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CPython QIE] Z 2| H = B3 3 S oA thFet A2 5T
CPython 78 AJA|: th-2 &9 W& & A A+ & 5 A5 U th AA g W82 implementations 3+ 8}
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[python [-bBdEhiIOPgRsSuvVWx?] [-c command | -m module-name | script | - ] [args]

EEZ 71 dutA o] AFE A= 7tdst A3 8 E $E 91U

[python myscript.py

1.1.1 QlEH0|A =

I

NEEEEREE DESCE AP DR DEC AP SRR SR S-S g e
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SEEEER S




Python Setup and Usage, Z!2|A 3.12.8

—c <command>

command &} 3}o| ¥ =5 At} command = 7H y FAE R st o] Y] 2F YL 5 A=
o

o), dut B E F oA ebgro] Ay Zule oju 7} 95t
o] FME T, sys.argv o] A WA 24
of 7Hg Ut (2 g EE o = RES H A4S Eciﬁgggq_%ﬂ]zqu)'

command = Q122 ZFA} o] HI E ( (auditing event) cpython.run_command& WA A] 71U o)

<module-name>

AT o159 2EE oo paen AN AAHD T UEE _nein_LELA ADY
Bol7) uhol, 40 SAA(py) & A Sojot L mF ol 2 4
ERMEE I e B A R SR
2 5 5.

= S S HUTh Aot 2E B4 9717 ool AT, AF
AL ddE Tl Eo] AAYE AN

0 #x

o] FAL YH REY FF REE= ARE £ g, o] AEL Fo]W ZE 91U Szt
AR F7 Wl Ed Uk 2 gl 24 g do] Qe AL A9 E BEolE A3 AMEE
g4t

o] ML F, sys.argv & A WA 4= 25 949 AA 27U (RE JdE 2=
Sotole A WA R4S o 08 AATIL). o AT A A 2, A T E 27} oys.path

-1 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.

U2 x2F golByE] BREAd 2THERAYT W SEHE IZETFEY AU SA&=
timeit EE YU}

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

module-name2 QA ALE 7HA}L o] Hl E (auditing event) cpython.run_module< S A A 7Y T}

e o 1|

runpy .run_module ()

stold BESNA A AT 5 At F5E 5
PEP338- RES ~THEZ A33]17]
MA3104 WA _main_ A BES AW AYA 0B ATT 4 ALk

WA 34004 WA o] F T 971 A= A LF Yth
22 YY(sys.stdin)ol A BH S AFUth 2= 4ol HuldolH, -i 7} FAH o2 HEH
o] M-S F MW, sys.argv & A HA 24 - o] HA, A yHAE |7} sys.path & A0l

Q1 2} ¢l o] ZHAF o] ¥l E (auditing event) cpython. run_stding A Al P Ut}
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<script>
script o] &7 o)W T =2 AP UL scripr = 3Fo] A ThA oL} main. .py o] Soj 9=
gay gy _main__.py 39S 2F3H=zip LS 7HE] 7= FE AW A Z(FO ) of of
ik

o] FME FH, sys.argv I A A S A= YH &
2T YE o] Eo] vho| W HdS A A 7t 719, sl T 7L
BB 27153, 9L nmain ZEZ AFFH YT}
A~TYHE o] 5ol yHAEE Yuzip LS 717, 2T HE 0] 5] sys.path & A FEo| 27}
Ha, AT A A __main__.py «L‘r°‘~ __main__ REZ AP}

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

o] Zol Ptk

aHE
F3}+3l= t]AE] 8] 7} sys.path & A F

filename& QAALZE ZHAF o] ¥l E (auditing event) cpython.run_fileS TAIA| P UL}

(S N

runpy .run_path ()
o] ZEANA AP AT = A TF 7E

AEF o]~ FAE FR %o, i 7t HAHo R 14 1, sys.argv[0] & W BAG (") o] F 1, FA)
O e E 87} sys.path & &0l 7 UL T ZHEFNAM ALE 7He 3 4 (rcompleter-config £
Az R), 9§ 48 D 3laEe HYo) AHgow Sgshg Ut

] 27

tut-invoking

WA 340l 4 W7 | 247 Sl 2 B A BA .

—-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

gold WA METE EYsly TP UL 29 d &= 23 25Utk
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[Python 3.8.0b2+

T W A, ot Zo] dEof #3 27 A HE AT

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

Added in version 3.6: -vv 2.

113 J|El SM

-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).

WA 3.59) 4] ¥ 7 : Affects also comparisons of bytes with int.

FolAW, gl &2 BEg Y9EXE T ] pyc dLde 2 A GFUTh
PYTHONDONTWRITEBYTECODE &= Z+Z 3 Al L.

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

%H Al 714F Lpyc 34 9] A 522 Al o] g Ut} pyc-invalidation S #Z3FAH 2. default & A A3}

A, AR I v A A ’3H"] Z|Hkatol E I E A A] 5tg-E 712 o] whet f1 4 O] A YT
always 2 AASE, ZEE A 718k .pyc ,4—?_:1_‘; S AXNFFHA N AAE L e R &3, TG oA
-ﬂrmoﬂ ‘:H"H TEH o] AAE Ut never 2 AAH W, Al 7|8 .pyc L GH% EaEagi SN
&l F2 A o] AALE A k5 th

B AW E 719 pye U] g n) o] S0 JFS WA G UTh

-d
Turn on parser debugging output (for expert only). See also the Py THONDEBUG environment variable.
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 -1 (isolated) options.

-i
AFHPET R AA AXE ALE AL ¢ FH o] AFLE W, sys.stdin 7 EE]|YE HolR &S
e, 2T HEY HHES AT 5o Eﬂﬁ}ﬁé ol APt pyrronsTarTur 3L A A| G
Ut
AL ~AYE S BN D W) A WS} 29 2 o] A8 ANFE H £ 5T 5 AFY
T}, PYTHONINSPECT & ZFZSHIA| L

-I
Run Python in isolated mode. This also implies -, —P and —s options.
In isolated mode sys . path contains neither the script’ s directory nor the user’ s site-packages directory. 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.

-0
assert =3 __debug__ 2] Foll st 2 AR I =E A AFYLE pyc FAFAF el Lopt-1 & F7}
Sto] AL H (vfo]E T &) 9td e o] &L FEF YT} (PEP 488 7“'26]-/‘1]_3). PYTHONOPTIMIZE
£ FRSAA L
H A 3.500 4 W7: PEP 488 of whe} .pyc L& S A FYTH

6 Chapter 1. H™ 1} 24
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08 A §3 L SA2EYE HYYTh .pyc TR :‘011 opt-2 & F718te] Ao H(MlolE T =
gtd o] o5& %L%?M o} (2= PEP 4882 #2314 R).
WA 3.50 4 M7 PEP 488 o wh2} .pyc 3} S A o)

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.

e python -c code and python (REPL) command lines: Don’ t prepend an empty string, which means
the current working directory.

See also the PYTHONSAFEPATH environment variable, and —£ and - (isolated) options.

Added in version 3.11.

-q
2ty R E A 2-A T WA WA A& EAISHA FE Ut
Added in version 3.2.
-R
A F2A3E AU o] §A42 pyrHONEASHSEED 37 W7o O 2 AR Aol vk BT
AU A FA9 s 72 o7 843 7] df &Y Th
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 = 3| Al A]|E A|Z 8o 1A ZFS AT 4 9l A S}
Added in version 3.2.3.
WA 37004 fA: o] FAL Tt FAHA sy h
=]
“I'Y *f site-packages =I5 2] & sys.path o] F7}5}A] 5t}
See also PYTHONNOUSERSITE.
e o 17|
PEP 370 - A}-& A} site-packages ] 2 €] 2]
-S
site RE2 YEXES o] BFO] FHIStE sys.path 2] AFO]E O &4 A3 v &4 E}%‘H o}
w9 sice 7 Eo] WAHOR ATED gk of 22g MBAINFUG (2257 E Ao
site.main() & ZE3FH A L).
-u
stdout 7 stderr 2E &5 W3 HokA] FEF Uk o] FA L2 stdin 2EH o= &S A A
FEyoh
PYTHONUNBUFFERED & ZFZR3}IA| &
H A 3.7 A M7 stdout 7 stderr 2EF 2] H|AE A S o)Al W = A gksuth
11. ¥HH = 7
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-V
Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. When given twice (-vv), print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.
H A 3.109) A ¥ 7 : The site module reports the site-specific paths and . pth files being processed.
See also PYTHONVERBOSE.
-W arg
Warning control. Python’ s warning machinery by default prints warning messages to sys.stderr.
Y BeR AR ZEALBEE RE A1) F2A S A4 AU (FA Fod
NNEAHOE FAEE AALEAE):
-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
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.
The full form of argument is:

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

The action field is as explained above but only applies to warnings that match the remaining fields.

The message field must match the whole warning message; this match is case-insensitive.

The category field matches the warning category (ex: 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 equivalent to an
omitted line number.

Multiple - options can be given; when a warning matches more than one option, the action for the last
matching option is performed. Invalid - options are ignored (though, a warning message is printed about
invalid options when the first warning is issued).

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.

Z}A) 3F W82 warning-filter 2} describing-warning-filters & 2FZ 514 A] Q..

-X

axe] A WA 22 Ay oA, 192 0199 FA4 9 flemd = AHEED QA U o] A2

DOS A& 3 (hack) 2 Y3+ A Yt}
-X

J

CFFE FE 574 R4S 99 ol o5 o} dlgith CPython & A} Th$3} 22 7Hs @ e Bl
U

e —X faulthandler to enable faulthandler. See also PYTHONFAULTHANDLER.

Added in version 3.3.

Chapter 1. H™ =1}
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-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.

-X tracemalloc to start tracing Python memory allocations using the t racemalloc module. By de-
fault, 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.

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

Added in version 3.11.

% importtine & 7t YEE} Aupi} 27 AP LA HolF U BE o F, 3 AHE

49 QEE 2, AA ALEY YEE AL EAGUG thF 2dE $§ 2
]/ﬂ =9 O] 77H A F . 9)\ 8 Oﬂ -/]3]'/§ /\]_:_. ohﬂ'—q; J A]’%‘ﬁ% python3 -X importtime -c
"import asyncio' YU T PYTHONPROFILEIMPORTTIME & ZZ B Al L.

Added in version 3.7.

-X dev: enable Python Development Mode, introducing additional runtime checks that are too expen-
sive to be enabled by default. See also Py THONDEVMODE.

Added in version 3.7.

-X ut£8 enables the Python UTF-8 Mode. -x ut £8=0 explicitly disables Python UTF-8 Mode (even
when it would otherwise activate automatically). See also PYTHONUTFS.

Added in version 3.7.

-X pycache_prefix=PATHE .pyc ¢S F = E Al
Hy Ego 252 3 UtTth pYTHONPYCACHEPREFIXE ZFZR

Added in version 3.8.

’

2] %
SRAPA

_ O_u
fo it
A
J
o
)
]
-t
[t
u
o
rr

-X warn_default_encoding issues a EncodingWarning when the locale-specific default encoding
is used for opening files. See also PYTHONWARNDEFAUL TENCODTNG.

Added in version 3.10.

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

Added in version 3.11.

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

Added in version 3.11.

-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 “oft”. See also PYTHONPERFSUPPORT and
perf_profiling.

Added in version 3.12.

3t sys._xoptions YU E|E T3l 929 ghe Aot 23T+ Y= T
Added in version 3.2.
11, Q= = 9
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WA 3.99] 4] ¥ 7 : Removed the -X showalloccount option.
WA 3.109 A A 7 : Removed the -x oldparser option.

1.1.4 AIRSIME QHE|= SM
-J

Iython ©] AHg-57] A3 ol =) g1 ik,

o] &7 #%% ol ol F&o JF2 T, -ESt-10]9)8 W £ 2 A E AA APy
SESHHE WH E A7 A Wl fdshs Aol AU Th

PYTHONHOME

Z dlol 4 golBH gy YAE HAFYL. JEHo=m glo|H# s prefix/lib/
pythonver51on-»]— exec preflx/llb/pythonver51on Oﬂ /\1 @"—],JQ—EE‘”, prefix 9]— exec_prefix
= AA gEAd g el olal, & th 7] =3 /usr/local YHT

pyTHONHOME ©] Sthte] el e 2] 2 A J = W, 1 g2 prefix 2} exec_prefix & BF thA| T}

o] & 3l t}E gt A A3} W, PYTHONHOME & prefix:exec_prefix 2 A3 Al L
PYTHONPATH

RE Y R AN AR E B 94

42| os.pathsep (& E0f, FH2M= &

AetA ¢k fEEH g= 283 FAIE YT

vt g g 2o, /i PYTHONPATH oA E g

Eehzip HQL 122 5 A5tk FF R

7|2 A AR E Ax J&2H o)A, dHEA O F prefix/lib/pythonversion

(89 pyrHONHOME S ZZBIA| R). A} pyTHONPATH o] S 7FE Y T

oA A s & Qe o] A~ A Bt A= pyrronears Sholl A A 2ol 27U EE g 7 A Y

Huch A4 A2 shol ¥ 22239 Yol A sys.pach W4 E 258 5 ey,
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
o A& Hlo] AA FE FALE A3, sys.platlibdir Fha AH ] T

Added in version 3.9.

PYTHONSTARTUP
o] 0] 92 5 gl ot o] Folw, A WA =EmES} T3P BEof EAH /] Ao, T 5 o)
shol wejo] AAF L) o] el e tjshy Welol Aas s A 2L ol E Frhol A A mw,
A7) oA BelH ALt AEE o AR E hahd Aol A THE AET S+ A5UTh of el A

T EIE sys.psl Hsys.ps2 & & sys.__interactivehook__ & HFE 4 95U Th

Al ZF Al 53 v filename S QA AFE ZHA} o] ¥l E (auditing event) cpython. run_startup< YA Al 3

g,
PYTHONOPTIMIZE
dlo] A e EAAR ARG 0 gAL AT AT LHUTL A5 A48 Y, 08 A7
W A Qs A9 25U

10 Chapter 1. H™ 1} 24
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PYTHONBREAKPOINT
QAW o FEA A2 LNE S o] FeIRY o 52 AL FHELS TR
nEo] 9 o]u.E H Zo FHEL, WA breakpoint () 9 &3] &5 = sys.breakpointhook () 2

)% 7ol AR 4457 FAG 1 EASE AR, 2 “pdbset trace” 9} 55| Th
TAE “0” o2 A S, sys.breakpointhook () & 7] FH 2 oHF AL 3HA] oFal A wheke}
k.

Added in version 3.7.

PYTHONDEBUG
uo] 914 gk AR A, -

W A Asle A% 25U

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

Elo
i

o

A2 ARFE A 2T 452 A4, oF o

r[r
O:
i

PYTHONINSPECT
Hlof QA g2 FAL R A5, i A4S AR e= AR} 25 Th
ol s 2209 T8 A AAF REE ZAISH] A6l os.environ & ARESIA] 3ol F =4
Sk 'r@% =3

(auditing event) cpython.run_stdin< T Al P Ut}

Hi ?ﬂ 3.12.5 Oﬂ Al ¥ A (also 3.11.10, 3.10.15, 3.9.20, and 3.8.20) Emits audit events.

PYTHONUNBUFFERED
ulo] g4 g EAGR ARHY, wAS AFSE A% 2
PYTHONVERBOSE

Hlol A e EAAR AR, v §HL AFshe AT 2EUTh A5E
W Qs A9 25Ut

PYTHONCASEOK

il
o,
o
(e
|
aln
£
v

If this is set, Python ignores case in import statements. This only works on Windows and macOS.

PYTHONDONTWRITEBYTECODE
o} 97 e EAD R QA W, Fo|He 22 RES JEE Fu] pye AL 27 GHUTL
ot 5 &AL AASE A% 2

PYTHONPYCACHEPREFIX

A=W, sho] M e 22 =9 Y pycache Tl El e tfAlo] o] F2o] 9l mle ol

Eg o .pyc LS LUt} o] AL xpycache_prefix=PATH A& XA st= A =53 th
Added in version 3.8.
PYTHONHASHSEED

o] W7} A o] YA BAU randon © 2 AAE W, strh bytes 2441 9] 3 A A= ol W7} AFE
k.

PYTHONHASHSEED 7F AR O 2 AR E W, Al F291 3171 485 = 3] hash() & YA 317] st

EEPEPIEE (518

2AL EZE Ao B AZ HAEG 2L o §2 W2 5w AL 383 AL, ol
AL 2L AARE BROES A 8ok AU

3}
A+ [0,4294967295] B 9 AR FodoF gyttt gk 02 A Fd s A] F29 357 v 24 31
[RR=

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.

1.2. 87 HA 11
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PYTHONIOENCODING
OlE B2 A7) Aol o] Aol AR W, stdin/stdout/stderr o] AF-& 5] = 25 Aot
—v—‘ﬁﬂ < encodingname:errorhandler 63 Al ‘ﬂ WT/]- encodingname JJ- errorhandle —‘T'——E—% E’_—‘.:—

A B ALglo] ™ str.encode () o A2+ ZEL%-/]U]?:]‘JD]’-
stderr®] 7%, :errorhandler F-&2 FAIP U A 2] 7€ @4 'backslashreplace’ YT
H A 3.40] 4 M7: encodingname 22 o] Al A=A Yt

B A 3.690 A ¥ 7 : Windowsol| A, PYTHONLEGACYWINDOWSSTDIO X A A SFA] 9= 3 o319

S o1 1 o] H% 5 A AR D 515) o] FAH LIch, F 45t S Bl ole] @ 5195} ool
qRFL WA itk

[Ll r
rlr

PYTHONNOUSERSITE
e, o] WL A% 3 site-packages === 2| & sys.path o] F7}812] ehF U Th

& TR

PEP 370 - A}-& A} site-packages U] & E| €]

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.

e o 17|

PEP 370 - A& 2} site-packages T] 2 €] 2]

PYTHONEXECUTABLE

If this environment variable is set, sys.argv[0] will be set to its value instead of the value got through the
C runtime. Only works on macOS.

PYTHONWARNINGS

— 2=
NEA O BASE PR

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

PYTHONI "‘(":always # Warn every time

PYTHONW!? GS=all # Same as PYTHONWARNINGS=always
PYTHC GS=module # Warn once per calling module
PYTHC # Warn once per Python process
PYTHOL! # Never warn

A} A 3F W82 warning-filter 2} describing-warning-filters & 2FZ 514 A] 2.
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 - 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
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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 t racemalloc 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.
PYTHONASYNCIODEBRUG
o] &7 W7 ujo] QA G2 FALEE AAEY, asyncio BEL UYWL EE & 433 T
Added in version 3.4.
PYTHONMALLOC
shol A vl me] G HAAG WL HS ARG
shol o] A-§3he v el ¥A-E 44Tk
o default: 7] W22 &AL & A G

e malloc: use the malloc () function of the C library for all domains (PYMEM_DOMATN_RAW,
PYMEM_DOMAIN_MEM, PYMEM_DOMAIN_OBJ).

e pymalloc: use the pymalloc allocator for PYMEM_DOMAIN_MEM and PYMEM_DOMAIN_OBJ domains and
use the malloc () function for the PYMEM DOMAIN_RAW domain.

Install debug hooks:
s debug: 7] & W R 2] @G} 9o oI F5 AA T
e malloc_debug: malloc 3 ZA|qH 8] 1 & & A % gt}
« pymalloc_debug: pymalloc 3 ZA % t¥ 1 35 A X3t}
Added in version 3.6.
WA 379 HA: "default" SFAE F7HAS Y TH
PYTHONMALLOCSTATS
Hlo] Q1A 4L wAHE 2 A S, sho] M2 A 2 pymalloc A 4 o] A4 wfjuir}, 22|01
<5 ulf pymalloc W] & 2] @2} o] FAE A4 Fch
PYTHONMALLOC 3+73 W& AFE3to] C ghol B8] 8] 9 malloc() @B AE A A2 AHE A W,
pymalloc A|] §lo] stol WS F45HH, o] Hap= FAH UTh
WA 36004 WA o] My o)A Ml RER A5G H spo] Mo A= AHEE 4 5 th oA ®l
TAE = A5t 237 glss o
PYTHONLEGACYWINDOWSF SENCODING

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: A 3 -8 PEP 5295 R34 A 2.
PYTHONLEGACYWINDOWSSTDIO

Wol 17l e A e 445, Al 24 9979}
B2} 7} utf-8-2 AFE-5H= o4l p:L/\-] & IE H A
= Al

o) Mpr EEAEYC] 2EMNE B

et
Availability: Windows.
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Added in version 3.6.

PYTHONCOERCECLOCALE

ZXoog ARSI, = lo)lx W & S8 =2 79 o] # A A ASCII 7] ¥+ C2} POSIX 24| 9& B}
52 UTF-8 7|9kt ko = ZFA] W &hahA] b5 Ut

o] W7t A A a1 (E= 0 0]9] 9 gho= A ), &7 WMo $Addhe Lo alL AL
AR A ¢kl ve_ctype WOl thal Haus = A 2A Do) 71 c 2 A A o] At B Al A <1 ASCIH

719k} posix 2 A Dol ®, 3ho] A CLI= lE 28 dE Y& 2 =517] Ao ne_crype B o o)
08 2AAL FAH £ANE PSR AR ok

e C.UTF-8

e C.utfs8

e UTF-8
ol st AL WF F ot tE AAote ol AFotd, stol X HELY o] 273 7] Aol Le_cTYPE
A HTEE R 22 A2 FA A A3 *4@9145} olgA ot Az E A4l ZE =
2 Azl A AR = OhE =AY 94 74 24 (0FE GNU readline ghol Hejel) 7 2 o 9l
7/1101] Eﬂﬁﬁ, 7gﬂ% /‘\__,ixq S fﬂxﬂ CE}“ A o] O]‘ﬂ ?_]’7:] g ZL—Q"S}L ?j/ﬂ'(ﬂ‘a -q'ol’ﬁ‘j Z]—Zﬂ-/] locale.
getdefaultlocale ())Hu Tt olu gl A2 T2 A A A E (0] ZE2A| AV Io) M QB ZEEHE A
st=Alo AA glel) & = AF YT
olHs ZA Y = s }E AT H (AR o Z L Yo EAAE 2A LD FA AAL EF) sys.stdin
-1»]- sys.stdout C’ﬂ T:HOH surrogateescape Oﬂ?ﬂ X] 1‘47] = X}E °= ﬁ'/‘éﬁ-@’b}ﬁ} (sys.stderr &
t}2 2 A Yol A %] F backslashreplace & A& AFREUTH. o] 2EF A8 22 F4AH
PYTHONTOENCODINGS AF&3Fo] A& 4= A5 Ut
Y 7S $)5)l, PYTHONCOERCECLOCALE=warn = A A3, ZA Y ZA WA o] dojypAL}, 28
2 0 A A= FEE A Lol shol A Tj’*‘:f‘r“ o] 2713}d ulff o X 3] A JEiH sho] M-S
stderr 2 A1 YA AE E Yt}

w3k 2A Y ZA Adto] v A E AU F A A 2A LS 2] 2wl =, @ 7] A] ASCH 7] vF
ZA G| A pyrHONUTFS & 7] AH 0 2 ZAJ S} o %94 S Al L. S Z 2 E 7P A2~ ®l QIE] | o]
2o 3l utr-8 WAl o] asc1i1 & AFESH S W, F 7HA] 715& 25 v A4 314 ﬁOF g ch

Auvailability: Unix.
Added in version 3.7: A 3 -8 PEP 5382 ZZR3H4A] 2.

PYTHONDEVMODE

If this environment variable is set to a non-empty string, enable Python Development Mode, introducing ad-
ditional 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.

PYTHONUTFS8

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

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

OE ZE o] A 42 EAEE A, Az HE 27|38k < ol # 7h AU
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.

See io-encoding-warning for details.

Added in version 3.10.
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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 per£ profiler so Python calls can be
detected by it.

If set to 0, disable Linux per£ profiler support.
See also the -x perr command-line option and perf_profiling.

Added in version 3.12.

121 ClHO 2 E HS

PYTHONDUMPREF'S
AR, shol e AH 2B S F2 T FolE Aojgli A7 9}

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

1z

b
et

1=
=

[l

2R gyt
PYTHONDUMPREFSFILE=FILENAME

If set, Python will dump objects and reference counts still alive after shutting down the interpreter into a file
called FILENAME.

Need Python configured with the ——with-t race-refs build option.
Added in version 3.11.
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CHAPTER 2

QUA ZHEO|A Zho| M ALRSHY|

2.1 Z[L B{F Q| mo|M Liz{Z7 |2t x|

211 2|52

Python comes preinstalled on most Linux distributions, and is available as a package on all others. However there
are certain features you might want to use that are not available on your distro’ s package. You can 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:

e o B

https://www.debian.org/doc/manuals/maint-guide/first.en.html
B v ok A8 28

https://en.opensuse.org/Portal:Packaging
OpenSuse A& A&

https://docs.fedoraproject.org/en-US/package-maintainers/Packaging_Tutorial_ GNU_Hello/
Fedora A}-&X}-&

https://slackbook.org/html/package-management-making-packages.html
Slackware AF-&-AF-2

2.1.2 FreeBSD2} OpenBSD

o FreeBSD AH&-A}, 9 7] 2| & F7Fste] o] g7 sh Al 2

[pkg install python3 J

« OpenBSD A}, 771 418 %75kl Wl o] 87| 3141 4]

pkg_add -r python

pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/<insert your.
—architecture here>/python-<version>.tgz
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o 501386 AL A= o] Z 7] sho] W 251 WAL AL th

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

2.2 1jlo|’M L ESIY|

If you want to compile CPython yourself, first thing you should do is get the source. You can download either the
latest release’ s source or just grab a fresh clone. (If you want to contribute patches, you will need a clone.)

ME st ARAoR e 2L FPor PP

./configure
make
make install

Configuration options and caveats for specific Unix platforms are extensively documented in the README.rst file in
the root of the Python source tree.

A Az

make install-S python3 Blo|HEE @ojA AV 71 & 4 Q&5 U T} WalA make altinstall <
make install THAl AASE=T], exec_prefix/bin/pythonversion T A X 8}7] w] &< Y th

2.3 mio]’M 23 FZ9| md

These are subject to difference depending on local installation conventions; prefix and exec_prefix are
installation-dependent and should be interpreted as for GNU software; they may be the same.

& E0], th& 2l5 Al2’ol A, 7| 232 25 /usr YUt

e o]
exec_prefix/bin/python3 o =g g A& Y X.

prefix/lib/pythonversion, EEEES x3st=vEE Y A4 HA.
exec_prefix/lib/pythonversion

prefix/include/pythonversion, glo) A AL st Qe Z BB E Y A&s= b 23
exec_prefix/include/pythonversion QIZFE 39S x3tst= tjdE 2 A3 4.

24 TSAL|

Fuzold shol ) A3 YEE A7 ALgshel W, A A2 gEo]of Fth ol & Sol, o 97

[$ chmod +x script ]

a8 3, 23 YES] Ache A A3 A1) (Shebang) & Y45 th T2 AL g7 o) D245}

[#.’/usr/bin/env python3 }

o) A& pate AAGNA ol A AEZ el B E AT 22}, A% 4
/,)\O UE OIHZ 8 g FAEZ /usr/bin/python3S stE I
2

glo]A AT E A A HEH S AFR-3}8] W, subprocess
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2.5 Custom OpenSSL

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

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

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

$ curl -O https://www.openssl.org/source/openssl-VERSION.tar.gz

$ tar xzf openssl-VERSION

$ pushd openssl-VERSION

$ ./config \
——prefix=/usr/local/custom-openssl \
——libdir=1ib \
——-openssldir=/etc/ssl

make -jl1 depend

make -j8

make install_sw

popd

v »n» n n

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

$ pushd python-3.x.x

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

$ make -78

$ make altinstall

0 Ix

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.

2.5. Custom OpenSSL 19
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CHAPTER 3

Configure Python

3.1 Build Requirements

Features required to build CPython:
e A C11 compiler. Optional C11 features are not required.
« Support for IEEE 754 floating-point numbers and floating-point Not-a-Number (NaN).
« Support for threads.
e OpenSSL 1.1.1 or newer for the ss1 and hashlib modules.
o On Windows, Microsoft Visual Studio 2017 or later is required.
WA 3.59] A *H 7 : On Windows, Visual Studio 2015 or later is required.
WA 3.69 A ¥ 7 Selected C99 features are now required, like <stdint .h> and static inline functions.
WA 3.7 A ¥ 7 : Thread support and OpenSSL 1.0.2 are now required.
A 3.100] A ¥ 7 : OpenSSL 1.1.1 is now required.

WA 3.119 A4 7 : C11 compiler, IEEE 754 and NaN support are now required. On Windows, Visual Studio
2017 or later is required.

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

3.2 Generated files

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

make regen-all

make regen-stdlib-module-names
make regen-limited-abi

make regen-configure

The Makefile.pre.in file documents generated files, their inputs, and tools used to regenerate them. Search for
regen-* make targets.
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3.2.1 configure script

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 Options

List all . /configure script options using:

[./configure ——help }

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

3.3.1 General Options

——enable-loadable-sglite—extensions
Support loadable extensions in the _sqglite extension module (default is no) of the sqlite3 module.
See the sqlite3.Connection.enable_load_extension () method of the sqlite3 module.
Added in version 3.6.

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

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

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

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

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

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

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

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

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

zoneinfo.
See os.pathsep path separator.
Added in version 3.9.

——without-decimal-contextvar

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

See decimal .HAVE_CONTEXTVAR and the contextvars module.
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Added in version 3.9.

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

Override order to check db backends for the dbm module

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

——without-c—-locale—-coercion

Disable C locale coercion to a UTF-8 based locale (enabled by default).
Don’ t define the PY_COERCE_C_LOCALE macro.
See PYTHONCOERCECLOCALE and the PEP 538.

——without-freelists

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

——with-platlibdir=DIRNAME
Python library directory name (default is 1ib).

Fedora and SuSE use 1ib64 on 64-bit platforms.
See sys.platlibdir.
Added in version 3.9.
—-with-wheel-pkg-dir=PATH
Directory of wheel packages used by the ensurepip module (none by default).

Some Linux distribution packaging policies recommend against bundling dependencies. For example, Fedora
installs wheel packages in the /usr/share/python-wheels/ directory and don’ t install the ensurepip.

_bundled package.
Added in version 3.10.

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

e check (default): pkg—con£fig is optional

e yes: pkg-config is mandatory

« no: configure does not use pkg—config even when present
Added in version 3.11.

—-—enable-pystats
Turn on internal statistics gathering.

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

py_stats\ on Windows. If that directory does not exist, results will be printed on stdout.

Use Tools/scripts/summarize_stats.py to read the stats.

Added in version 3.11.

3.3.2 WebAssembly Options

3.3. Configure Options
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—--with-emscripten—-target=[browser|node]

Set build flavor for wasm32-emscripten.
e browser (default): preload minimal stdlib, default MEMFS.
e node: NODERAWES and pthread support.

Added in version 3.11.

——enable-wasm—-dynamic-linking

Turn on dynamic linking support for WASM.

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

Added in version 3.11.

——enable-wasm-pthreads

Turn on pthreads support for WASM.
Added in version 3.11.

3.3.3 Install Options
——prefix=PREFIX
Install architecture-independent files in PREFIX. On Unix, it defaults to /usr/local.
This value can be retrieved at runtime using sys.prefix.
As an example, one can use ——prefix="$HOME/.local/" to install a Python in its home directory.

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

This value can be retrieved at runtime using sys.exec_prefix.

——disable-test-modules

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

Added in version 3.10.

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

Select the ensurepip command run on Python installation:
e upgrade (default): run python -m ensurepip —-altinstall --upgrade command
e install: run python -m ensurepip --altinstall command;
e no: don’ t run ensurepip;

Added in version 3.6.

3.3.4 Performance options

Configuring Python using -—enable-optimizations —-with-1to (PGO +LTO) is recommended for best per-
formance. The experimental --enable-bolt flag can also be used to improve performance.

——enable-optimizations

Enable Profile Guided Optimization (PGO) using PROFILE_TASK (disabled by default).

The C compiler Clang requires 11vm-profdata program for PGO. On macOS, GCC also requires it: GCC
is just an alias to Clang on macOS.

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

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 dur-
ing 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.
B A 3.100)| 4] ¥ 73: Use —~fno-semantic-interposition on GCC.

PROFILE_TASK

Environment variable used in the Makefile: Python command line arguments for the PGO generation task.
Default: -m test --pgo —-—timeout=$ (TESTTIMEOUT).
Added in version 3.8.
——with-1lto=[full|thin|nol|yes]
Enable Link Time Optimization (LTO) in any build (disabled by default).

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

Added in version 3.6.
Added in version 3.11: To use ThinLTO feature, use ~—with-1to=thin on Clang.

WA 3.129 4] ¥ 7: 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 environment + 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 override
the default set of arguments for 11vm-bolt to instrument and apply BOLT data to binaries, respectively.

Added in version 3.12.

—-with-computed-gotos

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

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

See also PYTHONMALLOC environment variable.

—--without—-doc-strings

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

Don’ t define the WITH_DOC_STRINGS macro.

See the PyDoc_STRVAR () macro.

3.3. Configure Options 25
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——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).

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

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

Add sys.gettotalrefcount () function.

Add -x showrefcount command line option.

Add -d command line option and PYTHONDEBUG environment variable to debug the parser.

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

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

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

- Add sanity checks on the function arguments.

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

- Ensure that functions which can clear or replace the current exception are not called with an exception
raised.

— Check that deallocator functions don’ t change the current exception.
- The garbage collector (gc.collect () function) runs some basic checks on objects consistency.

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

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

¥ A 3.8] A] ¥ 7 : 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), which introduces the only ABI
incompatibility.

3.3.6 Debug options

—-with-pydebug

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

——with-trace-refs

Enable tracing references for debugging purpose (disabled by default).
Effects:

e Define the Py_TRACE_REFS macro.

e Add sys.getobjects () function.

o Add PYTHONDUMPREF'S environment variable.
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This build is not ABI compatible with release build (default build) or debug build (Py_DEBUG and
Py_REF_DEBUG macros).

Added in version 3.8.

——with-assertions

Build with C assertions enabled (default is no): assert (...); and _PyObject_ASSERT (...);.
If set, the NDEBUG macro is not defined in the 0pT compiler variable.
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.

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

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

Added in version 3.10.

3.3.8 Libraries options
—--with-libs="'1ib1l ...'
Link against additional libraries (default is no).
—--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 mpdec library, see the decimal module (default is
no).

Added in version 3.3.
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——with-readline=editline

Use editline library for backend of the readline module.
Define the WITH_EDITLINE macro.

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

——with-1libe=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=[no|auto|DIR]
Set runtime library directory (rpath) for OpenSSL libraries:

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

Added in version 3.10.

3.3.9 Security Options
—-with-hash-algorithm=[fnv|siphashl3|siphash24]
Select hash algorithm for use in Python/pyhash.c:
e siphashi3 (default);
e siphash24;
e 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, sha512, sha3,blake2
Built-in hash modules:

e mdb5;

e shal;

e sha256;

e shab512;

« sha3 (with shake);
e blake2.

Added in version 3.9.
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—-with-ssl-default-suites=[python|openssl|STRING]
Override the OpenSSL default cipher suites string:

e python (default): use Python’ s preferred selection;
e openssl: leave OpenSSL’ s defaults untouched;
o STRING: use a custom string
See the ss1 module.
Added in version 3.7.
H A 3.109) A ¥ 7 : The settings python and STRING also set TLS 1.2 as minimum protocol version.

3.3.10 macOS Options
See Mac/README. rst.
——enable-universalsdk

——enable-universalsdk=SDKDIR

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

——enable-framework

——enable-framework=INSTALLDIR

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

——with-universal—-archs=ARCH

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

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

——with-framework—name=FRAMEWORK

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

3.3.11 Cross Compiling Options

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

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

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

—-with-build-python=path/to/python

path to build python binary for cross compiling

Added in version 3.11.

CONFIG_SITE=file

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

Example config.site file:

# config.site—aarché64
ac_cv_buggy_getaddrinfo=no
ac_cv_file dev_ptmx=yes
ac_cv_file__dev_ptc=no

Cross compiling example:

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 Build System

3.4.1 Main files of the build system

configure.ac =>configure;
Makefile.pre.in =>Makefile (created by configure);
pyconfig.h (created by configure);

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

3.4.2 Main build steps

Cfiles (. c) are built as object files (. o).
A static 1ibpython library (. a) is created from objects files.
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: Build Python with the standard library.
make platform:: build the python program, but don’ t build the standard library extension modules.

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

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

make install: Build and install Python.

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

30
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e make clean: Remove built files.

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

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

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

>>> import _asyncio

>>> _asyncio

<module '_asyncio' from '/usr/1lib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_
—64-1linux-gnu.so'>

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

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

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

e Use Py_EXPORTED_SYMBOL if the Py_ BUILD_CORE_MODULE is defined
e Use Py_IMPORTED_SYMBOL otherwise.

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

3.5 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.

CPPFLAGS

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

Both cprPrLAGS 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.
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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

ccC
C compiler command.
Example: gcc -pthread.

CXX
C++ compiler command.

Example: g++ —pthread.

CFLAGS

C compiler flags.

CFLAGS_NODIST

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

In particular, cF1.AGS should not contain:

« the compiler flag -1 (for setting the search path for include files). The -1 flags are processed from left
to right, and any flags in cF.AGs would take precedence over user- and package-supplied -1 flags.

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

Added in version 3.5.

COMPILEALL_ OPTS
Options passed to the compileall command line when building PYC files in make install. Default: —50.
Added in version 3.12.
EXTRA_CFLAGS
Extra C compiler flags.
CONFIGURE_CFLAGS
Value of CFrAGs variable passed to the . /configure script.
Added in version 3.2.
CONFIGURE_CFLAGS_NODIST
Value of cCFLAGS _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.
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CCSHARED
Compiler flags used to build a shared library.

For example, -£P1C 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) $(OPT) $(CONFIGURE_CFLAGS) $(CFLAGS) $(EXTRA_CFLAGS).

PY_CFLAGS_NODIST
Default: $ (CONFIGURE_CFLAGS_NODIST) $(CFLAGS_NODIST) -IS(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.

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 -1 (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.
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CONFIGURE_LDFLAGS_NODIST
Value of LDFLAGS_NODIST variable passed to the . /configure script.

Added in version 3.8.

LDFLAGS
Linker flags, e.g. -L1ib_dir if you have libraries in a nonstandard directory lib_dir.

Both cPpPrrAGS 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: RLDSHAREDQ $ (PY_LDFLAGS).

BLDSHARED
Command to build 1ibpython shared library.

Default: @BLDSHAREDQ@ $ (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.

34 Chapter 3. Configure Python



cHAPTER 4

B =20 mo| M ALE S|

Microsoft 91 =-¢-of| A B}o] & AHE S ul] dotof & =5 54 2o g 8 & Al g st
2

Unlike most Unix systems and services, Windows does not include a system supported installation of Python. To
make Python available, the CPython team has compiled Windows installers with every release for many years. These
installers are primarily intended to add a per-user installation of Python, with the core interpreter and library being
used by a single user. The installer is also able to install for all users of a single machine, and a separate ZIP file is
available for application-local distributions.

PEP 11 A4 ) &, 5}0] "‘4 g 2] 2= Microsoft 7} 2 F o] B4 H AP FE= o2 HF3= g5 ¢
ZYPF T A GFYh ] L gho] M 3.127H(0]) Y= 8.1 o] S A UeTS =g UTh 9= 7 A Yol
do3td oM 3.8 A 15}’?&*13.
A=A AFET 4= Qe o8] 7FA] A X =2 a9 0] glon, zhzh 5o ek o] gl Ut

A Z2ANLERE T LAE 2T BE T/ 22 A E glo] & A 3= 7 ik ALl A

Microsoft Store 31| 7] A] is a simple installation of Python that is suitable for running scripts and packages, and using
IDLE or other development environments. It requires Windows 10 and above, but can be safely installed without
corrupting other programs. It also provides many convenient commands for launching Python and its tools.

nuget.org 3 7] 2= A4 % &3 Al 2~ (continuous integration systems) < 91 8+ 3 = A X J Ut} sho] A 3
7|AE WESFAY 2THES APt vl AHE 5 YA, drlolad ¢ °‘ o ARG AF A E ] o] &

=77 g
WA b8 o7 A 2 98 =g Ygsr)e] A5ka shol Mol 24 972 T,

41 MH Mx| =212

4.1.1 AX| CHA|

vl 7R shol 312 A2 22 2SS R 2ES S UTH- 27 320 E 9L 640 E W ] QE =g
HE Adste 7 7HAL ) A X Z 2T (web installer) & 22 7] thgREo|H, Q3 A4 845
Asoz gz dynh ezl A A =2 T (offline lnstaller)oﬂ% 712 A Ao 2ot 847
xE o Jlom AE A 755 ARt AU 2ol Btk HX F 2L Iot= thE
e D}tic glol AA57] & FEHAA L.

AA 22 AT S, F 7] 4 F ohuE A" E o syt

35


https://www.python.org/downloads/
https://peps.python.org/pep-0011/

Python Setup and Usage, Z!2|A 3.12.8

&5 Python 2.8.0 (64-bit) Setup — 4

Install Python 3.8.0 (64-bit)
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<Option Name="InstallAllUsers" Value="no" />
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4.2 Microsoft Store I{7| x|

Added in version 3.7.2.

Microsoft Store 3] 7] A = 1Al A X & 4 9= Fo|H AEHZYEHE, FE o & S0 A I A&S
FEX o= T

7| AE DX, FA A= 10 Fel o] E7F JQE=A] FA 3l “Python 3.12” 5 () 9] 3 Microsoft Store
H= AT Al L. A B3 <f o] Python Software Foundation o| A Al A& $1=2] &Q1ekaL, 4 2§ o

A 3>

sho] 42 Microsoft Store ol 4 B4 F2E2 AFHUch #1182 A B5ehe 32 wow, 2112 7]
|8 AEstA e AUk,

A

N

A% %, 5ho] -2 Startol] A Froba] A| & 4 QI UTh i, R E W 2 23 E £ PowerShell A| A of A]
oyenon s S50 A8 8 4 S o 8 g} Lot & 25 pipsh IDLES 488 5 91511
IDLE-2 Starto]] M & 3 = 915U Th

Al 7AW 2F w A is o Abet 3] AR python.exe ¥} o} g}
python3.exe®} python3.x.exe (9] 7] A 3.x+= 0:] 2] R o] A ZEE = AAYth 715 3.12). Start
£ ‘&3l “Manage App Execution Aliases” & & o] 7t &7 A2 9 do]x WAdS A& AUtk pipotidle
°l /8 python M A7} A== Sk 2 ©] ?%14

python -m venv® 7M} 42 =1 843 5lo] AAA o =7 A28 4 95U tTh

o2 W9 stol M A X] 3}37 paTH Hol 7132 ™, Microsoft Store | A A& 3= Z o] O}Hﬂ-lﬂ o]
python.exe @ AFEE 4= QFUth Al A X o] MM 238, python3.exe Y python3.x.exe S A3}
Al /\]_1_.

py.exe A= o] Fto] MW XS ZAAFA| Y 7| E HAx 22 aR o2 HE Y HXE AF T
gho] - A A 8He] ¥, Settings S & 11 Apps and Features S A28} A 1}, Startol] 4] Python& Z+-&
SEE % £ 23] Uninstall & A%augqu}. A A o] sho] M A X0 A A =
A A= A W, 7 B2 A A A s T

4.2.1 Known issues

Redirection of local data, registry, and temporary paths

Because of restrictions on Microsoft Store apps, Python scripts may not have full write access to shared locations
such as TEMP and the registry. Instead, it will write to a private copy. If your scripts must modify the shared locations,
you will need to install the full installer.

At runtime, Python will use a private copy of well-known Windows folders and the registry.  For
example, if the environment variable %APPDATAS 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_gbz5n2kfra8p0\LocalCache\Local\.

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

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

>>> import os

>>> test_file = 'C:\\Users\\example\\2AppData\\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:
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» Reading from HKLM\\Software is allowed and results are merged with the registry.dat file in the pack-
age.

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

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

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

4.3 nuget.org Il 7| X|

Added in version 3.5.2.

nuget.org 3 7] 2| = A| A8 A o] sho] K o] A X5 2] 9k A LA Q7 W E A AH o] AFE-EL7] 9§
Sad =37)9 ol A JUth YA “.NET & 3712 & Ap o] A ”J, b g9 =47 234
771 A o) N = 9 517 A5 g o)

YA Aol e A4 B HE B W nugetore HESAIA L. The-2 Tl Aol A FE e 2 o
uiet.

nuget.exe & & 7=, o| & £ 9] curl ©] L} PowerShell 2 AF-&-3}o] https://aka.ms/nugetclidl of A
Y22 P 5 itk o] £ B SO g3 2ol 648 £} 320 E B FE & sholde] HA
w2 o] 47 Uk

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

To select a particular version, add a -Version 3.x.y. The output directory may be changed from ., and the
package will be installed into a subdirectory. By default, the subdirectory is named the same as the package, and
without the ~-ExcludeVersion option this name will include the specific version installed. Inside the subdirectory
is a tools directory that contains the Python installation:

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

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

Qurg oz, U A AE G =T 4+ o, HA WAL Ues] X 5n AH A2 E A shel
Faaof el E2, 30714 DAL e & $F 02 AR oA AA A 8. B CLA AT NE
7ho] Qe BESA o o] 4 AF O FAFYch

tools T & E 2|2} &7 build\native Y H g7} QIG5 Ut of 7ol & sholx A X & Fx317] 9380 C++
Z g2 A E of| A AHG-E 4 )<= MSBuild %73 3} <Y python.props 7k 235 o] YFUTH A S 36t
Mol A AE LR HUsh AT E eholnelel § ALE T

nuget org?] W] 7] X A H g o] X = 64H] E B A2 7 www.nuget.org/packages/python©] 11 32 8] E ® A 2]
7% www.nuget.org/packages/pythonx86 ¢ Y t}.

4.4 L% 7ts¢cr o 7| x|

Added in version 3.5.
W £ 2 4 o]
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e zggdo dHE ZE3
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When extracted, the embedded distribution is (almost) fully isolated from the user’ s system, including environment
variables, system registry settings, and installed packages. The standard library is included as pre-compiled and opti-
mized .pyc files in a ZIP, and python3.d11, python37.d11, python.exe and pythonw.exe are all provided.
Tcl/tk (including all dependents, such as Idle), pip and the Python documentation are not included.

0 3z

The embedded distribution does not include the Microsoft C Runtime and it is the responsibility of the appli-
cation 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.d11l in the system directory.
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Anaconda
¢17] 9= 23 25 (7} numpy, scipy ¥ pandas) &} conda 3 7] A &2] A}

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

Previously Enthought provided Canopy, but it reached end of life in 2016.
WinPython
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C:\>set PATH=C:\Program Files\Python 3.9;$PATH%

C:\>set PYTHONPATH=%PYTHONPATHS;C:\My_python_lib

C:\>python

ot A Y ZEolM AYH = REF7HHH ALY, LM A AE RE & 22T
AU

W5 75 oho] W o] B2 THFHH 7| E GO g of, Aol i} BRE A e 27T 5 9
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st 9, StartS S35} ‘edit environrnent variables’ &
Al 2~E" &4 Advanced system settings S 4 11 Environment Variables /| & Z 83Ut} o]
AEAL A LE BT 2 AY 2 AT 5 AU Th AaH HEE BAsEE FE ) AR Qo]
HAAM| 23 oF Tk (5 He] A} Agh.
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The pyTHONPATH variable is used by all versions of Python, so you should not permanently configure it unless
the listed paths only include code that is compatible with all of your installed Python versions.

& o 17

https://learn.microsoft.com/windows/win32/procthread/environment-variables
Overview of environment variables on Windows

https://learn.microsoft.com/windows-server/administration/windows-commands/set_1
The set command, for temporarily modifying environment variables
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https://learn.microsoft.com/windows-server/administration/windows-commands/setx
The setx command, for permanently modifying environment variables
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[C:\WINDOWS\systemBZ;C:\WINDOWS;C:\Program Files\Python 3.9

4.7 UTF-8 2 =

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()).

UTF-8-2 <1 €] Yl 3 WSL(Windows Subsystem for Linux) < Z 838} tf 2] G U A AH oA dE] AR5
7 W) RAIHEAAT S YU Th
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 ut £8 command line option, or the PYTHONUTF 8=1 environment variable. See PyYTHONUTF'S for
enabling UTF-8 mode, and X 5 A2 : 2+7 ¥ <= A 7 3} 7] 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.

7182 317 W <42o] PYTHONUTF8=13 7} A|AHle] B = Flo] W 3.7+ 28 =2 J;of AL =t}
HAA A"l QT o] o] 23} sto| W 3.7+ F& 22 a0l Qo G HEE JAIZ A3 A Y

Ql
= S
x uess W F &AL A e 2o] UL

0 Iz

c}:
s XFVOE 233 L 1/0 (A& W-§-2 PEP 5282 24 A Q).

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

J
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Added in version 3.3.
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System-wide installations of Python 3.3 and later will put the launcher on your PATH. The launcher is compatible
with all available versions of Python, so it does not matter which version is installed. To check that the launcher is
available, execute the following command in Command Prompt:

AR A u A sholdo) AAH ook Ptk FH o TR S dow, AYH A HY 2
AR} ol W o 24 A% H It

If you have multiple versions of Python installed (e.g., 3.7 and 3.12) you will have noticed that Python 3.12 was
started - to launch Python 3.7, try the command:

[py =3.7 J

If you want the latest version of Python 2 you have installed, try the command:

CE |

If you see the following error, you do not have the launcher installed:

ofy

'py' is not recognized as an internal or external command,
operable program or batch file.

The command:

[py —-—list }

displays the currently installed version(s) of Python.

The -x .y argument is the short form of the -v: Company/Tag argument, which allows selecting a specific Python
runtime, including those that may have come from somewhere other than python.org. Any runtime registered by
following PEP 514 will be discoverable. The ——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:

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

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

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

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

The Company is matched on the full string, case-insenitive. The Tag is matched oneither the full string, or a prefix,
provided the next character is a dot or a hyphen. This allows —v:3.1 to match 3.1-32, 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).
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7t
Added in version 3.5.
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#! python
import sys
sys.stdout.write("hello from Python \n" % (sys.version,))

From the directory in which hello.py lives, execute the command:

[py hello.py }

A ol 2x AA L WA HE 7 AfE S & 5 A5UTh oA A WA S5 vh5 2ol AT Th

[#/ python3 }

Re-executing the command should now print the latest Python 3.x information. As with the above command-line
examples, you can specify a more explicit version qualifier. Assuming you have Python 3.7 installed, try changing
the first line to #! python3.7 and you should find the 3.7 version information printed.

tish @ A18 3 2], 34 gl “python” & A A H Frol W 2.x9] 4 WAHS AT o] o] WA
Bel THYT F Y29 TAYL AT AU 17 M python L A0 2 ho] A 2E A%
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] A= A S HolF
Ji

e /usr/bin/env
e /usr/bin/python
e /usr/local/bin/python
e python
A2 5o, AT HES X HA So] o} o] A&l

[# ! /usr/bin/python
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718 shol M2 Fobd AHEEUTh FU2olA AFHES 4 H B vho]d 2P et o]n o
Zo] ol A, 487 FRE o F AZYEES AH A A8 T 4 ATk AE A F Y2004
FET N AAHEE A4, /usr 2 A 2B AM Z F SHE A8 oF T T,

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

Added in version 3.7: 3Fo] W 212 3.7HE] = “64” AU AR 48 E B AL 2 A3 4 gLy} ok R
HA glo] FHAG oF|HAE A AHE = AF YT (F /usr/bin/python3-64).

WA 3,110 A ¥ 7 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.

The /usr/bin/env form of shebang line has one further special property. Before looking for installed Python inter-
preters, this form will search the executable PATH for a Python executable matching the name provided as the first ar-
gument. 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
.INI file. This may be used to handle certain commands in a way that makes sense for your system. The name of the
command must be a single argument (no spaces in the shebang executable), and the value substituted is the full path
to the executable (additional arguments specified in the .INI will be quoted as part of the filename).

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

Any commands not found in the .INI file are treated as Windows executable paths that are absolute or relative to the
directory containing the script file. This is a convenience for Windows-only scripts, such as those generated by an
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.
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[#J /usr/bin/python -v
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Two .ini files will be searched by the launcher - py.ini in the current user’ s application data directory
($LOCALAPPDATAS% oOr $env:LocalAppData) and py.ini in the same directory as the launcher. The same .ini
files are used for both the ‘console’ version of the launcher (i.e. py.exe) and for the ‘windows’ version (i.e. pyw.exe).
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2 Otmx T EM X T or ek of

N

o B g AAHA 4O, pythonF} python2 B H -2 AAH A ghold 2x WA= AHgstaL
python3 BH& AXH HA w4 3xE AH§ I}

e The command python3. 7 will not consult any options at all as the versions are fully specified.

e PY_PYTHON=3°|", python¥} python3 BEHL B5F H A A9 vlo] W 3 WAL AL&3 )

o If PY_PYTHON=3.7-32, the command python will use the 32-bit implementation of 3.7 whereas the com-
mand python3 will use the latest installed Python (PY_PYTHON was not considered at all as a major version
was specified.)

o If PY PYTHON=3 and PY_PYTHON3=3. 7, the commands python and python3 will both use specifically 3.7

@7 WS o, AR A G oiE INLT Lol A 22 4B AT 5 sl e IN ] 482

[defaults] 2} 5l1 7] o] &2 A3 py. HFo7l e 34 A4 25Ut (282 INI 5t 9] 7]

ol 5L 4 EAE A b=l wel st Al L) BE o] Wl &2 INL 3k ol A58 Zle A4 <]

gk

s S9!
. Se

etting PY_PYTHON=3. 7 is equivalent to the INI file containing:

[defaults]
python=3.7

 Setting PY_PYTHON=3 and PY_PYTHON3=3. 7 is equivalent to the INI file containing:

[defaults]
python=3
python3=3.7

4.8.5 ZICt

If an environment variable PYLAUNCHER_DEBUG is set (to any value), the launcher will print diagnostic information
to stderr (i.e. to the console). While this information manages to be simultaneously verbose and terse, it should allow
you to see what versions of Python were located, why a particular version was chosen and the exact command-line
used to execute the target Python. It is primarily intended for testing and debugging.

4.8.6 Dry Run

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

0| Value AM™

RC_BAD_VENV_CFG 107 A pyvenv.cfg was found but is corrupt.

RC_CREATE_PROCESS 101 Failed to launch Python.

RC_INSTALLING 111 An install was started, but the command will need to be re-run after it com-
pletes.

RC_INTERNAL_ERROR 109 Unexpected error. Please report a bug.

RC_NO_COMMANDLINI 108 Unable to obtain command line from the operating system.

RC_NO_PYTHON 103 Unable to locate the requested version.
RC_NO_VENV_CFG 106 A pyvenv.cfg was required but not found.
49 RS 7|

These notes supplement the description at sys-path-init with detailed Windows notes.
._pth 3tdo] Y& uf, A=-Fol A sys.path T AT WL th=HF 25 Hth
o Azl A e elol] SRk Wl F=o] 2obE Tk

o A WSO AEE O R, 37 WS pyrrovearst A, B2 G2 o] thgol F7HE ULH 9%
GOl A, o] o] FE = Eeto] B AR (c:\ F) ol AHEEH = S ER P ES A Av 2R R
T2 o] of gt

o 27122 27 7% A F” = HKEY CURRENT_USERS} HKEY LOCAL_MACHINE d}o] H R 9] o}
\SOFTWARE\Python\PythonCore{vers:.on}\PythonPath«] Y 71 = Eﬂ R 2 F/]Oﬂ =71 4+ o
sUTh AulZ2Eo e TR 42 EAAL 7RO 2 ARSE 519 7= 2 A7} sys.path
o 2 T2 U (e BE AA 22 78L HKLM 7 A8 8H2 2, HKCU= g oz
vl o] ol Fol st Al L)

o &7 ¥ pyrronroMEC] AR E W, “Ihol M F7 02 ZhEehuth 18 A ok o, v Ql sho] A A
51e1e] 22 AL 5ol "M E kT 5L (Lib\os. oy L pythonxy. 2ip) & 2o} “Bo] A B S =
EFUTE FolH Fo] AT, sys.patholl 7t = B ™ &9 Y E 2] (Lib, plat-win )+

A U E 7|vte & Fuch 282 ko, A ol xl 27} | A A~ E 2] of] A7 PythonPath

o

|

oAl A 48 Yt
o ol TS5 FS 5 gla, B pymozvmmﬂ A= o] YA a1, HAXEY FES FS 5
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« python.exe & 7] & quOl He g (2" WA E% PCbuild t] @ €] ] o] A] 2 Q) o] A] T} =
exeS AP T 0 A4 B2 }—irilﬂﬁ dA2E2 44 A2t RAR UL BA 2 e e
“$gmzaw 2 E 34 A%

. :‘1}0]5&] O] exe(lﬂ—a Tq ]E%F/] COM :_]'LH = %)(ﬂ]/ﬂ Ko
SFobA, Eﬂ;‘]"Eﬂ-J 3 4 ﬁi7}*}£%‘4ﬂ' gAEZ o

%@HW
o Jpolpo] 5 23S 4 QA HAAEF Fho] ¢glo (LA H (frozen) .exe, OFF o] AFsh A %] A4 74),

Thol W&
A o
o 2t gAE g7 23E A LI A . _pth FLS 2L o] AL HA~ER S} T
Hpo] Ugd A2 E £ A8, import site7F A A 9= St site® FA F T
o o] & 2}pAIe] Ald) 9} Yo A] python3.dl1 9| W python37.d11S 2 E3}H, by _Initialize() A
o py_setPath () U (3 9] E) Py_setProgramName () & PA|H 22 T E34 A 2.
o 28 38 WA python.exeZ A &3] Aol pyroNpaTEE RS AL DOl AT pyTHONHOMES
AN L
o oA AGE AET oW (A E 501, AHE At python.exe & A AF T 5 Qe w230

I °l, =
2), HEvET 3 (Lib\os.py) ol A HHE 2o J=F YA 2. (ZIP 3t Yol A= AAH A
EA Tk, ThAl S H}E o] 29] ZIP 3t Y-S A H o §9 3]'“ A2
o]ZA 3tH A" AA A2 v o]
R} o8 A) skuth 18X ko,
2 gzt e At g A AE
3 WA A kel A 8ol Fol A L

A 3.69 A M 7Z: Add ._ptn file support and removes applocal option from pyvenv.cfg.

o
—

]o

| ZR2IRR A NS AT = £E ol Bl g9 EALRE
ARG AL A2 §& 22 OW S AR S ol A7 IS
H) 3 F 7 2 9F A8 7L site-packages ©f] o A 8] F & 5 o] A,

¢}

H A 3.691 A M 7: Add pythonXxx. zip as a potential landmark when directly adjacent to the executable.

WA 3.6 5 €] 3 x| = : 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.

= AL FRE AL A= vk 73 7] 5ol st o]
A 7H-/] 253} A~ 3l (snippets) ©] &4 gt}

. T
=5
mswin-specific-services o] A4 H = o] Q55U ).

4.10.1 PyWin32

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

o Component Object Model (COM)

« Win32 API 3 &

o HAAETF

« OJHIE &1

¢ Microsoft Foundation Classes (MFC) user interfaces

PythonWin2 PyWin32 ¢} 917 A5 % = A1 & MFC &8 =2 28 JUch g A7 gdd Wdd =+ e
IDEJ Yt
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e ] 1)
Win32 How Do I---2
#] Z}: Tim Golden

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

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 E=0|A mo|M Huts7|
If you want to compile CPython yourself, first thing you should do is get the source. You can download either the

latest release’ s source or just grab a fresh checkout.

The source tree contains a build solution and project files for Microsoft Visual Studio, which is the compiler used to
build the official Python releases. These files are in the PCbuild directory.

Z A 2of )8k G¥F A K = pcbuild/readme. txt S BQl S A 2.

R
7 1 5o o5 A=, building-on-windows S ZFZ 54 Al 2.

ll:l

I
412 J|E} EEHE
shol wle] A% 2 AR 13, o) Aol AU D Y BABL T A A A ST (L8 A A A
Rzog oa). A A% A g RE SRSl U3 AP T &L PEP 112 51414 2.
« Windows CE is no longer supported since Python 3 (if it ever was).
o The Cygwin installer offers to install the Python interpreter as well

AR AnAE Az 2 ao] 9 ZHE ] o 3 AFA| 3 A K= Python for Windows S #2354 A 2.
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https://www.python.org/downloads/source/
https://devguide.python.org/setup/#get-the-source-code
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https://pythonce.sourceforge.net/
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CHAPTER B

Using Python on a Mac

2 A}

Bob Savage <bobsavage @mac.com>

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

5.1 Getting and Installing Python

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

M2 F AL 5 A A oY A AUk
e Apython 3.12 folderin your Applications folder. In here you find IDLE, the development environment

that is a standard part of official Python distributions; and Python Launcher, which handles double-clicking
Python scripts from the Finder.

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

0 Ix

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

IDLE includes a Help menu that allows you to access Python documentation. If you are completely new to Python
you should start reading the tutorial introduction in that document.

e e SUFol A stol o) seirtd FHs AojA] sfojd AaHPES AP st= FES ¢lojof

.
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5.1.1 TOIW ASZEE AMsHs WY
Your best way to get started with Python on macOS is through the IDLE integrated development environment; see

section /DE and use the Help menu when the IDE is running.

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

Hulg Fo| 23 HEE AP35 /usr/local/bino] A A AR == | of Tt}
Finderol /| 229 £ & A A5l 5 717 &40] g4 th
o Dragitto Python Launcher.

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

5.1.2 GUIZ A3 T E Al§Hi5]17|

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

g}o] % 3.9 A=, python ©| L} pythonwE EF AME-SF = 9lF U T

513 74

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

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

5.2 IDE

Python ships with the standard IDLE development environment. A good introduction to using IDLE can be found at
https://www.hashcollision.org/hkn/python/idle_intro/index.html.

5.3 F7} mlo|M i 7| x| &%|5t7|

This section has moved to the Python Packaging User Guide.

5.4 GUI Programming

Macol A sho] 8 0.2 GUI $-§ 2102 24517 918 2 714 S 4 o] Jveh

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

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

A number of alternative macOS GUI toolkits are available:

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

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

5.5 Distributing Python Applications

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

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

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

5.6 7|E} XI&

The Pythonmac-SIG mailing list is an excellent support resource for Python users and developers on the Mac:
https://www.python.org/community/sigs/current/pythonmac-sig/
% 012 §-23F 219 MacPython $17] 9L th:

https://wiki.python.org/moin/MacPython
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APPENDIX A

0[0
<
bl

>>>

2to3

FolM 2x AEE oM 3x AT WEAE e W AEdE =7, AAE TR BMGy 72
A BT E BN AA T £ e R 2o vzad s ds

R =
2to3 = EF ol B oA lib2to3 2 Al FHUTH SH A2 APT 4= = 2T HE = Tools/
scripts/2to3 & Al H Yt} 2to3-reference= &

abstract base class (34 w| o] A S| A)

FA ol FE A& hasattr () Z2 O E HAY S EHGFA Y nBEA ZXH (& £,
2w A 2) FF, JAEIFH o)A B3t WS AlFTF RN 4 Ero] 3 & B3 th ABCE
M AE ZH2E 2 dot=t, 2HAE ASSA O HAE isinstance () 2 issubclass ()
of o3l A E = FHEEYYUTh abc BE AHAE EA Q. ol Aol = B2 W ABC 9]
Wl = vt 22 A E0] QG5 UTh A8 & (collections.abec EEA]), A (numbers
B EA), 2EEF (ic REA]), YT E FAHY 2 (importlib.abc REA]). abc EES

annotation (o] - €] o] A)

A& 3l A AHAI RS ABCE WHE S5 955U Th
2]

A5o et ¥ JE 2 AREHE WS, Z

golE Ut
Ao o] o B o] 42 A Aol AA e ¢ gAI R A W, Fefa HA 9 e o]
HolAe 2zt 5, e, &4 annotations_ SF JEZHE AZFH Yt

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

argument (212}

dr (e rAE) 2 AgE e L F SR AR S Ytk
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s 71 E AR (keyword argument): T4 3% wj] A2} oofl B2 Q) (o] & £0], name=) £
g oo 2l YAV 2 AYH L AR
5= 2% 79 = QA ok

complex (real=3, imag=5)

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

=
o
gi
=
(]
o,
T
o,
N

o X 2R} (positional argument): ]-‘;’4 2 A A} il A =
U AL olH e 2 o gl x & 2] AL 5 AFUH ol So], x4 22 =004 3
B EFHA O]x]-?jqq-

complex (3, 5)

complex (* (3, 5))

ol thdg Ut ol el 485 = +2= l o 3 A = calls

A vl o) § g A9
28402 QAR 4D 4 dFUTh TaA grol Ao Mol

A HAS. EYACcr, od
o g Utk
L o] Q9 v 7] ¥4 =27 FAQ A2 219} ufj 7| W= 2] x}o] 2} PEP 3625 KA &

asynchronous context manager (8] 57| A8 AE #g]A})
An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A Eﬂ o] E-])
Hl5 7] Al elolg olH oy £ &
S, ssyne for $27} BT 4 Ui LAY FES

=R

BE 657 AUl E %42 el A AT, ol @ Euo] A= w57 AV ol H o olE &
A2 AU o Eohe o n) 7} WEkeA) e A9, AT S E AN BEFS QT

B % 7] AlFd olE] e await EA AT} asyne for £} async with 2 8 4 5t}

o

ZF+= 8. async def B FYFHE=EF
I E A

T
T X yield 84

=

I~

asynchronous generator iterator (8]% 7] A2 o] €] o] €] & o] €])
H5 7] Al oly &7t ste s AA.

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] = 7] o] €] #] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter_ () method. Introduced by PEP 492.

asynchronous iterator (8]% 7] o] €] & o] E])
An object that implements the __aiter () and _ _anext__ () methods. _ anext__ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

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

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

awaitable (o] g o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', '"wb' or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of io.BytesIO and
gzip.GzipFile.

str AR A1 2 4 Qt Y ARl hAA L G 2= 512 © B2 L.

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

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

bytes-like object (B} o] E Q& A A))

bufferobjects & A Q3L C-A5 HEHE JAXE & 5 QF5 YT o8 & %memoryvmw AAEL
E£0|1 bytes, bytearray, array.array AA 5 3T} H}O]EQ AA =2 vlol v g
dolE & thF& o8 71A A4tEdd AHSE 5 Ut &5, vhol v e 39 = A A, 5‘—7“% s

A 2e Agel dHUTh

=

ol A4S L upol Ui HloE 7k hM AL B sk AHUTh o] d ASo] AWML BF <ol 1
2] Mol E QR AA hy EAFUCE W B3] A o 2 bytearray S bytearray
memoryviey 7t SIGU T THE AE e whol P HolE B A (197 A8 welEAR
A7)l AHES 2 7T ol @ A9 ol 24 byces 9 bytes AR 9] memoryview 7} A%
k.

bytecode (H}o]E F &)
ol A~ FEFHo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HAYYTH il E I E = pyc Il A Hof, T2 5L S F HA AT off o W} A v
Utk (oA H]'O]E F=EZ AHTLS -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

Hlo|E 2= Welolse] 25 dis LE APA G YU

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) }

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

callback (&)
AAt2 A== v o= A Fo A AP HH T8 T,
class (Z|»)
AEA Ao AAE
EHAEAYES
class variable (Z 2] A~ ¥

”ﬂ""ﬂ/ﬂxtlﬂ s FE (52U A2 20X 7} ok b oAt A EH = M.

complex number (&4 4)
5ot A Al Fd],

—’Foﬂ d? DAL Al E FT AU, FF FFAME 1=, FANE I E B7F U
o] M2 F242) VM2 2 B E 7B AJFUE slei 5 JRARE 2094 27184
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+13. math 259 B4 WA o] D23, cmath & A UL oo 282 1
5174 75 gth Bas 2EES
context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit__ () methods. See PEP 343.

'

context variable (A ] A E ¥ )

Ao et the ghe 7H 5 J= Wi ol A A erb Aol tie of 2 3 7

Jde g =-2A AF49ns e 28, AU AE W2 235, shue] A8 A =of of g

;qEﬂ/\Ey} A F o AdAE M5 F 5= FAA A5 7] HlaTofA HEE S48
2AdYd contextvars% FZ A L.

contiguous (J <%
H ¥ = A C-d< (C contlguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
Utk 939 m e C-AkoluA EET A% AT AR W Dol A, BEEL A o] AR,
0o A Al &3l 52k ‘*‘/\-4 AR W E g of v X =] of of gtk thxb C-<A <5 vl G ol A,
u-]] g F429 AR FEESL WES o upx| e Addl A7} 71 wkg] Wk o) AW, = E S
Sl o] A, R A Q) 7 e A sk o,

coroutine (I €l)
IEH2 BT EH o] dutstE Pl Utk ABFEL S A A A Yt o2 A Fofl A
E‘*“HD} FFE2 Y g2 AHAA AYstar, EEstar, ANE 5 dF Ut o] AES async
def 208 138 4 95U Th PEP 4928 H A Q.

coroutine function (Z €l 3t4)
FFZEH AANE EHF= 5. ZFH T4 = async def T2 F FoH 4= T, await &} async
forE]— async with 7|9 E& T 5 JFUth oA %% PEP 492 o] o]} =45 A5 th

CPython

ol z2 g Aol A A A, python.orgol| A ¥l 2 YTt o] &2 Jython o]}
IronPython 7 & th& 2153+ 738 B2 7k 912 w) §o] “CPython” o] A 1 th.

decorator (tl] 2.7 o] €])
g2 d4E 283 g5, 5 eurapper BH S AR S W3 o g A EH ULt g2
olE]9] &3l o= classmethod () I} staticmethod () YY
dagole FH-2 944 A 2HYE B UL v F 35 BY = 9] FEYUT

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

@staticmethod
def f (arg):

L

22 7hgol Eel o A AR, & A5 2quUnt. v Z ol Hofl th e 5 AA T 82 T
gof ok 2el s Ao o dHAME EE gtk

descriptor (t] A= 2 E])
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.

YT HE ] WA =Sl thak AA R W82 descriptors Lt 2T H B AR P A of] UF Y T

dictionary (9 41 g])
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.
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol HE A+ 84 AAY a—‘T'—a Agstal A3E G2 9 E vhEets A W
results = {n: n ** 2 for n in range (10) }—8—%}:11 *x 2°ﬂ UH-’J%7
£ A3 gt} comprehensions 2 #2334 Al L

dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () HAEF S8 3L AANES I g B &
Uth o] AE2 9A g FEE tis 542 -F'—%Zﬂ:o'—%}%tﬂ gaAqve7t e AdE of, F 7)o
= kg thE AUtk 9 E §E A3 Bl AEE v W 1ist (dictview) & AHE S}
H Yt} dict-views S H A S

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

duck-typing (Y] €}o]3)
U2 Qe 0] 2% A DU AN L WA G Z2TAY 264,
HAEY AJERET S5 AL A 1414(“03]}1"“1‘?_0]"’ Oﬂﬂ ﬂ@,\;ﬂ_r)r?j
£.25) 54T 9 o Aol A8 so) g gxgozA, & A48 nEE B4 AE
FomH FARL AND S AL UL & oI DE type ) oLt isinetance ) S AHES
SEITh (B AT, € ehol Bol g w0l S 2 b ek % 5180l 51510k gl ch A,
hasattr () AWV EAFP Z 2 38 %-& £ th

EAFP
3 &R b= 84 E 1317] 7} | ©} (Easier to ask for forgiveness than permission). ¢] &3] & 4= ¢}
ol A AEY-L, ZHulE U o ERES EAE 7ML, 1 7o) YW A9 E s
o] Z-HE I W AE Y-S B tryflexcept T EAME SAAAH YL o] HHAY 2 CL 22

£ B2 olojof A] A5 AHE | & LBYL ek ol Uk

expression (%3 2])

-|—4 ~

Y m]o Mo
> QoY )
i 1 rlo Ok

¢

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
A 2, ALER}, T4 %ﬁ 22 e 8T ERH 84S Fot 8 AYdUth o2 B2 A9}
fRAOZ BRE Ao FAEEC] A AL ofdUth whileXH, EHA 02 AT 4 gl
T sl dsuUth oY =3 o)A, ¢ 4 o] of gt

extension module (£-# 2 &)

CuCr2 A4 E BE AT, sho] 20| C APIE ALE31 A 14 o] v} AL 4 =9} 4% 28 3 ok

f-string (f-F2}Q)
o e 9ol 9 B Al U £ LRAL O F2d, £ BRI E
) ZOWL%IIJE]— PEP 498 & H A 8.

file object (3} 2 A))
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.

AAZ = A E79Y 3t AA =] °"‘HD} 2 (raw) vlo| v 2] 3} <, W 3] = (buffered) vlo] 1] 2] 3}
HAE 91, °lc94 °1EHl°l/\L io BEA FoF ULk 1Y AAE vt 7E A By
open()ﬁ‘#é 2E AYUh

file-like object (3} 7 24 Al)
ot AA 9] vk

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

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

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

See also the locale encoding.

finder (}21t)
Ared BEL A o & 2oy n Awss 4.

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 import1ib for much more detail.

floor division (5= U= A1)
/)59 gre 27 e ,g¢ura—;,jl%2 AR HDP 1)/ a7k2
Fol f-o] 3 oF it} PEP 2388 B A 2.

function (g+4)

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Ao AHgE 5 QU th v 7] 5 &) w4 = &} function A& A Q.
function annotation (T4~ o] - E o] H)
Fh= o 7 = 93 ghe] of | o] A
AL onrA

4 o) o] A =
Lol Aoz 7 1L, FA

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

6‘1—/\ o} A E]] o] A “-:v'—‘ﬂ O function & Oﬂ /ﬂ S| Dﬂ‘c‘h/] r;].

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

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

>>> import _ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] X] 4~ #)

9 A8 H A e vme) B dhdais A4 oML Bz A4 24T Fx £ FAGL B
5 9 w8 A £ A B b A £ AR 2RI AUA 2 A7) ge RES AHEHA

Alolg 4 95Uk,

generator (4|12 o] 1)
Ayelol e ol Elelo] e & EeFE g4, AN FEAY Hol kv, A FEL BE
842 AT Fol thFUTh o] G5 for-FZE AL AU next () T2 T Mol LA

generator iterator (xﬂ L‘] #lo] E1 o]E|# o] E‘])
A el 8 g7t te= A A
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Zyielat GAHOE B UL, T A (A9 ASET 7] 9 y-F 5L 3
A% S A Th A d el E ol e el ol e 7} A W, W 2oz B3 F(EZ v}
M= Al ZEske 349k ol g o).

generator expression (Jﬂ] v #lole] 3 A)

oJE o EE EHFE A4, Fx A5 0N A S ror A AL AF5 e ir Dol Hof
2t %_‘E‘}Efﬁ@‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 4] g} g4
ZHe AAre A7 D}e b‘ﬂ—g—oﬂ o5l 283k o] Y
tasx) e Zel o3 AR H T
A 23 %] £0]F =3} functools.singledispatch () B Z & o] E] 2} PEP 443% H A 2.,

generic type (412 %)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

n

42 7Y B2 ol 7| ASBAE

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

GIL
A AEzeH £ 2 HAL

global interpreter lock (<9 Qe =g §)
2 ol 03 o) Ak sl o= 9= £ AYSEE BYSA Qo) CPhon B2
AR A US, (1ot o) 2 588 ATEE T Ho) A7 2 o) BAASE 5 A
AM 2 of hsl A S = 5 W5 o] A] CPython 8= L—’Eﬁ}ﬂl Ut JAEZEH AAE T 2=
A2 JAHz B & thsad =slstr] A e A, ths Z2 A A 71 A 7L AlF et W E 49

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

doing I/0.
(A 9 vAsHA Ff ol HE F15) “Ad =] A2 (free-threaded)” JIH Z 2] B & w531
2L ete HAY 282 AF A oA B, TR T 22 AN B e At A7 e

Utk o] 45 o] #8 FHE AL TAS DA BASH B0l A 44 1 gol B SojZ Aoz
o AR 3 ATk

hash-based pyc (3] X] 7] 3} pyc)
FRAE B 13 S 22 52l

L)

% 57 A1zbo] obd Al & ALGBh Hhol = TE A A

A, pyc-invalidationS ZFZ A &

hashable (3] A] 7}%)
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.

HA 7Hs AL AAE AV EY 71V AT I E AT 4 A Fhed), o] AR FRE ]
YA o2 A ghs AHE-317] fﬂ}%%ME‘r-

72 gholH ] B g AA -2 A 7?—%“41‘/} (BF2EY A
a9 A5yl (FZ ol U frozenset Z-2) £ AH O YES 159 84
A s Ut AFEA A FAY daEA AR EL V| RA 0w
A& A Q) Btale) BF thEthal v a s A, siAI 32 id () 2 FE s H Y Th

IDLE
An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.
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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 (£4)
TAE RE 2 AA. B AN E A, £AY, FES 2RI oD AN SL ARD 5 ¢
SUth A g2 Asted /‘H AAE TE o] oF Tt WM 3FA] ok 3l Al ghol o] oF df= Lol A
F2% B2 FuTh A8 Sol, 94U 7).
[e]

importing (¢ 2 ¥))
B EC) sol BEA rhe B shol Lol A A 4+ LS e AR

interactive (BH i]—fﬂ)

shol & T3y Bz HE 2 i, Bzl ZExed N £ A4S 998 5
93, 57 ARE A%E 2 4 ek FAUTh A glo] BA pythone AWFAL (AFE
Folrel A Ad st A% A58 5 A5 UH. Al ot ol AL REH A2 Eol
Che = e A W QU (help (x) & 719 3HA 2).

interpreted (Q1E] = 2] €| &)

Hpo| £ S = Asteleje] £ mjRo] 1 Fe] S A 7] AT, shol 4 F3t Qloj 7k ohy]
gHAdEz ey dolduth o] A2 BA A AP old S WEA s, 420 d S AH AP
S glehe EQth 1z 2 aslo) £ 6 AAE AWE /) ST, dE e dojt HE Az

AojEoh g AU A F71E Zs Ut t5hd & HA L.
interpreter shutdown (21 €] Z2]g] £ 37)
FTESHE 23S W u, FolH ¥z B & ST A7 X Q)= RE ol o2 7HA]

Tagur ?—i%wf de mE YR AU e BAA0R AR Rl TA /8

ﬂﬂ%aﬂwiﬁﬂﬂ

w= T

Az B 289 FH DAL AYHE  main REJUAITHENAFLS ZYE= AYUth
iterable (o] E]2] &)

An object capable of returning its members one at a time. Examples of iterables include all sequence types

(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any

classes you define withan __iter_ () method or witha __getitem__ () method that implements sequence
semantics.

Iterables 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 generar()r.

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s _ next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception israised instead. At this point, the iterator object is exhausted and any further calls
toits _ next__ () method just raise StopIteration again. Iterators are required to havean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places
where other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A
container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function
or use itin a for loop. Attempting this with an iterator will just return the same exhausted iterator object used
in the previous iteration pass, making it appear like an empty container.
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typeiter ol T 2} 3 W& 0] 9l Th

CPython G=& %} A]: CPython does not consistently apply the requirement that an iterator define
_dter_ ().

key function (7] g4)
7] 3= == 28 o] A (collation) 4=+ A & (sorting) ©] L} ¥ & (ordering) o] AR5 = 3HE& EH ST+
FHEJUE & S0, locale.strxfrm() < ZAY S HAS W2 FE 71 e

AUt

TolMe WL T I QA0 o]BA A KojA I Fol=AE AojEr Y 7] 4=
%0}%%}14@. O] Eﬂ Zﬂ%oﬂ-‘r} min (), max (), sorted(), list.sort (), heapg.merge (), heapqg.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 9,)\%1413]-

There are several ways to create a key function. For example. the str.lower () method can serve as a
key function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression
suchas lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples
of how to create and use key functions.

keyword argument (7] 9] & 21 2})
o1z & BHA L.

lambda (¥t}

529 0l gro] FAlAE shte BE4 o2 TAR o gt Ak B Do) B4E s
—E—‘ﬂ% lambda [parameters]: expression ?:]141‘/]—

LBYL
= 7] Z ol B2} (Look before you leap). ©] & ALY L 0|1} 23] 2 17] Aol HA|H o g2 AFA
2AEL AR o 2B EAFP g7 WIS 1, B 15 wo] EA1Z 54 A o)
05 28 = Ao A, LBYL H 22 “H7]7 e “H 7]” 2kl A 20 W54 2 f1d ol A5
t}. o & £90],FE if key in mapping: return mappinglkey] += AA} Zof, 5}X 2k %3] Ao,
th& 28| =7} key & mapping A A Al ASHA AT = Q5 U T o] 9 o]+ F o] WEAFP 2+
Ao g ddE 5 st

list (B] 2 E)

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 (2] A E 7 = 2] 3l A)
ANd2Y 245 AR e 4R E A 12 AR5 B2ERE S5+ 2T . result
['{:4#04x}'.format (x) for x in range(256) if x % 2 == 0] = 00| A] 255 A}o]o] Q= =+
9] 1675 (0x.) 5 ZPsHE EALY P 2ES U ir 22 A2 5 o At
H, range (256) o d=12E 47 AHFH U Th

loader (2 6)
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

o finders-and-loaders
e importlib.abc.Loader
« PEP 302

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

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.
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magic method (9} 2] W] A4 &)
S A= 9 vFA A v e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping Or collections.abc.MutableMapping abstract base classes. Exam-
ples include dict, collections.defaultdict, collections.OrderedDict and collections.
Counter.

meta path finder (W€} 7 2 #}2lt])
sys.meta_path & AM o] Z2]F & T, wlE A& Ilo& 4= dEg Ihlr] & A7 E
517] 37w kv
HEl A2 37 £d3tE= A =S U A= importlib.abc.MetaPathFinder 5 R d §
e}

metaclass (W€} 22| 2)

Sejo) el 2o ROt T2 o) F, Feh 2 YAV e, Mo 2 S A5 B5S wEUT
WEF Feh st o Al QXS Wobd FehaE TE Aol e AUk tRR e AR A9y wz e
W doj 5o A4 T AL AFGUTE s A& SWH EL AL ALY v SHAE BE S
ST AGU . TR A8 Aol o] £ 15 We gATh B2 4D, e Feae
e sha Sobat M2 AFFULh o EelRE AN 29 27 (ogging), 2 = HAA ] F7}
A WA 54, A2 E FAT B e Aol A RS

metaclasses | A] O A8 Ul 22 28 4= 95U )

method (WA &)
e uby ol A Y = T I A AxEAY oERF
A AR A} (HE se1f 2 ETH E A28 AR E D5 UL S F 53
AL

method resolution order (W] A = Z2 A 4 A))
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.

module (X&)
27

l(i
o

W91 Fets AA. BEL 999 sho]d ARNETL Fi o
9 2%

of sl sfolp oz ZEH YT

module spec (2§ A )
EES ZEFEYASHEYXTE 3 JRES T+ o5 F7F importlib.machinery.
ModuleSpec &] A A2EH A,

See also module-specs.

MRO
A= 274 ¢4 & ZAL.

mutable (7}H)
7HH AAE Fhel HE F AT id) + €A AU EW T HA L.

named tuple (V] Y& £Z)
“named tuple(V] & FF)” o] 2h= & ol FZolA 45K o
N

e G 5 9 4ol A

BE 715 92 ¢ s
time.localtime () & os.stat () 7} WFESE 2k 23 35to], 8 AP ol v d = FZ2Y YUtk &=
E}‘E— 04]—‘5 sys.floatfinfo%}b]r/]-:

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

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

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> isinstance(sys.float_info, tuple) # kind of tuple
True

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 t yping.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 (¢] S 27

‘__,_7};<1ﬂ5]‘— ol 3 YAV E 2EF YT AA ol FHE o5 T (FIAE oA
2ok oplzk Ao, A9, U4 ol & B1o] Yt ol B0L ol F FES UANH LEAS
APt} o9& 5], &< builtins.open Fos.open() = 159 o5& F 7t o & +EE YT}
T ol I oW EEO ¥4 E 54'5}1_ A5 FHoH s A 7EAT FA B4
=28 &Yt} o & E0], random.seed () == 1tertools islice() Bt AW 1 4SS0 Zhzt
random-\/}ltertoo 1ls %oﬂ -’]OH ?fﬂﬂ 93\ = O] uﬂﬂd];g]/]q

Zt 7))

namespace package (0] 5 ¥
=9 AHl o] Y& ¥ 7|55k PEP 420 3| 7] #]. o] & FXF s 7] Al = &2 A Q1 A A7t

2 %) 8 577

=
- = © A
g #= A3, 53] _init_py 5ol flon s A5t 574 S thE U ok
EE T HAS
nested scope (34 ¥ A3 =)
S Aolol ) MpE B2 5 5. o & Sof, hE F5 RoIA HI A T4t vk G0l
UL USES 2L ST FUY AT EdoR: 32U 1Y B g e 5
SEThE Zo) FAS ok T A WEEL APE R 2T el A 9 Fuink vpA R
A HFES A o] F F3FollAl ¢l FUTh nonlocal & HHZ iizﬂ] »e AL et
new-style class (7+ 28} S| ~)
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.

object (7 A])
FH (IEREY ) € 22 57 (MAE) o] Fold RE HlolB. £ EE FAEd 2
o] HFA A ol x FhA Py

package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path__ attribute.
At N7 A & ol 5 S 7 A = HAL.

parameter (7} 7] ¥H >
B4 (EE FIAIE) o)A G}

S 2 0]

= T M

=< dEE. A F7e] b7 sy th
el

Il

g~

. —ﬂi]-ﬂ-?’lli(positionalor—keywod) o1z A Y 7Y = oA 7 AYE 4 Q= oA E A AT
Ytk o] Zle] 712 FE ) vz AU, ol & o B0l A foo £} bar:
[def func (foo, bar=None): ... }

o A X|-H & (positional-only): A A 2 A|FH 5 Y= AAE AR FUTE A A§ vi7iA
$4 o] A B ) AR E R 1 5ol BT 5 ALt AR Eol T}l
A posonlyl I} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 719 E-A§ (keyword-only): 7|1 EZT A|FE 5 = AAE AR FUTE 71 H=-A8 v A
W B4 Aol e) v A5 B2 A ol StLk] -9 2] A RS - 1o 2 T oA
B 4 AF UL oAl & 0, thZol Al kw_onlyl £} kw_only2:
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[def func(arg, *, kw_onlyl, kw_only2): ... }

« 7HH-91 2] (var-positional): (CHE AW SE ol 2|31 4] o] u] ol E ol A 912 AXHE o Hs)
AZD 5 AE AA QRS Aojo] AAAE ARG T o A v 4 w5 o) Bo
2 ool 2o]A] B8 4 5L Th oI 2 Eof the ol A args:

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

+ 7H8-7191 = (var-keyword): (12 Ul 55 0l 2131 4 o] 6] WobE 62 71912 A5l H3l)
AZE 5 Ut 9 A% AN E ARES ARG G ol A v asE A o] o
w3 ool 2ol A A E 4 it olE Fol 912 ool A kwargs.

WA A AAES A% 1R gRT o A Fe| AL B AREL AT 5 A%

g},

Z]——Q-Oix a2 ol x}o} w7 FH 4= 9] 2}o]of] Y2 =FAQ A&, inspect .Parameter =2 2, function
d, PEP 3625 EA &

path entry (3 2 I E2])
AR 71N 3FRIH 7} 3

path entry finder (7 2 1 E 2] 5}21H)
sys.path_hooks Oﬂ 3}1*‘5% =
EERESZ=UES ¢ dSTH
Az e solrSo

path entry hook (7 2 ?ﬂEE] 3)
A 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.

path based finder (7 & 7]4} 5}¢l )
712 v et A& 9l e = F o], 2 E A2 oA RES FEFUTH

path-like object (7 &5 721 A])
g Al2" A2E et AA. A2F A= FE2E Y+ str Y bytes 7—‘1‘i1]°]74
U} os.Pathlike ZEEEZ S —TLUﬂ 3t AR YYUTE os.pPathLike ZTE2EZ S X Y3+ AA =
os.fspath() &FE TEMA str U bytes FY A28 F22 HEE 5 dFUth thAl os.
fsdecode () & os.fsencode () = Z+Zt str YU bytes 23S B A3=d A2 4 Id5 Ut} PEP

S19= =]1= 3l Ut
PEP

m
msi'
ko
il
il
o
i)
N,
do
__(l)L_l‘
oY
k
_?L
rlr
%
b
[m
oM,
il
o
1o,
_?L
i
1o
o
b

s}ol A 7§ /d A< PEP<= sto] W AfUEl o]l AHE A Fot A sho] W e T 2R AL E 2
o gk Az 2 755 AWstes AA A YU PEPE Al bd 7)ol thg 223 7€ AHF 3

< AE AF3loF &y D}.

PEPE 38 A2 75 Aata BAlo] et A R Qe 538h0) ol de] Soj 7t 47
ARE EAE DE) 5098 AT S, PP A A8 A TS S5
N EEEEVESE DERI-Sc

PEP 1 ZZ3HA 2.
portion (Z4)
PEP 420 o 4] 9] & 2 A 3, ©] 87 471 Aol o] upA sh Shpe] Tl el efof] Sof gl A S
A zip 3t Lol AFH = A= 7 dU .
positional argument (9] 2] <1 2})
A2 E HA L.

provisional API (ZF%) API)
%‘Xé API+= 2 F glol B g9 A 58/ BFoaRE 453 AlLH AUt AE s o]29
[e]

57} ol 4% A 94 W, P Aol KA & o, To} LA T o) AaSirhn A2 eicia
S 58 0] § A A 8 o] Lol 4 Al 18l S EALH A OE Lol
£ AT APIE T oA Aol 4 STy B A datel BAT B olw Aol
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AR AP A 2 A%, 47 384 0] $AH ) e WAL “HFe) 070w AN - BE
QR BASe o3l 34 £B9S RAGHE SES RO REARAAGHI T

o) Axpe BE ol nelelz} e A A7 B EH A7 Foll BE e A W BAR 5 T
U o XA 3 8-S PEP 4112 B H Ut

provisional package (<73 ] 7] #])
A APIE HA Q.

Python 3000 (3} o] % 3000)
shol % 3.x w2 2}l g (W 39 wjz71 W mlef e o]okr|d A]H o tkEo] 3] o] Folt}.) o] A
< “Py3k” = Zo 27| shlth

Pythonic (3}01 Ath-e)

Q0| S0 A QAR AYEL G A TES
$5= ol 45 7H7to] e ofol o] L} 7= 27} o
for T= AFEA oHHESY BE 8 4% F35=
FAZ O Yorz, sho M) o) 45}x) oS

g%‘ﬂ -401%401]/\1 A= 2= o]qﬁg
AUt TE BE dolok o9 570
ok o x1ZE L Ao A 7F2 B E AR 57| = ey th:

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

o 28, Fol Ak e o g5k

for piece in food:

print (piece)

qualiﬁed name (3135 o] &

5] ) om o5 B S B, G, oAl o2 L “RRTE WejRE dew

3 o) 2. PEP 3155 o A 49 F T 249 Bol 2ol 2ol 490, A5E o] 2L A4
ol ZEUTh
(>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname
o
>>> C.D. ualnam
'C.D'
>>> C.D.meth qualname
'C.D.meth'’
BEE 7te7l=d AFEE ul], &A% AFSE o (fully qualified name) & = 22 I 7| A &&
ZEA RERE VM= Ao g BEH o] 58 9u|dth o & 59, email .mime. text:

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

reference count (23 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (73 =] 7] #])
_init__.py LS 2FetE HHAE Y 22 A5A A )AL

ol T INA = HA L.
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slots__
Felz ol A, AnE s EAREEE AP FAE TP st b g
AAGozHN W RE & d3sh= B3 FUT 7] A7 AR, o] Hla -2 SuE A ALg-s)
ﬂﬂémwileaﬂw 2ol F7He 3-8 ZR Aol A BE 49 A28 A Yt SE
2 f5sE Ao E5 UL
sequence (X] @ 2)

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 1ist, 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_ (),addingcount (), index (),

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 (3] g A = 2] 3l A)
olE & Y= a‘li AAG dREE Aot 235 G2 A TS vkl 1H2 8 . results
= {c for c in 'abracadabra' if ¢ not in 'abc'}+ *-‘7(]—24 ;Q@’{'r', 'd'}
Yt} comprehensions% FZIAA L

single dispatch (4 2 t] A& x])
T3 o] shte] Az Foll 7| Z A AAEE Al 2 T taF) X 3 FH.
slice (&2}o]2)
HE A|Q A~ 9 %jl,:l% =3 }t AA. Eepolaes ANE AIHE B7|HES AHEEIA]
variable_name[1:3: 5(4 ?l’oﬂ/q 04?4 7H9/] %x}g ZELE ‘E“ﬂ ;ah/] E]- Eﬁ%_]‘i (/“]
IYE) TR yYr 75,2 slice AAE AHEF T
soft deprecated

A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

contains__ (),and___reversed_ ().

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.

See PEP 387: Soft Deprecation.

special method (&4~ A &)
T}o] o] 6301] o] 0140, SlAl e Ao EAFOR TEHEWAE. oJd HiAEE F
Mo W& 7 A2 BEUE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 W50 A
Lt
statement (=7
AL AGE (ZEQ “BE(block)) B FAIE BRI £ w94 oA =8
AR A8 7R R E =9 st Yt 718 if, while, for.

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 E 217 9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.
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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 (8] 2 E 5}¢))

x2S 93 % 4 AL 59 A, $F, GAE AL AARE vol= AF Aol 2
AN~ HAE T S AS KTt GAE 5o o 2
2 99 949, sys.stdin, sys.stdout, io.StringIo 9 AA~EHAE

o

AEZILS
— =
HAE BT (rpr =1y

~—

nfol = A5 AA 8

[}
=1
triple-quoted string (X% u}-& % H £x}14)
SEE ()Y HEWEE ()AL SR AL 2 DI ST F el AL
7]%% Zillﬁ}zl =

=
e
O]’_—E‘“’ __1‘__an

type ()

The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible as its ___class___ attribute or can be retrieved with t ype (ob7).

type alias (3 ol d2]oj2)

@2 ApExte] thdshel BEo A el Fol.
P ol Qeolat o AES deslste o 48 FUTh o2 S

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:
pass

tohe ol B 97 970 BE 5 A&k

-

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 71%5& AWt typingd} PEP 4845 2314 2.

type hint(' JlE)

W, 22 o ERE Y o vl g ke o] VviE = Fe A sk o = H o] AL

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.

=
~
anis}

A9 Wse Ay, A9 Ws, Fehx JERRE 3 §59 § EE typing.
get_type_nints () & ALEER] AN 2T 5 Sk

o] 7155 A Y= typing I PEP 4845 X314 8.

universal newlines (U4 £ 3J7)

& 44_71—0 AES 1::1: Z_,] zZo g 9 /\1—6].: E-]]/\E /\Ea_gﬁ/\%—(ﬂ._gﬂ_,_ og'é 7]]?‘%1 F2}
2 '\n, iﬁ | "\r\n', o9 UH?JEM e \rr. F7HE A AFR-ol] B3 A= bytes.
splitlines ( %J }HE}PEP278ﬂPEP3116E_E/\ﬂ§L

g2 o] 4.
W4 EE 2ol o mel s oo 4 Sl iYL AE ATt

class C:

field: 'annotation'
M olmgolde dutdos 3 dER G ol & Sol, o] Mt int g2 AL Ao
71 g Ut
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[count: int = 0

e o iH o] -2 A annassign o A A g U T

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

virtual environment (7}4} $17)
Sho| 1 AHB A9 88 22280l & ALl A AW THE shol 4 3-8 3
BFE FA oA, Ftol M wjxz H 7| A2 A FAUY YA o] EF
S EEEEEEERLEE)
venv & HA 2.

virtual machine (7}t 71 A])
£z ES ol vo 2 Aol R ARE. sholHe] 4 7 AL vl E ZE Azl 7 £ 5 o=
FEE A3}

Zen of Python (2}o] 4 Al)

glo]l W tzFel Pt s B2, Ao & o3t AFLsl=t =20 FYtTh o] EE L
318 ZE T E A “import this” & YW EJurch
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

A Aol E AT EA Y N2 sfo] W ALA o mh A = A 0 2 A B AR =8 Ayt 7] o 8
T AT, #e] v o o 8t %E = reporting-bugs | ©] 2| = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
I LI TH
the BEoA e AAE =hych

o Fred L. Drake, Jr., Q2 3}o]® AWA =3 A3t ZAx}o| A} @& ZElx9] &7}

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 mo|W dFAMS SIS

B2 Aol shol
i

A Aol 71 Bs Utk 714 Ake) B2 )
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appeENDIX G

AR} 2fo Ml A

C.1 AZEQ0{Q A}

}o] -2 ABCEF= o] o] T A A& Al U] E 2k 2] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
=) 2] Guido van Rossum ol 2] 3} 1990 dt] Z vkl Wkl H5Uth shoj ol the A2 &2 e w3
o) .85 917 ¥, Guido = 30] H9] 7.2 A A= ol %],

1995, Guido+ Virginia 2] Reston o] ]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A sho] M 2 S AL a1, o] Lol A oA HAY AZEYAE SAUFYTH

20003 59, Guido %} sho] A a4 7] 9El 2 BeOpen.com 2 2 % A A] BeOpen PythonLabs © & 74 3155
Ut Z+2 3 104, PythonLabs Bl -2 Digital Creations(3 ] Zope Corporation; https://www.zope.org/ 2Z) 2
L A5 Yth 2001 d, 5ho] & 4 = E 9 o] A H(PSF, https:/www.python.org/psf/ %) o] A g% g4 th
o] @All= stol M A A A QA afote s 5835 AYHE v F 8 24 YUt Zope Corporation-&
PSFo| 391 3| Yyt

2 A oo thal Al = htips://opensource.org/S FZ 34
Ut shel A W E e GPLT e LItk ohele] &

H
A
.

o
— o©°
A1), AAH O, YR
chea M E R 2 ke AU
HHZE  DHME R 2R GPL S &7
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 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A 2.1.1 2001-3 A} PSF yes

77


https://www.cwi.nl/
https://www.cnri.reston.va.us/
https://www.cnri.reston.va.us/
https://www.zope.org/
https://www.python.org/psf/
https://opensource.org

Python Setup and Usage, Z!2|A 3.12.8

GPL3} & 3H v} 212 92| 7L GPLE vlo] WS m| L3 th= AL 2 n|3iA & 5 UTth ZE vloj A
glo]l 2= GPLI} 28] o2 A S ééi S 0 £ AE WAL WEzS 5 IA Y
t}. GPL &% gfo] Al v}lo] W3} GPL 3o 2R E t}2 2z E9 o] 2 Ada 4 91 U} o=

)\.&
U—"C
A5 184 FaUTh

1w\

Guido®] A = 5to] o] Wi x5 7}5oHA vk B2 9 7 AL RS ol Al ZA=H Ut

C.2 TO|Mol| HMIASIHLE AFREL7| QI 0|2 b

glo] W A I E Qo] 9} A A= PSF License Agreement©l] e} gho] Al A 71 Fof g U,

v}o] A 3.8.6 5], AW A 9] oA, 2] X 7] e} 7 == PSF License Agreement 2} Zero-Clause BSD licensel|
wret o] gho] A 7h Foj gt

shol ol E3HE Q¥ Az e ojo] = ThE ehol A7k A g P Ut ehol Al S ehol Al 2ol s
£ =9 8 GAB U ol e ol dl20) BAR B2 wahE £m =)o o] o3l 2ol 4l u

Sog AL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.8

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

=

3.12.8 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 3.12.8 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.12.8 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 3.12.8 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
3.12.8.

4. PSF 1is making Python 3.12.8 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.12.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.8
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.8, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
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8.

third party.

By copying, installing or otherwise using Python 3.12.8, 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

i.

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
ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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 3.12.8 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HEM EQ[AH

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,
All rights reserved.

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

(TH5 sl el Aol A)
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modification, are permitted provided that the following conditions
are met:

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

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

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

permission.

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A3

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

C.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

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

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

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>

All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,

WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode X UUdecode g4

wu BEL the g 2o 29 A 23S o)

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

(TH5 sl el Aol A)
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Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.
— Arguments more compliant with Python standard

C3.7 XML YA T2 A &=

xmlrpc.client BREL T3 22 Y A 2383 th

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

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
(T2 sl o] Al ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

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

C.3.10 SipHash24

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<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/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/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:

/****************************************************************
*

* 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.

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)
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direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

(TH5 sl el Aol A)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)
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any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

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
(TH5 sl el Aol A)
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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 ct ypes 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,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
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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.
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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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-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.
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