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CPython Q1| Z 2B = W& S} S 7 of| A thkat 4 A

< &5
CPython 73 FA: th& 7d] ¥ €A7A= vE 54
AL

o}, Z}A8F Y82 implementations 2 3}

&
1.1 9485 &
oS T8 b3 RHES ART + 5t
[python [-bBdEhiIOgsSuvVWx?] [-c command | -m module-name | script | - ] [args] ]

22, 718 QA9 AR A DR 23 YE T2 YT

[python myscript.py ]

1.1.1 AgHo] A~ &A

AE =

2 Af o]t s A AR olas wRFHAW, B A 271 E2 S AT T

ty 7o) AdE £F JPo® T2, BYL dYSet REREE F FEORGIY B 24§
QoA cerl b, AESOIAE Cerlz, Enter® BE 4 d%Uth7h 9 w7x) A g
5hel o) g A A2 BE Yoz ASHA BEIW, A Aol 2TYES QT ATk
SR ol A4 EE, A AR A28 o e 2
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Hth3} Y REoA =, A7) Aol Al 48e 7= AU
E%Jﬂolﬁ A A Z e E ol g anH = FHAY E5S FEFYULHL FAMEE BE A= sys.argy
2 EoUt- A AR 84, A/B AT YE O(sys.argv[0])< ZE W AAE 3t BAE Yo

oA 8.

—-c <command>
command &) 3}ol A T =& AP FUT command = N TAE FEE st} o] Ao Y 4 =,
Uul B & F T oA ef o] A 2 9 u] 7} F Y Th

A R4t -cn 753, @A U E @S sys.path 9 A5 ol
5L 49 BEE YEE T 5 YA FUh.

command& QA2 ZHA} o] ¥l E (auditing event) cpython. run_command& YA Al Z Y th

-m <module—name>
AFH o] 59 BES sys.path oA A T WEES __main_ BEEA AYPFch
o] 7] wjZoll, 3td FF2H(.py) E FA GotoF FUTh BE o5

5ol = 8
W Eg olgolofof A, FH o] F4 o] & FAIstE A2 ok UTH(AE £01, StolES T etE
.Zl\_

o}, gl Al 3]} 7] A] o] o] AlF= W, AE Z 2 H
_%Uﬂﬂ+gie“3§ Sttt o] 322 Az e A3 HE QAAE AdE =
&

o §4& F7, sys.argv ) R WA 24t BE FYo] WA =7 BUCHEE AL 2§l
ERHHA LA v 08 AARTYTH. —c FAF up A 2, A )= E g 7 sys.path & A ZF
R Z74g )

—T 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.

g2 zF golHyy B 2aHEZ AP ] $EHE FT=7E0] JdFUTh FolEtimeit
2EdYTh:

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

module-name& AALZE 7FA} o] ¥l E (auditing event) cpython.run_module& YA Yt}
o B
runpy . run_module ()
Sol W m=ol A A A8 5 AL FEU A5
PEP338-RES AT HERE A3}
HWA3 1A MA: _main_ A|E RBE
WA

A)
WA 34004 1ol F B HANAE AL YT

m[o

£ 9 (sys. stdin) oA FHL GFUth BF Aol By deld, i A BN How AgH k.
<2

E 2]
AE FH, sys.argv ] A WA 24 - o] H, @A tHE 7} sys.path o Aol F7}

4 Chapter 1. 3 £33} 317
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Q1 2} 9l o] ZHA} o] ¥l E (auditing event) cpython. run_stding A Yt}

<script>
script o @71 spol W FE=F AFFUTh scripr = Fol W FLolvk __main__.py o] S U
e gv __main__.py 39S 28 zip FLEES M7= G Al2E A2 EAu ) o
Eatl=s
= .

) 48 F aya.arov ] A A b 9

o

2
F2oll F7b= a1, -‘7’]’%_]% _main_ REE AYFY

23 E o Fo] Yl E el thaip $ 92 7he) AW, &

=
AL _main__ .py HLdL__main_ EEZ A EE“%D}-

—TI 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.

filenameg QAFZ ZFA} o] ¥l E (auditing event) cpython.run_fileS YA A AUt}
o] ®7]:

runpy .run_path ()
Stold TEAA A H AT 5 Y= F5H ]S

AEF o) FHAE FA ko, —i 7F FA AR AE5 31, sys.argv[0] & R AL ("") o] HL, dA)
YA e 27} sys.path & Aol F7FE Ut &3 %‘“;H%"ﬂ/ﬂ At 715 8 7% (rlcompleter-config & =
St L), B & H 32k AR o] AHe o E S5

o B
tut-invoking

WA 34004 A7 § A sl ~E 2] AR o AF 243

kg

112 2w A

=-?
-h
—-help
Print a short description of all command line options and corresponding environment variables and exit.
—-help-env
Print a short description of Python-specific environment variables and exit.
WA 3119 7}
--help-xoptions
Print a description of implementation-specific —X options and exit.
WA 311 7}
——help-all

Print complete usage information and exit.

WA 3110 &7}
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——version

Stold M MBS E8 5 FRFU 29 o

e 2ok

rlr

[Python 3.8.0b2+

T A A, thg 3 Zo] Mol A S A EE At th:

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

WA 3.60] =71 -vv A,

1.1.3 7]l 34

-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 3.5 A ¥ 7 Affects also comparisons of bytes with int.

-B

L 0]

Fol AW, FolH2 &2 BF g o .pyc LS 2¥A A GFUTh
X

=
—- = A=
PYTHONDONTWRITEBYTECODE & 234

>
I;o (m

——check-hash-based-pycs default|always|never
Al 719 cpyc 3D 9] HF 52 Al o] &y T} pyc-invalidationE 32 3}AM] 8. default & A A 514,
AN 0 A S A 7]k ko] 2 S A4 5t 7)1 ol uof ufe} f 34 o] AAFE UL always
2 A5, 25 A 719k .pyc DS, AAR A R AAME S 7He A ok, el A sk ol o3
Rl A YT never 2 AW, siA] 718 .pyc 3t S &2 T Do) s FRA o
A A kst

B sl 710E L pyc 9t 9 o u & o] Y FFS HA] ks Th

-d
FA WA 8L AU (ATFY SAH net AR 93 715 QU T}. PYTHONDEBUG & Z %
ERRE]

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

-i
2AHEZF A AA AR AGH AU -c FH o] AHEHH, sys.stdin7FHPER Hol A gk ul =,
A2IHEUYHHS AT Fol the}y B0 AYFUth PYTHONSTARTUP 3t 2 A ehs5 Ut
oA 2AHETL A E DA Z wf A e 28 Efo]AE HAASH:= H]l 8T &+ A5UTH
PYTHONINSPECT & ZFZ3FAIA L.

-I

Run Python in isolated mode. This also implies —E, —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.

WA 340 F7}
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-0
assert .t ¥ ___debug__ 9] Ftoll gt 2AF F=E AAFUTLE .pyc A} gl Lopt-1 & F7}3t
o AdH (HlolE &) 39 o] & FEI T} (PEP 4882 = ‘GM]L). PYTHONOPTIMIZE &
Z]—X *5]./\1 }\] 9.
A 35004 |7 PEP 488 of] w2} .pyc WS+t
-00
0% 4850 SaEgm AGUD pye 44 Dol ope-2 § FAAstel A Aol = 75
Sele] o8 LI (35 PE 4558 3594 5.
H A 3.50 A4 M7 : PEP 488 o] w2} .pyc 34 S AT
-P
Don’t prepend a potentially unsafe path to sys.path:
e python -m module command line: Don’t prepend the current working directory.
e python script.py command line: Don’t prepend the script’s directory. If it’s a symbolic link, resolve
symbolic links.
* python —-c code and python (REPL) command lines: Don’t prepend an empty string, which means
the current working directory.
See also the PYTHONSAFEPATH environment variable, and —E and T (isolated) options.
WA 3119 F7F
-9
3ty REoXE AZ-AR WA WA A& £AISHA] 54Ut
w3200 7%
-R
Al 2913 H Ut o] F4L PYTHONHASHSEED 37 W7k 0 22 A9 7ol vk 237t
AU Al FaA sk 72 A oz @43 7] dfEduTh
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 &= S| A] A|= Al Z 8ol 1 & AT 4= A Utk
WA 3230 7}
WA 37004 M o] FAL B FAIHA FF YT
-s
AF8- A} site-packages YHAEE & sys.path o F7}5HA] &5 4th
See also PYTHONNOUSERSITE.
o ®B7]:
PEP 370 — A8 2} 9 site-packages T] 2 €] €]
11. 99 & 7
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-S
site REY JEE)} o] REo| il sys.path o Aol £ 9| 2 22g BB ®
Fsite 7} ygol BAAoR QEED % o] 224 MBYSFUG (225718 Yok site
main() & TEJAAIL).

-u
stdout 3} stderr 2E YL M Y3 FES BEUCE o] FAL sudin 2EYo) & JFL 0N A G
U,
PYTHONUNBUFFERED & 2 3A| 8.
H A 3.7 A M7 : stdout 7} stderr 2EFH O] BIAE AS2 oAl W] H H H A 5T

-
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 *H 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.

Mg At AZ S 227 REE BE Fao F2ASH AL J8FPUth (a8 ¢l
7[R A0 FAH = FAARAE):

-Wdefault # Warn once per call location
-Werror # Convert to exceptions
-Walways # Warn every time

—Wmodule # Warn once per calling module
—Wonce # Warn once per Python process
-Wignore # Never warn

The action names can be abbreviated as desired and the interpreter will resolve them to the appropriate action name.
For example, —~W1i 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 —I7 options can be given; when a warning matches more than one option, the action for the last matching
option is performed. Invalid —7 options are ignored (though, a warning message is printed about invalid options
when the first warning is issued).

8 Chapter 1. W2 Z3} 3

ox,
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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| 8 ] &2 warning-filter 2} describing-warning-filters & %2 3} A] L.

-x
aeg) 3R B2 AU Hol A, fu2 ol9)e] F49) #iomd & AT 5 A Ttk o] 2L DOS
A§ o (hack) & 91 2 A Tk

-X
ohe 7 E 58 2A4E 99 o oF= o] iUt CPython2 AA) &} 22 7Hs 3 7S B P oh:

e —X faulthandler toenable faulthandler. See also PYTHONFAULTHANDLER.

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

e —-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.

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

* -X importtime & Zt Y EZF At o2 AR EA HojFUnh 2E o5, FAANHEHE
YExE 23, AHA Al 7*(%"& YEE AL)S EAFUL b5 2d= S8 22N =9
o] MA 4 A2 FFAHAI L. WA AFEH 2 python3 —-X importtime -c 'import
asyncio' YUYt} PYTHONPROFILEIMPORTTIME & ZFZ 3} Al L.

e —X dev: enable Python Development Mode, introducing additional runtime checks that are too expensive
to be enabled by default. See also PYTHONDEVMODE.

e —-X utf8 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 PYTHONUTF 8.

e —-X pycache_prefix=PATHE .pyc 3¢S ZE EF YAl X AH fdEEE FEZ 3=
HE Efo 25 E ST} PYTHONPYCACHEPREFIXE ZZR A AL

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

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

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

=3 sys._xoptions YU EE F3l 499 e ALstal 23T 5 J=F U
B 3.20] F71
WA 3.30 A M7 : Added the -X faulthandler option.
WA 3.4 4 M7 Added the -X showrefcount and -X tracemalloc options.
WA 3.69 4 7 : Added the -X showalloccount option.
11. 99 & 9
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WA 3. 794 ¥ 7 Added the -X importtime, -X devand -X utf8 options.

H A 3.89 4] 7 : Added the -X pycache_prefix option. The -X dev option now logs close ()
exceptions in 10 . IOBase destructor.

HA390 4 AA: -x devF3 A ARSI, EAFE A7 G )T A4 A encodingT} errors A AHE
gttt
-X showalloccount A o] A AF 5t}

H A 3.109 A ¥ 7 : Added the -X warn_default_encoding option. Removed the -X oldparser
option.

WA 31194 ¥ 7Z: Added the -X no_debug_ranges, -X frozen_modules and -X
int_max_str_digits options.

1.1.4 A& A =2l 5= 3 A

-J

Iython o] AHg-517] A3 ol k=) i< ek,

1.2 G Wy
5}

o] A MFEL ol Y %—ZM] B T, -EQt-10]9]9 B & 29Xt dA A gyt SE5H4
BHE E 29X 78 ol A= Aol A Yuth
PYTHONHOME
52 shold golngee AT WAFUL ARFow solme et prefix/
lib/pythonversioni} exec prefix/lib/pythonversion NN AT =4, prefix <}
exec_prefix v A oJ&A A gdlg g o], &t} 7| 22 /usr/local YUt
PYTHONHOME ©] 3huvte] td el g2 A A= H, 1 %){ © prefix @ exec_prefix & 25 A gtk
o] Eof th3f t}= kS A AT W, PYTHONHOME € prefix:exec_prefix 2 AAJAIAL
PYTHONPATH
m% 5hos) 71 94 A8 WAL 94 48] path o 2%k ot ol o) e Az
o] os.pathsep (A& , e E ZE, dERAAA= ANEE) 2 FEF UL SA3HA
%= HdE = 287] -‘?/\]%‘ Ytk
gut t)HE 2 Qo %, W8 PYTHONPATH NE Bl = 4 sto| W RE (LA EE Andd A4S =
Folzip 91U held + AU Th I8 BES zp Aol YEED 5 faiT)
7B AN AR = Ax &Aoo Ak YHlA 0 7 prefix/lib/pythonversion & A2 o (Y
9] PYTHONHOME & Z% -5}/\1] ). 3AF PYTHONPATH o 3718 Y th
9014 AR o) Qe sl o & &4 SOl A prrsoNpATH Shol 24 Aol 27 T elEl 27} 44
(o e ool ] 5% 28 WOIA ge pain b e £ A2 5 51T
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.

WA 3119 7%

10 Chapter 1. 93 =3} 37
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PYTHONPLATLIBDIR
o] AL Hlo] YA Fe EAURE M, sys.platlibdir S ATt
WA 390 7}
PYTHONSTARTUP
017401 o= ? A= 3%?:1-‘4 olEeld, A v ZE2ET oty EEo
ot Wil A= A 2
3t Aol A o= AR

S

2
2 sys.__interactivehook__ % H}[E
=

>

7] A, 31 5+ 2]
F7ho ) A Bz,
o} o] oA = F
Yk,

rlo
4¥30 o
(=) %0, Tl
oy ©

o

o
>
il
°
0

(auditing event) cpython.run_startup

PYTHONOPTIMIZE
Hlo] Q7] 2 FAE R A oS AR AR ZFULh A- 2 AASH, 054y A
A g sh= A 25Ut

PYTHONBREAKPOINT
AR, HOoRE T2 BE XVIHEZ AMEt] FHE9 o &
ol dxEH S| FHEL, UH breakpomt ) ol ol E=5
T o] APt ’éxéﬂx] I AU N EAFE R DA S, gk “pdb.set_trace” 2} F 5
“0o g AATIY, sys.breakpointhook () 9] 7|2 FLHL&
B A 3.70] F7}.

PYTHONDEBUG
dlo] g4 e BAGR ARHW, d AL ARG A% BHU Z5E A4, o ofe W
AR s A% 2Ly

PYTHONINSPECT
ulo] 914 ghe B AR, i g4 ARGHE A% 2HUTh

A AUt Z 82 235t

o=

sys. breakp01nthook () 9
D

LA

o)
SFAE A ST A WD

Fu o

PYTHONUNBUFFERED
Hlof 917 ke BAGR ARHA, uFAL AHSHE A% 2EUTh

PYTHONVERBOSE
Hlo] 1A e BAGE AT, v FAL AR A% THUD 52 AR o5 ol w
A g 3he A% 25U

PYTHONCASEOK

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

PYTHONDONTWRITEBYTECODE
Hjo] QA 2 FALE ARFHH, gojHe A2 BES YEE T o .pyc LS 27 FFYTH
ol -5 A AFehe AT TH UL

PYTHONPYCACHEPREFIX
AR, Fol W2 an EZ YO __pycache_ HHEF Tl o] F=of 9l=mjg HHHE E
o .pyc L& HFYth o] A2 —Xpycache_prefix=PATH 3 & X A3l A3 55 Uch
WA 3.8 =7}

PYTHONHASHSEED
o] A7 A H o] YA kA random 22 A A H W, str 7} bytes A A 2] S| A] A| = ol F7F A
g}

11

-
r a
o
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PYTHONHASHSEED 7} A<k 2 AAH W, sjA] T2 3171 425 = 39 hash) S YA 37 Y3t
2R A= AHEE U

AF 22 B ARl e A B sEs) B ol f2 W hs e S S8 A, Solu
M 2 2E 7t A e SR ES a%s%mqu}.

8 [0,4294967295] 91 2] Ao of Ut 02 A s s A #2937 v & s v o
WA 3239 F7%

2. Y [-mﬁi

PYTHONINTMAXSTRDIGITS

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

WA 3110 7}

PYTHONIOENCODING
e Z e E A3 3l7] Ao o] Zl o] A=W, stdin/stdout/stderr o] AFE-= = AFZ G S ATt &
2 encodingname:errorhandler & AUt} encodingname 3 : errorhandler HEO or

A AFgo]l ™ str.encode () oA} -2 o vl Ut
stderr®] 7%, :errorhandler 22 FAFUY; A 2] 7]& @4 'backslashreplace’ YU
WA 3404 M7 encodingname FE-L2 o] A A& ]}

WA 3.690 A A7 Windowsol| A, PYTHONLEGACYWINDOWSSTDIO & A ASHA] ¢k 3, ti3d 225
W30l A o] Mz A AR AT o] FATULE FE 2L Fo A4 1 A3 goj 2
BEFS WA FUTh

PYTHONNOUSERSITE

AARAEH, slo] WL A& A} site-packages THEZ & sys.path o] 2713814 k5 th
o X7
PEP 370 — A}-8- 2} site-packages T] 2 €] €]

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.

15 A
PEP 370 — A& A} site-packages T] €] 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

899, % o2l ¥ A A 2
A

=
Foed AL ZRAAY BEE RE A0 $24 54 Q4L A83UTh(23A god

Warn once per call location
Convert to exceptions

Warn every time

Warn once per calling module
Warn once per Python process
Never warn

GS=module

GS=once
GS=ignore

12
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Z}A) 3F W -&-2 warning-filter 2} describing-warning-filters & 22 514 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 STIGILL signals to dump the Python traceback. This
is equivalent to —~X faulthandler option.

B A 3.30]] &7}

PYTHONTRACEMALLOC

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

WA 3.40] F7}

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 importt ime option.

WA 379 7}
PYTHONASYNCIODEBUG
o] &7 Wprhulo] YA G FAEE AAH Y, asyncio BEY YW1 R & G433
WA 340 F71.
PYTHONMALLOC
tolx W x e FFAE A AU U F5 AA T
glo] o] Abg-ot= Ml R @EFAE At
* default: 7|2 w22 &2 & A FUTh

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

e pymalloc: use the pymalloc allocator for PYMEM_DOMAIN_MEM and PYMEM_DOMAIN_OBRJ domains
and use the malloc () function for the PYMEM_DOMAIN_ RAW domain.

Install debug hooks:
* debug: 7] w2 2] DI} o 1 F5 X F ok
* malloc_debug:malloc ¥ Z X2 U1 &= A X3}
e pymalloc_debug: pymalloc 3 ZA| 9 Tj¥] 1 &% A X gt}
WA 3.60] =71
WA 37004 WA "default" TFAE F/HAF UL
PYTHONMALLOCSTATS
Hlo} A ke EArd 2 AT W, sho] W& A & pymalloc 7] F o] AAE wvie}, 22w FE Y
o pymalloc W] &2 8] &F2} o] FAE A4 ch
PYTHONMALLOC 37 W4 E AR5t C gtol B 8]l9 malloc () SHAE ZAZ AFE A,
pymalloc A4 §lo] ko] W& T4 M, o W4 F AP Uk,
WA 36004 HA: o] e o)Al Ml RER AopdH spol Mo AT 4 dF YT oAl ¥l
2AgE 44skE 2347k g
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PYTHONLEGACYWINDOWSFSENCODING

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

S A8 A 7bo] sys._enablelegacywindowsfsencoding () &2 EA3l 9 4 54t}

PYTHONLEGACYWINDOWSSTDIO

dlo] 97 ke EAGE ARHY, A £& 49719 29712 A4 A5 UTh ol AL Ay
EAT w8 A8 thAl 84 24 2= oo o] nje} A2 H S o vl gk}

o
o W4 BE A=Y 24 WS R2o 4l AU AE A (3} i vfolzw) A FABYT,

7MeA A5
WA 3.60] =7}

PYTHONCOERCECLOCALE
ZFoo2 AASH, = gold HE & 22 =g 70| g AA] ASCII 7]8F C2} POSIX EA YL H}
‘IT???}UTF g 7|t theto =z A WEsA] kst
o] 7t AAE XA 3 (0 099 oz AAEa1), &7 "o $43 = LCc_ALL 2AYE
A= A ka1, LC_CTYPE ol sl Ry = dA 2414 1 1 ci Al o] At Al A Q1 ASCII

0

o
7]1¥ke] POSIX 2 A Y o)™, F}o]# CLI=

T4

olE|Z 2] e HE e 2 ety Ao Le_CcTYPE W30 tha)
o 2AYES a8 EARE P I A =g

« C.UTF-8

e C.utfs

« UTF-8

o] & gt iﬂm m?%d"/}e A st b A-Fsid,
BH T AR Z2A A A A H A O] ’g A8
Ao Adds = e 24 d A4 ;I_LM = ( 7}% GNU readline gholBH )7 & 5 = A
o Hal], BAlE AAS A C 2A L] obd A& 23] 3t= A4 3hol A ZA| S locale.
getdefaultlocale ())& 7 o} }, X2 —'—E*ﬂi\_oﬂ/ﬂ_‘i(o] Z 2NV golH B Z e EE A
st=A ol AAR ) B 9@’5‘4‘4’-

olg st 2AY F sHE FASIA (BAZ L2z Y 99 FAIA 2A Y A A4S &3l) sys.stdin
3} sys.stdout o 3l surrogateescape o8] A 87 & AFo 2 A E]—@'I/]D} (sys.stderr
=2 ZA DA% H backslashreplace & A& AFETUTH. o] 2EH® X 5232 HAAH
PYTHONTOENCODINGS AHg3fo] oA e 4= Q15 th

TJH 7 9} 3ll, PYTHONCOERCECLOCALE=warn & A4 38, A Y A WA o] dojyAr, 184
G A S ST 2 A el shel 8 S1E18e] 21518 o A28 28 A S0 bpdocs
Z AR HAAE By
o 2A Y A WEke] v s e A A E }EH A aAd st w] =, @) A A] ASCII 7] 8} &
A Lo A PYTHONUTFS & 7| A o 2 B4 3519 oﬂ QOB A ©. ol Za]E] 7} A Al Ol E] 5] o] Ao
)3 UTF-8 T) Aol ASCII & A231H7 3t d, T 71K 7|58 25 v A A A of gy o).
Availability: Unix.
WA 3.7 F7F: M 3 Y82 PEP 5382 H 234 L.

PYTHONDEVMODE

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

vfol A A e ©] zﬂi}ﬂ 7] Aol LC_CTYPE
th o]g A 3td AE Z e E AT 22 L2

I
filo
2.1_14
o
T 5
g
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WA 3.7 7}

PYTHONUTF8

If set to 1, enable the Python UTF-8 Mode.
If set to 0, disable the Python UTF-8 Mode.
e B E o] Q1A g2 FAEE AR, JIE Z 2 HE 2736t &< o2 7 A g o

B A 3.70] &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.

WA 3100 =7}

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.

WA 3119 F7.

121 a1 2 Hy

PYTHONTHREADDEBUG

If set, Python will print threading debug info into stdout.
Need a debug build of Python.

4 31000 4 A H Q5 th WA 312004 A AF U o

PYTHONDUMPREF'S

ARE, sto]H 2 AH 2B HE T8 Foll= Aokl AA| e Fx S 2y

Need Python configured with the ——with-t race—-refs build option.

PYTHONDUMPREF SFILE=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-trace-refs build option.
WA 311 37}

r a
o
‘g
4>
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CHAPTER 2

fre 2 SAFAA ol H AHE-317]

2.1 1w e] sl g7 et A3

214 252

Shol A R Bl Ml Zgo] Al AAF o] gov], e BE A AAAR AT+ AUk
T ER T Ao G ol W 715 e A e 5 dEUTh 220) A HA WA ol AL
O A e

shol el me) AxH ol 97 Gk AGaolE glow, Je L Aol Wz N AL AA BE 5
gt the Y38 MR AL

CER]

https://www.debian.org/doc/manuals/maint-guide/first.en.html
ol ] 2k ARG AF-E-

https://en.opensuse.org/Portal:Packaging
OpenSuse AF-&-2}-&
https://docs.fedoraproject.org/en-US/package-maintainers/Packaging_Tutorial_GNU_Hello/
Fedora A& A}2

https://slackbook.org/html/package-management-making-packages.html
Slackware AF-&- A&
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2.1.2 FreeBSD <} OpenBSD

* FreeBSD AH&-A}, 9 7] 2| & F7}ste] & o] FA] st Al 2

[pkg install python3

* OpenBSD AH&-4}, 9 7] 2] & F7Fske] o] F A st Al 2

pkg_add —-r python

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

A& 5011386 AL A= o] F A stoj 251 WA S EF U

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

2.1.3 OpenSolaris

OpenCSWol| A 3}o] A &

e T AUtk e AL Ffojylo] glen, ol E 5o pkgutil -1
python272 A A& 4 F Yt}

22 w}o|# 1l 3}

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 ZRAat ANAOR e 2L PPor 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.

d3: make install python3 HiolUg]E Y2 AY 74 & 5 55Utk mEhA make
altinstall& make install th4l AAs}E=H|, exec_prefix/bin/pythonversion B 4 X]38}7]

U,

23 sholl e Az} 5l

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

AE 5o, WFE Blm2 A" oA, 7| B2 BF /usr Ut

18 Chapter 2. 49 Z=H
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EEEEER °] v]

exec_prefix/bin/python3 SHZE He A& YA
prefix/lib/pythonversion, EEF2ELS xgst=gdEHE e AF YA
exec_prefix/lib/pythonversion

prefix/include/pythonversion, glo) A AL 7 itsly ol B = 8 B & Y A5=
exec_prefix/include/ oF R 3ldS xgsl= tHE el A A
pythonversion

24 A

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

[$ chmod +x script ]

g8, 23 HES] Aol 2 A3 A4 (Shebang) 2 Y5 Utk £ A" L g7 o]FH Ut}

[#!/usr/bin/env python3 ]

o] 212 pATH A A oA Fho]# Qe Z e & AT T
vg,d8=Zgy 42 /usr/bin/python3E = I

ol 2T HENA A P& MG, subprocess RE2 HAA L.

2.5 Custom OpenSSL

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

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

2. Download, build, and install OpenSSL. Make sure youuse install_swandnotinstall. Theinstall_sw
target does not override openssl.cnf.

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

$ make -j1 depend
$ make -78

$ make install_ sw
$ popd

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

2.4. 35 A 19
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($ pushd python-3.x.x

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

$ make -78

$ make altinstall

L

ZF3: Patch releases of OpenSSL have a backwards compatible ABL. You don’t need to recompile Python to update
OpenSSL. It’s sufficient to replace the custom OpenSSL installation with a newer version.

20 Chapter 2. 49 Z=H

okl

ol Al sho] 1 A1-8317]




CHAPTER 3

Configure Python

3.1 Configure Options

Listall . /configure script options using:

[ ./configure —--help

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

3.1.1 General Options

——enable-loadable-sqglite—extensions

Support loadable extensions in the _sglite extension module (default is no) of the sglite3 module.
See the sglite3.Connection.enable_load_extension () method of the sqlite3 module.
WA 3.690 7}

——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 DIGITto 15 or 30.
See sys.int_info.bits_per_digit.

——with-cxx-main

21
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——with-cxx-main=COMPILER

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

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

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

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

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

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

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

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

——without-decimal-contextvar

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

See decimal.HAVE_CONTEXTVAR and the contextvars module.
B A 3.9 &7}

——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;
* bdb.

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

Don’t define the PY_COERCE_C_LOCALE macro.

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

Python library directory name (default is 1ib).

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

See sys.platlibdir.

WA 3.9¢ 7%
—--with-wheel-pkg-dir=PATH

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

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

22 Chapter 3. Configure Python
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WA 3,109 71

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

¢ check (default): pkg—config is optional

* yes: pkg—config is mandatory

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

——enable-pystats
Turn on internal statistics gathering.

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

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

HA 3119 7}

3.1.2 WebAssembly Options

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

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

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

WA 311 7%

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

WA 3110 &7}

3.1.3 Install Options

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

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

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

WA 3.100 57}
——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;
* no: don’t run ensurepip;

WA 3.60 =7}

3.1.4 Performance options

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

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

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

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

W7 3.600 7%
¥ A 3.100| 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).
W 3.8 7}
——with-1lto=[full|thin|no|yes]
Enable Link Time Optimization (LTO) in any build (disabled by default).

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

B A 3.60] F7}.

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

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

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

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

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

Don’t define the WITH_DOC_STRINGS macro.

See the PyDoc_STRVAR () macro.

——enable-profiling

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

3.1.5 Python Debug Build

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

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

Add sys.gettotalrefcount () function.

Add -X showrefcount command line option.

Add PYTHONTHREADDEBUG environment variable.

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

Install debug hooks on memory allocators to detect buffer overflow and other memory errors.
Define Py_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.

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

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

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

Effects:
¢ Define the Py_TRACE_REF'S macro.
¢ Add sys.getobjects () function.
e Add PYTHONDUMPREF S environment variable.

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

WA 3.8 =7}

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

If set, the NDEBUG macro is not defined in the OP T compiler variable.
See also the ——with-pydebug option (debug build) which also enables assertions.
WA 3.690 &7}
—-with-valgrind
Enable Valgrind support (default is no).

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

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

—-with-address—-sanitizer
Enable AddressSanitizer memory error detector, asan (default is no).
A 3.60] &7}

—-with-memory-sanitizer
Enable MemorySanitizer allocation error detector, msan (default is no).
W7 3.600 271

—--with-undefined-behavior-sanitizer

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

WA 3.60 F7}
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3.1.7 Linker options

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

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

HZ 3.109) 7%

3.1.8 Libraries options

——with-1libs='1ibl ...'

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

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

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

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

B A 3.30] F7}.

——with-readline=editline

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

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

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

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

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

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

WA 3.7 F7h

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

¢ no (default): don’t set rpath;

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

3.1.9 Security Options

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

¢ siphashi13 (default);
* siphash?24;
e fnv.
WA 340 F7}.
¥ A 3.119]] 7}: siphashi3is added and it is the new default.

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

e mdb;
e shal;
e sha256;
e shab12;
¢ sha3 (with shake);
* blake2.
W7 3.9¢ 27}

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

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

3.1.10 macOS Options

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

——enable—-universalsdk=SDKDIR

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

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

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

——with-universal—-archs=ARCH

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

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

——with-framework—name=FRAMEWORK

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

3.1.11 Cross Compiling Options

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

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

——host=HOST

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

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

WA 3,119 &7}

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

Example config.site file:

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

Cross compiling example:
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CONFIG_SITE=config.site—aarch64 ../configure \

——build=x86_64-pc-linux—-gnu \
—-host=aarch64-unknown—-linux-gnu \
——with-build-python=../x86_64/python

3.2

Python Build System

3.2.1 Main files of the build system

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;

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

3.2.2 Main build steps

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

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

3.2.3 Main Makefile targets

make: Build Python with the standard library.
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.

make clean: Remove built files.

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

30
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3.2.4 C extensions

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

>>> import sys

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

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

>>> import _asyncio

>>> _asyncio

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

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

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

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

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

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

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

3.3 Compiler and linker flags

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

3.3.1 Preprocessor flags

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

CPPFLAGS

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

Both CPPFLAGS and LDFLAGS need to contain the shell’s value for setup.py to be able to build extension modules
using the directories specified in the environment variables.
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BASECPPFLAGS
WA 340 F71.
PY_CPPFLAGS

Extra preprocessor flags added for building the interpreter object files.

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

WA 3200 F7h

3.3.2 Compiler flags

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

CFLAGS_NODIST

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

In particular, CFLAGS should not contain:

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

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

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

B A 3.50] &7}
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BASECFLAGS

Base compiler flags.
OPT
Optimization flags.

CFLAGS_ALIASING

Strict or non-strict aliasing flags used to compile Python/dtoa.c.
WA 3,790 7}
CCSHARED
Compiler flags used to build a shared library.
For example, ~fPIC is used on Linux and on BSD.

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

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

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

PY_CFLAGS_NODIST

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

W7 3.50] 7%

PY_STDMODULE_CFLAGS
C flags used for building the interpreter object files.

Default: $ (PY_CFLAGS) $(PY_CFLAGS_NODIST) $(PY_CPPFLAGS) $(CFLAGSFORSHARED).
B A 3.7 &7}

PY_CORE_CFLAGS
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.

WA 3200 7}

PY_BUILTIN_MODULE_CFLAGS
Compiler flags to build a standard library extension module as a built-in module, like the posix module.

Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE_BUILTIN.
WA 3.8 =7}
PURIFY

Purify command. Purify is a memory debugger program.

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

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

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

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

B A 3.20] =7}

LDFLAGS_NODIST

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

In particular, ZLDFLAGS should not contain:

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

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

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

LIBS
Linker flags to pass libraries to the linker when linking the Python executable.
Example: -1rt.
LDSHARED
Command to build a shared library.
Default: RLDSHARED@ $ (PY_LDFLAGS).
BLDSHARED
Command to build 1 ibpython shared library.
Default: @BLDSHARED@ $ (PY_CORE_LDFLAGS).
PY_LDFLAGS
Default: $ (CONFIGURE_LDFLAGS) $ (LDFLAGS).
PY_LDFLAGS_NODIST
Default: $ (CONFIGURE_LDFLAGS_NODIST) $ (LDFLAGS_NODIST).
w7 3.8¢ 7%
PY_CORE_LDFLAGS
Linker flags used for building the interpreter object files.

WA 3.8 =7}
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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.
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Microsoft Store 3| 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.
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To completely hide the installer UT and install Python silently, pass the /quiet option. To skip past the user interaction
but still display progress and errors, pass the /passive option. The /uninstall option may be passed to immediately
begin removing Python - no confirmation prompt will be displayed.
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[pythonf3.9.0.exe /quiet InstallAllUsers=1 PrependPath=1 Include_test=0 ]
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python-3.9.0.exe InstallAllUsers=0 Include_launcher=0 Include_test=0
SimpleInstall=1 SimplelInstallDescription="Just for me, no test suite."
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<Options>

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

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

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

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

<Option Name="SimpleInstallDescription">Just for me, no test suite</Option>
</Options>
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4.2 Microsoft Store 3} 7] %

WA 3.7.20] 7}
Microsoft Store 3} 7] A = A A X 4 Q)
B
71 A& A5, A A= 10 Ju o] EZ} Q=A] &2lstal “Python 3.117 5 (&) $ 3t Microsoft Store
= AAAAI L. /ﬂ‘iﬂ 3l 9 o] Python Software Foundation 9| A Al A1 =] 9= %] 913431, A %] g th

shol W AL E 2, £2 o2 Sof A9 U5y 8L

rlr

o £

7431 3ol # -2 Microsoft Store o] A 34 #5252 Al &g Uth ¥]&2 A &3t

il 24e mow, gul
7172 A ek A9,

r[r
it

A2 %, so] WL Startol] A ZrobM A& ¢ JFUT g, BE H Y ZFZE E= PowerShell A| A of 4]
python& YHdte] AL 5 5 uth £ pipt idled ) sto] pip2t IDLES AHE & & Q5 Ut
IDLE2 Startoll 4 = 2H8 4= 95Ut}

A7 B BE N W A BA AST S AU A Fol, python.exe B objg}
python3. exe® python3.x.exe (9714 3.x& 0134—30] /‘1*—}“6}?4% S WAduUd, 7F 3.11). Start
= %3} “Manage App Execution Aliases”E g o] 2t W32 AZAH ol W AS AT YT pipelidleo]
’“E“% python A U X352 sl= Ao LT

python -m venv® 7} 374 L wtE 1 A 3}slo] AAA o2 AFEE 4 g5y T

o2 WAL go| WS A X3} PATH Hof 71512 1, Microsoft Store o] A A| &3l Zl o] o}y gl 217 9]
python.exe® ’\F‘l T ASFUTH H A Aol AM| 2388, python3.exel python3.x.exeE AHE-3t
Al ,\]

py.exe %ﬂ% o] Fol M A& ZA B Y 7= Az 2 aW o g HE Y HXE AT L]

gfol X 718} ¥, Settings & € 17 Apps and Features & A28} 7 1, Startol] 4] Python-& 2t T} wl-$2
M. Z 2] 5o Uninstall = A B U th Al A A o] sho]x A Aol 2 A& =& 7] A7k Al A

A
ST T

S A e, 74 832 Al A= A °}’“141:}

=2 =
=

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 ex-
ample, if the environment variable $APPDATA% is c:\Users\<user>\AppData\, then when writing to
C:\Users\<user>\AppData\Local will write to C:\Users\<user>\AppData\Local\Packages\
PythonSoftwareFoundation.Python.3.8_gbz5n2kfra8p0\LocalCache\Local\.

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

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

40 Chapter 4. A =-9-ol 4] 5}o]d A1-&-3}7]



Python Setup and Usage, @ &)~ 3.11.8

>>> import os

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

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

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

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

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

e 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.
olgf st Ao e 7leH Zdbe] st A A W&, A docs.microsoft.com/en-
us/windows/msix/desktop/desktop-to-uwp-behind-the-scenesol] 1= 3] 7] X3} & &4 415 Y of off $F Microsoft 2]
EERE S ES RRES

4.3 nuget.org 3} 7] A

WA 3.5.20] 37}
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A A 228 5 dgUth o E7E AR ohe 3 2o] 64u E L} 3201 E RFE§ shol w2 F A
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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

QiAo YA A AL Gad) =T & gom, A WAL s AN %L AH FZE AL§ 5]
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https://docs.microsoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes
https://www.nuget.org/
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nuget.org 2] 3 7] X F B ] o] 2| = 64 8] E ¥ A 2] - www.nuget.org/packages/python©] 11 32 8] E 1
www.nuget.org/packages/pythonx86 ¢ 1] t}.
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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 optimized

pyc files in a ZIP, and python3.d11, python37.d1l1l, python.exe and pythonw.exe are all provided.
Tecl/tk (including all dependents, such as Idle), pip and the Python documentation are not included.

ZF11: The embedded distribution does not include the Microsoft C Runtime and it is the responsibility of the application
installer to provide this. The runtime may have already been installed on a user’s system previously or automatically via
Windows Update, and can be detected by finding ucrtbase.dl1 in the system directory.
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ActivePython
T =W 294, AN, PyWin327h e AR 22 T

Anaconda
¢17] 9= 738 25 (715 numpy, scipy Y pandas) ¥} conda 3 7] x| #&] 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
AR WED R A AN A LEE NG £ EFD AL A .
o] & 37| | 52 Al WA sho] Aol L} 76 e Hel e E A e 4 9.or], 94 3ol A Hel A

A FEFAG A DA ol Fo AL

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

C:\>set PATH=C:\Program Files\Python 3.9;%PATH%
C:\>set PYTHONPATH=%PYTHONPATH%;C:\My_python_1lib
C:\>python
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https://www.activestate.com/products/python/
https://www.anaconda.com/download/
https://www.enthought.com/edm/
https://support.enthought.com/hc/en-us/articles/360038600051-Canopy-GUI-end-of-life-transition-to-the-Enthought-Deployment-Manager-EDM-and-Visual-Studio-Code
https://winpython.github.io/
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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 ®B7]:

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

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/set_1
The set command, for temporarily modifying environment variables

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx
The setx command, for permanently modifying environment variables
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python$ e 5ti, 3714 47 22112 APshel W pips AT + AL S Fuink mebd, ¥ 2
$Hos ~AaYES AT S dHUTh U = AP FRHIAL.
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o] o]u] A BriiL 7HE Fh:

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

4.7 UTF-8 .=

B A 3.79] E7}

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()).

UTE-8- <1 B} Yl 7 WSL(Windows Subsystem for Linux) & 233} tf 2 59o] S U~ A AdH A g AHLH 7
ool A 7H ST 5 e
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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 PYTHONUTF 8 for
enabling UTF-8 mode, and X2 5 A : 317 W< 4 A 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.

71 % 317 W40 PYTHONUTF8=1< 27}3lH A AHle] B E glo] @ 3.7+ $& =g 730 S =1t}
AN Al AT G o] EFFE sfo] 3.7+ 5§ 220l Jlod 4 MeE A E A A Y X
utfs B & Fd= AHgske Aol F5UHh

3 UTF-8 RE7FH| &3 E Aol E, o] 9= A 7| EH o2 th5S 913 UTF-8& AM&-3H
t}:

e XFT/0E T3 Z£ 1/0 (AFA 3 U 82 PEP 5282 X3 Al 2).
¢ The filesystem encoding (see PEP 529 for details).
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PATH tﬁ %El, %i%
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e SellA
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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:

& J

A% H A i) sholde] Ags ofof gt A AT FET 5 Jor,
shold oz 44 A48 Uk

o,

937y & A4

If you have multiple versions of Python installed (e.g., 3.7 and 3.11) you will have noticed that Python 3.11 was started -
to launch Python 3.7, try the command:

CEX )

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:

4.8. 952 & sho] A T 45


https://peps.python.org/pep-0528/
https://peps.python.org/pep-0529/
https://peps.python.org/pep-0397/
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'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 ——11ist 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 speci-
fying only the Tag will select from all providers. Note that omitting the slash implies a tag:

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

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

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

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

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

%

rlet

3

B A 359 E7}

%ﬂﬂ%ﬂﬁﬂﬂﬂﬁHMDWQﬁﬂéﬂﬂ 7VE BA(EE 2ol B 2 venv BREOIY 97
virtualenv £ A4H) 0l SARE oW, AAe A% AT TeE 7} ohd 1 87 ¢ N
APFUTH A A zegE Ay steid 7MY FA S v AF s ALY, A sto]d MAdE YAHeR
A5 A 2

2AYENA

HAE Sholfl 23 YES ¥Eo] BATH- ohg 1§22 hello.pyehs 54 S By th

#! 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 ]

24 shol A 2x A9 WA ME AR LS & 5 ATh o)Al A WAl B bt 2ol AT
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[#] python3 ]

Re-executing the command should now print the latest Python 3.x information. As with the above command-line exam-
ples, 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.

03§ AHg3 2, 34 St “python” e B A B Shol 4 2.x9) Al WAL AL HU T o] o)A WA
SHY3§ 92919 THYL AG AU o /14 python WS WA 0 2 Shol A28 FEFTh
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AR ol e @ 2L 1A O AN 23PE AP PHS e 7] 913 o 3 AL o)A AR o=
AEH UL o A8 AT ARl A] oA 2THER 22 /)52 AHET 5 gov] 2 of A=
a8 Helgun

shol Wl ~ZGHES] AW EL H92% AR ho] o] 414 9)
AR ek o] T4 Bee AAgITh A9 = A4 B e

e /usr/bin/env

it

44 YEF 37 93, o] AXE ST Az

e 25y

* /usr/bin/python
e /usr/local/bin/python
* python
o2 So], Az Y E J HA Zo] Tt T} o] A Zald

[#/ /usr/bin/python

718 spol W FrobA AR P UL FY 2ol A FEtEE FAE W2 Fojd KA YPE £ o] o
Ao, A 8tA] GFak ol H T ATHES WA °1W AHEE S s Th ARl A 2004 f-&
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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.

‘ﬂﬂ?ﬂoﬂ F7F: gpol W |A 3T HE £ “-64” HUALZ 640 E WA S 2 AT s E WA glo]
F WA o7 AAE AR Y 5 UFUH (5 /usr/bin/python3-64).

W A 3.1190| 4] ¥ 7 : The “-64” suffix is deprecated, and now implies “any architecture that is not provably 1386/32-bit”.
To request a specific environment, use the new -V : TAG argument with the complete tag.

n@ m{w

The /usr/bin/env form of shebang line has one further special property. Before looking for installed Python in-
terpreters, this form will search the executable PATH for a Python executable matching the name provided as the first
argument. This corresponds to the behaviour of the Unix env program, which performs a PATH search. If an executable
matching the first argument after the env command cannot be found, but the argument starts with python, it will be

4.8. 952 & sho] A T ar
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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 .IN/
file. This may be used to handle certain commands in a way that makes sense for your system. The name of the command
must be a single argument (no spaces in the shebang executable), and the value substituted is the full path to the executable
(additional arguments specified in the .INI will be quoted as part of the filename).

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

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

4.8.3 A &9 A7
A 22 =9 stolH AE Z el E o AT F7 AL AR S dFUTh o E S0, v 22 A
<0l lew:

[#/ /usr/bin/python -v
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4.8.4 A&7 A
INI 5}9) & 53 A7} €]

Two .ini files will be searched by the launcher - py.ini in the current user’s application data directory
($LOCALAPPDATAS or $Senv: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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22 (major.minor) Ito] M B A ] 320 EQ} 640 E L3 o] BRE AXH M4HE AT LA 4 4 E
HAo]l ASg Ut o= 2HEQ MU E |4 78 EFof st 32315 Ax &= 7t A3 9
H 29| 644 E Sho| A AR E Aot 22 AT FUTH mhebA] ©14 9] 5242 PColl A X H WAw a1 A x|
AL BA Glo] (F, 328 ELL 640 E ‘ﬂﬁJ stol A3} s i & A 7} vp A whol] A X5 Q=2 ¢A] X3kl
A58 5 dFUTh. folA dgFxol, AH A “3271 “-64” Hu|ALE W2 2] A 2}l ARE-3to] o] 52
HAT 4+ JdFUTh
o

o IR FHol AAHA FLo ython*]’ python2 W2 AXH H Al gho] 2 2x HAS A&l

python3 W2 4 X4 _,4/\] _ﬂro] W 3xE AL o)
e The command python3. 7 will not consult any options at all as the versions are fully specified.
* PY_PYTHON=3°]¥, python¥ python3 § {2 25 H A4 A2 d 5ol 3 S AUt
e If PY_PYTHON=3.7-32, the command python will use the 32-bit implementation of 3.7 whereas the command

python3 will use the latest installed Python (PY_PYTHON was not considered at all as a major version was
specified.)

e If PY_PYTHON=3 and PY_PYTHON3=3. 7, the commands python and python3 will both use specifically
3.7

74 W Qo x, Ao A AFE3h= NI 3t oA 22 A S 74
[defaults]gfil 3t 7] 1%% AP py_ HFo7F e B Hes}
2 A FAHE A 5ol FYsiAEAIL.) B W] WSS INTL B
£ E4:

ek

S % UTh INI Qo) A48
SUTH 22T INI 9] 7] o] B
Qo A4 E A2 AB ) Fuick,

< mﬁ‘

2

=
» Setting 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 ok

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.

48. 95 & vtol4 A 49
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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.

E

Value A#

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

pletes.

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

49 .J_'g 7]

These notes supplement the description at sys-path-init with detailed Windows notes.
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hAl ZukE o] 59 ZIP 5142 A F ol Fo Al L)
olFA st A" AA AX ] o] & 22N A HER AFH
HoppdstA syttt 2384 o H, /\}&2}7}01fﬂ*4 SEZEIPEA
&Ytk o2 A otL PR AEZ Q] v BE A2 9 AFE A} site- packages°ﬂ oA
Al ko] 7Hd F 5ol 7o st Al

H A 3.601 4 M7 : Add . _pth file support and removes applocal option from pyvenv.cfg.
WA 3.6014 W7 : Add pythonXX. zip as a potential landmark when directly adjacent to the executable.

WA 3.6 € 3 X F : 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.
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758 857 99 EE ohol vl 2] 2 9l ol 9 T sle] BET AU (snippets) ©] A gt
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¢ Microsoft Foundation Classes (MFC) user interfaces

PythonWin-& PyWin328} g7 ]85 = A& MFC 2§ =2 18Utk oW A7 3
Uk,

o ®B7):

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

Python and COM
A A} David 2} Paul Boddie
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4.10.2 cx_Freeze

cx_Freeze wraps Python scripts into executable Windows programs ( *. exe files). When you have done this, you can
distribute your application without requiring your users to install Python.

411 A% 0] A shol A At s}7]

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 PCbui1d directory.

Z A 2o 3k 9wt A X E=PCbuild/readme. txt S 234 A 2.

=—
&=k 2 Eof o3l Al &=, building-on-windows & ZFZ 34 A] L.

H)

II:I

412 e} B9

Sholie) A% R A A, o) g AR A% FAFE e AU A SO AL
202 o8, AU A % BE EAE DN AT S-S PEP 112 FaA3H4 A 2.

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

A A EE AA 223 e] Qe FHE O sk AA| §F 7 B = Python for Windows & FF28HI A L.
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CHAPTER D

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.

A F QL4 e AL 48 AN Asth

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

¢ 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/.

ZF1: OnmacOS 10.8-12.3, the Apple-provided build of Python is installed in /System/Library/Frameworks/
Python. framework and /usr/bin/python, respectively. You should never modify or delete these, as they are
Apple-controlled and are used by Apple- or third-party software. Remember that if you choose to install a newer Python
version from python.org, you will have two different but functional Python installations on your computer, so it will be
important that your paths and usages are consistent with what you want to do.

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

53


mailto:bobsavage@mac.com
https://developer.apple.com/documentation/macos-release-notes/macos-12_3-release-notes#Python
https://www.python.org/downloads/macos/

Python Setup and Usage, @&}~ 3.11.8

g2 ERFANA ol o] A% ThE fus AolA Sho W 2TYES A

rlr
-z
Mo
o
4o,
2
9o,

‘IQF
o},

d L
o

511 stolfl 23 YES AYshe WY

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

If you want to run Python scripts from the Terminal window command line or from the Finder you first need an editor
to create your script. macOS comes with a number of standard Unix command line editors, vim nano among them.
If you want a more Mac-like editor, BBEdit from Bare Bones Software (see https://www.barebones.com/products/
bbedit/index.html) are good choices, as is TextMate (see https://macromates.com). Other editors include MacVim
(https://macvim.org) and Aquamacs (https://aquamacs.org).
Holg oM 23 HES A3 W /usr/local/bino] A A A& JEF 3fof Fch
Findero] 4| 229 =2 Aadsleld 5 717 24 o] glah:

¢ 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.

51.2 GUIZ 23 Y E A3 35}

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.

7] %1 3.99] A1+, pythono| 1} pythonws B AH4- 4 glsruich.

51.3 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} 3i}o] %1 3| 7] 2] A %] 5} 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.
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5.3 37} sho| A )| 7) 2] A x]3}7)

This section has moved to the Python Packaging User Guide.

5.4 GUI Programming

Macol| 4] sto] o & GUI -§-§& L2 1Z 2 517] 918 2 7HA] 4] 5 uth
PyObjC= °} & 9] Objective-C/Cocoa = | o ¢] =L ol th 3k sfo]d vl Pt} o] me 2= 7 Frh A
Mac 7] 3ke] 7] 2 g Ut} PyObjColl vl 3+ A K 3= https://pypi.org/project/pyobjc/ oA S 4 JFYUTh

sto] ¥ GUI €22 222 ZHE Tk & A (https://www.tcl.tk) = 7]¥F S 2 3} tkinter YU T TkY
Aqua-ﬁ] OBl H WAL o Zof 9] OS Xof| HEZE A &% ¥, A ¥ AL https://www.activestate.com of A
Wl AAF 4 AU Th 220 AET 5% gk

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

* 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:
* 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)€}z

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/

2 $-2 3 219 L MacPython ¢} 7] ¢ U t}:
https://wiki.python.org/moin/MacPython
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2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

FA el Feat hasattr () 22 2 HAYE EAFAY v EEA ZRE (& 50, W3
HAE) A7, AEF o)~ F Zq-/]s]'h W AT o RN C Ero] & Heghyth ABCE 7H Al B
ZYHAE Y=, FHAE AL A Yo HAE isinstance () 2 issubclass () o o & 7+
A8+ de=Fdas C\’qu/}, abc & AWAE BA 8. sto] o= E’%’S W7 ABC 0] 2t =t
oS3 22 AlE0] dH Ut A8 F & (collections.abce E’.Eroﬂ/ﬂ) =AF (numbers R EolA]),
2EY (i0o BE ]Aﬂ), A>XE JAH2}t 2 (importlib.abc EEA). abc ZES AFE3I A 24

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

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.
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argument (<1 2})
e d (EevAE) 2 ALEH =
E Q1 2} (keyword argument): SF i%aﬁ A 2L7) gFof] &2 AR} (o‘ﬂg %01 name=) £+ **
ol 2 9M Y2 ALH = A3} = () TZA 375+
719 = AAY YT

complex (real=3, imag=5) ’

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

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

QAL T4 vl o) o] B B Aol w4ol B gl E U T o T 9o A8H = 7 25 ol il A= calls L
A0 A AR E AF8E 4 A5 Th Tal A gho] Ao wWao] AT

|1 w7l FE3 FAQ A& A} v 7] 2] 2he] 9f PEP 362%= H A 2.

asynchronous context manager ()% 7] A A E #a]z})

An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]%-7] A 1] #] o] €])
H]-5 7] Xﬂdﬁﬂ olf o|H# ol & EHFE= TF sync def 2 Fo5 &= IFH gAY Hole=,
async for SLILAIEE 4 e Uee] 5 S BEL yield EAAS THATIE do| ThEIh
HEvals7l Avd ey g5 7 71 A 9 oj ™ W o A= v 5 7] Al g ol g oE gl ol E & 723

Y} o £ 51 o) u 7} WA ke A9, HAH o8 AN REFS QAT

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (¥]£ 7] A\ & o] €] o] €] o] )
& 7] Al o B 7 e A A,

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

asynchronous iterable (¥] % 7] o]g]2] &)
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 (B]-£ 7] o] €] & o] €])
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 St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | 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 ().
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awaitable (o] ¢ 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.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
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 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

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 (0} o] E & & 7 A))

bufferobjects & A D3t C-A< W HE 22 E g £ JdF5 Ut o8 &5 memoryv1ew AA &2
EE2o|1 bytes, bytearray, array.array AAES &Y}, H]—O] ELAF AA L2 vloly g
Fﬂ o|H & thF= o 8] 7HA] AAkEol AHEE = st &5, vkel v g «L‘rmi A, aAS TR AE

2o A5l Yk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt
EdE AHragtr 233k 7hH WS AR Q 2= bytearray E}bytearray/] memoryview

7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES

L33 YY; olA AE9 JZ = bytes bytes AA 2] memoryview 7} °1~1/]q

bytecode (B} o] E F &)

oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
AU} wHo|E ZEE pye Fdo] A Hol, 22 HAS T AA) AT o] o WA A sy
Ao vlo]E ZEZ ANATL S I T 5UTh. o] “F2 Ao]” = ZHufo] E I Eof T 33

7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A

25T AR 7|t etA| &, sho] A v 3 kol JFF A o] A = gkt Aol =25l oF ] th

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

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

[callable(argumentl, argument?2, argumentN)

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

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)
0148} Al A| A E 9] B
o) 2=
Bk ‘JH( 19 AlF2
T VIS 2 &
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S
ES
3+1j.math 25 E44H
L.

2 75 ddth 2astra =

context manager (A€ A~ E 32|z}
An object which controls the environment seen in a with statement by defining _ _enter__ () and
__exit__ () methods. See PEP 343.

context variable (A Hl A E W)
e £ of e} b g2 71 4 Sl W, o= 7 A 2227} wgol ofe) ok gk
2HE-24 A et ‘ﬂ]’\zﬂﬂ%“/} Jyu, AEAE HEE 53, 3t A8 2~
EA e S Qov ANAE Wae 2 e EAAL 57 AT A WEE 2
contextvarsE IR A L.

I SR | S EeA AR T, A S,
B, cmath AL BAa5d B8 W £F 22 53

W, Ae) s BAE T

\/J
>HM¢
e

XLSL‘ r*°

contiguous (J <)
W3 = 83| C-A % (C-contiguous) ©) At ZEZ A2 (Fortran contiguous) 2 W A< o] 2kal o AR Yt
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
/\]3'5}% LEake QYA AT E v 2 2ol wf X5 o] of gh T} ThAkd C-A <% v G ol A, W2 g
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 3 A g A7} 7p ) w3 T

coroutine (i—?— gl)

el o st gel s AuEEe & Ao AR e A4 @

% o8 o2 AFAA AYGsta, =3k, ARE = JdF U o] AEL asynce def
DO;;@@?ﬁgqqmmwwgawg
coroutine function (Z. €l &4)
F2E AANE EgF= 34 F2E 4= async def ToE AYd 4 i, await 2 async
forﬂ- async with 7|9 =& £33 4 5yt o] AE2 PEP 492 o 93] =45 A5 Yt
CPython
vhol Zx e Aoje] A Q1 & e, python.orgol A vl 22 5 ‘4‘74' o] 5+ &g Jython ©] 1} Iron-
Python 3} 22 t}2 A& 72T 2 87} & | 8] “CPython” o] A& Y th

decorator (t] Z.#]| o] €])
OE F4E SR $ A, BE eurapper BH S A T4 ATz AggYch d2d el
E]2] &3} o= classmethod () & staticmethod () YUY

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

z StAIRE @ Ak 2 ok dl e o] B ol th g o ApAI R W82 3 A 9

we gy,

descriptor (t] A= %‘ 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
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P9 WA =S o) 3k AHA| 3 &2 descriptors U T 2 2 B AR Y Shj Al o] U3 Th

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 4] 7 Z 2|3 A)
olHHE & 84 AAY LRE At AHE B2 9H Y E vkt 1HE S . results
= {n: n ** 2 for n in range(10)}<2 %t n ** 20| WA H 7| nS £ F3}l= I {2 E A
& t}. comprehensions-& #2340 Al L.

dictionary view (5 A2 H)
dict.keys(),dict.values(),dict.items () HAEIEHFE AANES DAY Rl BE
Utk o] AS2 9] &5 e 54 FE Agst=d, 9y 27 a4 2 o, {771 o] MsE
gttt SdUth 9 Ue R E S- B AER v list (dictview) 8 ARSSHE U T
dict-views S H A Q.

docstring (52 E )
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 (< €}¢]3)
SuE A A o)A E PR EA FAE=d AAe P HA Y= zray
HAZ Y AEYHEZIEEHAY AR EUT (‘LA g Bola 2848 =
th”) EA Y Ao o]~ FxFqoeN, F AAE TE= P HA TS S gFoaH
FARE NAE 4= dF5 Utk d Eo]H L2 type () ©]t isinstance () = AMSSH AAME 9 & T
(3FA) v o Elo]Ho] A o]~ Zefs B BeE 5 Lo fodfoF FUtt) thAlel, hasattr ()

EAFP
3 2R th= 84 & +£3517]7F 4 o} (Easier to ask for forgiveness than permission). ©

ot
ol
i
-
30
rlr
i)
©
X,

79 2etdE, SulE 7| U o EFRES EAE 7HA S, 1 710l W o9& FE UL o
ZESta mE AE Y-S W tryShexcept 9 EAHE EFA YT o] HIZ Y2 Ce E2 oHE

B2 ol o) o A] A} ALE| = LBV 2~ EFal 3} of vl o).

expression (£ 3 2))

o' grew A 4 ole BHAL 27t thE YR n¥eY, ¥4 L 2HY, o] F, JEYRE
WA 2, Aakz), FEEF L2 FE EHFEEA 24ES Fol 28 AY Utk o2 gL dojg
' H xdHer AT Qe

HEAoE, BE Sl THE
24 Eol vk U £

extension module (&% 2 &)
CUC+=2 ZAA4H ZEQU, 5to] 2 2] CAPIE ARSI A S o] U AFE AL T =9} AF S 283 o)

f-string (f-F212)
£ Er B ge] £9 A HYTS B3 f-EAG 0Py Ry, 2N EA4L AHE o
Z et PEP 498 & H A 8.

file object (3} 24 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.

AA2E A 2R S AASol dgUTh aw) Hhol U el 519, W3 = (buffered) #ho] v 2] 3+,
9E 519 059 AEolat io REANA B U Y AANE BEL FEAA PPL

o
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open() ¥+
file-like object (3} 5 24 A)))
hd A A o] vje g

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.

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

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

See also the locale encoding.
finder (3}21t))
QrED BEL I =0 & Rodu AEstE 4.

o] M 33. o] F &, F F 79 9AE 7t A5 UTH: sys.meta_path o T AHE-Sh= v EF A & D10l H
9} sys.path_hooks I /A AFR 3= A2 dET golH.
o A4 3 Ul-&-2 PEP 302, PEP 420, PEP 451 o] 121t}

floor division (A 4~ }=A)
R AAIhe ASE WA 2o Al A Ul daRks /o ol B
o 227t HA N AL Al 2.7
ol 3l oF Futh. PEP 2385 H A &

function (2+4)

VB 1L // 4
52 =Yk (-11) // 47}-2.755 U & & -30] Hoj

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol AHE 4 g5t vl )5 9 WA = 9} function A E HA S
function annotation (g~ o] - €| o] A)
F4L)

A B S0, o] 4= T Y int AAE vbo}

1 ok

Hu
>
N ofo
it}
o
Hu &

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

3t o] - H| o] A B2 function A of| Al A gt}

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)
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garbage collection (7}8] 2] 4~ A)

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

F g%tk

generator (A&l o] ¥])
A el ol e g olE & EelFE o b A Hoj=g, dd9 ES HEs
Al 23T Ho] Ut o] &2 for-FZE AME 8 At next () & g Hof shuA Al
+ dHYth
BE AUd oy &8 7] 7] A% o | EWo A= Ay g olE olE# ol E & 7l R Uth &3
oln| 7t B&tA e A, AT Lo E N RIS QYT

generator iterator (] ] o] ¥ o] €] & o] ¥])
A e ol e g7t b= AA.

A 2ale g4 o vl U Th.

generator expression (AU @] o]&] & 2])
& A

olHHolHE ST 24 = s3tif do] Flo &+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

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

285

generic function (A ] 8 g4)
22 A AR g dsd el +ES A T2 749
Hashx] daejEel o8] 248 vt

Az 292 €o]F] &7 functools.singledispatch () Bl Z & 0| B2} PEP 443% H A 2.

n

4. 52 oW 7He] AHEEA L

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

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

GIL
A A zefE % g HA L.

global interpreter lock (A& 2] = 2]E] &)
gt o) @& shite] Ad| =t gtolx vlo|E I & E AW F WG] 95l CPython 1H Z 2] H 7}k
AFE B AU S, (dict 22 8T HAF S 285He) AR Bdo] FAH O & FA] A 20
i3l HHSHEF w5 o] A] CPython 78 & EUth e ZEH AAE F1e AL UOH
ZZEE 3 ad=ssr] A v=t il ts Z2AA 7AZ Al HEAY g2 RS

545U,
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 1/O.

B Y u A 2§ HolHE Fal) “Aad Eof 2§22 (free-threaded)” QB Z 2 B & WS A}
3t HAY =82 AF o)A XA, T FY Z2AX F9 Fs At A7 Wi d Yt
o] A5 ol E FE = A TEE AN EISA HEAA FA v Lol B £ Ao E A AX L

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 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 (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

A FF5AL ANE DAY 71U Agte] W& AJLE 4 QA Fl=t], o] AR L2 S o] YE A
o2 s A gte AHgsk 7] W2 Ay
o shol el Bul g AREL A bs e (F2E G4 Ve 28 bd AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

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

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hlol|E I = At el EA wfZell 2 o] S8s] A 7] = A uh, sho] A2 At Aoj 7 of et
Az H dofguth oA HAIF R A 3d S WEA GAE, 2 0GES A Y APT
Aot EPUTh 2 223 0] & o A3 /?—:'.%]Qﬂ% SR 9 QB Z 2] E] Jdoj&= HE A3Y Ao
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (QJE]Z2]E] £ 8)

S3tete 84S B2, sto| A A Z e E = S A7)0 I Yst=dl, BEolU oY 71 8%
WT‘TLZCJ%7 2 RESGH AAES HAZ S E b Th 3 VA AV E e MBS
U th AR} 9 9k At weakref o] Sl ZEEY AR S *]X”\]ZJ T AFUTh TF A7
%?i”ﬁﬂﬂ“ EEgId AL ES W 5 e, 2 o] Y EFE AHECl Y 7 FEA g2

s ﬂ!
td
e 1
-
L300 ==
o rr
k
o
N
m]n
Al
L
%

=
A7 WA YUTH(ET o= gho] B e
AEZ e $82 9 YA APFE=__main_ BEECY2IHETAFPS T = AU

iterable (o] ]2 &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ***).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator (o] €] g 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 is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __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 it in 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.

typeiter o] B ZkA1 gk W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

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

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 such as
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 z})
o1z & BHA L.

lambda(i’)ftl-)
2 u) gro] THAL Bpel A4 02 THH ol Yt A B PO VLB BEE ERLS

lambda [parameters]: expression YU Th

LBYL
= 7] Aol B2} (Look before you leap). ©] T AELLY L T &0} X3 E 317] Aol HAF o7 ALA
2AEE G o 2L EAFP W} BulE w, B i1 Be 22 57017
SF 29 B, LBYL G20 57)°9R71" 0o 39 £U WEA B AYel G
o] & 50, FE if key in mapping: return mappinglkey] © AA} T, 31X T 23] A9,
U2 28 =7} keyE mappingo| A Al AsHE A3 4 o5tk ll?d ol9F & =] EAFP H 22

Aggomn HAB 5 A5

list (2] 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] 2 E 7 Z 2|3 A)
AAse 845 AR £ ARE AT 1 ATE AR Be

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 =

A3 ¥, result =
£ 00| 4] 255 AFolof Il+&

Il —“—4
— r[r
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)3

S

RS 16715 (Ox.) 52 EF3E 4G g2 BT if 2 AFT S 9
s}, range (256) ol & ZRE 247 A@gHUTh
loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.
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: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (0] 2 H| 4] &)
S5 A S o WF A H 9l W] S8

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.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path & ZAA o] FHF+= 3 H. WE A2 3} H= 42 =g 3QlH o #-E
171 AT kg e,
HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W] €} S 2)
Zxo) ZHa S o) Fea o] F, FA GAYE, Wolx FYAE BEES UE
= <

I9
=

vEf S et o) Al IALE Wol N SeaE BEL A9S AYTh Bl AA AW =2 1e v
Ao 5L 7| B T AL AZFULE oM Edals] BEL AL AL WE 2YAE WS 5 Jrie
AQUch HRE S AN AL o) 77 A3 B8 GAW B2/ AA W, W S A g
obe 32 Al B FUTE o =P HE A2 27 (logging). 28 = AL T, A A FA,
A

8
(¢}
S
o,
oo
A
2
2
>
n}
N
X,
=
%
=
ofo
o
HL
o
5
30

method (W] 4] &)
Z e 2 vy Qhofl A A o =
HA o2} (HE self gt

method resolution order (W] A& 2 A £4])
HAE A A= 233 SH U E
stol A QA Z | E ol AMSH & FY A
Hyrth

module (2&)

ol F &1

tjo

2y

o

j=3
=

rlr

o 243 B9 FYHHE AA. BELS 499 shold AAE
£

&Y
=2,
lo
ol
jf_l,
o
X
|o
f
f
[

i)
v
=
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module spec (25 A 9))
DEL ZES=HAIEEH = YXEE
ModuleSpec o] QIAEH A

MRO
HA= dA cA

mutable (7}H)
7h A= gre]l W 5= AT id () & EASA FATULE 9 = AL

named tuple (U] Y& £Z)

rJ
r
o
b
il
tjo
ol
Rl
30,
rlr

o]& ¥7t importlib.machinery.

s

HA L.

“named tuple(H] & £ FE) 0] 2= Gl FENA FE3L o] & £L o] =] RES Ao} A
5t Sho AL T S Yt BE Gl Seh2o] AP Uk Foluh Feh2olt THE 5=

RS T AFYTh
time.localtime () & os.stat () 7} ¥+3+3l 2+-S £330, ol 2] YA o] YA EZ ) =
T}2 o= sys.float_infod Ut}

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

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

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

True

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 t up1e 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 (0] S Z 71

HE7 A= = 4. ol & o2 gAY 2 2dg Yt 44 5 57t

wok ozl Ao, Aol 4 o & B2bel AUt o % BAL 0% FEES WANA REAE ANT
Urth ol & Eo], &4 builtins.open Zos.open() & 159 o|E F 7o) oJsf F+HEE T} X3l
1% 72 o8l Wl Y& FUNCAE LR HEIA AR AT 44 B Aol 28 F
t}. & S50}, random.seed () = itertools.islice () &t 2 ¥ 1 &4Eo] 2tz random &

itertools BE°| o3& L& 9] 3 o] g sl A Yt}
namespace package (©] = 3 7} 2| 7] #])

LA ANB 71 AF AH o] &R 7155t PEP 420 9 7] #]. o] F ¥+ 37| A= 8] A < A A 7}
RS TE AL, 58] _init__.py FLo] glermw 4 3 7] A = thEYTh
nET

el Aolol 4 M4 g B 5. o & Sof, 0hE B4 el AT G g Bl g
ASES F2 T 5 A5t P ATnE | RA0 R P2 AT R YL 5 A Tk
Aol el ok Futh A9 WS EL A3 Uy 2mmd s du EUch A, A MFEL
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (F+ 2 €} )
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 (2 A])
FH (IEFREY ) & 2L FF (WA E) o] Aod RE HolH. EFL BE wAEY s 9

S L BT BN
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package (2} 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.
At 371 A & ol 5 T3V A = HAL.

parameter (7} 7] ¥H )
T (2 WAE) ool 4 Bl BE 5 gk ) (B o A9 ARE) & AR o F Be

AEEl. kA F7 WA Yo

o 4 X]-719 & (positional-or-keyword): 91 %] 212} U 7] 9 = 012 2 AGE 4 J= AAE (AT Th
o] o] 7] Weje] uj AWM A Th ol & S0l Tl A foo & bar:

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

* A A-A& (positional-only): | A2 AlFd 5 & AAE AZFUSE AA A§ viAds=
B4 oo ARG BEo] / EAE £FHL 1 Aol AT 5 YHUTh o o} Tl A
posonlyl 3} posonly2:

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

o /1N E-AE (keyword-only): 71N EZ T Al5E 5= Y= AAE AU 7Y =-AL v
=3 Aol o] mif g B2 oA gof 3hube] ZPA-9 X wifE sy xS a2 2854 Feol g
T Yt A& 59, tholl A kw_onlyl £} kw_only2:

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

o 7}H-9 A (var-positional). (T}2 wj | A5
22 9l 9% QA=< Qojo] ABAS AT T o] 2l uj W w M o] 2o * = oo
£oI4 A9 E & A& ol Bof ke

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

o 7}H-7) 9 E (var-keyword): (TF2 Wi | LS o 234 oju] WolE o] A 7)Y = AAE | &)
ATD 5 9 299 A5 A9 AAELS A AT ol ol Az w5 o] ol +r &
ol oA HolE = AdFUTh A& =0 9 ool A kwargs.

7l As = A A AAEE A3 7| 2Bt ofyet A F o) A B4 AAES AT 5 JdFUTh
o1z} g o7 &=, QxL9} v 7 H 4] A}olof L} 2= FAQ A&, inspect .Parameter Z] 2, function
A, PEP 3625 EA| L.

path entry (3 2 I E2])
AZ 7|9k 3kl 7h

n
kel
[t
ok
u
fn
il
o
0
N
Ho
:OIL_:
ptd
k]
-1}
rlr
a1
kel
[t
oY,
fru
ox
1o
ok
)
1o
o
B>

path entry finder (73 2 QlE 2] 5}2lt))
sys.path_hooks ol & ZHE(F, A2 dEL F) o] EHF+ 32y Ad], Fol A= dEE
ERES FE=THE € AU
AR AEF FAHE0] LHIE WAEEL importlib.abe.PathEntryFinder o Y& Uth

path entry hook (F & N E 2] %)
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 2 7] 49} 5} 2lt)

718 v el A= I T E Fotueld], Y EE A A BE
path-like object (% 25 A )

Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

o
i

U,
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PEP

0s.PathlLike T2 EZS L3 A YY) os.PathlLike T2 EZ S F=
fspath() &4 E TZ 4 str Y bytes 3t Al2d A2 Ad" 5 ga5urth; oA os.
fsdecode () 2} os.fsencode () & 22 str U bytes 23S B A =0 A2 4 J5 U T PEP

SI9= E%‘E] AU

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

A F8hoF gk

k3 2ol ol ek A F U E 31
& FAR WE7] 95 712 v AU S A ek PEP RS AR

portion (Z )

PEP 420 |4 218 AAF, o] & 57 71 Aol o upA sk shike] g elo] Sol gt LS

2+ i
A3 @ip 3ol AFH = A% 7 oh.

positional argument (9] X] ¢12})

A& HA L.

provisional API (27 API)

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37 o] 5 A = SbA v, Y A ol el EAE & B, To} A uAtE o] B stk 4 2eteha 347
o] R A b WAl Dolg 4 HUrth Jd WAL R AR dojuAt e
AU — APIE Z357] Aol $7 Frisha 2E A Aol WAH Aol u old AT
B API A 2 3=, A T84 o] §A5 A b WAL “HFY 2B 0% o ALY BE A9

EAE el AA THE FASFE AU E
ol Aat= E golB Yt LM AT T AR AA LFol EE FE A Fu AL UEF

gHE U o A 3 U8 PEP 411 B U/ ch,

o
|o
ol o
td
£l
>
fr
N
-
o
ot
L
kv

provisional package (ZH3 3] 7] A])

A APIE HA S

Python 3000 (3} o] % 3000)

ghol A 3.x v 24le] "B (WA 39 v 7F ¥ )] o]okr|H Al H e whE0]3] o] Folt}h) o] A
“Py3k” 2 Zo] 27| % FHrh

Pythonic (3}o] A th)

= QojSol A AW AYES AN DEE TASE T4, Tl A Aofoll A A4 AT AL
5% o) 6 952 7h7ko] it ool tlolu} T 27 o Bol, sl Ao A A4F i ol UYL for
2 Mg oo Be] BE 848 Y5 AUTE OHE B dojolt o1 F572] T4 B
glome, sholdol el%ahA] ghe RS S tAld] 274 712 E E AL§87 = ghth

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

H 253 sfo| Mt W 2 ol g5yt

for piece in food:

print (piece)
.

qualified name (3713} 5 ] &)

v Ao AmmolA BEA Ao H e, B4, WA o2 L AR E HolFe o TR
o] 2. PEP 3155 9| 4 e B uith A4S Bo 2ehad] A9l 7348 o] 2L AA o]
25 urh:
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>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname_
IC’
>>> C.D.__gualname_
'C.D'
>>> C.D.meth.__ _qualname_
'C.D.meth'
5L 7bel7) e AHE ), 92 8] A3 3HE o) B (fully qualified name) S BE R 2 7 A S-S B

A RER 7= Zqoi—rﬂ%"]i%?/]‘ﬂ Ut} o] & E0],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (% 4t 2| 7] #])
__init_ .py 3¥& x3et= g2 22 A5 A QA s 7] A

ol T I A = HA L.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
FA o= Aol FH U
sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and___len__ (), butis considered

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

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and

__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (F 3 A= 23 A)
olH# B v 84 AAYV IR E At A5 G2 JPS et A Y. results =
{c for c in 'abracadabra' if c not in 'abc'}=EXg A {'r', 'd'}S AT
U t}. comprehensions = #2384 Al

single dispatch (2 t] A3 x])
23 o] hte] Qlake] Fol 7| ZFA AAH = AU 2 T4 A
slice (&2}o]2)
HEAAA 9 dREE 2= AA. S8tolas AH ATHE & = AHE
variable_name[1:3:5] A, [] ¢ollA] & 7} A& ZECE Ut &S (M E 23
HE) Z7|H 2 W HASRE slice AAE AT UTH

&
T
r U
o
K
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special method (5 WA =)

sfo] o] gof of i A4k, U 22, AP T o] EAFOR TE5 = HAE. o] HIA=EE F 719
WE 2 A& YU ol 52 2 JFUth S5 A= %Spemalnames o TAE BEo1A JdFUth

statement (Z7})
B A9 E (RE “B-E (block)) & FASHE REAUTL £ 234 o AL} 79 =2 AFgahe
o 71 +2E £ std 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 fype
hints and the t yping 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 refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding (G| A E Q17.9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

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

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

text file (2 A E 5}Y)

str AAE AT £ 5 9 U 4A. FF, GAE FA2 AAZE vl AF Holg 2=
A2 BT A E 91T G A AL RUCH HAE HU9 o e HAE BE (rr L ) 2
g% 3¢, sys.stdin, sys.stdout, io. StrlngIO./] A2EHAE &5 S JdHyTt

ol EL T A4 £ e & 5 e 3L AA ol s A= vholu 2] 9t & FxetAl L

al
triple-quoted string (2% u}-2 % ¥ £x}4)

oE3E () o Z—F% =E ()

715 & AlF oA = AR o 27FAFULh o)aA oz 5 A ok A2y
ZUSEE FAE g 2T £ AEE 5, AdF BAE 22X GuE oy Eo 22 5 &,
E2ERS L& 53] &R JFUT

type (3)
gholx AA e P& 2A 0] ol FTHY AAJAE ZAFUTH ZE AA &= o] FUth AAY
B2 class_ ojEgHER ‘?‘4/‘1]/\%‘—? AAY type (ob)) B A& 5 A5 YT

type alias (3 ol g 2] o] )
2 A Aol ti Y ste] RESoj A& B9 5.
Fodglolas 3 I EE deFsted 8L & 59

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

£ ohedt 2ol © 971 47 B 4 Jayh

73



Python Setup and Usage, @&}~ 3.11.8

Color = tuple[int, int, int]

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

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k 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.

A9 W4E AAHT, AG AR, FAhs o=
get_type_hints ()& AHg3he] M2 4 Qlgruith

o] 7]%< 4 @3+ typing T} PEP 4845 3

BN
o
>
ko

universal newlines (-4 £ 9 7))
R _4_71.0 ;q;;th Z9o] Zog 9AF: HAE /\E]ﬂj
e "\n', A== A "\r\n"', A uf 715/\1 e \r'. F7HA QL ARGl #Si A= bytes.
splitllnes( ‘—:'Lr Tk ol 2} PEP 278 2} PEP 3116 = HAﬂL.

variable annotation (‘14> o] - E] o] 4)
el

mlo
QL
1%
o
rr
fuj
bt
Jo
1©
[>
=
o,
gl
)

W T FYa oERRES of H o4
M S Fels ol 2 HE of g0 A 2w e AE AU Th
class C:

field: 'annotation'

M olngo]de ditH e R 3 SlER ARG UTH & o, o] Mgt int & 7HE A2 g 7
HUoh:
H

[count: int = 0

Ha o] i H o] d T2 A annassign ol A] 2 8 g o

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}t $17)
Shol tl ALE A9} 88 210l 22 A2 Wl WS £ THE Shold 85 22 AW F2of
FEFE FA oA, sto|AH W 7 A S AAFAY L o] Est= AL 7Hs oA s, FE
Ao AeH A9 7.
venv & HA| Q.

virtual machine (7} 4 7] A)
szEYojuto 2 HolH AXE. vpo]| M) /1A 7] A& nlo|E TE A}
=g AR,

Zen of Python (3}o] % Al)
shol 4 i b9l Ueish AT L] B2, Aol o] k1 A o] E8o] HUTh of BEL 13
ZEIZEOA “import this” & JHstd B Yt

e
v
N
i
|
oy
rr
=
o
[m
K
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o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

*.:i“é/ﬂﬁ} o] & % Eiﬂ W shol A ZpA| &F upA A 2 A A 02 2D -F ALY = T 7] o] star
AT, o ¥ of] ti 3 7 B += reporting-bugs 7| o] | & F LS A . A 22 AL E /\}X}t AR} g
Sh=

& BEolA B #AE =Y th
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

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

w
£
o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

o A9} 2}ol Al

|".J.,

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
Z 3 YA 7 Guido= 3ho] A o] £ 8 AALE ol JFUTh

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

28 ot WEHe 3] ST} (37) & Ao 94 hups: fopensourceor/ & 841
2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =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] Ak 2.1.1 2001-A ] PSF yes
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o] &} A ™ A= PSF License Agreement©]| W} 2fo] Al 71 Hof g Ut}

2
O6FE], A Ao oA, 22| Z 7]E} == PSF License Agreement 2} Zero-Clause BSD license®l|
whe} o] % ehol M2 7} ol g U ).

lﬂ—o]”‘dﬁ] %@'5] ],_":'__ /\_LEoﬂoiq] E]'L E]—O]éﬂiﬂ—@,
Utt. o] 23t gholdlxo] BAAG B

I
f
L
et
N,
i)
e~
il o

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.8

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

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

3.11.8 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 3.11.8 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 3.11.8 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 3.11.8 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
3.11.8.

4. PSF is making Python 3.11.8 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
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.11.8, 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

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

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

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

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

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

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

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

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(Th= S o] Aol Al
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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.

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. stolHo] A 2stAv} AL& 5] 91 o] & oF 81
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCUMEN-
TATION

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

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

5

)

3 23 Lz EHofof thgt o]l A Ul 52l

o] 4.2 shol A v gl EFE ANALA 42 E g0 o] T G S SHA B ol bl Sl eho] A 29} 5919]
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C.3.1 24 E S AH

_random 2E-& http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A] W &
=]

L2 I 7N ZES 23 YTh the2 9 22 F42 adE 1 AdYh

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(H& sl o] Al ol Al )
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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.3.2 427

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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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.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

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

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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 %! UUdecode &5~

wu EEL T 2L 3o Age e

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

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

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

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

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. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

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

(TH& sl o] A ol A1)

86 Appendix C. < x}¢} glo] A A




Python Setup and Usage, @ &)~ 3.11.8

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

C.3.9 Select kqueue

select BE-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<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>

(H& sl o] Al ol Al )
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/*********‘k***********‘k******************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

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.

*

* % o

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

C.3.12 OpenSSL

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

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

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

(TH& sl o] Al ol Al )
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
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

(th= sl o] Aol Al%)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

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

4. Redistribution. You may reproduce and distribute copies of the
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

(th= sl o] A ol Al%)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

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

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

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

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

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

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

C.3.14 libffi

_ctypes 3F L2 Wt E —_yith-system-1ibffi & FASFA] k= 3 ETH libfi &2 AR S AR5 o]

Weg

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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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.

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 °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

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

C.3.17 libmpdec

_decimal EE2 Y EE ——with-system-libmpdec & T4 3}A] &4+ dF, Z3HH libmpdec 22 AR S

AHg 5ol W EH Utk

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

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

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est 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,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

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

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

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

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

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

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

C.3.20 asyncio

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

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

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