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ONE

CPython 4 ¥ &2 7V XiZa~<wy K74 Y e BEEHAN - THRA RREERITRVET,

CPython REDM: OEEDa~> F5 4 ¥ 2% — A1k CPython LIEREZD T, X567 5HHIE

implementations ZZfEL T 72X W0,

1.1 AR kFEZ1>

Python ZE#T 22 %, UTOSBEEDA TS a v EIEETEET:

‘python [-bBdEhiI0OPgRsSuvVWx?] [-c command | -m module-name | script | - ] [args]

BHS5A. bo b RIVEFMHTRZ, BEICRAZ ) S 2E#T5 L TT:

‘ python myscript.py

111 4128—T A RF T3>

AVERTYVEDA R —T7 24 RF UNIX 21D DITPTHE T, X HEL OEFHFEZREMEL TV

£7:

e 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 Ctrl-D on UNIX or

Ctrl-Z, Enter on Windows) is read. For more on interactive mode, see tut-interac.

o 77 ANGEIED FEANE LTI 7 ANZESNGE ZDT7 7 ANNHRT )T M EiHAAA

THEITLET,

o T4 LI PVEELIRIIRIMSTI5E, 20T 4 L2 PURSHEYIRAHIORZ V) T+ 7 7 4 VR

AAATRITLE T,

—-¢c AR VR A7 avyEHHLCGEEINZESE. AV R & LTEXIT: Python DX EFEITL
¥9, AV F OEIFBAT TR SN EBITEEET 2 2 b TEE T, [TORBHDEHATII
Python X OEEEZRTT |

-m EYa—I)L$ 2 LT Python €Y 2 — A RNRARXZHZEY 2 —VERESINEGE, TODEY 2—)1
BAZVT P LTEITLETS,
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AT IT 4 7= FTIE. ASIOREPFEITHNS—REINE T,

AVRTYVRIZESoTHEENZ AT a Y YR MR T L., #T 22 TO5/8UI sys.argy 28
DEF, - LU, INF 0 DFHHER (sys.argv[0]) 37005 ADY —ZAEERERTXFIITT,

-c <command>

command W® Python 32— FEEITLF T, command FBATICE» TRYISNTz 1 T EDXT
T, BEDEY 2—1Da— ReFAUL, [THOZEAXTFIEIE®RZFHD X3,

DX T a YHIEESINHGA, sys.argy DRFIOEZRT "-c" 2RO, ALY T4V 7 U
sys.path DEHICEMENET (ZDT4 L7 PV XHEZEY a— L% by TLRLVET2a—L kL
T import K2 X518 D £9),

5% command Z#5%E L T Bi&{ X~ b cpython.run_command %35 LU ¥ 35

-m <module-name>

sys.path D OIFEINLEY 2 —NEZDEI 2 — 2L, ZONAE% __main__ TV 22— LT
EITLET,

518U module %72 DT, ILRT (.py) ZEDTUIVWIF EEA, T 2 —LEIFERRK Python Offt
FE Y 2 —L4 (absolute module name) THEHRNEFTFH, EENZNZHAEIL TVS LIFRD x¥
A (BIZIZ. A 7Y ELRNCED 5 HEHAT 520 LLELA),

Ny =% (BHIZEEARYy 7=V EL) THHVERA, BEDOEY 2 —-1OROD Iy =
G5z NI GE, A &R T Y R <pkg>.__main__ % main EY a2 — Ll LTHEITLET, 20D
EENIRZ ) TP LTEINLT 4 L7 b USR zip 77 A0 EA YR T) XHPNUHT 20 B
FICRICICLTWE S,

0 IR
ZOF T a VIFMHABIAHEY 2= C TEPNLIREY 2 —VICIIFHTZ £8 A, Python

EV 2N T ANEESTORELRLTE, LEL. Y SALBEADES 2 —E. ¥ 27T
DY =27 7 A N7 L THHHARET S,

DA T a YHPHRESNIHE. sys.argy DRAIOERIZES 2 -V T 7 A VDT NNRIZIZD F
T (EVa2a—NT7 74 VERBLTVSHE BRAIOERZ "n" ITRESNET), c AT a v [
i, ALY b7 4 L2 U D sys.path OFEEICBME N E T,

-I option can be used to run the script in isolated mode where sys.path contains neither the
current directory nor the user’s site-packages directory. All PYTHON* environment variables are

ignored, too.

ZLOEEES L TS VEI 2 — A7) P LTEITEINEKEDEZDOa— 3B h T, filx
13, timeit Y 2 —EIRD X S ICETA[HETT

python -m timeit -s '"setup here" "benchmarked code here"

python -m timeit -h # for details
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5% module-name Z45F LT B# 4 > b cpython.run_module %M L £,

& BE

runpy.run_module ()

Python 22— FTE#MH 2 2 E(filF%HE

PEP 338 - €Y a— %2 RA27 VS e LTHEITTS

N—=ar 31 TEH: _ main__ 3 7EI 2 —NEFETTEIN Fr—VEnREMEEhE LR,

N—ay 3.4 TEH: AHIZEEA Ay —Y b R— b EINFEL

HEAT) (sys.stdin) 22637 Y FEHARAA TS, BEANDNEZ — I F AR -GG, BB -
AT a vHPHEESINET,

COFATT a v PEEINT GG, sys.argy OBRAIIDEZHEIE "-" T, ALY bT 4L 27 UM
sys.path OJEHIZEME N E T,

S L T B A XY b cpython.run_stdin ZiAH L %9,

<script>

script N Python 23— FE2FEITLE T, script 1&. Python 7 7 AL, __main__.py 7 7 A A DD
57 4V2Z MY, __main__.py 7 7 ANDD D zip 77 ALDVTINHD, 77 A NVT AT LLED (HE
THE 7 LA SR TR D EE A,

DA T a yHHEESINIHE. sys.argy ORMIOERIFZa~ Y F 74 Y THRESNLRAZV T+
i D £,

A7V T b4H Python 7 7 A VEEHEEELTOWESE, ZO7 740287 4L 27 bUBR
sys.path OEFHIEBMEN, Z2D7 74 ME __main__ EYV 2 -l LTETINET,

AZVTVEDRT 4 LT bV zip 77 AVERIREL TGS, A7 U 7 425 sys.path (B
., ZOHD __main__.py 7 7 AV __main__ TV a2— L LTETEINET,

-I option can be used to run the script in isolated mode where sys.path contains neither the
script’s directory nor the user’s site-packages directory. All PYTHON* environment variables are

ignored, too.

5% filename ZHEE L T B&E A X b cpython.run_file ZiXH L £,

& BE

runpy.run_path()
Python 2 — FTEE 2 2 %Mz HEAE

1.1.

AR ESTY 5


https://peps.python.org/pep-0338/
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AVR=T 2 ARF T a VREZONRP o GG, -1 PIEEIICIEE Eh, sys.argv[0] HZEDFF
("M kD, BEDT 4 L7 YD sys.path DEBITEMENE T, £/ FIAFRETHIUIX THiTEE

J&IERRED BB E L XL E F (rlcompleter-config # B L TL 22X W),

& BE

tut-invoking

N—=Pay 3.4 TEE: Z7HECBRORENHEFNHIMEEINET,

1.1.2 —f§A 7> 3>
-7
-h

--help

Print a short description of all command line options and corresponding environment variables

and exit.

--help-env

Print a short description of Python-specific environment variables and exit.
Added in version 3.11.
--help-xoptions
Print a description of implementation-specific -X options and exit.
Added in version 3.11.

--help-all

Print complete usage information and exit.
Added in version 3.11.

-V

--version

Python D N—2 a Y&HS2FRRLTRTLET, HHDH:

Python 3.8.0b2+

2OEETHE, RDESICEDZLDENL FOERERRLET:

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

Added in version 3.6: -VV A+ 7> a3 >,
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1.1.3 zoftoF 7o a3 >

-b

Issue a warning when converting bytes or bytearray to str without specifying encoding or
comparing bytes or bytearray with str or bytes with int. Issue an error when the option is

given twice (-bb).

N—Ya ¥ 3.5 TEH: Affects also comparisons of bytes with int.

Gz on7%E, Python 13V —REY 2 — 1 DA YR— MREIZ .pyc 7 7 A VOERZHAEE A,
PYTHONDONTWRITEBYTECODE RRIRZ DB L TL 72X\,

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

Control the validation behavior of hash-based .pyc files. See pyc-invalidation. When set to
default, checked and unchecked hash-based bytecode cache files are validated according to their
default semantics. When set to always, all hash-based .pyc files, whether checked or unchecked,
are validated against their corresponding source file. When set to never, hash-based .pyc files are

not validated against their corresponding source files.

The semantics of timestamp-based .pyc files are unaffected by this option.

-d
Turn on parser debugging output (for expert only). See also the PYTHONDEBUG environment vari-
able.
This option requires a debug build of Python, otherwise it’s ignored.

-E
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
See also the -P and -TI (isolated) options.

-i
BROIDFIENCR 7V T I BB EINZGER —-¢ A7 a YIFIHIhZGA, sys.stdin AKX —3
FAMIHAEINBROHEDED T, A7V T bpavy FEETLLRICA VX777 14 7E— FICA
D %£3, PYTHONSTARTUP 7 7 A MZFnAABEE Ao
CDFATY a iZra—rVERR, A7) TN RESEL L EIREDAR y 7+ L — R %ZiH
N3 DIMER TS, PYTHONINSPECT B L TLIEE W,

-1
Python Z[@HEE— RTHEITLE T, -E. -P. BIUY -s A 7> a VHEBECIEEINE T,
In isolated mode sys.path contains neither the script’s directory nor the user’s site-packages di-
rectory. All PYTHON* environment variables are ignored, too. Further restrictions may be imposed
to prevent the user from injecting malicious code.
Added in version 3.4.

1.1. OV RFT1> 7
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-0
Remove assert statements and any code conditional on the value of __debug__. Augment the
filename for compiled (bytecode) files by adding .opt-1 before the .pyc extension (see PEP 488).
See also PYTHONOPTIMIZE.
N—ar 35 TEHE: PEP 488 IZftoT .pyc 7 7 A VB EEHL X T,
-00
Do -0 and also discard docstrings. Augment the filename for compiled (bytecode) files by adding
.opt-2 before the .pyc extension (see PEP 488).
N—Yar 35 TLHE: PEP 488 IZfitoT .pyc 77 A VHEEHL£7T,
-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.py command line: Don’t prepend the script’s directory. If it’s a symbolic
link, resolve symbolic links.
o 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 -E and -I (isolated) options.
Added in version 3.11.
-q
AVRI VT 4 TE—FTH copyright £NX—=2a DXy t—IZRRLER A
Added in version 3.2.
-R
Turn on hash randomization. This option only has an effect if the PYTHONHASHSEED environment
variable is set to 0, since hash randomization is enabled by default.
On previous versions of Python, this option turns on hash randomization, so that the __hash__()
values of str and bytes objects are "salted” with an unpredictable random value. Although they
remain constant within an individual Python process, they are not predictable between repeated
invocations of Python.
Hash randomization is intended to provide protection against a denial-of-service caused by carefully
chosen inputs that exploit the worst case performance of a dict construction, O(n?) complexity.
See http://ocert.org/advisories/ocert-2011-003.html for details.
PYTHONHASHSEED W2 &k o TNy ¥ 2> — FOREEMBEMEICT 2 Z e 3K E T,
Added in version 3.2.3.
N=Tary 37 TEHE: ZOF T arPEESNBIBDELL.
8 F1EIATVRIAVEERE


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
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-s
A—HDOHA Ny T—SDFT4 LI kY % sys.path ITBIL £HA
See also PYTHONNOUSERSITE.
& Bz
PEP 370 - 2—#%Z & @ site-packages 74 L7 MV
-S
site Y 2 —/L® import &, ZDEY 2 —LHTR > TWz site Z & D sys.path NOERIEZ TR
WCLET, %T site ZIRINIC import LT, IO DIFIFFITINFERA (FATLZWEAIE.
site.main() ZMESFHLTLZE W),
-u
Force the stdout and stderr streams to be unbuffered. This option has no effect on the stdin
stream.
PYTHONUNBUFFERED B L T ZE W,
N—=Y a ¥ 3.7 TEH: The text layer of the stdout and stderr streams now is unbuffered.
-v
BV 2P EIN 27N v = 2L, ZOAHEZ (77 A VAREL ML VEY 2—
V) HrHR—REINDOrERRLET, ZHEX6NLHE (-vw) & EV 2L Z2HRT L L X
Fzv I L7 7ANT8RAy =Y 2HALET, 7, RTROES 2 -2V =27 v FICH
THEmOIRMEL 7,
N— 3 Y 310 TZHE: The site module reports the site-specific paths and .pth files being
processed.
PYTHONVERBOSE $ B L T Z&E W,
-W arg
ZEFIH, Python OBEEMIZT 7 + L b TIIEE R v —I% sys.stderr IZFERLET,
The simplest settings apply a particular action unconditionally to all warnings emitted by a process
(even those that are otherwise ignored by default):
-Wdefault # Warn once per call location
-Werror # Convert to exceptions
-Walways  # Warn every time
-Wall # Same as -Walways
-Wmodule # Warn once per calling module
-Wonce # Warn once per Python process
-Wignore # Never warn
1.1, OARYES1> 9



https://peps.python.org/pep-0370/
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The action names can be abbreviated as desired and the interpreter will resolve them to the

appropriate action name. For example, -Wi is the same as -Wignore.

FIBDTERBIIRD L5127 £

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: DeprecationWarning). 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 equiv-

alent to an omitted line number.

D - AT a ZIFETLIENTEET, EEDP 1M EOF T arvesyF LA T
BRIy F LA T a7 7 a B MR 3, RER - A7y avidElahxs
(BAIDBEEDPRE L 212, RERLT TS a YITHT2EEX v —IRRRINET),

Warnings can also be controlled using the PYTHONWARNINGS environment variable and from within

a Python program using the warnings module. For example, the warnings.filterwarnings()

function can be used to use a regular expression on the warning message.

# L < 1F warning-filter ¥ describing-warning-filters ZZR L T 72X W,

-x
Unix DALOERD #1cmd 25 7012, VYV —RDOERADITERAFYy 7L ET, Zhid. DOS HHD
Ny 7 DAHZHNE LTVET,
-X
A BREEBFBEDOF 7Y a DD FHEATWET, HED L 25 CPython I FTOEZEHEL
TWVWET:
e -X faulthandler to enable faulthandler. See also PYTHONFAULTHANDLER.
Added in version 3.3.

e -X showrefcount to output the total reference count and number of used memory blocks
when the program finishes or after each statement in the interactive interpreter. This only
works on debug builds.

Added in version 3.4.
10 F1EIATVRSAVERE
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e -X tracemalloc to start tracing Python memory allocations using the tracemalloc mod-
ule. By default, only the most recent frame is stored in a traceback of a trace. Use
-X tracemalloc=NFRAME to start tracing with a traceback limit of NFRAME frames. See
tracemalloc.start() and PYTHONTRACEMALLOC for more information.

Added in version 3.4.

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

PYTHONINTMAXSTRDIGITS.
Added in version 3.11.

e -X importtime to show how long each import takes. It shows module name, cumulative time
(including nested imports) and self time (excluding nested imports). Note that its output
may be broken in multi-threaded application. Typical usage is python3 -X importtime -c
'import asyncio'. See also PYTHONPROFILEIMPORTTIME.

Added in version 3.7.

e -X dev: enable Python Development Mode, introducing additional runtime checks that are

too expensive to be enabled by default. See also PYTHONDEVMODE.
Added in version 3.7.

e -X utf8enables the Python UTF-8 Mode. -X utf8=0 explicitly disables Python UTF-8 Mode

(even when it would otherwise activate automatically). See also PYTHONUTFS.
Added in version 3.7.

e -X pycache_prefix=PATH enables writing .pyc files to a parallel tree rooted at the given
directory instead of to the code tree. See also PYTHONPYCACHEPREFIX.

Added in version 3.8.

e -X warn_default_encoding issues a EncodingWarning when the locale-specific default en-

coding is used for opening files. See also PYTHONWARNDEFAULTENCODING.
Added in version 3.10.

e -X no_debug_ranges disables the inclusion of the tables mapping extra location informa-
tion (end line, start column offset and end column offset) to every instruction in code ob-
jects. This is useful when smaller code objects and pyc files are desired as well as suppress-
ing the extra visual location indicators when the interpreter displays tracebacks. See also

PYTHONNODEBUGRANGES.
Added in version 3.11.

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

1.1. AV k31> 11
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and importlib_bootstrap_external frozen modules are always used, even if this flag is set

to off. See also PYTHON FROZEN_MODULES.
Added in version 3.11.

e -X perf enables support for the Linux perf profiler. When this option is provided, the perf
profiler will be able to report Python calls. This option is only available on some platforms
and will do nothing if is not supported on the current system. The default value is "off”. See

also PYTHONPERFSUPPORT and perf profiling.
Added in version 3.12.

e -X perf_jit enables support for the Linux perf profiler with DWARF support. When this
option is provided, the perf profiler will be able to report Python calls using DWARF infor-
mation. This option is only available on some platforms and will do nothing if is not supported
on the current system. The default value is "off”. See also PYTHON_PERF JIT SUPPORT and
perf_profiling.

Added in version 3.13.

e -X cpu_count=n overrides os.cpu_count (), os.process_cpu_count (), and
multiprocessing.cpu_count(). n must be greater than or equal to 1. This option
may be useful for users who need to limit CPU resources of a container system. See also

PYTHON_CPU_COUNT. If n is default, nothing is overridden.
Added in version 3.13.

e -X presite=package.module specifies a module that should be imported before the site
module is executed and before the __main__ module exists. Therefore, the imported module
isn’t __main__. This can be used to execute code early during Python initialization. Python

needs to be built in debug mode for this option to exist. See also PYTHON PRESITE.
Added in version 3.13.

e -X gil=0,1 forces the GIL to be disabled or enabled, respectively. Setting to 0 is
only available in builds configured with --disable-gil. See also PYTHON_GIL and what-
snew313-free-threaded-cpython.

Added in version 3.13.
FEEDOHEZEL. sys._xoptions HEPLWMO T HHKET,
Added in version 3.2.
N—Y 3 3.9 TZH: Removed the -X showalloccount option.

N— 3 ¥ 3.10 TEH: Removed the -X oldparser option.

12
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1.1.4 O

77 4V FTIE, Python £ ¥ X =7V X —iF, PL—ANy Z7ORRLREDREDIRNT, HOZETHA
FAPTZESTHEEIATOET, CORBTVIL, BARZREAMEREST 2 Z b THIITE X3,

BRIEZSHY TERM % dumb ICFET 2 2 2T BT RN TEE 5,

FORCE_COLOR BRIBZMMBREZINTWVWBIEES. TERM OEICH2DL ST, B 3EMchEbET, Zh
1Z. B—IFANTIERVE ANSI 2R —F>—Fr U ARHRRTES CL P RAF LA THEMNTT,

NO_COLOR BRIFZABDFRE N TV 2 5A. Python IZH 1O T X TOEE RN L £ 5, 24U FORCE_COLOR
khuEEEIhET,

INHDITRTOEBRERZ. o hollHlozoicfioy —ricb RSN E S, Python £ ¥ & —71
X —TDAEDOH I EHIHT 521X, PYTHON_COLORS BRBEEBEHHTEZ 3, ZDZEHUZ. FORCE_COLOR
X O HEHLXNS NO_COLOR & Db, XHIEEINET,

1.1.5 ESRNETHEVWA T2y

-J
Jython D7zdDITFHENTVET,

1.2 RIEEH

DUTOBREZERIZ Python OZFENTHEL £ 9, RBEZHE -E X - I MADax Y FI74 VR4 v F ORI
PHXNE T, BHRLALE XA Y RIAL VAL v FPREERE A — =54 N T 2DITEAHITT,
PYTHONHOME

[ Python 54 72 VOBFTIRZEELE T, 7744 FTlE 7477 V& prefiz/lib/
pythonversion & ezec_prefiz/lib/pythonversion »HMRBEINF T, Z I T, prefiz &
ezec_prefiz ¥4 Y A b —IURFDT 4 L7 bUT, WiHHET 7 4L F Tl /usr/local TT,

PYTHONHOME 731 D2D7 4 L7 P VIZHRESINTWBLE, ZDEIX prefiz & ezec_prefiz DM
HrBEEMRET, 2ok DEZIEE L WHEIE. PYTHOVHOME % prefiz: ezec_prefiz D
FORHREL XTI,

PYTHONPATH

EV2— VT 7 ANDT T 4V PORRARZEMLET, JORBEERDOT +—< v MIZ =10
PATH 2 [AUT. os.pathsep (Unix 252w, Windows 25t Iany) TRYILHNZ 1 D LD
TALZ PURRATY, FELEWT 4 L7 PVIESZLICEISNET,

WEDT 4 L2 M VICHZ T, PYTHONPATH O b V¥ 27 Python €Y 2 —L (Y —AEARTH
AVRANEINERTD) 288 zip 77 ANVESRIT S22 TEFET, HIREY 2 — Lk zip
77 ANLDOFH 5 import §5ZEIETEERA,

T 7 4 F DR ANRIEA VR = IUURTFT T2, @HEIE prefiz/lib/pythonversion THE D %
Fo (LD PYTHONHOME 2B L TL &V, ) T BIC PYTHONPATH (\TBIMS KT,

rD AV E-T A RFT a3y THHSIATVWS XS5 BIORBAZXTFT L7 UM
1.2. RIREH 13
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PYTHONPATH O FHNEBMEI N E T, ME CRIE Python 7027 J 405 sys.path & LT
BIETHZeDTEET,

PYTHONSAFEPATH
If this is set to a non-empty string, don’t prepend a potentially unsafe path to sys.path: see the
-P option for details.

Added in version 3.11.

PYTHONPLATLIBDIR

If this is set to a non-empty string, it overrides the sys.platlibdir value.
Added in version 3.9.

PYTHONSTARTUP

CDERDHAIABAIREIR T 7 A VDG E, HMEE— FTRADO T > 7 BRRSNSHITED
7 7 4L®D Python a v Y RPEITENE T, 77 A VATERINTVEA TV 27 v A VKR—b
ENTA TV P eNEEE Yy S a Y OTBHIETIMHT 272012, 7 7 A VIENEERNRa< Y FEHE
CHRIZEBTHEITEINET, 20774 VDHT, 07 sys.psl ¥ sys.ps2, R5UICT7 v 7
sys.__interactivehook__ »ZEHTEE T,

Raises an auditing event cpython.run_startup with the filename as the argument when called
on startup.
PYTHONOPTIMIZE
DEBICETHROWLFHNERETI2DE -0 47> aveiEET 52D EMTT, BEERELE
/a-ﬂ%@ﬂ@hﬁbk®ZﬁDKﬁD§To
PYTHONBREAKPOINT

If this is set, it names a callable using dotted-path notation. The module containing the callable
will be imported and then the callable will be run by the default implementation of sys.
breakpointhook() which itself is called by built-in breakpoint(). If not set, or set to the
empty string, it is equivalent to the value "pdb.set_ trace”. Setting this to the string ”0” causes

the default implementation of sys.breakpointhook() to do nothing but return immediately.
Added in version 3.7.

PYTHONDEBUG

COEBITHE TR O FHNERET HDIE -d 7> a Y RIEET 2D LHFMTT, BEEIEE L%
B, —d ZEBEHEE LD RILIZHRD £5,

This environment variable requires a debug build of Python, otherwise it’s ignored.

PYTHONINSPECT
DERNCLE TRV FHNERETIDE -1 A7 a VEIRET 3D EMTT,

Z#% Python 23— K55 os.environ o TEHE LT, unr 748 TRHDOA Y ART b
%—-F%?ﬂzﬂ?ﬂ“ﬁhé\_t#“@%i‘ﬁ"o
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SIEUEL T BEE A XY b cpython.run_stdin ZiEH L £ 35,
N—a ¥ 3.12.5 TEHE: (also 3.11.10, 3.10.15, 3.9.20, and 3.8.20) Emits audit events.

N— 3 v 3.13 TEH: Uses PyREPL if possible, in which case PYTHONSTARTUP is also executed.
Emits audit events.
PYTHONUNBUFFERED
DERIZZETHROLFHNERET 2D ~u + 7> a VEIEET 2D L FMiT,

PYTHONVERBOSE
DEBICLE TN TFHNERETZ2DIE v AT a VREET 3D EMTT, BRERELYS
B, v ZEEBEEE L0 LIk 5,
PYTHONCASEQOK
BEBDPRESINTWEEE. Python & import X TAXE/MXEZRILERA, 24U
Windows ¥ macOS TOAHEL £,
PYTHONDONTWRITEBYTECODE
DEBIZETIR VLR B E L1256, Python 13Y —RAEY 2 —1DA VK- MRFIZ .pyc 7 7
4’}1/%1’FEELJZ SrELDET, -BATSarvEIEETIDLEMTT,
PYTHONPYCACHEPREFIX

If this is set, Python will write .pyc files in a mirror directory tree at this path, instead of
n __pycache__ directories within the source tree. This is equivalent to specifying the -X

pycache_prefix=PATH option.
Added in version 3.8.

PYTHONHASHSEED

DEDPHE ENTOVRWEER random ITRE X NGE. BLEMED str. bytes 7 7Y =7 b D
Ny Tad¥— RiIZflibiiE S,

PYTHONHASHSEED D3¥BUEICEEE SN2 5E. TOMHEIEANY ¥ 2T ¥ & 2 bH S BLD hash() RO
EES — Ficffibi g3,

ZOHMIEBRMEDOD 3Ny 2 RAREICT B2 T, flIZIEA 27V EXHEOHCT A MR
Python 7Rt AD7 5 AKX Ty ¥ a2 AT L2DICHVET,

BHE [0,4204967295] DT HERCRIFAUSE D $ 8 A, 0 RIEET 3 Ly ¥ a5 v X ALREML
INFET,

Added in version 3.2.3.

PYTHONINTMAXSTRDIGITS

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

conversion length limitation.

Added in version 3.11.
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PYTHONIOENCODING

DDA ¥ 2 — T REITENIERE ENT WA, encodingname: errorhandler &\ 5 AT
e R ) /e o — i a— F%& EFZ L X9, encodingname ¢ :errorhandler
DEFIEED 5 HEET,. str.encode() LFIUEKRZRHL T,

BT 7 — ) DA, errorhandler OENIMA SN ET; N> F F13HIT 'backslashreplace’
T3
N—Y a v 3.4 TEH: encodingname DIBFHLREICZD £ LTz,

N— a Y 3.6 TEHE: On Windows, the encoding specified by this variable is ignored for interac-
tive console buffers unless PYTHONLEGACYWINDOWSSTDIO is also specified. Files and pipes redirected

through the standard streams are not affected.

PYTHONNOUSERSITE

COBRBEABDPRESIN TV A HEA, Python 1 1—Y site-packages T+« L2 kU % sys.path
WEML £ A

& BE

PEP 370 -- 2—%Z ¢ D site-packages 74 L 7 FV

PYTHONUSERBASE

Defines the user base directory, which is used to compute the path of the user site-packages

directory and installation paths for python -m pip install --user.

& 2E

PEP 370 - 2—%Z ¢ @ site-packages 7 4 L7 +V

PYTHONEXECUTABLE
ZORBEBDRES NG, sys.argv[0] 12, C 7Y &4 0 0HUG L7{HORD DT Z DERE
ZHOMEHHESNE T, macOS TOLEEL 7,

PYTHONWARNINGS
This is equivalent to the - option. If set to a comma separated string, it is equivalent to specifying

- multiple times, with filters later in the list taking precedence over those earlier in the list.

The simplest settings apply a particular action unconditionally to all warnings emitted by a process

(even those that are otherwise ignored by default):

PYTHONWARNINGS=default # Warn once per call location
PYTHONWARNINGS=error # Convert to exceptions

PYTHONWARNINGS=always # Warn every time
(RDR—=V ki)
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(FiDR— 25 D %)
PYTHONWARNINGS=all # Same as PYTHONWARNINGS=always
PYTHONWARNINGS=module # Warn once per calling module
PYTHONWARNINGS=once # Warn once per Python process
PYTHONWARNINGS=ignore # Never warn

## L < 1& warning-filter ¥ describing-warning-filters # 2 L T 72 & W,

PYTHONFAULTHANDLER

If this environment variable is set to a non-empty string, faulthandler.enable() is called at
startup: install a handler for SIGSEGV, SIGFPE, SIGABRT, SIGBUS and SIGILL signals to dump the
Python traceback. This is equivalent to -X faulthandler option.

Added in version 3.3.

PYTHONTRACEMALLOC

If this environment variable is set to a non-empty string, start tracing Python memory allocations
using the tracemalloc module. The value of the variable is the maximum number of frames
stored in a traceback of a trace. For example, PYTHONTRACEMALLOC=1 stores only the most recent
frame. See the tracemalloc.start() function for more information. This is equivalent to setting

the -X tracemalloc option.

Added in version 3.4.

PYTHONPROFILEIMPORTTIME

If this environment variable is set to a non-empty string, Python will show how long each import

takes. This is equivalent to setting the -X importtime option.

Added in version 3.7.

PYTHONASYNCIODEBUG

C DBHREHMZE TN FINCRE SN HE. asyncio EY 2 —LD TNy 7E—F PEILE
nxE,

Added in version 3.4.

PYTHONMALLOC

Set the Python memory allocators and/or install debug hooks.
Set the family of memory allocators used by Python:
e default: use the default memory allocators.

e malloc: use the malloc() function of the C library for all domains (PYMEM_DOMAIN_RAW,
PYMEM_DDMAIN_MEM,PYMEM_DOMAIN_DBJ)

e pymalloc: use the pymalloc allocator for PYMEM_DOMAIN_MEM and PYMEM_DOMAIN_O0BJ domains
and use the malloc () function for the PYMEM_DOMAIN_RAW domain.

RIREH 17
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e mimalloc: use the mimalloc allocator for PYMEM_DOMAIN_MEM and PYMEM_DOMAIN_OBJ domains
and use the malloc () function for the PYMEM_DOMAIN_RAW domain.

Install debug hooks:
e debug: install debug hooks on top of the default memory allocators.
e malloc_debug: same as malloc but also install debug hooks.
e pymalloc_debug: same as pymalloc but also install debug hooks.
o mimalloc_debug: same as mimalloc but also install debug hooks.
Added in version 3.6.

N— g 3.7 TEH: Added the "default" allocator.

PYTHONMALLOCSTATS

TRV TFINCRE SN D &, Python 37247V 27 v 7 ) —FPERINDRE, v v b
7 VFFIZ pymalloc X EV 707 —& OHEHERERRLE T,

This variable is ignored if the PYTHONMALLOC environment variable is used to force the malloc()
allocator of the C library, or if Python is configured without pymalloc support.

N— a ¥ 3.6 TZH: This variable can now also be used on Python compiled in release mode.

It now has no effect if set to an empty string.

PYTHONLEGACYWINDOWSFSENCODING

If set to a non-empty string, the default filesystem encoding and error handler mode will revert to
their pre-3.6 values of ‘'mbcs’ and ’'replace’, respectively. Otherwise, the new defaults "utf-8 and

‘surrogatepass’ are used.
This may also be enabled at runtime with sys._enablelegacywindowsfsencoding().
Availability: Windows.

Added in version 3.6: X DFEL <1 PEP 529 2L TL 72X W,

PYTHONLEGACYWINDOWSSTDIO

If set to a non-empty string, does not use the new console reader and writer. This means that
Unicode characters will be encoded according to the active console code page, rather than using
utf-8.

This variable is ignored if the standard streams are redirected (to files or pipes) rather than

referring to console buffers.
Availability: Windows.

Added in version 3.6.
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PYTHONCOERCECLOCALE

If set to the value 0, causes the main Python command line application to skip coercing the legacy
ASCII-based C and POSIX locales to a more capable UTF-8 based alternative.

If this variable is not set (or is set to a value other than 0), the LC_ALL locale override environment
variable is also not set, and the current locale reported for the LC_CTYPE category is either the
default C locale, or else the explicitly ASCII-based POSIX locale, then the Python CLI will attempt
to configure the following locales for the LC_CTYPE category in the order listed before loading the

interpreter runtime:
e C.UTF-8
e C.utf8
o UTF-8

If setting one of these locale categories succeeds, then the LC_CTYPE environment variable will also
be set accordingly in the current process environment before the Python runtime is initialized.
This ensures that in addition to being seen by both the interpreter itself and other locale-aware
components running in the same process (such as the GNU readline library), the updated setting
is also seen in subprocesses (regardless of whether or not those processes are running a Python
interpreter), as well as in operations that query the environment rather than the current C locale

(such as Python’s own locale.getdefaultlocale()).

Configuring one of these locales (either explicitly or via the above implicit locale coercion) automat-
ically enables the surrogateescape error handler for sys.stdin and sys.stdout (sys.stderr
continues to use backslashreplace as it does in any other locale). This stream handling behavior

can be overridden using PYTHONIOENCODING as usual.

For debugging purposes, setting PYTHONCOERCECLOCALE=warn will cause Python to emit warning
messages on stderr if either the locale coercion activates, or else if a locale that would have

triggered coercion is still active when the Python runtime is initialized.

Also note that even when locale coercion is disabled, or when it fails to find a suitable target
locale, PYTHONUTF8 will still activate by default in legacy ASCII-based locales. Both features must

be disabled in order to force the interpreter to use ASCII instead of UTF-8 for system interfaces.
Availability: Unix.

Added in version 3.7: X DFEHL X PEP 538 2% L TLF&E W,

PYTHONDEVMODE

If this environment variable is set to a non-empty string, enable Python Development Mode,
introducing additional runtime checks that are too expensive to be enabled by default. This is

equivalent to setting the -X dev option.

Added in version 3.7.

PYTHONUTF8

1.2.

RIREH 19


https://peps.python.org/pep-0538/

Python Setup and Usage, 'J!J—2X 3.13.1

If set to 1, enable the Python UTF-8 Mode.
If set to 0, disable the Python UTF-8 Mode.

Setting any other non-empty string causes an error during interpreter initialisation.

Added in version 3.7.

PYTHONWARNDEFAULTENCODING

If this environment variable is set to a non-empty string, issue a EncodingWarning when the

locale-specific default encoding is used.
X io-encoding-warning Z S L TL 72X W,

Added in version 3.10.

PYTHONNODEBUGRANGES

If this variable is set, it 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.

Added in version 3.11.

PYTHONPERFSUPPORT

If this variable is set to a nonzero value, it enables support for the Linux perf profiler so Python

calls can be detected by it.
If set to 0, disable Linux perf profiler support.
See also the -X perf command-line option and perf profiling.

Added in version 3.12.

PYTHON_PERF_JIT_SUPPORT

If this variable is set to a nonzero value, it enables support for the Linux perf profiler so Python

calls can be detected by it using DWARF information.
If set to 0, disable Linux perf profiler support.
See also the -X perf_jit command-line option and perf_ profiling.

Added in version 3.13.

PYTHON_CPU_COUNT

If this variable is set to a positive integer, it overrides the return values of os.cpu_count() and

os.process_cpu_count ().
See also the -X cpu_count command-line option.

Added in version 3.13.
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PYTHON_FROZEN_MODULES

If this variable is set to on or off, it 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 for non-debug builds (the normal case) and off for debug builds. Note that
the importlib_bootstrap and importlib_bootstrap_external frozen modules are always used,

even if this flag is set to off.
See also the -X frozen_modules command-line option.
Added in version 3.13.

PYTHON_COLORS

If this variable is set to 1, the interpreter will colorize various kinds of output. Setting it to O
deactivates this behavior. See also D HIfE.

Added in version 3.13.

PYTHON_BASIC_REPL

If this variable is set to 1, the interpreter will not attempt to load the Python-based REPL that

requires curses and readline, and will instead use the traditional parser-based RFEPL.
Added in version 3.13.

PYTHON_HISTORY

This environment variable can be used to set the location of a .python_history file (by default,

it is .python_history in the user’s home directory).
Added in version 3.13.

PYTHON_GIL

If this variable is set to 1, the global interpreter lock (GIL) will be forced on. Setting it to 0 forces
the GIL off (needs Python configured with the --disable-gil build option).

See also the -X gil command-line option, which takes precedence over this variable, and what-

snew313-free-threaded-cpython.

Added in version 3.13.

1.21 TNV T E—RFEHR

PYTHONDUMPREFS
BOE S NG, Python 134 Y X TV XD v v b XY VBRI TWEF TV 27 b BRA Y >
FeXrTLET,

Needs Python configured with the ——with-trace-refs build option.

PYTHONDUMPREFSFILE

If set, Python will dump objects and reference counts still alive after shutting down the interpreter

into a file under the path given as the value to this environment variable.

1.2. RIREH 21
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Needs Python configured with the --with-trace-refs build option.

Added in version 3.11.

PYTHON_PRESITE

If this variable is set to a module, that module will be imported early in the interpreter lifecycle,
before the site module is executed, and before the __main__ module is created. Therefore, the

imported module is not treated as __main__.

This can be used to execute code early during Python initialization.

To import a submodule, use package.module as the value, like in an import statement.
See also the -X presite command-line option, which takes precedence over this variable.
Needs Python configured with the —-with-pydebug build option.

Added in version 3.13.
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TWO

UNIX 75y k7 #—LT PYTHON Zf£>

2.1 B%H/N— 3> D Python DEELA YR R—IL

2.1.1 Linux

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 compile the latest version of Python from source.

In the event that the latest version of Python doesn’t come preinstalled and isn’t in the repositories as

well, you can make packages for your own distro. Have a look at the following links:

& 2E

https://www.debian.org/doc/manuals/maint-guide/first.en.html
Debian 2 —¥%—[MmA7

https://en.opensuse.org/Portal:Packaging
OpenSuse L —% —[al}

https://docs.fedoraproject.org/en-US /package-maintainers/Packaging_ Tutorial_GNU_Hello/
Fedora 2 —¥# —[a]lF

https:/ /slackbook.org/html/package-management-making-packages.html
Slackware —% —[a]l}

2.1.2 FreeBSD ¥ OpenBSD

o FreeBSD 2 —# —%3 Python /Sy 7 — I ZBMT 2IIERD X 5L TSV

‘ pkg install python3

o OpenBSD Z—4—2% Python »Sv 7 =Y ZEMT 2ITIEFRD XS LTLIZE W

pkg_add -r python

(RDR=V1Hi <)


https://www.debian.org/doc/manuals/maint-guide/first.en.html
https://en.opensuse.org/Portal:Packaging
https://docs.fedoraproject.org/en-US/package-maintainers/Packaging_Tutorial_GNU_Hello/
https://slackbook.org/html/package-management-making-packages.html
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(FiDR— 25 D %)
pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/<insert your,,

—architecture here>/python-<version>.tgz

Bz, 1386 L — —7% Python 2.5.1 ZHUGF 2 IZERD LS L X T:

‘ pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/i386/python-2.5.1p2.tgz

2.2 Python ®EJLFR

CPython Z HZJTa Y XA L LEWEER, £33 V-2 ZAFLET. BV VY —RRDY — 22X~
O—F, H2VWREY—RVEI FURLHLL 70— ZIERLTLES W, (X FOERICEBIL 720
BRI —UPREITRETL x 9. )

L RFIHIGEEDa~ Y FTITVWET

./configure
make

make install

Configure DA T2 3> RFED Unix 77 v F 7+ — BT 2 EERIE Python Y=Y Y —DL— |
2% % README.rst 1Ml SR SN TVWE T,

A

make install i python3 NA F V%R LEXFLFV V7 2WELTLEI D LIAERA, £
D7z, make install OfUbH DT exec_prefiz/bin/pythonversion DHA4 ¥ X b —/LF % make
altinstall BRI TV XTI,

i

=3
=

2.3 Python (CERTBNRET 71

IhnlEe—Ang YR =V OBEHINECTENL £ prefiz & ezec_prefiz 134 ¥ A b= VIRHIC
KEFELTWT, GNU Y7 b =27 Ko THRIRENET; TOTDRFAILTH2H5E808H D %7,

BIZIE, FLAEYD Linux X7 AT, MADF 7 4L k3 Jusr TF,

Z7AI/ T4 LI MY =13

ezec_prefiz/bin/python3 42T ZOHRIN B IG0
prefiz/lib/pythonversion, BEES 2 - V2T 274 L2 PV O, #HRSIHS
ezec_prefiz/lib/pythonversion B,

prefiz/include/pythonversion, Python #A5&%° Python O#HIAZIZHE L 745 include 7 7

ezec_prefir/include/pythonversion  ALZIEMNT 27 1 L 7 bV OHEREX N 2 57T,

24 % 2 & Unix 73y b7 +—LT Python Z{5
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2.4 =Dft

Python 227V 7+ % Unix THEEIME S 72012id, HIZIERDESICLTRAZ Y S M ZEITAREY 7 1 )V
[NAON

‘$ chmod +x script

Y] 7 shebang T2 A7V 7 FOEHICEZXFE T, 2V TVDIFEARWVWAEIX

‘ #!/usr/bin/env python3

T. PATH 255 Python £ ¥ X =TV X =% L FF, L2L, W2H»D Unix {F env 27 FEF
BOWDT, £ X =T R—D, A% /usr/bin/python3 DX S N—Fa—KFLARFERLRVAH L
NELA,

Y zla<y R% Python 2271V 75551213, subprocess Y 2 — L EZZL T EE W0,

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 /etc. On most distribution the file is either in /etc/ssl or

/etc/pki/tls. The directory should also contain a cert.pem file and/or a certs directory.

$ find /etc/ -name openssl.cnf -printf "7h\n"
/etc/ssl

2. Download, build, and install OpenSSL. Make sure you use install_sw and not install. The

install_sw target does not override openssl.cnf.

curl -0 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 -jl depend
make -j8
make install sw

popd

©hH A hH &P

3. Build Python with custom OpenSSL (see the configure --with-openssl and

--with-openssl-rpath options)

$ pushd python-3.x.x
(KDR=D1ZHiEL)
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$ ./configure -C \

(FiDR— 25 D %)

--with-openssl=/usr/local/custom-openssl \

--with-openssl-rpath=auto \

—--prefix=/usr/local/python-3.x.x

$ make -3j8
$ make altinstall

O IR

Patch releases of OpenSSL have a backwards compatible ABI. You don’t need to recompile Python

to update OpenSSL. It’s sufficient to replace the custom OpenSSL installation with a newer version.

26
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THREE

PYTHON %Z#kd %

3.1 EINLFEH
CPython @ ¥V FIZHERIRREL /hN— a >t
o Cll avs84 5, Cll A7 a VHRE BAETT,
o Windows Tid. Microsoft Visual Studio 2017 DAR&EDIHET T,
e Support for IEEE 754 floating-point numbers and floating-point Not-a-Number (NaN).
e Support for threads.

e OpenSSL 1.1.1 is the minimum version and OpenSSL 3.0.9 is the recommended minimum version

for the ssl and hashlib extension modules.
o SQLite 3.15.2 for the sqlite3 extension module.
e Tcl/Tk 8.5.12 for the tkinter module.
e Autoconf 2.71 and aclocal 1.16.5 are required to regenerate the configure script.
N—a ¥ 3.1 TEH: Tcl/Tk version 8.3.1 is now required.

N—=Y a3 ¥ 3.5 TEHE: On Windows, Visual Studio 2015 or later is now required. Tcl/Tk version 8.4 is

now required.

N—=Y 3 ¥ 3.6 TEHE: Selected C99 features are now required, like <stdint.h> and static inline

functions.
N—Ya ¥ 3.7 TEH: Thread support and OpenSSL 1.0.2 are now required.
N—Ya ¥ 3.10 TZH: OpenSSL 1.1.1 is now required. Require SQLite 3.7.15.

N—=a ¥ 3.11 TEHE: Cl1 compiler, IEEE 754 and NaN support are now required. On Windows,
Visual Studio 2017 or later is required. Tcl/Tk version 8.5.12 is now required for the tkinter module.

N— a ¥ 3.13 TEH: Autoconf 2.71, aclocal 1.16.5 and SQLite 3.15.2 are now required.

See also PEP 7 ”Style Guide for C Code” and PEP 11 "CPython platform support”.
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3.2

ERRETNB 771

To reduce build dependencies, Python source code contains multiple generated files. Commands to

regenerate all generated files:

make
make
make

make

regen-all
regen-stdlib-module-names
regen-limited-abi

regen-configure

The Makefile.pre.in file documents generated files, their inputs, and tools used to regenerate them.

Search for regen-* make targets.

3.2.1 BRIV Tk

The make regen-configure command regenerates the aclocal.m4 file and the configure script using

the Tools/build/regen-configure.sh shell script which uses an Ubuntu container to get the same

tools versions and have a reproducible output.

The container is optional, the following command can be run locally:

autoreconf -ivf -Werror

The generated files can change depending on the exact autoconf-archive, aclocal and pkg-config

versions.

3.3

Configure 77> 3>

List all configure script options using;:

./configure --help

Python ® Y —RXEAAIDH D Misc/SpecialBuilds.txt B LTLZE W,

3.3.1 — B A T3>

--enable-loadable-sqlite-extensions

Support loadable extensions in the _sqlite extension module (default is no) of the sqlite3

module.

sqlite3 €Y 2 —/L'D sqlite3.Connection.enable_load_extension() XY v REZML T
W,

Added in version 3.6.

--disable-ipv6

IPv6 ¥ R— b 2N LE T (BPR-F SN TVWBIHEIET 7 # L N THRN). socket EY 2 — L%
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LTI,

W

--enable-big-digits=[15|30]

Python int ONTOKE X2y PR TERLET: 15y FELIE30E Y FTT,
774N TR MTOKEX1E30TY,

PYLONG_BITS_IN_DIGIT % 15 721 30 WCEEL £3,
sys.int_info.bits_per_digit ZZIL T ZX W,

—-with-suffix=SUFFIX

Python ®%4F7 7 4 LOERE%E SUFFIX G ELET.

7 7 4V h OFEEFHIZ. Windows & macOS Tl .exe ( python.exe F{T7 7 A /L), Emscripten
node Tl& .js . Emscripten browser Ti& .html . WASI TlX .wasm . ZOMDTZ7 v b7 4 — 24
TIXZEXFHNTi2 D £F ( python FEIT7 7 4 L),

N—Yar 311 TEH: WASM 75 v 75 —LDF 7 41 b OFIEEFZ, .js . .html . .wasm D
35D 1 DT,

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

FTI7 AN PDERA LY — VR IRR % zoneinfo.TZPATH IZF%E L £ ¥, zoneinfo EY 2 —I1 D
Compile-time configuration ZZR L T 72X\,

5 7 # JU b:  /usr/share/zoneinfo:/usr/lib/zoneinfo:/usr/share/lib/zoneinfo:/etc/

zoneinfo
os.pathsep AL L =X S L TLZEW,
Added in version 3.9.

--without-decimal-contextvar

AN—Fra—=ANAYTFAL (FT74LF) TEEL ALy FR=ALaVyTFAMEMHALT
_decimal #EREY 2 — LBV L FLET, decimal TP 2 — BB LTL I,

decimal.HAVE_CONTEXTVAR 3B X Of contextvars EY 2 — LS L TL 72X W,
Added in version 3.9.

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

dbm €Y 2 =D DB Ny VLY FEF v 7T RIEFEZLA—N"—514 FLET,
ANRfEIZ. Ny 7Ty RHEany () TRY) - XFFITT:

« ndbm;

e gdbm;

e bdb,
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—--without-c-locale-coercion

UTF-8 R—=2Du 7 —1AAD C vsr — L O Z#EMNLET (77 4V b THR).
PY_COERCE_C_LOCALE ¥ 7 HIZEZE L BWVWTL X\,
PYTHONCOERCECLOCALE 3B XX PEP 538 MR L T 72X\,

—-without-freelists

Disable all freelists except the empty tuple singleton.
Added in version 3.11.

--with-platlibdir=DIRNAME

Python D54 77 V74 L2 bV (7744 M 1ib ),
Fedora ¥ SuSE 1364 'y M 7Z v b7+ — AT 1ib6d ZfHHL £7,
sys.platlibdir ZZML T E W,
Added in version 3.9.
--with-wheel-pkg-dir=PATH
ensurepip €Y 2 —AHEHT S wheel Xy =Y DFT 4 L7 FPYTT (FT7 4L MIKRL),

Linux 74 APV a—>arD iy r—I Y7 RY —0Hicid, KERHREAY FLT 5 I 2
RLTVWBEHD003DHD F3, HlZIX, Fedora 1% wheel %v 77— % /usr/share/python-wheels/
T4L2Z FVIZA YA M= L, ensurepip._bundled %y 7 —JF A4 YA =L L EH A,

Added in version 3.10.

--with-pkg-config=[check|yes|no]
configure 23V K DIKIFRIRE M § 2 72 DIC pkg-config ZEHT 20 30 EFHEL £ 7,

e check (77 # /L }): pkg-config ¥4 7> a > T,

e yes : pkg-config |[XMETT,

e no : pkg-config MFEL Td, configure IZFEHL XA,
Added in version 3.11.

--enable-pystats

Turn on internal Python performance statistics gathering.

By default, statistics gathering is off. Use python3 -X pystats command or set PYTHONSTATS=1

environment variable to turn on statistics gathering at Python startup.
At Python exit, dump statistics if statistics gathering was on and not cleared.
Effects:

e Add -X pystats command line option.
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e Add PYTHONSTATS environment variable.
e Define the Py_STATS macro.
o Add functions to the sys module:
— sys._stats_on(): Turns on statistics gathering.
— sys._stats_off (): Turns off statistics gathering.
— sys._stats_clear(): Clears the statistics.
— sys._stats_dump(): Dump statistics to file, and clears the statistics.

The statistics will be dumped to a arbitrary (probably unique) file in /tmp/py_stats/ (Unix) or
C:\temp\py_stats\ (Windows). If that directory does not exist, results will be printed on stderr.

ATEMZ 7121 Tools/scripts/summarize_stats.py 2L TL X0,
Statistics:
e Opcode:
— Specialization: success, failure, hit, deferred, miss, deopt, failures;
— Execution count;
— Pair count.
o Call:
— Inlined Python calls;
— PyEval calls;
— Frames pushed;
— Frame object created;

— Eval calls: vector, generator, legacy, function VECTORCALL, build class, slot, function
7ex”, API, method.

o Object:

— incref and decref;

interpreter incref and decref;

allocations: all, 512 bytes, 4 kiB, big;
— free;

— to/from free lists;

— dictionary materialized /dematerialized;

— type cache;
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— optimization attempts;
— optimization traces created/executed;
— uops executed.
o Garbage collector:

— Garbage collections;
— Objects visited;
— Objects collected.

Added in version 3.11.

--disable-gil
Enables experimental support for running Python without the global interpreter lock (GIL): free

threading build.

Defines the Py_GIL_DISABLED macro and adds "t" to sys.abiflags.
See whatsnew313-free-threaded-cpython for more detail.

Added in version 3.13.

--enable-experimental-jit=[no|yes|yes-off|interpreter]

Indicate how to integrate the JIT compiler.
e no - build the interpreter without the JIT.
o yes - build the interpreter with the JIT.
e yes-off - build the interpreter with the JIT but disable it by default.
o interpreter - build the interpreter without the JIT, but with the tier 2 enabled interpreter.

By convention, --enable-experimental-jit is a shorthand for

--enable-experimental-jit=yes.
Added in version 3.13.

PKG_CONFIG

Path to pkg-config utility.

PKG_CONFIG_LIBDIR

PKG_CONFIG_PATH

pkg-config options.
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332 CaOAYNAZDFFT>ay
cC

Caryx4ona<xr ik,
CFLAGS

Cavtsm0757,
CPP

CHy)Tatkyyoavrr,
CPPFLAGS

CHV7uty¥hD757, (-linclude_dir 72

333 V>HhDAT 3>

LDFLAGS

Vo HhDT7 77, (-Liibrary_directory 72 Y)
LIBS

VYAREST T4 75V, (-1llibrary R Y)
MACHDEP

2 UMED T A T I T 7 A4 ILDETH,

3.3.4 Y—FN—FTaKEFBFROT T a>
Added in version 3.11.
BZIP2_CFLAGS
BZIP2_LIBS
C compiler and linker flags to link Python to 1ibbz2, used by bz2 module, overriding pkg-config.
CURSES_CFLAGS

CURSES_LIBS

C compiler and linker flags for 1ibncurses or libncursesw, used by curses module, overriding

pkg-config.
GDBM_CFLAGS
GDBM_LIBS
C compiler and linker flags for gdbm.

LIBB2_CFLAGS
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LIBB2_LIBS

C compiler and linker flags for 11bb2 (BLAKE2), used by hash1lib module, overriding pkg-config.
LIBEDIT_CFLAGS
LIBEDIT_LIBS

C compiler and linker flags for 1ibedit, used by readline module, overriding pkg-config.
LIBFFI_CFLAGS
LIBFFI_LIBS

C compiler and linker flags for 1ibffi, used by ctypes module, overriding pkg-config.
LIBMPDEC_CFLAGS

LIBMPDEC_LIBS

C compiler and linker flags for 1ibmpdec, used by decimal module, overriding pkg-config.

0 IR

These environment variables have no effect unless —~with-system-1libmpdec is specified.

LIBLZMA_CFLAGS
LIBLZMA_LIBS

C compiler and linker flags for 1iblzma, used by lzma module, overriding pkg-config.
LIBREADLINE_CFLAGS
LIBREADLINE_LIBS

C compiler and linker flags for 1ibreadline, used by readline module, overriding pkg-config.
LIBSQLITE3_CFLAGS
LIBSQLITE3_LIBS

C compiler and linker flags for 1ibsqlite3, used by sqlite3 module, overriding pkg-config.
LIBUUID_CFLAGS
LIBUUID_LIBS

C compiler and linker flags for 1ibuuid, used by uuid module, overriding pkg-config.

PANEL_CFLAGS
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PANEL_LIBS

C compiler and linker flags for PANEL, overriding pkg-config.

C compiler and linker flags for 1ibpanel or libpanelw, used by curses.panel module, overriding

pkg-config.
TCLTK_CFLAGS
TCLTK_LIBS

C compiler and linker flags for TCLTK, overriding pkg-config.
ZLIB_CFLAGS

ZLIB_LIBS

C compiler and linker flags for 1ibz1lib, used by gzip module, overriding pkg-config.

3.3.5 WebAssembly /> 3>

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

wasm32-emscripten DL LK 7L —N—%FELF T,
« browser (¥7 4 }): SR stdlib . F7 4L h® MEMFS 279 n— FLZT,
e node: NODERAWFS ¢ pthread Z#KR—FLE T,

Added in version 3.11.

--enable-wasm-dynamic-linking

WASM DX A FIv 7V I7HR—- b2t IZLET,

RAFIv 7YY 7IZ&D dlopen HAREICAR D £F, 7 v Fa— FOPBRCEEEEMMCHIRD S 2 7=
D, EIT77ANDT 7 A VP4 XBKRELZD T,

Added in version 3.11.

--enable-wasm-pthreads

WASM @ pthreads #r:R—+ 2+ L E T,

Added in version 3.11.

336 1A +=ILATa>

--prefix=PREFIX
T—FX 7T F R IRELEWT 7 4 L% PREFIX 124 YA b—A L%, Unix DFA. F7 4L b
¥ /usr/local T,

ZDEIE. FEITRAIC sys.prefix 2o THIS T2 Z N TEET,

il LT, --prefix="$HOME/.local/" Z{EH ¥ 5 &, Python ZZDK—LF 4L 27 P VITA ¥R
b=FHZEPTEXEFF,
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--exec-prefix=EPREFIX

T—=X%T7 7 F ¥ MKFDT 7 4 V% EPREFIX A4 YA =L L&EF, 774 M -—prefiz TT,
Z DfEIE. FATRAIC sys.exec_prefix Zfio THUR T2 Z e TEE T,

—--disable-test-modules

test v —I% _testcapi IWIRES 2 —L (F7 4V FTELR, A VA P—LENET)DED
BTAPEI 2a—NLBELF, A VA=A LRBVEIICLET,

Added in version 3.10.

--with-ensurepip=[upgrade|install|no]

Python @A ¥ A b = VRHZEITZ N5 ensurepip I~ ¥ FEHERL 3

o upgrade (7 7 #/L }): python -m ensurepip --altinstall --upgrade 2~ Y FZHEITL
£7,

e install: python -m ensurepip --altinstall 2~v> FEFTLFI,
e no: ensurepip FEIT LAWY,

Added in version 3.6.

337 NT7x—RVRACEITBF T ay

Configuring Python using --enable-optimizations --with-1to (PGO 4+ LTO) is recommended for

best performance. The experimental -—enable-bolt flag can also be used to improve performance.

--enable-optimizations

PROFILE_TASK %*f#ifl LT Profile Guided Optimization (PGO) ZEMCLEF (77 # /v M TIXE
T

C a> %4 7@ Clang TiE, PGO D7z 1lvm-profdata 7B 7 LAHBMHETT, macOS T,
GCC dZhzEpEL LET: GCC iZ macOS @ Clang DA V7 RIZTEEH A,

Disable also semantic interposition in libpython if --enable-shared and GCC is used: add

-fno-semantic-interposition to the compiler and linker flags.

0 IR
During the build, you may encounter compiler warnings about profile data not being available
for some source files. These warnings are harmless, as only a subset of the code is exercised

during profile data acquisition. To disable these warnings on Clang, manually suppress them

by adding -Wno-profile-instr-unprofiled to CFLAGS.

Added in version 3.6.

N—Ya ¥ 3.10 TEH: GCC T -fno-semantic-interposition Z i3 3,
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PROFILE_TASK

Environment variable used in the Makefile: Python command line arguments for the PGO gener-

ation task.

774/ b: -m test —-pgo -—timeout=$(TESTTIMEQUT)

Added in version 3.8.

N— 3 v 3.13 TEH: Task failure is no longer ignored silently.
--with-1lto=[full|thin|no|yes]

Enable Link Time Optimization (LTO) in any build (disabled by default).

The C compiler Clang requires 11lvm-ar for LTO (ar on macOS), as well as an LTO-aware linker

(1d.gold or 114).
Added in version 3.6.
Added in version 3.11: To use ThinLTO feature, use -—with-1to=thin on Clang.

N— a ¥ 3.12 TEH: Use ThinLTO as the default optimization policy on Clang if the compiler
accepts the flag.

—-enable-bolt

Enable usage of the BOLT post-link binary optimizer (disabled by default).

BOLT is part of the LLVM project but is not always included in their binary distributions. This

flag requires that 11vm-bolt and merge-fdata are available.

BOLT is still a fairly new project so this flag should be considered experimental for now. Because
this tool operates on machine code its success is dependent on a combination of the build environ-
ment + the other optimization configure args + the CPU architecture, and not all combinations
are supported. BOLT versions before LLVM 16 are known to crash BOLT under some scenarios.

Use of LLVM 16 or newer for BOLT optimization is strongly encouraged.

The BOLT_INSTRUMENT_FLAGS and BOLT_APPLY_FLAGS configure variables can be defined to over-
ride the default set of arguments for 11vm-bolt to instrument and apply BOLT data to binaries,

respectively.
Added in version 3.12.

BOLT_APPLY_FLAGS

Arguments to 11vm-bolt when creating a BOLT optimized binary.
Added in version 3.12.

BOLT_INSTRUMENT_FLAGS

Arguments to 11lvm-bolt when instrumenting binaries.

Added in version 3.12.
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--with-computed-gotos

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

--without-mimalloc

Disable the fast mimalloc allocator (enabled by default).
See also PYTHONMALLOC environment variable.

--without-pymalloc

Disable the specialized Python memory allocator pymalloc (enabled by default).
See also PYTHONMALLOC environment variable.

--without-doc-strings

Disable static documentation strings to reduce the memory footprint (enabled by default). Docu-

mentation 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).

—--with-strict-overflow

Add -fstrict-overflow to the C compiler flags (by default we add -fno-strict-overflow
instead).
3.3.8 Python Debug Build
A debug build is Python built with the --with-pydebug configure option.
Effects of a debug build:
e Display all warnings by default: the list of default warning filters is empty in the warnings module.
e Add d to sys.abiflags.
e Add sys.gettotalrefcount() function.
o Add -X showrefcount command line option.
e Add -d command line option and PYTHONDEBUG environment variable to debug the parser.

e Add support for the __lltrace__ variable: enable low-level tracing in the bytecode evaluation

loop if the variable is defined.
o Install debug hooks on memory allocators to detect buffer overflow and other memory errors.

o Define Py_DEBUG and Py_REF_DEBUG macros.
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e Add runtime checks: code surrounded by #ifdef Py_DEBUG and #endif. FEnable 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.
N— a v 3.8 TAHE: Release builds and debug builds are now ABI compatible: defining the Py_DEBUG
macro no longer implies the Py_TRACE_REFS macro (see the --with-trace-refs option).
3.3.9 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:

o Define the Py_TRACE_REFS macro.

o Add sys.getobjects() function.

o Add PYTHONDUMPREFS environment variable.

The PYTHONDUMPREFS environment variable can be used to dump objects and reference counts still

alive at Python exit.

Statically allocated objects are not traced.

Added in version 3.8.

N— 3 ¥ 3.13 TZH: This build is now ABI compatible with release build and debug build.

--with-assertions

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

If set, the NDEBUG macro is not defined in the OPT compiler variable.
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See also the --with-pydebug option (debug build) which also enables assertions.
Added in version 3.6.

--with-valgrind

Enable Valgrind support (default is no).

--with-dtrace

Enable DTrace support (default is no).
See Instrumenting CPython with DTrace and SystemTap.
Added in version 3.6.

--with-address-sanitizer

Enable AddressSanitizer memory error detector, asan (default is no).
Added in version 3.6.

--with-memory-sanitizer

Enable MemorySanitizer allocation error detector, msan (default is no).
Added in version 3.6.

--with-undefined-behavior-sanitizer

Enable UndefinedBehaviorSanitizer undefined behaviour detector, ubsan (default is no).
Added in version 3.6.

--with-thread-sanitizer

Enable ThreadSanitizer data race detector, tsan (default is no).

Added in version 3.13.

3.3.10 V>HhoA T3>

—--enable-shared

Enable building a shared Python library: libpython (default is no).

--without-static-libpython

Do not build 1ibpythonMAJOR.MINOR. a and do not install python. o (built and enabled by default).

Added in version 3.10.

3.3.11 Libraries options

--with-libs="'1ibl ...'

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

Build the pyexpat module using an installed expat library (default is no).

--with-system-libmpdec

Build the _decimal extension module using an installed mpdecimal library, see the decimal mod-

ule (default is yes).
Added in version 3.3.
N— a3 ¥ 3.13 TEH: Default to using the installed mpdecimal library.

Deprecated since version 3.13, will be removed in version 3.15: A copy of the mpdecimal library

sources will no longer be distributed with Python 3.15.

& 2E

LIBMPDEC CFLAGS and LIBMPDEC LIBS.

--with-readline=readline|editline

Designate a backend library for the readline module.
o readline: Use readline as the backend.
 editline: Use editline as the backend.

Added in version 3.10.

—--without-readline

Don’t build the readline module (built by default).
Don’t define the HAVE_LIBREADLINE macro.
Added in version 3.10.

--with-1ibm=STRING

Override 1ibm 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.
Added in version 3.7.

--with-openssl-rpath=[nolauto|DIR]

Set runtime library directory (rpath) for OpenSSL libraries:

o no (default): don’t set rpath;
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e auto: auto-detect rpath from --with-openssl and pkg-config;
e DIR: set an explicit rpath.

Added in version 3.10.

3.3.12 Security Options

--with-hash-algorithm=[fnv|siphash13|siphash24]

Select hash algorithm for use in Python/pyhash.c:
o siphash13 (default);
e siphash24;
o fnv.
Added in version 3.4.
Added in version 3.11: siphash13 is added and it is the new default.

—-with-builtin-hashlib-hashes=md5,shal,sha256,shab12,sha3,blake?2

Built-in hash modules:
e md>b;
e shal;
e sha256;
e shab12;
o sha3 (with shake);
e blake2.

Added in version 3.9.

—--with-ssl-default-suites=[python|openssl|STRING]

Override the OpenSSL default cipher suites string:
o python (default): use Python’s preferred selection;
o openssl: leave OpenSSL’s defaults untouched;
e STRING: use a custom string

See the ss1 module.

Added in version 3.7.

N—a ¥ 3.10 TEHE: The settings python and STRING also set TLS 1.2 as minimum protocol

version.
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3.3.13 macOS OA 7> 3>
Mac/README.rst 22,

—--enable-universalsdk

—--enable-universalsdk=SDKDIR

ZZN—HANA FY L REBERLET, SDKDIR ZE L FDEITIZED macOS SDK A X
NERNEDPZIBELET (T 7 ALV PTIHEELEEA) -

—--enable-framework

—-enable-framework=INSTALLDIR

HERD Unix 4 > A b =L TlE % <, Python.framework Z{EK L ¥ 3, 7> a3 > ® INSTALLDIR
A VAP VEDASRAEIRELET (F 74V N TRIEELERA) -

—-with-universal-archs=ARCH

YER T 2 2= N—F NN, FYVORBEEIEELE T, TDF T a i, ——enable-universalsdk 73
BEXINHEDAENTT,

FTvar:
e universal2;
e 32-bit;
e 64-bit;
o 3-way;
e intel;
e intel-32;
e intel-64;
e all,

—-with-framework-name=FRAMEWORK

macOS @ Python 7L —247 -2 DA ZHEE L £, ——enable-framework BEE S NHED
AHBAIMTY (77 # /4 FTid Python) ,

--with-app-store-compliance

--with-app-store-compliance=PATCH-FILE

Python &% 5 £ 7°F Vi, macOS ¥ i0OS @ App Store (& &k ZEAHICERF I NGEIC. HEM
BY VDL T =% REIELZLPHLNTVEINFIEEATVET, ZOF T aryE2EMIL
7235 &. App Store AV I A4 TV RICEDLETBIET 22BN TVWE Ry FOU X ME@EAHL
F9. WRARLDNRF 77 ANERETHILHTEET, ZOF T avid7T 7 40 FTIREMC
RoTWET,
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Added in version 3.13.

3.3.14 i0S AT 3>
i0S/README.tst % &,

—--enable-framework=INSTALLDIR

Python.framework Z{EfK L %3 macOS L&V, £ VR M= R %¥6ET 5 INSTALLDIR 5
BIIHETT,

—-with-framework-name=FRAMEWORK

TV =LV =27 DEHIRIEELET (77 4V }: Python) o

3.3.15 JOXAYNAINDF T3>

IRRAVNAN, FREIRREALRE, B2 CPUT7—%727F ¥ 77 v b7 4 —24HI2 Python %
EAVRTEDIMHHTEES, 7rRAary M0k, EAVRT Iy + 74 —LHD Python £ X —71
R—PRPETT, ENAFTFT S Python DNAN—Ya ik, 78R3V 84 L& 72KAZ b Python D N— =
Ye—HTIMENDHD ET,

--build=BUILD

BUILD TEWL RT3 DHFRETT, MEIX, config.guess I K DTN E T,

--host=HOST

HOST (#—=%'v b7 Z v b 74 —24) THET 27077 42V PS50 mRa Y84 )L,

—--with-build-python=path/to/python

7023y NVHDEILF python /NA FYANDIRZ,
Added in version 3.11.

CONFIG_SITE=file

WlREF—N—F 4 F 53774 L EIETREZH,

config.site 7 7 £ LD

# config.site—aarch6y
ac_cv_buggy_getaddrinfo=no
ac_cv_file__dev_ptmx=yes

ac_cv_file__dev_ptc=no

HOSTRUNNER

7RV RANVHARZERA N STy b7 4 —240 CPython #FEfT3 27077 4,
Added in version 3.11.

rnazay8A4 Lol
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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

3.4 Python EJLRS AT L

341 ELNRSRATLOEELRT 71
« configure.ac => configure;
o Makefile.pre.in => Makefile (configure IZ X D{EBEINE T);
o pyconfig.h (configure {2 & DERINET);

e Modules/Setup: Module/makesetup > = /LA 27 V) 7+ 2 L T Makefile 25V F3 5% C $LiRk,

342 FEREIFRTYS
o C files (.c) are built as object files (.0).
e A static 1ibpython library (.a) is created from objects files.
e python.o and the static 1ibpython library are linked into the final python program.

» C extensions are built by the Makefile (see Modules/Setup).

3.4.3 Main Makefile targets

make

For the most part, when rebuilding after editing some code or refreshing your checkout from upstream,
all you need to do is execute make, which (per Make’s semantics) builds the default target, the first one
defined in the Makefile. By tradition (including in the CPython project) this is usually the all target.
The configure script expands an autoconf variable, @EF_MAKE_ALL_RULEQ to describe precisely which

targets make all will build. The three choices are:
e profile-opt (configured with -—enable-optimizations)
e build_wasm (configured with --with-emscripten-target)
e build_all (configured without explicitly using either of the others)

Depending on the most recent source file changes, Make will rebuild any targets (object files and executa-
bles) deemed out-of-date, including running configure again if necessary. Source/target dependencies
are many and maintained manually however, so Make sometimes doesn’t have all the information neces-
sary to correctly detect all targets which need to be rebuilt. Depending on which targets aren’t rebuilt,
you might experience a number of problems. If you have build or test problems which you can’t otherwise
explain, make clean && make should work around most dependency problems, at the expense of longer

build times.
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make platform
Build the python program, but don’t build the standard library extension modules. This generates
a file named platform which contains a single line describing the details of the build platform, e.g.,

macosx-14.3-arm64-3.12 or 1linux-x86_64-3.13.

make profile-opt
Build Python wusing 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).

make clean

Remove built files.

make distclean
In addition to the work done by make clean, remove files created by the configure script. configure

will have to be run before building again.*!

make install
Build the all target and install Python.

make test

Build the all target and run the Python test suite with the --fast-ci option. Variables:
o TESTOPTS: additional regrtest command-line options.
o TESTPYTHONOPTS: additional Python command-line options.
o TESTTIMEOUT: timeout in seconds (default: 10 minutes).

make buildbottest

This is similar to make test, but uses the --slow-ci option and default timeout of 20 minutes, instead

of -—fast-ci option.

make regen-all
Regenerate (almost) all generated files. These include (but are not limited to) bytecode cases, and
parser generator file. make regen-stdlib-module-names and autoconf must be run separately for the

remaining generated files.

*1 git clean -fdx is an even more extreme way to “clean” your checkout. It removes all files not known to Git. When

bug hunting using git bisect, this is recommended between probes to guarantee a completely clean build. Use

it 't will deleto all il necked into Git. includi tted worl
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3.4.4 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 have no __file__ attribute:

>>> import sys

>>> sys

<module 'sys' (built-in)>

>>> gys.__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/1ib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_64-
—linux-gnu.so'>

>>> _asyncio.__file__

'/usr/1ib64/python3.9/1ib-dynload/_asyncio.cpython-39-x86_64-linux-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 PyAPI_FUNC(), PyAPI_DATA() and PyMODINIT_FUNC macros of Include/exports.h are defined
differently depending if the Py_BUILD_CORE_MODULE macro is defined:

e Use Py_EXPORTED_SYMBOL if the Py_BUILD_CORE_MODULE is defined
o 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_zzz() function is not exported, causing an ImportError on import.

3.5 Compiler and linker flags

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

3.5.1 Preprocessor flags

CONFIGURE_CPPFLAGS

Value of CPPFLAGS variable passed to the ./configure script.

Added in version 3.6.
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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 to be able to build extension modules

using the directories specified in the environment variables.

BASECPPFLAGS
Added in version 3.4.

PY_CPPFLAGS

Extra preprocessor flags added for building the interpreter object files.
Default: $ (BASECPPFLAGS) -I. -I$(srcdir)/Include $(CONFIGURE_CPPFLAGS) $(CPPFLAGS)

Added in version 3.2.

3.5.2 Compiler flags

cC
Cary47pavwr R,
Example: gcc -pthread.
CXX
C++ compiler command.
Example: g++ -pthread.
CFLAGS

Car450757,

CFLAGS_NODIST
CFLAGS_NODIST is used for building the interpreter and stdlib C extensions. Use it when a compiler
flag should not be part of CFLAGS once Python is installed (gh-65320).

In particular, CFLAGS should not contain:

o the compiler flag -I (for setting the search path for include files). The -I flags are pro-
cessed from left to right, and any flags in CFLAGS would take precedence over user- and

package-supplied -I flags.

e hardening flags such as -Werror because distributions cannot control whether packages in-

stalled by users conform to such heightened standards.
Added in version 3.5.

COMPILEALL_QOPTS
Options passed to the compileall command line when building PYC files in make install.
Default: -j0
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Added in version 3.12.

EXTRA_CFLAGS

Extra C compiler flags.

CONFIGURE_CFLAGS

Value of CFLAGS variable passed to the ./configure script.
Added in version 3.2.

CONFIGURE_CFLAGS_NODIST

Value of CFLAGS_NODIST variable passed to the ./configure script.
Added in version 3.5.

BASECFLAGS

Base compiler flags.

OPT

Optimization flags.

CFLAGS_ALIASING

Strict or non-strict aliasing flags used to compile Python/dtoa.c.
Added in version 3.7.

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-shared is used, or an empty string otherwise.

PY_CFLAGS

Default: $(BASECFLAGS) $(0OPT) $(CONFIGURE_CFLAGS) $(CFLAGS) $(EXTRA_CFLAGS).

PY_CFLAGS_NODIST

Default: $(CONFIGURE_CFLAGS_NODIST) $(CFLAGS_NODIST) -I$(srcdir)/Include/internal.
Added in version 3.5.

PY_STDMODULE_CFLAGS

C flags used for building the interpreter object files.
Default: $(PY_CFLAGS) $(PY_CFLAGS_NODIST) $(PY_CPPFLAGS) $(CFLAGSFORSHARED).

Added in version 3.7.
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PY_CORE_CFLAGS

Default: $(PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.
Added in version 3.2.

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.
Added in version 3.8.

PURIFY

Purify command. Purify is a memory debugger program.

Default: empty string (not used).

3.5.3 Linker flags

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

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.
Added in version 3.2.

LDFLAGS_NODIST

LDFLAGS_NODIST is used in the same manner as CFLAGS_ NODIST. Use it when a linker flag should
not be part of LDFLAGS once Python is installed (gh-65320).

In particular, LDFLAGS should not contain:

o 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.
Added in version 3.8.

LDFLAGS

Linker flags, e.g. -L14b_dir if you have libraries in a nonstandard directory lib__dir.
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Both CPPFLAGS and LDFLAGS need to contain the shell’s value 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: @LDSHARED®@ $(PY_LDFLAGS).
BLDSHARED
Command to build 1libpython shared library.
Default: @BLDSHARED@ $(PY_CORE_LDFLAGS).
PY_LDFLAGS

Default: $(CONFIGURE_LDFLAGS) $(LDFLAGS).

PY_LDFLAGS_NODIST

Default: $(CONFIGURE_LDFLAGS_NODIST) $(LDFLAGS_NODIST).
Added in version 3.8.

PY_CORE_LDFLAGS

Linker flags used for building the interpreter object files.

Added in version 3.8.

FilE
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4.1 TERA VXA +—=35
4.1.1 A Y2 =L FIE

Ay on—FT&2% Python 3.13 DA YA+ =513 4 2BV FET, A VZFTUXD 32y MR, 64 B
MRBZERZN 2 DT OBV ET, WEBAVAM—F WYEHOXY > —FH 4 W3NS, pBERay
A=Y MEA YA M= FETRICBESCTHENCE Y > a—-FLET, FTFAVAVRA =5
BT 7 AN MA YA VTRER AV RV PHREENTVT, £ V&= MERIEA 7> aF Lk
BEEED 72D IR EL R D F T, A YA P—IURIZX Y Y a— REBT 21E0DHIEICONTIE 40>
O—RRBAA VA=)l 2B LTRXW,

AVAN=F%HBETE . 200 RISV OB ERET:

&5 Python 2.8.0 (64-bit) Setup — *

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
Ch\Users' ol AppData\Local\ProgramsPython'\Python38

Includes IDLE, pip and documentaticn
Creates shortcuts and file associations

—» Customize installation
Choose location and features

python

for Install launcher for all users (recommended)

WiﬂdOWS (] Add Python 3.8 to PATH Cancel

"Install Now” %i#&R L =545

o BHHEHRIEX RETYT (XL C I7VRALTATIVDIRT LAEHRBRETH 720, Windows
D Python Z>F v 23 XNTOLI—FEIFITA YA b =T 3HBERIBETT),

o Python 3 »R7%&DL—HFF 4L 7 VA VA P—=NLENET,

o Windows @ Python Z2F % 1ZZDA VA= T 4 F— FRIIDR=IS D HDF =z v 7Ry 7 R
BER->TA YA =L ENET,

o« FES ATV, TAPARAL =, FUF ¥, pip B4 YA P—LENET,

o TDAVAL—NLY 4 F—FRUIDFEDF v 7Ry 7 A% F v 7R, BREZE PATH 124 >
Ab=T4 L7 FUBEBIMEINET,

o Ya—brAhy MEHL Y b—PEIFIZAHRICRD 5,
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"Customize installation” Z#ERT 2 2., £ Y X b=, 2OoMF T a A VAV —IEDT I > 3
VOEBEREYDA VAR —ILDED XSEERET, TAv T URALRLT Ny INLFVEAL VA M—ILT
DRI HELEBEIRTINENDHZTL £ 9,

FTRTOL—FD/DDA VX =L D7=dHIZiE "Customize installation” ZFEATL IZE WV, ZDHE:
o BEEBEMPERDBEDIS LOLEEA,
o Python & Program Files 74 L 27 FVIZA Y X F—LEHFET,
o Windows @ Python Z>F+ & Windows 74 L 27 b VIZA YA b=V ENET,
o FFT aFABMEEEZA VA N —AFRIGEIRTEE T,
o HHES AT IV ENL PA—RIZTV AV A NVTEET,
o ZIOENFTIUI. A VAP —AT 4 L7 PVIET AT LBREZR PATH ICBINE N E T,

o Ya—bhy FBITRTOL—YFTHHTEE LSRR ET,

4.1.2 MAX_PATH O#IRZlFRET S

Windows [ZFEHERNCSADE XD 260 XFICHIBENRTOVET, 2F D, T HEVSIIMRERT = 35
RBrlTzo—h3Wnwd5 T3,

Windows DRFRTIZ, Z OHIRIEH 32,000 XFETHRTE T, BEHEL, IV —-TRY > —
D "Win32 O RW AR %2 HMIZT % (Enable Win32 long paths)” ZHMITT 20, LI AU F—
HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\FileSystem @ LongPathsEnabled O f{#
1R ETIRENDD £,

AT LD, open() BIER os EY 2 —ib, fIDIFE A YD SADKERED 260 XF & D RV SR %I A,
BN TEDLLDRBRD XS,

CNHDATTav2ZH LS, ZA EORERIVBED D TEA,

N—a v 3.6 TEE: Python TEWSZADHR— FHAEEICHRD T LT,

413 1A +—=FD GUI LLTAI XA +—=ILT B
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AVF T arvety b FEHZLHTEET,

AVA =7 =1 UTFOAT>ay (/? TAVRAM=9%FE T35 CHRTEZET) 2T N T
EREIC
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%nl Bl

/passive ZI—F— DR L THES ZRRT D

/quiet Ul 2RREFTKA VA =L 7UAL YA —1T 3
/simple I—F—IZLEHRETA ZXBTEIRNELIICTS
/uninstall (7 L T) Python ZHIFRT %

Jlayout [74 L2 FV] FTRTOAVYR—Fr F2HAIIXY > a—FFT3
Jlog [7 7 4 V4] 0777 AVDOGHZIEES %

EPDFTRTDA T a Vi name=value D TE L 5, value &K 0 THREZEIML. 1 THREEZ B
b, THZ P RADIEETT, FHAIEERA 7> a Y OFEERZY XA MIMFO@ED TT,
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%Hi =HER TIxIE
Instal- SATATA RIA VA=V EET 0
1A1- T 5,
1Users
Target- A YRAF—EF4L 27 MY, InstallAllUsers IZEEWTEIRE N E T,
Dir
Default- FTARXTOLZ—HMAIFA YA F—LDFz YProgramFiles)\Python X.Y T & &
AllUser- ®HDF 74NV A YA F—N5ET 4L YProgramFiles(x86)%\Python X.Y
sTarget- 27 bV,
Dir
Default- HZH—AHAA YA =1 D7%DDFT 7 Y%LocalAppDatal,\Programs\Python\PythonXY
Just- ANVPA VA=A ET 4 LT MY, ¥ 72 & %LocalAppData%\Programs\Python\
ForMeTar PythonXY-32 % 7z1d %LocalAppDatal,\Programs\
getDir Python\PythonXY-64
Default- HAZXLALVRAb—AT 4L b)E (2T
Cus- LTTF 74/ FT GUI KERREND
tomTar-  fH,
getDir
Associ- TV F ¥ bA VAL —ATEEHEIC. 1
ateFiles 7 7 A LVOBENNIT 21T 5,
Com- IARTD .py 77A4N0%N{ bar,e 0
pileAll AN LT .pyc 21E5,
Prepend- . 0
Path PATH A YA =T 4L 7 MU &
Scripts 74 L2 bV ZFEEHIZEM L,
PATHEXT I .PY Z3BINT %,
Ap- . 0
o PATH 2 A y%b—zv74 L2 rY
& Scripts 74 L2 b VU ZBML,
Path
PATHEXT I .PY Z3BINF 3,
Short- AVARN=NTEALERTYVER FFa 1
cuts XY M, IDLE NO>¥a—bhv b2
%,
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bug
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BIZIXFT 7 NV N TS AT LV A P Python 4 YA L — a YEENMTIIIE, U Fa~v Yy F2ExE
T (axyRFuryFr&D):

python-3.9.0.exe /quiet InstallAllUsers=1 PrependPath=1 Include_test=0

T AMRA—FRLD Python O 8=V FLRA—DA VR —)L%E2—FIHEIZTOE 2I12E, T2
<Y RO a—tbhy FEERBZERVWTY, ZHEA YA =S DRAIOR—I2HEHL L TERL, 7.
HARAXTERVESICLET:

python-3.9.0.exe InstallAllUsers=0 Include_launcher=0 Include_test=0

SimpleInstall=1 SimpleInstallDescription="Just for me, no test suite."

(ZYF¥DA YA P—NZEBTZL 7 7 ANVOBEMNITBEKEINLDT, ZHEF7YF v A YA —L
EEDIVATLTIA RBA VA=V ELIEGEDLI—HF T YA —VIZRoTHEDBEDTT, )

ETUVR N LA T a ik, EIT7 74 VRGO unattend.xml X H/fJIFon7z7 7 A LV THEZX 3
CeHTEZFT, ZO77ANMEA T a e ZOEOV A MEIEELE T, HA7 MU Ea—r2LTER
SNGE, FAUIBUETHUSEMEICERINE T, LAY M THFRAMTEZ2G83HICXTFINOE F
T, UNE, DBl A T arety b T37 74 LDFEFITT:

<0Options>
<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>

414 4o>O—FARBRA VA=)

Python DWW O DEREIIRANICE Y > B — R L7124 YA b =JIRIEEENTWRW:2D, 2o DORE
AVAR=IVLEIEBEIRT 204 VX =3y MERDPIDEIZR D ET, 4 VX —3 v MERDPDLEIZKR 57
WESIZ, BTOAYR—F YV I 2T CRTEIMRDEAY > a—F LT, %Lk BEEK (layout) ZER L.
CARBREMNERIN =0 b ST, FhA A YR =3y MERELERRZVWESIKLET, ZOHED
2y ra— YA RBBEDEICRKREL BRI LAERTAD, L ZADEBA VA =L 1L LS T2
B, =AM F vy ad3h/zab—2ROoZ ke THEHATT,

aAv Y RIR YT IO TOoav Yy FEFETLT, RER 77 ANVETEBZRIETXK Y- RNLET,
python-3.9.0.exe FFIIEIED A Y A b —F DAFNCE EHZ, FAZD7 7 AL 5 LOEHEIEZ &7
Wz, i T 4 L7 PYNIRELEERZES2 DZENRNE ST LTLEE N,

python-3.9.0.exe /layout [optional target directory] }

EWRRERTDIZ /quiet A7 a VEIBETEILDTEET,
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4.1.5 1A +—ILEEDEE

Wo7zA Python 734 Y X b — L& N7z5, Windows D A7 AMEEED (770275 A L HERE) Y — 20 1%
BEDBHICHIRRD TE £ 3, Python DY PV ZEIRLT 74 VA M=V EEH | ZERXZET, 4 ¥
AN—F5%BRXYTFYRAE—RTHEET,

4 YA b= GUI T "Modify” X, Fzv IRy 7 ADBEREEZ 5 Z 2 THREEDBIMEIFRSTE %
FT-Frv IRy 7 ZOFEIREZEZRITUL, A4 VA =L EINEDHIBRENTZDIELERA, WD
POF T aFIDE- R TREETZI L3 TEERA A VA=A T 4 L7 MIVRETT, Zho%
ZZI20DTHIUR, TRICHIRL T2 HHA YA =L T 208N HD 5,

"Repair” Tld, BIEDFTETARRKA VA P =L EINEIRNETRTOT 7 4 VEMIEL, HIFREHhTW/ZhHE
I T 323774 VEREIELET,

"Uninstall” 1% Python #Z%2ICHIBRL E T, [Tn 7o eiie) NOBEDZY Y EFD Windows @
Python Z>F v OFIADBIEZ D F3,
4.1.6 71)—XXLw R/N1F 1) (Free-threaded Binaries) O > X k—)L

Added in version 3.13: (&)

0 iR
DIy a Y THRAINTOVEIRNTOEHBIZERNEARINTED, FROVY —RTEEINS
AREMER D D 9,

To install pre-built binaries with free-threading enabled (see PEP 703), you should select ”Customize

installation”. The second page of options includes the "Download free-threaded binaries” checkbox.
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., Python 3.13.0 (64-bit) Setup

Advanced Options

(] Install Python 3.13 for all users

B8 Associate files with Python (requires the 'py’ launcher)
B Create shortcuts for installed applications

(J Add Python to environment variables

() Precompile standard library

(U Download debugging symbols

ires VS 2017 or later)

0) Download free-threaded binaries

Customize dil 1oCd Lo
C:\Users Wl AppData\Local\Programs\Python\Python: Browse
pgth()ﬂ You will require write permissions for the selected location.

for

windows

Back Install Cancel

Selecting this option will download and install additional binaries to the same location as the main
Python install. The main executable is called python3.13t.exe, and other binaries either receive a t
suffix or a full ABI suffix. Python source files and bundled third-party dependencies are shared with the

main install.

The free-threaded version is registered as a regular Python install with the tag 3.13t (with a =32 or
-arm64 suffix as normal for those platforms). This allows tools to discover it, and for the Windows M
Python > F + to support py.exe -3.13t. Note that the launcher will interpret py.exe -3 (or a
python3 shebang) as "the latest 3.x install”, which will prefer the free-threaded binaries over the regular
ones, while py.exe -3.13 will not. If you use the short style of option, you may prefer to not install the

free-threaded binaries at this time.

To specify the install option at the command line, use Include_freethreaded=1. See 4V > O— R AE
784 > Z k=)L for instructions on pre-emptively downloading the additional binaries for offline install.

The options to include debug symbols and binaries also apply to the free-threaded builds.

Free-threaded binaries are also available on nuget.org.

4.2 Microsoft A N7 INwITr—
Added in version 3.7.2.

Microsoft 2 b 7% 7 =20, Bl ZIZEENTICHFERTHES 2 2ER LB, VA =L TE 3
Python 4 & 7V T3,

TORYy T =% A VA =T 251 BHO Windows 10 D7 v 77— MIRoTW\Wb Z L 2R L.
Microsoft A k77 7 UT "Python 3.13” B L £, #AKT 7 VA Python Software Foundation 23
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NBEL7ZbDTHEZ 2R LT, A VA= LET,

7'

Python 13% 12 Microsoft X b 7 TR THHATEZ X3, dLBEZI X5 IEREhLRS, [ELW
Ry TF—IU%BATOVER A

g

H
[=]

4 YR b= LT, RZ— b A= a2—%6 Python % R TEEFTZTL x 5. %Wd. python &
XA 7L Tavwy RF7r Y7 bR PowerShell Dt v > a v oX2TL &5, E5HIT, pip X idle ¥ X
47 LT pip H25WE IDLE ZFHTE %9, IDLE ZAX -t X=2—=05dRMfIIoNET,

All three commands are also available with version number suffixes, for example, as python3.exe and
python3.x.exe as well as python. exe (where 3. x is the specific version you want to launch, such as 3.13).
Open "Manage App Execution Aliases” through Start to select which version of Python is associated
with each command. It is recommended to make sure that pip and idle are consistent with whichever

version of python is selected.
RAEBRIEI python -m venv THERLL. ARMLL TH@ICMHER F7,

BECHI D N— a > dD Python %A X — L LT PATH ZHUZEM L TH 335413, Microsoft 2 b7
DHDTIERW python.exe € L TR EF, LAY A= L% Python 127 27+t XF 5121,
python3.exe H %W X python3.x.exe & LTHZ ¥F,

py.exe 7 ¥F ¥ =3I D Python DA YA b= E RO EFTH, EROA VA b=F—1TLE 4 VA b—
NEBRLET,

Python ZFRET 212, &) 2HE (770 e#fee) 255, TAX—1]) &H2 Python 6271 v
ILTCT7 YA VA=AV LET, 74 YA F—TlE IO Python ICEHEA VA =N LEETDNY
r=IDREINETH, FHERRIE R OBREINET A

4.2.1 BIRDR=E

Redirection of local data, registry, and temporary paths

Microsoft A b7 7 7)) OHIfRIZ L D, Python 227 U 7 MZiX TEMP LY R U D & 5 BIEHDHHAD
TRLEZAAMHERBZENTL x5, 20RO, HAAHO L 2ANEZALT T, X7V 7 MTHADHH
TEBELRIFNIRSRWVIERIE, BE2RDA YA M—=FTA VA b=V TE2RENHD T,

At runtime, Python will use a private copy of well-known Windows folders and the registry. For
example, if the environment variable %APPDATAY is c:\Users\<user>\AppData\, then when writ-
ing to C:\Users\<user>\AppData\Local will write to C:\Users\<user>\AppData\Local\Packages\
PythonSoftwareFoundation.Python.3.8_qgbz5n2kfra8p0\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:

o Reading from HKLM\\Software is allowed and results are merged with the registry.dat file in
the package.

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 Mi-
crosoft’s documentation on packaged full-trust apps, currently available at docs.mi-

crosoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes

4.3 nuget.org N\ iTr—
Added in version 3.5.2.

nuget.org 7Sy 7 —IEY A X%ZHi/h L7z Python BE T, ¥ A7 ARKTH X 5 Python 23HEWRERLH A >
Tl =2 ayRENLRIRTATHI Z 2EKLTOVWET, nuget 1& "NET O72dD vy Fr—I <1 —
Tx? TEN, BN FRHITES Y — V2 EAT Ny F—IITN L THIEFIC EFLEMEL £ 9

nuget DFERHGTIEICOWT ORI DEHRZ1F 121X nuget.org 1IZfT> TL 72X WV, T ZTH 55 Python B
REIWZL o THRRENTT,

nuget.exe I¥ ¥ K74 ¥V —id, flZiX curl % PowerShell %{#-> T https://aka.ms/nugetclidl
DHEHEXY B —RFTESTLEI, TOY—ILZRDEIZME-T, 64 bit H 25 32 bit D> V[
JOFHN— a D Python 254 Y A b—LTEET:

nuget.exe install python -ExcludeVersion -QOutputDirectory .

nuget.exe install pythonx86 -ExcludeVersion -OutputDirectory .

FEDN=Y a v &#IRT 21213, -Version 3.x.y ZBMLTLZE W, T4 L7 VI . HEE
ENZZEDBD, R Fr—YBYTT4 LI PIVRA YA —AENET, 774NV TR YTT4L 27 b
Vidy =Y 2[R CARINIZ/A D, -ExcludeVersion & 7> a Y 2RV Ee ZOHFNEA Y X b—L&h
Jon—=PaviEEAET, 7T 4 L7 bVDOHIZIEA YA =L E N7z Python 28 A TWA tools T 4
L7 MURDHY ET:

# Without -ExcludeVersion

> .\python.3.5.2\tools\python.exe -V
(RDOR=V1FiL)
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(RIDR=I D5 DR E)

Python 3.5.2

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

—EANIZIE, nuget Ry F—=IWET v ST —=FTEFT, IDFHLLANA=T a VIFBEIEKITA VA =L &
N, INVRRTHBRBINET, 2552500 I1C, FEITEE Ay r—I%HIBRL, HES YA+ —1F3Z
EHTEZFT, ZLDClI VAT A, EARHTYZ 74V ERFELTEB2RWGEE, ZOERE BEINNCAT
WE9,

tools 74 L2 MY R UHANZ build\native T4 L7 P UDBHDET, TOTF4 L7 VI A VA b—
NENTz Python 228§ 2 C++ vz Tz 3 MSBuild 7B,¢7 1+ 7 7 4 )l python.props %
BAET, TTRHREEAND L HEIIA Yy X2V, EALRRICIA 7V %L YR LET,

The package information pages on nuget.org are www.nuget.org/packages/python for the 64-bit version,
www.nuget.org/packages/pythonx86 for the 32-bit version, and www.nuget.org/packages/pythonarm64
for the ARM64 version

4.3.1 7V—XLvw RNy r— (Free-threaded packages)

Added in version 3.13: (FB&HY)

0 iR
Dt 7T arTHAINTOVEIRTOEBIZERNEARINTED, ROV YV —XTEEINS
AEEMEDS B D £ 9,

7Y —=RL vy K4 F U (free-threaded binaries) & & ¢y 7 — &, 64-bit it TIX python-freethreaded
. 32-bit R TIX pythonx86-freethreaded . ARM64 MR TlE pythonarm64-freethreaded & XN E T, Z
NHDNRy r—I1k e HIT python3.13t.exe ¥ python.exe TV MV —RA VI EEA EH5H 71—
ALy RTHEITSNET,

4.4 IBDAHARERINY T —
Added in version 3.5.

HoAAM DR (embedded distribution) &, #&/NRD Python BEZ &AX ZIP 7 7 A LT3, AU
IV RLZ—FRSHEENIT 7L AZINZOTRERLII2T TV r—2aryo—He LTEFT 2 2 28K
L72bDTI,

EHINS b, HDALHORAMIE, BREAR, AT ALY A FYDHRE, A YA F—LEINTWD Sy F—
SV IF DY AT A S (IEIE) SERITHT LTV E T, ZIP FIIZEES 4 75 U AT Y a4 1
WX bk XNz pyc ¥ LTEEA. F72, python3.dll, python37.d11, python.exe, pythonw.exe
DIRTHA>TWVWET, (IDLE O X5 BRIXRTOKEY Z &) Tel/tk, pip. Python F¥axX ¥ PE&E
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FNTVEEA,

0 R
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.dll in

the system directory.

P—FR=TF 4 DR T =D T7 TV r—2a>DAf YA M—=F12& > T, HDAAREA & F CHATCA >
AR —ILENBZRNETT, BHD Python £ YA P — 3 YO X S5 IKFEHERIC pip 25 ik, Z
DEEATE I R—bEhFRA, TTD, bro LAFEEELZRE. HEEHOLDHIC pip ZED THH
FTHZLIETEZD LAEEA, —BNCIE. 2P ICEHLRET 2RICHEELIFH L A=V a D
BRI CE 2 X5, Y= =T 4 =D =377V 5= ar0—r LTbIEZRETT

("vendoring”).

COBHD 2 0DBEDTELZ -7y — %, YIRTHPAL ET,

4.4.1 Python 77U —> 3>

Python TilidEhiz, BT LIV ICEOEEZERIEILEDORWT SV 75— arTF, HDAAL
REMZZDFr — AT, £ YA =A%y 7 —IHIZ Python D75 A R=— I NXN=Ta v E2EDHEDIIMHZ 3
TLxD, ZOEEPED LI ICHERNTHIREPIMKFLT (HDZWVEHIZ, YOoXkic7mr7zvy>a
FMICAZDBNRED), 2 DOOBERELDHD 3,

TUF e BRBRHRET I 7 ANEFESI 8 WEB o Liza—T4 V7B BEL LETH, 2—HFiZk o
TRRDPBENBZI—FEKBRE D ET, IRAZTA XENET UF ¥ TiE, b LaFHE Python TE
Ta3Nn3 7077 r0AREHES D FHA; 74 aAVEHIRETAL XL, BHELPNN= 3 VE#REIEE
L. 77 AVOBEMIRZACHIE L IRES KO TEET, FLAYDTr—ATEAIRRLT VFx
F, N—Fa—Fahka~vy R 74 UXFHTHMIZ Py_Main 20T OTHELIET TS,

X O il 7 7m —F 13, python.exe F7:1F pythonw.exe ZRER I~V K74 VEI L & b ICEETN
HINvF T 740 a— bl b EEBTZZ2 T, ZOBE. 2077V r— a VIZEBOAHIT
137 < Python TH2 X 5I2AZBZDT, IZPWEELTWS Python 7Rt X7 7 A LOBEEMIT & X
MET2DIZ2—FDH20H LOAEHEA

BEOT7 TR —FTE Ny T —I1F, SALTHEAMRETH S Z & ZIRAES 572912, Python FT77 7 £ v
CREICLTAVLZ PVICA VAP =LENERETT, Rl U F ¥ DEEET IV 7r— a VEFHRNIHRR
RABIRETIWEDRDH DT, Ny r—JR3EHrOBHRICEHBTE %7,

4.4.2 Python DIE&HAH

24 T4 7A-RTHEIN BARZ VTP PEEBOLOIRDDEMELTEEI5BRT7 TV r—2aryT3,
Python DAL DEAMIGZOHINMERZ £F, —MINS. 7TV r—>a YORENRXA T4 73— FN
IZH D, —ED python.exe MM 2, EHEAYIZ python3.d11l Z{HWVWE T, ¥E55D 7 —XTH, BH—
FA[AEZR Python £ ¥ 2 7V X 2423 2 023, HOAAHOEMZEMLTY 7V 75— a 04 YA b
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L—arO¥ 7 F4 L7 MYIEL 2 THS T,

7TV = avBMEI Ry —=DF, 4 R XU LINCRR AR EIEE T 220 H 5 DT, EED
BINZA YA M=V TEET, £/, HOALHARMZMES O L@ED Python f YA ML —=>aryzlisD
L TCORERRBENNID D A,

4.5 RIDNZ RIL

%D CPython OEAAYIDOMIC, BIMOKEEEF > TV BBIESNI Ry r =Y 25D 3, LIFEIARD
BHEN=TYareZDF - 5HHETT

ActivePython <
NFTT79 v 7+ —LHDA VA =T —, FFa X2, PyWin32

Anaconda A
LADH B (numpy, scipy % pandas DX H7R) FHEREI 2 -k, Ry Fr—I~<v3x—I % conda,

”

Enthought Deployment Manager
KR D Python BREE L Sy & —Y <% —Y ¥ —" ("The Next Generation Python Environment
and Package Manager”),

LA Enthought 2% Canopy 2424 L TWE L7225, 24U 2016 fFICH R — 2T L E Lz,

WinPython =
LRBEADORERNRy r =P8, R r—YDELRDEDDY —LEET, Windows EEHDTF 1 &

MJVEa—Ta,

IS8y =D Python MDD T4 75V DRHAN—TavBEaEhs 3R Y FEA L, 27 Python
F—LZINOZFETFHO LERALYIR—FB LERTADTIHML TV,

4.6 Python Z#8 93

a<w >y R7a >y 7 b O EFIC Python #3473 %7912, Windows DF 7 4L h DEREZEREZ WL O0E
ZlWeESI R LNAERA, £ VA F—F1% PATH ¥ PATHEXT ZREMHMEE 2+ 7> a v 2IRHE LTI
WETH, THUFHEHDI R T LT 4 FRA VAL —Ya VOB TEIICRZBDTT, dLDHR
T HSEBEINTER N — 2 > D Python 25 OTHAUKX, Windows @ Python Z>F v OFIFZEE LT
{E W,

4.6.1 fiE: RIREBDRE
BRIE

Windows T3, R EANC L —F L RNV VAT ALV DMFTHRETE, HAWIa~vy RS
oy s —RNCHRETEE T,

—RFNCERIR AR RET 2123, a~ Y F 7y P2 E set a~v >y REfFVE I

C:\>set PATH=C:\Program Files\Python 3.9;7PATH,
C:\>set PYTHONPATH=Y,PYTHONPATHY,;C:\My_python_lib
C:\>python
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INHDEHEX, DBICEITINBAFEL Y Y = LVNTHEITINAERDa~ Y RICHEHAZIH, £/, 202
VY= ADBBBTATRTOT U r—a 5| E BN E T,

N—t Y Pl S TEBHLZHAL D DEIBIFOLZBDETREME N2 DT, HLWEZ RIS S REIZHIEMN
THIEDTEET, python.exe BA->TWS7 4 L7 + U % PATH ITENT % Z ¥id. Python O]z
N=T a YERET 5 X 5 ITRFET 2 7D O— AL TIETT,

F7 4L F OBRBEERFEANCEET T 2121, TRZ—+] 22V v 27 LTHRER Y 72T [RIBREREHR
B ERRT S, (Y 2—RDTRRT 4 REDPDL) Y AT LOFERTE #HV T BETRORE K&
YEIV 9 I LTIEE G, TATYS EMZEL 70T, 1—FEEZMY > 27 MBS B L -
DIBIEL7=DTEET, Y RFALHMELET 313D REDY Y ADHIBORNT 22X (D% b EEE
HERR) EE T,

O IR
Windows (& 2 7 LEED B3I 21—V EBEEESLET, ZORZFENT LD PATH OBIERHTHRE
CIZERZERIIRZ N DHD F T,

PYTHONPATH Z¥% Python DI RTDOANA— a Y THLAZDT, A VAR —ILEATWVWBETRTD
Python X—2 a VICE#MEDH 22— FEFBASZD—ERZEENTVWEIDTRWVWERED., ZHXEAN
RREETNETIEIDHD FEA

& 2E

nttps://learn.microsoft.com /windows/win32/procthread /environment-variables
Windows DIREZEL D RFE

nttps://learn.microsoft.com /windows-server /administration /windows-commands/set_ 1 —
RHNCBRIRZEBZZE T 270D set <Y FIZDOWT

https://learn.microsoft.com /windows-server/administration /windows-commands/setx (Gl
IHNCBSREREAE T 570D setx AT Y FIZOWT,

4.6.2 Python X177 71ILZRDl1%
N—Yar 3.5 TEH.

HEIPNZAER XS Python £ Y2 =TV XDRAR— A= a2 —JHHZ# S5 7213 T#% <., Python 2a<> K
Tar I EELIZVWEESI DB LNERA A VA F—FIEEFDEDDOREETIA TS avidh
73,

4 YA =5 DRPID<R—IIZ "Add Python to PATH” ¥ W5 SXALDF F¥avhdh, ZHEBRRT 5
EA VA M=F1FA YR M=V R BREE AR PATH ISBINL £ 3, Scripts\ 7 # L XD HEMI N F
T, kb awry ey 7 bh s python ¥ XA FLTA V&Y XEEEI LD, pip £ X4 LT
RO —I4 VA =% BB LD TEET, av YV RIA UPLOEELZDT, A7) vE2a~<vr o
A VBB ETEHTZ2 2D TEEST, AV RETAY OXEESHLTRIW,
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AVAF I ZDOA T a v EEMILT0WRL-22 LTH, 4 YR =7 FFHEHEITL T 'Modify
BBEAT, TNEAEMILERE T, H20EZE 58T d, PATH ZHEFHTBETE T, #E: BEZ
HOERE 2SR L TL XV, BIEAH PATH 121 Python f YA M — L F 4 L7 b REORERDH D £
T EPOZY Y 2FEIan Y TRY> TROTLEI WV, ZROEFIIUTD L1k ET (UTR
WD 220y P VIFBHICHEELTVEHDEREL TVWET):

C:\WINDOWS\system32;C: \WINDOWS;C: \Program Files\Python 3.9 ]

4.7 UTF-8 ®—F
Added in version 3.7.

Windows still uses legacy encodings for the system encoding (the ANSI Code Page). Python uses it for
the default encoding of text files (e.g. locale.getencoding()).

This may cause issues because UTF-8 is widely used on the internet and most Unix systems, including
WSL (Windows Subsystem for Linux).

You can use the Python UTF-8 Mode to change the default text encoding to UTF-8. You can enable the
Python UTF-8 Mode via the -X utf8 command line option, or the PYTHONUTF8=1 environment variable.
See PYTHONUTFS8 for enabling UTF-8 mode, and #i/E: RFEZEHDEEE for how to modify environment

variables.

When the Python UTF-8 Mode is enabled, you can still use the system encoding (the ANSI Code Page)

via the "mbcs” codec.

Note that adding PYTHONUTF8=1 to the default environment variables will affect all Python 3.7+ ap-
plications on your system. If you have any Python 3.7+ applications which rely on the legacy system
encoding, it is recommended to set the environment variable temporarily or use the -X utf8 command

line option.

0 IR
Even when UTF-8 mode is disabled, Python uses UTF-8 by default on Windows for:

o Console I/0 including standard I/O (see PEP 528 for details).

o The filesystem encoding (see PEP 529 for details).

4.8 Windows @ Python 5> F v
Added in version 3.3.

Windows @ Python 7> F ¥id. %725 Python DN— a Y OMNBEDRE L FIT2HIF 22— 4 V7 4
TT, RAZV T b (F1Fa~vY FI4 V) TRED Python D=V a YOFEREGZ 6N 3 L. (EEFR
EL. ZON=Ta vy E2FTLET,

BRIBZR PATH KX B ELES T, TDF VF %X Python O—BEIEAA—Yavd, ELBERLE
4.7. UTF-8 E—R 67



https://peps.python.org/pep-0528/
https://peps.python.org/pep-0529/

Python Setup and Usage, 'J!J—2X 3.13.1

T COTVF YR TRATLIALRRBDIDDBLI—FITLDA VAL —aryDFERELL, £ L
{AVRAM—NENBED B EFEON—Va VEELELET,

7Y Fx DAY I FLDHERIE PEP 397 IZHD £7,

4.8.1 R

ARV ESA U 5EEHT S
N—Yar 3.6 TEHA.

Python 3.3 ¥ ZHLIEDS X T LT A4 FRRA VAP —=ATIE, 7¥F »— PATH IZEMENhE T, 7~
F v —ik. AFARERH S5W D Python D= a VICHEEDH 5720, ERIZE D AN—Y 3 D Python
BA VA =LENTVEOPIEETEDD FHA, 7V F ¥ =DM 2052 HRT 2 EIUATOavr R
Za<wy R7ay 7 MTHEITLTLIEX W

py

A VA=V ENTWVEEHN—T 3 D Python DEENT 21X TS, BEECBIIKT IS TEE
TL. EBiMOa<y P4 ygl8EEE L TER Python KT dTEXT,

B DN— a > Python (72 21X 3.7 & 3.13) 234 Y A b= TN TWEHEE. Python 3.13 2iEEH)
TB5Z2CkD ET, Python 3.7 ZEEIL7-WRS, ROa<wy FEFEFTLTATLEEW

‘py -3.7

A YAR=LLTH3 Python 2 DEFN—Y a YEZEEL720HER, ROa<w Y RE2EFTLTATLE
AR

ﬁy-Q

MR &5z —PH2E5THNUL, FVF v 34 YA ML ENTVEHA:

'py' is not recognized as an internal or external command,

operable program or batch file.

Zhaxy R

py —-list

U, BEA VA= 1IN TWS Python DN—=Y a Y EFRRLET,

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 —-1ist 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 specifying only the Tag will select from all providers. Note that omitting the slash implies a tag:
68 % 4 & Windows T Python Zf£5
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# 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 distri-

butions. However, the longer form (-V:3) will select from any.

The Company is matched on the full string, case-insensitive. The Tag is matched on either 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, but
not 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).

{RABIRIE (Virtual environments)

Added in version 3.5.

(BEHES £ 72 1) D venv EY 2 —A0HEY —)L virtualenv TE- 7)) (REBRED 7 27 7 1 73KRET
Python OBRIIIZAN—Y a Y ZBER TV F vy 2T 2L, SV F X370 —nNARA4 V2T Y XT
B ZOEREDO S DRFATLET, Zr—rOLRIZS DA Y2 T) X2 FTT 5123, (RAEBEOBIE
AEIET 20, FREHRINIC T B — L7 Python N—Y a Y ZIBE LTIV,

b S7AV M A o) Y 50
7 A MHD Python 227 V7 M 2ERLEL & 5, hello.py EWVWIHKFTTUTONED 7 7 4 VELER L T
AR

#! python
import sys

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

hello.py BFETZ 7T 4 L7 YT, Fia~vy REEFTLTLEZE W

‘py hello.py

A VA=V ENTOVWBEHD Python 2.x DNN— 3 YEBENFRRINBZIETTY, TE. 1THZLUTOD
EOREBFLTATL XV

‘ #! python3

a~x Y REHEFETT . SEEREFO Python 3.x DEHRNPELRINZIEI T, ITNETDavr o4
YOl FERRIC. KD VAN=D a VEMiTFERIEE TSI HTEE Y, Python 3.7 284 YA =T 1L
TWA5E. BPIDOIT%Z #! python3.7 ICAEFT 2L, 3.7 D=V a VIFRPFREINZ1ETTT,
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ATV RPLDOCHL EIZELRD, BAIAD D0 "python” 134 ¥ X b= L EZ N TWS Python2.x
DEHN—2a v 2RHAT2 I KHERELTLEE N, ZUIERHT AN L. python 23 —#HTIZ Python 2
163 Unix OO -DHTT,

771 OREERITHSESNT S

A YA P=RIZ, 7Y F vid Python 7 7 AV (§7b5 .py, .pyw, .pyc 7 7 A L) ICBERT H 07213
TTF, ZDD. TUHDT7 7 4 L% Windows DLV AT =5 —TXINZ Vv 7 LI v Fx
PEb, ETHERZDEFRIUEEEZE > TR Z U S PEDLNIRNEN-T a VR EETED L51TRD
%7,

ZOZ LI BZEERMAII, B—0D 7 v F v BEEHITORNFIZ L > TEB®D Python N—2 a ¥ 2 [FFHIY
71_3’— ]\ VG% 6 Z t"c\j—o
4.8.2 > x/\> (shebang) 17

A7 VT N7 7 ANVOFEDITH #! TIHE > TV BHEE. ZDITIEY = NV (shebang) T& L THIS
TWVE T, Linux fttd Unix R OS X2 5 LT2ded e R—FLTWELDH, TNEDT AT LT
X, A7V IBEDESREFTEINDERT DAL b EF, Windows @ Python 7 ¥ F v i,
Windows £® Python 227V 7 b DFEUEREEZEATE 2 X512, LOfITIEZNS OEREDHHEZ R
LTVWET,

Python 227V 7 b D =2 N21T% Unix-Windows B TBHRIEEICT 272D, ZDF vy F ik, £DA v &
TIVEPFEONZDEIEET 2-DDOKED " HE a~v Y FEIR-—FLTVWET, R—-FZh 32
<Y RZEUTObDBHD £

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

e python

BRRIC, B LAZ V70 1{TED

#! /usr/bin/python

TIHE->TWDH, 77 4L bD Python £72137 7 7 4 7 RIBEREOMEBENRE XN, FHINET, £
< ® Unix ETEMET % Python 227V 7 MIZT TR IDITHEET Z2EANDDETDT, FUFvIX
DENBLDRZ YT MEBIERLTHES 2B TEBRIET T, DREPIHLVWRAZ Y F % Windows T
FEVWTWT, Unix ETHOHEHTH-oTUELVWEESI RS, =2 ANVTDSE Just TIHE 2 DDOEHH TN
=T9,

LROYDEHa<vY FThH, (AT ==V a I, AP v— A F == a3 YOW;T) HRH
WA=V aVEEETEE T, BT, 7327 2 A4 F == 3 VOKRAITEBIML T 32-bit flREZERTE
F3, HlZIX, /usr/bin/python3.7-32 & 32-bit @ Python 3.7 2> X5 ERL ¥, RERENT 7
T4 TR K> TWBEEIE, N—Ya VIZERIN., ZoREXEHXNET,

Added in version 3.7: python 7 ¥ F v @ 3.7 7513, RKEIT "-64” ZHF T 64-bit IRZERTEET, 5
70 % 4 & Windows T Python Zf£5
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W, YA F—NR=YaVHLDOAY vy —N=V a7 —F%77F %721} (BlZIX /usr/bin/python3-64)
THHETEET,

N—3Y a ¥ 3.11 TEHE: The "-64” suffix is deprecated, and now implies “any architecture that is
not provably i386/32-bit”. To request a specific environment, use the new -V:TAG argument with the

complete tag.

N— a ¥ 3.13 TEHE: Virtual commands referencing python now prefer an active virtual environment
rather than searching PATH. This handles cases where the shebang specifies /usr/bin/env python3 but

python3.exe is not present in the active environment.

The /usr/bin/env form of shebang line has one further special property. Before looking for installed
Python interpreters, this form will search the executable PATH for a Python executable matching the
name provided as the first argument. This corresponds to the behaviour of the Unix env program, which
performs a PATH search. If an executable matching the first argument after the env command cannot
be found, but the argument starts with python, it will be handled as described for the other virtual
commands. The environment variable PYLAUNCHER_NO_SEARCH_PATH may be set (to any value) to skip
this search of PATH.

Shebang lines that do not match any of these patterns are looked up in the [commands] section of the
launcher’s .INT 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 installer, 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 > /\{TD5|#K

> 2 N VATTIE Python 4 Y2 77V ZIZEINZBMOIBERET LI TEET, L XiE, Py
TR XS 1I2E PN TVWEELEL & O

#! fusr/bin/python -v

ZDYE. Python & v A > a UTETEREITATL LS
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4.8.4 hRXAIAX

INl Z71IICKBNDRETAX

ZYFxiE 200 ini 77 A VERLIATE XY, BRI BED2—F-D7 TV r—>aryr—X
7 4 L2 MV (%LOCALAPPDATAY% %7:13 $env:LocalAppData) @ py.ini &, Z¥F ¥ &RUT 4L 2 b
VIZH5 py.ini TS, "aA¥Y =V JRDF >V F v (DF D pyexe) & "Windows’ [RDZ > F v (DED
pyw.exe) X[FE—® .ini 7 7 A VEFHLET,

"application data” 74 L7 M) THREINLHREIX. ET7 74/ VOICHEdbD L hELEINET, 20D
72, FUFrxDEICH B ini 77 ANNDEFEZFIAAT ZEANTERVZ—FIE, 70— LR ini 7 7
ANADa< >y P& L#FHE (override) TEXT,

T7#4I D Python N—=S3>DHREIAX

EDN—=Ya>»®D Python Za~y RTHEHT20EED L0, N—Y a VEffirra~vy Ricgdoinsd
TEMHDET, A=V a VB TREAI Y —AN—Ya YFEETHEID, 7> a OV F R (V) <A
FN=T a VIEETHZIMEE T, X HIT, 7-327 R "-64” ZBFL L T 32-bit H 2 WX 64-bit DEH
LHDFEENERINZE PRI RTEET,

722 213, #'python WS ¥ = NUATIEIN=Y a VEBHiFEEAEEAD, #!python3 EX T ¥ — =T =
VERIEET 2 N-Y a VEMiTREEAET,

avwy RinN=ya YEfiFORRO»LRVWEE, BREAE PY_PYTHON 2 EL T, 77 4L D N—
VaVEfiTEREETEE T, RESNTWVWARVWESE, 77 4L MEZ 737 T3, ZOZEBIIZ 737, 3.7,
73.7-327, 73.7-64” D XS RERDERE AT Y RIA VD LIEETEE T, (7647 47> 3 »iX Python 3.7
LD v F v TLDHEZ RN LIER LTIV, )

XA F == a VEMIFREON SR VGE, BREZ PY_PYTHON{major} (Z T {major} (. LFiT
REINIBEDRY ¥ —N—=D a VEHiT) ZRELTHRBRAN-Ta VERIEET LN TEET, £5
Woled Ty a YBROLSRITIUE. TV F vliEA VA b —iEAD Python N—Y a Y EFIZELT, Bo
MoRZEDRAY v —N=VaVEIIAF =V 2D bRHFODOEMHEALE T, RS TWBE DI T
EHDFERAN, BEIEZDAIT»—N"=Ya VR TRIRICA VA= LIN=Ta VI D T,

64-bit Windows T, [F—® (major.minor) Python /N— a > ® 32-bit & 64-bit DM DEEH 4 > X
F— A ENTWEEA, 64-bit XN—T a3 YDIEIBFICELEINE T, THUIT ¥ F v D 32-bit & 64-bit D
EELTHFERD I LT, 32-bit DT U F vid FHEEINTN—T a YMERHTIEET H AR, 64-bit D Python
EFBELTETLET, ZHE EON=Ya VD PCRA VA —LENTVEHLDATT ¥ F v DEH)
ETHRTE, Zhodf YA P =LV ENLEFCBEFRLRS RS (DF DRRICA Y A =S Python &
Z VF % 32-bit B 64-bit BEHISKREDEV) XI5 T242HDTY, LRl Bh, A7>arvo
7327, 764" 7 4 v FATIDEHELEHETEE T,

fl:

o BT 24T a UHAREZINTVARWEA, python BXU python2 2<% Flidf YA b= Eh
T2 EHMO Python 2.x N—=Ya Y EMEH L. python3 2 v Y Fid{ ¥ A b= SN T3 EH D
Python 3.x ZfEHL £73,

e python3.7 A=Y Fid, N— a YHPRBIIEESINTVWE D, LA T a V2SR IHEA,
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« PY_PYTHON=3 D&, python B & python3 a <> FiZ 124 Y A b — L EATWBEHFD
Python 3 ZfHHL £7,

o PY_PYTHON=3.7-32 O¥&. python 2~ Fid 32-bit kD 3.7 Z{HH L £ 353, python3d 2w F
B3A VA=A ENTVEEHD Python ZHHALET (AP v ==Y a YIHEEINTVE 7D,
PY_PYTHON 3£ EEINETA, )

o PY_PYTHON=3 T PY_PYTHON3=3.7 D5, python B XU python3 iZ¥H 563 3.7 AL £

BRBZABCMZ, AUHEE T Y F v DMES INL 7 7 AV THRT 22D TEE T, INI 77 £ LY
T35t 72 avid [defaults] FFIN, F—RIFIRELBOF —%H 56 PY_ L WHOHHEHFHZM - 72bD L
FTTYT (INI 7 7 A LDF—HIEBFAF/NIF2 XA LIRNZ EICTHEREL LIV, BEZBOANEZ INI
77 ANVTORER FEELET,

Il Z 4

o PY PYTHON=3.7 ¥ HETBZ2ld. INI 77 A LIS R EEN2 2L e EMTT:

[defaults]
python=3.7

o PY PYTHON=3 ¥ PY PYTHON3=3.7 #XET A 2d. INI 7 7 A VMICREEHEENE L 2 EMTT:

[defaults]
python=3
python3=3.7

4.8.5 Mh

BRIGZEE PYLAUNCHER_DEBUG DiE SN TV o (REMMITH > ThH). 7 ¥ F ¥ IZZMIEIRE stderr
(DFharyy =) ITHAILET, ZOBERDRX v —JFFHMT LED EO0VHDTTA, ¥H 0ol
N— 3 »D Python IS NIz, BREREEDNN—Y a VBRI N0, 2L T, RO Python %
FTT2DMONLIERERATY FIA VEHATANET, CRHEELTAIRT ANy Z7DDDBHD
T,

4.8.6 Dry Run

If an environment variable PYLAUNCHER_DRYRUN is set (to any value), the launcher will output the com-
mand 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 Install on demand

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.

%l f&

3teA

RC_BAD VENV_CFG 107
RC_CREATE_ PRO- 101
CESS

RC_INSTALLING 111

RC_INTERNAL ER- 109
ROR

RC_NO_COMMAN- 108
DLINE

RC_NO_PYTHON 103
RC _NO_ VENV_CFG 106

A pyvenv.cfg was found but is corrupt.

Failed to launch Python.

An install was started, but the command will need to be re-run after
it completes.

Unexpected error. Please report a bug.

Unable to obtain command line from the operating system.

Unable to locate the requested version.

A pyvenv.cfg was required but not found.

4.9 EZa—ILDOKRE

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

._pth 7 7 A ABRMAL SR 572 Eik, Windows TlX sys.path IZXD LS ICHEINET:

o RANCZEDZY FUMBMENE T, THAEAIL YT 4L Z MURELTVWET,

o ZDRIT, PYTHONPATH BRIBERMMHEET 2 L &, BELTH THRIZINATVWE IS5 CBEMEINET,

Windows Tl& K 7 4 ZE#AITF (C:\ ) LXAIF 272012, ZORBEABICEENZ SADXY]D X
FiItIaverTRINMERSBRVFIERL T IV,

« BT ” 77U —3aDXA” % HKEY_CURRENT_USER 7» HKEY_LOCAL_MACHINE DA D \
SOFTWARE\Python\PythonCore{version}\PythonPath D% 7% —¢ L TERTH I LN TEET,
PI7F—F 774N ML LTI an Y TRYIGNT AT ZROZ e TE, HL AN
sys.path IEMENE T, (BEFFEDOA Y X b —F =133 T HKLM L2FHL7ZwDT, HKCU &

74
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T

o PYTHONHOME H3F%E XN TWBIFE, £ "Python Home” ¥ L THbLF3, ZHLSNDIFE.
"Python Home” ZH#EFE T 5 7201Z Python ODFEITT7 7 A VDA% 6 ” HHIZ 7 4 7 (Lib\os.py
¥ 721 pythonXY.zip) EX N ¥ 3, Python home RO o 72HE. ZIHh 50V D2hDH T
7412 bV (Lib, plat-win R ¥) 2% sys.path WKEMENE T, ROoLoRhokBGBE. a7 R
% Python path 1&1L ¥ & b VIZEFX N7z PythonPath 2SRRI N E T,

o Python Home 2SR27 6 F, BRIEZAE PYTHONPATH DHEEINT. LIYZXA MV IV FURERODRS
B0l G, BT 277 40 bDARADFIHEINE T (Bl .\Lib;.\plat-win & ¥),

AAVDETI 7 ANERUGEMP—2 DT 1 L7 M VI pyvenv.ctg 3D 285G, LUTD R - 7= HH
MEHEINET:

o PYTHONHOME D3F%E XN TE ST, home It 2 DIGE. home HEDIEX AL VDEITT 7 4 Li»
LBHEET 2DTIERL ZDRRAZHENE T,

MR LTIH2D%T:

o python.exe 2 ZHNLSD Python T4 L7 b VIZH D exe 77 ANVEFE[TLILLE (A VA=
ENTWBHAETD PChuild 2 HEHEFITEINTWBHETD) core path SFH XN, LIZ MY
@ core path [ZEHINF T, ZHDADL P A MY D application paths” IZHICHARAENE T,

o Python 2 .exe 7 7 AL (DT 4 L 7 + VITHFET 256, COM BHTHAMAZN B 57
E)ICHRR P ENTWSHEE, "Python Home” I3HEEZIN T, LI A M VIZH S core path H3F|H
XHEF, ZRLBOL YR kYO "application paths” I3#ICHEAAENE T,

o Python 232 ® home ZROFH6NT. LIXFMVDEDLVEHEE (ZHUIWLDHhDETHBERN LA
A YA ML —=Yarvty b7y TOREINT exe). NRAERNMNEDT 7 4L k& U THI SR 25
bhxd,

HED7 7V 7 — a YREHYIC Python 232 KL LZWEEIZIE, LIROBE (DWFhh 72131 E
W) WCEDIEDPDA VA ML= a vy e DEELE#ITZ Z N TEETS:

e Include a ._pth file alongside your executable containing the directories to include. This will
ignore paths listed in the registry and environment variables, and also ignore site unless import

site is listed.

e If you are loading python3.d11 or python37.d11 in your own executable, explicitly set PyConfig.

module_search_paths before Py_InitializeFromConfig().

e HHD7 7V —2 a5 python.exe ZiELE) 3 5 H{IC, PYTHONPATH %22 V7 L7eb EEEL,
PYTHONHOME %t > b LTLEZ W,

o If you cannot use the previous suggestions (for example, you are a distribution that allows people
to run python.exe directly), ensure that the landmark file (Lib\os.py) exists in your install
directory. (Note that it will not be detected inside a ZIP file, but a correctly named ZIP file will
be detected instead.)

TABIEFTRATLTIAL RIZA YA M= ILENTT 7 AAD, BRIDO7 TV I —3 a Ny RS-
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FATIVDA—IZBELBRVESICLET, ZZ2LRTNUEDRIDOT7 TV r—>aryox—Fid, M
PLOHEZIEZ 20b LU ERA, LTHELERYORENRE TS, 1Zr0bDIEL IR MY NOIEE
HED AP L —F D site-packages DEEEEL D LZITRTVHLLTT,

N— a3 3.6 TEHE: Add ._pth file support and removes applocal option from pyvenv.cfg.

N—Yarv 36 TAHE: Add pythonXX.zip as a potential landmark when directly adjacent to the

executable.

N— a3 ¥ 3.6 TIEHESE: Modules specified in the registry under Modules (not PythonPath) may be
imported by importlib.machinery.WindowsRegistryFinder. This finder is enabled on Windows in

3.6.0 and earlier, but may need to be explicitly added to sys.meta_path in the future.

4.10 EMDEZ 2a—I)L

Python 3277 v + 7 4 —2HHZHIEL TVWE T D, Windows I L RVWI=—7 REKEDDH D 3,
BHES A 77V DI A4 757 VDM T, BOPDES 2 -, ZIVo MRS 2DD A=y
F23BH Y ET,

Windows & DIEHEE Y 2 — ) LiE, mswin-specific-services IZErNTWE T,

4.10.1 PyWin32

The PyWin32 module by Mark Hammond is a collection of modules for advanced Windows-specific

support. This includes utilities for:
e Component Object Model (COM)
e Win32 API MEUPHI L
e« LYARNY
« ARVIBY
o Microsoft Foundation Classes (MFC) user interfaces

PythonWin (X PyWin32 iIZffELTW3, > LD MFC 7 7V 5 —>a >y T3, ZHEEL AL VDT
Ny HkEte, HAAAARER IDE T,

& BE

Win32 How Do I...7
by Tim Golden

Python and COM
by David and Paul Boddie
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4.10.2 cx_Freeze

cx_ Freeze wraps Python scripts into executable Windows programs (*.exe files). When you have done

this, you can distribute your application without requiring your users to install Python.

4.11 Windows £ T Python ZaO>N\T1ILT3

CPython B Ta Yy AL L7WEE, BUIICTARNEZLIE V-2 2B T2 22 TT, &V IY—X
ROV — 2, LW F 2777k XY ya—RFTEXT,

YV — Y1) —IZiE Microsoft Visual Studio TOE L ROV VY a—raryIZrA4lrer7adcy b7 7 A UH
HFEhTVT, ZOUDBAAD Python VUV =R TNWE a4 5TT, T 7 74 00E PCbuild
TA4LZFUARZHD FT,

L R 7t 2 0oWTO— K2 IEHIE, PCbuild/readme.txt IZH D T,

PEREY 2 — LI DWW T, building-on-windows S L TL 72X W,

4.12 FHh DTS5y b T H—L

Python OREFHIZBFEDH T, BRITH K- M SO TWEEODPDT T v b7 4 — 1D (2 —F LS
DARDIzDIT) FR-FENBL B> TVET, TRTOFR-FENRVT T v k74— LDV TR
il PEP 11 2F =z v 7 LTLEE W,

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

AVNRANBEAA VA= RRBEINTVWE T Ty b7 3 — 2O TOFEMZIERIE Python for
Windows ZZH L TL7Z&E W,
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USING PYTHON ON MACOS

This document aims to give an overview of macOS-specific behavior you should know about to get started
with Python on Mac computers. Python on a Mac running macOS is very similar to Python on other

Unix-derived platforms, but there are some differences in installation and some features.

There are various ways to obtain and install Python for macOS. Pre-built versions of the most recent
versions of Python are available from a number of distributors. Much of this document describes use
of the Pythons provided by the CPython release team for download from the python.org website. See

Alternative Distributions for some other options.

5.1 Using Python for macOS from python.org

51.1 1R +—ILFIE

For current Python versions (other than those in security status), the release team produces a Python
for macOS installer package for each new release. A list of available installers is available here. We
recommend using the most recent supported Python version where possible. Current installers provide
a universal2 binary build of Python which runs natively on all Macs (Apple Silicon and Intel) that are
supported by a wide range of macOS versions, currently typically from at least macOS 10.13 High

Sierra on.

The downloaded file is a standard macOS installer package file (.pkg). File integrity information (check-
sum, size, sigstore signature, etc) for each file is included on the release download page. Installer packages
and their contents are signed and notarized with Python Software Foundation Apple Developer ID cer-

tificates to meet macOS Gatekeeper requirements.

For a default installation, double-click on the downloaded installer package file. This should launch the

standard macOS Installer app and display the first of several installer windows steps.
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Introduction

& Install Python 8

Welcome to the Python Installer
This package will install Python 3.13.0 for macOS 10.13 or later.

Python for macOS consists of the Python programming language
interpreter and its batteries-included standard library to allow easy
access to macOS features. It also includes the Python integrated
development environment, IDLE. You can also use the included pip to
download and install third-party packages from the Python Package
Index.

At the end of this install, click on Tnstall Certificates toinstall a
set of current SSL root certificates.

Free-threading support
MNEW for 3.13: This installer package can now optionally install an
additional build of Python 3.13 that supports the experimental free-

threading feature (running with the global interpreter lock disabled).
See the installer ReadMe and the release notice for more information.

Continue

Clicking on the Continue button brings up the Read Me for this installer. Besides other important

information, the Read Me documents which Python version is going to be installed and on what versions

of macOS it is supported. You may need to scroll through to read the whole file. By default, this Read

Me will also be installed in /Applications/Python 3.13/ and available to read anytime.
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[ ‘e Install Python 8

Important Information

This package will install Python 3.13.0 for macQS 10.13 or later for the
Introduction following architecture(s): armg4, x86_64.

Certificate verification and OpenSSL

This package includes its own private copy of OpenSSL 3.0. The trust
certificates in system and user keychains managed by the Keychain
Access application and the security command line utility are not used as
defaults by the Python ss1 module. A sample command script is
included in /Applications/Pythen 3.13 toinstall a curated bundle
of default root certificates from the third-party certifi package (https:/
pypi.org/project/certifi). Double-click on Install Certificatesto
run it.

The bundled pip has its own default certificate store for verifying
download connections.

Install Options

You can control some aspects of what is installed by this package. To see
the options, click on the Customize button in the Installation Type step
of the macOS installer app. Click on a package name in the list shown to

memm rmers infarmmatian akeod that andine

Print... Save... Go Back Continue

Clicking on Continue proceeds to display the license for Python and for other included software. You
will then need to Agree to the license terms before proceeding to the next step. This license file will

also be installed and available to be read later.
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To continue installing the software you must agree to the terms of the
software license agreement.

Click Agree to continue or click Disagree to cancel the installation and quit
the Installer.

. Read License _ . Disagree ] L Agree

After the license terms are accepted, the next step is the Installation Type display. For most uses, the

standard set of installation operations is appropriate.
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& Install Python a8
Standard Install on “Macintosh HD"

This will take 179.1 MB of space on your computer.

Introduction

Click Install to perform a standard installation of this software
on the disk "Macintosh HD"

Customize Go Back Install

By pressing the Customize button, you can choose to omit or select certain package components of the
installer. Click on each package name to see a description of what it installs. To also install support for
the optional experimental free-threaded feature, see 7 1) —Z L KN4 F U (Free-threaded Binaries) @
12X +=)L.
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® ‘e Install Python 8

Custom Install on “Macintosh HD"

Package Name Action Size
Introduction Upgrade 1091 MB
Read M GUI Applications Upgrade 635 KB
UNIX command-line tools Upagrade 9 KB
Python Documentation Upgrade 69.3 MB
Shell profile updater Install Zero KB

L] ¥ Install or upgrade pip Install Zero KB |

Free-threaded Python [experimental]

i Space Required: 1791 MB Remaining: 34.05 GB

This package installs (or upgrades from an earlier version) pip, a tool
for installing and managing Python packages.

Standard Install Go Back Install

In either case, clicking Install will begin the install process by asking permission to install new software.

A macOS user name with Administrator privilege is needed as the installed Python will be available
to all users of the Mac.

When the installation is complete, the Summary window will appear.

84 % 5 Z Using Python on macOS



Python Setup and Usage, JV'J—2X 3.13.1

(s

@ ‘e Install Python

The installation was completed successfully.

. Congratulations! Python 3.13.0 for macOS 10.13 or later
Introduction was successfully installed.

One more thing: to verify the identity of secure network
connections, this Python needs a set of S5L root certificates. You
can download and install a current curated set from the Certifi
project by double-clicking on the Install Certificates icon in

the Finder window. See the ReadMe file for more information.

Close

Double-click on the Install Certificates.command icon or file in the /Applications/Python 3.13/

window to complete the installation.

PRPP Python 3.13 88 ¢ %22 v » Q
..-——""‘;;[ SHELL ” v
IDLE Install icense.rtf Python
Certificates.command Documentation.html
SHELL
Python Launcher ReadMe.rtf Update Shell

Profile.command

This will open a temporary Terminal shell window that will use the new Python to download and install

5.1. Using Python for macOS from python.org 85



Python Setup and Usage, J!J—2X 3.13.1

SSL root certificates for its use.

Python 3.13

SHELL

Install License.rtf Python
Certificates.command Documentation.html

[ NN ] [ sysadmin — Install Certificates.command — 83x22

Last login: Sun Sep 29 12:16:51 on console
/Applications/PythonY 3.13/Install\ Certificates.command ; exit;
sysadmin@pyald ~ % /Applications/Python\ 3.13/Install\ Certificates.command ; exit;
-— pip install --upgrade certifi
Collecting certifi
Downloading certifi-2824.8.308-py3-none—any.whl.metadata (2.2 kB)
Downloading certifi-2824.8.38-py3-none-any.whl (167 kB)
Installing collected packages: certifi
Successfully installed certifi-2@824.8.38
—— removing any existing file or link
-- cgreating symlink to certifi certificate bundle
-—- setting permissions
-— update complete

Saving session...

...copying shared history...

...8aving history...truncating history files...
...completed.

Deleting expired sessions... 4 completed.

[Process completed ]I

If Successfully installed certifi and update complete appears in the terminal window, the in-

stallation is complete. Close this terminal window and the installer window.
A default install will include:

e A Python 3.13 folder in 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 macOS Finder.

o 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. Symlinks to the Python executable are placed in /usr/local/bin/.

e N\
O IR

Recent versions of macOS include a python3 command in /usr/bin/python3 that links to a usually
older and incomplete version of Python provided by and for use by the Apple development tools,

Xcode or the Command Line Tools for Xcode. You should never modify or attempt to delete this
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installation, as it is Apple-controlled and is used by Apple-provided or third-party software. If you
choose to install a newer Python version from python.org, you will have two different but functional
Python installations on your computer that can co-exist. The default installer options should ensure

that its python3 will be used instead of the system python3.

5.1.2 Python XV U7 FDORITHE

There are two ways to invoke the Python interpreter. If you are familiar with using a Unix shell in a
terminal window, you can invoke python3.13 or python3 optionally followed by one or more command
line options (described in ¥ > FZ 4 > LEIE). The Python tutorial also has a useful section on using

Python interactively from a shell.

You can also invoke the interpreter through an integrated development environment. idle is a basic editor
and interpreter environment which is included with the standard distribution of Python. IDLE includes
a Help menu that allows you to access Python documentation. If you are completely new to Python,

you can read the tutorial introduction in that document.
There are many other editors and IDEs available, see T7 « ? ¥ IDE for more information.

To run a Python script file from the terminal window, you can invoke the interpreter with the name of

the script file:
python3.13 myscript.py
To run your script from the Finder, you can either:
e Drag it to Python Launcher.

o 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.

Be aware that running the script directly from the macOS Finder might produce different results than
when running from a terminal window as the script will not be run in the usual shell environment
including any setting of environment variables in shell profiles. And, as with any other script or program,

be certain of what you are about to run.

5.2 Alternative Distributions

Besides the standard python. org for macOS installer, there are third-party distributions for macOS that

may include additional functionality. Some popular distributions and their key features:

ActivePython

Installer with multi-platform compatibility, documentation

Anaconda

Popular scientific modules (such as numpy, scipy, and pandas) and the conda package manager.
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Homebrew
Package manager for macOS including multiple versions of Python and many third-party

Python-based packages (including numpy, scipy, and pandas).

MacPorts
Another package manager for macOS including multiple versions of Python and many third-party
Python-based packages. May include pre-built versions of Python and many packages for older

versions of macOS.

Note that distributions might not include the latest versions of Python or other libraries, and are not

maintained or supported by the core Python team.

5.3 iBiD Python /Ny o —SDA YR k=)L

Refer to the Python Packaging User Guide for more information.

5.4 GUI 7OJ>=z>7
Python T Mac £® GUI 7 7V 7 — a YR UL RTEHERNLD0HD T,

The standard Python GUI toolkit is tkinter, based on the cross-platform Tk toolkit (https://www.tcl.

tk). A macOS-native version of Tk is included with the installer.

PyObjC is a Python binding to Apple’s Objective-C/Cocoa framework. Information on PyObjC is

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

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

55 BEBLEYY
5.5.1 71)—XZXLw K/N\1F1) (Free-threaded Binaries) O > X k—)L

Added in version 3.13: (kM)

O IR

DTy arTHRAZINTOVEIRNTOEBIZERNARINTED., FROV Y —RTEEXNS
AEEMER D D 9,
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The python.org Python for macOS installer package can optionally install an additional build of Python
3.13 that supports PEP 703, the experimental free-threading feature (running with the global interpreter
lock disabled). Check the release page on python.org for possible updated information.

Because this feature is still considered experimental, the support for it is not installed by default. It is
packaged as a separate install option, available by clicking the Customize button on the Installation

Type step of the installer as described above.

@ ‘e Install Python 8

Custom Install on “Macintosh HD"

Package Mame Action Size

Introduction Upgrade 1091 MB
Read Mg GUI Applications Upgrade 635 KB
UNIX command-line tools Upagrade 9 KB

Python Documentation Upgrade 69.3 MB

Shell profile updater Install Zero KB

L Install or upgrade pip Install Zero KB

B Free-threaded Python [experimental]

Space Required: 1791 MB Remaining: 34 GB

This optional package installs a free-threaded Python framework,
including a separate Python interpeter capable of running without the
global interpreter lock. It is installed independently of the normal
interpeter and includes its own standard library and site-packages. See
the installer ReadMe and the release notice for more information.

Standard Install Go Back Install

If the box next to the Free-threaded Python package name is checked, a separate PythonT.framework
will also be installed alongside the normal Python.framework in /Library/Frameworks. This config-
uration allows a free-threaded Python 3.13 build to co-exist on your system with a traditional (GIL
only) Python 3.13 build with minimal risk while installing or testing. This installation layout is itself

experimental and is subject to change in future releases.
Known cautions and limitations:

e The UNIX command-line tools package, which is selected by default, will install links in
/usr/local/bin for python3.13t, the free-threaded interpreter, and python3.13t-config, a
configuration utility which may be useful for package builders. Since /usr/local/bin is typically
included in your shell PATH, in most cases no changes to your PATH environment variables should

be needed to use python3.13t.

o For this release, the Shell profile updater package and the Update Shell Profile.command in
/Applications/Python 3.13/ do not support the free-threaded package.
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The free-threaded build and the traditional build have separate search paths and separate
site-packages directories so, by default, if you need a package available in both builds, it may
need to be installed in both. The free-threaded package will install a separate instance of pip for

use with python3.13t.
— To install a package using pip without a venv:
python3.13t -m pip install <package_name>

When working with multiple Python environments, it is usually safest and easiest to create and
use virtual environments. This can avoid possible command name conflicts and confusion about

which Python is in use:
python3.13t -m venv <venv_name>
then activate.
To run a free-threaded version of IDLE:
python3.13t -m idlelib

The interpreters in both builds respond to the same PYTHON environment variables which may
have unexpected results, for example, if you have PYTHONPATH set in a shell profile. If necessary,

there are command line options like -E to ignore these environment variables.

The free-threaded build links to the third-party shared libraries, such as OpenSSL and Tk, installed
in the traditional framework. This means that both builds also share one set of trust certificates

as installed by the Install Certificates.command script, thus it only needs to be run once.

If you cannot depend on the link in /usr/local/bin pointing to the python.org free-threaded
python3. 13t (for example, if you want to install your own version there or some other distribution
does), you can explicitly set your shell PATH environment variable to include the PythonT framework

bin directory:

export PATH="/Library/Frameworks/PythonT.framework/Versions/3.13/bin":"$PATH"

The traditional framework installation by default does something similar, except for Python.
framework. Be aware that having both framework bin directories in PATH can lead to confusion
if there are duplicate names like python3. 13 in both; which one is actually used depends on the
order they appear in PATH. The which python3.x or which python3.xt commands can show
which path is being used. Using virtual environments can help avoid such ambiguities. Another

option might be to create a shell alias to the desired interpreter, like:

alias py3.13="/Library/Frameworks/Python.framework/Versions/3.13/bin/python3.13"
alias py3.13t="/Library/Frameworks/PythonT.framework/Versions/3.13/bin/python3.
—13t"
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5.5.2 Installing using the command line

If you want to use automation to install the python.org installer package (rather than by using the famil-
iar macOS Installer GUI app), the macOS command line installer utility lets you select non-default
options, too. If you are not familiar with installer, it can be somewhat cryptic (see man installer
for more information). As an example, the following shell snippet shows one way to do it, using the

3.13.0b2 release and selecting the free-threaded interpreter option:

RELEASE="python-3.13.0b2-macos1l.pkg"

# download installer pkg
curl -0 https://www.python.org/ftp/python/3.13.0/${RELEASE }

# create installer choicechanges to customize the install:

# enable the PythonTFramework-3.13 package

# while accepting the other defaults (install all other packages)

cat > ./choicechanges.plist <<EOF

<?xml version="1.0" encoding="UTF-8"7>

<!DOCTYPE plist PUBLIC "-//Apple//DTD PLIST 1.0//EN" "http://www.apple.com/DTDs/
—PropertyList-1.0.dtd">

<plist version="1.0">

<array>
<dict>
<key>attributeSetting</key>
<integer>1</integer>
<key>choiceAttribute</key>
<string>selected</string>
<key>choiceIdentifier</key>
<string>org.python.Python.PythonTFramework-3.13</string>
</dict>
</array>
</plist>
EOF

sudo installer -pkg ./${RELEASE} -applyChoiceChangesXML ./choicechanges.plist -target,
~/

You can then test that both installer builds are now available with something like:

$ # test that the free-threaded interpreter was installed if the Uniz Command Toolsy
—package was enabled
$ /usr/local/bin/python3.13t -VV
Python 3.13.0b2 experimental free-threading build (v3.13.0b2:3a83bl72af, Jun 5 2024,
—12:57:31) [Clang 15.0.0 (clang-1500.3.9.4)]

(RDR=DI1HiL)
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(RIDR=I D5 DR E)
$ # and the traditional interpreter
$ /usr/local/bin/python3.13 -VV
Python 3.13.0b2 (v3.13.0b2:3a83bl72af, Jun 5 2024, 12:50:24) [Clang 15.0.0 (clang-
—1500.3.9.4)]
$ # test that they are also available without the prefiz if /usr/local/bin is on $PATH
$ python3.13t -VV
Python 3.13.0b2 experimental free-threading build (v3.13.0b2:3a83bl72af, Jun 5 2024,
,12:57:31) [Clang 15.0.0 (clang-1500.3.9.4)]
$ python3.13 -VV
Python 3.13.0b2 (v3.13.0b2:3a83bi72af, Jun 5 2024, 12:50:24) [Clang 15.0.0 (clang-
—1500.3.9.4)]

0 IR
Current python.org installers only install to fixed locations like /Library/Frameworks/, /

Applications, and /usr/local/bin. You cannot use the installer -domain option to install

to other locations.

5.5.3 Python 77U —> 3 > 0lidtkh
Python 23— RZRAX Y K7 R —VREM7 TV 75— a VICEBET 2V —M3FA R O0BHH 75
e py2app: Supports creating macOS .app bundles from a Python project.

e 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.

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

artifact.

5.5.4 App Store AV T4 7>V R

Apps submitted for distribution through the macOS App Store must pass Apple’s app review process.
This process includes a set of automated validation rules that inspect the submitted application bundle

for problematic code.

The Python standard library contains some code that is known to violate these automated rules. While
these violations appear to be false positives, Apple’s review rules cannot be challenged. Therefore, it is

necessary to modify the Python standard library for an app to pass App Store review.

The Python source tree contains a patch file that will remove all code that is known to cause issues with
the App Store review process. This patch is applied automatically when CPython is configured with the

-—with-app-store-compliance option.

This patch is not normally required to use CPython on a Mac; nor is it required if you are distributing
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an app outside the macOS App Store. It is only required if you are using the macOS App Store as a

distribution channel.

5.6 ttOJYV—2X

The python.org Help page has links to many useful resources. The Pythonmac-SIG mailing list is another

support resource specifically for Python users and developers on the Mac.
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SIX

USING PYTHON ON ANDROID

Python on Android is unlike Python on desktop platforms. On a desktop platform, Python is generally
installed as a system resource that can be used by any user of that computer. Users then interact with
Python by running a python executable and entering commands at an interactive prompt, or by running

a Python script.

On Android, there is no concept of installing as a system resource. The only unit of software distribution
is an "app”. There is also no console where you could run a python executable, or interact with a Python
REPL.

As a result, the only way you can use Python on Android is in embedded mode — that is, by writing
a native Android application, embedding a Python interpreter using libpython, and invoking Python
code using the Python embedding API. The full Python interpreter, the standard library, and all your

Python code is then packaged into your app for its own private use.

The Python standard library has some notable omissions and restrictions on Android. See the API

availability guide for details.

6.1 Adding Python to an Android app

These instructions are only needed if you’re planning to compile Python for Android yourself. Most
users should not need to do this. Instead, use one of the following tools, which will provide a much easier

experience:
e Briefcase, from the BeeWare project
e Buildozer, from the Kivy project
e Chaquopy
e pyqtdeploy
o Termux

If you're sure you want to do all of this manually, read on. You can use the testbed app as a guide; each

step below contains a link to the relevant file.

o Build Python by following the instructions in Android/README.md.
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e Add code to your build.gradle file to copy the following items into your project. All except your
own Python code can be copied from cross-build/HOST/prefix/lib:

— In your JNI libraries:
* libpython*.*.so
* 1ib*_python.so (external libraries such as OpenSSL)
— In your assets:
* python*.* (the Python standard library)
* python*.*/site-packages (your own Python code)
e Add code to your app to extract the assets to the filesystem.

e Add code to your app to start Python in embedded mode. This will need to be C code called via
JNI.
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Python on iOS is unlike Python on desktop platforms. On a desktop platform, Python is generally
installed as a system resource that can be used by any user of that computer. Users then interact with
Python by running a python executable and entering commands at an interactive prompt, or by running

a Python script.

On iOS, there is no concept of installing as a system resource. The only unit of software distribution is
an "app”. There is also no console where you could run a python executable, or interact with a Python
REPL.

As a result, the only way you can use Python on iOS is in embedded mode - that is, by writing a native
iOS application, and embedding a Python interpreter using 1ibPython, and invoking Python code using
the Python embedding API. The full Python interpreter, the standard library, and all your Python code
is then packaged as a standalone bundle that can be distributed via the iOS App Store.

If you're looking to experiment for the first time with writing an iOS app in Python, projects such as
BeeWare and Kivy will provide a much more approachable user experience. These projects manage the
complexities associated with getting an iOS project running, so you only need to deal with the Python

code itself.

7.1 Python at runtime on iOS

7.1.1 i0OS version compatibility

The minimum supported iOS version is specified at compile time, using the --host option to configure.
By default, when compiled for iOS, Python will be compiled with a minimum supported iOS version of
13.0. To use a different minimum iOS version, provide the version number as part of the ——host argument
- for example, —~—host=arm64-apple-ios15.4-simulator would compile an ARM64 simulator build with

a deployment target of 15.4.
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7.1.2 Platform identification

When executing on iOS, sys.platform will report as ios. This value will be returned on an iPhone or

iPad, regardless of whether the app is running on the simulator or a physical device.

Information about the specific runtime environment, including the iOS version, device model, and
whether the device is a simulator, can be obtained using platform.ios_ver(). platform.system()

will report i0S or iPad0S, depending on the device.

os.uname () reports kernel-level details; it will report a name of Darwin.

7.1.3 Standard library availability

The Python standard library has some notable omissions and restrictions on iOS. See the API availability

guide for iOS for details.

7.1.4 Binary extension modules

One notable difference about iOS as a platform is that App Store distribution imposes hard requirements
on the packaging of an application. One of these requirements governs how binary extension modules

are distributed.

The iOS App Store requires that all binary modules in an i0OS app must be dynamic libraries, contained
in a framework with appropriate metadata, stored in the Frameworks folder of the packaged app. There
can be only a single binary per framework, and there can be no executable binary material outside the

Frameworks folder.

This conflicts with the usual Python approach for distributing binaries, which allows a binary extension
module to be loaded from any location on sys.path. To ensure compliance with App Store policies,
an i0S project must post-process any Python packages, converting .so binary modules into individual
standalone frameworks with appropriate metadata and signing. For details on how to perform this

post-processing, see the guide for adding Python to your project.

To help Python discover binaries in their new location, the original .so file on sys.path is replaced with
a .fwork file. This file is a text file containing the location of the framework binary, relative to the app
bundle. To allow the framework to resolve back to the original location, the framework must contain a

.origin file that contains the location of the .fwork file, relative to the app bundle.

For example, consider the case of an import from foo.bar import _whiz, where _whiz is implemented
with the binary module sources/foo/bar/_whiz.abi3.so, with sources being the location registered
on sys.path, relative to the application bundle. This module must be distributed as Frameworks/foo.
bar._whiz.framework/foo.bar._whiz (creating the framework name from the full import path of the
module), with an Info.plist file in the .framework directory identifying the binary as a framework.
The foo.bar._whiz module would be represented in the original location with a sources/foo/bar/
_whiz.abi3.fwork marker file, containing the path Frameworks/foo.bar._whiz/foo.bar._whiz. The
framework would also contain Frameworks/foo.bar._whiz.framework/foo.bar._whiz.origin, con-

taining the path to the .fwork file.
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When running on iOS, the Python interpreter will install an AppleFrameworkLoader that is able to read
and import .fwork files. Once imported, the __file__ attribute of the binary module will report as the
location of the .fwork file. However, the ModuleSpec for the loaded module will report the origin as

the location of the binary in the framework folder.

7.1.5 Compiler stub binaries

Xcode doesn’t expose explicit compilers for iOS; instead, it uses an xcrun script that resolves to a full
compiler path (e.g., xcrun --sdk iphoneos clang to get the clang for an iPhone device). However,

using this script poses two problems:

e The output of xcrun includes paths that are machine specific, resulting in a sysconfig module that

cannot be shared between users; and

o It results in CC/CPP/LD/AR definitions that include spaces. There is a lot of C ecosystem tooling
that assumes that you can split a command line at the first space to get the path to the compiler

executable; this isn’t the case when using xcrun.

To avoid these problems, Python provided stubs for these tools. These stubs are shell script wrappers
around the underingly xcrun tools, distributed in a bin folder distributed alongside the compiled iOS
framework. These scripts are relocatable, and will always resolve to the appropriate local system paths.
By including these scripts in the bin folder that accompanies a framework, the contents of the sysconfig
module becomes useful for end-users to compile their own modules. When compiling third-party Python

modules for iOS, you should ensure these stub binaries are on your path.

7.2 Installing Python on iOS

7.2.1 Tools for building iOS apps

Building for iOS requires the use of Apple’s Xcode tooling. It is strongly recommended that you use
the most recent stable release of Xcode. This will require the use of the most (or second-most) recently
released macOS version, as Apple does not maintain Xcode for older macOS versions. The Xcode

Command Line Tools are not sufficient for iOS development; you need a full Xcode install.

If you want to run your code on the iOS simulator, you’ll also need to install an iOS Simulator Platform.
You should be prompted to select an iOS Simulator Platform when you first run Xcode. Alternatively,

you can add an iOS Simulator Platform by selecting from the Platforms tab of the Xcode Settings panel.

7.2.2 Adding Python to an iOS project

Python can be added to any iOS project, using either Swift or Objective C. The following examples will
use Objective C; if you are using Swift, you may find a library like PythonKit to be helpful.

To add Python to an iOS Xcode project:

1. Build or obtain a Python XCFramework. See the instructions in iOS/README.rst (in the CPython
source distribution) for details on how to build a Python XCFramework. At a minimum, you will

need a build that supports arm64-apple-ios, plus one of either arm64-apple-ios-simulator or
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x86_64-apple-ios-simulator.

Drag the XCframework into your iOS project. In the following instructions, we’ll assume you’ve
dropped the XCframework into the root of your project; however, you can use any other location

that you want by adjusting paths as needed.

Drag the i0S/Resources/dylib-Info-template.plist file into your project, and ensure it is
associated with the app target.

Add your application code as a folder in your Xcode project. In the following instructions, we’ll
assume that your user code is in a folder named app in the root of your project; you can use any
other location by adjusting paths as needed. Ensure that this folder is associated with your app

target.

Select the app target by selecting the root node of your Xcode project, then the target name in
the sidebar that appears.

In the "General” settings, under "Frameworks, Libraries and Embedded Content”, add Python.

xcframework, with "Embed & Sign” selected.
In the ”Build Settings” tab, modify the following:
e Build Options
— User Script Sandboxing: No
— Enable Testability: Yes
e Search Paths
— Framework Search Paths: $ (PROJECT_DIR)
— Header Search Paths: "$(BUILT_PRODUCTS_DIR)/Python.framework/Headers"
e Apple Clang - Warnings - All languages

— Quoted Include In Framework Header: No

8. Add a build step that copies the Python standard library into your app. In the "Build Phases”

tab, add a new "Run Script” build step before the "Embed Frameworks” step, but after the ”Copy
Bundle Resources” step. Name the step "Install Target Specific Python Standard Library”, disable

the "Based on dependency analysis” checkbox, and set the script content to:

set -e

mkdir -p "$CODESIGNING_FOLDER_PATH/python/lib"
if [ "$EFFECTIVE_PLATFORM_NAME" = "-iphonesimulator" ]; then

echo "Installing Python modules for i0S Simulator"

rsync —au --delete "$PROJECT_DIR/Python.xcframework/ios-arm64_x86_64-
—simulator/lib/" "$CODESIGNING_FOLDER_PATH/python/lib/"

else
(RDOR=V1Fil)
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(FiDR— 25 D %)
echo "Installing Python modules for i0S Device"
rsync -au --delete "$PROJECT_DIR/Python.xcframework/ios-armé4/lib/" "
—$CODESIGNING_FOLDER_PATH/python/lib/"
fi

Note that the name of the simulator ”slice” in the XCframework may be different, depending the

CPU architectures your XCFramework supports.

9. Add a second build step that processes the binary extension modules in the standard library into
"Framework” format. Add a "Run Script” build step directly after the one you added in step &,
named "Prepare Python Binary Modules”. It should also have "Based on dependency analysis”

unchecked, with the following script content:

set -e

install_dylib () {
INSTALL_BASE=$1
FULL_EXT=$2

# The name of the extension file

EXT=$ (basename "$FULL_EXT")

# The location of the extension file, relative to the bundle

RELATIVE_EXT=${FULL_EXT#$CODESIGNING_FOLDER_PATH/}

# The path to the extension file, relative to the install base

PYTHON_EXT=${RELATIVE_EXT/$INSTALL_BASE/}

# The full dotted mame of the extension module, constructed from the file,
—path.

FULL_MODULE_NAME=$(echo $PYTHON_EXT | cut -4 "." -f 1 | tr "/" ".");

# A bundle identifier; not actually used, but required by Xcode framework
—packaging

FRAMEWORK_BUNDLE_ID=$(echo $PRODUCT_BUNDLE_IDENTIFIER.$FULL_MODULE_NAME |,
Str "ot ="y

# The name of the framework folder.

FRAMEWORK FOLDER="Frameworks/$FULL_MODULE_NAME.framework"

# If the framework folder doesn't exist, create 4t.
if [ ! -d "$CODESIGNING_FOLDER_PATH/$FRAMEWORK_FOLDER" ]; then
echo "Creating framework for $RELATIVE_EXT"
mkdir -p "$CODESIGNING_FOLDER_PATH/$FRAMEWORK_FOLDER"
cp "$CODESIGNING_FOLDER_PATH/dylib-Info-template.plist" "$CODESIGNING_
—FOLDER_PATH/$FRAMEWORK_FOLDER/Info.plist"

plutil -replace CFBundleExecutable -string "$FULL_MODULE_NAME" "
(RDR=1Hi<)
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(FiDR— 25 D %)
—$CODESIGNING_FOLDER_PATH/$FRAMEWORK_FOLDER/Info.plist"
plutil -replace CFBundleldentifier -string "$FRAMEWORK_BUNDLE_ID" "
—$CODESIGNING_FOLDER_PATH/$FRAMEWORK_FOLDER/Info.plist"
fi

echo "Installing binary for $FRAMEWORK_FOLDER/$FULL_MODULE_NAME"
mv "$FULL_EXT" "$CODESIGNING_FOLDER_PATH/$FRAMEWORK_FOLDER/$FULL_MODULE_NAME

# Create a placeholder .fwork file where the .so was

echo "$FRAMEWORK_FOLDER/$FULL_MODULE_NAME" > ${FULL_EXT},.so}.fwork

# Create a back reference to the .so file location in the framework

echo "${RELATIVE_EXT}.so}.fwork" > "$CODESIGNING_FOLDER_PATH/$FRAMEWORK _
—FOLDER/$FULL_MODULE_NAME.origin"
}

PYTHON_VER=$(1s -1 "$CODESIGNING_FOLDER_PATH/python/1ib")
echo "Install Python $PYTHON_VER standard library extension modules..."
find "$CODESIGNING_FOLDER_PATH/python/lib/$PYTHON_VER/lib-dynload" -name "*.so
" | while read FULL_EXT; do
install_dylib python/lib/$PYTHON VER/lib-dynload/ "$FULL_EXT"

done

# Clean up dylib template
rm -f "$CODESIGNING_FOLDER_PATH/dylib-Info-template.plist"

echo "Signing frameworks as $EXPANDED_CODE_SIGN_IDENTITY_NAME ($EXPANDED_CODE_
—SIGN_IDENTITY)..."

find "$CODESIGNING_FOLDER_PATH/Frameworks" -name "*.framework" -exec /usr/bin/
—codesign --force --sign "$EXPANDED_CODE_SIGN_IDENTITY" ${OTHER_CODE_SIGN_

—FLAGS:-} -o runtime --timestamp=none --preserve-metadata=identifier,

—entitlements,flags --generate-entitlement-der "{}" \;

10. Add Objective C code to initialize and use a Python interpreter in embedded mode. You should

ensure that:
e UTF-8 mode (PyPreConfig.utf8_mode) is enabled;
o Buffered stdio (PyConfig.buffered_stdio) is disabled;
o Writing bytecode (PyConfig.write_bytecode) is disabled;
o Signal handlers (PyConfig.install_signal_handlers) are enabled;

o System logging (PyConfig.use_system_logger) is enabled (optional, but strongly recom-

mended);
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o PYTHONHOME for the interpreter is configured to point at the python subfolder of your app’s
bundle; and

e The PYTHONPATH for the interpreter includes:
— the python/1ib/python3.X subfolder of your app’s bundle,
— the python/1lib/python3.X/1lib-dynload subfolder of your app’s bundle, and
— the app subfolder of your app’s bundle
Your app’s bundle location can be determined using [[NSBundle mainBundle] resourcePath].

Steps 8, 9 and 10 of these instructions assume that you have a single folder of pure Python application
code, named app. If you have third-party binary modules in your app, some additional steps will be

required:

¢ You need to ensure that any folders containing third-party binaries are either associated with the
app target, or copied in as part of step 8. Step 8 should also purge any binaries that are not
appropriate for the platform a specific build is targeting (i.e., delete any device binaries if you're

building an app targeting the simulator).

e Any folders that contain third-party binaries must be processed into framework form by step
9. The invocation of install_dylib that processes the 1ib-dynload folder can be copied and
adapted for this purpose.

e If you’re using a separate folder for third-party packages, ensure that folder is included as part of

the PYTHONPATH configuration in step 10.

7.2.3 Testing a Python package

The CPython source tree contains a testbed project that is used to run the CPython test suite on the
iOS simulator. This testbed can also be used as a testbed project for running your Python library’s test

suite on i0S.

After building or obtaining an i0S XCFramework (See iOS/README.rst for details), create a clone of
the Python iOS testbed project by running:

$ python i0S/testbed clone --framework <path/to/Python.xcframework> --app <path/to/
—modulel> --app <path/to/module2> app-testbed

You will need to modify the 10S/testbed reference to point to that directory in the CPython source tree;
any folders specified with the ——app flag will be copied into the cloned testbed project. The resulting
testbed will be created in the app-testbed folder. In this example, the modulel and module2 would
be importable modules at runtime. If your project has additional dependencies, they can be installed
into the app-testbed/i0STestbed/app_packages folder (using pip install --target app-testbed/
i0STestbed/app_packages or similar).

You can then use the app-testbed folder to run the test suite for your app, For example, if modulel.

tests was the entry point to your test suite, you could run:
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$ python app-testbed run -- modulel.tests

This is the equivalent of running python -m modulel.tests on a desktop Python build. Any arguments

after the -— will be passed to the testbed as if they were arguments to python -m on a desktop machine.

You can also open the testbed project in Xcode by running:

$ open app-testbed/i0STestbed.xcodeproj

This will allow you to use the full Xcode suite of tools for debugging.

7.3 App Store Compliance

The only mechanism for distributing apps to third-party iOS devices is to submit the app to the iOS
App Store; apps submitted for distribution must pass Apple’s app review process. This process includes

a set of automated validation rules that inspect the submitted application bundle for problematic code.

The Python standard library contains some code that is known to violate these automated rules. While
these violations appear to be false positives, Apple’s review rules cannot be challenged; so, it is necessary

to modify the Python standard library for an app to pass App Store review.

The Python source tree contains a patch file that will remove all code that is known to cause issues with

the App Store review process. This patch is applied automatically when building for iOS.
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mE

>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
TSN a—-FlIcE<RoNE T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XM AU, AR AR =ESIER) oWl Fal—x -k, a—-FEANT
BRICFRRENB T 7 4L b D Python 70> 7+ T3,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TENBHFTH - 72 W Wb I1cid 2 (1213 magic methods DIFH) JHICA ¥ X —T = — A% ER
THHEZRMEL 3, ABC IXMEAE (virtual) 3727 9 RZEALE T, ZHhEHEZ 7 206/ EKL
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
U —2A, (importlib.abc EY a2 —/T) A Y KR—F 7 74 VX /P B =X =TT, abc EL 2 —/L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RVEICEFRT 2 7L T3, ElickD
type hint & LTHEDLATVET,

O—ANEBOT ) 7— a VFETRICE T 7R ATEERAN, 70— VER, 7528, B
BO7 /) 7—ary3FNFNEY 2a—)b, 75 A, D __annotations__ FREMICHIF IR T
WET,

FEBREDRBADI D 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, ¥, T/ T7=2avENHTERA NS 27T 4 A LT annotations-howto SR L T <
7EE W,
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5% (argument)
(518 BRI, B (£ XAV R) KETHETT, BBk 2@EdH D 3

o F—T—F5|H: BT L oBICT I BORNCEHF23 oW/ D (Bl name=) K. ** IZHl)
TiFEOROfEE LTHEINLIE HIZIE. RD complex() DIFUFHILTIE, 3 & 5 2% —

7 — 5T
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o MUESIE: F—v— FEIBLANDEIE, MEFIEIX5IEY) A FDORTEICEL T8RN TE, T2 %12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX. ROBITIX 3 & 5 3 FHAIES
T3

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

FH IR DOEBIC B W THEMT E D — A AVZRCHID I TohE g, &0 HTZTSHANTOW
Tid calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIZHL0 2S5 Z el
RET, FHliEhfEIe - VZERICE DL THNET,

k5% . FAQ @ FHEIEEARGIEDENMIMTTH? . PEP 362 2SR LTLEEW,

asynchronous context manager
(JEMa > 7 X A b~ —Y v) __aenter__() & __aexit__() XY v F%&EFT S I LT async
with XNOREZEM T 2470227 TT, PEP 492 TEAZINLE L7,

asynchronous generator
(FERIIY = % L — &) asynchronous generator iterator iR 3B TF, async def TEFEI N/
N—F VBB BITOE T2 yield REFORTERD £3, yield i async for /L— ST
TEZHOMTZERT 2DIMHHINE T,

R IBIEFEH Y = 2L — 2B L 35, XRICK > T RS zRL—R21TL—4% 25T
Landh £, BRESNLERPHS 2 THRWEGE, RO Een B iEe AL £,

JEMAY = 2 L — ZBIEICIE, async for XX async with X2 THL await RdDDHZZ D
D ij_o

asynchronous generator iterator
GERIY = L —& A4 7L — &) asynchronous generator B THEREN 2 AT 27 M TT,

_anext__() AV vy REfoTIHIENS & awaitable 7Y =2
FEIRLET, 20D awaitable A 7Y =27 MI, KD yield RETIEFAY = 1 L — X DOAREKZ
EITLET,

ZHE asynchronous iterator T,

% yield TIX—HFINCUEZHRT L., ZDHBOFITIRE (v — IV ERPREFT D try XEED) %
TRLET, RS T RL =L TFL—4 » __anext__ () TRINMD awaitable TEERICH
B3 2 WIS, ZOFRIERTNEIZN T T, PEP 492 BX U PEP 525 #8 L T X0,
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asynchronous iterable
(JEMHAA 77 7)) async for XOHTHHATES 4727 b TT, HHED __aiter__() XV v
B2 & asynchronous iterator ZRERIFIULZ D £¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGER#MIA4 7L —%&) __aiter__() & __anext__ () XY v RZ2REL LA TP 27 +T
9, __anext__(O & awaitable & 7Y £ 7 P RBEIRIFNIEZD £E A, async for 1
StopAsynclteration 4t Z XM F 2 £ T, FEFRMA 7L —&FD __anext__() XYV v FHIK
§ awaitable ZfER L £ 3, PEP 492 THAXNhF LT,

B
(B A7 =7 McBEMT O, Py FREARCE > THAITTEESRBINAETT, flzid
T2k o DEN 0 BEFRoTWEE, ZOEMIX 0.0 TEREINE T,

F 7Y 7 MiZid, identifiers TER XN ZMAlIFTREBRVWARTIOBEER2 522 Z e TEET, 128
ZIE setattr() ZfHWV, ATV 2 bR ENEFAILTVWEIEEIITAET. ZOX52EHIERY
FREATET7 7 RATET, RODIC getattr() 2o TWMEILENH D £73,

awaitable
(fFt%PTEE) avait R THAT 2 2Bk E2 A 72 =2 S TI . coroutine >, __await__() XV v
FR®H2F 7Y 227 FTF, PEP 492 2B L TL 72XV,

BDFL =

R E B MHEE (Benevolent Dictator For Life) OIE T3, Python OfF#F. Guido van Rossum O
Z&T9,

binary file
(NAF VT 7 A4N) bytes-like TP T I b DHARABIUVEZRAANTES J7MILATox
Ik TTe XAFV 774 0DHNE N4 FVE—=F ('rb', 'wb' or 'rb+') THINZT 7 4L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *° gzip.GzipFile. DA Y A X Y XA TY,

Str A7V 2V FDBAEENTEL 7 7 A LF T I 27 MIOWTIR, teat file BBIRLTL X W,

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 refer-
ence 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
bufferobjects Z%K— b LTWT, C SFEOEKT EHiRLE Ny 77y —%24Mtalgektr 7o 27 b,
bytes, bytearray, array.array ®. %< O—#&HJ7% memoryview * 7Y =7 M ZTHICY D X
3, bytes-like 77 =2 ME, T—XTEME. NAF VT 7 A ANDRE, Vv MeEHLLEERER
. ANAFVTF=REERTIE20VAVARBECHHAT2 8P TEET,

BOPOBIETREINAF VT —RZ2EETL2LEDRDD T, ZOREDOFFa Xy PTIEEL 75
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bytecode

callable

callback

32

HE ZATREIR bytes-like A 727 M IZEKRLTWVWET, ZEAGERANY 77 =47V =7 M3,
bytearray ¢ bytearray @ memoryview REDVZENE T, Fiz. MOEROIDEETIIRLERA
TV VDAL F ) F—& (7 HAHLERHO bytes-like £ 7Y =27 b)) ZRELE T, ZHUF
bytes & bytes D memoryview A 7P MOEENET,

("4 Fa—F) Python ®Y —2a— Ri& Python 7125 A® CPython £ ¥ &% 7)) X DNEERE
THBINA FPA— ANy RANVEINET, N Fa—Fid .pyc 774V Fryadh, AL
77 AN EHRETEINZ L 2R EDERCRDET (V—RIA=F2H N, ba— FANOHED
2V RAVFEEEINET), 20 7 HEEEE (intermediate language)” (&, & & DN b a— Fixt
Ib3 B HMEE L EITS 5 REY> Y TEET 28 VWA ET, BEARAFELE LT, N4 ba— FIZER
% Python {RAE~> Y BITHIET 2 Z &%, Python VU —XBTHEETH 2 Z 3 TWE
Ao

N ba—Foma—EiZ dis EY2a— L I ET,

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

following syntax:

callable(argumentl, argument2, argumentN)

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

__call__() method is also a callable.

(=N 7)) FERO D B RTEITS NS D5 E LTHEE 5B

(ZIR) 2P —ERA T2 7 VEMERT 27007 FL—1+TT, 77 AERIEE, 2DF T
ADA VARV A LOBERTE2RAY v ROEREZAET,

class variable

(275 2AZH) 75 A LITERSN, ZFALRLT (DFD, Z5ADA VAR YA ETIERELID) &
HIN2Z e ZHNE LTWAEHKTY,

closure variable A

free variable referenced from a nested scope that is defined in an outer scope rather than being
resolved at runtime from the globals or builtin namespaces. May be explicitly defined with the

nonlocal keyword to allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but

only x is a closure variable:

def outer():
x =0
def inner():
(RDR=D1THiEL )
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(FiDR— 25 D %)
nonlocal x
x += 1
print (x)

return inner

Due to the codeobject.co_freevars attribute (which, despite its name, only includes the names
of closure variables rather than listing all referenced free variables), the more general free variable

term is sometimes used even when the intended meaning is to refer specifically to closure variables.

complex number
(BEH) L<HLNTOEEBREZNIRLZ2H DT, IRTOKIFERH L EHoM e LTRINE T,
BEOIBBORAL (-1 OFAR) WEHz#H I 0T, —RIBEFETIE 1 eFrh, T¥TE j &
P E T, Python ZEFBITHAAATHIGL, BEOKILZEI > TWE T, BEIIREI j 201
THEEFET, XX 3+1j TF, math Y 2 —VOBEEBEREFH T 21213, cmath 2#FWE S, &
FHOMHIED R D BERBEORETS, PEEZECRITUL, ZIEHEEVWRIEHLTLES T
XWTL XS,

context
This term has different meanings depending on where and how it is used. Some common

meanings:
e The temporary state or environment established by a context manager via a with statement.

e The collection of keyvalue bindings associated with a particular contextvars.Context object

and accessed via ContextVar objects. Also see context variable.
e A contextvars.Context object. Also see current contet.

aAVFRXMEER7ORIL
The __enter__() and __exit__() methods called by the with statement. See PEP 343.

context manager
An object which implements the contezt management protocol and controls the environment seen

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(Biiz. 8fE) Ny 7 7 DS C-8E e £721d Fortran it THRGEIC. £D NNy 7 7 EEHk LT
WBEABREET, ¥rXi Ny 7 713 C #ifiTdH D Fortran @i TS, —RITOESHITIE, ZDE
REBTXEY ETEE T 2 X5 CHE SN, BFERLar LR DI T EF TR E T, ZX
TLD C-ERAEAITIE, XEY 7 FLRACER 2K 5 BIIIRE DI A TN LED B DITH L,
Fortran #H 2 BLH TR DR A FORINCE Z £7,
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Jl—F>
(Aan—=F) ar—Fr@3 I I7N—F LD ~RNZEXTT, 70 —F IR@RD SN
POAD. Blokd s MSroHE T, aL—F U ICFZ L ORkL M H A, 15, BT
B5ZEMTEET, 2L —F I async def XTEETEET, PEP 492 2B L TLZE W,

coroutine function
(an—F VB coroutine 7Y =7 b RIRERFTELTT, a1 —F VBRI async def W THEEX
., await. async for. BL U async with ¥F—TU—FZ2HHOZLHKET, Zhsld PEP 492
TEHEASNE L%,

CPython
python.org TEAA XN TWS, Python v 2'J 3 ¥/ SFEOEERN R EETT, "CPython” 2\ 5
BZEIX, ZDR¥E% Jython % IronPython ¥\ o 72D ¥ XFI$ 2 REMNH ZHEICHH SR
£7,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of contexrt variables. Each thread has its own current context.
Frameworks for executing asynchronous tasks (see asyncio) associate each task with a context

which becomes the current context whenever the task starts or resumes execution.

decorator
(FTav—2x) oK ZIR TR T, @E, owrapper M CHIKEH i L CHEHAINE T, 7aL—
2 DO— A7 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOXEE I VR VAT 2l —TF, RD 2 OOBBERIIEHRMICA TS DT :

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

FICHERD 7 7 A FEELETH, HENFONERA, TaAL—XITOWTFHLL X BEBER B
FE 75 RERBORFaXU F2BRLTLIEZI N,

descriptor

Any object which defines the methods __get__() set__(), or __delete__(). When a class

) = -

attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

FR7VTEDRAY v FIZBE L TOFEMIZE. descriptors % Descriptor How To Guide 2SR L TL 72

112 18 A & B


https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Python Setup and Usage, JV'J—2X 3.13.1

2w,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object
with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FFENTIKELD) iterable NORTH 2 WIE—HOERZ UL T, ZORRP SR 2FFE LR T 3 > %
27 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ F5&, F—n ZflH n ** 2
R 2 EFE R AR L 5, comprehensions 2SR L TL ZX W,

dictionary view
(ff#H L 2—) dict.keys(). dict.values(). dict.items() 2RT A7V =7 FTT, FEHEDIEH
DEWRE 2 — 2B L E T, TRbE, HEPLEINL a2 -3z KMl £7, HEL 2 —
ERRHIINCTERR Y R MZT 5121E list(dictview) ZHEHA L TL 72E W, dict-views 2B L TL
72E W,

docstring 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 )
2TV MHPELVA VR =T 2 —REFoTWAPERETI2DICA TV 27 FORE RN
NI IVIRARANTT, bz, BIUCA TS 27 DX Y v RRBEWLFRIN Dbz D
LES, (ZELDESICHAT, TEADXSZBIFIE. ZRETEATHS,1) A VR —Tx2—2R
ERIFDEMHTZLT. EFLFYA v a3nza— Rk, RVE—7 4 v 7 2REZHF L TRIIEE
MLXEET, v 7XAL Y7 type() % isinstance() ICXZHERBITE T, (7275 L. Xy
IRAVY TR BREEV SR THET2ZdTEET, ) 2ofb b, MAIIC hasattr (O
B EAFP 7ur oIy 7% FALET,

EAFP
MR & 2 X DFFLEFH D ADAES (easier to ask for forgiveness than permission, ¥ —7 4 — DIk
AN OWETF, Z@ Python TIELfbhTWwda—74 Y 7AXAATIE, BEEENEF R
MRFET2DDOLREL. TORED R > TOIGEWHINERHIEL 5. ZOMETFRLIET 2
I—FT 4 YT RARA NI, try XB XU except XM SADHZDBREUTST, ZOT7=v7
3. CDESREETLILLMFEbATWS LBYL AR AL XIS DTY,

expression

(R) MO FHEiEN s, —FL FH O (a piece of syntax) TF, Wiz s, AWV 7
Fv, 4l BT 7R HAFPEBETOCHLZY. H2RTROEROBAERRTT, Ho%<
DEFELEV, Python TEEHEDORTOMBERIAL VI DI TIEDD A, while DX I I,
RELTRERARW X DD FT, RKABKTIERLIXTT,

extension module
(fEBREY 2 —1) C % C++ TELNZEY 2 —/L T, Python ® C API #FIf LT Python 27
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f-string

RP1—P—a—rFehebLEI,

£ R BRI WYY T IR Mfostring” ¥ FEZA. AU 74—~ v MEAXXFAIY
7L OREMEEOEMTT, PEP 498 3L TLEX W,

file object

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

or streams.

T7ANF T2 MAZERIQWE 3HELDET: DO NAFU—=T714)L. Ny 7730/ INA
F)=T7A4)l, LT TFALT 7ML TT, A VR =7 x4 AlF i0 EY 22—V TERINLTL
¥, 77 ANT TV 20 b BAEBEHENRITIEIL open() BB EM S Z 2 TF,

file-like object

file object £ [AIFETT,

filesystem encoding and error handler

finder

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

encode Unicode to the operating system.

T7ANTATLADIYA—FT 4 Y7 TlE, TRTH 128 N4 PUTRIEREKTa—FEh3 I en
BREAFXNBLTWEBDERA Z77ANTVATLDIY A—F 4 VP TINABRIAE SN D - - 5E
1%. API B$(%’ UnicodeError ZEH T2 ZeH b T3,

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_encoding and filesystem_errors members of

PyConfig.

See also the locale encoding.

(774YR) A VR=PZRNTWVBEY 2—1ND loader DFERZRTTE247Y =22 bTT,

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 finders-and-loaders and importlib for much more detail.

floor division

(U D H&CRHRE) —FoWEBRICU DR T2 BEEMRRE, YD TREHEE I // T3, HlRIE 11
// 4212k b, ZR2IEHNFNCFEE/MIURBOEDRETIX 2.75 28 R-oTE ¥ 3, (-11) // 4
& -2.75 Z INTWVWHIC D2 FRIE: BOMBRADIDZITS) DT -3 12745 Z LIZHERLTK
72& W, PEP 238 ZZHL T X\,
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free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread

to execute Python bytecode at a time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a
namespace which is not a local variable in that namespace. See closure variable for an example.
Pragmatically, due to the name of the codeobject.co_freevars attribute, the term is also

sometimes used as a synonym for closure variable.

3
(BE%) PR LENCEZ RS —# oD Z e T3, BRICIZ 0 U Lo 318 23 2 e hHikET,
FEDRITRHI T Bz RS2 Z e ik E 5, R5IE. AV v R, function ZBL T X W,

function annotation
(BT /7 7—>ay) D T X=X PR DED annotation TF,

B/ 7—>avid, @HREEY F okdifibhxd: flZAE ZoBKE 2 520 int Bo5]
Beis e i E . £ int MORDEERO L HffSh T E T,

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

return a + b

BT ) 77— a v OXER function DI CRHINATVWE T,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, ¥/, 7/ 57— a v &F|
32279277 4 A% LT annotations-howto 3 BB L TL 72X W,

future
from __future__ import <feature> ¥\ 3 future X i, 2 ¥ 84 F —IZFKD Python V VU —X
TIEHEEY R 2R EREZHFEAL CHEDE Y 2a—L2arXf LT3 X5 R LET, _ future
EY 2—ILTIE, feature DD S 3EZ FF a2 XY MUELTWES, TOEI2—L%AVKR—F L,
ZOERETE S 5 Z & T, FRBEPRINCSIEEICEMEINZDITVO0Re, WOFT 7 4L MR 50
(27237 o7d) 2R ZeNTEET:

>>> import __future__
>>>  future__.division

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

garbage collection
(AR=varryay) IhBEEONSE 2 DRV EY) ZERT 20 T3, Python X, A
vy b, ERSHEEBE UBEST 2RIy aL 7 & e ffio ThHR=—YaL s> aryzifug
Fo AR=VaL 27X gc B 2a—N%Fo THRIETEE T,

JIrl—2
(¥ =H L —2&) generator iterator ZiR TR TS, @H OB TNE T, yield REHFOHT
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R D %3, yield Rid. for L—FSTHATED, next() BETMEEZ 1 >F oMb LD TE
%, EHOWM R EERT2DIFEHINE T,

BHEEY AV —ZBEBZRLET. Rk TE P RL—RATL—F 2T HEVHD X
T, BRISNLEE®RSHS TR VWEGE, LD DI HEE2 AL 5,

generator iterator

(YA —&A4TL—&) generator BABITHERENZ AT =2 b T,

yield O NZRFTEITIRE (RFMABSARUED try X 281) 2@l T, LB —RaicH
W Exd, DxRL—FATL—% HEHINL . T LMVEZIIGL 3 (B OB FT
D 7= TNTH LWIRE D HF46 S % D & IR T ),

generator expression

An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

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

generic function

(=20 v 7B%) RN LRI C#EE T 2 BEE > oS N 2 BT Y, MOH LKICY
DEEZHNDZDPIET 4 ANy FTNALITV AL DREENET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2L T 72X W,

generic type A

GIL

type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.

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

global interpreter lock B L TLIZ&E W,

global interpreter lock

(ZFa—=2Ay&2FY Ry ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F3TH2 2 RAET2HHATT, ZUTKD (dict &Y
DEELMAAATREEL) 7V 27 NEFADFEKRET 71 21250 U THBRIICLERITKR 5 DT,
CPython OEENS > INICRDET, A VX TVXERERY 7T 58T, wiF Tty
SUNELBMHIULD TR+ e FIEHZIT, 4 VR REMHICTLF ALy RILTE2 X512k D
N

UL D 2 0 IEAEDON L DD DIIRE Y 2 —E, EfEe Ny ¥ a3t B Y O EOBEWLE
3 5L EIZGIL ZERT 2 KO WCREFENTVET, £/, [/O W% T 2358 GIL 135 IRk
ENET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
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After building Python with this option, code must be run with -X gil=0 or after set-
ting the PYTHON_ GIL=0 environment variable. This feature enables improved performance for
multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

hash-based pyc
(Ny ¥ anR—=X pyc 77 AN) IESHERHRNT 2701, MET2Y —R7 7 4 VOBREEHRLT
R Ny Y2l FHTE2 M4 Fa—FDOF v v 2774 TT, pycinvalidation ZZR L TK
72E W0,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

N T ARRERA T 2 7 PEARHEDOXF —REEDRA A L TR T, HEPESDT — 2 HE
EHES TNy & 22> TWE 5T,

Python O A I 2 =X TNV RHAABALA TSI 27 NI IZEAEDANY Y2 R[RETT, (VR MHED
EOR) 2= TNRAVTFENY T2 RARET T, (X T NR frozenset DEIR) £ I2—%&7
NBAYTFIE, BEBNAY S 20RTHLEEDANY Y 2A[RTT, T—F—ERDZ F7ADA ~
ARVATHZEIBRFITI 2 MET 74V P TAY Y adfETT, 252 T (HHZRWT)
eSS RIIEEMTH D Ny ¥ 2fllX 1idO) Kb FSsNET,

IDLE
Python Oft&EFFEEREE (Integrated DeveLopment Environment) & U7# 8558 (Learning Environ-
ment) T, idle & Python OFEERLEAMICFEMI N TV EARNLEREDO LT 1 2 A 22T Y
XEREET S,

KA T T bk (immortal)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated

while the interpreter is running. For example, True and None are immortal in CPython.

immutable
(A32—2T7N) BEDEER /AT 27 b T A2 —RTNRA Tl M, BiE, X
FH, BEXOEERTIVRERDHDET, ZhoDA 7YV VIEREZONER A, HIOEZERESE
BRI, FieBA T2 7 P ERER L RTNERD ER A, 1 32 —FT7ARIT T 7 NI BIE
DAy ¥ a @R 72 2 RN TEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder 73 import 3 2E€Y 2 — VMB35 (X721& path entry) DV X T, import
. 2OV R MIET sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
EBErSBRET,

importing »
5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X 5T 20T,
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importer

Pa—VERLTe—FRTEFTI I, finder & loader DEBESLTHHEIATI T b,

interactive

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)). For more on

interactive mode, see tut-interac.

interpreted

Python 34 > & 7V XEXDEFETH D, >4 I F5FEOMMAEL T, (N4 ba—Farx
A IWBHBIDI1C. TOXFNIBHKTTD, ) TITOA YR TYXFiELIZ, Y—Ra—KD7 74
N, ETEMFARERRICL T ETIRI e Vo BER LIS, BHEETTEZIL2EKRLE
To AR TV XBROFFHEIEE, a4 FIEROFFELD I/ TNy Z7OF A 7 VEFE WD
DD, T T ADFEITIEF—BITENT T, WEEH S TN,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFHINLFHI, BV 2RI XRTOI VT 4 AR
NEHEZ 2 8D, TRTOMERL 72V Y — A2 BBERNCBAS 2. File 7 = —XWCAD X5, 2O
Tz —XF AR=TAL IR ZEBEINFCHLET, TRV ZI—F—EREDTAI I I X%
weakref 23— Ny IBIEPHINZZBHDET, v v b EU Y7 2 —XHFZETEINEa—F
. ZNPMEET BV Y — AR T TIHEREL W (KK D BRI T4 75V —FY 2 — /L% warning 1
HETT) 72Dk 2 BIAMCER L £ 3,

AVR—TVERBY vy AU T ZEREHIZ __main__ TP 2 —IRETERTWERAIZY T+
DETHET L2 TT,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem__Q

method that implements sequence semantics.

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

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

F—RDOWNERHATEIA T2 b TT, A 7L—FD _next__ () XAV vy FEEDRELUETHT
(£7213HAAABI next ) ITHET) &, MOWOFTDHEREZ —DOFTDORLET, 70K L,
Kb IZ StopIteration HIStZEH L EF, ZORET, A TL—XATV=27 VEIRETEY, *
NP __next__ () RMIEFA TS Stoplteration ZEHLET, 41 7L —XiX, ZDATL—
A7z VAKZIRT __iter__() AV vy FEEZELRZITNILRSZVDT, 471 —XIMho
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iterable ZZM T 21Z L AL OB THHTE R T, 3o & D & LABINZEROREZITS 5%
aA—=FTF, List D&kS5K) ary7FA7Y =27 NI BHEZ iterQ BABUCA T Y =7 MITEL L
D for V—TATHS T, B REHDA T L -2 2ERLET, ThieA 7L —XTITES
L3k, HilDA T =2 a Y THABADEUCA 7L —2A 7Y =7 P2 HEMITR T 0, Eoa
VTFDEIWTEoTLELET,

FE 7 BRI typeiter I2H D T,

CPython RZE D& #: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

keyword

lambda

LBYL

list

(F—PBE) *—B%. H2 WAL IE. V- FRIEFLB D OfEZ R FIE O LATREA 7
2z b (callable) TF, BRI, locale.strxfrm() = F —BICH X, v/ —URFDY -+ D
BEIIDo oY — b F—ZIBEL T,

Python D% < OY — g F —BEZITIR D EZOM SIERS 7L — b2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () 23H D £3,

F—BBEEZHEETOLO2HD £9, Bl str.lower() XY v FNERF/NFxXAIL
WY — 75X B LTS ZeBHkE T, H5WE lambda r: (r[0], r[2]) O X
5 7% lambda XH 6 ¥ —PBZES Z LA TE £9, F/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF - X VI 03H D 3, F—FK
DYED FF 2 N T DAE Sorting HOW TO S L TL 72X,

argument S
58 22U TEE W,

(7 LK) BHDA VT4 YT, BEEDIES iz 2ICiHiicns 120 X 2E3AET, 74
XA ZE 5 M1 lambda [parameters]: expression T3J,

FZ 21305EDH (look before you leap)) DMFTS, ZDaA—F 4 YT AXANLTIE, FFOHLPRRK
2175 EN. BIRENCHTIRSMTE (pre-condition) HIE 21T WK F, FAFP 771 —F L WfIT, if
X7z EAMDN 2 DHRHHITE,

<WAF ALy MEINZRE T, LBYL 7 7R —Fi " B27 @BREr 7 R BREOHSIKEES| &
EZFTVRIBEHDET, HlZIE. if key in mapping: return mappinglkey] ¥\ 5 22— Fid,
HEDKZ. DAL v ROBERLBDHINIC mapping 25 key DR CEMLET, ZOMEIX, vy
752550 EAFP 770 —F %5 Z e THRIRTEET,

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension
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(VAMPAEER) =7 YAHFORTH 2 WE—HOBERZUH LT, ZO/R,25722V X bziK
T, IYRT MRGIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] 32k, 0»5 255 TTOMBZE 16 #ERHEERL (0x..) LEXFH»64%2 Y A M2ERL
T if HildA 7> a3 2T, if HiBL WA, range(256) DR TOERISUH SN E T,

loader
An object that loads a module. It must define a method named load_module(). A loader is

typically returned by a finder. See also:
e finders-and-loaders

e importlib.abc.Loader

« PEP 302

mly e e B P2/
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: "cp1252").

On Android and VxWorks, Python uses "utf-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
special method D < 7213 7z[AFKFBE TS,

mapping
(v YD) FEDOF—HEEY K- LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ HIREJIK 7 7 2 THRESINLAY v FEFEELTWIary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % & T3,

meta path finder
sys.meta_path ZMK L TH LNz finder. meta path finder 1X path entry finder ¥ EARIZH D F
/AN 1117/ G

meta path finder 255255 % XY v FIZDWTIE importlib.abc.MetaPathFinder Z&R L T 72
SIS

metaclass
(RRTFGR) VTADY FATT, VIRAERIEZ. 77 A%, 7 7ADFEL, HEIFADYV A+ %
EDEF, XZ 75 AF, 205 3 0%5 e LTRIWMD., 77 RA2E2EITEZAVET, IZLAY
DA TP =7 MEMFEE GRIE: X X7 T AD) 77 4L b ORELREEL TV E T, Python AR
BROFHARZRLDARY F AR TELRTT, FLALDI—F—ICH->T, XX 77 RF2L4
BEORVWHDTT, LrL. —HOBETIE. XX 7 7RFEHTIVE Y "V RAEZRELES, &
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XYy R

LRARE%ET 7 ADou kW ob, ALy Re—THZBIMLED, A7V =7 FDERZERL
b SN REETLIRE, ZLOBETHHINET,

FEMIIE metaclasses 2SR L TL Z & W,

(XY v F) 7 5 2AKEORTERINLB, 207 FADA Y AX Y ZADOBEEYE LTHROH S5
B AV Y FBA VARV ZAATY =27 PE— B8 L LTRUIMD £F (Z0HE—58I3EH self
CIENET), BE ¥ RA SN dBL TSV,

method resolution order

module

Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_ 2.3 mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

(¥ 2—/)V) Python 2 — FOMBEN L LTRELHLATI 2V FTF, EV2—-NLVEEED
Python * 7Y =7 b 2 EOEFZERZRS £ 3, €Y 2 —d importing DAIRIZ X - T Python
WA ENE T,

NYT—2 Z2BRLTLIEZEWY,

module spec €

MRO

mutable

named tuple

Ya—nEZu—FT30MHbhis A4 R—- FEHEOEREL L LATZM TS, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also module-specs.

method resolution order ML TL 72 & W,

(32—RTN) I2a—XTNRITV27 ME id) 2EX 2 REELETEF T, 1S a—
27)) BBELTLEE W,

”

ZHITER I L WS HEEE, R ARHELTWT, 4V Fy Z AN BRI LB 2T
D77 EABTEBZEEDORIR S RITGHINTVWET, 2080 5 A IMhOBWEED - TWnWa Z
EHHHET,

time.localtime() % os.stat() DBRDEZEL WL O DHAAARILHINE X I LTT, M
DfFNE sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

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

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

True
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Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(HATZEM) BRSNS N 25T TT, ARIZEMITFE Y L TEEIAE T, AiZEMiciEt 7o 2
FD (XYY FO) ANTFIZKRo7b DT TR, RFHRS O, KENZS D, 2L THAAALD
HDONRH D FT, HARTEBIIARTOEREEZFSZLICE > TEY 2 — R R— 135, HIZIZBEE
builtins.open ¥ os.open() WFHHTZEM TSN TVET, /. EOEY 2 — DK EELE
LTV ADHIRT 2 2 8 & o CHARTZEMIE AT Gl & RFIHEZ SR L £ 3, il 21X, random.seed()
X itertools.islice() ¥&FE k. ZNZFNEY 22—/l random ¥ itertools TEEINTWVEZ
LD S TY,

namespace package

(BETZEM Ay F=2) T Ny r—=Y0ar7Fre LToOAEMEINS PEP 420 TERI I
package TTo LAITZEM Sy =3B RRALFHF LN e 23T, __init__.py 774l %
Filz72 Wiz, regular package L I1ZER D £3,

module ZBRRLTLIZE W,

nested scope

(AR PSR- SMITERIN TV LEH 2SI T 2AET T, BRI D 2B ORI
DOHFTERSIN TV EHE. NHIOBBIZSMIDOBIB oKz S RTE%x T, R A PSR a—T
377 4V P TREBOSRIEZINTE, ZRORARTERVOTERLTLLEI WV, n—h IV EH
B ROAMDR a—FTCEBEGAEE LET, AR, 70— "VEHZMES &7 — V42
RIDOEEFAEE L E T, nonlocal TIHMUDERICEZIADE T,

new-style class

object

Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like __slots__, descriptors,

properties, __getattribute__(), class methods, and static methods.

(A7Y =2 1) RE (BIERHE) L ERSINLRELHED (XY vy F) 2322 TOF—X, LI,
ETD FAZAILI TR ODEMDEEY 5 ADZ &,

optimized scope

package

A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces
for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

(R T =) ¥ TEY 2= VPLHRIH TRy r =280 L OHEKD module DZ T, &
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IR, Sy o —2% __path__ @M% D Python £ 7Y =2 T,
reqular package ¥ namespace package FZHL TL X W,

parameter
(IR5 1) ARMTOEMET BEE (2 AV YR ) OFEBICBOVTHEENZIT S E5|18 2HEELET, K
FIEIE S EDH D 9

o MBERIFF—T—F: (B THIVWE F—T—F5|H b LTETILDTE5MEBELZE
o TS ZIBBIRD foo R bar DL DI, T 7 4V~ DIRGIEOEEHTI:

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

o NEBEHHA: MEBIZL->TDALGRZLNZ5IBEIHRELET, NEHFHDOTIET BEERDTIBDOV
APMDHTZENLDHRAIC / REDDLIETERTEET, HIZIETNRED posonlyl ¥ posonly?
EAEEAS IR D £3

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

o F—U—FEH ¥F—U-RCIoTOAEGZOLNZ5HERELET, ¥—7V— FEHDGIH%
EFETEZENX, BIZIELITD kw_onlyl < kw_only2 @ X 512, BEEZRDIRGIE Y X MiZ
EDAERMES I E 2 EHBO « DETT:

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

o AIERAE: (MMOR5IE TR S NEREDMES BUIMZ T) EEOEKOAES B 5 2
LB RIBELET. TDX5RIRTIEIZ. ITD args @ X 5 1RG BB DRI * #D2F 5%
CETERTEET:

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

o AIERF—T—F: (f1ORGIBTRICZY SNERDOF -V — FEIBUTMZ T) RO D
F—U—F5BRE5EZoN2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
IREIEADRNC #*% DT B I TERTEET,

REIEUEA TS a v e HBEDIBDOEL HBIFETE, A7 aroilcidT 7+ MEDIEETE
%9,

RE1% . FAQ @ E5([E e IR5I1BDE WM TI H? . inspect.Parameter 7 7 A, function 2
Yav, PEP 362 2ZRL T2V,

path entry
path based finder %3 import §2EY 12—V BEET import path ED 1 DDFFFITT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) 253R U7z finder TFo 52 BTz path
entry IWHBEY 2 —E BT B HEEH>TVWET,
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NRRLY P =T 7 A VEDPEET B RV v FIZOWTIE importlib.abc.PathEntryFinder ¥ %
LTSRS W,

path entry hook A

path based finder 7

callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

7 #V D meta path finder @ 1 2M&, €S 22— D import path ZREL F T,

path-like object

(path-like #7227 b)) 77 A NS AT LRRA%ZRKLF T, pathlike 72 =7 Md, R %2HK
T str A7V 27 bR bytes 7Y 27 b, ¥£713 os.PathLlike R ba L ZFEE LA TV <
ZhbDENDTT, os.Pathlike YR Fa %P K- FLTWVWELF TP =7 M os.fspath() %
MOHT Z 2T str $720F bytes DT 7 A VT AT LANRARXEITEE T, os.fsdecode() ¥
os.fsencode() IZZNFN str H DV bytes ITRZDERIAT 2DIfHZEF, PEP 519 T&
ASNFE L7,

PEP
Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 128 L TEREERMEET 2. H 2V
Python DHHEEER Z DWMERERRICOWVWTIHAR T 2RFIETT, PEP 1. HEEicoWToffiExR
Finak L 1R R 3 2 e Dl (FiEw) ZIRR 2 NETT,
PEP &, HHEREDIRRICH 22, a3 2 =7 4 I X 2 MEIGEDEM . Python 1272 X412 &G HRET
DLEND 7DD MO L 22 e ZERILTVWE T, PEP OFHICEII 27 1 NOAE
EEITS> 2. RNEREXET 2L 0BEBND D £5,
PEP 1 ZZRLTLEE W,

portion
PEP 420 TEF XN TW3, namespace package BT 5. HED 7 7» A AW (zip 7 7 4 MK
ENTVWERHEDDHB) 1207 4 L7 MU ITHEHNE DD,

{iIiB5 % (positional argument) =

518 2B TS0,

provisional API

(B5E APY) KEHES £ 75 V) D% IR & T EIINICRA E N DTT, 20 &5k 4 & —
T2 —ANDOKREREHEIZ, TETH2LINTVAMBHHINTWERADL, a7HREEICL-T
MY ARIhiuE, BAEERREE (L X —T7 2 —RADHIRETETN D) PWMTbIhZiET, Z
D EIBEBRIORAIITONEDDTIED D £HA - ZHUT API ZHAALENCIERZ  ShATw
TERKBRMEPBE L2 2ICOATbNE T,

BE APL IZOWTH, BRITABMEORWEE R TRBRFE ARSI TVET, MERIHHLZ
GaTH R AR BIRRZ R T RNETT,

o7&, EESATIVEMErRZTIA VI —ICEVHEE LA ONE Z kL,
FREEB X TELLZHIT SN FE T, 5l PEP 411 2B L T 72X,
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provisional package
provisional API ZZIRLTL X W,

Python 3000
Python 3.x V) =274 D=y 71 —LTT, (Python 3 EWKRDFER o LEHIELNF
TF, ) "Py3k” LISXNB I b HD ET,

Pythonic fth
DEBT—MAREZ T TEINTza— FTIR <, Python OFHZ—INZA T4 A 2o 7E 2
Jiea— KA, HlziX, Python O—&H A4 7 4 4 LTI for XMoo TA T I TNVDITNTOER
K-> TL—7LET, DZ DFFEIIEZOMEHAZRND T, Python KA TWRW AR
DICBHED D v 2 =25 b LILERA

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

ZAUIH L. Z2hWik Pythonic A ER:

for piece in food:

print (piece)

qualified name
(Bffith) €Y 2= DI B— LR A=TNoH, ZOEY 2 —LTERINLZ TR, B XV v ¥
AD, "R BRT Ky MEERFLTT, PEP 3155 TERINTVWET, by TLNLOBEKR Y F
2 TlE, BHi%EA 7Y 227 FOKRTERICTE:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EV 2 NAANOBHTHbONS &, TE2EMB (fully qualified name) IZFTXTOF S r—I 2 &L
2RO Ry 43K, B2 email .mime.text ZEBKLE T

>>> import email.mime.text
>>> email .mime.text. _name _

'email .mime.text'

reference count
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BRAVL) B2FTI 27 PINTEZROM, BRAVVIEB 0K E 204 T
P MIWEINET, Kt THH, ZRAIV Y PPRLU TEHEINRWIDICE] D Y THERR
ENBVWATI 27 MDD ET, ZRA T Y MIBEEIX Python ®a— F_ EIQIEHAEEAD.
CPython FHEOBEERERTT, Turo~—3, FEDA T =7 VOZRAY Y M 2R S57D1C
sys.getrefcount () BABZIF N3 2 ¥ IR E 3,

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD package,

namespace package ZZLTLIZE W,

REPL
"read - eval — print loop” OBHFFET, WEEE 4 ¥ X =TV X — = LD J#,

slots 4
FANTDEST, A VARV ABEDHEBED LN UDERLTEE, 4 VAR AFELHIRT 2
Zr T, XBVEHWLET, CHUIEILELNZT 7=y 7 TTH, IELLFSWEA LMY vFx—
BDT, Wk —A, FIZIZRX BV DPHEMEL REZ 7 V5 —>a vy TA VAR Y ANKBRITEET
5, LWVWoltt BERRE, FHLRVDOHRZFTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__() and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(RANTKED) iterable NORTH 2 WIE—HOERZUH L T, ZOMEI LR I2EERRTa Y
N MREFEEFHFTT, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ 3 ¥,
{'r', 'd'} LW XFHNDOEFFELHEMRL FF, comprehensions ZHH L TL 72X\,

single dispatch
generic function D—FETHEZ—ODFIBOTU L VBRI E T,

slice
(RTAR) T =T 22 O—HERELA TV by ATA4RE. FFERE [1 THRALNLHE
BoFoicaaryzEL e TELNE T, BRI, variable_name[1:3:5] T3, AN (RF)
LB slice A7V =27 FERNITHAL TVWE T,

soft deprecated A

soft deprecated API should not be used in new code, but it is safe for already existing code to use
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it. The API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
Rk A Y v ) & 2 BNRE O#IE. B XA Z F % 72912 Python 5 HHEERICIF U H & 5 X
Vo R, SOFBEDAY Y R, XYy FAOBRIEBRICT Y X =227 2 OBDONWTWET, Kk
XYV v FIZDOWTIX specialnames T XN TWVE T,

statement
(X) XFEAAL =P (A=FD” 70y 7”) KARARBERTT, XK 2F—V—FroMIIN5
HDDEHELNTT, $BEITIE if. while. for BHH 3,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

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

strong reference, to avoid leaking one reference.
See also borrowed reference.

text encoding 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
(THFRANI7A4N) str AT 27 M eF@AEZXTES file object TT, LIFLIEX, 7FA M7 74
JEFEBCAAL MERIOTF =X A M) — AT 72 AL, TFRALIYO—T 1 2F ZHBATO
£33, 7T¥ A7 74 LDAE, sys.stdin, sys.stdout, io.Stringl0 f Y AX Y AR EE T F X
FE—=F ('r' or 'w') THWAEZZ 74 LT,

bytes-like 7T Tk BHAEETEDZ I 7ANFT T2 FiIZOVWTE, NAFUT7AIL 5
RLTLZE W,
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triple-quoted string

type

(ZEHZ +— bXFH) 3008 L2 +—Fids (7)) 27 KA b7 4 — () THENCFE, @
WD (—H) 74— PFINEHARTERITE 2 FINGEVE D D FEAD, EO»0HBITHAT
T 1002008 L7l 4= MIBELZIZ RS —TMLICEL N TEET L, TiCE (\) &
OB THDEEATICE D E 2D TEZDT, FFaX T —a Y FHEE S RHRICER]
T,

The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias

M4V 7 R) MORIFT, HE#FICRALTHERL £,

M4y 723 Ber b 2HMLT2DICHHTY, HlZI:

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

pass

ZHRERDESICE VAR TSTEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEREDFIHD H % typing ¥ PEP 484 2L TL 7Z X\,

type hint

universal newlines

(Ble >y b)) Z8 7 7 REME BBD I X =22V EOHIF SN2 B Z4EE T 5 annotation TT,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

sa—NLVEK 77 ABME BT, m—2 L ZEHTHRVWIODOE L Y i typing.
get_type_hints() THUFTZ %7,

FEEEDFTIHD ® % typing ¥ PEP 484 2L T F X\,

>
FRAPAMNY —LDBRED—D2T, UTFTDITRTEITREEML FT: Unix DITRHEE '\n'.
Windows OE '\r\n'. H\> Macintosh OHE '\r'. FHEIZOWTFHEL L 1Z. PEP 278 ¥
PEP 3116 ., X 51T bytes.splitlines() SR L TLZ &\,

variable annotation

(EBT 7 T—=>ay) ZRD 5030 7 ZAEED annotation .

BB o WE 7 7 RABMICERZ NI 72 & 21k, RADIMEETT:
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class C:

field: 'annotation'

BT /7 7—a @B BEEY L odififbiET: flZIE. ZOEEII int DEZISLZ
PRI TVE T

count: int = O

ER7 ) T— a YOI OWTIE annassign SiCHEH L TWE T,

HREDFBHDIH 5 function annotation, PEP 484 , PEP 526 2R LT & W, /2. 7./ 7 —
ParvERHATEINRZALNSS 25 4 A LT annotations-howto SR L TL 72XV,

virtual environment
(IARTEES) WA Y] D Bl X N7 FATEECF. ZAUCE D Python 2—H &7 71 & —3 = VIZI
CY AT 5 ETEHHNTWSMD Python 7 7V 7 — a2 YOBEHCTFH T2 Z 272 < Python Sy
=Y DA VANV EHEHFEITI LD TEET,

venv 2SI L TL 72X W,
virtual machine

(R~ ) BRIIY 7 Py 2 7K DERSN T V¥ 2 — &, Python DM~ »id, N4 b
A—Rary A4 IBMH L N FO—F 2ETLET,

Zen of Python
(Python @1&D) Python ZHELFIHT 2 L TOEZ 2%, Python OFGFHRAIE HF¥EZ Y R M
L7bDTT, Mi7re > 7 MT 7import this” £ 358 ZDVRXMEHDET,
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ABOUT THIS DOCUMENTATION

Python’s documentation is generated from reStructuredText sources using Sphinx, a documentation
y s

generator originally created for Python and now maintained as an independent project.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and author of much

of the content;
e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Contributors to the Python documentation

%< DF 4 H Python §7f. Python H¥EZ 4 751U, ZL T Python F¥FaxXr7—yaYIZHBLTL
NTVWEd, V—REMYD Misc/ACKS 12, ZRHEHBML TS NAEAL ZEAHICTEDD FTHV X
7y TLTHH ET,

Python 2 I 2 =7 4 25 OWEHREE EED 7RI NUIZ DR BESL LW R F 2 X v F—va VIZEFENEEA
Tl -®hre>5!
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BRr>1t>2X

C.1 Python DFESE

Python & 1990 DD, A+ T > X12dH % Stichting Mathematisch Centrum (CWTI, https://www.cwi.nl/
Zi) T Guido van Rossum 12X > T ABC & MIN 2 EEO®RMEFEL L TEAHEINE L, 20EE
L DANAD Python ICEEAL TWE T2, Guido 135 HTH Python BIEE DI > TWET,

1995 4, Guido W &KEY 7 = =7 ML X + >i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ M) T Python OBFEICHED D, W D2rDNN=Tar%2 VY —-RALE
L7z,

2000 & 3 H. Guido & Python @ 2 7 B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LERER LU E LTz, FH4E 10 H. PythonLabs ¥ — 4% Digital Creations (B ® Zope Corporation,
https://www.zope.org/ ZIR) B D F L1z, Z LT 2001 4, Python BT 2R EERE T 272DD
FEEFIFHAE Python Software Foundation (PSF. https://www.python.org/psf/ ) 236 B L7z,
Z D ¥ & Zope Corporation (& PSF O¥BIEBIcR D £ L7,

Python DV V= RERTA =TV =R (=7 Y —=ZRDEFIX https://opensource.org/ ZHHL T
EEWV) TF, BHRMICAT, T —HERIEE A YD Python VY — 21 GPL Hftic->TWET; %
VY —REDOVTETRICEEDTHD X,

D=2 N—2 i);=33 MR GPL Hi%
09.0-12 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.04+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
2.1.3 2.1.2 2002 PSF yes

22 D 2.1.1 2001-BitE  PSF yes
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0 iR

TGPL Hfft) W5 RHUX, Python 25 GPL TEAZIN TV WS EKTIEH Y £¥ A, Python D F
A RFL2T, GPL 2BV, BELA—Y a VERMTABIEE 2 — 7>V =R 2L ThHh
FWEHA, GPL H DS54 Y ZADRTIX. GPL TY VY —XXINTWAdY 7 b7 =7 ¥ Python
PHAGDELNETH, ZHLADI AV RATREZESITED D £HA,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL 5,

C.2 Terms and conditions for accessing or otherwise using Python
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.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.13.1

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.13.1 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 3.13.1 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.1 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 3.13.1 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
3.13.1.

4. PSF is making Python 3.13.1 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
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USE OF PYTHON 3.13.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.1

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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.

By copying, installing or otherwise using Python 3.13.1, 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").

. 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.

. 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.

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
(RDOR=V1Fil)
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(FiDR— 25 D %)

ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its

associated documentation.

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

(RDR—=V ki)
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3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

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

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

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
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.
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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 3.13.1 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

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

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.
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C.3.1 Mersenne Twister

The _random C extension underlying 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,
A1l rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
(RDOR=V1Fil)
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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)

C32 VY4 vhk

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. 1IN 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
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved
(RDR=V ki)
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Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo®@alum.mit.edu>

A1l 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 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'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
(RDR—DIHE <)
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PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

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 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its

documentation for any purpose and without fee is hereby granted,
(RDR—=V ki)
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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

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
(RDR—DIhi <)
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TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

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 EY 2 —X kqueue f Y X — 7 2 — AZOWTDORDEHEEATHE T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

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

modification, are permitted provided that the following conditions
(RDR=V ki)
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are met:
1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~~AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<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:
(RDR=I1ZHEL)
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Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved
on March 16, 2009, contains the following copyright and licensing notice:

/ sk sk sk ok ok sk sk ok sk ok ok sk ok sk ok ok sk ok sk e ok sk sk sk sk ok sk sk sk e ok sk sk ok e ok sk sk ok o ok sk sk ok ok ok sk sk sk o sk sk sk o sk sk ok ok ok
*
* 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 and ssl 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
(RDR=V ki)
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1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificatioms,
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.

(RDOR=VIFiL)
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"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
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.

4. Redistribution. You may reproduce and distribute copies of the
(RDOR=VIFiL)
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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

(FiDR— 25 D %)
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by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability

incurred by, or claims asserted against, such Contributor by reason
(RDOR=VIFiL)
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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

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 C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
““Software''), to deal in the Software without restriction, including

without limitation the rights to use, copy, modify, merge, publish,
(RDR=V ki)
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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. 1IN 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,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

(RDR—DIHi<)

152 18 C & B 51t




Python Setup and Usage, JV'J—2X 3.13.1

(FiDR— 25 D %)

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc T L TW3 Ny ¥ a5 — 7L DELE

¥, cfuhash 7oz 27 +FOdDICHEEIEF T

Copyright (c) 2005 Don Owens
A1l 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.
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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N test suite

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),
A1l 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,
(RDOR=VIFil)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

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

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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
(RDR—DIhi <)
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SOFTWARE.

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.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/qgsbr.c is adapted from FreeBSD’s "Global Unbounded Sequences” safe memory recla-

mation scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright

(RDR—=V ki)
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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 ~“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 BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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