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CHAPTER 1
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CPython Q1] = 2] B} = W2 £3} $7 o) A thakat 442 24U th
CPython 7-& AHAl: Th-2 89 Y& & A A= thE & A5tk A g W82 implementations 72 814
Al L.

m| >
1.1 BH &
doldg TET U O FASL AR T 5 ATk
’python [-bBdEhiIOgsSuvVWx?] [-c command | -m module-name | script | - ] [args]

22,714 QA A8 Aes e A3 YE 52U

’python myscript.py

1.1.1 QIE{HO|A SM

ABZ 2 g B ol ae & Al AEF o] 8 ek A W, B 74 271 2 E W e Ale duth

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

is read.
o T o] F ARG FY S HE YYH O Z AR A T2, NG TN ATHEE AP
+ EAEe o F Qb B, A el A8

U,
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H 318 BT oAs, A3t Aol AA odF =
EH]°]£ HALZAH=ZH o) anEH = FHY FEES FEFYLL ATNEE BE A A= sys.argv
25Ut - A A 24, HE AT HE O(sys.argv[0])2 223 £ 25 Mg st= EAE Yo
oA 8.
—-c <command>
command &) 3}o| X I =& AP Tt command = Ny TAZE FEH s ol Y & d=dl,
Al B E F = A pdo] A

o] HAES FH,sys.argv o A sys.path 2] A]ZF B2
710 (2 H A E o) Qe
commandE QAALZE ZHAF o] ¥l E (auditing event) cpython. run_command

A U T

-m <module-name>

AZ8 0§ BEL sys.path A AAHL T HES  main  BEZA AFFUTH
A7 2 o101 whiol, A HAA(py) & FA Gholok YUk R oI FL HEE Aef st
4 5 ol 2ol ojof S vk, P Ho] G4 o] F FASHE AL ohd T (1% Bof, ol L 2Tt

2L B SE darih.

7] A 01%(01%1@ﬁﬂ7lxl Eﬂ) 518
+~ <pkg>.__mai

3 Qa2 T4 97 4] o] B o] A5 W, E el E
D e) W p 5h2e) Aelsh | E A0

o A
k. o] F42 B 2 HA AAYPE AAR ADH =

Fa: o] gAS WF EEolU A RENEAHEE et ol AS2 ol B 3dg 2 QA
7l mWEAdUTh 2, A s shdo] gle AHd Aodd REolE A8 AHEE 5 s

SAS 5 Y, sys.argv e A HA Q4= E’_‘% st AA A7 HUTHEE Y9 < FE Tl
AMA 245 "n" 22 AFFUH. —c F A npA7A =2, A g Bl 2] 7t sys.path & A%

—TI 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.

W xE oY R AIHER AYT W TEHE ZEVE0 AF U T A= timeit
BE AT
python -m timeit -s 'setup here' 'benchmarked code here'

python -m timeit -h # for details

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

© B7]:

runpy.run_module () 3}o]% FEJA AP AT = F5T 75

PEP338 - RES ~aem A8
A3 1A E: _main_ A|E BES AJT H7A o]EE AT F s

WA 3404 R o] F 3T A7AE A g Ut

£ A (sys.stain ol A BAL Ptk B2 Aol Huldold, i 1 BAHoE AP
ol ¥ & FH, sys.argv ¥ A AR 24E " ol Hi, AA A E 27t sys.path & Aol F7F
Fuch

Q1 2} gl o] ZHA} o] Wl E (auditing event) cpython. run_stding& WA A Yt}

4 Chapter 1. H™H =1} &34
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<script>

Sl Aol FAS FA oW, i 7t HEAIF SR HEH A, sys.argv [0

seript o] §71 o)W I EE AP script = 3Fol A P oly _ main .py o] Y&
dag ey __main__.py 3E4E 283 zip FLE 77 9L A" AR (Z AU ) of oF
Fch

o] FHE FH, sys.argv o A WA 84 W SoA FAI 2T HE o]Fo] FUYTh

£ 2R E o Fo] oM HAS A7 e AW, AT HLE FESE DAL 7 sys.pach 2 A%
BRo| 27193, 3YLS  main REEE AFFYT}

217 ool T el 2] Uhrip 598 /el AW, SR E o] 0] sys.path o] A% Hitel] 2718 1,
AMF Y9 __main_ .py FLS_ main_ EEE AP i

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

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

o] B7):
runpy.run_path() Fo|H FT oA AP AL+ Q= 55375

Hl 2R () o] ¥ 1L, @A

IS =l
e/} sys.path 9 ASo) /4F LT Eat, EAENA A 58 49 (rleompleter-config B 32
sl 2), 8 94 B Ak e WA o) Ao BAFH

¢ BW7):
tut-invoking

WA 34004 WA | S sl a2 AR 9 AFF 43

112 2t =M

-?
-h

— —

--help

-V

Print a short description of all command line options.

——version

shol WA MEE 2T e 2ok

of¥

2Tk 29 of

rr

Python 3.8.0b2+

50 A A5, The st o] WE Ba F7L A HE A4k

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

WA 3.60] =7} -vv -&A.

0g
o
Y
(3]
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113 7|El M

-b
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error when the
option is given twice (—bb).
¥ A 3.5 A ¥ 7 Affects comparisons of bytes with int.

-B

FolAW, olMe 42 BES JEE T W .pye HAL 2T FA FEuLh
T Z

1=
= E
PYTHONDONTWRITEBYTECODE & ZrZ A Al L.

——check-hash-based-pycs default|always|never
Al 7149F . pyc L] A F2E Al o] gyt pyc-invalidation S #Z3FA L. default & A A3,
AR T 8] A A S A 71‘4 HME FE RN 9td-& 718 o mjof whet f & o] AAFE YT always
2 ARk, EE Al 718 Lpyc 9t S, @A}Uéﬂr H AAE = 7Fel A] oL, s 4 ahdof] T s)
FaA o] AAFE U never 2 AW, A 7]9F .pyc 3D ST A spd o] il FE 4 ol
AAE A k5T

AP = 7% pye 399 o vl o] 249 JFL 0A Fuh

-d
Turn on parser debugging output (for expert only, depending on compilation options). See also PY THONDEBUG.
-E
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-i
When a script is passed as first argument or the —c option is used, enter interactive mode after executing the script
or the command, even when sys.stdin does not appear to be a terminal. The PYTHONSTARTUP file is not
read.
A2 ATAHEZLAYE TN D uf A gy 28 Ego]AE AASHE H 788 + sy
PYTHONINSPECT & ZZ 3 Al L.
-I
Run Python in isolated mode. This also implies -E and -s. In isolated mode sy s . 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 349 F7}
-0
assert \=3 __debug__ o] gl g 2 AR I=E AAF UG .pyc A ool Lopt-1 & F7}3}
o] AutdH (H}olE T &) 5td 9] o] EL FEI YT} (PEP 4882 #Z3IAM| ). PYTHONOPTIMIZE &
FRSAA L
w2 3.500 4 7 PEP 488 of w}het .pyc 3t AT
-00
0% A431 E2EYE WYYt pyc BFA Dl opt-2 T F78ke] Ak W (ol = 3)
B4 o5 %L—"ﬁczm ﬂr % PEP 488-% 32314 2).
W7 3.5 4 W73 PEP 488 o] w2} .pyc st W e =AY
-q

3y RE AT AZA HA AR & FASHA] k5 Ut
B A 3.20] =7}

6 Chapter 1. H™H =1} &34


https://www.python.org/dev/peps/pep-0488
https://www.python.org/dev/peps/pep-0488
https://www.python.org/dev/peps/pep-0488
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-R
HA] FZL)3LE HUT o] A2 PYTHONHASHSEED 37 W7k 0 02 AA A Ao &347}
AsUT A F2 8= 7R A o' &35 7] i & Yy
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 in-
puts that exploit the worst case performance of a dict construction, O(n?) complexity. See http://www.ocert.org/
advisories/ocert-2011-003.html for details.
PYTHONHASHSEED = S| A] AJ& A|Z 8o A ZHE DA 4 9 A ).
WA 3704 WA o] FAL H= FAIHA gkF YT
B A 3.2.39] 7}
-s
“I 2 *f site-packages === & sys.path o 7134 &5t}
o B
PEP 370 - A}-8- A} site-packages T] 2 E] ]
-S
site BEY YZES o] RFo] 16l sys.path & Alo]E o &H % ‘% v Atk =
B site sk Ugol HAA 0w QEEE u o] 2L WG 4718 AH sice.
main () & TESA A L).
-u
stdout 3} stderr 2 E & W Y3k FEF BEUTH o TAL sudin AEYoNE FFE v A U
Y,
PYTHONUNBUFFERED & ZZ3}A| &
WA 3.7 A W7 stdout I} stderr 2E ] B|AE A Z-2 o)A W H P H A gFUTh
-v
Print a message each time a module is initialized, showing the place (filename or built-in module) from which it
is loaded. When given twice (-vv), print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.
WA 3.109)| A ¥ 7: The site module reports the site-specific paths and . pth files being processed.
See also PYTHONVERBOSE.
-W arg
Warning control. Python’ s warning machinery by default prints warning messages to sys.stderr.
AR eed AR ZeAAY HEE BE A2 F24 54 A4S 483U (294 gou
7|RAC R FAH = BAXAE):
-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, Wi is the same as ~-Wignore.
The full form of argument is:
11. HH = 7


http://www.ocert.org/advisories/ocert-2011-003.html
http://www.ocert.org/advisories/ocert-2011-003.html
https://www.python.org/dev/peps/pep-0370
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—-X

action:message:category:module:lineno

Empty fields match all values; trailing empty fields may be omitted. For example -W
ignore: :DeprecationWarning ignores all DeprecationWarning warnings.

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

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

The module field matches the (fully qualified) module name; this match is case-sensitive.

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

Multiple -7 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).

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 8F W &2 warning-filter 2} describing-warning-filters £ ZFZ 514 A] Q..

AWMR & A HolA, 92 o129 FAY #lemd & AHET 5= IA FUth ©] 212 DOS
(hack) & 91 2 Ytk

ket A 57 A4S 95 o o o gl LTk CPython & A The3 22 7bs3t b el gtk
¢ —X faulthandlertoenable faulthandler;

« —-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
default, only the most recent frame is stored in a traceback of a trace. Use -X tracemalloc=NFRAME
to start tracing with a traceback limit of NFRAME frames. See the tracemalloc.start () for more
information.

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

+ X importtime < ZF QX EZF Aupt oo A=A HolFUth 2F ol &, A A (FHE
PxE 29D, A AN (EH dZE AL S ALY U 2= S8 223N &9
ol A g 2ol FoTHHA L. YA Q AR W2 python3 —X importtime -c 'import
asyncio' YUt} PYTHONPROFILEIMPORTTIME & FFZ 3 Al L.

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

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).

fjrt

2E2 5

rlr

+ —X pycache_prefix=PATH+ .pyc 3}4S T = Eg thalo] 214 = v EH g
Wy Ego| 252 T} PYTHONPYCACHEPREFIXE JZ2 A A L.

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

Chapter 1. H™H =1}

o

|
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3 sys. xoptions SAUEE B5 99 e ADs £3)
H A 3.20| A ¥ 7: The —X option was added.
WA 339 7} The -X faulthandler option.

n@

+ =% gy,

WA 3.49] &7} The -X showrefcount and -X tracemalloc options.
WA 3.69] =7}: The -X showalloccount option.
WA 3.79]] 7} The -X importtime, -X devand -X utf8§ options.

WA 3.89] 7} The -x pycache_prefix option. The —-X dev option now logs c1ose () exceptions in
io.IOBase destructor.

H A 3.9 A4 ¥ 7A: Using -X dev option, check encoding and errors arguments on string encoding and decoding
operations.

The -X showalloccount option has been removed.
WA 3.109] &7}: The -X warn_default_encoding option.
WA 3.10.79] 57}: The -X int_max_str_digits option.

Deprecated since version 3.9, removed in version 3.10: The -X oldparser option.

1.1.4 ALEsliME 2 El= 54

-J
Jython o] A-8317] 918} ef ok 14U o
12 87 W
o] S+ M4EL2 ol F& o S FH,-EQ-10]9]9] P & 29X ETHA APt SE5HH
HE & 2R 78 dgof S48 A o] e d Y
PYTHONHOME
EF Fold golBYE Y HAAE HAFUL 7EHoR, gtolB Y& prefix/
lib/pythonversion 3 exec_prefix/lib/pythonversion®l A A M= =4, prefix &}
exec_prefix ¥ AX oEA ey olil, &t} 7] &g /usr/local YUtk
PYTHONHOME ©] dhue] tdl g g2 A= H, 1 %}:0 prefix ® exec_prefix & B A gt
o] Eof th3 t}= kS X A S W, PYTHONHOME € prefix:exec_prefix & AATAA L
PYTHONPATH
oY 72 A AR E BT F42 A paTH & 25U th st o] e tEHE A=
Vﬂo] os.pathsep (& €9, F4 01]/‘1‘“%‘\_, EfgAE N EZE) 2 FEF U £A3H4]
e dAE = 243 FAHE U
Ak A E 2 2o, N PYTHONPATHE IE R £ €5 ool BE (s B 404 342 =3
Sho 7ip 3122 7Fe1 D 4 AUtk S 2 S 2ip Lol A YEEE 4 ATk
7|12 AN A2 = AR &Aool A dWlA S Z prefix/lib/pythonversion & A| &gt}
(9] 9] PYTHONHOME & 7326}/\1] ). A PYTHONPATH of] Z7FE Ut}
ol A “Uﬂﬂtﬁi A ET S 1 *d sl Al = PYTHONPATH SFol] A A 2o 27t A E 7 449
Utk 24 A2& gfeold = A Yo A sys.path A2 228 5= 95U
1.2, 24 Hay 9


https://www.jython.org/
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PYTHONPLATLIBDIR
| A2 Hlo] A b FAAE 4AFM, sys.platlibdir g A5 Fuich

WA 3.9 F7}.

PYTHONSTARTUP
o]Zl o] Y& = &= LY o] 5o, &4 A %EEWEH@J@ Sof FAIE 7] A, s 5t
o] A uﬂeﬂo] AP Uth o] st 3 & o5 FolA AR,
A7 A BelH AV JXE S AAE Eﬁﬁ‘r_ V“ﬂﬁ ZWE 7\} T AFUT o] oM =&
ZE sys.psl Fsys.ps2 2 F sys._ _interactivehook_ & H}E = AH
A2 Al £&E W filename-2 1 A2 ZHAF o] ¥l E (auditing event) cpython. run_startup< YA 7

Y.

PYTHONOPTIMIZE
Hlo] QA e FAEE A 03 AE AAQs= A 5tk A2 AASE, 08 Ay WA
A Q3= A g5

PYTHONBREAKPOINT
AAREY, Fog FERE A2 27 S AHEte 2859 o5& ATV EHES 2F3t
o] A X E F Zo FE 8, LH’q'breakpouit o] )& &% = sys.breakpointhook () &
Tl APt ABH A LFAA R EXP%E ‘A7 3HHd, gt “pdb.set_trace” 9} 5 FH o
“0” o0& 443, sys.breakpointhook () & 7| & T2 o} F A X 14| 9kl S A] vEEHE U T}
B A 3.70] F7}.

PYTHONDEBUG
do} A e EAGE AR, dgAS ARt A% 2EUTh A4 AAAY, o2 olel A
AR5 A 2S5,

PYTHONINSPECT
Hlo 914 e BAGR AR, i AL AR A% 2H U

ol ML= T2 FE A AL REE FAISH] A8, os.environ & AFEE A Iho] A T & of o)
FAE & dF5YTh

o1z} gl o] ZHA} o] ¥l E (auditing event) cpython. run_stdin< T A 7t}

B A 3.10.159)| 4] ¥ 7 (also 3.9.20, and 3.8.20) Emits audit events.

PYTHONUNBUFFERED
ulo] 917 oFe FAAE AQY, ugMS AAtE A% 2HY

Hnldrk

e e

5 7]
7}

c}.
PYTHONVERBOSE
Hlo] Q1A ¢be EAE R AAsHd, —vFAHS ARk A ZsUth ez A
A A= A 2T
PYTHONCASEOK
If this is set, Python ignores case in import statements. This only works on Windows and macOS.

o,
ok
e
A

e
2
)
rE

PYTHONDONTWRITEBYTECODE
Hof 917 e BAGE AAN W, ol AL £4 RES YZE B pyc HAL 24 Uk
ol -5 gL A FBHE A} HyInh

PYTHONPYCACHEPREFIX
AREH, FoldE £~ E2] o] pycache  HEEE thAlol o] Aol = vl t B g Eg
o .pyc FLE& H YT} o] A2 —-Xpycache_prefix=PATH 3 A S A A3t+= 2T 55T
W7 3.8 7L

PYTHONHASHSEED

o] W47k AR o] YA @A randon 0.2 A A W, str bytes 24 2] 3 A Al ol ) A2
o,

10 Chapter 1. H™H =1} &34
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PYTHONHASHSEED 7} Ao 2 AAE W, 3| A| 222 5}~
1A EE AU

2 447 A9

_,d
)
ofo
Bu)
rlr
o
1o
=
2
=
m

242 ez g A0 o3 Az BAES DL ol §7 W 2b5e A4S 5857, ol 4
ZRAA ZHAHIFNAIFEE TG EE L= A UT)

R4 [0.4294967295) W91 9] 41 R50]of FUTh 0L A A PR A A B2 sh7) vl A e,
WA 3.2.30] &7}

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

limitation.
WA 3.10.7 7}

PYTHONIOENCODING
e Z2lEE A3 3l7] Ao o] Zl o] A A= W, stdin/stdout/stderr o] AFE-5 = AFZ S ATt &
<2 encodingname:errorhandler &4 ¢ \4 t}. encodingname I : errorhandler HEO o
A Aol str.encode () oA} -2 o vl Ut
stderr®] 7%, :errorhandler 182 ZAIH UL} A8 7] = &4 'backslashreplace' YUt}
WA 3494 WA encodingname F8-2 o] A A&l A ¢t}
B A 3.690 4 ¥H7: Windows | A, PYTHONLEGACYWINDOWSSTDIO & A A 3R] o= 3l t3ly 2
W30l A o] Mz A AR Az o] FATULE FE2EAL B3 A4 @ A3 sojz

P LA s Uh
PYTHONNOUSERSITE
A=, glo] ML A2 = site-packages SIS 2| & sys.path o] F7}81A] kT
o B7]:
PEP 370 - A}-8-x}9 site-packages T] 2l €] 2]

PYTHONUSERBASE
Defines the user base directory, which is used to compute the path of the user site-packages
directory and Distutils installation paths for python setup.py install --user.

] B
PEP 370 - A8 A} site-packages T] 2 € 2]
PYTHONEXECUTABLE

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

PYTHONWARNINGS
FEE 24 w2 o2l W A e AT} 2T 2o

454 442 AP (134 god

Warn once per call location
Convert to exceptions
Warn every time

s Warn once per calling module
\RNINGS=once Warn once per Python process

NINGS=ignore Never warn

Z} A 8F W &2 warning-filter 2} describing-warning-filters & ZFZ 514 A] 2.

1.2. 84 Hp 11


https://www.python.org/dev/peps/pep-0370
https://www.python.org/dev/peps/pep-0370
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PYTHONFAULTHANDLER
If this environment variable is set to a non-empty string, faulthandler.enable () is called at startup: install
a handler for SIGSEGV, SIGFPE, STGABRT, SIGBUS and SIGILL 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 tracemalloc.
start () for more information.

B & 3409 &7}

PYTHONPROFILEIMPORTTIME
If this environment variable is set to a non-empty string, Python will show how long each import takes. This is
exactly equivalent to setting —X importtime on the command line.

WA 3.7 7}

PYTHONASYNCIODEBUG
ol &7 M7 Hlo] A ¢F2 FAEE A, asyncio BEL YW I EE S AT

W 3400 F71.

PYTHONMALLOC
shol vl 2] FAE AASAY U I 2 AAdU

gfo]# o] Alg-3h= W 2 e SRS AT
o default: 7| &2 W28 &=} & A3}

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_OBJ domains
and use the malloc () function for the PYMEM DOMAIN RAW domain.

Install debug hooks:

o debug: 7|2 F 2] EFA Aol g2 F2 AUt

e malloc_debug:malloc I ZA 9 U1 = X3y}

e pymalloc_debug: pymalloc ¥} ZA 9 U1 T & A X gt}
WA 3.700 4 W4: ndefault BRAE FAAL U
HZA 3.60 F7}

PYTHONMALLOCSTATS
o] Q1A k2 A 2 AA= W, gfo] i 2 A= -2 pymalloc 4] o] A E wivich, 12| a S8
uf pymalloc ™ &2 2] &=} o] T A E QA4 ot
PYTHONMALLOC 27 W8 ARE3Fo] C 2fol B2l 2] 9] malloc() EBAE FA=Z AHEsHA L,
pymalloc Al glo] Stol M-S FAd3HH, o] 4= FAF YTh
H A 36004 WA o] A oA wjx RER Hukdd ol doME AEE 5 st oA W
EAEE AAstdE 2R Ut

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.

12 Chapter 1. H™H =1}
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This may also be enabled at runtime with sys._enablelegacywindowsfsencoding ().
S Al L.
34 etk o AL U=
ek
o},

T

=
g

Availability: Windows.
W 3.60] 57k ZHA & -8 PEP 5295
Az A, A 2E Y19
< 3= s o)A

PYTHONLEGACYWINDOWSSTDIO
olo m

A7} uf- 82 A8 5H= thA B4
E R

o] g1
o 22 g

2 o] g A A] ASCII 7] 8 C2} POSIX A Y- Bt}

OHFERE D
Availability: Windows.
HA 3.6 37}
PYTHONCOERCECLOCALE
oo 44sd, X oW 3 E 3§ =2
58 UTE-8 7|k t ko & 7A] §i3h3}A] o5
ol 7t AARH A 1 (E= 009 o2 AARH ), 74 Hpo 945 LC_ALL EAYE
AR A 931, LC_CTYPE R} ol tial] Ris = A 2A Lol 712 ¢ ZA Lol At WA Al ASCII
71%ke] pos1x 2 A Dol H, 3to] & CLI= B Z 2 H AE S 2E3517] Hofl LC_CTYPE H ol ths
e 2ALL HIE AR T4 shel 1 A E gk
e C.UTF-8
e C.utf8
e UTF-8
W T otuE AR st vl AEstd, ol dErg o] 271315 7] Aol LC_CTYPE
3 AABUT o2 S AT E A 2L z2
d A4 74 24 (79 GNU readline ghol B2 7t & + & A
] obd 872 23 b A(FE FHol A 2HA 9] locale.
Aol A (o] Z2A| 27k 5ol 4 Q1 E 2] B & 41
2 53f) sys.stdin
sys.stderr
BAaAH

olgfst 2A L
A T A Z2A L SN AH
Ao Adds = thE 24 F

o H3l], AAE A4S dA CE2AYo

getdefaultlocale ())Euloju]g}, XAl = 2 A
S0l AA o)) B 5 A,

ol st ZA Y F FUE TS (BAF2E L 99 BAH 2A Y A HA
I sys.stdout ©f th3] surrogateescape o & 7] E AFo 2 A3
= 2 2ALANA A E backslashreplace & A& AFSTUTH. o] 2EH A
25 geunh
A, 24 A WAl &
o Z 3] &4 el shol A
=, g A A ASCII 74k 2
Bl 7} Al 2’ Q1 E] 5] o] 2~ 0]

SHA] A oF T

o
=

PYTHONIOENCODING= AF&3}¢] o A
TI¥ 72 9]3f, PYTHONCOERCECLOCALE=warn < A g3}, &
2A o] sto]x Aepel o] 27]312 uf

(o] o)
= g
z3)
AL, Q2 ¥F
o N
= BT uEX

AL

ok A WA

QAL MAAE Edy
=3 2AY ZA Aol v G E AU AT g =AY
A DA A pyTHONUTFS & 7| A 0 7 FA4 519 o -§2] 514 A

3}

el uTE-8 thAlo] ASCIT & AHE-SHA SF2l |, 7 71HA] 7]
2}z

Availability: *nix.
A 3.7 7k A T ] &2 PEP 538<
If this environment variable is set to a non-empty string, enable Python Development Mode, introducing additional

PYTHONDEVMODE
runtime checks that are too expensive to be enabled by default.

WA 3.7 27}
If set to 1, enable the Python UTF-8 Mode.

PYTHONUTF8

o
oY
rE
1>

1.2,


https://www.python.org/dev/peps/pep-0529
https://www.python.org/dev/peps/pep-0538
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If set to 0, disable the Python UTF-8 Mode.

2 BE o A e EAGE AASH, AEzelEE 27 F5he 5

W 3.7 F7}
PYTHONWARNDEFAULTENCODING

ok ofl & 7h B3 T o,

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

default encoding is used.
See i0o-encoding-warning for details.

WA 3100 &7}

1.21 C|B{] B E Hp
PYTHONTHREADDEBUG
If set, Python will print threading debug info into stdout.
Need a debug build of Python.
Deprecated since version 3.10, will be removed in version 3.12.

PYTHONDUMPREF'S

AARE, stolH 2 AH 22 HE T2 Foll= dol3le AA e} F=x 3

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

Ea—1
T =

o 1z 3t
0 A

et
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CHAPTER 2

QUA ZHE0|A DHo| M ALRSHY|

2.1 Z[4l B{F Q| mio|M Li{Et7 |2} M X|

211 2ls2A

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

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

o ®B7]:
https://www.debian.org/doc/manuals/maint-guide/first.en.html ©j] 9] ¢t A}-8-2}-&
https://en.opensuse.org/Portal:Packaging OpenSuse A}-8-A-&

https://docs-old.fedoraproject.org/en-US/Fedora_Draft_Documentation/0.1/html/RPM_Guide/ch-creating-rpms.html
Fedora AF-& A&

http://www.slackbook.org/html/package-management-making-packages.html Slackware A}-& A&

2.1.2 FreeBSD2} OpenBSD

o FreeBSD A&}, 3 7] A & £ 7}31 2] W o] 2 A A 2

pkg install python3

« OpenBSD AH&-2}, 9l 7] 2| & F 71518 d o] ZA] 3H Al 2

pkg_add -r python

pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/<insert your architecture._

hCJ_C thuu VCJ_DJI_UJ.I -t 0O = I3
F 2 (TS sl AToT A
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(14

gl

# o] A ol A A <)

|

o & S0] 1386 AF& A= o] G Thol M 251 MAL AHUTh:

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

2.1.3 On OpenSolaris

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

-1 python27.

2.2 1mo|M HES}H|

CPython € 44 AT AT E, 0A 228 Ay, H4 089 225 W RAY AR cone 4 A

Ytk (3 2]l o] uA] sl2 9 clone o] B 2 3 t})

wEzeAat AN e 2e dhes FAT Y

./configure

make

make install

54§92 BABN Y 74§43} 72 AL shol4l 44 )9 FE| 9l README s o]

9] A HE ol Sl o,
AZ: nake install  python3 HholUelE Dol AAL 44 & 4 95Uth TebA make
altinstall<S make install tQAl AF 3=, exec _prefix/bin/pythonversion T A4 x]35}7]
o = J Yok

2.3 Lo 2 F =2} ot

ol& A A Aol mhet Getd & JFUTH prefix & exec prefixye Ao gl th2w GNU &2

E91014 % S 45 ol of LT o] ASL 2& 45 Uik

oAE 5o, REE g2 Aladof A, 7232 BF /usr Yt
SOIEEER o[
exec_prefix/bin/python3 e = ElHe A% A.
prefix/lib/pythonversion, EZEES Est=gdEg e 2 Y A.
exec_prefix/lib/pythonversion
prefix/include/pythonversion, vbo| A S Jubsta Qe Z 2B E WAt o 223
exec_prefix/include/ FF T gdE xoslE gAY AR 914
pythonversion
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24 TSAL|

Fu o)A ol A2PEE 47 A5 W, 4% L2 B0l of G o] & Sol, o] L7

’$ chmod +x script

22 a, AT HEL Aol A -3 A9 (Shebang) = WUt £ AHS 7 ol 5yt

’#J/usr/bin/GHV'pythOHB

o] AL pATH A o A slo] W e Z a2 AA
22 ez E FAEE /usr/bln/python3§ st A af of & 4~ Q5T
[e]

spol M AT HE A A P& AHE-8He W, subprocess R ES HAA]

2.5 Custom OpenSSL

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

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

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

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 —-3jl1 depend

make -38

make install_ sw

popd

v v v »n

«“ v v

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

$ pushd python-3.x.x

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

$ make -j8

$ make altinstall

Z31: 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.

24. TSAKL| 17
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CHAPTER 3

Configure Python

3.1 Configure Options

Listall . /configure script options using:

./configure --help

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

3.1.1 General Options

——enable-loadable-sqglite—extensions
Support loadable extensions in the _sqglite extension module (default is no).

See the sglite3.Connection.enable_load_extension () method of the sqlite3 module.
H A 3.60] =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 number of bits is selected depending on sizeof (void*): 30 bits if void* size is 64-bit or
larger, 15 bits otherwise.

Define the PYLONG_BITS_IN_DIGIT to 15 or 30.
See sys.int_info.bits_per_digit.
——with—-cxx-main

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

19
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——with-suffix=SUFFIX
Set the Python executable suffix to SUFFIX.

The default suffix is . exe on Windows and macOS (python.exe executable), and an empty string on other
platforms (python executable).

——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.
W7 3.9 7%

——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.
WA 3.99 F7}

——with-dbmliborder=dbl:db2:...
Override order to check db backends for the dbm module

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

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

Don’ t define the PY_COERCE_C_LOCALE macro.
See PYTHONCOERCECLOCALE and the PEP 538.

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

Fedora and SuSE use 1ib64 on 64-bit platforms.
See sys.platlibdir.
WA 3.9 =7}

——with-wheel-pkg-dir=PATH
Directory of wheel packages used by the ensurepip module (none by default).

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

WA 31000 &7}
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3.1.2 Install Options

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

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

——disable-test—-modules

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

WA 31000 &7}

——with—-ensurepip=[upgrade|install|no]
Select the ensurepip command run on Python installation:

e upgrade (default): run python -m ensurepip —--altinstall --upgrade command.
e install:runpython -m ensurepip —--altinstall command,

e no: don’ t run ensurepip;

WA 3.60 =7}

3.1.3 Performance options

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

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

The C compiler Clang requires 1 lvm-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.

B A 3.60] &7}
WA 3.100 A ¥ 7: 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).
B A 3.89] &7}

——with-1to
Enable Link Time Optimization (LTO) in any build (disabled by default).

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

W2 3.600 71

3.1. Configure Options 21
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——with—-computed—-gotos
Enable computed gotos in evaluation loop (enabled by default on supported compilers).

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

See also PYTHONMALLOC environment variable.

—--without-doc-strings
Disable static documentation strings to reduce the memory footprint (enabled by default). Documentation strings
defined in Python are not affected.

Don’

t define the WITH_DOC_STRINGS macro.

See the PyDoc_STRVAR () macro.

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

3.1.4 Python Debug Build

A debug build is Python built with the ——wit h—pydebug configure option.

Effects of a debug build:

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

Add dto sys.abiflags.

Add sys.gettotalrefcount () function.

Add

-X showrefcount command line option.

Add PYTHONTHREADDEBUG environment variable.

Add support forthe __1trace__ 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 surroundeded 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.
The garbage collector (gc.collect () function) runs some basic checks on objects consistency.

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

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

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

22
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3.1.5 Debug options
—--with-pydebug
Build Python in debug mode: define the Py_DEBUG macro (disabled by default).

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

Effects:
o Define the Py_TRACE_REFS macro.
e Add sys.getobjects () function.
e Add PYTHONDUMPREFS environment variable.

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

B A 3.8 &7}

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

If set, the NDEBUG macro is not defined in the OP T compiler variable.
See also the ——with-pydebug option (debug build) which also enables assertions.
WA 3.600 F7F

—-with-valgrind
Enable Valgrind support (default is no).

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

See Instrumenting CPython with DTrace and SystemTap.
WA 3.69 F7}.

——with—-address—sanitizer
Enable AddressSanitizer memory error detector, asan (default is no).

WA 3.60 =7}

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

WA 3.600 7}

——with-undefined-behavior-sanitizer
Enable UndefinedBehaviorSanitizer undefined behaviour detector, ubsan (default is no).

B A 3.60] F7}.
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3.1.6 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).

WA 3.1000 57}

3.1.7 Libraries options
——with-libs='1libl ...'
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 _ ct ypes extension module using an installed £ £1 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.
B A 3.100] =7}

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

Don’ t define the HAVE_LIBREADLINE macro.
WA 3,100 &7}

——-with-tcltk-includes="-I..."
Override search for Tcl and Tk include files.

——with-tcltk-libs="'-L..."
Override search for Tcl and Tk libraries.

——with-1ibm=STRING
Override 11ibm 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.

A 3.7 7}

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

e no (default): don’ t set rpath;
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e auto: auto-detect rpath from ——with-openssl and pkg-config;
e DIR: set an explicit rpath.
H A 3.109 7%

3.1.8 Security Options
—-with-hash—-algorithm=[fnv|siphash24]
Select hash algorithm for use in Python/pyhash. c:
e siphash24 (default).
o fnv;
B & 3409 &7}

——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);
e blake2.
WA 3.90] 7}

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

e python (default): use Python’ s preferred selection;
e openssl: leave OpenSSL’ s defaults untouched;
o STRING: use a custom string
See the ss1 module.
WA 3.7 7}
¥ A 3.10)| A ¥ 7 : The settings python and STRING also set TLS 1.2 as minimum protocol version.

3.1.9 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
1S no).

——enable-framework

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

L]

32-bit;
64-bit;
3-way;
intel;
intel-32;

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).

3.2 Python Build System

3.2.1 Main files of the build system

e 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 1ibpython 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.

26
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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.

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

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

e« make install: Build and install Python.

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

e make clean: Remove built files.

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

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 have no ___file_ attribute:

>>> import sys

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

Other C extensins 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_64-1inux—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_APTI () and PyMODINIT_FUNC () macros of Include/pyport.h are defined
differently depending if the Py_BUILD_CORE_MODULE macro is defined:

e Use Py_EXPORTED_SYMBOL if the Py_ BUILD_CORE_MODULE is defined
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.
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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 3.60 =7}

CPPFLAGS
(Objective) C/C++ preprocessor flags, e.g. ~-I<include 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.

BASECPPFLAGS
WA 340 7}

PY_CPPFLAGS
Extra preprocessor flags added for building the interpreter object files.

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

B A 3.20] =7}

3.3.2 Compiler flags

CcC
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:
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« the compiler flag —I (for setting the search path for include files). The T 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.

B A 3.50] &7}

EXTRA_CFLAGS
Extra C compiler flags.

CONFIGURE_CFLAGS
Value of CFLAGS variable passed to the . /configure script.

B & 320 &7}

CONFIGURE_CFLAGS_NODIST
Value of CFLAGS_NODIST variable passed to the . /configure script.

B A 3.50] &7}

BASECFLAGS
Base compiler flags.

OPT
Optimization flags.

CFLAGS_ALIASING
Strict or non-strict aliasing flags used to compile Python/dtoa.c.

WA 3.7 F7h

CCSHARED
Compiler flags used to build a shared library.

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

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

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

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

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

WA 3.50] F7}.

PY_ STDMODULE_CFLAGS
C flags used for building the interpreter object files.

Default: $ (PY_CFLAGS) $(PY_CFLAGS_NODIST) $(PY_CPPFLAGS) $(CFLAGSFORSHARED).
W 3.7 =7}

PY_CORE_CFLAGS
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.

B A 3.20 =7}

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

3.3.3 Linker flags

LINKCC
Linker command used to build programs like python and _testembed.

Default: $ (PURIFY) $ (MAINCC).

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

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

B A 3.20] =7}

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

In particular, LDFLAGS should not contain:

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

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

WA 3.8 =7}

LDFLAGS
Linker flags, e.g. -L<1ib dir> if you have libraries in a nonstandard directory <1ib 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: @LDSHARED@ $ (PY_LDFLAGS).

BLDSHARED
Command to build 1ibpython shared library.

Default: @BLDSHARED@ $ (PY_CORE_LDFLAGS).

PY_LDFLAGS
Default: $ (CONFIGURE_LDFLAGS) $ (LDFLAGS).
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PY_LDFLAGS_NODIST
Default: $ (CONFIGURE_LDFLAGS_NODIST) $(LDFLAGS_NODIST).

WA 3.8 F7k

PY CORE_LDFLAGS
Linker flags used for building the interpreter object files.

W A 3.80] =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 (MSI packages) with every release for many years.
These installers are primarily intended to add a per-user installation of Python, with the core interpreter and library being
used by a single user. The installer is also able to install for all users of a single machine, and a separate ZIP file is available
for application-local distributions.

PEP 11°] A1 4 & tj =, JJrO] % d 2] Microsoft 7F S35 0] B39 A9 e Aog 3ste d=¢
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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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g5 Python 3.8.0 (B4-bit) Setup - X

Install Python 3.8.0 (64-bit)

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

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

Includes IDLE, pip and decumentation
Creates shortcuts and file associations

—» Customize installation
Choose location and features

python
for Install launcher for all users (recommended)

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

“Install Now” & A &5} H:

. a—]—ﬂ Z}(administrator) ¥ 2 8= gl T} (C
T AREAFE A8l A= & stold ©AE A A eHA] ke 3h
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glojBelg], HlAE 29 E, ¥4 9 pip7t A A H Ytk
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“Customize installation” & *45”3}‘11 AAE 75, AA A L o2 A A TIPS AT 5 95y

ok W 7 AE oy vtel g & A A5k |, °] A= AREsl oF Pyt
RE XL A A XS 48512 d, “Customize installation” & A1 €3 oF 3+
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4.1.2 MAX_PATH H|St dM|7{5}7|

A== Ao F =7 o5 26022 A g5 Ut o] olHth 1 B 2= 27 (resolve) H 2] 9L of 2
7h S o m T

HAA WA dE QA L, o] A3HE °F 3200042 &FE 4 gl th # e A= “Enable Win32 long

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

o] open () B4, 05 BF D R EL) THE A7 750 20041 KT} 7] AR E ol 5o 1 NBE 5 JEE
k.
g enew

7 , F7FFA ol Bo3kA E Ut
WA 36004 HA: 7]
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To completely hide the installer UI and install Python silently, pass the /quiet option. To skip past the user inter-
action but still display progress and errors, pass the /passive option. The /uninstall option may be passed to
immediately begin removing Python - no confirmation prompt will be displayed.

e EE #F42 name=value & AZH UL o714 values WA 02 7525 B84 8st3 W 0, 7|5
gyslate e 1 me J2 Uk AS 5D S4 AR & ﬁ% o2 25 Ytk
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o|F 43 7=k
InstallAl- | A]2~® AR AXE =33t | 0
1Users t}.
Target- A= odE g InstallAllUsers ©f] wh2} A &= Ut}
Dir
Default- BEEALA AHAXE Y3 7|2 | sProgramFiles%\Python X.Y L2} =
AllUser- | A X t]jdg g SProgramFiles (x86) $\Python X.Y
sTarget-
Dir
De- AR AFR A AR HAAE Y3 | sLocalAppData%\Programs\Python\PythonXy or
faultJust- | 7]& A %] ¢] &g g $LocalAppData%\Programs\Python\PythonXY-32 or
ForMeTar- $LocalAppData%$\Programs\Python\PythonXY-64
getDir
Default- | ULl EA|¥ = 712 ARSAFA] | (W] 91)
Custom- | A AXx] ¢jedg g
Target-
Dir
Associ- AT AXxEgod 39 o |1
ateFiles A& Yt
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Prepend- | Add install and Scripts directories | O
Path to PATHand .PY to PATHEXT
Shortcuts | A X = H, ez g, dHA] | 1
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Sy
n- SFol W 22 ARG | 1
clude_doc
In- g 2ol el & ATt | 0
clude_debug
In- Install developer headers and li- | 1
clude_dev | braries. Omitting this may lead to
an unusable installation.
In- Install python.exe and related | 1
clude_exe | files. Omitting this may lead to an
unusable installation.
In- A= & st HAAE AA | 1
clude_launch&f ] t}.
Install- Installs  the launcher for | 1
Launcher- | all users. Also requires
AllUsers Include_launcher to
be setto 1
In- Install standard library and exten- | 1
clude_lib | sion modules. Omitting this may
lead to an unusable installation.
In- HEZ AF5 = pipe} setup- | 1
clude_pip | tools& A %] gt}
In- Install debugging symbols (*. | O
clude_symboaotsdb)
In- Tcl/Tk A Y=} IDLES A X% | 1
clude_tcltk| Yt}
In- EE golBY g HAE 29 | 1
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718, A’ AA sold AAE 283 AA S, (B A AT HE ZEZEAAM) HE BH =
o

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

AR EAE 29 E glo] sho] o) g ARE AA AANT 5 JEE, TS FYoE wiE A8
AZE 5 A5t ol S A S Desha 27 5014 7 EAH 1 AFEA A2 7 518 4 b eh:

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

(A4S A Y AR E Aok v, AH7L LY A28 AR X791 W, e A
Foll IS4 2)

x
2
2
2
i
o

S AE §412 A 493} P unateend xnl ol b FAL ATE £E Gy o) AL F43)
G B2 AAY gol o= HER AT, A58 49 242 ABPUT AU daER
AZE e G4 EAL do dFUTh o] oA U o)A A 9 2L FHS AAITh

<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="SimplelInstallDescription">Just for me, no test suite</Option>
</Options>
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python-3.9.0.exe /layout [optional target directory]

/quiet §£4E A3t APE ZAE FZ 55 dFUTh
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4.2 Microsoft Store I{7| x|

W7 3.7.20] 27

Microsoft Store 3] 7] 2] &= G Al A X & 4= = oW AHZEHZ, F2 o & 5o A2 Uy A&
HEX o7 T
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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\VFS\SystemX86.

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

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

>>> os.path.realpath(test_file)
'C:\\Users\\example\\AppData\\Local\\Packages\\PythonSoftwareFoundation.Python.3.8_
—gbzbn2kfra8p0\\LocalCache\\Local\\test.txt"

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

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

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

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

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

4.3 nuget.org 1l 7| X|

B A 3.5.20] 7}

nugetorg 3171 A= 2] 2251 240 7o o] XS] A e A% 4 2] SR W A2 w0l ALEE) AT F
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nuget .exe ¥ & £33 &, o & £ curl o] 1} PowerShell 2 AF2-3}o] https://aka.ms/nugetclidl o]
A A e RET 5 A% U o L7 ALESH T3 o] 648 =1k 320 = AFE B sho] W] 24
W7ol A% ek

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

it

drd o g, Yz 7] A= o= 5 glon, F
FroFFUnh &, 71 A YA EE TR A
2] e HEsA o o] A4S AFL

tools YA E 2|2} 37 build\native D}Ei‘E%ﬂ 7} AE Ut 7] ]“‘1___:-‘4'
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4.3. nuget.org 17| X| 39



https://docs.microsoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes
https://www.nuget.org/

Python Setup and Usage, £A| B{Z 3.10.18

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

4.4 L|ZE Jls¢ct a7 | x|

WA 350 F7F
WAE Mz Ha gold 8748 23t ZIP G Ut HF ALA7 AH QA A7 ks, e
-8 zZRIY) dRR FFE] A% AU

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
.pycfilesinaZIP, and python3.d11l, python37.d1l1l, python.exe and pythonw. exe are all provided. Tcl/
tk (including all dependants, 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.d11 in the system directory.
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A8 A AL S, A WA AHE AR T 5 gon] 5 AZo] Ak FE T BBl A5, AHEA
ol dA=ote 39 WY £2 AH85t] Py Maing TEE 5 SlojoF FuTh

o 7t e o3t W] & AAE AR 3 python.exeY pythonw.exe & A T &3= Al A
ol A4 0z A E ABSHE ATk o 3%, 38 22 19L A ol Fo] ojd sol Aoz
A o, AL AR A8 3 OhE sholdl 22 A2 Y A% T A8 S A2 4 AwUn
FA) A2 BN A, 57142 shol 8 A AT} YA el 22 A o] ARoA BT 5 AL
sfoF gtk S AAE AHESHY, 58 22O S A 7] Aol AN ARE AT oA 7 AE
o A Aol A 5 dsUth
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https://www.nuget.org/packages/python
https://www.nuget.org/packages/pythonx86
https://docs.microsoft.com/en-US/cpp/windows/latest-supported-vc-redist#visual-studio-2015-2017-2019-and-2022
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4.4.2 mlO|’M LHZESE7 |

o O LY =
8% 4 dgUrh dugo, R S HER 5o glow,
Q% 7} python.exe® BE5H AU python3.dll L A4 S FUTh ¥ 29 25, g9 EE S5
22 42 39 UdHeE FE5E 228 4 It sol A AB =L HE A S0l TR I
S8 Z2aY AET VA 2, A8 me) B2 2713} Aol A4 F2E AR T 7197 Yo} A 71 A2
oo A AA T 5 gEUTh T Ao, AH Wz Dok HA S AHG I 2 7kl ZE A Aol B

FF CPython ¥ £ 9ol =, 37} 7|55 Z sk +4d 71 A7 A5 Utk th=2 Wol AHgsE = # A%
F2 7% B=2qYck
ActivePython T}5 Z Y EZ 5384, AHA], PyWin327}l Q= X 2 13
Anaconda ¢17] 91+ 78+ 25 (7}8 numpy, scipy & pandas) 7} 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 Abg =8 513t 9749 9714 A=g AR £/t EFE A=9 A4 W=,
ol I 7| A 52 A W] shojeojy} 7B} ghol Hej el & £3eA] ok2 4 Jlow, A sho] "ol A
F A Fe s AU A A eHA] ol o A Al L.

4.6 LO|M F-d317|

AR HE B M5 AEA 223 A2 25 BE A JF 402 THAL, 9 ZEZEAA
QAo AT S A%k

A7 W4 AN A4S, 9 TEZEES QT set WL AEHAA L

C:\>set PATH=C:\Program Files\Python 3.9;%PATH%

C:\>set PYTHONPATH=%PYTHONPATH%;C:\My_python_1lib

C:\>python

o2 g WAL o Baol A AAHE BE 27 Fedo] ALH ], 2ol A2H 2E 24 me o)
Ao,

W2 g 7] ool W o) 52 EFFA 1 E GO R g o], A Fol L} B L A 2he F7HE 5 5T,
ython.exe & Zsl= t e E g S A& H20| F716to] PATHE £ S 22 24 WA sl o]
AR E % she Q9A wE T
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https://www.activestate.com/activepython/
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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1B 7 A, E Ao 7 A 3e W, Start S Z 235} ‘edit environment variables’ S 73 A3} A 1}, A| 2~ HE]
2= A, Advanced system settingsS G 11 Environment Variables 8] 2 223Ut} o] t) 3} Ax}ol| A, AFR %12}
A"l HE S 2T AY - T = JdsUth Al2"E A& A e W Hxe ol Al glo] A 23] ok
gy (& & A Ah.

3 A== AR HFE A AH” HE Fof o]o] 20|22 PATHE AT uf of| 71 4] 4 A7 43 E

—r,M{}L]Ek

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 com-
mand, for temporarily modifying environment variables

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx The setx com-
mand, for permanently modifying environment variables

4.6.2 mO|M A&l iy T

H A 35004 WA,

A5o% tEo) 2l shold QB L EE 98 A2 vy FHS ALE e A 9lolE, WY ZBIEC A o]
AS AT AL 5 A5Uth 4X 22 1o o8 AT 4+ iS40 dgth

%) =219 3 0] 2| A, “Add Python to PATH” 2H= 42 Meahe] 43 =2 13 o] PATHO| A
ANE FABES & 4 DB U scripts\ EUY FAE FG U o & AEmel 82 A3} 9130
python2 ¢ &3t 374 4% =2 19L A5 W pipE 4T 5 U= Ptk webd, B3 2

=
AT s syt Hd = AHAE FxeA

= 1
yHE AT g Mg s A RS AL 8] PATHE $ 5 0%

’C:\WINDOWS\systemSZ;C:\WINDOWS;C:\Program Files\Python 3.9

4.7 UTF-8 2=

WA 3.7 =7}

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

UTF-8-& <1 E] Yl 7 WSL(Windows Subsystem for Linux) & %33} tf 2] S U~ x| AEH oA g AHLH 7
ol A7 ST = s T
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 PYTHONUTEF'8 for
enabling UTF-8 mode, and X 5 A2 ™ : 2+7 ¥ <= A 7% 3} 7] for how to modify environment variables.
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https://docs.microsoft.com/en-us/windows/win32/procthread/environment-variables
https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/set_1
https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx
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When the Python UTF-8 Mode is enabled, you can still use the system encoding (the ANSI Code Page) via the “mbcs”
codec.

712 27 W 4o PYTHONUTF8=1-& F7}sl A A|AH e B E Ftol X 37+ 58 =219 43S F4
GAAN A2E AT o) o] 2t FHo] M 3.7+ 3§ ZETMo] Qo 3 M4 E YA AAFAL -x
utfs W & 545 AH8Se Aol 54U

ZF3: UTF-8 R=7F n|&8A5E Ao, sfo]HL AT oA 7| BF 0 2 o3& 93] UTF-8& A3y
c}:

EZT0E 2338 24 1/0 (AHA| 3 U8 PEP 5282 2314 A 2).

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

ggyrh 239 E(E:

PATH W29} &2, @4
AAE AT, 7Hg & 2ol Axd WA A7)
Ax = Al PEP 397914 A= o5

4.8.1 A|ZEHS1H7|
HH S0l

WA 36004 WA,

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:

Py

AT H A ML stoje] A ojof Ut - ARA o2 FRED 5 9loH, A
stelf oz A A%H Yk

If you have multiple versions of Python installed (e.g., 3.7 and 3.10) you will have noticed that Python 3.10 was started
- to launch Python 3.7, try the command:

o,

37t E & AR

’py -3.7

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

’py -2

You should find the latest version of Python 3.x starts.

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

48. =2 2 Ojo|M AHX 43


https://www.python.org/dev/peps/pep-0528
https://www.python.org/dev/peps/pep-0529
https://www.python.org/dev/peps/pep-0397
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'py' is not recognized as an internal or external command,
operable program or batch file.

Per-user installations of Python do not add the launcher to PATH unless the option was selected on installation.

The command:

py ——list

displays the currently installed version(s) of Python.

7

rioe

>
o

B A 3.59] E7}

AR} WA shol W WA A4 flo] QAN L, A4 B (EE ol Hele) veny BE
virtualenv 12 A H) o] % o Ol = o]
Ayt A Jde =z HE Adsted 7MY SH S v 2A3s AL A shol A W AS A
AR AN 2

EdAM

HAE spo] 8 2T HES Whso] FAITH- Uy W8 22 hello.pyhe 9 & W YTh

#! 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 gho W 2x AR o) WA WB 7 AHBL &5 ASUTh o)Al A A 2S e 2ol WA T

’#l 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.

o5} 9 AHg 3% @), A4 gl “python” & 429 3ol 2.x9] 241 WAL AT L o) o) B
BT 20e] TBY2 918 AQUTh o 714 python B QAR sl 28 FE T

A= A A Al gtol A Y (S .py, .pyw, .pyc L) T AZF ] Jojof Ttk F, A= A7 A
olF 3 Y F IUE B8 S BA I ASHEZ Yol A A 22 V)5S A8 239
Eo A A& oF = AL AT 5 AdF UL

o] 7ol =2 ol A2 A WA £ W&ol Wt G dA7E-FAl o7 Fold WA AL 5 vk A
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482 MUl =

01/1/\ OOﬂ

A2YE Q) 3 WA Fo) #1 2 A 23 <4 W shebang)” %) 213 T . 2529} 7] 5e
AAE 0|28 3-8 718 A 02 A N5to] 227 = A B E ERh 7] A5 ol AL QAo
S 1ok o] €715 A8 o A1 ol Sol 8 AT 08 Al B 5 el 5] o
2 A8 E B F YT

sto]f 2T YEY A EL HY 2% AES 71 o] 44 YT 57 3, o] VAL AT AHZAHE
AR 2] A BRE AR AU = A B AL DT g ok

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

e python
=2 o], ~aYES 3 HA Zo| 23} o] A ZHsld

#! J/usr/bin/python

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

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

# A 3,70 27b: Fhol i A 3TREE “64” AU AZ 4N E WAL 2 T S JHuTh =3 R wA glo]
F WA oA E AR T 5 Y5 U (5 /usr/bin/python3-64).
The /usr/bin/env form of shebang line has one further special property. Before looking for installed Python inter-

preters, this form will search the executable PATH for a Python executable. This corresponds to the behaviour of the
Unix env program, which performs a PATH search.

4.8.3 AMEH =9| QIX}
A 22 w3 vlol A Az H A2 7 FAS AAHT 5= dFULh o & B0, 23 22 Av)
o] Jow:

’ #! J/usr/bin/python -v

shol e —v gz AAH T

4.8.4 AI2X} Mo
INI T} 2 E5t AF2 A} Q|

Two .ini files will be searched by the launcher - py.ini in the current user’ s “application data” directory (i.e. the
directory returned by calling the Windows function SHGetFolderPath with CSIDL_LOCAL_APPDATA) 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).

“e xm I tHE e el AE A G dF A Aol Sl AgA AFEG e R, [A
ol Y= .ini Lol T3 27] Ako] Yle AHEARE A9 ini oAl B S AF D

+
50,
)
O
o
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7|12 oM B AFE X} H2|

wjjof] whz}, A A AS P o £
FHA NS E A3 A= o .
F7}15le] 2R EV 4R E TS 2 A E AT 5 A5y
o E S0, #'pythono AW Zol= WA A7} gl= vkd, #
St 271 dF U th

Hegol WA 27 gled, 37 W4 pY_PYTHONS A3t 712 M StHAE A AT 4
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RE e AT 5 LU (647 AL Thol 4 37 o] ol £ Ao AW ALE T S
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_>:
1-0

) Y_PYTHON{major}(®] 7] A {major}E oA 2R A A F A
ko] Z Al M A-S 17216‘ AsUch 28s FAe] glod, dx= AXH ol
At £ Ao tha] HAE A F e aE AR FUH o] 22 BAE A= AW, T A E

A 7P H 2 AXE WAL 7he Aol =FUh
(major.minor) 3}o] %1 W 7 o] 32°] E &} 64 ] E ?’iﬂol BF A H 64n E ol A=
ZqOl AzHUL) ol= 328 EQ64HE B X & BFo | gyc)- 3ZH]E Em_ 7}%
| E gtold AA & APste A ATt upehi] dx ] 522 PColl A= Wz gk
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o
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i
o

A Zdr o
(o

Mo = o
f
ft
m
—|—’ 001[
rE o
P” H N
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=

F
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(i, (m

=
L
ox
.p
n:
o
Y

ful

°l (5, 32HE 1/}64H]E L94 JJrOl“*JJr*H‘;}HXVPU}Xl“LOﬂ AAFH A=A & 1

[e3]
15U Th. Sel A AF Aol A8 A 3071} 647 AU LS WA A G Aol ALG o] o] 5

om>
0y
filo

(R 2y 2 E M
o, N
%

£

o TR Mol AAFH A oW, pythonT} python2 BHS AXH HA gto] AW 2x WAL AR5
python3 W@ A4 " H A sfo] A 3xE AHE U T

o The command python3. 7 will not consult any options at all as the versions are fully specified.
e PY_PYTHON=3°|®, python¥} python3 H 2 25 A A x4 s}lo] A 3 | AS A3k

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

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

27 W &l ol &, Aol A /\}3 5t INI 3} o] A g7
defaults] 2t 3l 7] o] 2 & M3 py AT ¢g= A
e EAE TRA 220l F AN L) B2

E\ﬂ:

92 T 5 Utk INLshQe] e
W49 24U T (1)L INI 2l e) 7] o) &
: %

2]
o] A4 H AL A A Tk

o e

2

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

[defaults]
python=3.7

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

[defaults]
python=3
python3=3.7
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4.8.5 Tt

If an environment variable PYLAUNCH_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.

49 2 37|

Python usually stores its library (and thereby your site-packages folder) in the installation directory. So, if you had installed
Python to C: \Python\, the default library would reside in C: \Python\Lib\ and third-party modules should be
storedin C: \Python\Lib\site-packages\.

To completely override sys.path, create a ._pth file with the same name as the DLL (python37._pth) or the
executable (python._pth) and specify one line for each path to add to sys . path. The file based on the DLL name
overrides the one based on the executable, which allows paths to be restricted for any program loading the runtime if
desired.

When the file exists, all registry and environment variables are ignored, isolated mode is enabled, and site is not
imported unless one line in the file specifies import site. Blank paths and lines starting with # are ignored. Each
path may be absolute or relative to the location of the file. Import statements other than to site are not permitted, and
arbitrary code cannot be specified.

Note that . pth files (without leading underscore) will be processed normally by the site module when import site
has been specified.

_pth 3ol Y& o, =0l A sys.pachd A$E PHe o2 Lo
o Aol A4 Bl e elol sk W G5l R

o 27 Wo) A g, 37 W4 PYTHONPATHZ} 2 A 8HH, o 3 2 ]D}%OH 2719 Ut} 9%
7ol A, o] ‘_“r-/] AR EgtolH AHA(C:\ F)ol /\}%E]% EE2H TS A AL R
T-&5 ol oF Pt

o« F7I4S8 T2 7 JE” = HKEY_CURRENT_USERS} HKEY LOCAL_MACHINE 3}o]H B9 o}g]oj
\SOFTWARE\Python\PythonCore{version}\PythonPath? 3} 7|2 A AE&gd F7[E ¢
AUtk Al U]fi_’—%ii Tid AR FALS 7 BB E A Ste oF9] 7= 24 B 27t sys.path
of F7be =5 . (¢ BE AX 22332 HKLM ¥ A8 2 2, HKCU = gHEE S = ] o
Aol 2 V‘/‘li)

-ﬂ%L¢PHMMMMﬂ§@ﬂHﬂﬂ1W§W°Eﬂ]ﬁﬂﬂa1%ﬂ%2Lt%ﬂélﬁ‘

stde] A= E AR ste] “HEnta 9kA” (Lib\os. py‘%pythonXY zip)<& Zrof “IpolH T F

. Jpo]x Fo] AW, sys.pathdl F7t= = #H 39 v EH E (Lib, plat-win 5)+&
ZIro. g2 gtk ZE‘X] o, a4 slo] W G =77} H A AE 2 o A 7dH PythonPath o] A
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filo

B
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1, @7l pYTHONPATHZ} A A= o] QA ¢, aﬂx]/\Ea] PR 2
Z (& 59 .\Lib; .\plat-win 5) 7} AFEH Utk

3}
pyvenv.cfg 3o W ¢l A A} oA =AY A ET 52 99 HE e TAH, v
w3 o] A2 =T}

A

* homeo| At AR |1l pyTHONHOME®] A ZE A koW, T AAE FET uf vl A s} o st
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* python.exe <= 7]4& 3ol 1‘4"—“\5131 (A A" ¥ A = PCbuild T A E] ol A 2 H) o A] ThE exe
S AYT W A A2 22T T AALELY B4 A2t BARUC dAAEele] ThE S8
Z2aY F27 = FA dFYTh

o Flo] M o] T}E exe(th2 1’4"’“3?4 COME 3t Ui, S)ollA 28 2 o, “slo] &7 o] FEH A
kol H A ~E Q] A4 7é‘i7}/\}3%‘4‘4 HPArEG 2« g zm T AR"L A 93
Ytk

o Jtojxlo] T& 23 = gl HAAE T Frol ¢glod (A H (frozen) .exe, oFF o] 43t A x] 44), dX
712 FHA T AT A2 E QA Uttt

golME S8 Z2aPoj 2o HERZ 23 = AFSALE Y8, s 22U g2 A9 T =&
WA gy th

e xS A/ 2T A 3L A L _pth IFLS 27T YL oA HA2E L} T

Hapo Ydd A2 E FASHY, import siteZF YEH A b= 3t site ™ FA T

o If youare loading python3.d11 or python37.d11 in your own executable, explicitly call Py_SetPath ()
or (at least) Py_SetProgramName () before Py_Initialize ().

e 28 =2 WA python.exeE A|Z35}7] Aof| PYTHONPATHE A A Y@ OJA 1 PYTHONHOMEES
AR A 2
. oA ANL AHEF 5 YO (8 F0), A8 A7k python.exe® A1 AHT 5 A W Tl W),
AT o= 519 (Lib\os. py) o] A= T aeq 2ol AEZF A L. (ZIP 3L ol &= A= A
T4l SH12 o] £9] ZIP 3} Q& 72X F o] 5] 54 2.)
o] @A) S Alsd AA AAY o] $F Z2IW A WER AFHE BF ol u e Bapr
Hoh S ASEA) FgUTh TEA FOW, AL of R 5 TR IAG AT ] BA BT 5
Ut o2 A ote PRIAEG ] v BE A7) /\]-—Q-Z]'Slte packagesoﬂ o] 3] H Fe 4= loj A, A AR
Alsko] 74 F 2ol 21 5H41 A 2
WA 3.60014 HA:
e Adds ._pth file support and removes applocal option from pyvenv.cfg.
e Adds pythonXX.zip as a potential landmark when directly adjacent to the executable.

WA 3.65E #HA: Modules specified in the registry under Modules (not PythonPath) may be
imported by importlib.machinery.WindowsRegistryFinder. This finder is enabled on Win-
dows in 3.6.0 and earlier, but may need to be explicitly added to sys .meta_path in the future.

Slo]Mo] BE ZHZ 7lof o)A Q= AL BEx 2 AU, AT Lout 783 7|5 0] Q&) o] 73t
7155 AHEE 7] Y st 2 F grol By B} o fof Qe F 7H-4 X253} 2 3l (snippets) o] &2 g ot
Q= EH & 252 mswin-specific-services of] A M o} g5 tH
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4.10.1 PyWin32

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

o Component Object Model (COM)

« Win32 APl 3&

. HA2EF

e OHIE 271

« Microsoft Foundation Classes (MFC) user interfaces

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

] ®17):
Win32 How Do I--+2 Z] 2} Tim Golden
Python and COM #] 2}: David 2} Paul Boddie

i
=
o}
]
4
30,
rlr
o
s

4.10.2 cx_Freeze

cx_Freeze is a distutils extension (see extending-distutils) which wraps Python scripts into executable Windows
programs (*.exe files). When you have done this, you can distribute your application without requiring your users to
install Python.

4.11 A= 20| A T}o|M HmUs5}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.

e 2 A 2o sk Wl A X = pPCbuild/readme. txt S EQA A A 2.

2 5 of ) A=, building-on-windows & 22 34 Al

412 7|} ESHE

sho] A9 X4 9l A%z <13}, o] e A5 A U T (AL AL A
FHoz Ad). AL A okt ZE ZAF h AT &2 SAIA] 2.

» Windows CE is no longer supported since Python 3 (if it ever was).

o The Cygwin installer offers to install the Python interpreter as well

A A Y Ax 22 o] Qs ZPE o st AA| §F A B = Python for Windows S 2 3H4 A L.
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https://pypi.org/project/pywin32
https://docs.microsoft.com/en-us/windows/win32/com/component-object-model--com--portal
https://docs.microsoft.com/en-us/cpp/mfc/mfc-desktop-applications
https://web.archive.org/web/20060524042422/https://www.python.org/windows/pythonwin/
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CHAPTER B

Using Python on a Mac

Author Bob Savage <bobsavage@mac.com>

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

5.1 Getting and Installing MacPython

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 (https://www.python.org). A current “universal binary” build of
Python, which runs natively on the Mac’ s new Intel and legacy PPC CPU’ s, is available there.

What you get after installing is a number of things:

e APython 3.12 folder in your Applications folder. In here you find IDLE, the development environment
that is a standard part of official Python distributions; and PythonLauncher, which handles double-clicking Python
scripts from the Finder.

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

The Apple-provided build of Pythonisinstalledin /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.

If you are familiar with Python on other Unix platforms you should read the section on running Python scripts from the
Unix shell.
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Your best way to get started with Python on macOS is through the IDLE integrated development environment, see section
The IDE and use the Help menu when the IDE is running.

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

To run your script from the Terminal window you must make sure that /usr/local/bin is in your shell search path.
To run your script from the Finder you have two options:
o Drag it to PythonLauncher

« Select PythonLauncher as the default application to open your script (or any .py script) through the finder Info
window and double-click it. PythonLauncher 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 glob-
ally.

5.1.2 Running scripts with a GUI

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

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

5.1.3 Configuration

Python on macOS honors all standard Unix environment variables such as PYTHONPATH, but setting these variables for
programs started from the Finder is non-standard as the Finder does not read your . profileor . cshrc atstartup. You
need to create a file ~/ .MacOSX/environment .plist. See Apple’ s Technical Document QA 1067 for details.

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

5.2 The IDE

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

5.3 7} ulo|M 17| x| X|5t7|

There are several methods to install additional Python packages:
« Packages can be installed via the standard Python distutils mode (python setup.py install).

« Many packages can also be installed via the setuptools extension or pip wrapper, see https:/pip.pypa.io/.
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5.4 GUI Programming on the Mac

Macoj| Al s}o] W 0 2 GUI &-§ =2 18-& 24 37] 913 2 71A] A o] A5t

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

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

wxPython is another popular cross-platform GUI toolkit that runs natively on macOS. Packages and documentation are
available from https://www.wxpython.org.

PyQr is another popular cross-platform GUI toolkit that runs natively on macOS. More information can be found at
https://riverbankcomputing.com/software/pyqt/intro.

5.5 Distributing Python Applications on the Mac

The standard tool for deploying standalone Python applications on the Mac is py2app. More information on installing
and using py2app can be found at https://pypi.org/project/py2app/.

5.6 7|E} X} &

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

https://wiki.python.org/moin/MacPython
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Please go to Python Editors and Integrated Development Environments for a comprehensive list.
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>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed interactively
in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the code for an indented code block, when
within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes),
or after specifying a decorator.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which can
be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 ib2t o0 3; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] A Z|A) FA W o)A Fd A Ehasattr () ZLEHIY S EHE AL
HBHA ZEE (& 50, A WA E) A5, JEHA o] AE Y st HHS AT T =N o o]
< B A3 Yt ABCE 7 Al B %Eﬂii E‘Qﬁ}—ﬁﬂ, S AE ASTHA FOHAE isinstance ()
2} issubclass () o o3 #A=2 ‘—E FH2EYYUTh abc B E ’“‘ﬁfﬂ £ EA L. stol o=
2 Y= ABC 9] tq;:)r;ta] r)rkojr 2 Ao 0"“‘43} A8 & (collections.abc 4_501]/\1),
7\—1]— (numbers R EA]), 2EH (io EENA]), Y E g2 24 (importlib.abc EE I A]).
abc EES A3 A AFAIRES] ABCE WHE & %1%1/] T},

annotation (o] el o] H) #of uhel @ = 2 AHEHE WS, B2 o= RE B G4 HANS U
Hhek 9 A28 o By

A M) o] mE] o] A& A FY Al 7ol AN AT S QA A A, Fea SA D 349 o] H) o]
AL A7y BE, 2, 849 annotations_ 5 oEFHEN AFH Yt

o] 75 = AWt W o H o], $ o] i E| o] A, PEP 484, PEP 5262 X SHA| 2. o] = H| o]
2ol o 8k &3 Ab#] = annotations-howto & 22 34A| &

argument (Q12h) F+E 2T 0 I (B MAE) 2 ABH = & F SF dA7 A5 Ut
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« 719 E ]—(keywordargument) Sk i%ﬂﬁ A1 2} 7} ko] B2 912} (] B S 0], name=) T **
E Yol 2 9MYE AGH = AR o & 5o, b3 22 complex () EFA 335+
BE 719 A Yth:
complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 912 QA} (positional argument): 7]
A olefel g o Gl x & 2o A
2 9] 1A Y T

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

W
HAR. EHACE, o x84 0] AAE AFEE 5 dFUth 732 gheol A o g Uth
Lol o] w7 ¥ FEIFAQ AF At} w7 H 9] xfo] 9f PEP 362% H A &
asynchronous context manager (V)% 7] ZAE]A~E 2] 2}) An object which controls the environment seen in an
async with statement by defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.
asynchronous generator (8]5-7] AV @ o] €]) v]5 7] A& o] E o|Ho]H & FHF
E2ARAYHE=FZREH T4, A Y Hol=H|,async for FEZ7FARRST 4 9= dHY
£AAS EHATE Aol GEU,
BE 857 Avdely g+E 7FE 7| A g o] E o A= vlE 7] Al d ey ol d olH & 7HE X
Urth o =3k o u) 7t HEetA] k2 A9, G S E M RS vtk

v 5 7] AlvglolE] SF4+= await 84 F asyne for 3} async with & 37-_5‘]"515[\— d5Yth

DR DS o5 22 A W AYD, o U A8 7 AED FAAE ks T2
]

St a ync def
IS == vyield

e

asynchronous generator iterator (8]% 7] AU & o] €] o]g]go|€]) v|F 7] Al d olE 7 vt AA).

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

Each yield temporarily suspends processing, remembering the location execution state (including local 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 (8]5 7] ©]€]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 (H]% 7] 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 StopAsyncIteration exception. Intro-
duced by PEP 492.

attribute (G EZ|{HE) £3] R T2 AHEote o522 FxHE AAS 24T g olE S0l AA o7t
AEe|REaE AW, 04X W B2 UTH
It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example

using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] $J]o]E] &) 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 #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] %FA] 2},
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binary file (B}o]u] 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 in-
stances of io.BytesIOand gzip.GzipFile.

str AAE 9T 2 4 Y ok AAle] AN E B A= 5 E FEeA L

borrowed reference (' ¥ 2 X) 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 (H}o] E Q-F A A)]) bufferobjects & A Q32 C-A5 HHE AAXE T 5 QJH5 T oF
FE memoryview A EL EE0|1 bytes bytearray, array.array A5 £
O]E‘ﬁ T AR =S H}O]Lﬂﬂ HolB & thF+= o8 7HA] Aibsel A2 5 A5 UTh o5, vhel v g
gd g A AALS B3 AL L AL 01"\141;]—
o8 Q141 2 wpol 12 Hlo|El 7} FH A Y Bk s Th ol @ Ago] AWML BF 92227 vl
O EQE AH” a‘r AT YT 7P W AR Y d Z=bytearray 2tbytearray 9 memoryv1ew
}""\‘4“/} E AdatE2 vtelyE tlolE 7t 2 AR (<8l 7] AL vie] ELR{F AA”) o AFEH=
274Ut o™ o] o2 =bytes@ bytes AA L memoryview 7} dF U T

bytecode (H}o]E F &) Hlo]W A2 F == HlolE =2 AutAE =], CPython ¢ ¥ Z 8| g of| A] u}o] A
Z2IHY 1’H‘T‘—‘—J— AUt vlolE F =+ .pyc 3L A Hol, T2 3dS F 1A AP T uj
o el x] Al R U T (A0 A HEo] E Ei,] AL S I T = AFUTh. °] “27 Aof” = 7+
HFo| E = o tf -&-38= 71 Al Aok 71 71 A ol A A E Tt ST Hlo]E I E = AR TOE
sto] 74t 71 Al A FEE Ao R 7R =, sho] A w3 7hol] Qb A o] A & gkt Ao o] sl of
.
HlolE I & W o] 59 HE2dis ZE YA Ut

callable (2] &) A callable is an object that can be called, possibly with a set of arguments (see argument), with the
following syntax:

L

callable (argumentl, argument2, ...)

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 (Z%) oIz} zj%ﬂ% HHH o] o]

14 = S 2 (5 22 dad oA 7t ofyEh o Ak

class variable (%EH!: Eﬂ—’F) =)
TR W

coercion The implicit conversion of an instance of one type to another during an operation which involves two arguments
of the same type. For example, int (3.15) converts the floating point number to the integer 3, but in 3+4 .5,
each argument is of a different type (one int, one float), and both must be converted to the same type before they
can be added or it will raise a TypeError. Without coercion, all arguments of even compatible types would have
to be normalized to the same value by the programmer, e.g., f1oat (3) +4. 5 rather than just 3+4.5.

complex number (%24 9148 A% A 28e] oI, BE 27 AL SR oz FAYY

h S RE 4ol 94 99 (19 ABDE FE AAY, 55 SHANAE L E, FIAE IR
£ Sfol 0 FAL] E/M & AL BESE 1R A DG 2L 5 AuAE EolA
E71FUeh ol 8 Eol, 3+13. math RES] 245 W40 L5, cnath & AHFHUTH Basd
8L 42 50 454 /5 YUTh BT =712 R ATHE, Ae] FA8 RAHNE Tk
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context manager (J¥] A~ E 2] 2}) An object which controls the environment seen in a with statement by defining
__enter_ () and __exit__ () methods. See PEP 343.

context variable (A €] A& W 42) A variable which can have different values depending on its context. This is similar
to Thread-Local Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for context variables
is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (<) v 9= A &3] C-A L (C-contiguous) ©) A} E E 2 Q<5 (Fortran contiguous) 4 o] Q<o) g}t
AARYLH AL HH= C-A&5 0 HA TES ALY UTH AL v Gol A, FEE2 A2 A -3}
a1, 001 A Al ZHeh= LBk Y20 A E v Z ol wl X =] of of Fruth Tk C-A<5 v Goll A,
HEE F49 CAURE FEES YT o vpA et A A7) 71 wke] Ay o) sHA| th 2 ES A%
W o=, A HA AE A7) 71 wke] H g T

Q
0
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o
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lo
fru
=y
el
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5
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=
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=
=
=
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l:o

=
) 2EE ANE SHFE B4 2
3]

coroutine function (ZF€ g4 g
forShasync with 719|S 8 E8@ 5 %Ltk of 252 PEP 492 o ]3]

91, await & async
EdE A5 YT
CPython 3ol Z 2 Jew Aol ;48 A el 3 b, python.orgol] A4 vl = Yt} o] 73 Jython o] L}

IronPython ¥} 22 th2 7] HE g g7} oS wf 89 “CPython” ©] ARE-F U Th
decorator (2 o]¥]) t}2 T+& S5+ T4 A, B5 Qurapper v H& AMSSH S St o2 &
AUtk tZ Y o]Ele &3t o= classmethod () Zstaticmethod () YUt}

dEdole 2L 9 0 2L YU TS F T4 A )P0z TSPk

do

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

@staticmethod
def f (arg):

2ol 2 2oE EASHARE @ A5 2yt vl 2 o B ofl thEk o] AA T &2 g Ao

o} 2o el o ABAE BE FuTh

descriptor (t] A= 3] E]) Any object which defines the methods __get__ (), __set_ (), or __delete_ ().
When a class attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a
descriptor, the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding
of Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

23 HE o WA =S of 3 24| 3F W22 descriptors U T 2~ 3 E] AF&H oFU A o]l Y31 T}

dictionary (5 414 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 (€ 4 2] Hz 2] A) olElgj 8ol & 84 AAU LR E At 234E &2
gyl & vtEdstE 43 W, results = {n: n ** 2 for n in range (10)}& Fn **

20 W39 7] ng £&3t= Y 2] S A AT T} comprehensions2 R S A L.

dictionary view (5 A 2] H) dict.keys (), dict.values (), dict.items () WA E7} 8 F= AA
== 9A4YE Feg BEUT oJAE2 9V Y FES U3t 54 {FE AFsked, 9A
U7k i3 d o, 571 o] ¥3E W gsitts S9Uth g9 eE RE SdS g2ER v
list (dictview) & AF23HH = Ut dict-views S H A 2.
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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 (<] efo1 ) &2 AIEIS 0| 5 & 7 HA) BRI A7) FE WA e 2w
od; Al T3] Uﬂ/‘i—‘/‘roi—alw‘:%iﬂigﬂﬂ‘%/\P ﬂﬁ}(“oﬂﬂaiol
B, 2AS 9 elth) SR g oAle] Els ol 28 z}i@ozw SR8 nme 0
SHSPom fARS AT 5 AL 8 Bl B type () o1} isinstance ()
S MU (AT 9 Thol ol 24 o)~ 2ol 2 WA 5 5ol § ook B
hasattr ( ﬁA}L]-EAFP—LE:L?J]“J = HFYth

EAFP 3 2tH th= 8 A& 3}7] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3]
0 RY ABLe, gHIE A o EelHEe] EAE /1AL, 1 AR o] BelH o9
a8t whE ALY 2 B2 tryQexcept O EXZ EAX oA YT o] H{ZY
o Aol A A} AFRE = LBYL 28 3} th v g U o).

expression (@A) of® o= 232 4 9)
01 ;v,]‘:l 1= ou;qlz\ oq/\]—;q. ‘0‘]—"\‘—_:{— 74,
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extension module (873 2 5) C U C++2 A HE BE Y|, Fo]He] C APIE A3 A Aoy AFE-A Z
ol A4S g3ttt
f-string (f-F2}YF) 'f' U 'F' & Yo B ?_ TAE g HEES &3] “f-2Ag ol Ha =), 2
2181 o] 291U Th PEP 498 < 54 8.

file object (3} 21 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.

AAZE A F72] 3td AA S o] YFUth Eraw) Hhol 2] 9}, ¥ 3] = (buffered) vlolH 2] 9}, E)
2 E 519, o] 59 dEFo] At fo REOIA F P Utk 5D AR S BEE F A A L open )
g 2 AYYh

file-like object (3} 5 AA)) o} A A 9 v]s=3F &

filesystem encoding and error handler (3} 2] A~ ¥ ¢1 7 ¢ 3} of|2] 2]2]7]) Encoding and error handler used by
Python to decode bytes from the operating system and encode Unicode to the operating system.

m

g
B
e

A

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.

ZALFY T HA L.
finder (¥}91H) JXxEE ZES S 20 & o g A =3 AA.

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

See PEP 302, PEP 420 and PEP 451 for much more detail.
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floor division (B U A) 71 717k A-E2 YW she 34 A, A4 A A4txt= // o dE
Sol, BAA 11 // 49 RL2HHAT, A% AL 2,758 EAFUL (-11) // 474-2.75
E U g g -30] Foll 230 oF Ut} PEP 2382 E A 2.

function (3+4) S & X} A oW 3L ST += ?—-_1"‘5-4 TS QAU I o)) QA 7 AGE = =],
vi] o] Aol AHEE 4 &Ytk v 7] S 9 v A = 9} function A AT H A L.
function annotation (g~ o] =€ o] A) 3= vl 7 A =1} wERE Zho] o] mH| o] A

S ool Rt o2 3 Sl E 2 AR EH UTh o & £9], o] §5+= F M9 int AAE WHotE
olﬂgiﬂuﬂ I, FAlo int ¥HE S £ Aoz ZgE Ytk

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

Sk o] mH| o] A F -2 function Z ol A A gt

o] 715& AYds W ol mH o] A I} PEP 4845 T2 3AM 8. TS o g o] Ao t st B ALE =
annotations-howto & X 314 8.

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

default:

>>> import __ future_

>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collectlon Zm] A -,—7]) O AFREH A =t 28 E Hhd sl 2 ol W Jx 3l 243 2%
c&e AASAL F= T A "@ 7R Al A1 E S8l 7 Al A ST U 7R AT =

gc BES A& A Xﬂ°1 &5
E

WEL yield B ﬁ %EQ&WLﬂﬂﬂ et ol g
Tk Aol sk A = Y
RE A o) E B42 712) 7] A T, o} | Euo] A= A&l ol e ol el @l ol 8 & Al AuT) o Eahe
o u)7} WEE A e AL, A/ BB NA B EL QAT

generator iterator (A ] @) o] €] o]e]d|o]E]) A1 o] T4t wle= AA.
Each yield temporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (A& o] €] £32]) An expression that returns an iterator. It looks like a normal expression
followed by a for clause defining a loop variable, range, and an optional if clause. The combined expression
generates values for an enclosing function:

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

generic function (A8 ) 22 A4S A2 g2 FEof U] FHST o8 T2 THE . SE )
o™ 78 o] ALGE A= tasfx] Gae o os A4 H YTt

AZ t2g 2] 917 23} functools.singledispatch () B Z & o] B2} PEP 443% X A Q.

generic type (A€ ) w7} W48 @ 4 e % AR 1ist dice 9 2L AR oY 2, F
7= 9} of 1] o] o] A1-8-8 T,

2]
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olE=Z gl & & BN L

global interpreter lock (< QQE]Z2E] &) 3 Hol| 2 A 3o A =t FfolH Hio|E & E AFYPJIE =
B8] S8l CPython A¥ =2 ] 7} AH-§-3h= Uﬂ AUE. ([dict S 22 S2I WIS £33He)
AA) welo] ZAH 07 FA A 2ol ]3] b SHE S BHE o] A CPython TS d=sHA BE Yo
de =B AAE F2E A2 dH 2z HE dE2d =387 g4 vt=s g, vdE Z2 A4 714
AATHE BEA B BRI
SA, o) 3 2 E e, FEI A, GFOI S DL AL A A9 FHY
= GILS Bt 5 AA S 5 Ut ?&,I/O‘Eﬂuﬂ%‘ GIL-S uht3h

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

hash-based pyc (3] A] 7] ¥t pye) FEA-E FA37] Y&l s F 2 5D HF FA A 7be] obd A& AHE
3l= HlolE I = 7| A] 9}, pyc-invalidation S 2 314 2.

hashable (3] X] 7}%5) 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 7He -2 AAE A 71V AT AW E AT 5 QA St o] A5 FREO Wi A
o g g5 R U
72 glo]x e B W AA =2 Al 7}“21"/]5}, BFE2EYu gy e 2-2) 7 ZAH o &2
282 5yt (5Z o)1 frozenset 2-2) 2 AH )Y EL 159 9450 3|A 75T w2k 3 A
et o LB o] 2 e g ATE L A 5 A A E e () A A
Spa) 2% cheoh ol wE 7, A RS 1d() 2 HE BE ol §U ok

IDLE :L]—O] AL $3 55 7|k 9 sk 3174 (Integrated Development and Learning Environment). idle-& 3}o] % 2]
¥z HHE%Oﬂ mete = 7| 2A Q0 #A @7]94 A ZEE &4 Yuth

immutable (%) TAE e 2 AA. 2¥ AAE 22, £AD, FES TFFYC oA ARETL W
A8+ fdFUTh A % Agshe W A AR E DSl ok Fuith MakA) e Al ghe] ghojof s
Fol A F23 482 Fuith o2 Sof, AU =9 .

import path (YEE 2) 2 /1 520 7 JEE T REE 27 3] GATE FoE (EE A2 A=

path 2 HE) ST}, 4 v A B 9 7] 7] o

T>i])4 *1' ?:IEL—E o v o y

A9 RE AR _path_olERERRH & 45 dgUh
importing (Y £ %) & 259 sjo| 8 =7} e BE) ol il ZEo|A A8E 5 JES 51 A4,
importer (Y £¥]) 252 375 8tal 2E 817 % st AA|; FAl0 ohelH o)Ak =6 AA| ot

interactive (0] 3}3) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

interpreted (Q1E} 32 €] =) vlol = 3= Aaflele) ) Bol 2 el Sels) A7) AW, ol d e
A5t Aoj7t op et Azl E Ao YUk ol AL FAAOR U AL WEA FNE, £
Sk 99 A & D RU T 2 o) 5 B BAR A
ol BE A5 Aol Hrhge AWu g 7718 gk 5

_a

Z; T HAQ
interpreter shutdown (QE]Z g £8) TE3IelE S S T3 uf], Jo|# A= HE= - A 7] A
dat=d, EEolHU o 7HA F 05}‘41—1—?‘ EH T2 RETYE AYES HAF o2 whgdyh
T3 7R = A7) & 0:13% ST AFSA A Y 33 AR weakref SOl Q= I EEY AYS
AIZPA D = QF UL £ 8 A 7] S AYE = Fe = tdeh o o &8 whd 4= gl=d|, 27 o] o &3}
oy g REoY A FAEdUTh

< AHd ol ¢ 7]%&*] ds A7 mEd U (&3 A= 2
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AEZEE 59 FH YA AYPFHE_ main BEOIUA2THEZ AP S ZYE= ALY

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

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

iterator (©] €] 2] ©]E]) 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 to its ___next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used in
most places where other iterables are accepted. One notable exception is code which attempts multiple iteration
passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter ()
function or use itin a for loop. Attempting this with an iterator will just return the same exhausted iterator object
used in the previous iteration pass, making it appear like an empty container.

typeiter o] & ZpA g W-&©] Q5 Th

CPython -3 4} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().
key functlon (7] St) 7] &4 = =9 o] A (collation) = A (sort1ng) o] 1} 8 & (ordering) o] AF&-F &

e EHFEZHEIULL A %‘ﬂ,locale.strxfrm( L ERALEA IS HEEAH 7|E

U= /\}o%‘HD‘r.

o] R g =77t R A E o] oAFA A A ] A AL F ol = A Al o517 S5l 7] T dotE YU th

o]A ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),

heapg.nlargest (), itertools.groupby () ©] AHFY 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, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

keyword argument (7] 9] & 12} <A} & HA L.

lambda (Bt}) &2 uff gho] Tl A= shute] 34 02 FAH o] F gle A2 . 2o e E v
= EHL lambda [parameters]: expression YUYt}

LBYL = 7] Aoj X2} (Look before you leap). ©] T AEY-L T oy 23] & 317) Aojl YA F o7 AFA
ZAES AAUTLE o] 282 EAFP J2R A thu] = 3, g2 if £9 EAE SAA Y YT
O 2= 7004, LBYL 428 “R 71" 257" 2ho] 44 20 B A E Aol Ao,
o5& 590, 5 if key in mapping: return mappinglkey] & HAA & ], LA 23] A,
g 28 =7} keyE mapping | A A ASHE A E = Ut ol o= FOUEAFP AW

Ao dE = stk

locale encoding (2 A Y 217 9) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1ocale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cpl1252).

locale.getpreferredencoding (False) can be used to get the locale encoding.
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Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

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] A E ZA =23 A) AP0 QA AR == JdBRE XEsta ﬁJ,}_aAEEEEq
—T—L A3, result = ['"{:#04x}"'. forma t(x) for x in range (256) if x % ==
0014 255 ALolo] 2= A5 1675 (0x.) 5 ERohe FAL Bl AEE wETh it

] L

7<40 A 2 92T Agato} , range (256) ol Y+ EE 2471 AP Uh

loader (2 ]) An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

magic method (W] 2] WX 2) S5 v A = o) W]F A Q1 B 2ok T

mapping (W]3) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} 7 2 5}QIt]) sys.meta_path & FAMo] EejF vhel. vE A& Qo= 4=
Q=] 5holt) o paslof 9/ A B thg U T
HEet A2 37 £ S WA =S tha|lA] = importlib.abc.MetaPathFinder & X §
Uk,

¢

metaclass (W e} Fe2) S 29 S g2 Fo= Fda o5, g2 gAY E, vlola FPaEY
2= {SHD} HEl F P2t o] Al AAE Dol FYP2E BE= HYS AUt R AF
ATY 23y AojEL 7B S A FdULH go|H g 585 BtE= AL ALY g F
22 WE £ JdtE AYYUTE RE AR Ao A= o) £ 727 AE D2 A D27 A2 o, v et
Fas A5t Lol Ay S A FFUTH oJEFHE WA 29 &7 (logging), 2 HE SHAA 9
F7h AN A F2, AZE FEI B2 o2 FAYo AeHs U

=
metaclasses o A] B ZFA 5 &2 3¢

o
method (W] X =) S22 vl Qb A A o) 5 = o= E
HAEE R AR QAL (HE self gt 2T 2 d2dA A E G Uth S 5 Hd 232
£ HA L.

method resolution order (W] A = Z & 4= 4]) Method Resolution Order is the order in which base classes are searched
for a member during lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by
the Python interpreter since the 2.3 release.

module (%5) sho] A T o] 243 3] S Fabi A7) BEL 91219 shol A AA S T o & TS

Gt REL 4 £ Axjel o5 o] M OB =Pk
577 = HA S

module spec (25 29) ZE L Z=3l=0 ALE
1mportllb.machlnery.ModuleSpec-/] Ql

MRO "A= 27 =4 & BAL

mutable (Z7}H) 7P AR = Zro] ME = JAHid() &

i i

AASHA FAFUTE =3 & HAl Q.
named tuple (V| & £Z) “named tuple(V] Y= 5Z)’ o|g}E FojE FZ oA AE31a o] & BEL o]ERH
EEAESt] A2 T 5 e 2400 AN Qe BE Folu Sl &g Uth ot
Zejadls O 7sE 98 + du
7

time.localtime () & os.stat ()

&2 o &= sys.float_info YUYt}

e

FRreret ghe 2 3sto], oA APl vdE FEU YT =
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>>> sys.float_info[l] # indexed 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 tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (0§ B70) W47k AGE = 4. o e AU R FAF UL, Aol F AT ol & T2
(HA= W)‘—?."&UPOME}XI‘ﬂJdﬂﬂHﬂ ol &7kl dF UL o5 2 o5 TS A EA
E%/\jg AQPIYrTh o9& 59, € —,—bulltlns open I os.open () 2 2159 o]F Z 7o 93
MHE £, o) B UL o nEol YHE FANC AT LY BEAN AEAT 17

FA =22 FULh A& Eoﬂ,random seed() EExitertools.islice() 8t 2 1 &4

—01 Z+ 7z} random ¥} itertools BE &3l +HH S 8 o] H &3 gt}

namespace package (0] S 37t 2]7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package because
they haveno ___init__ .py file.

ZEE E/H]&.

BTG S by LR AN
““ ?J = A kethe Aol o s oF Fth A <
TR, A WELS A4
ety oy

new-style class (F+2€}d Z# ) 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, prop-
erties, tribute__ (), class methods, and static methods.

object () el (IEHEY ) & 2L FA (NAZ) o] o H RE Po[B. Edh BE Fard 2
2 9 2% 9 Wlo] 2 Fel 2Tk,

package (7] A]) M B BEEo| U, AAHCE XE W7 AES
712 = __path_ oJEFHE} 9 sto| A REY T

A7 A1 9 018 $2 710 = w2
parameter (WM S) 25 (L WA ) Felol A Fprh g 5 gl 4 (& oW AS ARE) B A
FERG R R B AR A
« $121-719) = (positional-or-keyword): €] %] 17} L} 719 = 912} 2 ARD 5 9 A-E A G
o] Aol 7] Feje] wj AR}, A2 Sof the ol A foo 9 bar:

TP 5 Qe ol vE, EHoT,

’def func (foo, bar=None) :

o Y A-A§ (positional-only): | A2 Al5d 5 = AAE AAZFUh 992 A& vids+=
St oo mig 550 / EAE 288 2 FHd T = dFUThH oA E S0 thEllA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719N =-A 8 (keyword-only): 7| EZ T AFE = Q= AAE A FUT 7|9 =-A & w7
2 9ol o] W WS £ 2o A] ko] Shite] -9 A iAW)+ 8 Tk E A Aol T
T A5tk A& 0}, o2 A kw_onlyl 2} kw_only2:

> rlr
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def func(arg, *, kw_onlyl, kw_only2):

292 ARS ol Ha) A5

o 7FH-9] A (var-positional): (tF2 wj 7| A G=Fol] 23l A ©] o1zl
T MAES ol Foll x & Sl

]
% 9 AA A5 99 AALE AF G o 0]
2oA AoE 4 A5, AF Sof Thol A args:

Fo}5
A

def func(*args, **kwargs):

o 7FA-71 ) = (var-keyword): (Fh2 v 7l H =50l o3l A] o] W] Wrol5 ol 719 = AAE o H3)
Asd = JE dYgY M 719 = AAES A AZFUTE o) i AdFE= A HS o] Fofl ++ &
o] X HoE 4= AF UL A& 501 A9 ool A kwargs.

A= AR JAAES At 72T oYt A8 H o] Ay B4 A2 AR T = A5t
o1z g o] %] & oz} vl 7 H =9 }Fo]of L} 2= FAQ A&, inspect .Parameter S &2, function
A, PEP 3625 H A 8

path entry (B2 lE2]) 4= 70 701t 7t QEE F RESS 27 99 Fushe Qr = 42 g st
_04 x]-/\

path entry finder (% 2 QN E 2] J]-°]E-]) sys.path_hooks o Q= ZHE (F, 42 AEF F) o] 2 F+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH
[e]

A7 dEF gy Eo A= WAEEL importlib.abc.PathEntryFinder o U3t}

path entry hook (7 & dlE2] &) A callable on the sys.path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (F 2 7|4t 5}elel) 7|2 e} 42 99t S % s, ¥ E 42 oA RES 25
Y.

path-like object (27 AA|) 3L A 2~0 =& ‘/‘rE‘rLH% AA. AE2F AA = A2E Y= str 155
bytes AA| o] A} os.PathLike ZE2EZ S F3 3= AA| 011/]13} os.PathlLike T2 EZ 2 XY
3l= AR = os.fspath() TTE igoﬂ/ﬂ str U bytes 9t A|AE Agg Wiy 4 %%q;};
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 B35 =0 AFRE &+

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A %3 of k.

PEPL 2 A28 7152 Aela £Alo] 0 g ARYE 9
B2 AR TEY] 9% 718 W AUZ YTk PEP S A
2 EAS T Ao dFUTh

1

S A3y Fpol Mol B0zt AA A
FUE WA Fel g 7535k2 w

portion (3£49) PEP 420 o4 o3k AAH, o] 5 &2t s 7] Aol o] upA] k= shite] A E 2ol Sof9le
st A 5] H 3 (zip 3t ol A== A% 7 Fuh.

positional argument (9] 2] 21z} <12} & B A 8.

provisional API (33 API) 274 API= B glolBgele 34 334 RAFozHE A=3 A" AdY
th Qe o] 29 & @rﬂ of| A= A= A W Z7 A o] 2l A &= g Fof A AbE o] B 8 strhal
AT A S8 0] FAHA = tﬁﬁo} °‘<>% FUFULh 2 HA2 EZ8s A oR
dojuA &= S AUt — APIE 28317 Aol X Sidta 28 Age] HAH 4 fofvt

A7 API A2 A E, 717 S840 §A19 7 b WAL <2 T S oz o AT BE A 4H
2AEN B B EHEL §
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o] Aate= BF golBH 7 LM AT F G A RE AA Lol IHE FE] A G AT £ R E
S5 A 8L PEP 411 BT Fu T,

provisional package (373 #]7]x]) 74 API & A 8.

Python 3000 (3} 3000) Tho] 4 3.x W] & 2ol o] W (w4 3] w27} @ mlef o] o] o7 | A Aol TS0}
o] olth) o] A& “Py3k” & £ 27| & T Th

Pythonic (s}o] ATHe) ThE Slo]Sol 4 Ak Q) A E-L 1153
VA A AHEE = oA E S 7h7ko] M2 ofoltlof L} 3
ol AL for ¥ AHESlA ol HEY BE 84 £33

of +AEC| glen g, gfo| o J53o1A] k2 AFRES

m
N
m{m
=y
%
p
;

AL, shol 4 < of of] A
qmﬂﬁﬂzML
= 2 e Qojojx o &
g Alo] %7} 2B 2 AFEa 71 T o

#

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

o 253 spol ok 2 ol s yth

for piece in food:
print (piece)

1 2T LM Bgo] Fojd Selx, g, v =of o2 A =7

PEP 3155 o ] 82 St} 2 4H9] gt o) 22) F-9ol, 47342

mr“

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

REZ 7t 7= AFS 2, A3 A FSE o & (fully qualified name) & 25 B 52 7| AN ES £
A RER VM= HoR "'—ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

>>> 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
CPython implementation. The sys module defines a get refcount () function that programmers can call to
return the reference count for a particular object.

regular package (A 3}71A]) __init_ .py $YL 233= g o 2L AF A 97 A.
ol F7HI 7)1 A = HAM Q.

_slots__ FeA FH AAH, A2HA A ERESS A3 30 m 2] AAstaL A2 HA
AAZozZN v R E Adete 5 FUTE A7) A7+ sHA ¥ o] Hl 2 = &
= 7Hb 22 HolghA, vl R g o W17He S 3 & Z2 WA g2 5o AxEHAT = 53

AR5 Aol T4UTh

sequence (X] @) Aniterable which supports efficient element access using integer indices viathe __getitem__ ()
special method and definesa ___1en__ () method that returns the length of the sequence. Some built-in sequence
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typesare 1ist, str, tuple,andbytes. Note that dict alsosupports ___getitem_ () and___len__ (),
but is 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 ().

set comprehension (Y& A= 2| A) oJHHE &= 84 AAY RE A3ty 2345 2 A< v
B3l= 23 Y. results = {c for ¢ in 'abracadabra' if c not in 'abc'}E &R}

g A3 {'r', 'd' 1= AT} comprehensions S 2 FHA] Al L

single dispatch (42 Tl 25} %) @ o] shite] Axke] Yol 1234 AR & AV T4 o257 2]
& .

slice (&2lo]X) HE AA~ 9 R E E@‘}L A, Sefol A AH ATHE B7)HES AFLSA W5y
t}. variable_name[1:3:5] A®, [] ¢tollA o8] A A& FEo= EEFYLh dZE (MR
A eE) RS R AR o1iee AN E ALE BT,

special method (54~ | 4 &) jJrO] ol Pol| o AL, QA 22, AF T uf] FAIH R TE5 = WA E.
oA MANEE F NY UEZE A 7(}'6}1 Zu= 0]% FAS) W] 4] = %= specialnames ©f|
Az s %y

statement () &2 29 E (ZE9] “EF (block)”) & 745 FEJUTH B4 3294 o] AL 719
=8 AFE SR ole) 744 22 E £ SUIUTh 48 i, uhile, for.

strong reference (733t 2+ X) In Python’ s C API, a strong reference is a reference to an object which is owned by the

code holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_ DECREF () when the reference is deleted.

roh

=

mlo
30~
ol
A
Jlm
b

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.

Wy 22 T HAS.

text encoding () 2 E 217 9J) 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” .

textfile (H2= 9hed) stx AAS 97 % 4 A 4 A4, $F, 9AE AL AR 2 vhel= AT
AHAEYE AR D05 15 & AT AL, SAm S e dam B
TE'w') 2 99 99, sys.stdin, sys.stdout, io.StringI0o ¢ <l

& % gl o AR ol A £ kol ¢ 59 =

Mol EAR A 8 ¢ ) 7 Bz
) B ) ALGEL () A A2 EAA A

al
triple-quoted string (X% u}-&

987 2w
S Shbe Be A BA4de] gt 7152 AFSAL FA W, ol 7HA ol fell A LE A} g Th
ol A 0] ) 92 AL LE DAL ES TAY ol LFT S A F 7, AD EAE 24

FIE ofe] Zo A4 4 YrH, HAEIS L0 53 2= YL uth

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 ol Qe]o]2) 8 A8 Aol B Y she] W o)A o 5o,
g o Qelolat ¥ A= Gt o R o2 W
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

£ ohew 2ol o 97 9 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 752 AW typing ¥ PEP 4845 2 HA 8
type hint (3 YE) W5, 22 o2 HE 9 4 vl W5 o oukg ghe] Aols & WL A G she of |

ol 4.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

A9 Heg AYgety, A9 A, Zd92 JEYRE Y F49 3 I E & typing.
get_type_hints () & AFHEEF] A AT 5= QJF YT
o] 71%5& A 3t= typing ¥} PEP 4845 Fx8kA4 8.
universal newlines (FUHA & 37) U 22 A5 EF €9 o2 A4 3=, HAE AEH S 34
St EHl=: e N 24 & \n? ﬂE%é B N D R RACIIE T
u

AFg-of A= bytes.splitlines () ¥7FolY 2} PEP 278 2} PEP 3116 = B A &

variable annotation (4> o] = ¥]|o] H) W E= F P2 oJE HEQ] o g o] A.
He TEe Fda oEHEY 0117—‘3] ojldE Edul g2 A ALYtk

class C:
field: 'annotation'

M4 ol e ol He dubd o o SR AHUTh & Sol, o M4t int k2 M Aoz A4
otk
=]

count: int = 0

H O%iEﬂ o] -2 Al annassign o A A g o)
° 7)%% AASHE U of v o] 4, PEP 484 9 PEP 5262 F2 5 2. 50
2 /\]—?—1] = annotations-howto & I+ 314 2.

virtual environment (7} 87) 3ho] A AFE AL} S8 =R O o], 2 A AH oA A5 = ThE T}
S8 Z2aREY FZ dFE FA ‘i’%—‘l“"ﬂ v}o] A ufj 3= JH7] AEs AAAY g ol =3
A 71sstA o, FEF o2 Aejd A

f
2
br
)
o
i
.
2
K
fu)
<

venv E H A 8.
virtual machine (7} 717]) AZEgojwto g o AFE. gto|H o] 7H) 7| A& vlolE I = Huld &7}
Y3 vlolE I =8 AgFych

Zen of Python (3} o] Al) .L}O]M_ T #}ol Ye]9f AstS o] EE oy

, Aol & olsf st A ote vl =50l
HUth o] 552 3}y ZFZE A “import this” & Y3}

W E AU
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https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0278
https://www.python.org/dev/peps/pep-3116
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

APPENDIX B

About these documents

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

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

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

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

B.1 Contributors to the Python Documentation

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

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

AALRL 2fO] Ml A

C.1 AZEQ0{Q A}

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

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

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

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

HY = =t oAM= 2 [ 5 AL X} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.52 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A 2.1.1 2001-& z} | PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

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

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

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

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

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

e ORE

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.10.18 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

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

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

5. This License Agreement will automatically terminate upon a material breach of

(= el ATT A
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its terms and conditions.

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

(= el ATT A
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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.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 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,

(TH= sTel Aol A1)
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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 EgrEl AT ES0{of| CHet 2jo|MA & SOl

A& shol Wl Z ko] I A4 2T E g ofol] T & B LHA B S0 Lha Qi 2ol Mgt S ele]

C.3.1 HE2M E[AH

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

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

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

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

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

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

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

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

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

(Th= sTel Aol A1)
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Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A3

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 H|S7| A3 MH|A

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

(THE seTATol A1)
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SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &g

http.cookies BE-L T}e 7} 2 79 ARHS EFF T

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.

C35 M8 &5
o}

trace RE2 U3 &2 39 Ak 233 th

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

(THS seTATol A1)
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Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

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

C.3.6 UUencode & UUdecode &4

The uu module contains the following notice:

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

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

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML A Z2A|X &=

xmlrpe.client REL 047 22 29 A8e TR

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:

(THS seTATol A1)
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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_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The7} 22 0 A1RHS EFF 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:

(THS seTATol A1)
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1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

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

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

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

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

C.3.10 SipHash24

3} Python/pyhash.c o= Dan Bernstein 2] SipHash24 €37 2] 2] Marek Majkowski 2] =& o] ¥ 3}%] o]
AFUTH 7)ol &= b5 Z2 80| 235 o] 5y 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>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod 2} dtoa

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

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

*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

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

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.

*

‘k*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘k************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in

X% ok X ok ok ok ok X 3k X %

(THE seTATol A1)
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the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project” must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

o R R S e R N S N

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms

(THE seTATol A1)
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except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L S e S S N S N S S i A R T N S N S S S T S T S NS T SN S N D N S

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

(THE seTATol A1)
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"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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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 o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

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

(THE seTATol A1)
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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

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

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

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

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

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

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

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

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

C.3.18 W3C C14N EH|AE ARIE

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

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

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

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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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
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Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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Non-alphabetical callable (Z81),59
.., 57 callback (&), 59
-2 C-contiguous, 60
command line option,5 CFLAGS, 2830
%$APPDATAS%, 38 CFLAGS_NODIST, 2830
2to03,57 ——check-hash-based-pycs default|
>>> 57 always|never
future__, 62 command line option,6
__slots__,68 class (Ze2),59
class variable (E#2 ¥4, 59
A coercion, 59
abstract base class (A} H]o]A Z#jx),57 command line option
annotation (o] H| o] A), 57 =2,5
argument (912}, 57 -B,6
asynchronous context manager (W5 7] 7 H -b,6
2~ E T AP, 58 —-c <command>, 4
asynchronous generator (H]% 7] A4 & o] &), ——-check-hash-based-pycs default|
58 always |never,6

asynchronous generator iterator (H] % 7] 7d'6. .
A d o] o] e ¥ o] H), 58 ——d}sable—lpv6, 19
asynchronous iterable (W& 7] °|H&E), 58 -—disable-test-modules, 2l

asynchronous iterator (H]%7] o]¥do]¥]),58 “E,6 . o
attribute (S]EgHE), 58 -—enable-big-digits=[15]301], 19

awaitable (o]¢)] o] E| &), 58 -—enable-framework, 25
——enable-framework=INSTALLDIR, 25

B ——enable-loadable-sglite-extensions,

B 19

——enable-optimizations, 21
—-—enable-profiling, 22
——enable-shared, 24
-—-enable-universalsdk, 25
——enable-universalsdk=SDKDIR, 25
——exec-prefix=EPREFIX, 21

command line option,6
-b

command line option,6
BDFL, 58
binary file (¥W}o] g 34), 59
borrowed reference (d & #X), 59

bytecode (H}°]E T E), 59 :215 10,5

bytes-like object (H}o]|ELF AA), 59 1 6e P

C -i, 6
-J,9

-c <command>l . -m <module-name>, 4
command line option,4 —0.6
)
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-00, 6
——prefix=PREFIX, 2]
-q,6

-R, 6

-S,7

-s,7

-u, 7

-V, 5

-v, 7

--version, 5

-W arg, 7
——with-address-sanitizer, 23
——with-assertions, 23

—--with-undefined-behavior-sanitizer,
23

——with-universal—-archs=ARCH, 25
--with-valgrind, 23
--with-wheel-pkg-dir=PATH, 20
-X, 8
-x,8

complex number (B4),59

context manager (AEAE #2 A}, 60
context variable (AHAE W), 60

contiguous (9%), 60
coroutine (ZFH), 60
coroutine function (ZFHE &), 60

——with-builtin-hashlib-hashes=md5, shadBRRLERES,28h3%12, sha3, blake?2,

25
——with-computed-gotos, 21
——with-cxx-main, 19
——with-cxx-main=COMPILER, 19
——with-dbmliborder=dbl:db2:...,20
--with-dtrace, 23
—-with-ensurepip=[upgrade|
nol, 21
——with-framework—-name=FRAMEWORK, 26
—-with-hash-algorithm=[fnv|
siphash247,25
——with-1ibc=STRING, 24
——with-1ibm=STRING, 24
—-—with-1libs='1libl ., 24
——with-1to, 21
—--with-memory-sanitizer, 23
—-—with-openssl=DIR, 24
—--with-openssl-rpath=[no| auto| DIR],
24
—-without-c-locale-coercion, 20
—--without-decimal-contextvar, 20
—--without-doc-strings, 22
——without-pymalloc, 22
——without-readline, 24
—-without-static-libpython, 24
——with—platlibdir:DIRNAME,20
—--with-pydebug, 23
——-with-readline=editline, 24
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PY_PYTHON, 46
Python 3000 (3}o]# 3000), 68
PYTHONY*, 46
PYTHONCOERCECLOCALE, 20
PYTHONDERBUG, 6
PYTHONDONTWRITEBYTECODE, 6
PYTHONDUMPREFS, 23
PYTHONHASHSEED, 7, 10
PYTHONHOME, 6, 9, 47, 48
Pythonic (3}o] W T}&), 68
PYTHONINSPECT, 6
PYTHONINTMAXSTRDIGITS, 8
PYTHONIOENCODING, 13
PYTHONLEGACYWINDOWSSTDIO, I1
PYTHONMALLOC, 12, 22
PYTHONOPTIMIZE, 6
PYTHONPATH, 6,9, 42, 47, 48, 52
PYTHONPROFILEIMPORTTIME, 8
PYTHONPYCACHEPREFIX, 8
PYTHONSTARTUP, 6
PYTHONTHREADDEBUG, 22
PYTHONUNBUFFERED, 7
PYTHONUTFS, 13, 42
PYTHONVERBOSE, 7
PYTHONWARNDEFAULTENCODING, 8
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