 A2 E AP0 WASE 29 5 AF U 9
dfol gz 24 £ Y ALHORNE 9 BE A2 RUHYHES A0S 7Y W F Aus
FRE AE S HI=E EYoht A0 FeiA Uk A2dolA wholg s GA AmE o]
T2 Folste] AAZ FASA FAH YA BARAN L. RE D A2T 47 42 AAFES
T8 A%, MeAfee = 53] 2418 Do v,
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6.4 ol 2 e A A AL BEL P TR

See shol W AAYER =g AW wlo] U2 & vEelw o)
used to make executables.
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6.5 *.pyd 5122 DLL %} £ A& 7)?

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

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

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

m[o

6.6 5S8R 1ol sho| e ¥ Tkl W oA 3lloF Tz

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

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

TR o' oMo 9ad 4 g Uth 2 BHY 83 pythonhN. 1ib of th3t g3 &
./]U]ﬁ]—_ﬂ HEY FFE=pythonNN.dll o 3 H I E -/]U]@'\JD]— (€ #31: pythonNN. 1lib
£ pythonNN.dl1l of s B3t 49 “import lib” YUtk 22 JAE Hs) 71z Ao dunh

Aehg 9aE 93 42 2 desgyth BE A2 And Fol B4tk P9 =
= 9= % LoadLibraryEx () FH & A2 3}o] pythonNN.d1ll & ZE&oF gt 72 3=
A= GetProcAddress () FHOA B2 ZJAHE AHE5to] pythonNN.d11 (o] 9] C API)
of A ‘:4 3 ol o] 5 S ARl oF ?:ME} Iz ol £UHE o] W CAPIA FH2
ZESERE iE°ﬂ FHESHA A S S AU

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

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

3 SWIGE 274 2.59) o] Foll G2k o] o] Reh £ 27131 B4(C B4)E AR T o E 2o,
2 E9 o]50]leo?l AF, 273 S+E 1n1tleo()§ gt} SWIG Aﬂ EHC% AF-8-3HH initleoc()
2 dUrh o] A2 /‘HE 2 =7t /\P&“5P~ gRE AN 292 2 E 27|33 o
2A NN CHEE exe 3t AT Qe o= 271 -5 SE+ Ao BES FolA

aiﬁgza SEEN N P AR RPN VR PRy

o5 B A, GAIL FA e A nE2 Flo]H A=z EHE 27357 9 thE ZEE AR
a¢%hqq

»
lr\]

#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. 3}o] M 2] C APIo| & F 7}A] B4 7} 911, o] A2 B4l o] PythonNN.dI1E THE = o] A5 = 75}
Q] 9 MSVC ©] 9] 9] Antd 2] & A1-g3hel § ).
Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-

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

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

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

0]-0]- Py_None-2 pythonNN.dll LH—,—./] _Py_NoneStruct2}= B3k g o] ] -2 of tfj g+ &2
EaEEY YT ‘:]"‘] DotAtH, o] Z=+= HE A3 de S04 A Aot o3
'—"Ei HHEA Al 2

return Py_Buildvalue("");

A ol AL AE A7 A= £HA W, SWIGS] stypemap § -2 AHE3to] A5 02 W ke A o]
e BAE REYUTHA = &3 SWIG ZH AQ] Y Th.

6. A= Y U Fo| A sto]H A AT HEE ALESte] gho|#l Bz 8 S A X5t A2 E2 47
o] 0}14141:]- 73er ;‘<]—o otgv/] ;‘C!-/\]AEHJ/}\— E%?@ ) 74?;141;]_ 03] g:] 1:]-/\] (Ex= WxPythonWindOW
Zef )2 “native” JIE] Z 2] B - vhEolof Tt o] -2 sholx Az ey A Zd 67 45
Uth GAIL gfol# o] io2 7] W 27| E APl BE 7%411]1% g H A 4 QLo B F read() 2+
write() HﬂHEé Z g5t ghol A 7“x11 (FH 25 Zoga)w e gy

6.7 W 7)7} ul shol 2
SSEE:

FAQEHlS AH8st= 2l d

[
iAu)

o W2 Aot A FEF sheH ol WA a0}

&2 2 2“4, gho] W et A (PEP 8) = w2 AHE Tho] & I & o) tf 3
4749 Aol ~E AR J‘%‘:} o] X &k Emacs python-mode 2] 7] 2 gk 4 Ut}
BE AZ7 NN B v o)laE E83HE A2 T2 A Do obdyrtt o] el MSVC+ th27] o
S Ui 2| o] AE AMESH] A FE8E Ytk 352 et 3l A AL Tools » Options » Tabs, ZLE] 31
9 532 “’Default” & 3} “Tab size’ 9}“Indent size” =42 A A3}, “Insert spaces” & BT L HES Z
Ad e o},

9 £59 93 £l sz A5 49 TR A7
TabError & FAA YTt &3l tabnanny 28
TE AU

[o

akAl g—}% 7L, 9}o]#M o] IndentationError
Xl REoA tEHeE EE FAT
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6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?

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

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

7.2 What GUI toolkits exist for Python?

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

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

7.3 Tkinter 2 &

7.3.1 Tkinter 3-8 =2 735 oY Al 117 (freeze) 3 7}?

ek

o, &-&

[kl

Freeze= =3 A8 22 g2 7AW vt = =29l Uth Tkinter S8 Z 2 13HE 7 A =
| SJ A=t

WL o A3 Tl Tk 2ol B 2 AR =7 A8 o] obdL] o)

B A AR $ 8 2RIDL Tl Tk Aol welelo G4 ABHD, 2AEE AF Aol
TCL_LIBRARY®} TK_LIBRARY &7 H4E AFRSo] 718 7]+ A d Y Tth

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

SAMo] 4314 TixE Y 3l11, 5to] M 2] Modules/tkappinit.c WH oA Tclsam_init () &
A A8} T2k, libtclsam 7} libtksam 7 3 Z 3H o) (Tix 2ho] B el 2l = Z 3t 4 gl th).
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1/0 7} b w] Tk Wl F2zoA &2 W A48 55T 5 JEF Pt tkinter-file-handlers &
21-26-]./\1 }\]

7.3.3 Tkintero] 4| 7] n}Ql g o] F2}5kA] 53U th: o] 7k F AU Y7I?

B2 AE3 7€ ¥ E bind() HAER o|HlES] A4
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oMl E A 2] 7] 7} A 2] H A
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shol Aol Al2glol AXx o] AT AT A1e0] Yobd, TFA D 5 Ut B A A5 g ol
91Utk
+ oluhE AFES] TE S A ZE 2L W9 Ao] S 1A AN YL AU Th 3L
Tﬂ AFEE AP AAREA F23 o Gk,
- AFH BN ANA GG 22T ol MO T AP G Oom, oA BN E ZFT S A%
o GUL 25 10904 11 A o) the) g ] A 28 8
Sl eh

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

7 sl oz A4 92 AUTh

¢ Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed
by default; it’s included in the base installation.
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FE7hEAo R AAYou, ofF RAE Lo7|A R AAL 5 AgTh Aol A, A o we)
=29 FAA A ohol =& AHETHIA S
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APPENDIX A

Skl
>>> 5} Adof 7|2 vhol 2 E QB ZEHo Aty oz AP E 5 gl I oM A
Eae]
T A5yt
o3 22 s v S st
s 527" IE B5] IEEJHT W, L ol FE TEAZE, UEE, FED) O
FEE 99 3 7| vpo| W ZELE.

e Ellipsis W& A<,
3
O~

2103 5404 25 =8 3fo] 43
EgE gAsA AT 5 2

2to3 & ET gol B oA 1ib2to3 E AFH UL SHH R AYPT = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & H A K.

abstract base class (34 W|o]| A Ze|A) FA W o]~ FdA2Ehasattr () 22}
A v EeA A (g 5 UH’“ HAE) A5, A o] A5 Ho 3= g
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYste, SHAE ASEA FoHA
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
)

rr
éé fu
r{n:
o
=
fol
riot
ox
o
ot
v
v

2T (importlib.abc 2E|A]). abc RES AR5 A] Z} H ABCE W& & 5 UYth
annotation (o] - El|o] ) FFol wlel 3 I E T ALESHE= Wy, FU2oEZHE &
L RkS g A2 9 glol 8yt
21 H9] o] mH| o] 2 A ¥ A Zhof] BAM AT 4~ oqxl‘j]' Z‘ﬂﬁ Ay, A S L 49 ol
HolAd2 27 &, Fd2, 42 __annotations__ EF o]EZ|HE xix Huth

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

argument (A7) $4-§ 5EY 0] 9 (B2 A ) 2 AL £ g T FF A7 AUk

o 719 = AR} (keyword argument): T = wf] A FE X7} of] B2 AR} (o] & E0], name=) E&
*x 5 QFof| £l _JqL-]E]EXJD’-Q‘— o1z} A& 59, 23 T2 complex () EEA 33}
55 27 7195 A Yk

rr
%
+
2
)
24
>

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 9 ] QR} (positional argument): 7]
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0,
N

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

ARH= G4 whE 9 o § 22 A Aol thAF Utk of thgfel B85 F 4S50 tha A calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol

EEEISE
Lo MY uj /w4 2T FAQ A& ol 218} v 7 wl4=2] x}o] 2} PEP 3625 KA 8.
asynchronous context manager (]2 7] YA E #Ae]x}) _ aenter_ () &__aexit_ () HAEEH

9o 2N async with oA Hol& &3 & Alojsl A PEP 4922 == ¢l 3 ’“141:},

asynchronous generator (3157] A# ole]) |5 7| Al o 5 o 5 7
def & Bo|= &= IZFH
E+yield Jaﬂ;“% 3z
g Hl5 7] AlddelH
7H] U o E5h= on
H]5 7] Al dl ey g4

°|E & 8+ TF. async
T H Hol=tl, async for £27} /\}%‘2}—? Jeddo g v
?:“5”/}“ Aol 5 Yth
£ 7heEl 71 A OW Tl = vE7] Aldd ol olHeE olH &
7t &R ke A, AT o E M RS TS (iU h

+ await 234X, async for 3} async with ¥ T8 4+ I5

ek

asynchronous generator iterator (W] 7] A& o] €] o]g]d|o]¥]) v]= 7] A& o] g T7 wte = A A,
H)5 7] ol #lo] 8 QA __anext__ () & E&3tW oSllolHE AAE FHF, o] AL T
yield A4 747 W57 AV o8 &9 ]S Aq g,
Zyields QAALE A E ST, 29 (A A4EH 7] 5 ry-FES EFoE)
A AEE 719 UTh b5 7] Al deld o8 o] 8 7} _anext__ () 7t EHF = E Y
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 K A Q.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA

Exe sl olEdolH & S8 F ok g th PEP 492 & == 55Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.

__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
v iy EﬂVﬂ'x] H]-5 7] ]Eifﬂ °olH ¢ __anext_ () MINE7} EElF = ol HES FUTh

PEP 4922 % 5 95U th

attribute (6] E 2] H-E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

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

awaitable (o] 9 o]E] &) await EAA | AHEE = = AA. I FE o]y _await_ () HIAE=E 71X
AA7FE 4 A5 UTh PEP 4925 B A 2.

BDFL Z#}8] 28 &4l =] %} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] A A},

binary file (v}o]v 2] 3}) vlo] ELF A 52 11 & 5 A= 9t A A vtolv g 5t 9 o 2 &= vlo]
HEl B ('rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @} gzip. G21pFlle.4 A‘?ji%%—’,\— Q< t}

str AAE Q3 2 5 Qi 9 AR A HAE 5 ® FEA L

‘/’i

borrowed reference In Python’s C API, a borrowed reference is a reference to an object, where the code using the
object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a
garbage collection can remove the last srong reference to the object and so destroy it.
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Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E € F ZAA)]) bufferobjects & AP35t C-A%5 M E AAFTE T4
FE memoryview AAEL EE9|1 bytes, bytearray, array.array =
ol EG R/ AR 52 vtol g HlolE & thF+ o8 7HA] dabsol A
dholue] Hm A, A4S FI A% 22 ATl A5U T
o AsbE2 vtolv e HolH 7t 7t A Y 87 st od Aol ABAe TF5 “al-
2] ol E A% A ehT EAYLITE /4 15 AA 9] o] 21 bytearray 9 bytearray
w7} I Th OhE AAES ol e tlolEl 7t 2 A (7] A8 o= AR
8 F3Urch; oA AE9 9 Z2+= bytes® bytes AA| 2 memoryview 7}

LN
P
30
)3
A
¥
o2

i)

memoryvie
AA) ] AZHA=S 8
Asyth

bytecode (H}o]E F &) T}o] £ A FE=Hlo|E FE g A 3}YE =1, CPython 21 E] = 2] E] o] A] 5}o] A
Z2IH YR 2HPUTE vlo|E I =+ .pyc 3t A FHof, 22 LS F AR AW uf
o #@ep A A RS U TH(A2o A vlo]E =R AL 5T ¢ Y5 Unh. o] “F1H A" =
Zhutol E I = o k= 71 AE Aot M 77 ol A Ay E ki T th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis LE ABA G Ug U

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

callable (argumentl, argument2, ...)

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

callback (%)) QAE A= mgfe ojv A

i)
=2
>
>,
o
i}
>
|z
—{ru
uu
u
5

class variable (28] 2 ¥4 Z %)
Aot s = d

A
T.
coercion (Z. o] A) Z& 39

T AAE pubste Aite]l ojubs oL S H A~HAE TR PO 7
SAA g HEsh= A ol & 59, int (3.15) £ A E A 382 WAL ARk 344.5
oA, 2k AAF= THE & o] 31 (Bhih int, THE SFub= float), & Tl 8H7] Aol 22 P o2 Whs] of
FuUrh 284 oW TypeErrors G2 Uth ZojAd glols, T8dH = A= 220
7t 2e Por Aatsts ook FUth ol S E0f, 1 3+4.5 3k thAl float (3) +4.5
complex number (¥-457) 9} 53 A A2 0] S, RE A Ap R s or Y
HUth defe Aol sl I (19 AFHE w3 AdH, $F s i, TN =
JZ %71FUth Sto]lf & T2 7IH S 25 HEASE 7|2 ALFUL d5RE 5 JuAE
oA 271 Uth & 01, 3+13. math BE] H4 4 W o] 83, cmathE AHE T
E450 829 £F L $A 759Ut o5ttt w72 ZEthE, A9 FA 3] FA|
A FH5uTh
context manager (Y2 E A2 A} __enter_ () 2F__exit_ () MIANEZE AT S22 H with &2l

A Holx 84S Ao]st= M. PEP 34322 % 9l 95t

) A 2Eo w2t & 3t 7HE 5 e Wi o
7 AYe-24 AF48) v

g2E7F e 5 den A
A

Ut} contextvars

context variable (A&l A E ¥
Hol sl oh 2 B
F3ll, etuhe] A3 A =0
H5 7] Bl a3 A A& S 3= =

contiguous (%) W= 23] C-A <5 (C-contiguous) ©) A} ZE & A% (Fortran contiguous) d ™ <5 0]
g AAZ UL Y WA= CASoHA TES ALY A oA, F5
A &2l JIF B, 00| A Al &ets L 52k Qa2 AT 2 v & 2] o] vl x| =] of oF gt} thAtd
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o olE st g

o

W3

e

coroutine (Z+9) I FH 2 HE F/H o drbshd P d Uk A ERE2 3 A Hofl A At &
XV“ﬂ/ﬂ gt & 0%’4 e ARl A A ek, 225, AN AU Th o A

=2 async de f—E—RE——[’-L‘Q 9l Ut PEP 4925 | 1

nc def—r—Oiﬂ-/]g
t}. o] AE-S PEP 492

=

[e]

coroutine function (Z 58l g4) T FE AA S EF =S5 IFH T4 =45

4= 31, await &} async for®async with 7]—.45

ol €] = 1% 913 U o
CPython 3}o| % _LE‘ZEHUO Ao o] #4273 b, python.orgo| A ¥ - Yt} o] 332 Jython o]}

Ha g7t ‘% EH &-©] “CPython” o] AF-8-F Y th
decorator (t] 3.2 0151) =i HEe ], B8 @urapper = A S 3 WSS
AgH Ul g2 o]H ] &3t o= classmethod () ¥ staticmethod () YUY}
H

ol e B vA A BHY LYYk B2 F T4 A= v o= FEFIh

m{m
Fl
ol
ok
4
;94
xfy
AW

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

2ol E SR 3HA T @ Ak 29Ut dl Z o] ¥ o tf & t] ApA S &2 T

29 g Ady 125“49‘4‘:}

descriptor (] 23 HE]) WA= __get_ () o]y} _set_ () o]y __delete_ () &
FH2AEYFENYA2THEH L, JEFE 23| = 58 A2 #8S 4oyt 2,

ab® AAY, 2AY, Al etE A8 S ), a9 Fei GAU oA b BT o5 B AAE
A5Uth AR b7 eI RE Y, A gsle daa g A= T2 U HaaHE S
o33k AL Tholwol] that 22 olae] A ol 4>W&94i4%aﬂéﬂHC¢ﬂW

HAS, 73 SR T2 T B2 75 72 E o )F A Q7w EdYh
23 HE o W A=Eof of 3k AFA| 3F Y& descriptors L T] 2 3 E] AR R A of] U3y T}

ln“

dictionary (944 2]) 9499 7]1& kol 52171 A& w & (associative array). 7]+ __hash__ () <}
_eq_ () QAEE ZERE AANTE S Q5ULE oA A S EE YT

dictionary comprehension (5 42| A= A) olEHE = 84 AAY dHEE A3t d34E
go g E vtEst= 7H43 Y. results = {n: n ** 2 for n in range (10)}<

= 8
Fn *x 20| Wl H 7] ng 233= 9 EE AT th comprehensions-& F2 3 Al S
dictionary v1ew (G AHe H) dict
Zﬂ =< _I}\:]L_}E] ‘I'I"‘j/]'J—- “'T]‘%‘

el 7hiAdE o, {71 o] W3
list (dictview) & AFE3

eys(),dict.values(),dict.items () WA E7} EEFT+= 2

o] AEZ ‘”‘4‘43] FESo et FA QA FE Ak, —,/*‘1
Mg Sithe QU 9A e BE 9% o At R B
Utk dct -views S H A8

AR A ERA 0T e 249 28, 2927 29
A= of Fo o Feh 2, B, RES _doc__o]EHER
soone, Ao AUAE AT FEAA Fadvh

23
%7}%1% A A= Eﬂl AA S B= 1 R AEZEH%‘
H e
Be

EﬂL
Lﬂtlﬂ mkﬂmlm—gw

docstring (S 2E ) Fe, g4 2
o= FAIE AR A o] o
Lﬂﬁqr/} QEZAFHAMNES &3

duck-typing (4] €0]g) Zn}l2 IEH o=
28d; A, &3] HA = o] E g
suchE, 1AL etk S4E ¥ A ﬂJ
A A g sgFozN FALS N 5 %%HE}. =] E}Ol* 2 type () ©]t}isinstance ()
= A& HARE S T (SHAI R 9 EFolsg o] 4wl o] &~ QEH/\EE%}%_/,: 9) S0l -] 3| oF
shuth) tjAlof], hasattr () AANW EAFP 22 18-S & Uth

::1
>~
_,_,

EAFP 3 =R ttE= 84 & 1317] 71 4 t} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
sl 2 AT S, SULE A1 ol EelWES £AF /Ao, 1 g0l BelE o9l & F
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Uth o] 23 st w2 2edL B2 trySexcept £ EAZ EFJ A FH Yt} o] HZ

o} e b2 Be o] oA A3 AHGE £ LBYL e ot o u]H U ok
expression (Xd42]) ojH o=z ;oﬁg 9L =
AE ASIFE Al BUT, B8 3
A

1Z
rlo
@)

&g ff— Y A H

extension module (&3 2 &) C U C++2 ZAH B EQlH|, 5}o] A 2] C APIE A3 A] Al o] L} AFR- A}
FE} AT A&y

f-string (f-EA}F) '£' U 'F' & g B FAE FYHEES &3] “f-wA g ol 2, 2 W
Bape 2B 2 o] 299U PEP 498 < A S

file object (3} ZAA]|) sH AFd ol i3l 3} L A FA API(read () Ywrite () Z2HMAES)E EHUW
= AA. Do ol mpel, 3 ARl = AA Ya3 A st olu e A AU FAl A
(°‘ﬂa o, 2 Y=Y, Ad-HEY W H, &, gto]=, T5) ol et AMAE FAT = A5t

3 AR = oY F A ] (file-like objects)\} 2~E & (streams) ©| 2} 1= & H 1]t}

A 2 A 27 5D AAS o] U Th D raw) Ho] V2] 5He, W S (buffered) 1ho] 1 2] 5+,
g2E 5 o] Bo] Aol 2t o BENA ZY BT A ARE BEL U PP L
open () T4 225 AT
=

file-like object (3} Z4A]) s+ 24| & v e L.

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating system and encode Unicode to the operating system.

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

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

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

See also the locale encoding.
finder (s}eIt)) QEEH RES A% =0 & oD Amahe A4,

o)l 33. o]& 8, F 279 3 f 7}t 95Ut sys.meta_path & 7 AL sH= HEF A=
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl .

o] &AM 3 22 PEP 302, PEP 420, PEP 451 of] U8t}

floor division(%* YxA) 7H 77k A2 Wl eke 5 U4l
& o], ¥4 11 // 49 g2 27t H A A5 A2 2.75
7}-2.758 W9 & -30] Foll FoJsloF Ittt PEP 2385 H A 8.

function (8) &AM A oW & EHFE °‘ﬁ«l EFE. AU 2 o)L oz 7 AGE = =
o], vty o] Ao AFgE 4= syt v 7] ¥ oF A = &} function A A= HA S

function annotation (g4~ o] - H| o] A) &4 o 7| H 5} vkS) 2H9] o] g o] A

mlm 0>4
m}ﬂ >

Al AAAb= /7 T
HE YTk (-11) // 4

@ oo de WAooz 3 A 2 A8 YTk o & Sol, o F4E T A9 int ARE
‘:“OPEO”*OE 71 = a1, F Al int ¥ ks & 2o R 7]¢H%M‘?‘r:
def sum_two_numbers(a: int, b: int) -> int:

return a + b

S o mH| o] A 22 function ol A A g Tk

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

__future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
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__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 (7101 7] 7)) €] A5 A b= o 218 3o 2 st 94 273}

uhg We Fz

F2 58S AL ZE F JE 8 /A F=A7E 53 /A A4S 3T 7ha) A
F77]€ gc ¢v‘§r§ AFEEA Ao & 4= QlH Ut

generator (AU & o] &) | & o] E Nﬂﬁﬂ olH & B I g Wt gAY Boled, 49 e
= U vyield 58845 2@3th= Ao] thgUth o] EL for-FZE AR 8 A U next ()
T";"“i st ol b A = S5 UTh
BE A ol g5 7e 71 A e
S o v 7t W &R 42 A=,

i
ra
Ao
JE:
_I_4

rr
N
_\Z

olFf o]E# ol £ 7t Ytk o=

generator iterator (] U] @] o] €] o]g]@|o]E]) A g o] ¥ sl-z,\_ 7} wl=

Zyields QA Ao A2)E FehaL, 19 A9 (A
A% el 7 el g ok Ay el ol ol Elel ol gl 7} A A=
A2 A 2Fahs g4 o) o u) g U o,

for A} A P is Ao Fo] B AN BA4) 4F BTk A3t B4

A% e S wEo WU Th

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

generic function (AU 8] §) 22 A4S A2 v Fsdd del 7T o8 Tz 748 . 22
A

uf o] | 7 o] AHEE A=t x] gl o] A8 F Uth
At 2]z €018 %3} functools.singledispatch () Bl 22| o2} PEP 4435 H A Q.

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

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olgjzZeglE = 2 HAL

global interpreter lock (A< QlE]Z2|E] &) I ol 2 7] 3}}e] A =7) upo] nlo]E = & A 33}
S5 ®HAs7] 9138 CPython A ¥ Z 2] ¥ 7} /\}30}L HAUE. (dict} 2583 ‘ﬂ%‘ﬁé%% x
6‘3} ) A o] FA|H o7 FA] HA| 20 o3l ¢+ L= F TS o] A CPython —TL?‘;% <=5
Ut Iz AAE F 1 A2 JAHZYHE v 2ad 387 A e+ 4l ve

=2 AN AAZ AT B4 B SRS S A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0.
(AR Y uA A - dlolHE F1e)“adg = Z}-n—i—'—(free threaded)” JEZEHE HEILA}
3= 1}7191 LE2dFHolA XYl T dd T2 MM F A A A WY
Urth o] 45 ol E FES= A2 FdS X E5HA v 01/‘1 TI‘Z] ]3‘0] =] to{é‘ Aog
o AR a1 01 ST

hash-based pyc (] A] 7|9t pyc) FE3S FB37] A8 TG & 5L HF 54 A Zbe] obd A&
AH8-5h= o]l E 7= 7fA] 5. pyc-invalidation2 &2 5HA| &

hashable (| A] 7}5) A 7} 44 1 gho] WA b= A g2 2831 (__hash__ () I =7 B 83
oh, & AA vl E 7 JO0WH (__eq () WIAEZFZ AT, siA| 7} strhar rych &
ohal B2 H = A 7s e A A E 9] S Al g2 Zotof st
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AN A5 AANE G A AT WHE AT 5 9 S, o] AR TEE]
W40 w B A ghe A 5] e L ek,

- shol Ao Bl g A ELS A FS L Th (122G gAY 22) 7hd AH o U S-S
28A Ut (2ol v frozenset 2-2) B Ao ES 159 2450 §1A] A1 o
AN ST A o S0 A2UA ANEL ARA O AN ASFUT (7]
A1 A9l S 2 ThZoha vl 2, A 1) 2 B BB P o

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.
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CPython -3 A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

g o] A (collation) S+ A & (sorting) ©] L} ¥l & (ordering) o] AH-&-=

key functlon 7] &) 7 g =
1Yt} o] & £0], locale.strxfrm() < Z2A Y EF YA S WE+=
t}.

S gE B Ly ene
A 718 B o A4S
ol W B =77 QA5 0] oA A A oA Fol=AE Alofstr] 35l 7] F4E whot
EY9Uth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UF5Yc}

[n LLFIF

7l drE vtE=gl= oy ol JAFULE o & E9], str.lower () HAEE Ao ZTE Qe
AEE A7 42 AHEE S stk i o=, 7] e lambda @QQE s =
%%tﬂ, ol&] Al durth: lambda r: (r[0], r[2]). 3k operator BE-2 Al ¢ 7] &4
AAAE AlFd Yt attrgetter (), itemgetter (), methodcaller (). 7] &4E HET

AH8-3F= ol t) 3k o]l & Sorting HOW TO S H A &
keyword argument (7] 9] & Q12}) <A} & B A Q.
lambda (&t} 22 uf gto] T AL e 34 02 TAH o] 2 gl 9t T Fr AL E
A= WL lambda [parameters]: expression YUYt}
LBYL % 7] A oj X 2} (Look before you leap). ©] T AEFAL T Z o)L} 23] 2 317] Aol YA H o2 A}LA
AAFEU T o] 2B S FAFP AW 3 ol 31, B if 2o 2A)2 57470l ALk
| = 270l A, LBYL 22 “H 7|79 “H 7] 2ol A 2705 WA 2 Al s
E90],FE if key in mapping: return mapplng[key] = AAF 3o, 3R 23]
ofl, th& 2 E7} keyE mapping| A Al AstH Asf g 5+ JJF Y h O]E* o] 9t % ©| 1 EAFP
SHS Ao EN S AE 5 st
locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

rlr

p=
fus

=
HEE
Fal

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (B|2E) WA sto] A A, T o]Fox B3, Ao st M 27F0) o] 7] wfZell, A2
2] 2 E (linked list) 2. Th= t}2 A o] o] v & 3} AU T}

list comprehensnon EFl2E Pz A) A2 A5 AR = dRE A3ty 1 2d9E gaER
S FE 7FZ3 . result = ['{:#04x}"'. format( ) for x in range(256) if x

5 2 — 0] 0014 255 Abo]o] 9= B4 E2] 1604 (0x.) 5L FFate BAL P2=g
BEUT if 4L AR 4 5 UTh A2, range (256) o Y& BE 247 APy

=2 ru[n
D> 3o mIo

loader (2¢]) EE& E2E 3= AA. load_module () o= 0] E9 HAEE Aot 2=
HE 3}o] ﬂ 7t =8 Ytk AAI S WL PFP 302 &, A d| o]~ F 82~ = importlib.abe.

Loader & HA| 8.
magic method (W] 2 Wl A &) 5 v A = o] u]F4 A Q] w23k

mapping (W] 3) 9499 7] 23S A Y3 Mapping ©] L} MutableMapping 4+ Hl o] A& A
of AAH HAEEE F3HS= Aol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 Y5t

meta path finder (W]E} 2 2 SFQIE]) sys.meta_path o AAlo] Be%t shelc). el 42 shole
A= dl=e sl 9 Bes o 9/1E 5% e
HEl A2 st 7 A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fuch

¢

metaclass (e} S 2) Fefre] Sehos Fehs Bt Ben o F, Fehx gAY, Mol FHAE
o 528 W T e Fel o A QS Wob Fe2E B r Ade Ay, oy
A AFY T2 Aol EL /8 FHLS AFFTE shol AL SHIA B AL A~
WEl 22 s 4 drks AUt R Ag A AL o] 27 A e AW, et
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5”.:
[>
rlr
ol
18
ok
ld

o
o
)
:?l_',‘

),

]
o} %

v o

[» o
RN
>

A2FUch oJEHE AN~ & 7] (logging),
2t

1ol 2 2qle] gAY T

Ao
i
52

o
metaclasses o A © Z}AM|SF 8-S 3+

method (WA =) Z2 2 vl Qhof| A A o] =
f

N
@ 3o MM
Me > oy oz

= 22 AAE A oEFRHEZMN TEHW,
I HAEE A A A2 (R self gtal E¥TH B A2HA A E wgUth 3 o 5449

27z 5 HAL

method resolution order (W A& 2 A $:4]) WA= 7éxé A= 235l SoF U A5 »
25 =AU 23 2R E sho]d A Z el H o AFSH 52 M S| §-2 The

Python 2.3 Method Resolution Order& 2. Yt}

module (25) Jol ] =9 2134 A1 E BYAE AA. LEL G2 Solt AANES P oIB
B2 25Utk RS JE Aol o5 shol Wl oz 2EP Yok

574 = HA L

module spec (R & A29) R E2 ZEFEH AR E dZE B ARES F11 = o] & F 7L
importlib.machinery.ModuleSpec & QIAH A,

MRO WA= 27 =4 & HAHLQ

time.localtime()-T’»]-os.stat() 7} wi3kel 2kS £35te], ol 3 YAF o] v d = EZd Y}
I & o= sys.float_infodyt}:

>>> gsys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

E&, tupleoA] 4&sta o] F B2 2= E Ao 5=

S ZH e Ao 1 S B Ao ol S A A8 A el o

collections.namedtuple () 2 W& = UdH5U T 3219 7|HL A H ZASA Y WA WA 01‘:
=]

FEoAAE Z2E T e 27 F7HuA =S F7eH7| = Th

namespace (¢]5 3% W57 AGEH = F4 ol I GV E FAF YT AAlo FHE o5
_'7}(‘11]/‘15 o Al) ErEotyet Ao, A, WA o] & Fbo] 5Tk ol & 3 01%%%%
WA REAS ALPUTh o & E9], &5 builtins.open & os. open() L 359 ol
F7roll 95 FEgYTh £, o5 F3 | RE5o] 45 FAF=AE LHA Tsolx

v_‘_‘

[e]
i=] -
7]—5/‘%4—-,-;-%] HEAo 228 Ut o & £9], random.seed () =& ltertools islice(
o 1

randon 3} itertools B &3] 7 g0l BAAAUTH

712 & AMH 7] A 5] AE YR 7] %5 8= PEP 420 ¥ 7] 4.

237
A AA S 5= YL, 53] __init_ .py Fdo] glemw A7

namespace package (©] S
o]2 Z 7+ I 7 A=
74 b B o
EE T HAS.

nested scope (FHE AT Z) SR HooA HEE FRe= 5. o
qH g2 g JEHmrEES 7&5%‘?
7}—%“33,311%] = 7] o s oF g
FUth v R, A A4E2 A Y o5 3ol A 3L YT nonlocal 2 HFZ A5 o

e A2 BT,

new-style class (5 A€} 2 EH’\) AL ne ZH2 AA o AFRH = U2 HAY oA 9
2. 27]9 FolH HANAE, 23 F2ed FH2v _slots_, 2T HE, ek E,
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__getattribute_ (), FH2 WAL, 28l g WA =9 T2 sto] A A FIA thFst 755

H88 5 Agdw Uk

object (A 3]) ¥l ()= HEY Zh & 23 52 (IAL) o] Folg RE tlolE. we, RE frortd
Sl A gad M. aaag s,

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

At w712 2ol 5 S 71 A = BAL.

parameter (W7 ) o5 (= WA E) BY oA F7E bS5 Y= A (e oWl A9 AAS) &
A Q8= o] & 22 AHE. oA S/ Wi 7 5

o A X-71 9 = (positional-or-keyword): $] 2] QA1 A} v} 7] =

Uth o] Zlo] 712 e w7 AUt ol & 501 o

]ru

A2 AGE 5 = AAE AT
2 o] A fooi?—]-bar.

def func(foo, bar=None):

o 9 X-A & (positional-only): ) X Z W Al52 5 & AXE AFFUL J X AL wids+=
F4 Aol AN B2 / BAE TP 2ol AT 5 s u} g ol e
ol A posonlyl =} posonly2:

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

* 71 =-A-& (keyword-only): 71%5 B AFE e AAE AR 71 =-A8 v p
MAE G4 )9 A5 5 S0l A ol Ske] 7091 Al A} 5 o) 2 E el A
gold st & 01, Tk oll A kw_onlyl 2 kw_only2:

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

» 749191 3] (var-positional): (FHE WA AW Sl o)A o] u] Wl Sl 912 AAS o B )
AFD 5 g AX ARE Golo NDAE AAFU o A v i AAS o] Fo
8 ool Bol A 1 5 Ygvinh o1 E Sof T oA args:

def func(*args, **kwargs):

* 7FR-71 9] E (var-keyword): (Th2 i 7] R 5 °ﬂ o8l A o m] Rrol5 o] X 7] = A=l )

AZE 5 Ade 499 7H—r7]‘r4 AAES NG YT of& mi7hHSE= w7 S o] Eoll
**x 5 Qo] 2oyA Fo)E 5= JdF UL A& o 99 AdloNA kwargs.
A= G A AAES Ast 7| 2w bt A Aol AY A5 AAES ARSE = A5

e},

ol z} 30]7;] & ol zke} v /| W 2] Z}olo] L} Q2= FAQ AE, inspect.Parameter S|,
function 2, PEP 362% H A 8.
path entry (2 Al=2l) A2 70 91 7} QEE B RESE 2] o) Fuoe JLE A2 A

Shbel B, )

path entry finder (3 2 QI E E]J—]—Jt‘]) sys.path_hooks =ZHE
Egelg 9, FolA Az dlEe] 8 RES F= S 41 Js

AR JEZ Ay Eo] FHEE= A EEL importlib.abe.PathEntryFinder o U314t}

path entry hook (F 2 A E 2] F) sys.path_hook | 2E = EeEUT, 54 4= =2 oA &2
ES WS g drtd 42 dEg oot & 85tk

path based finder (3 2 7|4t 5}Qlt]) 7|3 v} 42 5ot S % s, YEE 4= o BE
%Yt

path-like object (A7 AA) 519 A28 A28 e A8, A ARE A2 E ehy ser
Ubytes A o] AL} os.PathLike T2 EF S 3= A YYTh os.Pathlike T2 EF
S A Q3= AA = os. fspath () T4 S TEA str thbytes Y A28 A2 2 W3kg &
MQHE]- th4l os.fsdecode () & os.fsencode () & Z+Zt str U bytes 23}E B A5l=4)
AHEE 4 5 UTH PEP 5198 = Y= 5 UTh

filo
L
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PEP shol 7140 A% PEPE shol 4 AT FE AT ot EE 222~ e 2
o Shet A= e 7152 BB sk AA EA YU Th PEPE AQHE 750l th et 2 g
2AS AT ek

PEPE= F8 A2 7 5< Altsta 2A o e AFUE 949
AR3E AR ‘3%71%8& 71w A
gt ol A2 2 A S A o] A5y

PEP 1 &=z 34 8.

portion (£ ) PEP 420 o A] % 2] & 214 &, o] F 37k 3 7] A of] e]upA] 3h= shrte] v e ol £o] =
SIS0 A @ip Lol AZEE AT 75T

positional argument ($] 2] ?12}) QI#} £ H A Q.

provisional API (Z+d API) 7 APl= %= gto| B89 I A T84 B4

u] 3ol Mol Sojzk A7
U el A el g 7% 3ka

A, Cleislel a0 2 W o g5 S 9 el 3 AN
ST RO A TR o] FAH A b Mol Yol Qv ad WL B
Ao doj At ke AT — APIE E3et7] Mol 51 o5t 2RA Aol

A Afolvt dojd AP Yt
APIO A 25, T A T34 o]
H A= tsl AA 8=

G BF vhol nef el oW A B AR
Yok § A 82 PEP 411€ 28 F 1)

o
T
O

_n_

2O Y il ko i
ol gy A% o Mok fo

provisional package (24 2] 7] 2]) &4 API & BEA|

Python 3000 (5}0] 4 3000) T}o] % 3.x vl 2}ole] W H (¥ A 39] WjE 7} W u]#)e] o]of7| & A Ao uh
Eol3 o] Folth) °] A& “Py3k” & S0] 27| = Yt

Pythonic (3}o] X t}g) T2 Aol oA dubHQ NP ES AHE3IA ZEE F 3= Al Jo]s A
ojoll A 7} A3 AFEE = oY ‘é—‘é—a ZV7ke] 2=
A AFE 2= olH YL for B& AR A] o] E
Aojol= o)A F 7 A= °l Feonz, golx
AHE3H7 = g o)

ol

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

o 25 e spol ok 2 ol FF Y th:

for piece in food:
print (piece)

qualified name (37318l 0] %) BE| A A3zl A BE G B Feh2, G, WA= o] 27
278 HolRL 402 PiE o] F. PEP 3155 oA 3Btk A4 G5 Sehae) Ao
A3 o 2L AR o] &3} 25U th

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

ICI

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

252 7t 7] AHSE ul, &3] BF3E ol 5 (fully qualified name)& 5 F 5 I 7| A ==
ZPAA 2R 7te Aor 2eld olF2 g ol & S°], email .mime. text:
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>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (R 314) AA o that =R 4. AR IR 3471008 “9011] , W22 7} vk
”9143]' AR AT FHE INH O =T gtojHl I o EH A& FAT CP\thlm T3 ;A
’\?J‘/]D}. sys BE2 54 AA|9 I=x 34+E E8]F+ getrefcount ( Ao gt

ol L HINA & HAL

slots_ el %) ARSI, a2 A=ARELE G T
o8 AAFOEA v 2l S FasHs Z0E U 97 3

A E A Hole ), el WAS § 4 =R oA e el ¢ 182k gl

W3 F 92 FH e o] EHUTh

sequence (A]A2) _ getiten () S5 AEES 53| 45 AGAS AL wpE
S, Al @22 Zo]E E3FE=_ len ™

.III'H_\_,_L,

r°"

UE 2, 1ist, str, tuple,bytes 7} 5 YT dict =3l _ getitem_ (
2 AR, 25 o A5 A A2 9] 2 7B AHEH] wFol AALTF ol PO E H
FRTE 20 el3oF T o

collections.abc.Sequence FA Hlolx Fd A= _ getitem () & __len ()=
oA R ZHSE QA EHo~E AHYd=0, count (), index (), _ contains__ (),
__reversed__ () & F7HgUrth o] &4H AHH oA E T TS register () E AHE3
AHAdez 5524 dgUn

set comprehension (3 AL |3 A) ol Eof J= 842 AAV IEE A sty 238 H2 A
W3tsl= 7+ 43 . results = {c for c in 'abracadabra' if ¢ not in 'abc'}
=BG HEg {'r', 'd'}E AT comprehensionsS FFZE T Al L

single dispatch (9.2 T) A5 %]) 7@ o] stue] Qo] Wol 7|23 AAH = A @5 o252 Y
& 3.

Slice (&24o]2) B A T2 9 ARG FUSE AR, Sehol 2t A8 22YE T/ UL ASAN W
Ut} variable_name[1:3:5] A3, [] FollA A 7S =ALE & L—E—ﬁﬂ?}‘%q HZs
(HE 229 E) B0 RRHOZ o1ice AAE ASFUTH

special method (54> A &) slo] A o] Fof o] AL, cﬂg} 2o AgPstu] BAFH O T TEE = oA
E. oA HAEEF e REZ A FE ZvE o] 52 23 I 55U T 54 WA == specialnames

o EAZ Bl A ULk

statement (Z7) =& 29 E (R =2 “E5 (block)”) & 735t F2JUTh &2 234 o] AL
7IHN=S /\}ﬁﬁh ol 7HA +28 F9 sttd Yt 714 if, while, for.

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code

holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (&) A E 2137 9Y) 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 (5] 2 & 5}9)) str AR & 23 £ 5 Qe 7Y A4, 5%, GAE 5L A4 2 & volE A
HolHAE Y AH AT FAE Q15T & A% AU HAE e dzE HAE BE
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('r'E='w)E 99 9Y, sys.stdin, sys.stdout,1i0.5tringI0 & AAHAE E 4 U5

dlel =GR A7) & 932 4 9 5 AR thal A vel v e) 59 = Fa A L.
triple-quoted string ({3 -3 % 8 FA4e) -2E () o} 202 E () A AR FeA FAL. 1
WgE bz FelAel 2Ae] g 75 AT AL FA W, o AR o fol A Lm I} 9

2 o) o) ol 31

type (3) sholx AA] P&
AA P& __class__ o]EF

3 ol o Y IES Dot d FEE UL I E EH
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

EoEd 2ol g a7 G e & dsuth

Color = tuple[int, int, int]

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

o

T EY BOE QA S, HAE ~AERS
& "\r\n', AL W ZNEA] Fe '\,

Z 714 Q1 Aol BfA = bytes.splitlines () ¥ 5ol 2} PEP 278 &} PEP 3116 = H A S
variable annotation (H4> o] = H|o]A) W4 = Z A olEFHE o] - H o] Al

W EE 22 o B RE ol H o] 4 e T g ge A AT

class C:
field: 'annotation'

Tint g 7R o=

fu
ok
(o
[
fu
>
ofo
it
T
v
2
il
e
=
2
&
o

W4 ol i o] A Ak o

dEEBE

count: int = 0

W4 o] B o] -2 A4 annassign o A A ™ &t}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 7)) sto] % A8 A9} 38 Z 2 I 0], T2 A|AH oA A s = ThE Tto]
WG 22 OYEY & TS FA FoWA, ol A Wi 7| A5 A A sHA Y G 1 o]
Sohe AL bssl e, A8 A0 AelE 49 84,

venv & HA 8.
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L

EASE

virtual machine (7}4} 7| 74])

&7} 293 vhel =

Zen of Python (J]-Ol Al 24]
AUt o = EH g‘r?'fo

ol 8l 3taL ARE Sk H ==

St H gyt
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APPENDIX B

o] A Aol &3}

o] A A= reStructuredText 20| A TEE 0] A1 o2 ) gfo] A A E 93 53| A=t
¢l Sphinx & AH&- @5 U T

Agx el o] & 913 24 QA Nk slo] M A 2} I 2 A A 02 AP F AR =8 Yyt 7] o 3}
2 AT, o] # ol th$F 7 B += reporting-bugs 3| o] A| & IS Al 2. A 22 A B AR AA Y
g gy ol

& RS/ Be A8 =5y

RUNNE

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

W2 At sholad Aof, shold - ghol B Yl sfol AR Aol 7] F st 7o) Ake] R A <
EE22 glo] A £ v Z 7] Misc/ACKS & FR I AL
spolxlo] o] B A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}

O] A= ol FH A AAEAE AFSES 5838 AP v 22 YTt Zope Corporation-&
PSF9] &9 3 dYdUth

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234

o [¢) H

A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

09.0~12 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.142.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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gttt GPL €3 glo] Al 9lo] W3 GPL 3ol Y d T2 2z EF o] & 2¢s 4= oA & o2
A2 194 5t

Guido®] 2| £ 5}ol o] W EE 7H5 317 BE BL 9% AARAAF oA A= F T
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.10.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.10.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOC-
UMENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 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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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

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

%
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

%
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} 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:

/*****************************************‘k**********************
*
* 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.

* % ok X

*

* 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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L R

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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

(TF& sl A ol A%)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i
i
N
S
B>
[>

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 &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H| 2 E A9 E

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:

(TF& sl A ol A%)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
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:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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