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CHAPTER 1

02
o
Wy
=
o

N

CPython Q1] = 2] B} = W2 £3} $7 o) A thakat 442 24U th
CPython 73 A A: T2 739 ¥ & & AA+ thE + AFUth A 3§ W82 implementations 3 614
Al L.

O >
1.1 HHE
doldg TET U O FASL AR T 5 ATk
[python [-bBdEhiIOgsSuvVWx?] [-c command | -m module-name | script | - ] [args] ]

22,714 QA A8 Aes e A3 YE 52U

[python myscript.py ]

1.11 QE{HO|A SM

NE Z e H A o] 2t Fux A AR o] 2% S A, D A 27 EE PP AT T

o When called with standard input connected to a tty device, it prompts for commands and executes them until an
EOF (an end-of-file character, you can produce that with Ct r1-D on UNIX or Ctr1l-Z, Enter on Windows)

is read.
. S o) AU AL BE QYO ALGHA T2, AT HAA 2THES G AW
« OEHe o2 AxtE TEH W, G e oA 4 A3

e —c command & T =% ¥, command 2 F
BAz 788 g Ao EAL ERE - AUITh A ENL shol A B ol A F L FiTh
o -m module-name 2.2 TEF W, Fo]A RES Jo|H BE AEAA 2 T ~AaYEZ 43835

U,
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MRS Bl As, ARty Aol AA A FE RATIC

A o] & 5 JEHEMMOHAHmh Ao EESFTEFULL FATREE BE AR sys.argy
Z 28Ut - A AA 84, ME AT HE O(sys.argv[0])S T2 228 W3 sE AL gol

T stA 8.

-c <command>
command 9] 3}o)| W =& AP YT command £ 7N EAZ FEEH s ol FY] B Y = dE=d,
Uut 25 F oA zto] A Fl2 ou] 7}t 9H YT

commandE QAZE ZHAF o] ¥l E (auditing event) cpython. run_command-& ¥ Al A Yt

-m <module-name>

AFE o189 BES sys.path oA ZAHT T YL _main_ BEZA AFFUTH
A7} i ol gol7] Wl 59 A py) & FA Shofot FUL, LE o2 FEH Ay st
42 ol Selolob AT o] B4 o2 ASE AL oo (12 B0l Heled 2
JBe e T Ut

ﬂﬂﬂﬂ%Mu%@ﬁﬂNE@Ea%ﬂwﬂ%ﬂEﬁmﬂﬂﬂﬂ1Eﬂﬂ+ﬂ NEESIE
£ <pkg>._main__ £ v REE AW o] AL Az elEe] ATFE A2 AT

v elE 2] % zip st o] Aol o E Ao ® GAF T

Fa: o]l gAS WF EEolY A R AHEE et ol AS2 ol B 3dg 2 QA
7l wWEAdUTh 2, A 2 shdo] gle A Ao dd REolE A3 AHEE 5 s

SME 5, sys.argv e A WA 4L RE B9 A4 A2/ HUT (LE HIL FE 5o
A WA R4S o 02 AAFUL. &4 AR, A4 D@ e el sys . patn o A%

A& AHE3HH sys.path7F A T 2 E g Ur A& ALY site-packages Ul & B 2] & 23314 &=
gl REo|l N ~AaYES AP 4 JFUth REPYTHON* B W45 E—/\] Utt.

ghojHelg] REolv 2aHER YT o &= =75 dFUTh T ol= timeit

python —-m timeit -s 'setup here' 'benchmarked code here'
python -m timeit -h # for details

module-name< QA2 ZHA} o] ¥l E (auditing event) cpython.run_module< LA A Ut}

] B

runpy .run_module ()
shol i =G A AH AT 5 Y= 55D 75
PEP338 - RES A3 HPEZ A3l
A3 1A M main_ AH RS AFT 7|7 o] AFE 5 ASUTH
HA:

ol T MANAE A FE U

WA 34004
EF Y (sys.stdin)ollA HHE FUth F dHol Huldold, i 7t FAH o2 HEH Yt}
o] FAE FW, sys.argvd A WA 24 "-" o H, dA) tHE e 7} sys.path 2 Aol F7}

4 Chapter 1. H™H =1} &34
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Q1 2} ¢l o] ZHAF o] ¥l E (auditing event) cpython. run_stdin& YA 7Yt}

<script>
script O] &7 ol A =F AP seript 3}012‘1 gdolt} __main__.py 3Lo] 59
A ey __main_.py %S 2= zip S THE 7= A AlLE BEE WY ) o

o] FAL 39, sys.argv S A HA 24 WH FoA Fo]A A3 YE o] o] FUTL
~3E o Eo] T8 HAL AF 7AW, T e ESHE T AE )7} sys.pach o A%
Byo] 27193, e main_ wER AAH YT

2T HE o] Fo] HH B 2 tzip 9d& 7HE] 7|

AN
o, A
NG AKX __main__.py FYE_main_ EEE AP

=
I 5AE& AHE3HE sys.path7F 2T Y E v dEf 2]y AS-ALY site-packages T] 2 E ]
%t Fe B ATHES AYPT = JdH Utk ZEPYTHON* 87 4= FAIEY

filename QAX}Z ZHAF o] Wl E (auditing event) cpython.run_file& WA Al YT}

o ®B7):

L

runpy .run_path ()
Stol R TEel A A H AEE 4 Ut TS5

A Ho]x FHS A Fo®, i 7F FAI AL ARH AL, sys.argv[0] & ¥ AL ("") 0] ﬂi,
e 2] 7} oys.pach o A 8o] ZAH . wat, ZAEA AL 7458 AL (deompleter-config £
A L), 8 A 2 F AR AR o] AF o7 FABE U

o BW7):
tut-invoking

B 34004 A | SR sl aE e WA AHs 243

112 2t S M

=-?
-h
—-help
EEHE E3AASHT S Aol e N A S AT F FE AU
—-help-env
shold 54 87 W] it e AW e A4S F FegUh
WA 3119 7}
--help-xoptions
Print a description of implementation-specific —X options and exit.
WA 311 7}
——help-all

Print complete usage information and exit.

WA 3110 &7}

o7
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——version

Shol A MA WE S 28T FR U 29 o= g3} 2HUth

[Python 3.8.0b2+ ]

rlr

T A A, thg 3 Zo] Mo #E S FEE At

Python 3.8.0b2+ (3.8:0c076caaa8, Apr 20 2019, 21:55:00)
[GCC 6.2.0 20161005]

WA 3.60] &7} -vv A,

1.13 J|E}I SM

-b

bytesb]-bytearray— AFY S A ASHA] &1l strZ WS AL bytes Y bytearray & strif,
bytesE int 2} v uf & FUth FHo] F H FojA W (-bb) A HE FYtTh

il
WA 35004 M7 bytes 2Fint R A= H-E&FH Ut}

FolAW, FolMe £ BES JEE
PYTHONDONTWRITEBYTECODE & ZrZ S Al 2.

g of .pyc FEE 2L A GFYTh

——check-hash-based-pycs default|always|never

-i

Al 719 cpyc 3L 9] HS 5 2E Al o] & th pyc-invalidationE 2 3}A 8. default & A A1,
ARG W) A A1 S A 71 ol E 1= A 5198 7] B o] ulof me} 54 o AAHE U Th alvays
i’“ﬂﬁ}‘l‘ S 3Al 718 pyc L EL, A F U AAE S 7Pﬂxl a1, B A 3 of] o 3

fE4 0] AAF U never 2 A4S, S 4] 7% .pyc FAL G £ shelol] s FEA ol
7‘47\}31] Fsyth

B AR 7% pyc Q9] 9]t o 9]

Fo A epgt,

(o)
o

Turn on parser debugging output (for expert only, depending on compilation options). See also PYTHONDEBUG.

AAERE 4 J+= EEPYTHON* B A& FAEYT, ol & 9] PYTHONPATH & PYTHONHOME.
=

When a script is passed as first argument or the —c option is used, enter interactive mode after executing the script
or the command, even when sys.stdin does not appear to be a terminal. The PYTHONSTARTUP file is not
read.

)AL 2THETFA L E AN D w] A gy A8 EYo]AE AAbsteE H 782+ AFUH-
PYTHONINSPECT & ZZ A Al L.

Chapter 1. H™H =1} &34
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-0
assert = debug__ o] gl et 2 AR I =5 A AF UL pyc FFA el Lopt-1 & F 7}t
o AntdH (blo]E F &) 519 o] 2L ZEIH T} (PEP 4888 =23} M| 8). PYTHONOPTIMIZE &
Z]—X *5]./\1 }\]
7 35004 W PEP 488 o we} .pyc 5 Q WS £AFY T
-00
08 A§}L EAEYE WYUTh .pyc BFA Dol Lopt-2 B F7bske] WY A(vol = 1)
Sele) o & & 78O (5 PEP 4852 3214 2)
W7 3.5 41 A7 PEP 488 of ket .pyc AW 24P
-p
Don’ t prepend a potentially unsafe path to sys .path:
e python —-m module command line: Don’ t prepend the current working directory.
e python script.pycommand line: Don’ t prepend the script’ s directory. If it’ s a symbolic link, resolve
symbolic links.
e python —c code and python (REPL) command lines: Don’ t prepend an empty string, which means
the current working directory.
See also the PYTHONSAFEPATH environment variable, and —Z and —T (isolated) options.
WA 311 F7F
-q
3}y ol Add W WA A S FAISHA] gkt
w2 320 37}
-R
A FZL8E AUk o] ¥4 L PYTHONHASHSEED 37 W71 0 o2 A9 A 237}
Asyth A FAR S 72 A o2 S5 7 W= d YT
o] M| sfolo| M, o] F/do] Al T3S AA, str} bytes AA 2] __hash_ () gkol 9
ST fledrrEE (salt)” FUth 7iE sholH 2 A ol A A2 7R F A, W =
shol A% hell & o] 28 5 5T
A FAASE AFAA AGE Yoz gAY 74 Hokel A9 AS 00) BFES FY
Bh= AUl AR gt B35 A|Fst7] 93 A Yok &pA g &2 http://ocert.org/advisories/
ocert-2011-003.html & FZ s} A L.
PYTHONHASHSEED & S| Al AJ= Al F 810 LA 7S A4 4 JA dyth
WA 3230 7}
WA 370 M o] ALt FAIFHA gFUTh
-s
“t 2 *f site-packages F|2I% = & sys.path o 7}3}A &5 U}
PYTHONNOUSERSITE & 2R 3A &
© B7]:
PEP 370 - A& A} site-packages T] & €] ]
1.1, HHA = 7


https://peps.python.org/pep-0488/
https://peps.python.org/pep-0488/
https://peps.python.org/pep-0488/
https://peps.python.org/pep-0488/
http://ocert.org/advisories/ocert-2011-003.html
http://ocert.org/advisories/ocert-2011-003.html
https://peps.python.org/pep-0370/
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-S
site REY JEE)} o] REO| il sys.path o Aol £ 9| 2 22g BB ®
site 7t UFol WA AR JIxEE o= o] 222 AT UTH (2 A7 E Aot site
main() € EE3HAIL).

-u
stdout ¥} stderr 2 E 7 W3 JoHA] F= = WUt o] R4 stdin 2EHolE FS WIAA g5
U,
PYTHONUNBUFFERED & 2 3A| 8.
A 3.7 4 A A: stdout T} stderr 2EH Q] BIAE A ZL o] A ¥ ¥ ¥ FH A FH )

-v
ZEol 27132 wjuirt WA A& Afste], 2l AX (LG W 2E)E ZAI YT F
FOAAH (-vv), EES AT o AAE & 7 3ol st MAA & AT TH T2 A ZE APl
e A EE AT
A 3.109 A ¥ 7 : The site module reports the site-specific paths and . pth files being processed.
PYTHONVERBOSE & ZZ3HA 8.

-W arg
B Alo]. stol o] A FA = 71 R A LR sys.stderr E F A WA AE At}
N Ged 4R TR AL BEE BE Jad R2d 54 Q4 48P (224 o
ZEHo® FAEE FAXAE):
-Wdefault # Warn once per call location
-Werror # Convert to exceptions
-Walways # Warn every time
—Wmodule # Warn once per calling module
—Wonce # Warn once per Python process
-Wignore # Never warn
N o] 5L AW EU 5 917, Az el B o] E A AT A4 o] BoE H AT o] B Fol, wi
= -Wignore$} Z5yth
The full form of argument is:

[action:message:category:module:lineno ]
Empty fields match all values; trailing empty fields may be omitted. For example -W
ignore: :DeprecationWarning ignores all DeprecationWarning warnings.

The action field is as explained above but only applies to warnings that match the remaining fields.
The message field must match the whole warning message; this match is case-insensitive.

The category field matches the warning category (ex: Deprecat ionWarning). This must be a class name; the
match test whether the actual warning category of the message is a subclass of the specified warning category.
The module field matches the (fully qualified) module name; this match is case-sensitive.

The lineno field matches the line number, where zero matches all line numbers and is thus equivalent to an omitted
line number.

05 g Aol ol 4 uith A1k A o4 § 4T AN S kAo = AN HE Ao
Aol FHP YT FaSHA 2 w52 FAF YT GHA W, 29 Fa7h A u) 72 8HA)
U2 Ao A A HAA T EHF U,

8 Chapter 1. W& =1} 814
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-X

ONWARNINGS 37 M4 2} ol L2 713 Yol A warnings BREZ AFR3]A] Al o] &
.o & E9],warnings. filterwarnings () &4+ FiL HA| X o] H4F A& A §3H+=

=
ay

n:1> ha
5
Au)

e 78 54 3L 98l o o5 o] Y5 Ut CPython A A th2 3 28 7153k g Ao gy th:

e —X faulthandler ¥+ faulthandler & @A 313Ut} PYTHONFAULTHANDLERE 32 SHA)
[e]

e —-X showrefcount £ Z& o] EUAYU g Az g oA 2zt £4
A HReE E5Y & S P o] A2 i L Ao A vk 2 ?'&HD}.

e -X tracemalloc 2 tracemalloc EEE A& 3t glo] X mjn g ot
7]1%4 o7, 7]_;<1— _,J:L g_)_EﬂO]U]— ZZJ_,] Egﬂo]/\aﬂq] ;qxuaqr/} NERAM,
2 Sl g AL A|ZSE Y -X tracemalloc=NFRAME & A3 Al L. }Aﬂ 6} %E‘—
tracemalloc.start () &} PYTHONTRACEMALLOCS ZFZ SHA Al &

e —X int_max_str_digits configures the integer string conversion length limitation. See also
PYTHONINTMAXSTRDIGITS.

e —X importtime & Zt AZEZFAu} o3 ZHEA HoF Ut 2 E o] &, F2 A ZHEHA
FEZE 23, A AHFH dZE ALY S FAGUTE thF 28 = S8 22304 &4
o] A 4 Yo FoFFHAI L. uFA Q] AFRHL python3 -X importtime —c 'import
asyncio' YUt} PYTHONPROFILEIMPORTTIME & FFZ 3 Al L.

o —X dev: Fo] M Y REE A3} 4], 7] 2 A o & &35t o= W vRE F7HA Q1 A A
ZHAAE =93 PYTHONDEVMODER 2 3FA 8.

o —X utf8 2 u}lo] W UTF-8 REE A3} -X utfs=02PA|Z 0 2 slo|H UTF-8§ REE
v g3t (23R oW s o ® &3t E w24}, PYTHONUTFSE 2] Al 2.

« -X pycache_prefix=PATH .pyc 3d3 F= E| Hilo] AAQE HHAHAE FEE &
Wy Ego 2AX 2 T} PYTHONPYCACHEPREFIXE Z+Z SHA] A] &

l

e —X warn_default_encodingissues a EncodingWarning when the locale-specific default encod-
ing is used for opening files. See also PYTHONWARNDEFAULTENCODING.

« —-X no_debug_ranges disables the inclusion of the tables mapping extra location information (end line,
start column offset and end column offset) to every instruction in code objects. This is useful when smaller
code objects and pyc files are desired as well as suppressing the extra visual location indicators when the
interpreter displays tracebacks. See also PY THONNODEBUGRANGES.

e —X frozen_modules determines whether or not frozen modules are ignored by the import machinery.
A value of “on” means they get imported and “off” means they are ignored. The default is “on” if this is an
installed Python (the normal case). If it’ s under development (running from the source tree) then the default
is “off”. Note that the “importlib_bootstrap” and “importlib_bootstrap_external” frozen modules are always
used, even if this flag is set to “off”.

T3t sys. xoptions HAUEE B3l 499 & A2t 238 4+ =5 Fch
B A 3.20] =7}
WA 3.39 4 ¥ 7: Added the -X faulthandler option.

A 3.4 4 7 : Added the -X showrefcount and -X tracemalloc options.

o
ol
X
©
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WA 3.69] 4 ¥ 7: Added the -X showalloccount option.
WA 3.79) A ¥ 7: Added the -X importtime, -X devand -X utf8 options.
H A 3.89) 4] ¥ 7: Added the -X pycache_prefix option. The —-X dev option now logs close ()

exceptions in 10 . IOBase destructor.

WA 3.90] 4 ¥ 7: Using —-X dev option, check encoding and errors arguments on string encoding and decoding
operations.

The -X showalloccount option has been removed.

WA 31090 A A 7 : Added the -X warn_default_encoding option. Removed the -X oldparser
option.

WA 31194 ®H7A: Added the -X no_debug_ranges, -X frozen_modules and -X

fuls

int_max_str_digits options.

1.1.4 ALEsliME 2 El= 54

-J
Jython o] AHE-3H7] 915} el o= 1% LTk,

12 87 Ha

°] A3 MpE2 ol o ¥ T, -ESH-10]9 0] ¥ & 2T HA APt S5

HWE & A9 X7 A g A5 Aol A Yyt

PYTHONHOME
EE ol FolEYgFY AAE AAIF UL JEFHLor, golHY P prefix/
lib/pythonversion 3} exec prefix/lib/pythonversion ol Al AME =4, prefix 9}
exec_prefix& A2 A YHEg o, & v} 7| 2L /usr/local YYTh
PYTHONHOME ©] 3hute] t @l 2l 2 A A E ™, I g2 prefix & exec_prefix S 25 A g}
o] & O3l o} & 32 A A3 e W, PYTHONHOME & prefix: exec_prefix & AR JAA L.

PYTHONPATH
EE5H2el e 4 A2 B AU 4L A0 paru o} BS99 oAl 22
5! 0] os.pathsep (& 9], F 92X = Z&, dEFAA=ANEE) 2 FEF U SA3A
dEgdE g 283 FAHE UL
At e g o, W8 PYTHONPATH AE 2= £ Stol g RE (22 EE Pt F4) & 23
St zip 3Hd g 7 2 5 dFUTh FF RELSZp HLolA dxED S JFYTh
712 AN A2 AR 2o A, dUbA O 2 prefix/lib/pythonversion o 2 Al &gt
($19] PYTHONHOME & #Z3}AM| ). T4 PYTHONPATH ol £ 7Fg Yt}
2] ol A “‘1’43} th &2 Qe g o] A~ &4 Bt A= pyTHONPATH Qo] A AR o 27 d e e 7 AU s
Utk A4 B2+ ghold JEZE" Woll A sys.path 2 223 5 5t

PYTHONSAFEPATH

Ho] 91X ke FAAE AAHY, AA AT HAFA Fe AEE sys.path ol £7H8A F%

1o

th A S NG P2 AS BRI L.

HZA 3119 &7k

10 Chapter 1. H™H =1} &34
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PYTHONPLATLIBDIR
o] Z1g Hlo] YA 4L FALE HASHH, sys.platlibdir gt A7 dyth
WA 390 7}

PYTHONSTARTUP

o] Zlo] g& A& Yo o] FolW, A WA ZFZEVF 1Y Bof RAH 7| A, 3T 5L
spod W o] AYH U o] HAL Bh5E W ol AW £ A L2 ol & A APH Bz,
7014 A2l Ak JEE B AR R S AAAA Tz A2 5 e o) A 28
ZE sys.psl Fsys.ps2 2 E sys._ _interactivehook_ &= v}E & JdH5YT

Al ZF Al £&49 o) filenameS A X}FE ZHA}F o] ¥l E (auditing event) cpython. run_startup= SAA 7
.

PYTHONOPTIMIZE
Hlo] A 2 FAEE A3 -0 aL A3t A E5Uth A5-= A5, 05 o8 W
A5 A5 24Uk

PYTHONBREAKPOINT
AAREE, o2 FEE AR F7|HES AMEsIe] F2HEY oSS AZF UL FHES T3
o] AXTE T So ZEL, L]]74b1fea}<1301nt () ol 93] =5 = sys.breakpointhook () & 7]
T AFFYTh A A AP W FAD 2 A3, 3 “pdb.set_trace” 9} 55 F Y oh 2 A
“0’ 02 AASIY, sys.breakpointhook () & 7|2 FH L o} A% 51X &1 S A viEstyrc}

WA 3.79 F7}.

2
7

e rhe

PYTHONDEBUG
Mo} QX e BAAR AR, -dFAE A RoE AT DEUTh 42 A, a2 o) W
A A A 2Ly

PYTHONINSPECT

ulo] g4 g FAGR ARE, i 4L AR S A% 2H U

ol MarngIAW EaE A A REE A5 7] Y96, os.environ 2 AFRS| A o] W T = o))

o1z} ¢l o] ZHA} o] ¥l E (auditing event) cpython. run_stdin& YA A YT}
B A 3.11.100] A ¥4 (also 3.10.15, 3.9.20, and 3.8.20) Emits audit events.

PYTHONUNBUFFERED
Hlo] 1A g BAAR AR, e AR A% 2H U

PYTHONVERBOSE
ulo] 914 e EAAE AAFW, v §HS AFSE A% 2HUTh A5 AFFH v ol A
AR 3e Ak 2EUh

PYTHONCASEOK
A4, ool AL import Fol A thas £AE FAGUTE o] 2L %S9} macOS ol A ¥ 253
ek

PYTHONDONTWRITEBYTECODE
Hol 917 g EAAR AAH W, ol ML 22 RES JEE T pyc FAL 27 5
ol B &AE AR A3 2T

1.2, 11

o
oY
rE
1>
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PYTHONPYCACHEPREFIX

AASH, stoj 2 2~ EF Yo __pycache HEE 2] thAlof o] A= gl v e E2

o .pyc FLE &t} o] AL —Xpycache _prefix=PATH 4 L& A A3t A SS53H L)
H A 3.89 F7}
PYTHONHASHSEED

ol 7t AA ] o YA AU random &2 A= W, stri} bytes 24| 2] ShA] A =0l G 7k ARG
Yth.

PYTHONHASHSEED 7} Ao 2 AR, Al F229 3871 485+ 9 hash() & YA 3t7] st

AP A =R A ‘41’/}-

A Az E AA o i Az HAE
2 A2 S A7 AR TR S S

g [0,4294967295] 91 o] Ao of Fhuth. L0 A A 5k s A 2] 2H7t v &3 gk Y ot
WA 3.239 F7}.
PYTHONINTMAXSTRDIGITS

9} 2L o2 WE A5 S 5§ AL, o] A
%

If this variable is set to an integer, it is used to configure the interpreter’ s global integer string conversion length
limitation.

WA 3110 37}

PYTHONIOENCODING
01 Bz 2|gE A33l7] Aof| o] Ao] AR M, stdin/stdout/stderrof] AHEH = A7 JL hAFUch &
2 encodingname:errorhandler 49Ut} encodingname ¥} :errorhandler 22 &
A& Aol 1 str.encode () oA} -2 o vt
stderr®] 7%, :errorhandler 28L& ZAE UL} A8 7] = &4 'backslashreplace' YUth
B A 3404 WA encodingname FE-& o] A A&l A Yt}
H A 3.69)4 WH7: Windows || A, PYTHONLEGACYWINDOWSSTDIO & A A S}A] k= 3k t3ls &2

SEEREEREEFERECBE RIS PNUES EEEEREEDEE N
deF2 WA ke

PYTHONNOUSERSITE
AAEE, ofo] & A2 5 site-packages FI =152 & sys.path ol F7}3}A] 95U th
o B
PEP 370 - A8 2} site-packages T] @ E] €]

PYTHONUSERBASE

AT SCla == R & ARk ol gE B gl= python —-m pip install --user oAl A
& =t site-packages === o] AR} A HE & AASE= o AFEE U TH

| B7]:
PEP 370 - A}8-#} site-packages T 2 €] 2]
PYTHONEXECUTABLE

o) 87 W57k AT Y, sys.argv(0] £ C AYS T 22 gk hAlof o] groz 43 ek
macOS Oﬂ }\1 1:111— ZLE 6‘]—],] Tq,'

PYTHONWARNINGS
AR FE YU AR TRY EADR AR, 1E oo ¥ A she A 2ETh HEe)
SRR gt e 259 o)A T T LA T T

12 Chapter 1. H™H =1} &34
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AUk (184 gou

RNINGS=default

# Warn once per call location

=error # Convert to exceptions
=always # Warn every time
NGS=module # Warn once per calling module

# Warn once per Python process

# Never warn

Z} A 8F W &2 warning-filter 2} describing-warning-filters £ ZFZ 314 A] Q..

PYTHONFAULTHANDLER
o] &7 W7o QA 2 FAEE A AF W, faulthandler.enable ()
Uttt gfo]l W Efoj2Ml-g = 3}= SIGSEGY, SIGFPE, SIGABRT, SIGBUS Z1&| 1L

A8l 718 AX Yt} o]+ -X faulthandler 343 55U
WA 339 F7}
PYTHONTRACEMALLOC
ﬂ%%%?ﬂmﬂ%ﬂ
T FA AAE YT H
ﬂ,PYTHONTRACEMALLOC=1é} 7 FH 2 Y dubs
start () 45 FRIFHAL. o]&= —Xtracemalloc AL
H A 340 7}
PYTHONPROFILEIMPORTTIME
o] 24 W7k vlo A
o] -X importtime ¥

B A 3.70] F7}.

o] AlZ Alol] T &
SIGILL Al1gd

o} O =84
L?J;‘CTE

A2 A=, tracemalloc BES AFS310] Flo] 4 W 2 g
2 FAHY EYo)ladio s = AW =2 d AU A&
A AUl XA S A B = tracemalloc
AAst= A 55 FUTh

3
=

=
=

e BAdR A Y, sol e 2 JE =0 At AT HelFh
4R AT 53

PYTHONASYNCIODEBUG
o] 87 M7k nlo] A F& BALE AAH W, asyncio REL M1 R E & B ST
H A 3.40] 271
PYTHONMALLOC
shol 4l v = 2] S Y UM e A
sho] W o] A5k vl = 2] FkAkE 44 T ok
o default: 7|2 W28 G2} & AME- U Th

e malloc: B E oWﬂ(PYMEM DOMAIN_RAW, PYMEM DOMAIN_MEM, PYMEM DOMAIN_OBJ) | A C

golB & 29 malloc () TFE ALk

T =
. pymalloc PYMEM_DOMAIN_MEMX¥} PYMEM_DOMAIN_OBJ % & o] A] pymalloc &%} & A3}
11, PYMEM_DOMAIN_RAW G Foj A malloc() T+ /\}ﬁﬂ\% D‘r

Install debug hooks:

2] @iz ol g1 F2 AA gk
EEEE AR L
U2 S AU

e debug: 7|2 W&
e malloc_debug: malloc I} Z-A] gk,
e pymalloc_debug: pymalloc I ZEX| 9k
W7 3.6 —%—7}.
WA 3704 ¥ F7HE Y

i "default" SRS
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PYTHONMALLOCSTATS

Hlo] A k2 AL

1o

] pymalloc Uﬂ_‘?_a] ffahgrx]_ Sy

f
[1.14.4
o,
ofm

g3lo] C golB 289 malloc() THAE ZAE AR AL,
pymalloc Al glo] Fo] WS FA B, o] M= FAIFH YT

WA 36004 WA o] Mgt oA W Z RER AstAH Fol MM E AL T 4 & th oA W
Tndiﬂﬂﬁﬁgqﬂ Fyrh

PYTHONLEGACYWINDOWSFSENCODING

Hlof Q1A L FAE 2 AASH, 712 9t AJ2E 15"} oe] A e 7] REE 3.6 o] H 9] gl
‘mbes’ 9} ‘replace’” 2 Zt7b H P Utk 13X koW, /\H 71 E 2k “utf-8” 3} ‘surrogatepass’ 7} AHEH

Uk,
This may also be enabled at runtime with sys._enablelegacywindowsfsencoding ().
Availability: Windows.

W7 3.600 F7F: ZA| S W82 PEP 5298 23 L.

PYTHONLEGACYWINDOWSSTDIO

Ho) 917 ere TAAR AR, A 2E 719 97

W

=
BAUESE AEHE A B B8 2T Hol A met 9 mYH S
o) Wet BF AEYol 24 WA E FESHE A PUAE 8 (54 mE vho)m2) 4 TAF YL
Availability: Windows.

W2 3.60 71

PYTHONCOERCECLOCALE

ooz AASA, 3 vhol W W £ 38 =2 o] # AA ASCI 7|4 C£} POSIX EA Y& Hr}
F5 3 UTF-8 7|uk tgto 2 7

o 8 48

tH

oj9lo] gro g A ), &4 Wgo A= LC ALL ZALE
el Hus = @A) 2A Dol 71 ¢ A o] Ak A A <l ASCIH

CLI= 9 E =2 H @E}?f% 23] Aofl Lc_CTYPE H3of Hl 3]
D}u Eﬂl d= ‘%%‘51 "/‘1"41E gste Al Al =tk
e C.UTF-8
e C.utfs8
« UTF-8

o3t AL W F StUHE A sk vl AFotd, stold HErY o] 271315 7] Ao LC_CTYPE
87 WE A4 22 Az 8204 420 24tk ol B Ae ey Az ge xe
Aol A dds & o2 2A Y A4 74 84 (7} GNU readline 2ol B )7t & 5 & A
of g, ZAHE 43 < U“H C 2A Yol ofd 75 23| dt= A4(HE Thold #AHAI 9 locale.
getdefaultlocale YR oy g, XA mEZ M| A AE (o] ZZ2 A2V Fo] 4 AE ZEEHE A
Sh=Alofl HA Qo)) B 5 ’\ 9}314‘:}-

olst AL F FHE TASH (BAFSEZY Y FAH 2A Y A HAEE 53l) sys.stdin
I} sys.stdout o] & surrogateescape Oﬂ g A7 E Aoz ﬂ/‘é sy} (sys.stderr
£ OFE =AU AE backslashreplace & A% B U, of 28 He] B2 F4H

PYTHONIOENCODINGS AR5t thA| & 4= 915Ut

t]w) & 93, PYTHONCOERCECLOCALE=warn & 44318, 241 I 724 ‘?'375301 doju ALY, 23 A
R FA M-S FLT A Lol FolA HEFY o] 27|32 off o
2 ZA0 wAAE E Yyt

r')J
&1'
et
ox,
o
g
i)
o
%,
rlo
n
&
Q.
0]
[n}
s
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=, @ A A ASCII 7]4¥F &2
B 7} Al 22 ¥ QlE] 5] o] 22

Eh 2AY AA Aol v S EH AV A Es ) d 2ALE FA T
ALSIA Py THONUTES & 7|2 A 0 2 B3} Al fref AL, IE e
i3] UTF-8 th4loll ASCII & AMS-3HA| 3t |, F 71A] 7] 5& B v &4 3 A A oF g th
Availability: Unix.
WA 370 F7}F AA S Y82 PEP 5388 Z2 34 Al 2.
PYTHONDEVMODE
o] &7 W7k u]o] QA G2 FAEE DAY, gho| A /i REE & 35teto], 7|2 o2 &5
t7)oll= Y F vt 7 A A7 AAME EY UL o= xXdev g AdS ARG AT 55 @YUL
718} et= B <t ol 7 A F ok

HW A 3,70 27}
PYTHONUTFS8
If set to 1, enable the Python UTF-8 Mode
If set to 0, disable the Python UTF-8 Mode
Atg 7 AASHE, Qe = z7

ZlHE

0y o 4
L%—\_._'—

e mE o] 9A)
If this environment variable is set to a non-empty string, issue a EncodingWarning when the locale-specific

WA 379 F7}F
PYTHONWARNDEFAULTENCODING

default encoding is used
See io-encoding-warning for details
If this variable is set, it disables the inclusion of the tables mapping extra location information (end line, start

WA 3.100] &7}
PYTHONNODEBUGRANGES

column offset and end column offset) to every instruction in code objects. This is useful when smaller code objects

and pyc files are desired as well as suppressing the extra visual location indicators when the interpreter displays

tracebacks.
WA 3119 =7}
1.21 C|H1 2E BHL

PYTHONTHREADDEBUG
If set, Python will print threading debug info into stdout

Need a debug build of Python.
JsUth WA 312004 Al AP U}
F = AA < =z

H A 3,100 A = 25

einy
[l
s
v
v

2EHE $83 T 4o

PYTHONDUMPREF'S
AW, sho] e QE =
Need Python configured with the ——with-trace—refs build option
If set, Python will dump objects and reference counts still alive after shutting down the interpreter into a file called

PYTHONDUMPREF SFILE=FILENAME
15

FILENAME.
Need Python configured with the ——with-trace-refs build option

HA 3119 7}

o
oY
rII
1>
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QUA ZHE0|A DHo| M ALRSHY|

21 ZAl B{H| TOIM Li2{gt 7|2t M|

211 2|52

Python comes preinstalled on most Linux distributions, and is available as a package on all others. However there are
certain features you might want to use that are not available on your distro’ s package. You can easily compile the latest
version of Python from source.

In the event that Python doesn’ t come preinstalled and isn’ t in the repositories as well, you can easily make packages
for your own distro. Have a look at the following links:

© ®7]:

https://www.debian.org/doc/manuals/maint-guide/first.en.html
ol ] 2k ARG AF-E-
https://en.opensuse.org/Portal:Packaging
OpenSuse AF-&-A}-&
https://docs.fedoraproject.org/en-US/package-maintainers/Packaging Tutorial_GNU_Hello/
Fedora AF&- A&

https://slackbook.org/html/package-management-making-packages.html
Slackware AF-&AF-&

17
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2.1.2 FreeBSDZ2| OpenBSD

o FreeBSD AH&-2}, 9 7] 2] & F7Fste] o] F 7 sh4 Al 2

[pkg install python3

» OpenBSD AH§-7}, 3 7] 2| & F7}ste] W o] g7 sk Al &

pkg_add -r python

pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/<insert your architecture.
—here>/python-<version>.tgz

& 5011386 A8 A= o] F A stejH 251 WA S EFYth

[pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/1386/python-2.5.1p2.tgz

2.1.3 On OpenSolaris

You can get Python from OpenCSW. Various versions of Python are available and can be installed with e.g. pkgutil
—-i python27.

2.2 mo|M Y =S|

fy

AUtk HA WAL 228 Y AY A& clone & 5 3
:[L

./configure
make
make install

24§92 ZRT) U7 74 ST 52 AFL sho] W £ B9 | gl README st 3o
2 9l a1 A A o Ao

AF: make install-2 python3 HfolY g & o2 Ay 713 & 4+ Jd54Yth wWEbA make
altinstallS make install th4l AF3}=U|, exec_prefix/bin/pythonversion ¥k 2] 35}17]

29U},

ol A A A Fof whet Febd 5 QlF U prefixi‘r exec_prefixe Ao et 21 GNU &2

EdofAd siAE oo U o] A2 Ze = A5
AE 5o, TR Blm2 A2" oA, 7| 22 BF /usr YUt
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R ojm]

exec_prefix/bin/python3 o =Z g g A& Y A.
prefix/lib/pythonversion, EERES = gdE g 4% 9.
exec_prefix/lib/pythonversion

prefix/include/pythonversion, glo] A AL Jutsly Ol Z 8 EHE WA= 2
exec_prefix/include/ ol FExr vd g xdst=ddE o A Y A.
pythonversion

24 TsAL|

Fuzold shold AT YEE AA ALgshe W, A A2 BEo]of gk ol & Sol, o] P

[$ chmod +x script

a3aL, 2T HES] kel AE3 A1 (Shebang) £ 5yt F2 A2 ti7l ol F5Utt

[#!/usr/bin/env python3

o] 21 PATH A A | A sto] A B Z 2l H & AAFUTE 28}, 7 fFH2ol=env BP0 glS 5 3o
2z Qe ZEE AEE /usr/bln/pythorﬁe

Jpold 2T HEANA A FH & AHE8FE H, subprocess ZE2 HAA

2.5 Custom OpenSSL

1. To use your vendor’ s OpenSSL configuration and system trust store, locate the directory with openssl.cnf
file or symlink in /et c. On most distribution the file is either in /etc/ssl or /etc/pki/t1ls. The directory
should also contain a cert . pem file and/or a certs directory.

$ find /etc/ —-name openssl.cnf —-printf "%h\n"
/etc/ssl

2. Download, build, and install OpenSSL. Make sure youuse install swandnotinstall. Theinstall sw
target does not override openssl.cnf.

r$ curl -O https://www.openssl.org/source/openssl-VERSION.tar.gz
$ tar xzf openssl-VERSION
$ pushd openssl-VERSION
$ ./config \
——prefix=/usr/local/custom-openssl \
——libdir=1ib \
——openssldir=/etc/ssl

$ make -J1 depend
$ make -78

$ make install sw
$ popd

3. Build Python with custom OpenSSL (see the configure ——with-openssl and ——with-openssl-rpath
options)

24.
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r$ pushd python-3.x.x

$ ./configure -C \
—-with-openssl=/usr/local/custom-openssl \
——with-openssl-rpath=auto \
——prefix=/usr/local/python-3.x.x

$ make -78

$ make altinstall

L

ZF31: Patch releases of OpenSSL have a backwards compatible ABIL. You don’ t need to recompile Python to update
OpenSSL. It’ s sufficient to replace the custom OpenSSL installation with a newer version.

20 Chapter 2. YA ZSHE0IA Zl0O|'M ALE3517]




CHAPTER 3

Configure Python

3.1 Configure Options

Listall . /configure script options using:

[ ./configure —--help

See also the Misc/SpecialBuilds.txt in the Python source distribution.

3.1.1 General Options

——enable-loadable-sqglite—extensions

Support loadable extensions in the _sqglite extension module (default is no) of the sgqlite3 module.
See the sglite3.Connection.enable_load_extension () method of the sqlite3 module.
WA 3.600 F7F

——disable-ipv6
Disable IPv6 support (enabled by default if supported), see the socket module.

——enable-big-digits=[15]|30]
Define the size in bits of Python int digits: 15 or 30 bits.

By default, the digit size is 30.
Define the PYLONG_BITS_IN_DIGIT to 15 or 30.
See sys.int_info.bits_per_digit.

——with-cxx-main

21
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——with—-cxx-main=COMPILER

Compile the Python main () function and link Python executable with C++ compiler: $CXX, or COMPILER if
specified.

——with-suffix=SUFFIX
Set the Python executable suffix to SUFFIX.

The default suffix is . exe on Windows and macOS (python . exe executable), . s on Emscripten node, . html
on Emscripten browser, . wasm on WASI, and an empty string on other platforms (python executable).

¥ A 3.119 A ¥ 7 : The default suffix on WASM platform is one of . Js, .html or .wasm.

——with-tzpath=<list of absolute paths separated by pathsep>

Select the default time zone search path for zoneinfo.TZPATH. See the Compile-time configuration of the
zoneinfo module.

Default: /usr/share/zoneinfo:/usr/lib/zoneinfo:/usr/share/lib/zoneinfo:/etc/
zoneinfo.

See os . pathsep path separator.
B A 3.9 F7}.

——without-decimal-contextvar

Build the _decimal extension module using a thread-local context rather than a coroutine-local context (default),
see the decimal module.

See decimal.HAVE_CONTEXTVAR and the contextvars module.
B A 3.9 F7}.

——with—-dbmliborder=<list of backend names>

Override order to check db backends for the dlom module

A valid value is a colon (:) separated string with the backend names:
e ndbm;
e gdbm;
e bdb.

—-without-c-locale—-coercion
Disable C locale coercion to a UTF-8 based locale (enabled by default).

Don’ t define the PY_COERCE_C_LOCALE macro.

See PYTHONCOERCECLOCALE and the PEP 538.
—-with-platlibdir=DIRNAME

Python library directory name (default is 1ib).

Fedora and SuSE use 11b64 on 64-bit platforms.

See sys.platlibdir.

WA 3.9¢ 7%
—--with-wheel-pkg-dir=PATH

Directory of wheel packages used by the ensurepip module (none by default).

Some Linux distribution packaging policies recommend against bundling dependencies. For example, Fedora
installs wheel packages inthe /usr/share/python-wheels/ directory and don’ tinstall the ensurepip.
_bundled package.

22 Chapter 3. Configure Python
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WA 3,109 71

—-with-pkg-config=[check|yes|no]
Whether configure should use pkg—config to detect build dependencies.

o check (default): pkg—config is optional

* yes: pkg—config is mandatory

» no: configure does not use pkg—config even when present
WA 3.110) =7}

——enable-pystats
Turn on internal statistics gathering.

The statistics will be dumped to a arbitrary (probably unique) file in /tmp/py_stats/, or C:\temp\
py_stats\ on Windows.

Use Tools/scripts/summarize_stats.py toread the stats.

HA 3119 7}

3.1.2 WebAssembly Options

——with-emscripten-target=[browser|node]

Set build flavor for wasm32-emscripten.
e browser (default): preload minimal stdlib, default MEMEFS.
e node: NODERAWES and pthread support.
WA 3119 F7)
——enable-wasm—dynamic—-linking
Turn on dynamic linking support for WASM.

Dynamic linking enables d1open. File size of the executable increases due to limited dead code elimination and
additional features.

WA 311 7%

——enable-wasm—-pthreads
Turn on pthreads support for WASM.

WA 3110 &7}

3.1.3 Install Options

—-prefix=PREFIX
Install architecture-independent files in PREFIX. On Unix, it defaults to /usr/local.

This value can be retrieved at runtime using sy s .prefix.
As an example, one can use ——prefix="$HOME/.local/" to install a Python in its home directory.

——exec-prefix=EPREFIX
Install architecture-dependent files in EPREFIX, defaults to ——prefix.

This value can be retrieved at runtime using sys .exec_prefix.
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——disable-test—-modules

Don’ t build nor install test modules, like the test package or the _testcapi extension module (built and
installed by default).

HA 3.109 7}
——with-ensurepip=[upgrade|install|no]
Select the ensurepip command run on Python installation:
e upgrade (default): run python -m ensurepip --altinstall --upgrade command.
e install:run python -m ensurepip —--altinstall command;
e no: don’ t run ensurepip;

WA 3.60 =7}

3.1.4 Performance options

Configuring Python using ——enable-optimizations —--with-1to (PGO + LTO) is recommended for best
performance.

——enable-optimizations
Enable Profile Guided Optimization (PGO) using PROFILE_TASK (disabled by default).

The C compiler Clang requires 1 1vm-profdata program for PGO. On macOS, GCC also requires it: GCC is
just an alias to Clang on macOS.

Disable also semantic interposition in libpython if —--enable-shared and GCC is used: add
-fno-semantic-interposition to the compiler and linker flags.

W7 3.600 7%
¥ A 3.100)| A] A Use —~-fno-semantic-interposition on GCC.
PROFILE_TASK
Environment variable used in the Makefile: Python command line arguments for the PGO generation task.
Default: -m test —--pgo —-timeout=$ (TESTTIMEOUT).
W 3.8 7}
——with-1lto=[full|thin|no|yes]
Enable Link Time Optimization (LTO) in any build (disabled by default).

The C compiler Clang requires 1 1vm—ar for LTO (ar on macOS), as well as an LTO-aware linker (1d.gold
or 11d).

B A 3.60] F7}.

W A 3.119 7} To use ThinLTO feature, use ~——with—-lto=thin on Clang.
——with-computed—-gotos

Enable computed gotos in evaluation loop (enabled by default on supported compilers).

——without-pymalloc
Disable the specialized Python memory allocator pymalloc (enabled by default).

See also PYTHONMALILOC environment variable.
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——without-doc-strings

Disable static documentation strings to reduce the memory footprint (enabled by default). Documentation strings
defined in Python are not affected.

Don’ t define the WITH_DOC_STRINGS macro.

See the PyDoc_STRVAR () macro.

——enable-profiling

Enable C-level code profiling with gprof (disabled by default).

3.1.5 Python Debug Build

A debug build is Python built with the ——with-pydebug configure option.
Effects of a debug build:

Display all warnings by default: the list of default warning filters is empty in the warnings module.
Add dto sys.abiflags.

Add sys.gettotalrefcount () function.

Add -X showrefcount command line option.

Add PYTHONTHREADDEBUG environment variable.

Add support for the __11trace__ variable: enable low-level tracing in the bytecode evaluation loop if the
variable is defined.

Install debug hooks on memory allocators to detect buffer overflow and other memory errors.
Define Py_DEBRUG and Py_REF_DEBUG macros.

Add runtime checks: code surrounded by #ifdef Py DEBUG and #endif. Enable assert (...) and
_PyObject_ASSERT (...) assertions: don’ t set the NDEBUG macro (see also the ——with-assertions
configure option). Main runtime checks:

- Add sanity checks on the function arguments.

- Unicode and int objects are created with their memory filled with a pattern to detect usage of uninitialized
objects.

- Ensure that functions which can clear or replace the current exception are not called with an exception raised.
— Check that deallocator functions don’ t change the current exception.
— The garbage collector (gc.collect () function) runs some basic checks on objects consistency.

- The Py_SAFE_DOWNCAST () macro checks for integer underflow and overflow when downcasting from
wide types to narrow types.

See also the Python Development Mode and the ——with-trace-refs configure option.

W A 3.89 A] ¥ 7: Release builds and debug builds are now ABI compatible: defining the Py_DEBUG macro no
longer implies the Py_ TRACE_REF S macro (see the ——with—-trace—refs option), which introduces the only ABI
incompatibility.
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3.1.6 Debug options

—--with-pydebug
Build Python in debug mode: define the Py_DEBUG macro (disabled by default).

—--with-trace-refs
Enable tracing references for debugging purpose (disabled by default).

Effects:
e Define the Py_ TRACE_REFS macro.
e Add sys.getobjects () function.
e Add PYTHONDUMPREF S environment variable.

This build is not ABI compatible with release build (default build) or debug build (Py_DEBUG and
Py_REF_DEBUG macros).

WA 3.8 =7}

——with—-assertions
Build with C assertions enabled (default is no): assert (...); and _PyObject_ASSERT (...) ;.

If set, the NDEBUG macro is not defined in the OP T compiler variable.
See also the ——with-pydebug option (debug build) which also enables assertions.
WA 3.600 &7}
—-with-valgrind
Enable Valgrind support (default is no).

—--with-dtrace
Enable DTrace support (default is no).

See Instrumenting CPython with DTrace and SystemTap.
B A 3.60] &7}

—--with-address—-sanitizer
Enable AddressSanitizer memory error detector, asan (default is no).
A 3.60] F7}.

—-with-memory-sanitizer
Enable MemorySanitizer allocation error detector, msan (default is no).
W7 3.600 27T

—--with-undefined-behavior-sanitizer

Enable UndefinedBehaviorSanitizer undefined behaviour detector, ubsan (default is no).

WA 3.60 F7}
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3.1.7 Linker options

——-enable-shared
Enable building a shared Python library: 1ibpython (default is no).

——without-static-libpython
Do not build 1ibpythonMAJOR.MINOR. a and do not install python. o (built and enabled by default).

HZ 3.109) 7%

3.1.8 Libraries options

——with-1libs='1ibl ...’

Link against additional libraries (default is no).
--with-system—-expat

Build the pyexpat module using an installed expat library (default is no).
--with-system—-£ffi

Build the _ctypes extension module using an installed £ £1i library, see the ct ypes module (default is system-
dependent).

——with-system—-libmpdec
Build the _decimal extension module using an installed mpdec library, see the decimal module (default is
no).

B A 3.30] F7}.

——with-readline=editline

Use editline library for backend of the readline module.
Define the WITH_EDITLINE macro.
HZ 3.109 7%

——without-readline
Don’ t build the readline module (built by default).

Don’ t define the HAVE_LIBREADLINE macro.
B A 3.100] =7}

——with-1ibm=STRING
Override 1 ibm math library to STRING (default is system-dependent).

——with-1ibc=STRING
Override 1ibc C library to STRING (default is system-dependent).

--with-openssl=DIR
Root of the OpenSSL directory.

WA 3.7 F7h

——with-openssl-rpath=[no|auto|DIR]
Set runtime library directory (rpath) for OpenSSL libraries:

e no (default): don’ t set rpath;

e auto: auto-detect rpath from ——with-openssl and pkg-config;
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o DIR: set an explicit rpath.
H A 3.109) F7}

3.1.9 Security Options

—-with-hash—-algorithm=[fnv|siphashl3|siphash24]
Select hash algorithm for use in Python/pyhash.c:

e siphashi13 (default);
e siphash24;
e fnv.
WA 340 F7}.
¥ A 3.119] 7} siphash13 is added and it is the new default.

——with-builtin-hashlib-hashes=md5, shal, sha256, sha512, sha3,blake?2
Built-in hash modules:

e mdb;
e shal;
e sha256;
e sha512;
e sha3 (with shake);
e blake2.
WA 3.90] 7}

—-with-ssl-default-suites=[python|openssl|STRING]
Override the OpenSSL default cipher suites string:

e python (default): use Python’ s preferred selection;
e openssl: leave OpenSSL’ s defaults untouched;
o STRING: use a custom string
See the ss1 module.
B A 3.70] &7}
WA 3.109) A 7 : The settings pyt hon and STRING also set TLS 1.2 as minimum protocol version.

3.1.10 macOS Options

See Mac/README. rst.
——enable—universalsdk

——enable—-universalsdk=SDKDIR

Create a universal binary build. SDKDIR specifies which macOS SDK should be used to perform the build (default
is no).

——enable-framework
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——enable—-framework=INSTALLDIR

Create a Python.framework rather than a traditional Unix install. Optional INSTALLDIR specifies the installation
path (default is no).

——with—-universal—-archs=ARCH

Specify the kind of universal binary that should be created. This option is only valid when
——enable-universalsdk is set.

Options:
e universal?2;
e 32-bit;
e 64-bit;
e 3-way;
e intel;
e intel-32;
e intel-64;
e all.

——with-framework—name=FRAMEWORK

Specify the name for the python framework on macOS only valid when ——enable-framework is set (default:
Python).

3.1.11 Cross Compiling Options

Cross compiling, also known as cross building, can be used to build Python for another CPU architecture or platform.
Cross compiling requires a Python interpreter for the build platform. The version of the build Python must match the
version of the cross compiled host Python.

——build=BUILD
configure for building on BUILD, usually guessed by config.guess.

——host=HOST

cross-compile to build programs to run on HOST (target platform)

——with-build-python=path/to/python
path to build python binary for cross compiling

WA 3,119 &7}

CONFIG_SITE=file
An environment variable that points to a file with configure overrides.

Example config.site file:

# config.site—aarché64
ac_cv_buggy_getaddrinfo=no
ac_cv_file_dev_ptmx=yes
ac_cv_file__dev_ptc=no

Cross compiling example:
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CONFIG_SITE=config.site—aarch64 ../configure \
——build=x86_64-pc-linux—-gnu \
—-host=aarch64-unknown—-linux-gnu \
——with-build-python=../x86_64/python

3.2 Python Build System

3.2.1 Main files of the build system

e configure.ac=>configure;

e Makefile.pre.in=>Makefile (created by configure);

e pyconfig.h (created by configure);

e Modules/Setup: C extensions built by the Makefile using Module/makesetup shell script;

e setup.py: C extensions built using the distutils module.

3.2.2 Main build steps

o Cfiles (. c) are built as object files (. o).
o Astatic libpython library (. a) is created from objects files.
e python.o and the static 1 ibpython library are linked into the final python program.

« C extensions are built by the Makefile (see Modules/Setup) and python setup.py build.

3.2.3 Main Makefile targets

» make: Build Python with the standard library.
e make platform:: build the python program, but don’ t build the standard library extension modules.

e« make profile-opt: build Python using Profile Guided Optimization (PGO). You can use the configure
——enable-optimizations option to make this the default target of the make command (make all or
just make).

e make buildbottest: Build Python and run the Python test suite, the same way than buildbots test Python.
Set TESTTIMEOUT variable (in seconds) to change the test timeout (1200 by default: 20 minutes).

e« make install: Build and install Python.

« make regen-—all: Regenerate (almost) all generated files; make regen-stdlib-module—-names and
autoconf must be run separately for the remaining generated files.

e make clean: Remove built files.

e« make distclean: Same than make clean, but remove also files created by the configure script.
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3.2.4 C extensions

Some C extensions are built as built-in modules, like the sys module. They are built with the
Py_BUILD_CORE_BUILTIN macro defined. Built-in modules haveno ___file_ attribute:

>>> import sys

>>> sys
<module 'sys' (built-in)>
>>> sys._ file
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: module 'sys' has no attribute '__ _file_ '

Other C extensions are built as dynamic libraries, like the _asyncio module. They are built with the
Py_BUILD_CORE_MODULE macro defined. Example on Linux x86-64:

>>> import _asyncio

>>> _asyncio

<module '_asyncio' from '/usr/lib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_64—
—linux-gnu.so'>

>>> _asyncio._ file
'/usr/1lib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_64-1linux-gnu.so'

Modules/Setup is used to generate Makefile targets to build C extensions. At the beginning of the files, C extensions
are built as built-in modules. Extensions defined after the * shared* marker are built as dynamic libraries.

The setup. py script only builds C extensions as shared libraries using the distutils module.

The PyAPI_FUNC (),PyAPI_DATA () and PyMODINIT_FUNC macros of Include/pyport . h are defined dif-
ferently depending if the Py_ BUILD_CORE_MODULE macro is defined:

e Use Py_EXPORTED_SYMBOL if the Py_BUILD_CORE_MODULE is defined
e Use Py_ IMPORTED_ SYMBOL otherwise.

If the Py_BUILD_CORE_BUILTIN macro is used by mistake on a C extension built as a shared library, its
PyInit_xxx () function is not exported, causing an ImportError on import.

3.3 Compiler and linker flags

Options set by the . /configure script and environment variables and used by Makefile.

3.3.1 Preprocessor flags

CONFIGURE_CPPFLAGS
Value of CPPFLAGS variable passed to the . /configure script.
WA 3.6 F7}

CPPFLAGS

(Objective) C/C++ preprocessor flags, e.g. —~Iinclude_dir if you have headers in a nonstandard directory
include_dir.

Both CPPFLAGS and LDFLAGS need to contain the shell’ s value for setup.py to be able to build extension modules
using the directories specified in the environment variables.
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BASECPPFLAGS
WA 340 F7}
PY CPPFLAGS
Extra preprocessor flags added for building the interpreter object files.

Default: $ (BASECPPFLAGS) -I. -I$ (srcdir)/Include $ (CONFIGURE_CPPFLAGS) $
(CPPFLAGS).

WA 3200 F7h

3.3.2 Compiler flags

CC
C compiler command.
Example: gcc -pthread.
MAINCC
C compiler command used to build the main () function of programs like python.
Variable set by the ——with-cxx—main option of the configure script.
Default: $ (CC).
CXX
C++ compiler command.
Used if the ——with—-cxx-main option is used.
Example: g++ -pthread.
CFLAGS
C compiler flags.

CFLAGS_NODIST

CFLAGS_NODISTis used for building the interpreter and stdlib C extensions. Use it when a compiler flag should
not be part of the distutils CFLAGS once Python is installed (bpo-21121).

In particular, CFLAGS should not contain:

« the compiler flag —I (for setting the search path for include files). The —I flags are processed from left to
right, and any flags in CFLAGS would take precedence over user- and package-supplied — I flags.

« hardening flags such as -Werror because distributions cannot control whether packages installed by users
conform to such heightened standards.

WA 350 F7F.
EXTRA_CFLAGS
Extra C compiler flags.
CONFIGURE_CFLAGS
Value of CFLAGS variable passed to the . /configure script.
B A 3.20 &7}
CONFIGURE_CFLAGS_NODIST
Value of CFLAGS_NODIST variable passed to the . /configure script.

B A 3.50] &7}
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BASECFLAGS

Base compiler flags.
OPT
Optimization flags.
CFLAGS_ALIASING
Strict or non-strict aliasing flags used to compile Python/dtoa. c.
WA 3.7 7}
CCSHARED
Compiler flags used to build a shared library.

For example, —~fPIC is used on Linux and on BSD.

CFLAGSFORSHARED
Extra C flags added for building the interpreter object files.

Default: $ (CCSHARED) when ——enable-sharedis used, or an empty string otherwise.

PY_CFLAGS
Default: $ (BASECFLAGS) $(OPT) $(CONFIGURE_CFLAGS) $(CFLAGS) $(EXTRA_CFLAGS).

PY_CFLAGS_NODIST

Default: S (CONFIGURE_CFLAGS_NODIST) $ (CFLAGS_NODIST) -IS (srcdir)/Include/
internal.

W 3500 7}
PY_ STDMODULE_CFLAGS
C flags used for building the interpreter object files.
Default: $ (PY_CFLAGS) $(PY_CFLAGS_NODIST) $(PY_CPPFLAGS) $(CFLAGSFORSHARED).
B A 3.70] &7}
PY_CORE_CFLAGS
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.
WA 3200 7}
PY_BUILTIN MODULE_CFLAGS
Compiler flags to build a standard library extension module as a built-in module, like the posix module.
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE_BUILTIN.
HZ 3.8 F7%
PURIFY
Purify command. Purify is a memory debugger program.

Default: empty string (not used).
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3.3.3 Linker flags

LINKCC
Linker command used to build programs like python and _testembed.
Default: $ (PURIFY) $ (MAINCC).

CONFIGURE_LDFLAGS
Value of LDFLAGS variable passed to the . /configure script.

Avoid assigning CFLAGS, LDFLAGS, etc. so users can use them on the command line to append to these values
without stomping the pre-set values.

B A 3.20] =7}

LDFLAGS_NODIST

LDFLAGS_NODIST is used in the same manner as CFLAGS_NODIST. Use it when a linker flag should not be
part of the distutils LDFLAGS once Python is installed (bpo-35257).

In particular, LDFLAGS should not contain:

« the compiler flag —L (for setting the search path for libraries). The —L flags are processed from left to right,
and any flags in LDFLAGS would take precedence over user- and package-supplied —L flags.

CONFIGURE_LDFLAGS_NODIST
Value of LDFLAGS_NODIST variable passed to the . /configure script.
WA 3.8 =7}
LDFLAGS
Linker flags, e.g. ~L11ib_dir if you have libraries in a nonstandard directory /ib_dir.

Both CPPFLAGS and LDFLAGS need to contain the shell’ s value for setup.py to be able to build extension modules
using the directories specified in the environment variables.

LIBS
Linker flags to pass libraries to the linker when linking the Python executable.
Example: -1rt.
LDSHARED
Command to build a shared library.
Default: RLDSHARED@ $ (PY_LDFLAGS).
BLDSHARED
Command to build 1 ibpython shared library.
Default: @BLDSHARED@ $ (PY_CORE_LDFLAGS).
PY LDFLAGS
Default: $ (CONFIGURE_LDFLAGS) $ (LDFLAGS).
PY_ LDFLAGS_NODIST
Default: $ (CONFIGURE_LDFLAGS_NODIST) $ (LDFLAGS_NODIST).
w7 3.80 7%
PY_CORE_LDFLAGS
Linker flags used for building the interpreter object files.

WA 3.8 =7}
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g5 Python 3.8.0 (B4-bit) Setup - X

Install Python 3.8.0 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

® Install Now
ChUsers' ol AppDatatLocal\Programs' Pythen'\ Python38

Includes IDLE, pip and decumentation
Creates shortcuts and file associations

—» Customize installation
Choose location and features

python
for Install launcher for all users (recommended)

W|nd OWS [] Add Python 3.8 to PATH Cancel

“Install Now” & A &5} H:

. a—]—ﬂ Z}(administrator) ¥ 2 8= gl T} (C
T AREAFE A8l A= & stold ©AE A A eHA] ke 3h
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HAA WA dE QA L, o] A3HE °F 3200042 &FE 4 gl th # e A= “Enable Win32 long

paths” 715 A A2 &35 A} d A2 E 8] 7] HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\
Control\FileSystemol A] LongPathsEnabled% 12 A A3 oF gt}

o] open () B4, 05 BF D R EL) THE A7 750 20041 KT} 7] AR E ol 5o 1 NBE 5 JEE
k.
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7 , F7FFA ol Bo3kA E Ut
WA 36004 HA: 7]
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To completely hide the installer UI and install Python silently, pass the /quiet option. To skip past the user inter-
action but still display progress and errors, pass the /passive option. The /uninstall option may be passed to
immediately begin removing Python - no confirmation prompt will be displayed.

e EE #F42 name=value & AZH UL o714 values WA 02 7525 B84 8st3 W 0, 7|5
gyslate e 1 me J2 Uk AS 5D S4 AR & ﬁ% o2 25 Ytk
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E] A 7|22k
Instal- A28 ZAA ARE £33 0
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1Users
Target- Az tEE g InstallAllUsers ©f] w2} A &l L]t}
Dir
Default- EE AFLAF AXE 93 7|2 sProgramFiles%\Python X.Y = =
AllUser- A tjelg g SProgramFiles (x86) $\Python X.Y
sTarget-
Dir
De- A A2 AL AAE Y3 sLocalBAppData$\Programs\Python\PythonXY ¥ &=
faulthust- 7] & A X] t] =g g $LocalAppData%\Programs\Python\PythonXxy-32
ForMeTar- B < $LocalAppData%\Programs\Python\
getDir PythonXY-64
Default-  Ule] EAI5 & 712 ALgAF A (3]0]912)
Custom- A A% t]& g g
Target-
Dir
Associ- HAXE AxEQoed g 48 |
ateFiles = U5yt
Com- EE py H3YE .pycE A3 0
pileAll gk
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cuts 2 IDLE Oﬂ 3k vlE 717 &
s 4tk
In- stold Wi e AAFUT 1
clude_doc
In- O ebol el 2 AA U 0
clude_debt
In- Install developer headers and li- 1
clude_dev braries. Omitting this may lead to
an unusable installation.
In- python.exe&t A gIdELS 1
clude exe AX gt} o= AekdH &
+ R 4478 4+ de,
In- AES § ool AAS AA 1
clude laun St}
Install- Installs the  launcher for 1
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AllUsers Include_launcher to be
setto 1
In- oS FFEES |
clude_lib é ] sttt o] & Aleksly &
+ R 447 E 4+ ds,
In- HEE A &5 = pipe} setup- 1
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& 50l 718, Ala" AA shold A& 28] AA Y, (T A AT YE ZEZEA M) b5 BH =
A8 5 st

[pythonf3.9.0.exe /quiet InstallAllUsers=1 PrependPath=1 Include_test=0 ]
AR HAE 29 E glo] shoAe] AN G ARG 4A AT 5 JEF, e FHOE w72

AZE 5 AGUT ol BA S Beshd 27 Aol A7k BAH W A-EA A7} 585 A bk

python-3.9.0.exe InstallAllUsers=0 Include_launcher=0 Include_test=0
SimpleInstall=1 SimplelInstallDescription="Just for me, no test suite."

(XS AZ3td 5Y AF Y u), A7 2 A28 AR A 7F DL ), AHgAE Aol gk B
Fol ol sl Al 2.)
ol dd F4-2 A8 5t 3A unattend.xml olgt= 4 AlFE v AdFUT o] FI& w4
FEFS AZTULE o] ERER AlFHY, 7Fsd F¢ A2 dSg Ut dejdE g2ER
Al e A ZALE Fol lssuth o] oAl 3t & o] A9 22 FAde AF T
<Options>

<Option Name="InstallAllUsers" Value="no" />

<Option Name="Include_launcher" Value="0" />

<Option Name="Include_test" Value="no" />

<Option Name="SimpleInstall" Value="yes" />

<Option Name="SimpleInstallDescription">Just for me, no test suite</Option>
</Options>
41.4 CI22C Qlo| MX|517|
ol o] AR 75 27 A 22T th R 2o 235 o] A ekobA, o] H g 752 A E st A H Ul
Aol dod 5 Utk o8 e 275 ot Ao wet BE 7bed A 245 Welwtol AE g
715 BAQC e AU AZ o] ZadtA ok g gojopxS e  AFUTh o e RE = d 8
ARG 2 YA B Y HAE AL A 222 WA F AR Hidte Ao] v 8 uth
Mo REINFLS R EsHE YH 252X v Wi S AASHA L. python-3.9.0.exe s
A Jil"’“/l A7 o]l g2 thAIstaL, 22 o5 71 5 1] FES WAISH] S8l 2kl Tl E E 2o

g o] ol2-& vk ofof eyt

[python73.9.0.exe /layout [optional target directory] ]
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4.2 Microsoft Store I{7| x|
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Redirection of local data, registry, and temporary paths

f

Microsoft Store § ol )8k At o &2 2 &f, go] M AT HE o= TEMP I} H A AE B} 22 F& Y2 o s
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At runtime, Python will use a private copy of well-known Windows folders and the registry.  For ex-
ample, if the environment variable $APPDATA% is c:\Users\<user>\AppData\, then when writing to
C:\Users\<user>\AppData\Local will write to C:\Users\<user>\AppData\Local\Packages\
PythonSoftwareFoundation.Python.3.8_gbz5n2kfra8p0\LocalCache\Local\.

When reading files, Windows will return the file from the private folder, or if that does not exist, the real Windows
directory. For example reading C: \Windows\System32 returns the contents of C: \Windows\System32 plus
the contents of C: \Program Files\WindowsApps\package_name\VFS\SystemX86.

You can find the real path of any existing file using os.path.realpath():
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>>> import os

>>> test_file = 'C:\\Users\\example\\AppData\\Local\\test.txt"

>>> os.path.realpath(test_file)
'C:\\Users\\example\\AppData\\Local\\Packages\\PythonSoftwareFoundation.Python.3.8_
—qgbzbn2kfra8p0\\LocalCache\\Local\\test.txt"

When writing to the Windows Registry, the following behaviors exist:

» Reading from HKLM\\Software is allowed and results are merged with the registry.dat file in the pack-
age.

o Writing to HKLM\ \Software is not allowed if the corresponding key/value exists, i.e. modifying existing keys.

o Writing to HKLM\ \Software is allowed as long as a corresponding key/value does not exist in the package and
the user has the correct access permissions.

For more detail on the technical basis for these limitations, please consult Microsoft’ s documentation on packaged full-
trust apps, currently available at docs.microsoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes

4.3 nuget.org 1l 7| X|

WA 3520 F7}

nuget.org 3| 7] 2] 1= A| 2 ® A of] 5ho] A o] A X 2] k-2 A& A &7l g =

" =279 stol A Ut YA “NET & o 7] 2] A& AP ] J9h e B89 =7 =39 7] ]Oﬂ/‘ﬂ—r—
o 57 2 g o)

WA R8Ol e F AL S 5 2 nuget org S MRS . THE-E Shol 4l Aol A B8 £ R T
nuget .exe ¥ & £33 &, o & £ curl o] 1} PowerShell 2 AF2-3}o] https://aka.ms/nugetclidl o]
A AR e EE T % 5 UTh o] B8 ALS e Te 3 o] 64H]E 22w £ A FE S shol Ag] 2 A
W o] AxgYrth:

nuget.exe install python -ExcludeVersion -OutputDirectory .
nuget.exe install pythonx86 -ExcludeVersion -OutputDirectory .

SAMALE AEEEE, version 3.x.yE F/IHAAL. S HAE £ . oA dAE 5 9on, 7]
A= o9 geeg o] AAg Utk 712 42

wdel %‘\Ofﬂ o] o] gol A 57 wdo] £ ULk a9l tleE 2ol shol W X7} £ tools
HEE 7t s Utk

# Without -ExcludeVersion
> .\python.3.5.2\tools\python.exe -V
Python 3.5.2

# With —-ExcludeVersion
> .\python\tools\python.exe -V
Python 3.5.2

dutgow, Y2l 7] 2= 2ol =T 4 gloy, HAl AA 4
Gz o AUtk B, A7 A HAHE 522 AA A thA] A XAl 2. B2 CI A
0] AL REFA hod o AAE AE O Y

tools YA E 2|2} 37 build\native E}E—q‘ﬂﬂ 7} AF UL o 7] of| &= F}o
Z2AE X AL T 4= 9l MSBuild &4 182

A 3o A5 GLE ool Ao £ AR T
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The package information pages on nuget.org are www.nuget.org/ packages/python for the 64-bit version and
www.nuget.org/packages/pythonx86 for the 32-bit version.

4.4 L|ZE Jls¢ct a7 | x|

WA 3.5 27}

WaE v ze F 4 gholH A4S 2= ZIP st JUth HF AREAE A AM A5 Bk, ThE
SE&ZEINY GRE AF67] AT AGUch

FEHE, WY Mz 873 Hp, A2 gAxEg] A4 W AXH 7| A& ZFoto] AFEAF A2 H o
A (A9]) &8 Aelg vt £F 2hol B 2= ZIP ‘3]\’4 Q%O]Qﬁ HA3td .pyc FIE x3HH,
python3 dll,python37.dll,python exe W pythonw.exe”7} 25 AlFH Yt Tel/tk (dle ¥ 22 &
=S5 A5 TFSH), pip B stol W A A= Jﬂﬂ 2 k5t

Z+11: The embedded distribution does not include the Microsoft C Runtime and it is the responsibility of the application
installer to provide this. The runtime may have already been installed on a user’ s system previously or automatically via
Windows Update, and can be detected by finding ucrtbase.d11 in the system directory.

A AL 3 7] A = W HH+9Jr A S8 Z2 Y AA =2 a0 A of Tt dnkItolH XA H
TENE J)rEl 3t7] 913l pipE /\}*‘16}— Ae 2 o] mj o A A Y= A A T E 7] Lo|H A5 AUl o] EE
A3l pipE ZeL AT 5 A5t °“:LZ#2E A A2 3 71 A = 7] AR ARE AR Al Hl o] EE A
287 Aol A4 AR THHL RAY S e S8 z2 o] JFE A el= o] of Pl Tk (Y
(vendoring)”).

o] Wiz ol A== % 74A) ALG ALel 7k obehol A of & Tk

441 THo|M 28 Z2 I
Aoltlos 4 58 mE g0l oA AT AAE AANES T G2 E Y. o 32
U W28 AEShe] A3 A7 Aol TFol 8] U ML T 4 gtk Aok F ol of S
(E w2, Qup AR A0 2 Hojol S Aol Tek, T /b &40l U

=4 A% U W2 830l A oHel Dol BLAA W, AEANA A2 FAE APE AT
AR Aol E AAE A sk, = o] shol oM A E 3 Qo WHR A7 fls Ut ofol 2 S
B A5, A A AR E AR T S lov] 59 Aol A2 AF UL i Re] 49, 85
B dAe ke 29d ¥H E& A8 8ol Py Maing TET 5 SlojoF P th

o st e F Q3 WE] £ AAE AFS3He] python.exe U pythonw.exe & 2 H T E 3+ ull 4
5013 A48 W2 18 AT AU, o] 3%, $8 22282 A o8l o sfoluoe
FAIH Y, AR A S v ol zrAlAU I A3 s E T oY ee A T dsUH
FApe) R BN AL, 71 AE shol A A 3L} @A DA E 2] 2 A o] A2 AET 5 AR
sfof uth S A E AFESHE, S8 22 WS AlFeHY] Aol A ARE ARE 5 YA HANAE
thE AR A" S JF U
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4.4.2 mlO|’M LHZESE7 |

k

Yolgu TE2 448 3§ 22180t 55 old Feje) 22T Aoj7k Base], )34 shol A =g

JAg A es A8 jow §zzage volEn nEg 5o gon,
. L F A BT fgE e

250 22T 4 9t sto) A AHZHE AT/ FL G,

713] 7} QL o1 Al EW}N%

=2 AT
= =
B8 2 2holl 2HA QA Fo

3% CPython Wl 3 2] &, 71 715& 288t 49 A7 A7 A5 UTH tha2 o] AHSE = WA
#8715 B2k
ActivePython
T ZHE
Anaconda
Q7] 9= 33t 25 (7} numpy, scipy & pandas) I} conda 3 7] A] &&] A}

fol

273, A A, PyWin327h Qle A A 22 13

Enthought Deployment Manager
“The Next Generation Python Environment and Package Manager” .

Previously Enthought provided Canopy, but it reached end of life in 2016.

WinPython
AR WD 3 A A9 N BEE NG £ EFD AR A .
o218 97| | 5 2 Al W] sholWo|u} 7]} eol Hel 2| & EEA) b 4 90w, 34 ho] 4 o] A

A FEFAG A DA ol Fo AL

4.6 Lo|'M Fd317|

2z E o) A gto] A& A sH *‘fﬂ‘dﬁﬂd,d °°ﬂ/\1 AR 7| 3 A4S A s= A
LAx =Z2aY ] PATH ¢} PATHEXT LTE %LH s}L %/d% A F A B, o] = Al

AS NN L B WS E A4 FEF AN LT $F BFA J7H 02 TH4AL, 3 ZEZEA
SAhos Faas aaan
B3 WSS YAZ AR W, 9P ZEZES GT set FHL AHSHUAL

C:\>set PATH=C:\Program Files\Python 3.9;$PATH%
C:\>set PYTHONPATH=%PYTHONPATH%;C:\My_python_1lib
C:\>python

B MAL AG ELol A AL BE /PP A8, Lol Y RE S§ Zz a0
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o H
AWM-E g3 o g A5 E W, Start S 83} ‘edit environment variables” S 7 A &L AL}, A| A HE
dvanced system settings S G 11 Environment Variables ¥ £ Z g gt} o] tf 3} "}Z]-"ﬂ A, A-&-2}2}
A"l e E FIAUY 38 5 dsUth Al2" HeE A3 A AFE ol Al glo] A 23] of

FUTHS B A A,

oZi

B3 AESE SR ASE A AW A5 Fof ool o] B, PATHE AT w o] 1 2L AL AT
o

PYTHONPATH W42 5 W39 sho] Qo M A= B2, U d g 27 4 X8 BE vho]d WA 85 =
dHY

SR TG Gt ol A2 GPA R PAHAE & HuTh

https://docs.microsoft.com/en-us/windows/win32/procthread/environment-variables

A=fol e &4 i 7le

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/set_1
373 WFE QA 257 9, set B

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx
AE WHTE GTAHLE £ AT setx W

4.6.2 IO/ AlsH md 5H7|

H A 35004 WA

XPEOE TS0 Ffol A ZHE Y A vl FES AFES= A Qo s, 8 ZEZE A T}o]
S AR AL FAFUL A 22 a8 o] E AAT 5 JdE w0 dHUTh
A= =23 e] A 5 o] A of| A, “Add Python to PATH” 2}= A S A El5lo] d 2] =2 73 o] pATHO| A X
AAE F718IE & & 4= dFUth Scripts) iEﬂ-J YA = Z7FE UL o] = Sz HE A3 35H7] 93]
pythong Y83t sj7]A A 22 003 APslei W pipE YT+ JES Fuoh wetA, HE &
YA E FRIAA L.

$HoR 2T ARY S dEUTh 33 = 4
J

Al o] FAE EA3IeA ehokow, AAEA X 22 39S thA] A W33l Modify & A 9 et o3,
: © 1708 A1&3te] PATHE 508 48 5

3Z 3ot S PATH 37 'ﬂdfr% AR of 3l Th2 B3} HujZEo g
= 3}

- o

tha 744 i oh:

[C:\WINDOWS\systemBZ;C:\WINDOWS;C:\Program Files\Python 3.9

4.7 UTF-8 2

WA 3.7 7}

e o el 2w Ango] AN ARG AT T (ANST L H o] 7)), To] e o] F HlAE
2d e 718 2172 ol o] & AR FUTH (el & S¢] locale.getencoding()).

UTF-8-2 91 ] Yl 7} WSL(Windows Subsystem for Linux) 2 233 O 2] 2 A|2~Ho| A g 2] AFRF 7|
u) ol A 7} AR 5 U o,
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3}o] W UTF-8 REE AME3te] 7|2 HAE QI Y&
U} PYTHONUTF8=1 37 W& &3] 9}o| 4 UTF-8§ REE &4
PYTHONUTF8g, &7 WS T4t WH-& e 4 &4

Urth -X utfsHEa &34
t}. UTF-§ R =& %’f*éi}?‘f}ﬂi

=
R L EERES RPEY

Loy
e o

When the Python UTF-8 Mode is enabled, you can still use the system encoding (the ANSI Code Page) via the “mbcs”
codec.

718 27 4ol PYTHONUTF8=13 F7Fotd A2’ o] B Fho] 3.7+ 3§ =2 2 H o &2 FUth
B AN Al2~E Ao o] EdH o] M 3.7+ & TR o] Yo B MpE AR DAY X
utf8 B & FAL AHEshe Aol EH UL

Z3: UTF-8 R=71 | &A431d Bfolx, o] M2 JE oA 7| 2A o2 o2& 93] UTF-82 AH&3Hy
t}:

e XFV/OE X283 ZE /O (AHAM 3 W 82 PEP 5288 X234 Al 2).

o S AlAE QIS (RPA R W82 PEP 5298 F2 S Al L

4.8 T2 & mo|M 2K

4.8.1 A|ZSH7|

A2 QA58 patro] AHE YHUTE AR E A Hs T BE so]a WA
EBE, o@ WAl N5 o] YAt F5A GHUTh AAE ST 4+ A FAse W, 3
=EzEdA hg Fe At

AA %2 A w2 skl Alo] A FE olof Fiith- A4 Ao s FRY S on, AE F7 Y F A4
stold oz 24 A%H Uk

o) W79 TolHo] AAH oI YOM (o & 0,373 3.11) oM 311 A AH £ AL T4 e AU
shol 2378 Al Askel |, The B S A= s Al 2

[py -3.7

AR RE shol 29] H Al HAH & Ast

)
v
o
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o,
o
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b
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to

[py =2

O ol e 7 EAE |, A7 AAH A 2 AU Th
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'py' is not recognized as an internal or external command,
operable program or batch file.

g

[py --list

displays the currently installed version(s) of Python.

The —x .y argument is the short form of the -V : Company/Tag argument, which allows selecting a specific Python
runtime, including those that may have come from somewhere other than python.org. Any runtime registered by following
PEP 514 will be discoverable. The ——11i st command lists all available runtimes using the —V : format.

When using the -~V : argument, specifying the Company will limit selection to runtimes from that provider, while spec-
ifying only the Tag will select from all providers. Note that omitting the slash implies a tag:

# Select any '3.*' tagged runtime
py —V:3

# Select any 'PythonCore' released runtime
py -V:PythonCore/

# Select PythonCore's latest Python 3 runtime
py -V:PythonCore/3

The short form of the argument (—3) only ever selects from core Python releases, and not other distributions. However,
the longer form (-V: 3) will select from any.

The Company is matched on the full string, case-insenitive. The Tag is matched oneither the full string, or a prefix,
provided the next character is a dot or a hyphen. This allows -V : 3. 1 to match 3.1-32, butnot 3.10. Tags are sorted
using numerical ordering (3. 10 is newer than 3. 1), but are compared using text (~V: 3. 01 does not match 3. 1).

7

rioe

8

B A 359 E7}

HA7F WA AQ stold wd A Qo] AFH L, 7MY BB (FRFE golB e venv REO|U 97
virtualenv 72 449) ol @43 g0, A4 = A9 Az ele) 7} ohd 7MY B dElz e
ARk A delze e g Ayt W A B N BASAL, A stold WA g A A ow
A B A Al L

ATJEENAM

HAE dho]f A3 HES o] FAT - O W8 22 hello.pyhe #d < eyt

#! python

import sys

sys.stdout.write("hello from Python \n" % (sys.version,))

hello.py 7} §1= cl el e eloll A1, Th-& B %-& A guich
[py hello.py ]

HA ol 2x AR A WZ 7t A E S & A5 oA A WA & okt 2ol WA Yk
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1

Wel e opA AR ahE o)Al 24l whol M 3x Ax 7} ASH UL 919 B 2 A9 v} AAA 2, o WA A
WA B AE A A 5 AUk sol M 370 AXH o] rkw Fet, A WAl E S #1 python3.
o= wWAshE 37 WA AR AU

23 9 Abg 3t e, 44 ) SEEEED

+ “python” -2 A X & sho]# 2.x] Al M-S AHEFY T o] &
e AT A9 o714 python BH 2 ARtH oz ghold 25 Fxth

olg|sl utd = S g E &9 o}gﬂ E%ﬂﬂA}ﬁQng _,401],\1 AW AT o 7|58 AR o] AT
Eo| A Abg3f oF 3t B A S A AT 5 g5

]_
ol 7ol =2 o2 A WA £ W&ol wet G dA7E-FAl o7 Fold A ALE 5 vk A

23 HE 3] A HA Fo] 4! 2 Al FeHH “Hﬁg(shebang)”zola}iﬂ‘l/lr/} gl s 7 Y F 29
AAE olH g 25 71 8H o g A Astn] 2T HE A3 & el 7] Aef o] Al a"lo A It o s
A2 Ut o] ﬁﬂ% A B AT 9ol A sho aa%g; Z2 7S A g den f9 o A=
I AHEHE HolFUth

sho] A AR A 2& §Y2} AT bl o] A4 YEE 57] 3, o] WA= AL AB e E B
AR de] A B AQTUT A Ay 9Ee 0en 2k

e /usr/bin/env
e /usr/bin/python
e /usr/local/bin/python

e python
o E So], 23 HE X HA| Zo] t}h2 o] A ZsHH

[#/ /usr/bin/python

The default Python will be located and used. As many Python scripts written to work on Unix will already have this
line, you should find these scripts can be used by the launcher without modification. If you are writing a new script on
Windows which you hope will be useful on Unix, you should use one of the shebang lines starting with /usr.

Any of the above virtual commands can be suffixed with an explicit version (either just the major version, or the major
and minor version). Furthermore the 32-bit version can be requested by adding “-32” after the minor version. Le.
/usr/bin/python3.7-32 will request usage of the 32-bit python 3.7.

B0 3,700 F7k: shol W @A 3T E L 64 G AR 644 = 0 AL LT 5 AFUTh =T w4 gleo]
% WA} o} M AE AT 4 AL VTHE /usr/bin/python3-64).

WA 3119 A4 XA 7 : The “-64” suffix is deprecated, and now implies “any architecture that is not provably 1386/32-bit”.
To request a specific environment, use the new —V : TAG argument with the complete tag.

/usr/bin/env A9 AW Zo= = 2 583 A Fo] dHUth A9 sto]A Az HE 27
Aol o] P42 A AA AAZ A|FH o] 57 °‘Xl'<f} vlo] W A3 9L paTHA A HAF YT} o] AL
PATH A& E'SPt frd 2 env Z2 I FAof G FUTH env B o] F A WA Ao} DA 3=
A8 39S 2S5 PA W G AR/t python & & Al &S, Th 2 7H W o] s 1< 23 22
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o

Hlxlo g7 Aelgyth 37 Y4 PYLAUNCHER_NO_SEARCH_PATHE (o}FF ZFo 21} A A 31H pATH AM

Shebang lines that do not match any of these patterns are looked up in the [commands] section of the launcher’ s
.INI file. This may be used to handle certain commands in a way that makes sense for your system. The name of the
command must be a single argument (no spaces in the shebang executable), and the value substituted is the full path to
the executable (additional arguments specified in the .INI will be quoted as part of the filename).

[commands]
/bin/xpython=C:\Program Files\XPython\python.exe

Any commands not found in the .INI file are treated as Windows executable paths that are absolute or relative to the
directory containing the script file. This is a convenience for Windows-only scripts, such as those generated by an in-
staller, since the behavior is not compatible with Unix-style shells. These paths may be quoted, and may include multiple
arguments, after which the path to the script and any additional arguments will be appended.

4.8.3 M =2| °Ix}
A 22 =9 stolH AE Z el E o AT F7 AL AR S dFUTh o E S0, v 22 A
=0l o

[#/ /usr/bin/python -v

stol@e —v o= AZE Ut
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INI z} QS S8t ALE Xt H2

%ﬂ%%ﬁ%ﬁm%g%@ﬂﬂww-ﬁﬂ&%ﬂﬂ%%zil%llﬂﬂﬂﬁﬂ%mwmwmmw
U $env:LocalAppData) ol Sl py.iniet @2} 22 fdE g 9l py.ini. ¥X ] ‘2L WA
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W, 27 M4 PY_PYTHON{major}(¢7]A {major}+ HolA ZHA A = A
Sto] AA WAL XW%‘ T &’AQHD}. I3 A0 glod, AxE X4 o)
HA B YA E AT YL o] AL BAE A= AT sl Al &
%
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-2 (major.minor) I}o] W WA L] 320 E} 640 E FH o] RE HAXH 4 E A=A FA 40 E
WA ATPUTh o]E= 320 E}64RE # A 7+& EF oH ZMD} 32HE "X &= 7Hsstd A
W79 640 E sto]| W A X E APshe S A upeta] AR 522 PCo| A8 M ¢ g X
A BA Q] (5, 320 E 1%64\&1 HMA JJrOMUrﬂW A 7k U}Xl‘%ﬂ AAE QA EA Z3ka)
A& 4 dFUTH. Aol AFA X0l A F «“327 1} “-64” Hu|ALE W7 A H Aol ALE-31 o] T2
HAT $ dFUTh
o :

o I FAH0] AT A GO pythonT python2 W& AXH HA gtolA 2x HAS ALt

python3 B & A X4 A go] A 3xE AU Th
« python3.7 W2 Wzlo] &3] AAH oA FHS As F=xsA F5Uch
+ PY_PYTHON=3°|H, python¥} python3 B g2 25 F A A X4 sto] & 3 WS AHE3Hoh

e PY_PYTHON=3.7-329¢]H, python B &< 3.79] 324]
H ol AXE sho]l M-S AU TH(F WA o] XA
P
Sy h.
e« PY PYTHON=39°|1 PY_PYTHON3=3.7°]W, python®} python3 B8 & 2% FA|H 0 F 372 A&
Fch
73 A o, T Ao A /\}%“6}{— INI oA 22 A4S 7T & dFuh INI g A2
[defaults] gtal 3w 7] o] 52 A3 pyY_ %‘é-roiﬂ R BE ATt ZSUTH (T INI 5 9 7] o] &
2 A ZAE FE5HA gl v/]?fV‘/‘] Q) 4 ¥4 YE2 INI ol AA-E A& A A gyt
=

—TL HS AF23F= ¥ python3 B L 714
_PYTHON-2 A& 1185 A 9k

i&{m
R=
M
=2

o
;-<0

2

il
2

e PY_PYTHON=3.72 AA = AL t}22 £33 INI 97 =53}

[defaults]
python=3.7

e PY_PYTHON=33¥}PY_PYTHON3=3.72 A A3}l= AL S ¥35=INI 3143 553Ut

[defaults]
python=3
python3=3.7

4.8.5 ZICH

$7 W4 PYLAUNCHER_DEBUG 7} 275 ¥ (o]® gho] ), %ﬂ% At A W2 stderr(F, 2<) o 22
o] JH L FA O FAEA = HA A HelH A, ofE A stol S YA, 54 wlxe] dEH
ol f W T Shol AL AL ] AHEE AR W FL B AGUDh £8 BAL GAes MY
Ytk

4.8.6 Dry Run

If an environment variable PYLAUNCHER_DRYRUN is set (to any value), the launcher will output the command it would
have run, but will not actually launch Python. This may be useful for tools that want to use the launcher to detect and
then launch Python directly. Note that the command written to standard output is always encoded using UTF-8, and may
not render correctly in the console.
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4.8.7 T Al x|

If an environment variable PYLAUNCHER_ALLOW_INSTALL is set (to any value), and the requested Python version
is not installed but is available on the Microsoft Store, the launcher will attempt to install it. This may require user
interaction to complete, and you may need to run the command again.

An additional PYLAUNCHER_ALWAYS_INSTALL variable causes the launcher to always try to install Python, even if
it is detected. This is mainly intended for testing (and should be used with PYLAUNCHER_DRYRUN).

4.8.8 Return codes

The following exit codes may be returned by the Python launcher. Unfortunately, there is no way to distinguish these
from the exit code of Python itself.

The names of codes are as used in the sources, and are only for reference. There is no way to access or resolve them apart
from reading this page. Entries are listed in alphabetical order of names.

0|2 Value AT

RC_BAD_VENV_CFG 107 A pyvenv.cfg was found but is corrupt.
RC_CREATE_PROCESS 101 Failed to launch Python.
RC_INSTALLING 111 An install was started, but the command will need to be re-run after it com-

pletes.

RC_INTERNAL_ERROR 109 Unexpected error. Please report a bug.
RC_NO_COMMANDLINE 108 Unable to obtain command line from the operating system.
RC_NO_PYTHON 103 Unable to locate the requested version.
RC_NO_VENV_CFG 106 A pyvenv.cfg was required but not found.

4.9

DE 37|

These notes supplement the description at sys-path-init with detailed Windows notes.

._pth 3ol gl& u), A=-oA sys.pathE A= W2 =4 2H Ytk

Aol @A Tl e ol shgshe vl F= o] F7hg Uk

27 o] A E g, 37 W pyTHONPATHZLE 2R 5HW, o) G & o] thgof] 37 =
oA, o] Mae] ARE mehol B WAL\ S)o AHgE = 2 ED PEY) A3 AlvjEEC R
F-5-5] o] o Fh k.

F7I4S8 2207 7= HKEY_CURRENT_USERS} HKEY_LOCAL_MACHINE 3}o] B 259 ofgjjof
\SOFTWARE\Python\PythonCore{version}\PythonPath¥ 3}%] 7|2 A XE g Z7}2 &
JdSUth AnERor FEE FE EXYL 7|20 g AR5 = 319 7= 4 FE 7} sys.path
of Z7lE & ) (¥ BE X 22 72 HKLM I A} 83522 HKCUE dubz o 2 1] o]
A=l 2 st Al 2.

A PYTHONHOMER] A= 1, “vlold F7 02 Zhpghynh, 28 A ko, v Ql vl 43
o A2 3 N85t “"l=uka 5d” (Lib\os.py W pythonXY.zip) = 3t} “shol il F7 =
Yt sho] W Fol WA, sys.patholl F715 = #dA 549 P H 2 (Lib, plat-win )
Zr2 7)wo R k. 282 ko, 4] sto| W A2 7} | A| 2 E 2] o] 2] 4E PythonPath of] A
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pyvenv.cfg 3g o] WOl A3 A} A = A std R} 3 == 919 g oA TAFE, o2
o] HLH Y
e home©] Y] ZAZ 0| PYTHONHOMES] AATE 2] oW T Y& 228 u yol A3 o vt
AZ Al o] 427 AFH Ut
ol RE 9 HF Ad+E v E5 Utk
« python.exe =+ 7|2 gto]# t] &g 2] (HXE WA T+ PCbuild tf A E] g o] A 2] ) of| A T} .exe
EAYSu 4 27 FE2EFHIL HAAEZY AN A27 EAG UL gA2EZY hE <S8
Z2IW A2 = FgA A5 YrTh
o Jfo]H o] T} 2 exe(tHE Y EH 2], COMS 53 WA, 5ol 28
kobA, HAA~E ] AN 27 AEH YT HA2E

gt

ol M & 3 Z3otelE AR ALE SlEl, o 2A2 o 2AY S5
WAy o
e xS YHE 27 23 E A8 31d3 A . _pth FLS 2FFUL o] AL A ALER G A
Hapo] UdE A2 E FASHL, import siteZ YEH A b= 3t siteT FAFUTH

« If you are loading python3.d11 or python37.d11 in your own executable, explicitly call Py_ SetPath ()
or (at least) Py_SetProgramName () before Py_Initialize ().

e 8 =2 ;WA python.exeE A|Z3}7] Aof| PYTHONPATHE A|--AY YA 1 PYTHONHOMEES
EEL RS
o O] A S AT QLo W (& 9], AHE A7 python.exe & A A YT 4 Q= v 2ol W),
A=vt3 5t (Lib\os.py) o] A X Y E o JAEF A L. (ZIP 3L ol A= A= A 9kA|ut,
Al ZHFE o] 59 ZIP 3t Y2 A H ol Y3t AI L)
o]FA 3 A|2El AA X9 vtdo] & 22O A HEZ A FH = XE glolH =
Hohe A5k Uk 28R o, A AV} ol R $8 22 WS g v BAFBAY 5
AUt T2 At A2 E R v EF 7 22} A8 A} site-packages o] o 73] F g 4= Qloj A, A A
Algko] 74 Lol F2I 34 A 2

WA 3.6004 WA . _pth Y AL& F7FsHal pyvenv.cfgollA] applocal #4d& Al Atk
WA 36004 B A3 3ol A AFT of FAAA A=A E pythonXx. zipe F7HEY T

WA 3.65E HAH: Modules(PythonPath7} obd Yt} ofef o] g AAE G A AH REL importlib.
machinery.WindowsRegistryFinder 2 4XE & 4 A5 Urh o] 3fltj= 9= 3.6.0 o)A WA
oA &3] A g FF o= sys.meta_pathol] YAH O R F7e)| o & = JF YT

stolxlo] BE FHE o o] A3 Y= A HEXEE AR A=l v /38 7] 5ol A5t olHst
7155 AHEE7] Y sk 25 grol B g} o) fof e F e BEF 213 (snippets) ©] A g T
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4.10.1 PyWin32

The PyWin32 module by Mark Hammond is a collection of modules for advanced Windows-specific support. This
includes utilities for:

o Component Object Model (COM)

« Win32 APl 3&

. HA2EF

e OHIE 271

« Microsoft Foundation Classes (MFC) user interfaces

PythonWin-2 PyWin32 ¢} &7 Al g%+ A& MFC 5§ =2 784Utk W A7 U3
Yyt

] ®17):

Win32 How Do I---?
Z] Z}: Tim Golden

Python and COM
A Z}: David £} Paul Boddie

i
=
o}
]
4
30,
rlr
o
s

4.10.2 cx_Freeze

cx_Freezex= 3}o] %

EAY TR A 22T (. exe )07 G YT o|F A st
ARE A7} 3ol 2 2 :

[1!{0 rx,

CPythons 25 FHutdstel®, WA 225 7hA gpof et HAl 2o 228 2= A H A
HAS A Fob2d 4 A5 YT

A2 Egos 4] gholxl dEjAE W ESH= ol AHS-H = A 3L < Microsoft Visual Studio & & &5 4
W zg2AE stgdo] 235 o] YFUTh °l JJr%l:—_i 2 pcphuild TEE o] 95UTh

e 2 A2 o3 duk A H = PCbuild/readme. txt & A A| L

52} =5 o] U} 3l A<=, building-on-windows & 2 34 Al

gho] R o] A L£A QAR e, Ol Aol A95d g7 SREL o= ALH A s Ut (AR AR A}
FHoR "JoH). AR/ A k= BE Z Y Eof T3 AHA| 3 Y22 PEP 112 31314 Al 2.

« Windows CE is no longer supported since Python 3 (if it ever was).
o The Cygwin installer offers to install the Python interpreter as well

A A" dx Zg2ao] Qs ZEZ ) sl XA 8 A H = Python for Windows S ZHR3HA] A 2.
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CHAPTER B

Using Python on a Mac

Author
Bob Savage <bobsavage @mac.com>

Python on a Mac running macOS is in principle very similar to Python on any other Unix platform, but there are a number
of additional features such as the integrated development environment (IDE) and the Package Manager that are worth
pointing out.

5.1 Getting and Installing Python

macOS used to come with Python 2.7 pre-installed between versions 10.8 and 12.3. You are invited to install the most
recent version of Python 3 from the Python website. A current “universal2 binary” build of Python, which runs natively
on the Mac’ s new Apple Silicon and legacy Intel processors, is available there.

What you get after installing is a number of things:

« APython 3.11 folderin your Applications folder. In here you find IDLE, the development environment
that is a standard part of official Python distributions; and Python Launcher, which handles double-clicking
Python scripts from the Finder.

e A framework /Library/Frameworks/Python. framework, which includes the Python executable and
libraries. The installer adds this location to your shell path. To uninstall Python, you can remove these three things.
A symlink to the Python executable is placed in /usr/local/bin/.

ZF3: OnmacOS 10.8-12.3, the Apple-provided build of Python is installed in /System/Library/Frameworks/
Python. framework and /usr/bin/python, respectively. You should never modify or delete these, as they are
Apple-controlled and are used by Apple- or third-party software. Remember that if you choose to install a newer Python
version from python.org, you will have two different but functional Python installations on your computer, so it will be
important that your paths and usages are consistent with what you want to do.

IDLE includes a Help menu that allows you to access Python documentation. If you are completely new to Python you
should start reading the tutorial introduction in that document.
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If you are familiar with Python on other Unix platforms you should read the section on running Python scripts from the
Unix shell.

Hibd

5.1.1 mIl0|M AT EIEE AlSH5}= HitH

rir

Your best way to get started with Python on macOS is through the IDLE integrated development environment; see section
The IDE and use the Help menu when the IDE is running.

If you want to run Python scripts from the Terminal window command line or from the Finder you first need an editor
to create your script. macOS comes with a number of standard Unix command line editors, vim nano among them.
If you want a more Mac-like editor, BBEdit from Bare Bones Software (see https://www.barebones.com/products/
bbedit/index.html) are good choices, as is TextMate (see https://macromates.com). Other editors include MacVim
(https://macvim.org) and Aquamacs (https://aquamacs.org).

To run your script from the Terminal window you must make sure that /usr/local/bin is in your shell search path.
To run your script from the Finder you have two options:
« 23 EE Python Launcher@ =154 A L.

« Select Python Launcher as the default application to open your script (or any . py script) through the finder
Info window and double-click it. Python Launcher has various preferences to control how your script is
launched. Option-dragging allows you to change these for one invocation, or use its Preferences menu to change
things globally.

5.1.2 Running scripts with a GUI

With older versions of Python, there is one macOS quirk that you need to be aware of: programs that talk to the Aqua
window manager (in other words, anything that has a GUI) need to be run in a special way. Use pythonw instead of
python to start such scripts.

With Python 3.9, you can use either python or pythonw.

5.1.3 Configuration

Python on macOS honors all standard Unix environment variables such as PYTHONPA TH, but setting these variables for
programs started from the Finder is non-standard as the Finder does not read your .profile or .cshrc at startup.
You need to create a file ~/ .MacOSX/environment .plist. See Apple’ s Technical Q&A QA1067 for details.

For more information on installation Python packages, see section 5= 7} 5}o] %1 3j| 7] 2] A %] 5}7].

5.2 The IDE

Python ships with the standard IDLE development environment. A good introduction to using IDLE can be found at
https://www.hashcollision.org/hkn/python/idle_intro/index.html.
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5.3 F7} mlo|M 17| x| &X|5t7|

This section has moved to the Python Packaging User Guide.

54 GUI =2 ez

Macol A 5] 4 0 2 GUI §-§ =219 2457 A8 2 744 S0 Y&y,

PyObjC is a Python binding to Apple’ s Objective-C/Cocoa framework, which is the foundation of most modern Mac
development. Information on PyObjC is available from https://pypi.org/project/pyobjc/.

The standard Python GUI toolkit is t kinter, based on the cross-platform Tk toolkit (https://www.tcl.tk). An Aqua-
native version of Tk is bundled with OS X by Apple, and the latest version can be downloaded and installed from https:
//www.activestate.com; it can also be built from source.

A number of alternative macOS GUI toolkits are available:
» PySide: Official Python bindings to the Qt GUI toolkit.
« PyQt: Alternative Python bindings to Qt.
o Kivy: A cross-platform GUI toolkit that supports desktop and mobile platforms.
o Toga: Part of the BeeWare Project; supports desktop, mobile, web and console apps.

o wxPython: A cross-platform toolkit that supports desktop operating systems.

5.5 IIO|M 22 m 2 2 HE 5} 7|

A range of tools exist for converting your Python code into a standalone distributable application:
 py2app: Supports creating macOS . app bundles from a Python project.

« Briefcase: Part of the BeeWare Project; a cross-platform packaging tool that supports creation of . app bundles
on macOS, as well as managing signing and notarization.

« Pylnstaller: A cross-platform packaging tool that creates a single file or folder as a distributable artifact.

5.6 7|E} XI&

The Pythonmac-SIG mailing list is an excellent support resource for Python users and developers on the Mac:
https://www.python.org/community/sigs/current/pythonmac-sig/
Another useful resource is the MacPython wiki:

https://wiki.python.org/moin/MacPython
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oo
<2
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>>>

2to3

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

e 2e AL A 5 Atk
o The default Python prompt of the interactive shell when entering the code for an indented code block, when

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

e Ellipsis WZ A4,

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

2to3 is available in the standard library as 1 1b2t 03; a standalone entry point is provided as Tools/scripts/
2t o03. See 2to3-reference.

abstract base class (34 W o] A 8| A)

ZA W o)A Z e A= hasattr () 2

o
WA ) 39, AE s ol 28 B o sk

e Hagse] EdsAY m RS 25 E (& s, A
W AFTezHN & Bhold & Haghrh ABCx= 7Hd A B
]

o

ZYPAE T Ydst=t], ZHAE A SR YO HAME isinstance () 9 issubclass () o o3 2+
Ad e WYYt abc BE AYAE EA Q. sto] o= B2 YA ABC Eo] thgte+=d)
oo e AEo] Y5tk AR FZ (collections.abc RENA), A} (numbers EEA]),
2ET (1o REIA), YFE 32} 2 (importlib.abc EEA]). abc RES AFR3]A] 4L
UHe] ABCE WHE & SlFYth

annotation (¢] %= €] o] A)
HdEol met o JE ZEASHE Uy, SHA AJEYRE B 5 wi7iHs U ukE g A2 H
ol EYd Ytk
A1 A9 o H o] -2 AP A 7ol BA AT 4 GIATH A9 HEy, Fefa 4 D 359 o] mH) o
AL 4 2E, ZH:A, T2 _ _annotations_ §F oJEFRHE AFHUTH
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o] 7152 AW et W4 o] gl o] 4, 34 o] - F o] A, PEP 484, PEP 526 ZZ3H4 2. o] 8o A
2+ o =2 = annotations-howto 2 ZF X314 2.

H
argument (212}
FrETET W T (B A 2 AL

2} (keyword argument) 34 2w AR o)l B2 Q1 3} (o = %o} name=) K= **
= ) =

. A9=Q 4
E Yol 2 9MY 2 AdH = JZ}. A S Sof, b33} 22 complex () TEO|A 3 aJrS -
BE 719 E a9 Yt
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A AR} (positional argument): 71 = AAL7F obd AL 9] 2] AAE2 A2 HF9] A S U
At olEl 2] 5 & gl * & 2 AT = dFUTh ol E 5o, R 22 TEMA 345 &

B 9] %] QA e,

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

Holl g5 = 7 HESoll hafj Al = calls 2=

U Th el grol o] o] o g Y o,
Bl v FETRFAQ A& AR} v /| o] o] 2} PEP 3625 H A&

asynchronous context manager (V)% 7] AH A E #Aa]z})
__aenter_ () &}__aexit_ () MIAEE AT O ZH async with FojA] Hol= 3732 Ao]3d}
= AA. PEP 4928 = Y= A5tk

asynchronous generator (B]% 7| A4 o] €])
v]5 7] Al el ol g olE gl ol & F2lF= 5. async def 2 BoH=F
async for SZ7} AL £ = dHe —%% UEEvield XA S Z
HE A5 7] Al e oIy g8 7Hel 7| A, o] | ol A = vl5 7] Al v &l o]
Itk o et o vl 7t WaehA e A9, AT S5 AN REFL ¢

B E 7] Alv g olg &4+ await EAA I, asyne for £}, asyne with &

r]r
31;

asynchronous generator iterator (¥]-5 7] A 2| o] €] o] €] o] ¥])
a5 7] Al el ol B g7 e 4.
H] 5 7] olEl o] E] QlH] __anext () & Z&3tH olglolEHE AXE & F 1, o] AL T} yield
FHA 714 ¥ 5 7] A e ol e vt & AT
Each yield temporarily suspends processing, remembering the location execution state (including local variables

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

asynchronous iterable (¥] % 7] o]g] 2| &)
async for oA AHEE 5 3= AA. _aiter_ () WA EE H]E7] o|HEolH & E&F oF

Ut PEP 492 & T 9= A5 YT

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

_aiter () & __anext_ () WINEE FHs= AA. _anext () € oldlolHE AAE &
23 ok gt} async for+ StopAsynclteration o7} &S w 71| v]5 7] o] g & o] €] 2]
__anext__ () IAE7} B8R E oglol8l 8-S FUth PEP 4922 == 5y th

attribute (o] E 2| H =
&3] ARHA S AR = ol g o2 FxE = AAe st gk A& 0], AA o7t A ERFEaE
7FA A, 0.a X H FERF YT
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It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] ¢J] o] €] &)

await AN AL T = = AA. IFH oy __await_ () MINEE 7H] A7 E 4= 5 th
PEP 4928 H A 2.

BDFL

AHe] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] & A] A}

binary file (8} o]\ 2] 5} ¢)

Mol =R S € 93 % 4 i 52 2. vol il el 1o} ol 2 vhol el RE (b, tub
= 'rb+') 2 99 99, sys.stdin.buffer, sys.stdout.buffer, io.BytesIO &} gzip.
GzipFile & Q2 Q

str AAE ¢

K
ff
-
30
rlr
°
Jé

X‘"OHEHOH/\-]L‘ HAE _1]—0 %}56‘]‘}\“‘8_.

borrowed reference (* & %)

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

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

bytes-like object (v} o] E &7 7 H)

bufferobjects & A 157 C-21 5 151 2% E & 4 %Ik 18] FF nenoryvien AA & &
E 20|31 bytes, bytearray, array.array AAES £ Yt} vlo|EE R A EL vlo] g
T—ﬂ 1‘3 £ OF = oy 714 dabsol AHEE = ST o F, vhol v ] st ' A, ’\7‘]% AL
Z2 Asol syt

| AsESvtelveE tleolH 7 7R D B o7 s Uth o] ¥ Aol AAE FF <Y al-227] vt
O EGH AA” e EATTLE 71 v F AA Y 2= bytearray Slbytearray & memoryview
A 95U THE QAHE2 uho el Hlol 87 B A (“9)7] A8 vel =R AR o AFHES
LU ol A5 A 2= bytes @ bytes A2 memoryview 7F A5 U TH

bytecode (H}o] E F &)

sho] 4l 2222 E L wlo] = =R 795 |, CPython SIE| =] Elo] A sho] A =2 a5e] § £
A Uth vlo|E FEE . pyc 5o A Hol, 2L 5t F A AR ) o WA A BT
(ae A uholE IE 29| A3 AE D 4 GGED. o “$2 Aol £ Aol= T=o) Y8 ohe
1A A 1 71 A4 AFBOT BT vhol = D= S 2 ke shol al b 71 A of A
258 Ao r 7|tfal A=, 5ol A W)= 7hol b A o] A % ghris A o] o8 of FuTh.

Hlo|E & o]l 59 H52 dis 5 A vyt

m

callable (Z&] &)

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

[callable(argumentl, argument?2, argumentN)

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

callback (&)

AR AE = ujefo] o] A|H oA AP A H FE F,

class (Z~)

g A Ao AR E
WA= Ao 5 2T T
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class variable (Z & A~ HS)
2o FoH 1 FH A FF (F, FH2Y dAxd x| 7)ot} o qut A F = W

complex number (&2 4)

%8 A% A2 A, BE A7 A5 40 o BAF UL 55 A5
¢ (-1 AFDE F AU, FF A= 12, Tt 2 718U stolH 2
A B WL 2L a4 R AAGUT SASTE 5 ATAE BIA B2 G, o8 S,
3413, math BES B4 wdo] W W, cnach® AEFYTh Baso 8L W £F B
2314 7% AUk Baskthn L7 Fach, A9 a8 TAHE F5UT

context manager (¥l A E 32| 2}
An object which controls the environment seen in a with statement by defining _ enter_ () and

__exit__ () methods. See PEP 343.

context variable (A&l A E H4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there may
be several contexts in one execution thread and the main usage for context variables is to keep track of variables
in concurrent asynchronous tasks. See contextvars.

contiguous (%)
W 3= A &3] C-A %5 (C-contiguous) ©] A} ZE 2+ A< (Fortran contiguous) @ W] A< o] gkal of AU th
QAL WAL C-A%o| WA ZED AL T AR Lo A, FEES A2 A5, 0014
Al #ehe &5 ANl
Fo0) SAT BEES PR opA T Qu 20} 4 B W o AR, EE B A v o]
A, A A A 271 7 ] gy o

f ¥~
o iy .

coroutine (¥ 5€l)
IFEH2AEFEHY ¢ dutsld FefdUth ABFEHL st A A APt th2 A A &=
Ut ZFEL2 8 o2 A FA A AYsta, &3, AT = A5 ULk o] AE2 async def
: 2T} PEP 4922 H A 2.

coroutine function (Z €l 3t4)
F2E A E EHFTE 5. ZFH T4 asyne def Fo2 AFod 4= 911, await & async
for®tasync with 7| EE 28T = 5 Uth o] 52 PEP 492 o &l = Y5 5 th

CPython

stol A =2 e Ao Al F& ], python.orgol| A ¥l =5 Yt} o] &S Jython ©] U} Iron-
Python 7} 22 th& 2153 73T Z 27} 912 uff 8] “CPython” ©] A& Yt}

decorator (t] Z ) o] €])
e d42 283 49, BE urapper £ St wgoz AP Ut o3 o]
B9 &3 o= classmethod () F staticmethod () YT}

Hmeole BHe v A9 2 Y BUUT B T F5 3= AU goE S5Hh

i)
o
>,
ofo

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L

22 Mol 2 2ol E EA A RE € A5 AUt H I o B ofl T @ T AA T W 82 T A2

B EEE L RERL oS

descriptor (t] 23 Y E])
HAE _ get_ () o]t} __set_ () ©]L}__delete_

() 2 A= AA|. ZehA oJEFYRET}
Uagded o], olEYHE 23 = 583 A F82 do

5{:}1414-. E%y ab% %Jlﬂl/]"ik-ﬂl/]—)}‘ﬂl—
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AShew] AT W, a8 Se s GAU AN bk o] F Rold ARE FEUTE HAW b7 A2
= Z

HHY, Gt 2T gy WA= SEHUTH AT HEE o]sf| ok 22 oo g 22
ol o] A4, &, MM E, Z2HE, FH 2 vAE, AEHE WAL, 3 FHs Fx T S
7158 7125 o] R A7 W F P YT
Y23 g e o v A=E o tf gt &AM g Y82 descriptors Y T) 2~ T HE] AR S A of] Y3t}
dictionary (9 41 2])
olo] 9] 7] & zhol EH% Al 7]= A vl E (associative array). 7]= __hash__ () &} __eq_ () HIAEE
Zt= BE AAI7EE 5 s Uth oA sjAl gt 5t
dictionary comprehensmn (1—,1 A A=)

ol #HE JdE= A AAN UV IEE XYty AdHE LG
= {n: n ** 2 for n in range(10)} Fn ** 2
H t}. comprehensions 2 X 314 A

dictionary view (5] A4 2] )
dict.keys () dict.values (),dict.
Uth o] AE2 9M Y e FEEol o
gttt YUt gAY E /R E

dict-views & H/\ﬂ

() MAEEHZE AANES 9V Helr 7
5} ol HE Alwsted, 9V 7 A AFE wll, 571 o] WSS
AAT B AER U H W 1ist (dictview) & AF23td P th

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

duck-typing (€] €}o] )
ZHkE AEH o] 25 Tt A Adeted AA S FE BA ghve z2adw 2eY; thAl, &9
HA=L o Eel R Eﬂiéﬂﬂur H’L%MDH“OQZWEOI A4 29
th) 5743 3 Aol AE o] ~E FxFog N, F AA"H FEE 3h-S
FrAdE 7H*d€}¢ AsUTh d Bo] 82 type () o]t isinstance () & AMES FAAME F U
(BFAITH & Elolg o] Faf o]~ Fef~ & Bebg 5 glF ol Fo 3l oF Fut}) thAlel], hasattr ()
AV EAFP 22 I8 WS o}

EAFP
st o= 84 & F£317] 7} g o} (Easier to ask for forgiveness than permission). ©] &3] £ 4= 9l+&= u}o] A

ﬂ
o
ol
o H
N
[o
qh
W
o
o
Fru
X

:“.:

o:
oy

79 22, SHlE 7Y o ERHES 2AE /1AL, 2 7HA o] W A9 & FAFUth o
Zoetn mhE AL W tryftexcept B EAE SFA AU ol HlAY L CY 2L T2
w2 Aol A A5 AFS-E| = LBYL 2~ et 3} o v g U o}
expression (3 2])

o grog T3 ¢ = B 27 g2 27 235, 234 L ZHEY, o] &, olEYHE
HAM 2, A4kt f&#—%ﬁr 2L = 8T E R 845 Fo 29 A4tk o B2 dojet
fzxHog, BE A FAHAES EFAQA 22 ofdUth while A H, A2 02 AT = gl
23 50l A5 o Q) =& EFol a1, £& A o] obd U Th

f-string (f-& 2} ¥)
PR B ] B9l 2D HYES £8) EAD  olgta e, 20 24D H Y o
Z9TA Yt} PEP 498 & H A 2.

file object (2} 7} A)

s}; 219 o) q]aﬂ G| x]f‘g; API(read () Ywrite () Z2WAEE)E =& AA. w93
Aol et 3 ARl AA 2= A stdoju o AR AA U FA A (E E0l, B#E 9=
Eﬂ,a w2 e W5, £, -’Jr 12, 58) ol et AN 25 FAT = A5t 3-d AA= 57 AA

(file-like objects) } 2~E & (streams) 0] Frx EFJYrch
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A7 2 A 572 5 AR ol gsrieh. Faw) vfol V2] 512, 3] = (buffered) v o] V2] 7}, €]
2 519, o] 52 QB o] At to BEANA B Utk Y AAE B A PEE open ()

—
g 2E AYYHh

file-like object (3} 5 A A))
o AA o vk

filesystem encoding and error handler (3} A] A" ¢l 37 93} of| 2] 2] 7])
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

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

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

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

ZADFY & HA L.

finder (3} 21t])
QEEP BEL P 2o & o AEshe A4,

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (34> UA))
7V 717 ZMFE 141 Hole= 34
o] 2 27FH AR, A Al 2 2.
T,] 3 of 3t t}. PEP 238 HAS.

function ()

AR // o) o8 Bol, A4 11 // 4
11) // 47F-2.755 Y& 3 -30] Hoj

JS‘J
R
R
M
2
o
b
°
Mr
2
re

ft

fi

X

b

T

v
|

sEAlz oW g BYFE Q) BFE. QL 2 o 4ke) 9% 7k A £ g, vl
Aol AHgE 5 5tk v 7l & v A = 9} function A E H A Q.

function annotation (g4~ o] = €] o] )
Sha i 7 4= vERE ghe] o mEH o] A
Fs ool de dtAo e g A& 2 ALFUTE & 5o, o] 4 F /19 int ARE Wols
d Aoz 7| 1, FAol int W3 FS £ Ao 2 g Yk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

B ofieold BUE funcion LA 4T

o] 7|5& Ayt W LH o] 4 I} PEP 4845 Fx M 8. TS o =H o] Mo thst 2 AE =
annotations-howto = X ]-/\]JOL

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

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F Ut

generator (AU ] o] €])
Add ol e olE#HolE & B FE . e = =
A& 2gstheE Fol Y th Ol UE2 for-F 22 ALE31 7 U next () T2 3 W a7
+ dHUth
BE AV ol g4E 7he 7] A
o w) 7} W &atA] k2 A=

HelolH o8l olH £ 7hl A Yth o =5k

R L ]
AR §oE NN BEFS YTk

generator iterator (AU ] o] €] o] €] o] ¥])
A d el e 471 gteE= A A

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (AU 2 o] & E34])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a loop
variable, range, and an optional i f clause. The combined expression generates values for an enclosing function:

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

generic function (A ] g &4)
2 ANS NZ g2 FEd dis] £ o
Haaj %] darg]Eol JOH 24"t

== Eati by %—OPS &3} functools.singledispatch () Bl Z d o]} PEP 443% H A Q.

o

ez 2A4E

n

4. 52 oW 7He] AHEEA L

generic type (A ] g
v 7H tﬁTﬁ}ﬂ" 9l YutA o 2 1ist Updict 9} 2L Ag o] Za)~. 8 3l E 9} o] g o] Ao
AU

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

GIL
A e meld % 2 HAS

LY

[«

global interpreter lock (A& QlE] Z 2 E| &)
sk o @ & st Ag =7 o] H vlol E = § A e T W A7) 98l CPython 18] Z 2] E 7}h
ARg Sk M AYZE. (dict & 22 S 23 WA EZHole) AA BRlo] FA| Aoz FA] HA| 20

3
feis
A=
C
QLAN=]

sl SR BHES WS A CPython TR S Tdt BEUTE ABzE AAE F1E AL oA
SelEE Og A B A7 SR UL 0% B2 AN A AL F A Bl pre
4 Fch

52, BROG AL BF, GF oI 4 2 AL H A YL £HT

sA oW S & ok
= GILZ ¥hdst= 1Bh=3
Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

o
LB

= [e]
= ) =~ ]1__
Z HAAE QS YT =3 /0E 3 uj= 34 GILS vy

hash-based pyc (3] 2] 7] 9} pyc)
$EAE BEo) 8] AT 22 A HAF 57 Ako] opdl A B A8
4. pyc-invalidationS #2314 2.

rlr

HRolE FE 7 A]
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hashable (3] A] 7}%5)
AA7F LAY 1 ko] WahA] o= s A 7‘% Zt31 (__hash__ () WIA=E7F 283U h, o2 AA| 2} vl
d2a Yol (eq () WIAEZFERFUTY, A 7 etthar Fy o kol v s = S Al 7 st
BAE] A L Zokok T o,

AN A5 AANE Gl A AT W ALEE 5 QA S, o] AR TR A
o #AZE Ag37 WEA T

g shol el BW WA AAEL A AU Th (FAEY gAY 2e) 4 Aol s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao EL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B AH 07 A 7T (A7) AHAE Al )
3alE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o Yt
IDLE

glo] W& 935 E3 7t W &< 317 (Integrated Development and Learning Environment). idle-2 }-o] %1 ]
xE HfTL_‘lOﬂ wete = 7124 A7 Az e A Y th

< TRFYh oW AR S WMAD 5 A5y
SFA] o= S AT gko] QlofoF F XA F 273

)
| 9= g uEE 7 AY AUAL PLE @E Gw dee) o g8 g
U

importing (¢ Z¥)
& RE shold A=~

importer (Y3 E])
5L AV E T ZE Y% s AA); A shelr o) 2 =1 AR At

interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly by
selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect modules
and packages (remember help (x)).

interpreted (21 €] Z 2] €] &)

f
i)
rlu
il
i
1o
k=)
s
X
=]
[
=2
>
>,
ofo
)
-
30,
bt
f
)
rlr
iy
)

dhol= SE Aot eie] £ o] 1 TR o] BEHA /1 AT, st WS A5t Aol 7} ok 2k
e zele Aotk o AL FA Ao A Y WEA QAT &2 AL AP BT 4
ke Utk T2 age] & o AA A7) AW, Ae el dlojx BE A5t o]

By g2 i/ A £718 s Ut Eﬁiﬁé T HAS.
interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

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

define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.
O EL for FZ AEE = 3, A E2E F8 = 3t th2 W2 X (zip (), map (), ) °l
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N
L

AFULH olHEE A7 W T iter (
.ol olHEolHE #EY ATS A
iter() 2% %5}71‘)5 ol &l ole AAE F o
A A A5 ’H-rftﬂ, FIZETEFUNHHNHE Fols o] F gl HEE Y th

]Hﬂl"]ﬂ,/‘l?ﬂi, Xﬂﬂ fole &= HAL.

iterator (o] €] &) o] ¥])
dojge ~2EHS Eﬁﬁ‘}“ AA. olHHolE ] _next_ () HIANEE WEHOR SEH (E+
W 3 next () 2 AEstd) 2E o Q= FEES AU E S FUth o o] 42 ol g7t %i%
= th Al StOPIterat on o9& doUrth o] A H A, o]HH o] B AA & A2XF I, o] Fo B
__next__ () WA E &2 StopIteration o9& thA] 27| 7] %k T} o] E & o] &= o E] Eﬂ
o] ¥ A Z}LE EHFE _iter_ () FINEE 7?*‘ Aol 7= 7] wZel, oled o E &= o|HHE
o] 7|% &tal thE o|HH EE S WotE ol 29 oA AMHEE & s UTh S8 A9+ oY
Hol o] # o] Al et ZEYYTE (List 2-2) HH oY AA= iter () T2 ALsA Y
for F3zof| AL wfjutrt Af o] B & o] H & WU th o] A& o] E o] B o] ths A 3 ste] i 5t
A1t olE o] ol AHEH o] &Z19 o]E Ho]El & = A, ¥l AH o] YA H oA w5yt

typeiter ol T Z}A 3+ W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

=

Mo o
o oft T, ofo

g rlo

[«

key function (7] g)
7] 4 == iﬂﬂ o] A (collation) T+ A & (sorting) ©] L} ¥l & (ordering) o] A H = 7S S8 F= =
a%ﬂq‘:}- o & £9],locale.strxfrm() < ZAYL SF PAS =2 JE 7| & ‘?}E% o] AF&

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

7] & HeEE e oAy FHol dsUth dE £, str.lower () WA EE Ao & gl
AEE A7 FF2 AHEE = AdFUT tddH o, 7] T4+ lambda EHA 02 e £ & 3
=¢], o] A Yt}: lambda r: (r[0], r[2]). E3} operator attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 74¢] 7] &= ALY YL} 7] §+E s
AHg-3= Ho gl gk o & Sorting HOW TO & E/\ﬂ

keyword argument (7] 9] & 21 z})
o1z 5 HA L.

lambda (E}E})
2w gho] FaAAE e A4 ox PAH 0B Qi AT T4 G BB REL BYL

lambda [parameters]: expression YU Th

LBYL
7] Ao X2} (Look before you leap). ©] T 2EL L T ol 23| & 317 Aol YA F o2 ALA
ZAES A UL o] 2B Y2 FAFP FR I thv) = 2, W2 if w9 S 2 S AP Ytk
OFE 2dl= S A, LBYL 2L 5" 5} <5 7] ol A4 24€ WEA F Aol A5t
o] & 50, FE if key in mapping: return mappinglkey] © AA} Zof, 3}tA T 23] A,
2 2 E7} keyE mapping | A A ASHH AT 5 A5 o|® o4+ Fo] U EAFP H WS
Aoz A AR % e

list (2] X~ E)

W shol A A, T o] Foll = Bk, Yol g AM 7o) o] 7] w2 oll, 912 2] 2 E (linked
list) 2 oh= oh2 Aol 9] v @34 AR Y o

list comprehension (2] 2 E 7 = 2] 3 A)
Afse R4 AR EE ARE 4281 1 ANE AER BoFE 4D P result -
['{:#04x}'.format (x) for x in range(256) if x % == 0] &= 09]A] 255 Afo]of Y=
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A5 1644 (0x) S EF3E FAQe] J2ES BEvth is 2 44T 4 9)

oy

S

loader (2 ¢])
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.
locale encoding (27| Y 217 4)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).
On Windows, it is the ANSI code page (ex: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2 o 4] =)
E5 A= o uFA Al u$3t

mapping (7} 3)
Ao 7 23 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Hlo]a el o AZE HANEEE T3 AH Y AA. =2+
dict, collections.defaultdict, collections.OrderedDict, collections.Counter &
=294y
= T X8 .

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & Mol FF& s, W A2 s 42 dE 3l H & #-AT
A7 A Tt Y T
HE A2 37 L3 sE WA =S A= importlib.abce.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

vl e Sl aE o] Al Q1AL WolA FH s vEE AYL FUth tlRE AA A FP =z g
AolE2 712 FES AT FUth gl A S 585 e A2 AL HE FHAE U 5 Utke
AdUch thFE ARG AP A= o] =77 ds 28 AT, o742 of, vleF Sl st
©o13t S S Az Urh o] ErHE AN 29 27 (logging), AH = HAA Q] 27} A AA A,
BEE AR E2 OE AGl AHERSF U
metaclasses o A] T ZFA 8 U] 22 28 4= 95U}

method (W] A &)
ZY 2 vty QoA Ao =T I ZHPAY AAEHA EFHEZA TESHY, I HAEE A
WA A (RE self i BATH 2 Aads AR E BEYTh §5 G FHE A3Z 8 BAL

method resolution order (W] A& 24 4+ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See The

Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the 2.3
release.

module (&)
435 092 g AR, RES Q99 shold A EL T

B SEEE
BEL A2y Ao 9 sejH oz =P
[]

pul

rlr
o

2yt
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module spec (2& A3
DES 2rg AL
ModuleSpec o] Q1A~H

MRO
M= 27 A 8 2ZA L.

mutable (7}H)
7 AR = gl B 4 A REid () & €A sk
named tuple (V| J & £Z)
“named tuple(V] Y = FZ)” ol gl S0l = FEZ2oA F&3la o5 B2 o8|
Qe QAo AR T Qe BE Folu Fe 2o ALY Foly F
RS T AFYTh
time.localtime () I os.stat () 7} 98 3H& £ 851o], o WZPF ol U d= FEYJUth =
2 o= sys.float_info YUYt}

aL

£ &7k importlib.machinery.

[» jﬂ
rlr
juiss
kel
[t
ry
Y
o,
o
[
o
ol
k
30
rlr
-

£ AHg3to] gle
AN

e te 7=

>>> sys.float_info[1l] # Iindexed access
1024

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

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

True

R UAE FE22UWBI R ) FUth =5, tupledlX 453t o5 22 228 A Yste
SN N e T S B D ot ey
NamedTuple & A58 AU HER g collections. namedtuple O 2 UE 5 95Ut 3219
7182 AH AAFAGHZ A= FEAAE=ZES 5 2 712 27} =8 27157 = g

namespace (¢]5 27
A

M7k AR = B, o8 B0 GAUAE FAF U AR FHE o) F T2 (A S oA
2k ol e 4o, Ao, 3 o8 F7ol A UTh ol & ¥ o1 E FES AN REHS AT

= O
ns.open ¥} os.open (

o8 AL ol RFo| P48 FAAEAT B UE B
o} o & £, rando .seed() =X itertools.islice() Bt 2™ I S4E9] Z+Z random I}
itertools &9 93] +3dH US> o o] W& Ao}

namespace package (0] & &7} 3]7] #])
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no physical
representation, and specifically are not like a regular package because they haveno __init__ .py file.

HE T HASL.

nested scope (FHE 232
Eﬁ”‘} ]4-4 ANAN HFE

=} =
™ .
HS-ES %}gsfﬁlA 014=L}E+ ZHYH A3
o
-

Ir

L THE 4 R o)A B8 Bt uhE gl gt
2325 ®, e 54 Ferhe
o 4 931 ZUTh T A =, Ao ArEL

A3z 2 AL 5 HEd YT

2T »R
ﬂﬂﬁwkvﬁﬂﬂﬂ—ﬂﬂ

Al o] & BOIA 91

rl

l

new-style class (+ A€} Faj2)

Ae R E FAL AR AHSH T Y Fehe WAL o H o)&. 2719 ko)W WA AL, 2.7 ¥
28 Y g2 slots ,E]QE/_%E%,E HE],_ getattribute_ (), Z| 2 vA L, 28 E
WA TS} e stol o] AE W ke 75 58 AHE T 4 gl ST

object (7 A])

Al (EZREUZH & 232 58 (MAE) o] AYH BE dloly. 3 EE 7AEY Z8 2 9

A2 A ol Zef U,
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package (2} 7] 2])
AE 2 EE o, A7)
__path_ oJEZ|HE
At 71 A 2 ol 5 S A7 A = HAL.

parameter (7] 7] ¥ 32)
P4 (B W AE) B A T4l 9 4 9k A (Ek oW A9 AAE) & AGehe o B B
AE B, A EF o] w4t Q% ok

o Y A-7I ¥ E (positional-or-keyword): 9] %] 2]
ol Aol 71 & Fejo] T YU A& =

Aoz NBNAASL E2FT 5 Ut oA BE. Ao, A
Fole

t}-ol A foo 9} bar

[def func (foo, bar=None): ... ]

« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
B4 oo WAL B / £A2 ERFL 1 Aol T 5 AIh o Sof Tl A
posonlyl T} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 719 =-AE (keyword-only): 71N EZ W A 52 = Q&= AAE AFZ YL 7| HE=E-AL w7 H
= g 4o miNEs EF A & st M- X wi e U & O E 286 A o
T A5 Uth o E =9, kol Al kw_onlyl &} kw_only2:

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

o 7VH-$ X (var-positional): (TF2 v} 7] S0l &3 A] o] n] RtolEo] A £ X] QA X9 § &) A==
9t AR 2SS 9o NVLE ARG ol D R wA RS ol F ol <+ & ool

2014 AE  dsuth A€ =0 thaollA args:

[def func(*args, **kwargs): ... J

« 7PAIAE (var-keyword): (THE Bl 7} H 5 S0 34 o] ] WolS o] 7| Y= A=l T3
AT 4 AE A9 A% AYE AAES NG o A ARG vl A5 o] Fof ++ S
ol oA Ao 5 A5 Uth & 501 A9 el A kwargs.

ARG E AHA AAES 95 /) BB ol el A Ao A1} B4 AAELS A HE 5 Q5T

o1z 8o %] &=, QxLo} u 7 H 2] po]of L2 = FAQ A&, inspect .Parameter 22, function
A, PEP 362% H A 2.

path entry (7 & QlE2])

AR ZINEIRIE ZFAXZE F RESS 27 fo Faaste 2 E A= Y st FAa
path entry finder (3 2 JE 2] 5}21td])
sys.path_hooks ol Sl FHE (F, 42 dEZ F) o] F8]F+ 3plH Qd], o3 F = A EF
ERES FE=THE € AU
AZ dED oA Eo] FHG= WA EEL importlib.abc.PathEntryFinder o] Y34tk

path entry hook (7% 2 Q=g &)
sys.path_hooks Z|AE Qe EEUH, 54 4= dE o4 RS e e €2 dvd
AR dED 3}QH & EHFUTH
path based finder (7 2 7]4} 5} 2l )
718 v e A= IQIH & F s, J 2 E AR A RES ZFUTH
path-like object (7 2F 21 A))
Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

k3 2ol ol ek A F U E 31
45 AR D52 A8 A0Sl PR A 1%
KX o]

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= QojSol A AW AGES AN BEE TASE T4, Tho) A Aofoll A A4 AT AL
H & o UYL 7ho] M2t ofolt]of i} IE 27 o8 B, 3ol Ao A] A% 2t oYL for
2 gl e e BE 848 £H3E AQUTh THE Be dojot ojd SR TRl
flonz, st ol ol %31x] e ARHEL tiAlel 57 e H & A8 E itk

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

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.___gualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

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

reference count (=R 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

slots

S WY AAAdH, D2 ERESS AL 02 vg] Addsta d2dx e &

AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7

Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9

@@ﬁ}f Zlo] F5 U

sequence (X] @ 2)

An iterable which supports efficient element access using integer indices viathe __getitem__ () special method

anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,

str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

collections.abc.Sequence FA o)A FdAE_ getitem () F__len. ()2 oA &

A Z33 olEH o] A8 Ao st=)|, count (), index (), contains (), reversed ()&
9l

F7FUth o] B AEH o) AE TS F S register () & AMENA HAIH R ST 5
FUth Al A2 WA= dubo] th g 2pA & F A4 =, 38 AlES ‘?ﬂ/ﬂ'gx_ AL

set comprehension (3 g 7 = 2] 3 A)
olHHE Y= 84 AA Y dHE At AFHE G2 J TS v&st= 712 S . results =
{c for c in 'abracadabra' if c not in 'abc'}E= EXEY AT {'r', 'd'} S YA
U t}. comprehensions & #2340 Al 2

single dispatch (4 2 t] A s x])
T&o] e AR Fof| 7|24 A= = Al € T tasf X9 g FH.

slice (&2}o]2)
HEAAdx 9 dRE EETEV}‘“ “iﬂ Sfol~
variable name[l 3:5] A9Y otof| A of & 7]
HE)Z7/|HL YRrdoe= sllce 7“24] ARE-3HY
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special method (54 WA &)

gho] o] ol o | AkE, Sl 22, APT ] FAHOE TEH = HAE. o] HAEE F 7Y
Wz 2 A Zel Zbs o] 28 2h1 Q)4 U th E4 WA &= specialnames of] A 2 TS o] A 95U )

statement (%))
AL ARE (RE “BE (lock)”) & TASHE REAYTE £HE 224 o] A} AN =8 A8}
= oY A F2RE F9 shud Yt 718 if, while, for.

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

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also type
hints and the t yping module.

strong reference (7}l 2+ %)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-

ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

18 Hx = AL

text encoding (Bl ~E 217 9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

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

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

text file (Bl A E 3} <))

scr AAE B3 & 5 e h 4. $F, AaE e dARE el= A ool rERg
HH 28t B AE Q1T Y S A5 AU g2 JJF%IA |2 HAE BE ('r = Tyw') B
dd 3+¢Y, sys.stdin, sys.stdout,1i0.StringI0 & AXHXAE & JFUTh
Hlel 2GR A4 & 232 4 9 3 AR Hlal A ue] e 79 E FasAle
triple-quoted string (’\F% e 3 H Ex1Y)
mhedE () A2 mEE C) A R S e EAE. g wha i shte s A wAd ] gle
715& AFHA = FA T, o 2] 71A] ool A ER7L A5 T o] o]z ¥ 4] ¢k A2uEat
EUJr%E% A ol ZFF # YEF o, A FAE 24 Gk o Fo] 23 5 Q=
SrEge 2w 53 &8 den

type ()
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 o] & 8] o]A)

g2 Aol g shel BrE o] A& el Fof.
Yo Qelol 2t Y A =S desse o 8% 8 S0

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

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass
0] 715 A3l typingd PEP 4845 A 2314 &
type hint (g 31 &)
WS, 2ol ol 2P RE B B4 v ES U 0 gke) 1E £ B2 AR s of e o) 4
3 A= A E Ao 3 sho] Mol A ZAIE A+ A, A4 % A4/ o] §-§ gtk EIIDES] TE
a4 P eAEde Fouch
A Weg Aden, A W, Foa JEARE R T4 I DEE typing
get_type_hints () & ]——9-‘6]-0:] B AT 4= 5y Tt
a

BN
o
EY

o] 7].s= 2™ st= typing ¥ PEP 4845 3

universal newlines (U8 A & 9 7))

g3t 0o AT BE 5 Bl Eoz Ause dos amge 4G 9018 24
el \ar, SESZ B rvar, o A9l WAEA A\ FAR R ARl BN pytes.

splitlines () J-O]-HE]-PFP27SQ—PFP3116 Exﬂﬁ.

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

W o] gl o] A -2 Al A annassign o A] A T

o] 71%5& AW 3tE T o] E o] 41, PEP 484 9 PEP 5262 #2314 2. 3k o i | o] A 2H¢] ol o 3
¥ A}#) = annotations-howto & Z 2 814 8.

virtual environment (7}4} 317)
Shol tl ALE A9} 88 L2 1 o], 22 A2l WS £ THE Sholf 84 22 AW F2of
QTS FA oA, sto| A Wi S| A& A A AY a2 ol =Edt= AS 7Hs A o,

Moz Aed 43 A7,
venv & HA L.

virtual machine (7} 71 A])
czEsjolto R Aoj8 AFH. ol W) A4 /AL ol E TE A}
=g ARg.
Zen of Python (2}o] 4 Al)
o)1 iAol Aels} AeHEe] B2t Aol )38k A e ol £ o] BTk o 5L o5y
ZEZEA “import this” —% JHetH Bt

e
v
N
e
|
oy
rr
=
o
[m
K
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ0{Q A}

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

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

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

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

HY = =t oAM= 2 AS K} GPL compatible?
09.0~1.2 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] 2.1.1 2001-dA] PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

Guido 9] A& 3}o] o] vl ZE 753 WHE W2 2] 5 AL BARFE AN A ZA= U T

C.2 TO|4Mofl HMASIAHLE ALRS}7| R 0|8 2kt

Python software and documentation are licensed under the PSF' License Agreement.

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

shole] £ Y Az e ofo] & ke ol At A STk ol AL Y 2ol Ao Hgshe
S eL5) S ). ) 21 ool 5] 5 6h 9 585 A4l ool 68 hol 4 ) ol

e ORE

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.14 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.11.14 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT..
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

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

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
(T2 sl o] A of] AlZ)
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(e1A sl o] A ol A AI5)

its terms and conditions.

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

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

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.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

This License Agreement will automatically terminate upon a material breach of
(ThZ sl o] A of] Al<)
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its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM

(TH& sl o1 Aol A1)
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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 Z3t=l AT E|0{0] CH3t 2l0|MIA LU &0
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C.3.1 H2M EQ[AH

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

(TH& sl el Aol A1)
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http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 a3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|ES7| &% MH|A

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
(Th= sl o] Aol A%
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INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &z|

http.cookies REL 0} 7} 22 79 482 ¥ B o)

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.

o3} 2L 2o ARE 2RYYT

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

(TH& sl o1 Aol A1)
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Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode X UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML & Z2 A S5

xmlrpc.client BEL T T} 22 79 A9HS ERFUTh

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
(ThZ sl o] A of] Al<)
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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. IN 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.

7 o] A ol A A <)

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE S kqueue B o] 20 th3) T3} 22 o) AL EFFUh

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

(TH& sl o1 Aol A1)
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notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o] JFUth

<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)
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C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

(ThE sl el Aol A<)
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"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable

by such Contributor that are necessarily infringed by their
(TH& sl o1 Aol A1)
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Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

7 o] A ol A A <)

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and

may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,

reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

(o= sl o] A ol Al%)
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
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

(TH& sl oA ol A1)
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the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

z1ib B2 A" ol A 2 zlib W W o] L7 2.2 of A A =of] AFSE 4= glow, 23 zlib S AR S

ARg St dEg Ytk

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

(TH& sl oA ol A1)
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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

7 o] A ol A A <)

C.3.16 cfuhash

tracemalloc o 93] AF&% &= A H o] 22 73 L cfuhash Z2 A EE 7|wto 2 o

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3. Z3E A2ZEF|0{oll it 2foldla H 52l
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C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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 C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
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,

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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