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CHAPTER 1

The CPython interpreter scans the command line and the environment for various settings.

CPython E{{f4llfi: Other implementations’ command line schemes may differ. See implementations for further
resources.

1.1 £457%

When invoking Python, you may specify any of these options:

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

The most common use case is, of course, a simple invocation of a script:

[python myscript.py

1.1.1 ST EEIE

The interpreter interface resembles that of the UNIX shell, but provides some additional methods of invocation:

« 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 Ctr1-D on UNIX or Ctrl-Z, Enter on
Windows) is read. For more on interactive mode, see tut-interac.

o When called with a file name argument or with a file as standard input, it reads and executes a script from that
file.

o When called with a directory name argument, it reads and executes an appropriately named script from that
directory.

o When called with —c command, it executes the Python statement(s) given as command. Here command may
contain multiple statements separated by newlines. Leading whitespace is significant in Python statements!

o When called with -m module—-name, the given module is located on the Python module path and executed
as a script.
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In non-interactive mode, the entire input is parsed before it is executed.

An interface option terminates the list of options consumed by the interpreter, all consecutive arguments will end
up in sys . argv -- note that the first element, subscript zero (sys.argv [01]), is a string reflecting the program’s
source.

—-c¢ <command>
Execute the Python code in command. command can be one or more statements separated by newlines, with

significant leading whitespace as in normal module code.

If this option is given, the first element of sys.argv will be "—c" and the current directory will be added
to the start of sys.path (allowing modules in that directory to be imported as top level modules).

58— {H M5 8 command HJFE {4 cpython. run_command.

-m <module-name>

Search sys.path for the named module and execute its contents as the __main___ module.

Since the argument is a module name, you must not give a file extension (. py). The module name should be
a valid absolute Python module name, but the implementation may not always enforce this (e.g. it may allow
you to use a name that includes a hyphen).

Package names (including namespace packages) are also permitted. When a package name is supplied instead
of a normal module, the interpreter will execute <pkg>.__main___ as the main module. This behaviour is
deliberately similar to the handling of directories and zipfiles that are passed to the interpreter as the script
argument.

e

This option cannot be used with built-in modules and extension modules written in C, since they do not
have Python module files. However, it can still be used for precompiled modules, even if the original source
file is not available.

If this option is given, the first element of sys . argv will be the full path to the module file (while the module
file is being located, the first element will be set to "-m"). As with the —c option, the current directory will
be added to the start of sys.path.

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

Many standard library modules contain code that is invoked on their execution as a script. An example is the
timeit module:

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

58—t 775 | # module-name HIFEZTAL cpython. run_module,

hz%

runpy.run_module ()
Equivalent functionality directly available to Python code

PEP 338 -- Executing modules as scripts

TE 3.1 iR 52 5 : Supply the package name to runa __main___ submodule.
Tr 3.4 W45 55 namespace packages are also supported

4 Chapter 1. $47%|MIBIE
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Read commands from standard input (sys . stdin). If standard input is a terminal, -1 is implied.

If this option is given, the first element of sys.argv will be "-" and the current directory will be added to
the start of sys.path.

GRS | B FE %S cpython. run_stdin,

<script>

Execute the Python code contained in script, which must be a filesystem path (absolute or relative) referring

to either a Python file, a directory containinga __main__ .py file, or a zipfile containinga __main__ .py
file.

If this option is given, the first element of sys.argv will be the script name as given on the command line.

If the script name refers directly to a Python file, the directory containing that file is added to the start of
sys.path, and the file is executed as the __main___ module.

If the script name refers to a directory or zipfile, the script name is added to the start of sys.path and the
__main___.py file in that location is executed as the __main___ module.

—T 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.

51— A5 9 £1lename KIFEZFF cpython. run_file,

hz%

runpy.run_path ()
Equivalent functionality directly available to Python code

If no interface option is given, -1 is implied, sys.argv [0] is an empty string (" ") and the current directory will
be added to the start of sys.path. Also, tab-completion and history editing is automatically enabled, if available
on your platform (see rlcompleter-config).

hz%

tut-invoking
7r 3.4 WUAY%5 5 Automatic enabling of tab-completion and history editing.

1.1.2 Generic options

-2
-h
--help
Print a short description of all command line options and corresponding environment variables and exit.
—--help-env

Print a short description of Python-specific environment variables and exit.

TE 3.1 BRAEIIA.
——help—xoptions

Print a description of implementation-specific —X options and exit.

1E 3.11 BAgmA.

1.1. &4 5
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——help-all
Bt 6 e e e R E A A
e 3.11 R A

-V

--version

Print the Python version number and exit. Example output could be:

[Python 3.8.0b2+

When given twice, print more information about the build, like:

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

1E 3.6 B A -V 3EIH

1.1.3 Miscellaneous options

-b
Issue a warning when converting bytes or bytearray to st r without specifying encoding or comparing
bytesor bytearray with str or bytes with int. Issue an error when the option is given twice (-bb).
T 3.5 fiRA{)5# 5 Affects also comparisons of bytes with int.

-B

If given, Python won't try to write .pyc files on the import of source modules. See also
PYTHONDONTWRITEBYTECODE.

——check-hash-based-pycs default|always|never
Control the validation behavior of hash-based .pyc files. See pyc-invalidation. When set to default,
checked and unchecked hash-based bytecode cache files are validated according to their default semantics.
When set to always, all hash-based . pyc files, whether checked or unchecked, are validated against their
corresponding source file. When set to never, hash-based . pyc files are not validated against their corre-
sponding source files.

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

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

-E
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
=2 F]-p -1 (isolated) 19£IF .

-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.
This can be useful to inspect global variables or a stack trace when a script raises an exception. See also
PYTHONINSPECT.

-I

Run Python in isolated mode. This also implies —E, —P and —s options.

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.

6 Chapter 1. $47%|MIBIE
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1E 3.4 FBNA.
-0
Remove assert statements and any code conditional on the value of ___debug__ . Augment the filename
for compiled (bytecode) files by adding .opt—1 before the .pyc extension (see PEP 488). See also
PYTHONOPTIMIZE.
15 3.5 IS M PEP 488 2 . pyc HZEA .
-00
Do -0 and also discard docstrings. Augment the filename for compiled (byfecode) files by adding . opt-2
before the . pyc extension (see PEP 488).
TE 3.5 S fRE PEP 488 Bk . pyc HHEA .
-P
Don’t prepend a potentially unsafe path to sys.path:
e« python -m module command line: Don’t prepend the current working directory.
e python script.py command line: Don’t prepend the script’s directory. If it's a symbolic link,
resolve symbolic links.
e python -c code and python (REPL) command lines: Don’t prepend an empty string, which
means the current working directory.
See also the PYTHONSAFEPATH environment variable, and —E and — I (isolated) options.
1E 3. 11 A
-q
Don’t display the copyright and version messages even in interactive mode.
TE 3.2 JRBA.
-R
Turn on hash randomization. This option only has an effect if the PYTHONHASHSEED environment variable
is set to 0, since hash randomization is enabled by default.
On previous versions of Python, this option turns on hash randomization, so that the __hash__ () values of
str and bytes objects are “salted” with an unpredictable random value. Although they remain constant within
an individual Python process, they are not predictable between repeated invocations of Python.
Hash randomization is intended to provide protection against a denial-of-service caused by carefully chosen
inputs that exploit the worst case performance of a dict construction, O(n?) complexity. See http://ocert.org/
advisories/ocert-2011-003.html for details.
PYTHONHASHSEED allows you to set a fixed value for the hash seed secret.
1E 3.2.3 JRPMA.
TE 3.7 JiR %% 55 The option is no longer ignored.
-s
Don’t add the user site-packages directorytosys.path.
Wi 2([F) PYTHONNOUSERSITE,
hz%
PEP 370 -- Per user site-packages directory
-S
Disable the import of the module site and the site-dependent manipulations of sys.path that it entails.
Also disable these manipulations if site is explicitly imported later (call site.main () if you want them
to be triggered).
1.1. £47%| 7
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-u
Force the stdout and stderr streams to be unbuftered. This option has no effect on the stdin stream.
W32 ([F) PYTHONUNBUFFERED,
TE 3.7 U555 The text layer of the stdout and stderr streams now is unbuffered.

-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.
TE 3.10 fR %42 5 The site module reports the site-specific paths and . pth files being processed.
W3 2([F PYTHONVERBOSE,

-W arg
Warning control. Python’s warning machinery by default prints warning messages to sys.stderr.
The simplest settings apply a particular action unconditionally to all warnings emitted by a process (even those
that are otherwise ignored by default):
-Wdefault # Warn once per call location
—-Werror # Convert to exceptions
-Walways # Warn every time
-Wall # Same as —-Walways
—Wmodule # Warn once per calling module
—-Wonce # Warn once per Python process
-Wignore # Never warn
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.
SERENY S | OB AR

[action:message:category:module:lineno ]

Empty fields match all values; trailing empty fields may be omitted. For example -W
ignore: :DeprecationWarning ignores all DeprecationWarning warnings.
The action field is as explained above but only applies to warnings that match the remaining fields.
The message field must match the whole warning message; this match is case-insensitive.
The category field matches the warning category (ex: DeprecationWarning). This must be a class name;
the match test whether the actual warning category of the message is a subclass of the specified warning
category.
The module field matches the (fully qualified) module name; this match is case-sensitive.
The lineno field matches the line number, where zero matches all line numbers and is thus equivalent to an
omitted line number.
Multiple —7 options can be given; when a warning matches more than one option, the action for the last
matching option is performed. Invalid - options are ignored (though, a warning message is printed about
invalid options when the first warning is issued).
Warnings can also be controlled using the PY THONWARNINGS 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.
See warning-filter and describing-warning-filters for more details.

-x
Skip the first line of the source, allowing use of non-Unix forms of # ! cmd. This is intended for a DOS specific
hack only.

8 Chapter 1. §$4 5| HIgiE
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Reserved for various implementation-specific options. CPython currently defines the following possible values:

¢ —X faulthandler toenable faulthandler. See also PYTHONFAULTHANDLER.

1E 3.3 A

« —-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.

1E 3.4 RBIMA.

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

1E 3.4 JRBIMA.

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

1E 3.1 JgA.

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

1E 3.7 ABMA.

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

1E 3.7 BMA.

—-X utf8 enables the Python UTF-8 Mode. -X ut£f8=0 explicitly disables Python UTF-8 Mode
(even when it would otherwise activate automatically). See also PYTHONUTF 8.

1E 3.7 BRI

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

1 3.8 BIA.

-X warn_default_encodingissues a EncodingWarning when the locale-specific default en-
coding is used for opening files. See also PYTHONWARNDEFAULTENCODING.

1E 3.10 FGHA.

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

1E 3.11 JghA.

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

e 3.1 JA.

-X perf enables support for the Linux per £ profiler. When this option is provided, the perf profiler
will be able to report Python calls. This option is only available on some platforms and will do nothing

1.1. &4 9
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if is not supported on the current system. The default value is “off”. See also PYTHONPERFSUPPORT
and perf_profiling.

e 3.12 iRBTIMA.

-X perf_7jit enables support for the Linux per £ profiler with DWARF support. When this option
is provided, the perf profiler will be able to report Python calls using DWARF information. This option
is only available on some platforms and will do nothing if is not supported on the current system. The
default value is "off”. See also PYTHON_PERF _JIT_ SUPPORT and perf_profiling.

TE 3.13 iBTIA.

-X cpu_count=n overrides os.cpu_count (), os.process_cpu_count (), and
multiprocessing.cpu_count (). n must be greater than or equal to 1. This option may be use-
ful for users who need to limit CPU resources of a container system. See also PYTHON_CPU_COUNT.
If nis default, nothing is overridden.

e 3.13 JgA.

-X presite=package.module specifies a module that should be imported before the site
module is executed and before the ~ _main_ module exists. Therefore, the imported module isn’t
__main__. This can be used to execute code early during Python initialization. Python needs to be
built in debug mode for this option to exist. See also PYTHON_PRESITE.

e 3.13 JUgmA.

-X gil=0, 1 forces the GIL to be disabled or enabled, respectively. Setting to O is only available in
builds configured with —-disable-gil. See also PYTHON_ GIL and whatsnew313-free-threaded-
cpython.

e 3.13 JUgA.

It also allows passing arbitrary values and retrieving them through the sys._xoptions dictionary.
e 3.2 RBIA.

YE 3.9 T A% -X showalloccount #IH,

e 3.10 HUAEEH: #% -X oldparser 3®IH,

1.1.4 Controlling color

The Python interpreter is configured by default to use colors to highlight output in certain situations such as when
displaying tracebacks. This behavior can be controlled by setting different environment variables.

Setting the environment variable TERM to dumb will disable color.

If the FORCE_COLOR environment variable is set, then color will be enabled regardless of the value of TERM. This
is useful on CI systems which aren’ t terminals but can still display ANSI escape sequences.

If the NO__COLOR environment variable is set, Python will disable all color in the output. This takes precedence over
FORCE_COLOR.

All these environment variables are used also by other tools to control color output. To control the color output only
in the Python interpreter, the PYTHON _COLORS environment variable can be used. This variable takes precedence
over NO_COLOR, which in turn takes precedence over FORCE_COLOR.

10
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1.1.5 {RAXERREIR

-J

1.2

Reserved for use by Jython.

RIS

These environment variables influence Python’s behavior, they are processed before the command-line switches other
than -E or -I. It is customary that command-line switches override environmental variables where there is a conflict.

PYTHONHOME

Change the location of the standard Python libraries. By default, the libraries are searched in prefix/lib/
pythonversion and exec_prefix/lib/pythonversion, where prefix and exec_prefix
are installation-dependent directories, both defaulting to /usr/local.

When PYTHONHOME is set to a single directory, its value replaces both prefix and exec_prefix. To
specify different values for these, set PYTHONHOME to prefix:exec_prefix.

PYTHONPATH

Augment the default search path for module files. The format is the same as the shell’s PATH: one or more
directory pathnames separated by os.pathsep (e.g. colons on Unix or semicolons on Windows). Non-
existent directories are silently ignored.

In addition to normal directories, individual PYTHONPATH entries may refer to zipfiles containing pure Python
modules (in either source or compiled form). Extension modules cannot be imported from zipfiles.

The default search path is installation dependent, but generally begins with prefix/lib/
pythonversion (see PYTHONHOME above). It is always appended to PYTHONPATH.

An additional directory will be inserted in the search path in front of PYTHONPATH as described above under
/-1y i 78 . The search path can be manipulated from within a Python program as the variable sys . path.

PYTHONSAFEPATH

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

e 3.11 B A.

PYTHONPLATLIBDIR

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

1E 3.9 HUBIA.

PYTHONSTARTUP

If this is the name of a readable file, the Python commands in that file are executed before the first prompt is
displayed in interactive mode. The file is executed in the same namespace where interactive commands are
executed so that objects defined or imported in it can be used without qualification in the interactive session.
You can also change the prompts sys.ps1 and sys.ps?2 and the hook sys.__interactivehook___
in this file.

51— B A ] (EV Bl I i 5 44 R DS | O R R 3 cpython. run_startup,

PYTHONOPTIMIZE

If this is set to a non-empty string it is equivalent to specifying the —O option. If set to an integer, it is equivalent
to specifying —O multiple times.

PYTHONBREAKPOINT

If this is set, it names a callable using dotted-path notation. The module containing the callable will be
imported and then the callable will be run by the default implementation of sys.breakpointhook ()
which itself is called by built-in breakpoint (). If not set, or set to the empty string, it is equiva-
lent to the value “pdb.set_trace”. Setting this to the string ”0” causes the default implementation of sys.
breakpointhook () to do nothing but return immediately.

1.2.
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1E 3.7 BANA.
PYTHONDEBUG

If this is set to a non-empty string it is equivalent to specifying the —d option. If set to an integer, it is equivalent
to specifying —d multiple times.

This environment variable requires a debug build of Python, otherwise it’s ignored.
PYTHONINSPECT
If this is set to a non-empty string it is equivalent to specifying the —i option.

This variable can also be modified by Python code using os .environ to force inspect mode on program
termination.

SIEE— A S | WS F cpython. run_stdin,
JE 3.12.5 fREYEETE: (also 3.11.10, 3.10.15, 3.9.20, and 3.8.20) Emits audit events.

TE 3.13 iR 54 5 Uses PyREPL if possible, in which case PYTHONS TARTUP is also executed. Emits audit
events.

PYTHONUNBUFFERED
If this is set to a non-empty string it is equivalent to specifying the —u option.
PYTHONVERBOSE
If this is set to a non-empty string it is equivalent to specifying the —v option. If set to an integer, it is equivalent
to specifying —v multiple times.
PYTHONCASEOK
If this is set, Python ignores case in import statements. This only works on Windows and macOS.
PYTHONDONTWRITEBYTECODE

If this is set to a non-empty string, Python won’t try to write . pyc files on the import of source modules. This
is equivalent to specifying the —B option.

PYTHONPYCACHEPREFIX

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

e 3.8 JBIA.
PYTHONHASHSEED

If this variable is not set or set to random, a random value is used to seed the hashes of str and bytes objects.

If PYTHONHASHSEED is set to an integer value, it is used as a fixed seed for generating the hash() of the types
covered by the hash randomization.

Its purpose is to allow repeatable hashing, such as for selftests for the interpreter itself, or to allow a cluster of
python processes to share hash values.

The integer must be a decimal number in the range [0,4294967295]. Specifying the value O will disable hash
randomization.

1 3.2.3 JBIA.
PYTHONINTMAXSTRDIGITS

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

£ 3.11 HmA.
PYTHONIOENCODING

If this is set before running the interpreter, it overrides the encoding used for stdin/stdout/stderr, in the syn-
tax encodingname:errorhandler. Both the encodingname and the : errorhandler parts are
optional and have the same meaning as in str.encode ().

For stderr, the : errorhandler part is ignored; the handler will always be 'backslashreplace’.

12 Chapter 1. $47%|MIBIE



Python Setup and Usage, £(E] 3.13.0rc2

TE 3.4 fRAY52 5 : The encodingname part is now optional.

JE 3.6 R Y55 TE: On Windows, the encoding specified by this variable is ignored for interactive console
buffers unless PYTHONLEGACYWINDOWSSTDIO is also specified. Files and pipes redirected through the
standard streams are not affected.

PYTHONNOUSERSITE
If this is set, Python won’t add the user site-packages directorytosys.path.

hz%
PEP 370 -- Per user site-packages directory

PYTHONUSERBASE

Defines the user base directory, whichisusedtocompute the path of theuser site-packages
directory and installation paths for python -m pip install --user.

hz%
PEP 370 -- Per user site-packages directory

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

This is equivalent to the —w option. If set to a comma separated string, it is equivalent to specifying —w
multiple times, with filters later in the list taking precedence over those earlier in the list.

The simplest settings apply a particular action unconditionally to all warnings emitted by a process (even those
that are otherwise ignored by default):

Warn once per call location
Convert to exceptions

Warn every time

Same as PYTHONWARNINGS=always
Warn once per calling module
Warn once per Python process
Never warn

See warning-filter and describing-warning-filters for more details.

PYTHONFAULTHANDLER

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

1E 3.3 RABIA.
PYTHONTRACEMALLOC

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

1E 3.4 RPIA.
PYTHONPROF ILEIMPORTTIME

If this environment variable is set to a non-empty string, Python will show how long each import takes. This
is equivalent to setting the —X importt ime option.

1.2, BISEE 13
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£ 3.7 UG

PYTHONASYNCIODEBUG
If this environment variable is set to a non-empty string, enable the debug mode of the asyncio module.

e 3.4 RPIA.

PYTHONMALLOC
Set the Python memory allocators and/or install debug hooks.

Set the family of memory allocators used by Python:
o default: use the default memory allocators.

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 do-
mains and use the malloc () function for the PYMEM DOMAIN RAW domain.

e mimalloc: use the mimalloc allocator for PYMEM DOMAIN_MEM and PYMEM_DOMAIN_OBJ do-
mains and use the malloc () function for the PYMEM_ DOMAIN_RAW domain.

Install debug hooks:
o debug: install debug hooks on top of the default memory allocators.
e malloc_debug: same as malloc but also install debug hooks.
e pymalloc_debug: same as pymalloc but also install debug hooks.
e mimalloc_debug: same as mimalloc but also install debug hooks.
1E 3.6 JRBIA.
TE 3.7 )55 50 Added the "default™" allocator.

PYTHONMALLOCSTATS

If set to a non-empty string, Python will print statistics of the pymalloc memory allocator every time a new
pymalloc object arena is created, and on shutdown.

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

Tr 3.6 il %5 55 This variable can now also be used on Python compiled in release mode. It now has no
effect if set to an empty string.

PYTHONLEGACYWINDOWSFSENCODING

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

This may also be enabled at runtime with sys._enablelegacywindowsfsencoding ().
% . Windows,
TE 3.6 BN A TEZ 41 i PEP 529,

PYTHONLEGACYWINDOWSSTDIO

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

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

W : Windows,
TE 3.6 MBI A
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PYTHONCOERCECLOCALE

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

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

e C.UTF-8
e C.utfs8
o« UTF-8

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

Configuring one of these locales (either explicitly or via the above implicit locale coercion) automatically
enables the surrogateescape error handler for sys.stdin and sys.stdout (sys.stderr con-
tinues to use backslashreplace as it does in any other locale). This stream handling behavior can be
overridden using PYTHONIOENCODING as usual.

For debugging purposes, setting PY THONCOERCECLOCALE=warn will cause Python to emit warning mes-
sages on stderr if either the locale coercion activates, or else if a locale that would have triggered coercion
is still active when the Python runtime is initialized.

Also note that even when locale coercion is disabled, or when it fails to find a suitable target locale,
PYTHONUTF 8 will still activate by default in legacy ASCII-based locales. Both features must be disabled
in order to force the interpreter to use ASCIT instead of UTF -8 for system interfaces.

W . Unix,
TE 3.7 JR# A 2 40 HisE R PEP 538,
PYTHONDEVMODE

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

TE 3.7 A

PYTHONUTFS8
R (E] 1, AIEF Python UTF-8 Mode.
WEEE o, HI{EA] Python UTF-8 Mode.

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

1E 3.7 ANA.
PYTHONWARNDEFAULTENCODING

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

A% A io-encoding-warning .,
T 3.10 JRBEAA.

PYTHONNODEBUGRANGES

If this variable is set, it disables the inclusion of the tables mapping extra location information (end line, start
column offset and end column offset) to every instruction in code objects. This is useful when smaller code

1.2, BISEE 15
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objects and pyc files are desired as well as suppressing the extra visual location indicators when the interpreter
displays tracebacks.

e 311 RBTINA.

PYTHONPERF SUPPORT

If this variable is set to a nonzero value, it enables support for the Linux per f profiler so Python calls can be
detected by it.

If set to 0, disable Linux per £ profiler support.

See also the —~X perf command-line option and perf_profiling.

1 312 JRBA.

PYTHON_PERF_JIT_SUPPORT

If this variable is set to a nonzero value, it enables support for the Linux per f profiler so Python calls can be
detected by it using DWARF information.

If set to 0, disable Linux per £ profiler support.

See also the —-X perf_jit command-line option and perf_profiling.

TE 3.13 UG

PYTHON_CPU_COUNT

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

See also the —~X cpu_count command-line option.

e 3.13 JRPA.

PYTHON_FROZEN_MODULES

If this variable is set to on or of £, it determines whether or not frozen modules are ignored by the import
machinery. A value of on means they get imported and o £ £ means they are ignored. The default is on for
non-debug builds (the normal case) and of £ for debug builds. Note that the importlib_bootstrap and
importlib_bootstrap_external frozen modules are always used, even if this flag is set to of .

See also the -X frozen modules command-line option.

1E 3.13 FRglhn A

PYTHON_COLORS

If this variable is set to 1, the interpreter will colorize various kinds of output. Setting it to 0 deactivates this
behavior. See also Controlling color.

e 3.13 HAFmA.

PYTHON_BASIC_REPL

If this variable is set to 1, the interpreter will not attempt to load the Python-based REPL that requires curses
and readline, and will instead use the traditional parser-based REPL.

1E 3.13 JUGmA.

PYTHON_HISTORY

This environment variable can be used to set the location of a .python_history file (by default, it is
.python_history in the user’s home directory).

1 313 JRBTA.

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

See also the -X gil command-line option, which takes precedence over this variable, and whatsnew313-
free-threaded-cpython.

1E 3.13 HUGmA.
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1.2 REEABH

PYTHONDUMPREF'S

If set, Python will dump objects and reference counts still alive after shutting down the interpreter.
Needs Python configured with the ——with-trace—refs build option.

PYTHONDUMPREFSFILE

If set, Python will dump objects and reference counts still alive after shutting down the interpreter into a file
under the path given as the value to this environment variable.

Needs Python configured with the ——with-trace-refs build option.
1 3.11 JRFA.

PYTHON_PRESITE

If this variable is set to a module, that module will be imported early in the interpreter lifecycle, before the
site module is executed, and before the __main__ module is created. Therefore, the imported module is
not treated as __main_ .

This can be used to execute code early during Python initialization.
To import a submodule, use package .module as the value, like in an import statement.
See also the —~X presite command-line option, which takes precedence over this variable.

Needs Python configured with the ——with-pydebug build option.
1E 3.13 B A
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CHAPTER 2

% Unix J£= _E{& A Python

2.1 %EFIRE Python HIRHEA

211 ¥ Linux Lt

TERZ W Linux BE47H b @ e 222 Python, [EWEE—MHE{HR G T HABM R & . (ER2 B THER L
BT REE R SR (Y S LE TR, 35 IR T DAE SR S AR B A s S5 BT AU AS 1) Python, fUEAAH 78

VL

W2k Python [EVFTSe e, [EIHATESATHUBR BEAY (7= (repository) Ht, fRAT DABSHAMME] B O 68 1 8%

fitcg . SEUTES,

hz%

https://www.debian.org/doc/manuals/maint-guide/first.en.html

$#}77A Debian ff

https://en.opensuse.org/Portal:Packaging
¥} OpenSuse i

https://docs.fedoraproject.org/en-US/package-maintainers/Packaging Tutorial_GNU_Hello/
¥]7i* Fedora ]

https://slackbook.org/html/package-management-making-packages.html
$J7A Slackware
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2.1.2 7£ FreeBSD #1 OpenBSD L

o FreeBSD J{[EJfE M DA R iy -3 &1+

[pkg install python3 J

« OpenBSD JHEJRE I AT fir & 3 -

pkg_add —-r python

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

B0 1386 i F # T Python 2.5.1 (7] Fi A4 :

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

2.2 &S Python

UWRARAE H C 4 CPython, B Yo 22 MU A 1S . /KA AN BT R AS Y A 1S, thn] A HR
WsH e clone (ef) o (WERAREEZE ISR A, B ETHE—0 clone.)

S e R o A P e AL

./configure
make
make install

552 Unix P22 (Wi & % 2 f 5 5 B0 & G #E 41 Hb 5t [E)7E Python JE G A (source tree) AR H [E] N Y
README .rst f§ &1,

i

make install AJPAZEZEE([F4E python3 TN HIME R, B, 2% make altinstall ffi
A make install, HEIE H4# exec prefix/bin/pythonversion,

2.3 El Python tHERYERISFOIEE

EIER A LA G, prefix Mlexec prefix FIHKINZHT 3, MEPLHFGE GNU HHBEH; &
R REAH ] o

B, fERZ ¥ Linux R£4 L, WERHSEEE /usr.

EXR/EE R
exec_prefix/bin/python3 RS R AL E .

prefix/lib/pythonversion. exec _prefix/ A ERERZHE EWIHEEAE .
lib/pythonversion

prefix/include/pythonversion, {045 B % Python % R E M Fl ik A B i es Ir i
exec_prefix/include/pythonversion include #5227 B B HEREAI B .
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2.4 18

BAE Unix I Python [EJA, JRTFZEMAE rIHATHY (executable), 41T

[$ chmod +x script }

(TR EIA B TEC S — 11 /5 8 F) Shebang., DA I8 e fif i g8 ¢ -

[#J/usr/bin/env python3 }

HEAE#E A PATH {82 Python T 32 a%. SR H 28 Unix R0 REEA env iy 4, AR AT BEF5 2%
/usr/bin/python3 £t (hardcode) 1 B A5 IR .

FEAE Python [E)4s F1{5 ] shell fi54~, %5 subprocess 4,

2.5 Z[Fl{t OpenSSL

1. Fff AR PT84 95 177 (vendor) fY) OpenSSL it & Al R S (5 AL 71 (system trust store), #+kEI LS
openssl.cnf fHEMN HESAR /etc HFFHEHEEL (symlink), YERZHBITIN L, SERGRAE
/etc/sslB{#H /etc/pki/tls B, ZHEIREMA S cert . pem #EEF/5{— certs HIE.

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

2. Tk, BEI)%4E OpenSSL, FEERRMH install_sw i A42 install, install_sw [ HE
NEr¥E# 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 \
——1libdir=1ib \
——openssldir=/etc/ssl

$ make -j1 depend
$ make -78
$ make install_sw
$ popd
3. {#iJ%[El{k OpenSSL ##'® Python (2 RE!H --with-openssl fll ——with-openssl-rpath j#
JH)

($ pushd python-3.x.x

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

$ make —-78

$ make altinstall

.- J
il

OpenSSL {2 4 B i i (patch releases) FLA [a] 42 M1 %5 119 ABL. 4R 5 2 50 4 i Python SCH T
OpenSSL. i f—1RHi 1 A AR LA BV OpenSSL ZA4ERH AT A T -

2.4. I8 21
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CHAPTER 3

Bt & Python

3.1

RERR

Features and minimum versions required to build CPython:

A C11 compiler. Optional C11 features are not required.

FE Windows |+ Z5% Microsoft Visual Studio 2017 B¢ B H R4S

Support for IEEE 754 floating-point numbers and floating-point Not-a-Number (NaN).
thread [ 7 4% .

OpenSSL 1.1.1 is the minimum version and OpenSSL 3.0.9 is the recommended minimum version for the
ss1 and hashlib extension modules.

SQLite 3.15.2 for the sglite3 extension module.
Tcl/Tk 8.5.12 for the tkinter module.

Autoconf 2.71 and aclocal 1.16.4 are required to regenerate the configure script.

T 3.1 fRAY% 58 Tcl/Tk version 8.3.1 is now required.
TE 3.5 Y52 5. On Windows, Visual Studio 2015 or later is now required. Tcl/Tk version 8.4 is now required.

Tr 3.6 MRy 5 55 Selected C99 features are now required, like <stdint .h>and static inline functions.
TE 3.7 U3 T A T4 EL OpenSSL 1.0.2 (1% 30 % BIAE R U EE Y
TE 3.10 iR %)% 5 : OpenSSL 1.1.1 is now required. Require SQLite 3.7.15.

7E 3.11 fRff)58 5 C11 compiler, IEEE 754 and NaN support are now required. On Windows, Visual Studio 2017
or later is required. Tcl/Tk version 8.5.12 is now required for the tkinter module.

TE 3.13 {RA{%# T8 Autoconf 2.71, aclocal 1.16.4 and SQLite 3.15.2 are now required.
See also PEP 7 ”Style Guide for C Code” and PEP 11 "CPython platform support”.
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3.2 [FH4RER

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

make regen-all

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

make regen-configure

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

321 BEE%

The make regen-configure command regenerates the aclocal.m4 file and the configure script using
the Tools/build/regen-configure. sh shell script which uses an Ubuntu container to get the same tools
versions and have a reproducible output.

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

[autoreconf —-ivf -Werror }

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

3.3 BMEEHA

List all configure script options using:

[./configure --help J

i L Python JRIAREEEFTHR P Misc/SpecialBuilds.txt,

3.3.1 —fi%#Ig

——enable-loadable-sqglite—-extensions
Support loadable extensions in the _sglite extension module (default is no) of the sglite3 module.

FEH sglite3 B4R sglite3.Connection.enable_load_extension () Fik.
TE 3.6 BN

——disable-ipv6
57 IPv6 4% (WA BMFRERCREN), &5 R socket 4.

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

By default, the digit size is 30.
4 PYLONG_BITS_IN_DIGIT EF[E 15 5 30,

2[F) sys.int_info.bits_per_digit.
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——with-suffix=SUFFIX
% Python 174 4 1% 45 2 [F] SUFFIX .

{F Windows Fl macOS FTEHFKIELRZ .exe (python.exe 71 ). 7F Emscripten node F[F] . s,
T£ Emscripten [EIE#8[F] .html. f£ WASI L[ .wasm, PAREHAGFESGESFSE (python #1147
%) o

16 311 iRy E: 7 WASM -5 FHERINESZ - s, .html B .wasm FH)—1H.
——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.

i #% {H: /usr/share/zoneinfo:/usr/lib/zoneinfo:/usr/share/lib/zoneinfo:/

etc/zoneinfo,
iig il os .pathsep FRAEIFEFTFIE .
TE 3.9 JRBEA.

——without-decimal-contextvar

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

#5 K decimal .HAVE_CONTEXTVAR Hil contextvars 4.

TE 3.9 B A.

——with-dbmliborder=<list of backend names>
Override order to check db backends for the dbm module

A valid value is a colon (:) separated string with the backend names:
e ndbm;
e gdbm;
e bdb.
—-without-c-locale-coercion
Disable C locale coercion to a UTF-8 based locale (enabled by default).
RYEsEFE PY_COERCE_C_LOCALE H4E,
%% H, PYTHONCOERCECLOCALE Ei PEP 538,

——without-freelists

Disable all freelists except the empty tuple singleton.

e 3.11 HRFIA.
—-with-platlibdir=DIRNAME
Python pfX 8 H B & (FEEEE] 1ib ).,
Fedora f1 SuSE ¥ 64 i i34 Effiff 1ib64.,
2[F] sys.platlibdir,
1E 3.9 JBA.
——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, Fe-
dora installs wheel packages in the /usr/share/python-wheels/ directory and don’t install the
ensurepip._bundled package.

e 3.10 RBIA.
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——with-pkg—-config=[check|yes|no]

Whether configure should use pkg—config to detect build dependencies.
e check (¥H#X): pkg-config fZH[iEM
. yes: pkg-config j2hEY)
« no: HIEAFAER AN pkg-config AL E

TE 311 B

——enable-pystats

Turn on internal Python performance statistics gathering.

By default, statistics gathering is off. Use python3 —-X pystats command or set PYTHONSTATS=1
environment variable to turn on statistics gathering at Python startup.

At Python exit, dump statistics if statistics gathering was on and not cleared.
HOR:
e Add -X pystats command line option.
e Add PYTHONSTATS environment variable.
e Define the Py_ STATS macro.
¢ Add functions to the sy s module:
- sys._stats_on (): Turns on statistics gathering.
- sys._stats_off (): Turns off statistics gathering.
- sys._stats_clear (): Clears the statistics.
- sys._stats_dump (): Dump statistics to file, and clears the statistics.

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

ffif] Tools/scripts/summarize_stats.py KBS FHEE .
Statistics:
» Opcode:
- Specialization: success, failure, hit, deferred, miss, deopt, failures;
— Execution count;
- Pair count.

o Call:

Inlined Python calls;

PyEval calls;

Frames pushed;

Frame object created,;

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

« Object:

incref and decref;

interpreter incref and decref;

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

free;

26
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to/from free lists;

dictionary materialized/dematerialized;

- type cache;
- optimization attempts;
- optimization traces created/executed;
- uops executed.
o Garbage collector:
- Garbage collections;
- Objects visited;
- Objects collected.
T8 311 RAA.
——disable—-gil

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

build.

Defines the Py_GIL_DISABLED macro and adds "t " to sys.abiflags.

See whatsnew313-free-threaded-cpython for more detail.

TE 3.13 fRBEINA.
PKG_CONFIG
Path to pkg—config utility.

PKG_CONFIG_LIBDIR

PKG_CONFIG_PATH
pkg-config options.

3.3.2 C compiler options

CcC

OF - (R
CFLAGS

C Hhi it AR .
CPP

C preprocessor command.

CPPFLAGS
C preprocessor flags, e.g. ~-Tinclude_dir.

3.3.3 Linker options

LDFLAGS
Linker flags, e.g. ~-L1ibrary_directory.

LIBS

Libraries to pass to the linker, e.g. ~11ibrary.

MACHDEP
Name for machine-dependent library files.

33. WERR
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3.3.4 Options for third-party dependencies
1 311 B A

BZIP2_CFLAGS
BZIP2_LIBS

C compiler and linker flags to link Python to 1ibbz2, used by bz2 module, overriding pkg-config.
CURSES_CFLAGS

CURSES_LIBS

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

GDBM_CFLAGS
GDBM_LIBS

C compiler and linker flags for gdbm.
LIBB2_CFLAGS
LIBB2_LIBS

C compiler and linker flags for 1 ibb2 (BLAKE?2), used by hash1ib module, overriding pkg-config.
LIBEDIT_CFLAGS
LIBEDIT_LIBS

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

C compiler and linker flags for 1ibff1i, used by ct ypes module, overriding pkg—config.
LIBMPDEC_CFLAGS

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

e

These environment variables have no effect unless ——with-system—11ibmpdec is specified.

LIBLZMA_CFLAGS
LIBLZMA_LIBS

C compiler and linker flags for 1ib1zma, used by 1zma module, overriding pkg—config.
LIBREADLINE_CFLAGS
LIBREADLINE_LIBS

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

C compiler and linker flags for 1ibsglite3, used by sglite3 module, overriding pkg-config.

LIBUUID_CFLAGS
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LIBUUID_LIBS

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

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

C compiler and linker flags for Libpanel or libpanelw, used by curses.panel module, overriding
pkg-config.

TCLTK_CFLAGS
TCLTK_LIBS

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

ZLIB_LIBS
C compiler and linker flags for 1ibz1ib, used by gzip module, overriding pkg—config.

3.3.5 WebAssembly jEIg

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

Set build flavor for wasm32-emscripten.
e browser (default): preload minimal stdlib, default MEMFS.
e node: ¥ NODERAWFS fil pthread 37 3% .
16 311 JRPTmA.
——enable-wasm—-dynamic-linking
Turn on dynamic linking support for WASM.

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

e 3.11 A

——enable-wasm—pthreads

Turn on pthreads support for WASM.
TE 3. 11 A

3.3.6 IEHEIF

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

& {{E 7T PAXE runtime ffi[f] sys.prefix Bif5,
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.

B E{E 7] DAXE runtime [fiff] sys.exec_prefix BUf5
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——disable-test—-modules

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

1 3.10 B A.
—-with-ensurepip=[upgrade|install|no]
PR Python Z4ERFHATIY) ensurepip fid:
e upgrade (FEi#%): #1147 python -m ensurepip --altinstall --upgrade fif% .
e install: $fT python —-m ensurepip —--—altinstall fpd;
e no: ANEEHAT ensurepip;
1E 3.6 BB

3.3.7 Performance options

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

——enable-optimizations

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

The C compiler Clang requires 11 vm-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.

(e

During the build, you may encounter compiler warnings about profile data not being available for
some source files. These warnings are harmless, as only a subset of the code is exercised dur-
ing profile data acquisition. To disable these warnings on Clang, manually suppress them by adding
-Wno-profile-instr-unprofiledto CFLAGS.

TE 3.6 WUgEImA.
TE 3.10 fREE T #F GCC Ff#i ] ~-fno-semantic—interposition,
PROFILE_TASK

Environment variable used in the Makefile: Python command line arguments for the PGO generation task.
THRR{H: -m test ——-pgo —--timeout=$ (TESTTIMEOUT) .

1E 3.8 A

T 3.13 FiUAY % B Task failure is no longer ignored silently.

——with-1lto=[full|thin|no|yes]
Enable Link Time Optimization (LTO) in any build (disabled by default).

The C compiler Clang requires 11vm—ar for LTO (ar on macOS), as well as an LTO-aware linker (1d.
goldor11d).

TE 3.6 BB A.
TE 3.11 BRI A To use ThinLTO feature, use ——with-1lto=thin on Clang.
T 3.12 iR %4 58 : Use ThinLTO as the default optimization policy on Clang if the compiler accepts the flag.
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——enable-bolt
Enable usage of the BOLT post-link binary optimizer (disabled by default).

BOLT is part of the LLVM project but is not always included in their binary distributions. This flag requires
that 11vm-bolt and merge—-fdata are available.

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

The BOLT_INSTRUMENT_FLAGS and BOLT_APPLY_FLAGS configure variables can be defined to
override the default set of arguments for 11vm—bo1lt to instrument and apply BOLT data to binaries, respec-
tively.

1 312 JRPmA.

BOLT_APPLY FLAGS
Arguments to 1 1vm—bolt when creating a BOLT optimized binary.
1E 3.12 i A

BOLT_INSTRUMENT_FLAGS

Arguments to 11vm-bolt when instrumenting binaries.

e 3.12 HRAA.

——with—-computed—-gotos
Enable computed gotos in evaluation loop (enabled by default on supported compilers).
—-—without-mimalloc
Disable the fast mimalloc allocator (enabled by default).
W 2([F) PYTHONMALLOC Pais s,
—--without-pymalloc
Disable the specialized Python memory allocator pymalloc (enabled by default).
W2 (F) PYTHONMALLOC PRISSE .,
——without—-doc-strings

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

RELEFE WITH_DOC_STRINGS E4E,
%5, PyDoc_STRVAR () E4E,

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

——with-strict-overflow

Add -fstrict—-overflow to the C compiler flags (by default we add —fno-strict-overflow in-
stead).
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3.3.8 Python Debug Build

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

Display all warnings by default: the list of default warning filters is empty in the warnings module.
i d 3| sys.abiflags.,

i sys.gettotalrefcount () FHREL.

i -X showrefcount fiFAF)RIH,

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

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

Install debug hooks on memory allocators to detect buffer overflow and other memory errors.
5% Py_DEBUG # Py_REF_DEBUG E4£,

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

- Add sanity checks on the function arguments.

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

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

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

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

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

TE 3.8 Jit ") 5% 5 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).

3.3.9 Debug options

——with-pydebug

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

——with-trace-refs

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

o 'EF Py _TRACE_REFS E 4,

o P sys.getobjects () .

o I PYTHONDUMPREFS BRIEAA,

The PYTHONDUMPREF'S environment variable can be used to dump objects and reference counts still alive at
Python exit.

Statically allocated objects are not traced.

1 3.8 HUBIA.
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TE 3.13 fR %)% 5 This build is now ABI compatible with release build and debug build.
—--with-assertions
Build with C assertions enabled (default is no): assert (...); and _PyObject_ASSERT(...);.
If set, the NDEBUG macro is not defined in the OP T compiler variable.
See also the ——with-pydebug option (debug build) which also enables assertions.
TE 3.6 A
—-with-valgrind
(EJA Valgrind 323% (FBEAEM).
—--with-dtrace
[E]/f] DTrace 37#% (FHBAEM ).

See Instrumenting CPython with DTrace and SystemTap.

1E 3.6 FBIA.

——with—-address—-sanitizer

Enable AddressSanitizer memory error detector, asan (default is no).

TE 3.6 IR A

——with-memory—-sanitizer

Enable MemorySanitizer allocation error detector, msan (default is no).

T 3.6 HUGMA.

—-—with-undefined-behavior-sanitizer

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

1 3.6 FUBIA.

——with-thread-sanitizer
Enable ThreadSanitizer data race detector, t san (default is no).

e 3.13 JRPA.

3.3.10 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).

1E 3.10 FRglhn A

3.3.11 HAEEIF

——with-1libs='1ibl ...'
Link against additional libraries (default is no).
--with-system—-expat
Build the pyexpat module using an installed expat library (default is no).
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——with-system—libmpdec

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

(default is yes).

1E 3.3 iRBIA.
JE 3.13 JiR %% 55 Default to using the installed mpdecimal library.

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

will no longer be distributed with Python 3.15.

hz%

LIBMPDEC_CFLAGS and LIBMPDEC_LIBS.

——with-readline=readline|editline

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

e 3.10 RBTIA.

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

ANiEF HAVE_LIBREADLINE E4E.
1 3.10 B

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

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

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

e 3.7 A
——with-openssl-rpath=[no|auto|DIR]
Set runtime library directory (rpath) for OpenSSL libraries:

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

1E 3.10 g A.

3.3.12 Security Options

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

e siphashi13 (default);
e siphash24;

e fnv,
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1E 3.4 FBNA.
FE 3.11 iR A siphashi3 is added and it is the new default.
—-with-builtin-hashlib-hashes=md5, shal, sha256, sha512, sha3,blake2
(e e A 4 -
e mdb;
e shal;
e sha256;
e shab512;
e sha3 (with shake);
e blake2,
1 3.9 M.

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

o python (default): use Python’s preferred selection;
e openssl: leave OpenSSL’s defaults untouched;
o STRING: use a custom string
i i ss 1 AAL.
1E 3.7 RPN
TE 3.10 fR %52 5 : The settings python and STRING also set TLS 1.2 as minimum protocol version.

3.3.13 macOS &#Ig

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

——enable—-universalsdk=SDKDIR

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

——enable—-framework

——enable-framework=INSTALLDIR

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

——with—-universal—-archs=ARCH

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

BEIH:
e universal?2;
e 32-bit;
e 64-bit;
e 3-way;
e intel;

e intel-32;
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e intel-64;
e all,

——with-framework—-name=FRAMEWORK

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

——with—-app-store—-compliance

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

The Python standard library contains strings that are known to trigger automated inspection tool errors when
submitted for distribution by the macOS and iOS App Stores. If enabled, this option will apply the list of
patches that are known to correct app store compliance. A custom patch file can also be specified. This option
is disabled by default.

£ 3.13 JGA.

3.3.14 iOS Options

See i1I0S/README .rst.

——enable—-framework=INSTALLDIR

Create a Python.framework. Unlike macOS, the INSTALLDIR argument specifying the installation path is
mandatory.

——with-framework—-name=FRAMEWORK
Specify the name for the framework (default: Python).

3.3.15 Cross Compiling Options

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

——build=BUILD

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

cross-compile to build programs to run on HOST (target platform)
—-with-build-python=path/to/python

path to build python binary for cross compiling

1E 3. 11 iBmA.
CONFIG_SITE=file

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

Example config.site file:

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

HOSTRUNNER
Program to run CPython for the host platform for cross-compilation.

1E 311 RBTIA.

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

3.4 Python Build System

3.4.1 Main files of the build system

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

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

342 FEEELR

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

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

3.4.3 £ZE Makefile HiE

make

For the most part, when rebuilding after editing some code or refreshing your checkout from upstream, all you need
to do is execute make, which (per Make’s semantics) builds the default target, the first one defined in the Makefile.
By tradition (including in the CPython project) this is usually the a1l target. The configure script expands an
autoconf variable, @DEF_MAKE_ALL_RULEQ to describe precisely which targets make all will build. The
three choices are:

e profile-opt (configured with ——enable-optimizations)
e build_wasm (configured with ——with-emscripten-target)
e build_all (configured without explicitly using either of the others)

Depending on the most recent source file changes, Make will rebuild any targets (object files and executables) deemed
out-of-date, including running con f i gure again if necessary. Source/target dependencies are many and maintained
manually however, so Make sometimes doesn’t have all the information necessary to correctly detect all targets which
need to be rebuilt. Depending on which targets aren’t rebuilt, you might experience a number of problems. If you
have build or test problems which you can’t otherwise explain, make clean && make should work around most
dependency problems, at the expense of longer build times.
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make platform
Build the python program, but don’t build the standard library extension modules. This generates a file

named platform which contains a single line describing the details of the build platform, e.g., macosx-14.
3-arm64-3.120or linux-x86_64-3.13.

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 justmake).

make clean

Remove built files.

make distclean

In addition to the work done by make clean, remove files created by the configure script. configure will have
to be run before building again.'

make install

Build the a1l target and install Python.

make test

Build the al1 target and run the Python test suite with the ——fast—-ci option. Variables:
o TESTOPTS: additional regrtest command-line options.
e TESTPYTHONOPTS: additional Python command-line options.

¢ TESTTIMEOQOUT: timeout in seconds (default: 10 minutes).

make buildbottest

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

make regen-all

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

l'git clean -fdx isan even more extreme way to “clean” your checkout. It removes all files not known to Git. When bug hunting using
git bisect, this is recommended between probes to guarantee a completely clean build. Use with care, as it will delete all files not checked
into Git, including your new, uncommitted work.
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Some C extensions are built as built-in modules, like the sys module. They are built with the
Py_BUILD_CORE_BUILTIN macro defined. Built-in modules haveno ___file_ attribute:

>>> import sys

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

J

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

>>> import _asyncio

>>> _asyncio

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

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

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

The PyAPI_FUNC (), PyAPI_DATA () and PyMODINIT_FUNC macros of Include/exports.h are de-
fined differently depending if the Py_ BUILD_CORE_MODULE macro is defined:

« WRFEFKT Py_BUILD_CORE_MODULE, HIffiJfj Py_EXPORTED_SYMBOL
o ZHIf#i ] Py_IMPORTED_SYMBOL,

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

3.5 Compiler and linker flags

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

3.5.1 Preprocessor flags

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

1E 3.6 JBMA.

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 to be able to build extension modules using
the directories specified in the environment variables.

BASECPPFLAGS
e 3.4 JRBA.
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PY_ CPPFLAGS
Extra preprocessor flags added for building the interpreter object files.

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

1E 3.2 iRABIA.

3.5.2 iREFRIEE

CcC

C Haiif <o

Example: gcc -pthread.
CXX

Cr+ BiRBAEIES

#ifil: g++ -pthread.
CFLAGS

C il i A AR -

CFLAGS_NODIST

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

In particular, CFLAGS should not contain:

« the compiler flag —T (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 — T flags.

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

e 3.5 A
COMPILEALL_OPTS
Options passed to the compileall command line when building PYC files in make install. Default:
-3j0.
TE 3.12 JRBA.
EXTRA_CFLAGS
MY C S A .
CONFIGURE_CFLAGS
Value of CFLAGS variable passed to the . /configure script.
1E 3.2 JRABTINA.
CONFIGURE_CFLAGS_NODIST
Value of CFLAGS_NODIST variable passed to the . /configure script.
1E 3.5 BB
BASECFLAGS
B B i IR
OPT
AR

40 Chapter 3. figE& Python


https://github.com/python/cpython/issues/65320

Python Setup and Usage, £(E] 3.13.0rc2

CFLAGS_ALIASING
Strict or non-strict aliasing flags used to compile Python/dtoa. c.
1E 3.7 ANA.
CCSHARED
Compiler flags used to build a shared library.
Bin(E] -£p1C Pl H#A Linux £2 BSD |-,
CFLAGSFORSHARED
Extra C flags added for building the interpreter object files.
Default: $ (CCSHARED) when ——enable-shared is used, or an empty string otherwise.

PY_CFLAGS

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

PY CFLAGS_NODIST

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

e 3.5 ABIA.
PY_STDMODULE_CFLAGS

C flags used for building the interpreter object files.

Default: S (PY_CFLAGS) $(PY_CFLAGS_NODIST) $(PY_CPPFLAGS)
S (CFLAGSFORSHARED) .

T 3.7 A A
PY CORE_CFLAGS
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.

1E 3.2 FBIA.

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

Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE_BUILTIN.
e 3.8 JBIA.

PURIFY

Purify command. Purify is a memory debugger program.

Default: empty string (not used).

3.5.3 Linker flags

LINKCC

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

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

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

1E 3.2 A
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LDFLAGS_NODIST

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

In particular, LDFLAGS should not contain:

« 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.
1 3.8 WA
LDFLAGS
Linker flags, e.g. -L.1ib_dir if you have libraries in a nonstandard directory lib_dir.

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

LIBS

Linker flags to pass libraries to the linker when linking the Python executable.
il -1rt,
LDSHARED
Command to build a shared library.
FE#%{H: Q@LDSHARED@ $ (PY_LDFLAGS).
BLDSHARED
Command to build 1 ibpython shared library.
FHF%(H: @BLDSHAREDR $ (PY_CORE_LDFLAGS).
PY_ LDFLAGS
FEF%[H: $ (CONFIGURE_LDFLAGS) $ (LDFLAGS) .
PY_LDFLAGS_NODIST
FEF[H: $ (CONFIGURE_LDFLAGS_NODIST) $ (LDFLAGS_NODIST),
e 3.8 HBA.

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

e 3.8 FRBIA.
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cHAPTER 4

£ Windows _{& F§ Python

This document aims to give an overview of Windows-specific behaviour you should know about when using Python
on Microsoft Windows.

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

As specified in PEP 11, a Python release only supports a Windows platform while Microsoft considers the platform
under extended support. This means that Python 3.13 supports Windows 8.1 and newer. If you require Windows 7
support, please install Python 3.8.

There are a number of different installers available for Windows, each with certain benefits and downsides.
The full installer contains all components and is the best option for developers using Python for any kind of project.

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

nuget.org £ 1% are lightweight installations intended for continuous integration systems. It can be used to build Python
packages or run scripts, but is not updateable and has no user interface tools.

The embeddable package is a minimal package of Python suitable for embedding into a larger application.

4.1 The full installer

411 ZRER

Four Python 3.13 installers are available for download - two each for the 32-bit and 64-bit versions of the interpreter.
The web installer is a small initial download, and it will automatically download the required components as neces-
sary. The offline installer includes the components necessary for a default installation and only requires an internet
connection for optional features. See ‘& %+ % B 7~ T # for other ways to avoid downloading during installation.

After starting the installer, one of two options may be selected:
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&5 Python 2.8.0 (64-bit) Setup — 4

Install Python 3.8.0 (64-bit)

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

@ Install Now
Ch\Users' ol AppData\Local\Programs\Python'\Python38

Includes IDLE, pip and decumentaticn
Creates shortcuts and file associations

— Customize installation
Choose location and features

python
for Install launcher for all users (recommended)

Wiﬂd()WS [] Add Python 3.8 to PATH Trred

R ARt [ b )

e You will not need to be an administrator (unless a system update for the C Runtime Library is required or you
install the Python Launcher for Windows for all users)

« Python will be installed into your user directory

o The Python Launcher for Windows will be installed according to the option at the bottom of the first page
o The standard library, test suite, launcher and pip will be installed

o WSR2 H IO AFIRE PATH

o ERHERCI A RER H TN TR R

R [HENLRE ] W ARFIREIRIT R I E A 7248, 20 B L H A8 58l 22 AR 1 I R A T 1 B
e Aol TG g I [ BB s T 3000 A2

To perform an all-users installation, you should select "Customize installation”. In this case:
« You may be required to provide administrative credentials or approval
o Python will be installed into the Program Files directory
o The Python Launcher for Windows will be installed into the Windows directory
« Optional features may be selected during installation
 The standard library can be pre-compiled to bytecode

« If selected, the install directory will be added to the system PATH

SERSIE PO A (I 25 P S
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4.1.2 Removing the MAX_PATH Limitation

Windows historically has limited path lengths to 260 characters. This meant that paths longer than this would not
resolve and errors would result.

In the latest versions of Windows, this limitation can be expanded to approximately 32,000 characters. Your admin-
istrator will need to activate the "Enable Win32 long paths” group policy, or set LongPathsEnabled to 1 in the
registry key HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\FileSystemn.

This allows the open () function, the os module and most other path functionality to accept and return paths longer
than 260 characters.

After changing the above option, no further configuration is required.

7r 3.6 MU AY% 5 : Support for long paths was enabled in Python.

4.1.3 ZRHRERENTE

All of the options available in the installer Ul can also be specified from the command line, allowing scripted in-
stallers to replicate an installation on many machines without user interaction. These options may also be set without
suppressing the Ul in order to change some of the defaults.

The following options (found by executing the installer with /?) can be passed into the installer:

8 ik

/passive to display progress without requiring user interaction
/quiet to install/uninstall without displaying any UI

/simple to prevent user customization

/uninstall to remove Python (without confirmation)

/layout [directory] to pre-download all components

/log [filename] to specify log files location

All other options are passed as name=value, where the value is usually O to disable a feature, 1 to enable a feature,
or a path. The full list of available options is shown below.
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clude_tool:
LauncherC

Only installs the launcher. This
will override most other options.

A’ ik fER
Instal- Perform a system-wide installa- 0
1Al- tion.
1Users
Target- ZHEH Selected based on InstallAllUsers
Dir
Default-  The default installation directory %$ProgramFiles$%$\Python X.Y i
AllUser-  for all-user installs $ProgramFiles (x86) $\Python X.Y
sTarget-
Dir
De- Wi EHPE R EAELKRE %LocaldppDatas\Programs\Python\PythonXY &
faultJust- &7 $LocalAppData%\Programs\Python\PythonXY-32
ForMeTar- B %$LocalAppData%$\Programs\Python\
getDir PythonXY-64
Default-  The default custom install direc-  (empty)
Custom- tory displayed in the Ul
Target-
Dir
Associ-  HHATREF ML EREAIE 1
ateFiles AR %< B
Com- WETE oy HEE .pyc. 0
pileAll
Prepend- Prepend install and Scripts di- O
Path rectories to PATH and add .PY
to PATHEXT
Append-  Append install and Scripts direc- 0
Path tories to PATH and add .PY to
PATHEXT
Short- Create shortcuts for the inter- 1
cuts preter, documentation and IDLE
if installed.
In- 23%E Python ({2 1
clude_doc
In- Install debug binaries 0
clude_debt
In- Install developer headers and li- 1
clude_dev braries. Omitting this may lead
to an unusable installation.
In- Install python.exe and re- 1
clude_exe lated files. Omitting this may
lead to an unusable installation.
In- 4 Python Launcher for Win- 1
clude laun dows.
Install- Installs the launcher for 1
Launcher- all users. Also requires
AllUsers Include_launcher to
be set to 1
In- Install standard library and ex- 1
clude lib tension modules. Omitting this
may lead to an unusable installa-
tion.
In- Install bundled pip and setup- 1
clude_pip tools
In- Install debugging symbols (*. O
clude_sym pdb)
In- Install Tcl/Tk support and IDLE 1
clude_tcltk
In- Install standard library test suite 1
Tude_test
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For example, to silently install a default, system-wide Python installation, you could use the following command (from

an elevated command prompt):

[pythonf3.9.0.exe /quiet InstallAllUsers=1 PrependPath=1 Include_test=0

1

To allow users to easily install a personal copy of Python without the test suite, you could provide a shortcut with the

following command. This will display a simplified initial page and disallow customization:

‘python—3.9.0.exe InstallAllUsers=0 Include_launcher=0 Include_test=0

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

(Note that omitting the launcher also omits file associations, and is only recommended for per-user installs when there

is also a system-wide installation that included the launcher.)

The options listed above can also be provided in a file named unattend.xml alongside the executable. This file
specifies a list of options and values. When a value is provided as an attribute, it will be converted to a number if
possible. Values provided as element text are always left as strings. This example file sets the same options as the

previous example:

<Options>
<Option Name="InstallAllUsers" Value="no" />
<Option Name="Include_launcher" Value="0" />
<Option Name="Include_test" Value="no" />
<Option Name="SimpleInstall" Value="yes" />

</Options>

<Option Name="SimpleInstallDescription">Just for me, no test suite</Option>

4.1.4 EREBFTH

As some features of Python are not included in the initial installer download, selecting those features may require an
internet connection. To avoid this need, all possible components may be downloaded on-demand to create a complete
layout that will no longer require an internet connection regardless of the selected features. Note that this download
may be bigger than required, but where a large number of installations are going to be performed it is very useful to

have a locally cached copy.

Execute the following command from Command Prompt to download all possible required files. Remember to
substitute python-3. 9. 0. exe for the actual name of your installer, and to create layouts in their own directories

to avoid collisions between files with the same name.

[python—3.9.0.exe /layout [optional target directory]

You may also specify the /quiet option to hide the progress display.

4.1.5 Modifying an install

Once Python has been installed, you can add or remove features through the Programs and Features tool that is part

of Windows. Select the Python entry and choose ”Uninstall/Change” to open the installer in maintenance mode.

”Modify” allows you to add or remove features by modifying the checkboxes - unchanged checkboxes will not install
or remove anything. Some options cannot be changed in this mode, such as the install directory; to modify these, you

will need to remove and then reinstall Python completely.

“Repair” will verify all the files that should be installed using the current settings and replace any that have been

removed or modified.

”Uninstall” will remove Python entirely, with the exception of the Python Launcher for Windows, which has its own

entry in Programs and Features.

4.1. The full installer
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4.1.6 Installing Free-threaded Binaries

I 3.13 JR#EINA: (Experimental)

e

Everything described in this section is considered experimental, and should be expected to change in future
releases.

To install pre-built binaries with free-threading enabled (see PEP 703), you should select "Customize installation”.
The second page of options includes the "Download free-threaded binaries” checkbox.

Mo Python 3.13.0 (64-bit) Setup

Advanced Options

(J Install Python 3.13 for all users

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

(] Add Python to environment variables

(] Precompile standard library

() Download debugging symbols

ires VS 2017 or later)

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

for

windows

Back Install Cancel

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

The free-threaded version is registered as a regular Python install with the tag 3. 13t (witha —32 or —arm64 suffix
as normal for those platforms). This allows tools to discover it, and for the Python Launcher for Windows to support
py.exe -3.13t. Note that the launcher will interpret py . exe -3 (or a python3 shebang) as “the latest 3.x
install”, which will prefer the free-threaded binaries over the regular ones, while py .exe -3.13 will not. If you
use the short style of option, you may prefer to not install the free-threaded binaries at this time.

To specify the install option at the command line, use Include_freethreaded=1. See & % % I 7~ F 3 for
instructions on pre-emptively downloading the additional binaries for offline install. The options to include debug
symbols and binaries also apply to the free-threaded builds.

Free-threaded binaries are also available on nuget.org.
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4.2 The Microsoft Store package

e 3.7.2 HmA.

The Microsoft Store package is an easily installable Python interpreter that is intended mainly for interactive use, for
example, by students.

To install the package, ensure you have the latest Windows 10 updates and search the Microsoft Store app for "Python
3.13”. Ensure that the app you select is published by the Python Software Foundation, and install it.

A
i

Python will always be available for free on the Microsoft Store. If you are asked to pay for it, you have not
selected the correct package.

After installation, Python may be launched by finding it in Start. Alternatively, it will be available from any Command
Prompt or PowerShell session by typing python. Further, pip and IDLE may be used by typing pip or idle.
IDLE can also be found in Start.

All three commands are also available with version number suffixes, for example, aspython3.exeand python3.
x.exe as well as python.exe (where 3.x is the specific version you want to launch, such as 3.13). Open
”Manage App Execution Aliases” through Start to select which version of Python is associated with each command.
It is recommended to make sure that pip and id1le are consistent with whichever version of python is selected.

Virtual environments can be created with python —-m venv and activated and used as normal.

If you have installed another version of Python and added it to your PATH variable, it will be available as python.
exe rather than the one from the Microsoft Store. To access the new installation, use python3.exe orpython3.
X .exe.

The py . exe launcher will detect this Python installation, but will prefer installations from the traditional installer.

To remove Python, open Settings and use Apps and Features, or else find Python in Start and right-click to select
Uninstall. Uninstalling will remove all packages you installed directly into this Python installation, but will not remove
any virtual environments

4.2.1 Known issues

Redirection of local data, registry, and temporary paths

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

At runtime, Python will use a private copy of well-known Windows folders and the registry. For example,
if the environment variable $APPDATA% is c:\Users\<user>\AppData)\, then when writing to C:\
Users\<user>\AppData\Local will write to C:\Users\<user>\AppData\Local\Packages\
PythonSoftwareFoundation.Python.3.8_gbz5n2kfra8p0\LocalCache\Local\.

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

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

>>> import os

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

>>> os.path.realpath(test_file)
'C:\\Users\\example\\AppData\\Local\\Packages\\PythonSoftwareFoundation.Python.3.8_
—gbz5n2kfra8p0\\LocalCache\\Local\\test.txt"
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When writing to the Windows Registry, the following behaviors exist:

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

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

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

For more detail on the technical basis for these limitations, please consult 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 E¥

TE 3.5.2 RBTMA.

The nuget.org package is a reduced size Python environment intended for use on continuous integration and build
systems that do not have a system-wide install of Python. While nuget is "the package manager for .NET”, it also
works perfectly fine for packages containing build-time tools.

Visit nuget.org for the most up-to-date information on using nuget. What follows is a summary that is sufficient for
Python developers.

The nuget . exe command line tool may be downloaded directly from https://aka.ms/nugetclidl, for
example, using curl or PowerShell. With the tool, the latest version of Python for 64-bit or 32-bit machines is installed
using:

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
isa 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

In general, nuget packages are not upgradeable, and newer versions should be installed side-by-side and referenced
using the full path. Alternatively, delete the package directory manually and install it again. Many CI systems will
do this automatically if they do not preserve files between builds.

Alongside the t ools directory isabuild\native directory. This contains a MSBuild properties file python.
props that can be used in a C++ project to reference the Python install. Including the settings will automatically
use the headers and import libraries in your build.

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

I 3.13 JR#EINA: (Experimental)

fi(E]

Everything described in this section is considered experimental, and should be expected to change in future
releases.

Packages containing free-threaded binaries are named python-freethreaded for the 64-bit version, pythonx86-
freethreaded for the 32-bit version, and pythonarm64-freethreaded for the ARM64 version. These packages contain
both the python3.13t.exe and python.exe entry points, both of which run free threaded.

4.4 The embeddable package

1E 3.5 ABMA.

The embedded distribution is a ZIP file containing a minimal Python environment. It is intended for acting as part
of another application, rather than being directly accessed by end-users.

When extracted, the embedded distribution is (almost) fully isolated from the user’s system, including environment
variables, system registry settings, and installed packages. The standard library is included as pre-compiled and
optimized . pyc files in a ZIP, and python3.d11, python37.d11, python.exe and pythonw.exe are
all provided. Tcl/tk (including all dependents, such as Idle), pip and the Python documentation are not included.

fi(E]

The embedded distribution does not include the Microsoft C Runtime and it is the responsibility of the appli-
cation installer to provide this. The runtime may have already been installed on a user’s system previously or
automatically via Windows Update, and can be detected by finding ucrtbase.dl1l in the system directory.

Third-party packages should be installed by the application installer alongside the embedded distribution. Using pip
to manage dependencies as for a regular Python installation is not supported with this distribution, though with some
care it may be possible to include and use pip for automatic updates. In general, third-party packages should be
treated as part of the application ("vendoring”) so that the developer can ensure compatibility with newer versions
before providing updates to users.

The two recommended use cases for this distribution are described below.

4.4.1 Python Application

An application written in Python does not necessarily require users to be aware of that fact. The embedded dis-
tribution may be used in this case to include a private version of Python in an install package. Depending on how
transparent it should be (or conversely, how professional it should appear), there are two options.

Using a specialized executable as a launcher requires some coding, but provides the most transparent experience for
users. With a customized launcher, there are no obvious indications that the program is running on Python: icons
can be customized, company and version information can be specified, and file associations behave properly. In most
cases, a custom launcher should simply be able to call Py_Main with a hard-coded command line.

The simpler approach is to provide a batch file or generated shortcut that directly calls the python.exe or
pythonw.exe with the required command-line arguments. In this case, the application will appear to be Python
and not its actual name, and users may have trouble distinguishing it from other running Python processes or file
associations.
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With the latter approach, packages should be installed as directories alongside the Python executable to ensure they
are available on the path. With the specialized launcher, packages can be located in other locations as there is an
opportunity to specify the search path before launching the application.

4.4.2 g )\ Python

Applications written in native code often require some form of scripting language, and the embedded Python distri-
bution can be used for this purpose. In general, the majority of the application is in native code, and some part will
either invoke python . exe or directly use python3.d11. For either case, extracting the embedded distribution
to a subdirectory of the application installation is sufficient to provide a loadable Python interpreter.

As with the application use, packages can be installed to any location as there is an opportunity to specify search
paths before initializing the interpreter. Otherwise, there is no fundamental differences between using the embedded
distribution and a regular installation.

4.5 Alternative bundles

Besides the standard CPython distribution, there are modified packages including additional functionality. The fol-
lowing is a list of popular versions and their key features:

ActivePython
Installer with multi-platform compatibility, documentation, PyWin32

Anaconda
Popular scientific modules (such as numpy, scipy and pandas) and the conda package manager.

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

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

WinPython
Windows-specific distribution with prebuilt scientific packages and tools for building packages.

Note that these packages may not include the latest versions of Python or other libraries, and are not maintained or
supported by the core Python team.

4.6 5 Python

To run Python conveniently from a command prompt, you might consider changing some default environment vari-
ables in Windows. While the installer provides an option to configure the PATH and PATHEXT variables for you,
this is only reliable for a single, system-wide installation. If you regularly use multiple versions of Python, consider
using the Python Launcher for Windows.

4.6.1 Excursus: Setting environment variables

Windows allows environment variables to be configured permanently at both the User level and the System level, or
temporarily in a command prompt.

To temporarily set environment variables, open Command Prompt and use the set command:

C:\>set PATH=C:\Program Files\Python 3.9;%PATH%
C:\>set PYTHONPATH=%PYTHONPATHS;C:\My_python_lib
C:\>python
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These changes will apply to any further commands executed in that console, and will be inherited by any applications
started from the console.

Including the variable name within percent signs will expand to the existing value, allowing you to add your new
value at either the start or the end. Modifying PATH by adding the directory containing python . exe to the start
is a common way to ensure the correct version of Python is launched.

To permanently modify the default environment variables, click Start and search for 'edit environment variables’, or
open System properties, Advanced system settings and click the Environment Variables button. In this dialog, you
can add or modify User and System variables. To change System variables, you need non-restricted access to your
machine (i.e. Administrator rights).

il

Windows will concatenate User variables after System variables, which may cause unexpected results when mod-
ifying PATH.

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.

hz%
https://docs.microsoft.com/en-us/windows/win32/procthread/environment-variables
Windows _F i) Bt 45 52 SR 2

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

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

4.6.2 Finding the Python executable
5 3.5 WU SR

Besides using the automatically created start menu entry for the Python interpreter, you might want to start Python
in the command prompt. The installer has an option to set that up for you.

On the first page of the installer, an option labelled "Add Python to PATH” may be selected to have the installer
add the install location into the PATH. The location of the Scripts\ folder is also added. This allows you to type
python to run the interpreter, and pip for the package installer. Thus, you can also execute your scripts with
command line options, see 4~4~%] documentation.

If you don’t enable this option at install time, you can always re-run the installer, select Modify, and enable it. Alterna-
tively, you can manually modify the PATH using the directions in Excursus: Setting environment variables. You need
to set your PATH environment variable to include the directory of your Python installation, delimited by a semicolon
from other entries. An example variable could look like this (assuming the first two entries already existed):

[C:\WINDOWS\systemSZ;C:\WINDOWS;C:\Program Files\Python 3.9 }
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4.7 UTF-8 X

1E 3.7 B A

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

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

You can use the Python UTF-8 Mode to change the default text encoding to UTF-8. You can enable the Python UTF-
8 Mode via the -X ut £8 command line option, or the PYTHONUTF 8=1 environment variable. See PYTHONUTF'8
for enabling UTF-8 mode, and Excursus: Setting environment variables for how to modify environment variables.

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

Note that adding PYTHONUTF 8=1 to the default environment variables will affect all Python 3.7+ applications on
your system. If you have any Python 3.7+ applications which rely on the legacy system encoding, it is recommended
to set the environment variable temporarily or use the -X ut £8 command line option.

il

Even when UTF-8 mode is disabled, Python uses UTF-8 by default on Windows for:
o Console I/O including standard I/O (see PEP 528 for details).
o The filesystem encoding (see PEP 529 for details).

4.8 Python Launcher for Windows

1E 3.3 FRBNA.

The Python launcher for Windows is a utility which aids in locating and executing of different Python versions. It
allows scripts (or the command-line) to indicate a preference for a specific Python version, and will locate and execute
that version.

Unlike the PATH variable, the launcher will correctly select the most appropriate version of Python. It will prefer per-
user installations over system-wide ones, and orders by language version rather than using the most recently installed
version.

The launcher was originally specified in PEP 397.

4.8.1 FiE

From the command-line

1E 3.6 A5 .

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:

& )

You should find that the latest version of Python you have installed is started - it can be exited as normal, and any
additional command-line arguments specified will be sent directly to Python.

If you have multiple versions of Python installed (e.g., 3.7 and 3.13) you will have noticed that Python 3.13 was
started - to launch Python 3.7, try the command:
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[py -3.7

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

[py =2

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

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

fi4

[py --list

displays the currently installed version(s) of Python.

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

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

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

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

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

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

The Company is matched on the full string, case-insenitive. The Tag is matched oneither the full string, or a prefix,
provided the next character is a dot or a hyphen. This allows —V: 3.1 to match 3.1-32, butnot 3.10. Tags are
sorted using numerical ordering (3. 10 is newer than 3. 1), but are compared using text (-V: 3. 01 does not match
3.1).
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[F4EEE1E (Virtual environment)

£ 3.5 BTIMA.

If the launcher is run with no explicit Python version specification, and a virtual environment (created with the stan-
dard library venv module or the external virtualenv tool) active, the launcher will run the virtual environment’s
interpreter rather than the global one. To run the global interpreter, either deactivate the virtual environment, or
explicitly specify the global Python version.

From a script

Let’s create a test Python script - create a file called hel1lo . py with the following contents

#! 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 }

You should notice the version number of your latest Python 2.x installation is printed. Now try changing the first line
to be:

[#/ python3 }

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

Note that unlike interactive use, a bare “python” will use the latest version of Python 2.x that you have installed.
This is for backward compatibility and for compatibility with Unix, where the command python typically refers to
Python 2.

i)

The launcher should have been associated with Python files (i.e. .py, .pyw, .pyc files) when it was installed.
This means that when you double-click on one of these files from Windows explorer the launcher will be used, and
therefore you can use the same facilities described above to have the script specify the version which should be used.

The key benefit of this is that a single launcher can support multiple Python versions at the same time depending on
the contents of the first line.

4.8.2 Shebang Lines

If the first line of a script file starts with # !, it is known as a “shebang” line. Linux and other Unix like operating
systems have native support for such lines and they are commonly used on such systems to indicate how a script
should be executed. This launcher allows the same facilities to be used with Python scripts on Windows and the
examples above demonstrate their use.

To allow shebang lines in Python scripts to be portable between Unix and Windows, this launcher supports a number
of ’virtual’ commands to specify which interpreter to use. The supported virtual commands are:

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

e python

56 Chapter 4. 7 Windows _t{#H Python



Python Setup and Usage, £(E] 3.13.0rc2

For example, if the first line of your script starts with

[#l /usr/bin/python

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

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

T 3.7 F#E A Beginning with python launcher 3.7 it is possible to request 64-bit version by the ”-64” suffix.
Furthermore it is possible to specify a major and architecture without minor (i.e. /usr/bin/python3-64).

7E 3.11 A58 5 : The ”-64” suffix is deprecated, and now implies “any architecture that is not provably i1386/32-bit”.
To request a specific environment, use the new —V : TAG argument with the complete tag.

T 3.13 Y4 5 Virtual commands referencing python now prefer an active virtual environment rather than
searching PATH. This handles cases where the shebang specifies /usr/bin/env python3butpython3.exe
is not present in the active environment.

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

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

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

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

4.8.3 Arguments in shebang lines

The shebang lines can also specify additional options to be passed to the Python interpreter. For example, if you have
a shebang line:

[#/ /usr/bin/python -v

Then Python will be started with the —v option
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4.8.4 Customization
Customization via INI files

Two .ini files will be searched by the launcher - py.ini in the current user’s application data directory
($LOCALAPPDATAS or $env:LocalAppData)and py. ini in the same directory as the launcher. The same
.ini files are used for both the ’console’ version of the launcher (i.e. py.exe) and for the 'windows’ version (i.e.
pyw.exe).

Customization specified in the “application directory” will have precedence over the one next to the executable, so a
user, who may not have write access to the .ini file next to the launcher, can override commands in that global .ini
file.

Customizing default Python versions

In some cases, a version qualifier can be included in a command to dictate which version of Python will be used by
the command. A version qualifier starts with a major version number and can optionally be followed by a period (")
and a minor version specifier. Furthermore it is possible to specify if a 32 or 64 bit implementation shall be requested
by adding ”-32” or 7-64”.

For example, a shebang line of # ! python has no version qualifier, while # ! pyt hon3 has a version qualifier which
specifies only a major version.

If no version qualifiers are found in a command, the environment variable PY_PYTHON can be set to specify the
default version qualifier. If it is not set, the default is ”3”. The variable can specify any value that may be passed on
the command line, such as ”3”, 3.7, 73.7-32” or ”3.7-64”. (Note that the ”-64” option is only available with the
launcher included with Python 3.7 or newer.)

If no minor version qualifiers are found, the environment variable PY_PYTHON{major} (where {major} is the
current major version qualifier as determined above) can be set to specify the full version. If no such option is found,
the launcher will enumerate the installed Python versions and use the latest minor release found for the major version,
which is likely, although not guaranteed, to be the most recently installed version in that family.

On 64-bit Windows with both 32-bit and 64-bit implementations of the same (major.minor) Python version installed,
the 64-bit version will always be preferred. This will be true for both 32-bit and 64-bit implementations of the
launcher - a 32-bit launcher will prefer to execute a 64-bit Python installation of the specified version if available.
This is so the behavior of the launcher can be predicted knowing only what versions are installed on the PC and
without regard to the order in which they were installed (i.e., without knowing whether a 32 or 64-bit version of
Python and corresponding launcher was installed last). As noted above, an optional ”-32” or ”-64” suffix can be used
on a version specifier to change this behaviour.

i

« If no relevant options are set, the commands python and python2 will use the latest Python 2.x version
installed and the command python3 will use the latest Python 3.x installed.

o The command python3. 7 will not consult any options at all as the versions are fully specified.
o If PY_PYTHON=3, the commands python and python3 will both use the latest installed Python 3 version.

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

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

In addition to environment variables, the same settings can be configured in the .INI file used by the launcher. The
section in the INI file is called [defaults] and the key name will be the same as the environment variables
without the leading PY__ prefix (and note that the key names in the INI file are case insensitive.) The contents of an
environment variable will override things specified in the INI file.

HAIR[E:
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« 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

4.8.5 Diagnostics

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

4.8.6 Dry Run

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

4.8.7 LHFEE

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

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

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

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

EA Value #iit

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

RC_CREATE_PROCESS 101 Failed to launch Python.

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

RC_INTERNAL_ERROR 109 Unexpected error. Please report a bug.

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

RC_NO_PYTHON 103 Unable to locate the requested version.

RC_NO_VENV_CFG 106 A pyvenv . cfg was required but not found.
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4.9

HERE

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

When no ._pth file is found, this is how sys.path is populated on Windows:

An empty entry is added at the start, which corresponds to the current directory.

If the environment variable PY THONPATH exists, as described in 3% 37 4 #, its entries are added next. Note
that on Windows, paths in this variable must be separated by semicolons, to distinguish them from the colon
used in drive identifiers (C: \ etc.).

Additional “application paths” can be added in the registry as subkeys of \SOFTWARE\
Python\PythonCore{version}\PythonPath under both the HKEY_CURRENT_USER and
HKEY_LOCAL_MACHINE hives. Subkeys which have semicolon-delimited path strings as their default value
will cause each path to be added to sys.path. (Note that all known installers only use HKLM, so HKCU
is typically empty.)

If the environment variable PYTHONHOME is set, it is assumed as “"Python Home”. Otherwise, the path of
the main Python executable is used to locate a "landmark file” (either Lib\os.py or pythonXY. zip)
to deduce the "Python Home”. If a Python home is found, the relevant sub-directories added to sys.path
(Lib, plat-win, etc) are based on that folder. Otherwise, the core Python path is constructed from the
PythonPath stored in the registry.

If the Python Home cannot be located, no PYTHONPATH is specified in the environment, and no registry
entries can be found, a default path with relative entries is used (e.g. . \Lib; .\plat—-win, etc).

If apyvenv. cfg file is found alongside the main executable or in the directory one level above the executable, the
following variations apply:

If home is an absolute path and PYTHONHOME is not set, this path is used instead of the path to the main
executable when deducing the home location.

BRI &R E):

When running python . exe, or any other .exe in the main Python directory (either an installed version, or
directly from the PCbuild directory), the core path is deduced, and the core paths in the registry are ignored.
Other “application paths” in the registry are always read.

When Python is hosted in another .exe (different directory, embedded via COM, etc), the "Python Home” will
not be deduced, so the core path from the registry is used. Other “application paths” in the registry are always
read.

If Python can’t find its home and there are no registry value (frozen .exe, some very strange installation setup)
you get a path with some default, but relative, paths.

For those who want to bundle Python into their application or distribution, the following advice will prevent conflicts
with other installations:

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

If you are loading python3.d11 or python37.d11 in your own executable, explicitly set PyConfig.
module_search_paths before Py_InitializeFromConfig ().

Clear and/or overwrite PYTHONPATH and set PYTHONHOME before launching python.exe from your
application.

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

These will ensure that the files in a system-wide installation will not take precedence over the copy of the standard
library bundled with your application. Otherwise, your users may experience problems using your application. Note
that the first suggestion is the best, as the others may still be susceptible to non-standard paths in the registry and user
site-packages.
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TE 3.6 fRY5 5. Add . _pth file support and removes applocal option from pyvenv.cfg.
T 3.6 M5 T : Add pythonXX. zip as a potential landmark when directly adjacent to the executable.

TE 3.6 i 2 %9 [E)H: Modules specified in the registry under Modules (not PythonPath) may be imported
by importlib.machinery.WindowsRegistryFinder. This finder is enabled on Windows in 3.6.0 and
earlier, but may need to be explicitly added to sys.meta_path in the future.

4.10 PRI

Even though Python aims to be portable among all platforms, there are features that are unique to Windows. A couple
of modules, both in the standard library and external, and snippets exist to use these features.

The Windows-specific standard modules are documented in mswin-specific-services.

4.10.1 PyWin32

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

» Component Object Model (COM)

o Win32 API 1Y

o B (Registry)

o F{FHE (Eventlog)

e Microsoft Foundation Classes (MFC) user interfaces

PythonWin is a sample MFC application shipped with PyWin32. It is an embeddable IDE with a built-in debugger.

hz%

Win32 How Do I...?
iy Tim Golden 3

Python and COM
iy David Ei Paul Boddie fiff3&

4.10.2 cx_Freeze

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

4.11 # % Python £ Windows

If you want to compile CPython yourself, first thing you should do is get the source. You can download either the
latest release’s source or just grab a fresh checkout.

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

Check PCbuild/readme. txt for general information on the build process.

For extension modules, consult building-on-windows.
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4.12 HipEsH

With ongoing development of Python, some platforms that used to be supported earlier are no longer supported (due
to the lack of users or developers). Check PEP 11 for details on all unsupported platforms.

o 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

See Python for Windows for detailed information about platforms with pre-compiled installers.
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5.5 §&1T Python [ER#EX

A range of tools exist for converting your Python code into a standalone distributable application:

« py2app: 3ZIZHE Python HEZEFTALA macOS . app.

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

o Pylnstaller: —fAE-F2ITETH, W DU E—ROCER AT W8] 2 2 R .

5.5.1 App Store Compliance

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

The Python standard library contains some code that is known to violate these automated rules. While these violations
appear to be false positives, Apple’s review rules cannot be challenged. Therefore, it is necessary to modify the Python
standard library for an app to pass App Store review.

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

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

5.6 H{ithFilF

Pythonmac-SIG H{4:{5 FL ¥ i Mac L) Python filf Jfl 35 HI bR 88 22 /& — R Am (it 0%

https://www.python.org/community/sigs/current/pythonmac-sig/
I3 — {4 H %) 2 MacPython wiki :
https://wiki.python.org/moin/MacPython
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CHAPTER O

Using Python on Android

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

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

As a result, the only way you can use Python on Android is in embedded mode —that is, by writing a native Android
application, embedding a Python interpreter using 1ibpython, and invoking Python code using the Python em-
bedding API. The full Python interpreter, the standard library, and all your Python code is then packaged into your
app for its own private use.

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

6.1 Adding Python to an Android app

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

« Briefcase, from the BeeWare project
« Buildozer, from the Kivy project

o Chaquopy

* pyqtdeploy

o Termux

If you’re sure you want to do all of this manually, read on. You can use the testbed app as a guide; each step below
contains a link to the relevant file.

« Build Python by following the instructions in Android/README.md.

o Add code to your build.gradle file to copy the following items into your project. All except your own Python
code can be copied from cross-build/HOST/prefix/1lib:

— In your JNI libraries:

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

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

On i0S, there is no concept of installing as a system resource. The only unit of software distribution is an "app”.
There is also no console where you could run a python executable, or interact with a Python REPL.

As aresult, the only way you can use Python on i0S is in embedded mode - that is, by writing a native iOS application,
and embedding a Python interpreter using 11 bPython, and invoking Python code using the Python embedding API.
The full Python interpreter, the standard library, and all your Python code is then packaged as a standalone bundle
that can be distributed via the iOS App Store.

If you're looking to experiment for the first time with writing an iOS app in Python, projects such as BeeWare and
Kivy will provide a much more approachable user experience. These projects manage the complexities associated
with getting an 10OS project running, so you only need to deal with the Python code itself.

7.1 Python at runtime on iOS

7.1.1 iOS version compatibility

The minimum supported iOS version is specified at compile time, using the ——host option to configure. By
default, when compiled for i0OS, Python will be compiled with a minimum supported iOS version of 13.0. To
use a different minimum iOS version, provide the version number as part of the ——host argument - for example,
——host=armé4-apple-iosl5.4-simulator would compile an ARM64 simulator build with a deployment
target of 15.4.
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7.1.2 Platform identification

When executing on i0S, sys.platform will report as 1os. This value will be returned on an iPhone or iPad,
regardless of whether the app is running on the simulator or a physical device.

Information about the specific runtime environment, including the iOS version, device model, and whether the device
is a simulator, can be obtained using platform.ios_ver (). platform.system() will report 10S or
iPadoOs, depending on the device.

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

7.1.3 Standard library availability

The Python standard library has some notable omissions and restrictions on iOS. See the API availability guide for
i0S for details.

7.1.4 Binary extension modules

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

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

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

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

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

When running on iOS, the Python interpreter will install an AppleFrameworkLoader that is able to read and
import . fwork files. Once imported, the __file_ attribute of the binary module will report as the location of
the . fwork file. However, the ModuleSpec for the loaded module will report the origin as the location of the
binary in the framework folder.
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7.1.5 Compiler stub binaries

Xcode doesn’t expose explicit compilers for 10S; instead, it uses an xcrun script that resolves to a full compiler path
(e.g., xcrun —--sdk iphoneos clang to get the clang for an iPhone device). However, using this script
poses two problems:

« The output of xcrun includes paths that are machine specific, resulting in a sysconfig module that cannot be
shared between users; and

o It results in CC/CPP/LD/AR definitions that include spaces. There is a lot of C ecosystem tooling that assumes
that you can split a command line at the first space to get the path to the compiler executable; this isn’t the case
when using xcrun.

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

7.2 Installing Python on iOS

7.2.1 Tools for building iOS apps

Building for iOS requires the use of Apple’s Xcode tooling. It is strongly recommended that you use the most recent
stable release of Xcode. This will require the use of the most (or second-most) recently released macOS version, as
Apple does not maintain Xcode for older macOS versions. The Xcode Command Line Tools are not sufficient for
i0S development; you need a full Xcode install.

If you want to run your code on the iOS simulator, you'll also need to install an iOS Simulator Platform. You should be
prompted to select an iOS Simulator Platform when you first run Xcode. Alternatively, you can add an iOS Simulator
Platform by selecting from the Platforms tab of the Xcode Settings panel.

7.2.2 Adding Python to an iOS project

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

To add Python to an iOS Xcode project:

1. Build or obtain a Python XCFramework. See the instructions in iOS/README.rst (in the CPython
source distribution) for details on how to build a Python XCFramework. At a minimum, you will need
a build that supports arm64-apple-ios, plus one of either arm64-apple-ios-simulator or
x86_64—-apple-ios—-simulator.

2. Drag the XCframework into your iOS project. In the following instructions, we’ll assume you've dropped
the XCframework into the root of your project; however, you can use any other location that you want by
adjusting paths as needed.

3. Drag the 10S/Resources/dylib-Info-template.plist file into your project, and ensure it is
associated with the app target.

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

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

6. In the “General” settings, under “Frameworks, Libraries and Embedded Content”, add Python.
xcframework, with "Embed & Sign” selected.
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7.

8.

In the "Build Settings” tab, modify the following:
« Build Options
- User Script Sandboxing: No
- Enable Testability: Yes
 Search Paths
- Framework Search Paths: $ (PROJECT_DIR)
- Header Search Paths: "$ (BUILT_PRODUCTS_DIR) /Python.framework/Headers"
o Apple Clang - Warnings - All languages
- Quoted Include In Framework Header: No

Add a build step that copies the Python standard library into your app. In the “Build Phases” tab, add a new
”Run Script” build step before the "Embed Frameworks” step, but after the "Copy Bundle Resources” step.
Name the step “Install Target Specific Python Standard Library”, disable the "Based on dependency analysis”

checkbox, and set the script content to:

-
SEEt =@

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

echo "Installing Python modules for i1i0S Simulator"

rsync —au —--delete "SPROJECT_DIR/Python.xcframework/ios—arm64_x86_64—
—simulator/lib/" "SCODESIGNING_FOLDER_PATH/python/lib/"
else

echo "Installing Python modules for i0OS Device"

rsync —au —-delete "SPROJECT_DIR/Python.xcframework/ios—arm64/1lib/"
— $CODESIGNING_FOLDER_PATH/python/lib/"
fi

J

"

L

Note that the name of the simulator “slice” in the XCframework may be different, depending the CPU archi-
tectures your XCF ramework supports.

9. Add a second build step that processes the binary extension modules in the standard library into "Framework”

format. Add a ”Run Script” build step directly after the one you added in step 8, named "Prepare Python Binary
Modules”. It should also have "Based on dependency analysis” unchecked, with the following script content:

-
set -e

install_dylib () {
INSTALL_BASE=S$1
FULL_EXT=S2

# The name of the extension file

EXT=$ (basename "SFULL_EXT")

# The location of the extension file, relative to the bundle
RELATIVE_EXT=S{FULL_EXT#S$SCODESIGNING_ FOLDER_PATH/}

# The path to the extension file, relative to the install base
PYTHON_EXT=S{RELATIVE_EXT/S$SINSTALL_BASE/}

# The full dotted name of the extension module, constructed from the file.

—path.

FULL_MODULE_NAME=$ (echo SPYTHON_EXT | cut -d "." -£ 1 | tr "/" ".");

# A bundle identifier; not actually used, but required by Xcode framework.
—packaging

FRAMEWORK_BUNDLE_ID=$ (echo S$PRODUCT_BUNDLE_IDENTIFIER.SFULL_MODULE_NAME |.
—tr "_" "-")

# The name of the framework folder.
FRAMEWORK_FOLDER="Frameworks/$SFULL_MODULE_NAME.framework"

# If the framework folder doesn't exist, create it.

€ & A}
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(B E—H)
if [ ! —d "SCODESIGNING_FOLDER_PATH/SFRAMEWORK_FOLDER" ]; then
echo "Creating framework for SRELATIVE_EXT"
mkdir -p "SCODESIGNING FOLDER PATH/S$SFRAMEWORK_FOLDER"
cp "SCODESIGNING_FOLDER_PATH/dylib-Info-template.plist" "S$SCODESIGNING
< FOLDER_PATH/$FRAMEWORK_FOLDER/Info.plist"
plutil -replace CFBundleExecutable -string "SFULL MODULE NAME" "
<+$CODESIGNING_FOLDER_PATH/S$FRAMEWORK_FOLDER/Info.plist"
plutil -replace CFBundleIldentifier -string "$FRAMEWORK_BUNDLE_ID" "
q$CODFSTGNTNGiFOLDERipﬂTH/$FRAMFWORK7FOLDFR/Info.plist"
fi

echo "Installing binary for S$SFRAMEWORK_FOLDER/S$FULL_MODULE_NAME"

mv "SFULL_EXT" "SCODESIGNING_FOLDER_PATH/SFRAMEWORK_FOLDER/S$SFULL_MODULE
—NAME"

# Create a placeholder .fwork file where the .so was

echo "S$SFRAMEWORK_FOLDER/SFULL_MODULE_NAME" > S{FULL_EXT%.so}.fwork

# Create a back reference to the .so file location in the framework

echo "S{RELATIVE_EXT%.so}.fwork" > "SCODESIGNING_FOLDER_PATH/S$SFRAMEWORK_
—FOLDER/$FULL_MODULE_NAME.origin"
¥

PYTHON_VER=$(1ls -1 "SCODESIGNING_FOLDER_PATH/python/lib")
echo "Install Python $PYTHON VER standard library extension modules..."
find "$CODESIGNING_FOLDER_PATH/python/l1ib/$PYTHON_VER/lib-dynload" -name "*.so
—" | while read FULL_EXT; do
install_dylib python/lib/S$PYTHON_VER/lib-dynload/ "S$SFULL_EXT"
done

# Clean up dylib template
rm —f "SCODESIGNING_FOLDER_PATH/dylib-Info-template.plist"

echo "Signing frameworks as $EXPANDED_CODE_SIGN_IDENTITY NAME (SEXPANDED_CODE_
<SIGN_IDENTITY)..."

find "SCODESIGNING_FOLDER_PATH/Frameworks" -—-name "*.framework" -exec /usr/bin/
—~codesign —--force —--sign "SEXPANDED_CODE_SIGN_IDENTITY" S{OTHER_CODE_SIGN_
—FLAGS:=} -0 runtime --timestamp=none --preserve-metadata=identifier,
—entitlements, flags —-generate-entitlement—-der "{}" \;

10. Add Objective C code to initialize and use a Python interpreter in embedded mode. You should ensure that:
e UTF-8 mode is enabled;
e Buffered stdio is disabled;
e Writing bytecode is disabled,
e Signal handlers are enabled,

o PYTHONHOME for the interpreter is configured to point at the python subfolder of your app’s
bundle; and

o The PYTHONPATH for the interpreter includes:
- the python/1lib/python3.X subfolder of your app’s bundle,
- the python/lib/python3.X/1lib-dynload subfolder of your app’s bundle, and
- the app subfolder of your app’s bundle

Your apps bundle location can be determined using [ [NSBundle mainBundle]
resourcePath].

Steps 8, 9 and 10 of these instructions assume that you have a single folder of pure Python application code, named
app. If you have third-party binary modules in your app, some additional steps will be required:
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« You need to ensure that any folders containing third-party binaries are either associated with the app target,
or copied in as part of step 8. Step 8 should also purge any binaries that are not appropriate for the platform a
specific build is targeting (i.e., delete any device binaries if you’re building an app targeting the simulator).

« Any folders that contain third-party binaries must be processed into framework form by step 9. The invocation
of install_dylib that processes the 1 ib—dynload folder can be copied and adapted for this purpose.

o If youre using a separate folder for third-party packages, ensure that folder is included as part of the
PYTHONPATH configuration in step 10.

7.3 App Store Compliance

The only mechanism for distributing apps to third-party iOS devices is to submit the app to the iOS App Store; apps
submitted for distribution must pass Apple’s app review process. This process includes a set of automated validation
rules that inspect the submitted application bundle for problematic code.

The Python standard library contains some code that is known to violate these automated rules. While these violations
appear to be false positives, Apple’s review rules cannot be challenged; so, it is necessary to modify the Python
standard library for an app to pass App Store review.

The Python source tree contains a patch file that will remove all code that is known to cause issues with the App
Store review process. This patch is applied automatically when building for iOS.
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CHAPTER 8

#miE R IDE

There are a number of IDEs that support Python programming language. Many editors and IDEs provide syntax
highlighting, debugging tools, and PEP 8 checks.

Please go to Python Editors and Integrated Development Environments for a comprehensive list.
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

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

5| BB S A e P R PR DS B, B SCICIE R i i AR A R, 5 () calls Biffi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

asynchronous context manager (JE[]2{E555H1%%)
—H A AFE ] async with BRAX P IR WY, MEREBEFR __aenter_ () Hl
__aexit__ () method (J7¥k) AAEHINI. H PEP 492 5] A,

asynchronous generator (JE[RIZBE:ZS)
— 1l &r [8{#asynchronous generator iterator (E[RIHEAEZREULEE) WER. BHEERG—MPA async
def M LKL (coroutine function), FHRFEHE BT T vield EHX, feAM—FRIIWH
A async for [FIREMIME.

T AT AR — AR P E A 2R i, (EAERESE  , WATRER R Ak R A SEX
% (asynchronous generator iterator), H#—RFIEM ARG, IO SR HTRE, PABEREL
o

—{HFER B E SRR AL await E X, PAM async for fll async with BIARR.

asynchronous generator iterator (JER]35E): 25 EURES)
—Aiil i asynchronous generator (FE[EMEIAERE) RAFTESL Y.

& B—asynchronous iterator (AE[EHEULEE), BB PA__anext_ () method FEIFNYIEE, €r[a]{EH—
H AT R (awaitable object), ZYIMFATIEF A EVERS MR TR, HFBEF M yield
B yield S Hifey, [ERC B ERITIRAE (38 R M E P wy BA) . &k
R ¥ EA BERENS P __anext_ () [BIMEM WS AA RO EER, &/ E LK
FHEREAT. 520 PEP 492 fll PEP 525,

asynchronous iterable (] nf[F{CH1:)
— AP, B PATE async for BRAX R . LA TR __aiter_ () method [u]{E—
B asynchronous iterator (FE[FAHENLES). H PEP 492 5] A,

asynchronous iterator (JEN]BEMCES)
—(HEAE _aiter_ () fl__anext__ () method ¥4, _ anext_ () WhJE[EME—{Hawaitable
(WSEFYE) o async for GFNTAERIZEEIR AN __anext_ () method Jir [l /Y ] 2 R4 14,
HFI'EY|%t StopAsyncIteration fil4h. H PEP 492 5] A,

attribute ()&M)
— {1 B A B W (B, %R 22 Rz 2t £ P 40 B i3 5 (dotted expression) Y44 Fl g2 HE . 3l
an, WY o A& a, HIFZETEREDA 0.0 #EZ3 K.

WR—AYE T, ST — 4 A2 identifiers fif & 382 #h[E)FF (identifier) (1))@ M2 A
AIRERY, BIANfEH setattr () o 1318 bk B B8 M e 5 (i ) 28640 b B B R B, T 2 v 2
getattr () FHEIGE.

awaitable (WZ54591t:)
— ] DAKE await EE X PWEH O . E A DA — Wcoroutine (A2) , w2 —MA
__await__ () method i, ##E&E PEP 492,

BDFL
Benevolent Dictator For Life (& E{-28M## ), X4 Guido van Rossum, Python [l 15 %

binary file (- ifEfiH§ER)
— 1 REERHURN 55 Abyres-like objects (N TCHEWI) 1 file object (REZEWI) . —IENIRE MBI
A DAL (b, 'wb! 8 'rb+') BIERMEZE. sys.stdin.buffer. sys.stdout.
buffer, PAM io.BytesIO Ml gzip.GzipFile EHi.
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it sEen file (CFARE), ER—MREERIREA str W RD.

borrowed reference (ff)J1]%18)
1& Python ) C APL 1, f§ 12BN 28, Lz RS EA g S M2
M. ARz R E), B BE) A KR FEAF (dangling pointer), 4N, — K3 [A]IK (garbage
collection) W] ARG MW (11 et — Bl strong reference (12 1&), i sz {-85(E,

$borrowed reference WFNY Py_INCREF () DAY T JEH (in-place) ¥ ([ElElstrong reference &k ik i
¥, BRI AR E R IR 2 IR 22 migiss(El. Py_NewRef () pRzUA] RS EESL— M0 BT

Hstrong reference.

bytes-like object (Jfiyc4lHh#fl)
— i 5 3% bufferobjects H.AE[FIFE Y} C-contiguous B WM. BHAIEITEN bytes, bytearray
M array.array Y, PAKFEFZH A nemoryview . B ToAH Y7 AT A BEHL (L
BRI AR EGE AR EA  fAF E EORSERE I socket () Bk

R S R OB T B . (WSS 2 i ey (R [ T L ST AL .
AT S I Y (0% bytearray, DAK bytearray iy memoryview. JLAMIMEYTo M i
PO BB LE AR TSI (TMERU IR TCALER IR ]) 5 SEEEMIFAHE bytes, DA bytes
YA memoryview,

bytecode (fyiJCA1RS)
Python [ J5% 4G 8% & 9% sk U AT AT, B2 Python £2:U7E CPython Bk i FIRS#R k. %L
TCALIE R SO A pyc RET, DAEEE R — A LR GE R pu (n] DA AR S5 AA1
R E N CALE) . S [ EE S (intermediate language) | 45 ([F) 2 847 7F — i virtual machine
(Elerges) b, s EIeies G fT B (17 CAHLAS S E A A28 6 (machine code). BEYEEMIE, 7
JCALAS sy _b S A R F] ) Python [EfEMR  BHEMER), BASREXEA IR AR Python 2 B 45

(LTCALAGAY 451 T ATE dis AR EIRT SO )

callable (n]WF-nl$y1}:)
— 1 callable ;2 F] DARLIF I 404, WU IRF AT REDA R ST A — A5 9 (i Rargument) -

[callable(argumentl, argument2, argumentN) }

—AW function B AL jmethod FR 2 callable, —{F7G EAE __call__ () JyER class 22 B B2 1
callable,

callback ([a]If)
VIS | 3ol (0 ) — 18 B R 2X (subroutine) Rz, @ F A 2 AR5 T B LA 7

class (Hi([E])
— {1 H A S 3 W A B . Class 19 3838 % & 9 & method Y EFE, 8 £E method 1] DA
TE class [ EBI_EIET 4R

class variable (K([E/5%4%)
—{H7E class FREESE, HERZ HAETE class JEIR (BRI RAE class BB ) W&o s,

complex number ([EJ%)
—EFM AR EER ST, TR Ber A e gl on [ — |l B — M ER 2 f . [E#ot 2
EVCAL (-1 PR RECBRS, AR AR PR 1, ETAREDHEE . Python
[z T #EK %, ©rARERRERIRES; ERRetE —mesn 5 sime, sl
3+13. HEA math FAHEN TR0 A RE, A cmath B0, F0 62— A
HERE BRI RE . AR EIG 25 B3 B MK, ARE AT REREE 17T DAL A 2 A

context manager ([5E345PI%)
— (AR PAFE ] with BRI T RIREEYIE, MELBHREFR __enter_ () fil _exit_ ()
method A5l . w5 2([E PEP 343,

context variable ([¥55%4%)
S, PLEATDURES S ST AR A . S5 44 B B 7 (Thread-Local Storage).
e, s EAE R A T4 PTRE A R R (. SR, BUAIESE S, 2T TR e
LIS, s F g, RAEETHIERHT# (concurrent asynchronous task) 1, ¥
TASEEORAEBE], 35 2[F contextvars,
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contiguous (JHiZEAY)
WS — {4 1 5 & C-contiguous B J2& Fortran contiguous, RII'E € HEYI A HLE R HAY . F4fE (zero-
dimensional) ) 4% 1dr [# &R s C J Fortran contiguous . 7£—#E (one-dimensional) [#%1 /| £&-J8 H W /EAFRL
TR RS PO A AR RS, TR T 7 A BRAGIERY . ¥E 2 40 (multidimensional) C-contiguous
S, FeRn AR AL T R B A B H R, fefg— R G 88 SR, 7E Fortran contiguous
fg SRS e

coroutine (%)
LR AL (subroutine) ) HEEEVRESEAOTE X . MRS A A IS T A EE 55—
BRHR . R NT AFERF 2 R R RE B AL IR . BMEEEILL async def BIAHE
H1E. HiE2(E PEP 492,

coroutine function ({FErA=)
— Al B coroutine (W) PyfFRRR. —MHFRRAELA async def BuA ek, T ae
4 await. async for Ml async with BA#ET. BSLLEEFH PEP 492 5] A,

CPython

Python F& U3 = B HE L/ (canonical implementation), #§#$77E python.org . [CPython | &7
FETEL BRI, AR WEFE SRS I EAE, B0 Jython 5 IronPython,

decorator (ZH:fiigy)
— MR, e mlE s R, WE T e ewrapper 7EYE, Bl A [El—7E R X 4 [F] (function
transformation), #EAf#SHYH RHEIFE classmethod () fll staticmethod ().

Fetfian ik HUR AR pE . DA W ek o SRR 3R R A ALY

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

@staticmethod
def f (arqg):

Class WAL FAES, (EAEAREIBOR T H . B Setidn i e 207, 52 Em U 2R class
SE S IR S0

descriptor (HiiA%%)
FERT __get_ (). __set_ () Bf __delete__ () method ¥4, & —1M class B E—
AR, ERERE LT E e A R R e . W, BT o.b B . S s B
JEYERE, G a 1Y class FHL AP EIRAFEE b (90F, (RAR b2 MR, BIAREER AR
method G#IFIY . EHA R B VR AR Python (EHSE, HEITMERF2omenit, &
ThEEUHE R, . method. J&VE (property). class method. [EJfiE method, DA J% ¥} super class (4QHA[E))
e

PR HA S method FYSE 2 ¥R, #52(E] descriptors SR 3 6 FH e «

dictionary (52ilL)
— il AW [ 5] (associative array), T EE RS GO BIE . HPTDURITATHA __hash_ () M
__eq__ () method {4, 7 Perl g fEEVHEE] (hash).

dictionary comprehension (‘L5 4 EE)
— MBI AERE— R T EMR A i AR iR e 3R, ELI R ERA SR DA — R 2 L ] e
results = {n: n ** 2 for n in range (10)} SFA&E—FFH, TS TH n MITENE
n ** 2, #52[F] comprehensions,

dictionary view (“ZHLiGH)
# dict.keys (). dict.values() M dict.items () [IHWIERREEFZHARE . BMERAE
T TE H B RAR, BN T B AR s e B . 2 B AR R
T E5E s list (EB%1)), ZE{HH] 1ist (dictview) . FHZ[F dict-views,

docstring ([EIW]z¢t)
—fHIA7E class, PR EAEA P, VEEIS —EER X B 7R SOAR . BESR EAE BT S gt 20
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e Edma g, EROAITE class. BB __doc_ BT . drtER]FHaT A&
WER (introspection) SV, PRI B S& 4 14 1) (B HH SCARAE TR R (L

duck-typing (4} %4(F))
— MR AGEEEEAE, BN R RS WY B E R e R B ERER A B2
/2, method oi & 1 € B AL pEIP I S . (TS Al AR —(EVG 7 if B i A fg —(EH
T, BB —EL BT, ) HEEG A mmIEsy e 2E, osstrfSisae s 2w
(polymorphic substitution) S & () 88 5. T FRUEIE B ] type () B{ isinstance () i
TR, (ER e, WrBIEnr AT 46 %08 k38 [E] (abstract base class) RAGFE. ) SR, BEH
B hasattr () i, B2 EAFP FEAREHTEFE .

EAFP
Easier to ask for forgiveness than permission. (FE>REA W RA A ELEY ) BT R Python 4
JEUE Er S B 3k S B R A, (D 5 (S ol T R PRl A 491 Do 35 T i () LR ) S
HAFHORFERTF 2 try Fl except A, % Hi 2 HABES (F40 C) % WIMLBYL JaA%
TERLT #H

expression (i)
— B AR EDR (AR . EAEEE], — M e oy, SR, BEFR. EE TR
Wy S5 B TR B, TS LE oA RE (. B2 AR S AR A2, FHEE R
Python & F M # & E A 734N —Lstatement (BAZ) ANREPLHEER X, HlU0 while, BX
{H (assignment) tH 2R, MARIEER.

extension module (7 B4 )
—HPA C 3 C++ & A4, B0 Python /) C APT AREEAZ L S il I 5 A Ul i A T HL 8

f-string (f GzH8)
DA 5 F [T R SRl ) [f 2B, B R R SOAR M SR . a2 (E
PEP 498,

file object (K%RW1l)
— {1 P i 228 ] (file-oriented) API (1l read () B{ write () %5 method) ARERVEIEIEE
TR ARBERE Bt 2, REE ) o 3 BB R RS 8 ol L A B %) ol A7 e i R
HE (BlIaEER A /. el E R . socket (##FE). 45 (pipe) %) WIFFEL. HEEWE
WA FRE 3 4% 2 M 1 (file-like object) BY, % 34, (stream) .
BB L, A=FEEEY: IR = 1548 5 &l — B4 SR F 48 % . EMPNAETE io
B e g%, B EEYW AR A2 M open () .

file-like object (Kik§4:Wtl)
file object (REZEWI) WIFIFEF .

filesystem encoding and error handler (K2R LM REMFR)
Python JIT 4 ] i) — 7 4w 5 A S s pE H pR =X, F SRR 2R B VESE R S eA, PAAHS Unicode %5l
FMEERS
T 56 2R 45 o A 00 JE AR R BE RSN AR T A /NS 128 IR TeAH . RAE 6 A S g A Ay it s A%, 1)
API (/=& 5] % UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () ERIH HHMEL
PR S AR 00 A A R S R BE P R 2

filesystem encoding and error handler (& 28 % &% 4 f% F1 8% 3% % 7 6 =) & ¥F Python [ &) I |
PyConfig Read () BRI KELE: 52 filesystem_encoding, DA PyConfig fE
filesystem_errors,

#t2(Ellocale encoding (@I 41E) .

finder (=HbgrdY)
—fEIE, EaEREIETEY import AL R oader (FARR) -

AR ) R AR L3448 B4 3 (mera path finder) 1 sys.meta_path, TiishieA A 44
% (path entry finder) € ffiffl sys.path_hooks.,

i 2[F) importsystem il import1ib DA T fEHE Z AN .
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floor division (] F %)
) AR 2 B B RO BBk . [ PR BRI T2 / /. B, St 11 // 4
HRHEAERE 2, 81 float (FPERM) FURIERTREIERG 2.75 R @R, (-11) // 4WERRE
-3, AER -2.75 #ie TGS L. @E2E PEP 238,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.
This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

function (pg)
— R BAS, B REE R Y S Bt ] DA R R B 7| S, E s | ] i
JHIR R A T. BiEaEparameter (280). method (J5%), PAJ function Z5i.

function annotation (p&sX([EIRE)
B Jﬁﬁﬁ%ﬁ@iE]%ﬁﬂ"]*ﬁlanmmﬁﬂ” ([EI%8) .

;ﬁﬁ.ﬁp%%}iﬁﬂﬂ ARERR T g, EEEATE a2 WA int 518, Elgf @ int [
o

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

bR S E R REVATE function FEEiA SEAN A RE .
w5 2 [Flvariable annotation 1 PEP 484, %4 IR . BN REERTE, 520

annotations-howto,

future
future A= : from _ future_  import <feature>, @IS/ w245 {d HATLLYE Python 4
KEI’J%??‘HWZI—‘*%EE.TE{EE’J EAEREE, ﬂ{zﬁ%ﬁ?ﬁﬁﬂﬁﬁﬁﬂ M __future_ HIAHIGET
feature (#4%) WIRERYME . it import SARAR [FI3 H AR R A TU\Eﬁ R T e 2 AT IR
O\%ﬁ¥ﬁi‘§ﬂﬁtpnm , PAREMREE g (SE48) ﬁi.ﬁ R P g

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

garbage collection (b nlik)
RO AR N PR R, R R i R . Python AT BRI MU, 2 1% it 2 BT (reference
counting), DA & — 1 fig [E) A% 0 F1 v Bt 22 BE A5 B2 (reference cycle) 1716 B8 1 3% [A] it #§ (cyclic garbage
collector) A&5¢ . 33 M1 PT LA oo B4 36 HLt A T4 il

generator ([E14:5%)
—{8 & [l generator iterator ([EVEZREIRER) IR, BHEERG -MEFHEX, HERRKEE
HBET yield #EHA, BEEE—RINME, BEEW R for [FE, 20 next () M, &R
R — R .

TE E T RE 1 ACFOR —EA gk, (AFESEs s, Wit R oML ZERE. H—HE
EEREERERSRE, It se s rah . DA T

generator iterator ([FJA:25[FE1C2S)
— i t1generator ([EVERS) BRCPTEESL I

!:ﬁ] yield S (s Hifefy, ERC RN EIATIRAE (AL I s s S B i ey Bidst) . (E)
) ZEKE [EH’EH—J, TR R R S AT (SRR U R R ST B AR 1Y e U EAS
EJ .
generator expression ([F]Z}:2$i#575X)
—{ g M E R SR E R BERERG —MIEFERE, RIHEE M for TA), ZTHE
T DA RN 1 Fh). AL ER G N e X EAE 2 R -

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
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generic function (7Z%IpHX)
— 1 £ 2 M R AR B BRI X, 3% o X S [ 1) B BB VR ) (Y SR . o] 3 (1 O A
Y&, WA EYE (dispatch algorithm) ZR[EIE .

Wk Flsingle dispatch (B—3FF) #3834t H . functools.singledispatch () Azl PEP
443,

generic type (7Z7UI[E))
— (R RE[E) 22 84k (parameterized) [rype (BU(E); W2 RaAE), B2 list M dict. E
R A [Elde = FE) 2 .

HiEH2Er ME4LAFE. PEP 483, PEP 484, PEP 585 fil typing fH4d.

GIL
#52(Flglobal interpreter lock (41 H 328844 ) .

global interpreter lock () B E8%8H)
CPython BELi4a BT I B, I DARE LR AR ER KA —EA T4 RELAT Python [¥byrecode ({3 TG4
5) . SR (RGBS (EV AU E), 40 dict) M BjHhE g E)f 77 EL (concurrent access)
MIf@hg, BEAH W DA 1L CPython AU EFE. S 38 H R8s, O EEREA Y M E L AiT4
(multi-threaded), {HAR(E 2 ErifEdni 2 JE BEAS A 28 RE[ER AL — KB40 F4 11 (parallelism)

SRINT, A Sed a2 BRME A B 58 =i, MRS R BT A s () S AR
(computationally intensive) AL E5HF, FILAMEER GIL. J54h, fE@14T VO I, GIL U2 Sy .

As of Python 3.13, the GIL can be disabled using the ——disable—gi 1 build configuration. After building
Python with this option, code must be run with —~X gil 0 or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to use
multi-core CPUs efficiently. For more details, see PEP 703.

hash-based pyc (3f:[FI3L k) pyc)
— (B 2 TCALAS (bytecode) BT FEAR, T FH AR (EMFL 1T S A2 36 B SR il SR () e AR B A ], 2R e o
Wbk, #52(E pyc-invalidation.,

hashable (] 3i[EI))
R YA — B, sZEERAaEY FoRsE (BEF%E— __hash__ () method),
HoaT B HANY P EA . (BEFFE-— __eq () method), HPEEHLE AT HEW(F. k4
RE S Z v 3 EWE, e 8 BEA A1 A R ) .

AT 3EEI: (hashability) {—{1 44 1T F{E dictionary (i) AU set (FEA) WA, HEELE
4 REERAE B T A

KZ Wy Python ARl (40 2 v AR ER : WIS AS (FI40 list 5 dictionary) [EVAZ: 1A
AEEZE S (B0 ple (JCAL) Al frozenset) , MU EMIICE A MER, EMAS A 205k
[ENr . AR B E class (EG], HIE L8 ¢ G Bt A . B 7E B LU Re
AR (RAFEMEACIE), meMEEERRATA A EMY id0 .

IDLE
Python f{] Integrated Development and Learning Environment (%% &5 B2 B EL RS ) . idle B —ff AR
) SR A R RS TRES . BRI Python HAEME AT A — gl it

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (An]%H1k)
—fEEA E e EA . Ao SY AR FEBER wple (JCAL) o B RABEBEE
WNSR—E A [ (B b ZER (o A, UM JECEE ST — B A . e e E e S EME A by, P
B, AN dictionary (i) A —qRE 5 .

import path (5] AB#€)
—fEfLE (B2 A ) RSIER, AR A Bl 2 AE import BLALKF, @ iparh based finder (HLJiAH
Bty ) SRS AIE . 78 import ], SUAZESIREHERZHKA sys.path, HERTEN
(subpackage) I 5, EMATHERRHACEMFH __path_ J&TE.
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importing (5IA)
— AR, —ERALH Y Python ResUHE AT AZIH ILIEAE , #5) — A4+ 1) Python FEXHS{H ] -

importer (5IA%})
—(H AR HARABAL I EBER finder (FAgds) tiloader (BALR) WIF-

interactive (77 Bji1y)
Python 5 —{f B B L E R4 i%i‘%ﬁ%ﬁfuﬁﬁﬁﬁﬂﬁﬁﬁiﬁﬁﬁ/\ﬁiﬁﬁﬁkﬁ—t SERIATE
MEHAESIEMFR. HEEE) python, NFEAATE S (7] REHE b VRV BRI ) 5 i3 e 4
V). SRS AR M EHEER I G help(X)) 2 B B AR &

#HEs R tut-interac,

interpreted (P%1)
Python j&— M E A5, MIAEHERE T, ANEiE 1 54 ] s Lo, HIET (7 70415 (bytecode)
SRR WAFAE . 38 R IR IAAE 20T DAEL R GES T, A TR IR S ) — AT, AR AT
B HR S WA e S A A B / PRSI, N e M p R 5 A TR
2 [Flinteractive (T.EIH) .

interpreter shutdown (P 2SEIH)
i Python B s TR BAPARE, B A —RRREL, TEILE BB U A i & 0 &R, i
ﬁﬂﬂ‘%ﬁﬂﬂﬁﬁ PSR EIR AL . B & 2RI 3238 =l 25 (garbage collector) . 58 REEIE B FH & H
TE R RS (destructor) B555 | FI () [HIIF (weakref callback), [EJ34TH: XAl . e BH PR B Bt
ﬁﬁ?ﬂﬁﬁzgf?ﬁﬂﬁﬁﬂﬂn HEE R G AT REATEAER T (3 R 672 e =X B st
R |

HASB A F 2R, 2 __main_ BUAHEIEROES T EIA T AHATE .

iterable (n[[FC¥1E)
— B ARE)— Y [l — (R R . TR PR B GG A U ) (1202 List, st
Fltuple) FIFSeEEmBE, 42 dict, 2 miF, UJM TEFERIAEAT class Py, HEIRLL
class ff __iter_ () method E{/& & {Esequence (fhﬂ) A ) __getitem_ () method, ZH){F
P ER Y.

AfEUC T R for [EIREIAIFF L HiAth F5 25— 55 by (zip ()« map () ...). H— M ERY)
PAEES | #p R A AR iter O B, BEEZY A RHE @IS Eh-ﬁ%%lﬁﬂﬂﬁl\ﬁ%
—#HAfH AT (one pass) . M FEUCEIRE, WHE A EETFN iter () B HITEMER Y
. for BdR & A BHEWR R E e, T o — (8 R A ﬁﬂﬁmﬁl F A 30 4
BB, Hiszlliterator (EUREE). sequence (JFH) Fgenerator ([EVESSE).

iterator ([E{C2%)

—HF s BRI . EEHEERER) __next_ () method (B2 1 & 8 % 45 73 b =X
next () ) KT EEERA IS TEE . BT ERIEE, Q€54 stopIteration fl4b. It
e, ZEMCISYIEC S, MM next_ () method AgiE—B0ENY &R H & Fk 5] 5
StopIteration. [EMfU#RMAEA M __iter_ () method, ‘B[ EEIREMITA L, B DASEHE
EUC AR T EMR Y, ELAT DA A K 22 8w ) A T [EMC 35 & . —(MPREER BIlAN, 28
i Z M [E{ (multiple iteration passes) FUREA M. — &2 PF (B2 1ist) FERRIRE ©EES
iter () A BAE for BE T ER, #EEL —MafENRes. FHERSERLE (2
rﬁéwﬂf,%% Ly [ EAE T —m EMC gy . B el FEC s, AR S —
[RAIES

& typeiter SC AT AR B TE £ &,

CPython ‘£{ f 4l fifi: CPython does not consistently apply the requirement that an iterator define
__iter__ (). And also please note that the free-threading CPython does not guarantee the thread-safety of
iterator operations.

key function (HpHX)
3 R U E P2 e 5K (collation function) & A] AL (callable) pRizX, B & [ul {5 —18 H iR HEF? (sorting)
B 5 P (ordering) ({H. BilhN, locale.strxfrm () B AREIAE—8 T ff FIE & HE B 0 i HE
Ji it .

Python W T2 TH., #RH5Z DASE ek A A il o R e e sl - L 07 3. B A4S min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
fl itertools.groupby ().
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IR DA — R 0. B, str.lower () method ] RAYEIEIR 43K /INES HEFF 11 88 bR
Ko wiE, — MR E AT AR 1ambda B AG#E, HIH lambda r: (r([0], rl2]). 74t
operator.attrgetter (). operator.itemgetter () fll operator.methodcaller ()

= R A R X (constructor) . [ AT S AN T SR e SR 1), i S E A4k o

keyword argument (B35 19)
i Fargument (51%%).

lambda
¥ —expression (FEE) Fralpiiy—1# E 2 17EK X (inline function), A 5% bk =UPE T I ISR AH

##57 lambda pRESAYFEYEE lambda [parameters]: expression

LBYL
Look before you leap. ( =JAMi£4T. ) o845 EMS SEEFTIE I s ArH 2 B, BRIt sEE 4k
. BEEMEEAFP TR, HERFGRGHRZL 1£ kTR

E—EPATHESE T, LBYL =UA7E [ =8 R (847 Z M5 T HEWR: (race condition) 1)
JEBR . GIANLA T AE5MG if key in mapping: return mappinglkeyl, WIRJ—H#ATHITE
A2 RABAEA IR Z BT, BE mapping FREERT key, HIlaZAE =Nt € R34 1_15] [ R] LA 8 (lock)
sl ] EAFP Sl X ARE .

list (H3%1)
—{l Python [El&¥)sequence (JFH) . [EVE BRI T list, ‘B H B 0B A5 5 o ) — M i 51
(array) AR —{EGELE 251 (linked list), ﬁmﬁ%lﬂ’ﬂ I I EE 2 O(1)

list comprehension ( H Bi|45: & i)
— 76 ) A S B 7 0 R ) ARk R A e (DK PR SR DA— ﬁ]hst@%ﬂ’jﬁ'ﬂ%ﬁff result =
['"{:#04x}'.format (x) for x in range(256) if x % 1 er(E A —(E 5% 8 list,

Hrht s 0 2] 255 @EE, Fra e+ Ox.). if ?”ﬁl%i%%%%@%o nRgnge,
range (256) FHIFTAICRACEPERL.

loader (F{AZ%)
—fHfEEER AL Y. B EEFR —HAE load_module () [ method (J7¥E). HAZHE N
Bt finder (FAG%E) [, ELZ AR 2E PEP 302, Eﬁﬁ/\abma(tbave class (FIERHE), &
2[F) importlib.abc.Loader.,

locale encoding (lu:u:lﬁ%ﬁﬁ%)
IE Unix |, B2 LC_CTYPE Bk E W 4. B A VA locale.setlocale(locale.
LC_CTYPE, new_locale) KiK.

7F Windows [, ‘&2 ANSI Ui E (code page, filfll "cpl1252").
7E Android 1 VxWorks I, Python i ] "ut £-8" {E[F &I 4 .
locale.getencoding () A DA AR EAS: [ duk 4 A .

WEF B filesystem encoding and error handler

magic method (J&#7 J1k)
special method (FF5EI7H:) B—E3FEIER R 5 .

mapping (3H)
— AP, B X RATE BN A R, H BB E abstract base classes (il 52 3 I HiE]) v,
collections.abc.Mapping B collections.abc.MutableMapping Fi$%E R method, #HE
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JTEEFHRT)
— MR sys.meta_path [ BEHK finder (FAGHR) . TCREICFARAFELL 2R B 548 % (path
entry finder) MBI{HZANFH

BT TCIE R B EYEAE ) method, 352 ([F) importlib.abc.MetaPathFinder,

metaclass (JCHE(E])
— T class ¥ class, Class & Z%i4 2 & 7 37 —1{ class 4 #§. —1{ class dictionary (ZHL) | DAK—1
base class (JJESHE]) (9513, Metaclass B %5218 5184, [E@# % class, KEZHHP &
PR S SR R EE . Python [RHFEl Y BEFE A REETE ST H #5119 metaclass. FHR4 ) fili
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FIER B TR, (L2550, metaclass AT DAZL LI FLABTRAMRIE I r 2. & EL 0P RS
[EVRFEAPI . RO TA5 22 B PEA, . BEE SISt (singleton), WA 3F2JLABAYFER .

% %] ATE metaclasses 25 i Pk 5] .

method (J57%:)
—{HAE class A BEF9k E MR, WIER method VEFIHL class B A — M B PR RE Y, FII g2 0 fr 75
S B U D E R —Wargument (3180) (M3 BOBHHANE se1f). 2 Efunciion (F)
Flinested scope (FEIRAEFIEL)

method resolution order ( Jj 74T IE)T)
Ty VSR IE 7 2 7 A R A i S A, base class (JEEHE]) B8 FIET . B Python H
2.3 JRE AR T i BV E A , 55 2(E) python_2.3_mro,

module (Kil)
—fl 44T Python F2UHEHZH 4k ¥4/ (organizational unit) [, BHA —Mar4 =M, EEGER
() Python ¥4 . #4028 Himporting [P)i#F2 , #{#H A % Python,
Witz FElpackage (B4,

module spec (BigHHI#%)
— My E, EESHREARAR import A B &il. B2 importlib.machinery.
ModuleSpec [—1{EEFl.

MRO
#5 2(Elmethod resolution order (5 HMEATIET) -

mutable (n[%E¥t)
ARl A e MTOME, EAERFEM 14 O) o BiESEimmutable (AW EPI1)

named tuple (Fff%c4)
i [named tuple (Fff4%7C4H) | 2484 tuple 4R AEMBIEIDK class, H BT %5| (indexable) 7C
F A DA B4 AR . 15 SR (EE class 0 A] PAEA HA R 4

A E)E#R(E)Z named tuple, f335H time.localtime () Ml os.stat () EEFE. B—FHAT

£ sys.float_info:

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

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

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

True

A 2 named tuple 2 FIZEME (0 EF1) . 85, —1F named tuple 7] DAGE — 0 TEHL class E
FeAE A, HEG% class @#KH tuple, HEFR I (named field) B 7], 5Z3HAY class 7]
PAF L4055 . W PAEK H typing.NamedTuple K&, 0] DA ] Tk 5K (factory function)
collections.namedtuple () R, BF MBI T —LL 454K method, 5 2% method A]
b2 AEF 5 ok [F)7 ) named tuple Hr, SEVEFR 1)

namespace (#yZ43Hl)
SEME R o 45 25 2 DA dictionary (281) WRECIE. G IR . iy IEE ) a4 25
MAEYIEH (FF method W) A SR A 24 25 . w44 25 R R B Lk v 4 e, ARG IR A Ak . 51
an, X builtins.open fll os.open () s E M4 25 MR E 8. 64 25 A h
FH e [ WIB RS A A B A — R X, ARSI W R PR e v Atk . BN, %5 random. seed ()
B itertools.islice () MR, BEEXHENEH random fll itertools MAAEE .

namespace package (@ #4235 WEAE)
— 1 PEP 420 package (£F) , B HBEIEE T £ (subpackage) H—MH 7545 . A4 25 M E M rlfg
EIE FEapyFemys, 1 H AR E S MG 2 — W regular package (IEFEL:) , HEEMEES
__init_ .py EMEEE.

A2 Emodule (F4H) .

nested scope ( HLHR 1 MIR)
AE[F)2 B A1 & % (enclosing definition) Hif s B BE Ty . SROIRIE), — s C SRR S — 8 bR =X
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hER, MeHERz BN R h sl s, EEZEET, SRV E R 2
W, T PR . el e e e (B e P B R B IR, I MU A Ak 4
2SI B B A . nonlocal - EAMNEEHEGEITE A

new-style class (F=\H(E])
—HE 4, ERIGBIIENTA N class P4 Fr 6 Y class JEdg . 7550 Python fiiA i, HATHa
class A fig i Fl Python BT . ZARMITIAE, 1802 __slots__ ., ##iik#F (descriptor), J& {4 (property).
__getattribute_ (). class method (JHEIJ} ) Fi static method ([FIRE ).

object (¥1})
HARE (BrEokft) MuiEzmFTE (method) AUEATERE. BT Tnew-style class (FrzNJH
[E]) Hyfc#& base class (FEJEMEE]) .

optimized scope (I {EALfENIIR)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£f})
— 1l Python [#jmodule (B41), B PAL S T4 (submodule) B 2B [EFI) £ (subpackage), 1%
wEiE, EfFge A __path_ JEVER—E Python izl

ek 2 Elregular package (TEFIELE) Fnamespace package (6423 MEM:).

parameter (Z8)
TE function (PR3X) B method 5 2 H 1) —H fy 45 FE 1 (named entity), ‘&35 W% iR RBEIRE 32 19—
ffargument (51%), SiAERLEEEFHGRZM5 8. HAH HRER R 1) 2 SR
« positional-or-keyword ({55 BISEF) © 8] 0T DAZ% 2 45 F w2 VEEI M 48 5 7| Sepl g )
518 BRSEIWTEREEE, BIUPA T foo F bar:

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

« positional-only ({£FR{IE): 58U —M8 KRB IO B PR AR5 | B, Tk UE i 28R+
W /7 Fo0, BnT DAERZ 7GR E SR E R 28, HIANLAR Y posonlyl FI posonly2:

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

o keyword-only (fEFRBISEF): F500—F L AEDARH s F o R b 5 | 8. e ek E R 23
B — AT B 8B B 2 5 (var-positional parameter) By 2 B &1 * F£I0, #UA DATEHAZ 7 &
FAEFRBAH 72U, BIANPAT ) kw_onlyl I kw_only2:

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

« var-positional ({EREHCRAIE) : 5] —H BEUMERFFIIRER B A E T [ B (FEC P28
ML AIET M2 A ) . BB UL BRI LS WA RS L ~ AGESRR, BIIIA T

args:

{def func (*args, **kwargs): ... }

o var-keyword ({FZ8UEBSET ) FEAPTHHRHLE B BRI S |3 (FEO M HEZ
E’\JE@E@J%?%’I&Z%)O EHSUEERAE LS UATE T E N~ AEFRA, Filan b1
B kwargs.

S W DATE I 5 | USRI S T 1, LT DAL SRS 15 | P o TH AL

55 it 2 BT a5 e Wargument (5180 W H . % BB 5] 80 2 #2 M2 ([E), inspect.
Parameter class, function Z i, DA PEP 362,

path entry (J&£$3H )
TEimport path (5 ABEAR) H—MRIALE, 1Mipath based finder (FRBEARHIFAE) TS HEAE
HREFHRE import AL .
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path entry finder (PE7%1EH =-55%%)
W sys.path_hooks H—fE A EIY (- (callable) (ZERI—1{Eparh entry hook ) 7 1M ¥y — 7k finder,
B RHLE AR PA— A path entry g (VA .

B A R A8 TE B A2 EAER method, 5 2(F) importlib.abe.PathEntryFinder,

path entry hook (p&f%1HHIE))
TE sys.path_hooks FI|FH1 1) —{f AT REIY H{F (callable), 58 HITE WM FE— (84 & Wpath entry H
FHRAAL, WG path entry finder (IS H AT ) o

path based finder (JEIRPEERITI MRS )
THRX Y 7URAAE 542 35 (meta path finder) 2 —, ‘B @& AF—{fimport path F1 18 4541

path-like object (JHPRIEH1E)
— R R R TR . R RT AR — RN BRI str B bytes Y, S0&—1fH
HAE os.PathLike B B4, HEIENY os. fspath () KR, — %38 os.PathLike &
LA DA EEIE] str 8 bytes B R R I4FE; 1M os.fsdecode () M os.fsencode () Hl
SETR] AN RERR str & bytes HI&ER. i PEP 519 5] A

PEP
Python Enhancement Proposal (Python 3¥4[E4222), PEP 2k sHEIR Scf4F, & REE] Python 1 #32
HEERR, U2 A Python 1 —05r B BEE 3% Th BE RO AR P A ER 1% . PEP JE 5% TP (L 12 0 3 R
PA S BB 22T RE A AR SR

PEP WA tE H I, 22 E AR PR PR 2 AL v B S A 1 R 1) 2 e, A KR I
Python /)i aHEIRAYFEE], 5 2e e 2. PEP /8 2 & it fea L [ e L sk I Re I i 3
.

#H2([F PEP 1,

portion (54))
75— H [E i i) — AR 52 (o n] BR A AE— I zip A ), 38 SR 2 e 38— MRl iy 44 25 B 00 (namespace
package) G T E(ER, 4N[A PEP 420 Wiy E .

positional argument ({37 ¥ 5| %})
s Flargument (3]381).

provisional API (%47 API)
WA APL 245, FEARE R =R Y [ AR AH 2SI (backwards compatibility) R, S #HERR T APL.
BESR LN, REe Mg B, M EER A ERWE T, A% E AR
EELE, Wrged BB mEAHANE T (LR OREBREAM) . &% EEA G mEmHhE L
—HA APT YA Z HI AR SR BL I e B B AN BRI e i i IRy, B ™A etk

ISR AT APL, T A 58 S8 Gl ) [ MR E) )y 52 ) — STl g B
ATB9R € 2 ] REH 1 — M 1) AT AR ARy 52

e IR A8 A (S A S o o X B B IR PN BT, T B SR AR B R 1 Ry ] 25 B A I REL Y et Bt
2L PEP 411 T #2414 .

provisional package (‘17£:1})
#52(Flprovisional API (84T API),

i

Python 3000
Pythor]&x FHNAERE (RACARTAIEN, BREES 3 U R EELE AR, ) drl AR E(E
[Py3k],

Pythonic (Python &K #))
— AR R B, EMEM T Python 355 A W RS, A HALSE S % Royiid
AEAEREAAS . FI4n, Python i R —MEEE ML, 2 H M for FA, #—@nERY)
PR rE TR TR . 32 HAE S EEA SRS, I AR Python ) A5 I € fif
M8 S R s AR -

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

2T, DA IAERE . SHA7 Python Jalks :
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for piece in food:
print (piece)

qualified name (P} #475%)
—(H [T, B EURE— B A e ) A A e 361 class, BRI EL method 11
[EEA8], W0 PEP 3155 e a6, SR TEE R s =URI class M5, B 44 BB L) 1424 AR AR 1) -

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

>>> C._ _qualname_

] C ]

>>> C.D.__gualname

'C.D'

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

.

J

HHRG BN, 7 ATRE & & (fully qualified name) J2 7R s A1) 56 BE BE 73 IR B A, AUHEAT A
AL EM, FIil email .mime . text:

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

reference count (= Ri314L)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are immortal and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the

CPython implementation. Programmers can call the sys .getrefcount () function to return the reference
count for a particular object.

regular package (IF#1£1:)
— (RS package (B4F), FI—MEE _init_ .py EWHE.

At 2(Elnamespace package (4453 &) o
REPL
An acronym for the "read—eval-print loop”, another name for the interactive interpreter shell.

__slots__
e class [FIEG— (B4, EHEMBUCESEOBENZSHE, DLIERRE ) dictionary (L), 5K
Hi RO RS . MEARE R, (e A B DR RO, O B A0 IR A — 0 w0 8 It
(memory-critical) 1) i F R =X A e SR B 1 2 A ).

sequence (J3:41)
—{Riterable (WEIRP1F), BiEM __getitem__ () special method (FF5kJr5E), (R #H RS
RETEHCRNICEFI, EE#R T M __len_ () method K[ E 3% FH AR . —Ez
A BIEMEFE 1ist, str. tuple fll bytes, 3R, MRk dict %38 getitem () Fl
_len_ (), {AEHHEIE M (mapping) i A& /F4, HEHA K 22 6 AL Whashable §
A2 HE
% £ HE(E] (abstract base class) collections.abce. Sequence E 38 T —# B 1 L & 1/,
AMER _ getitem_ () Ml __len_ (), BEHI T count (). index (). _ contains__ ()
Ml __reversed_ (). EEMMEFTNMAEE, WA register () #iMHmEHIEIE., 2 H®
FEN AR SO, w5 R P AR

set comprehension (#4454 )
— PR B TR, A B T A i A G A e 2, (K R P A R DA R set

[, results = {c for c in 'abracadabra' if c not in 'abc'} €[F4—{HF
set: {'r', 'd'}. #52I[E comprehensions.
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single dispatch ( ¥.—JHp¥)
generic function (ZRMR) FHEEM—FEE, FEt, EIER R EN 5 S BE.

slice (Y] )i)
— M\, CEE S —Bsequence (JFF) BIH—FR5 . B —BYI R B9 2 T EAFSE (sub-
script notation) [ ], FEL&H ZHET, AIEETZ BT E Y, Hilil variable_name[1:3:5],
TEFESE (FE) £R9EmyERs, & slice Y.

soft deprecated
A soft deprecation can be used when using an API which should no longer be used to write new code, but it
remains safe to continue using it in existing code. The API remains documented and tested, but will not be
developed further (no enhancement).

The main difference between a “soft” and a (regular) "hard” deprecation is that the soft deprecation does not
imply scheduling the removal of the deprecated API.

Another difference is that a soft deprecation does not issue a warning.
See PEP 387: Soft Deprecation.

special method (%5 J5 ;)
—7TE G Python [ BJIFNY ) method, FI/A ¥ ILAEAFIHLF T HARESE, GIANy:. 578 method )44
Tl & {E BUE A 45 A WE FJEE]. Special method fE specialnames H1 7 SE4HEIRA

statement ([iiA=\)
PR —HEMH (suite, —AREHS W) P—EBo. BRI LR —Mexpression (I
), ESHBMETE (Hlif. while 5f for) WMEZHEHHEZ —.

static type checker ([EJRERI[EIREA2Y)
(R Python ALK REEAHFAGAN T A, AEEHR B, 2R TR EREMME., k2B
[E32 = (type hints) DA I typing 4.

strong reference ([F1Z1K)
1E Python [f) C APL W1, [E12 B2 E IS IR, W HERA %2 MR s . @ s M
K i%5@ IR Py_INCREF () AESE2 . [E%2 HE:%# Py_DECREF () BELH.

Py_NewRef () pRzCA] A ES, BB 2 IR, K, 76E B E2 BAE RS b, WETE
#ZE2 M Fpn] py DECREF () B, DAREGENR—MH2 M.

Atz Eborrowed reference (&2 M) .

text encoding (3L 4i%)
Python H #5755 /2 —1f Unicode % (code point) /7% (#iEFE U+0000 -- U+10FFFF Z ). #
SO R, B BT SR E A oA A

ﬂ%#@?jﬁf?ﬁﬂﬂﬁ&ﬁ%ﬂf?ﬁm TRE) T4t , AN TCA 7 o B s it R AR E) T RS
(decoding) |,

A Z AR ST LSRG (codecs), EMBEAIREE [ 3745 1.

text file (SCFREZR)
— (A REEE AT A str YRRl file object (FEEYI1F) . WH, CFHEREE LA T
W] & B (byte-oriented datastream) (€ [ 8 i Hlrext encoding (SCFEME) . SCFEAHRIGI T4
PASCEREE (e 8 'w') BHEARZE. sys.stdin, sys.stdout DA io.StringIo IEH.

w2 Elbinary file (“IEAAESR), B REERIAIE A8 124 $ 4 1+ (bytes-like object) BT
ES YIS
S

triple-quoted string (= 5| 3EEIFH)
H = E 5155 () S5 58 O MEELRS R —@E 5 . 8RS MEEA B ALE R B 5] 587 8 i A
FONIRE, HERFZER, MR EA . TR DAFE T 5 A BEE] (unescaped)
(LG SRS 5%, T E e MR TR fH1E# 45JT (continuation character) B 7] ARSI AT, &[5 E
192 4 55 (EJHA 7 5 e (A 1

type (%I[F])
—{il Python ¥y Z(EIE 2 T & 2 HESER MY F; SR IEEAE —EBE. — @940 ZE wT
PAHER __class__ BPEAAFE, (VA type (obj) HAHEK.
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type alias (H[EIE4)
—(EALENY R FEa , B LENR 46— ERERF (identifier) N

HIFIE) 4 it 42 [FI32 = (type hint) RAG 1. Fln:

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

AIARS BGOERE, SR AT

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

#2[E typing fil PEP 484, 45 ILThREMAIHEIA

type hint (FI[EJHEA3)
—Fannotation ([EE), EI8E— M523, —1H class 8 1ol — 11 o8 =X 11 2 Sk a0 ) TE 9 24D
RIEME RS MY, A2 Python [EHIfY, HEMBEIE A [ & % (static type checkers) R
A, [Efgt B IDE 5¢ siRE A5 3 42 (completion) FIE A (refactoring).
40 5 M class B ME M PR X OR & I dk s d) MR EHR R, AB W LA A typing.
get_type_hints () RTEHL.
2 typing Al PEP 484, 4 ILIHREAIHEIA

universal newlines (i JHE475270)
—TE fiR % SCF I (text stream) ()5 3K, @ AR BT G )RR EE)— 1710 &5 8 0 Unix 17 ) 48 4
"\n'. Windows &% '\r\n" FIE Macintosh &% '\r', 52 PEP 278 1 PEP 3116, DA
X bytes.splitlines () HIFIIA®E.

variable annotation (%ZJ([EF%)
— W 5B class B annotation ([E)f) .

(IR S MK class Ja vy, FR{E /2S8R -

class C:
field: 'annotation'

SERERRE B R 2 EUR T (ype hint): BIAN, EMEBEN GRAG int (CBE) H:

[count: int = 0

S ERR A 1 annassign %7 FEATOIRAE.

#52[Elfunction annotation (FRRERE). PEP 484 Fl PEP 526, %H WIhiefdiik. BRERNHEE:
B, 5i52(E annotations-howto.

virtual environment ([FI3EFES)
—{E o VEFR B (cooperatively isolated) FFTHE4, AEE Python f4) {5 FHl 2 A1 e HI R A5 DAL 46 Fn T+ 41
Python #$[E1E(F:, TMiAS G 3 [m]— 1 R %0 _L#EATHY HoAh Python JfE I FE A7 EEVE T8 .
W 2(F venv,

virtual machine ([EfE2S)
— R 5E 4 ERBL AT E 2% (computer)., Python [ [FEEes €Tl AT H byrecode (PioCA1AE) Giiias
s th AL oA

Zen of Python (Python 2 [F])
Python 51 HI| BT B 51 %, HLFIZAG BY A PRARA G ULRE = o BLs) R mT DA e 1 B 04
JLREA [import this| HHRFIE.
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

ECIE
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B F A9 A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

BREA  FEB i waE GPL 8% 7

09.0%F 12 A/l 1991-1995 CWI B2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF y=s
2.1.2 2.1.1 2002 PSF ys
2.1.3 2.1.2 2002 PSF =
22 DAL 2.1.1 2001 £4- PSF 2

fi(E]

GPL 2 EIR /R FA" @1 GPL T #(E] Python. A8 GPL, Jir 1) Python FZHEAS T ATE/REE[EE i
BIRUAS, AR —E BRI 52 5 AEIBH IR . GPL AHZR W #2HE(E5 Python 7] DA% & HAl#E GPL 4%
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IR (I AT )

IR Z I AMRE T, A Guido F8E NIUAT, ifHE Le A iy B [ERE T fig.

C.2 FRFRHLHMFGXER Python BIEHIER

Python S FIEII SCF IR LR PSF 424 649

% Python 3.8.6 B4R, [EIMASCH:rpg&ifl, R BAIHADRE A, 298 FHIZHE (dual licensed) 7 PSF #%
KEA #1PA N Zero-Clause BSD 3% 42 ,

AN Python R BEFOR RO BE . TS RS LA RE 2 R — B . BRE L
FHER RSS2 EHO EI 9 0y 348 S 200

C.2.1 ¥ PYTHON 3.13.0rc2 i PSF 1% &1

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

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

3.13.0rc2 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—~hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.13.0rc2 alone or in any.
—derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.13.0rc2 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.0rc2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.13.0rc2.

4. PSF is making Python 3.13.0rc2 available to Licensee on an "AS IS"._
—basis.

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

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
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USE OF PYTHON 3.13.0rc2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.
—~0rc2

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0rc2, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.13.0rc2, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 Fj¥ PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON B #ZHEA 455 1 i

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

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

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

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

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

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

€ & A}
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(B —1)
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 Hj? PYTHON 1.6.1 B4 CNRI 1R &

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 THEREOEF.

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

EET—3
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(B E—H)
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 ¥ PYTHON 0.9.0 £ 1.2 g CWI iR#EE#

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 F}* PYTHON 3.13.0rc2 [FEA #4FI#2X 5 /) ZERO-CLAUSE BSD 1%

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

random BLAHIE T _random C #% £ #2402 7 DA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html f F#REIFEERAFERE. PAN 2 FEGRA SR sg g -

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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

socket BAH /T getaddrinfo () il getnameinfo () K=, B¥E WIDE BZ (https:/www.wide.
ad.jp/) [E), FARTE] B JE A 2 vh bl 4 il -

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 FERF#¥ socket fRFE

test.support.asynchat fl test.support.asyncore FAA ST :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

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.

C.3.5 #{TIEN

trace B W& PAT I
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode F=,

The uu codec 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

C.3.7 XML FEiRF2FFreny

xmlrpc.client M-S DA

The XML-RPC client interface is

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

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3. #ugFIakienyIR{E BB
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C.3.8 test_epoll

test.test_epoll BigHI & DA

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 B kqueue il & LA HEHH -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash. c f§Z 6% Marek Majkowski’ %5 j* Dan Bernstein ] SipHash24 B VERIEE. B0
Nk

<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)

C.3.11 strtod Ed dtoa

Python/dtoa.c fHEHALT CHY doa fil strtod pR, F A C A EEKE BE 17 BE ORI =2 5 HAHE) . AR %
F2fiTA4: H David M. Gay B7 i[RI A5, 1235 BIAE W] DAJE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G648 2005 DA IR RE B 2 REAZE Y -

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

The author of this software is David M. Gay.

E

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

E O

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.

WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

*
*
*
*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*
*
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

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

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

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

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

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

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

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

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

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

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

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

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

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

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

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

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

END OF TERMS AND CONDITIONS
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C.3.13 expat

PrAFTERE E pyexpat R REE ——with-system—expat, HHIFZEE G AL expat AT
AR R A 2

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

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

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

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

C.3.14 libffi

BRAEFERIE _ctypes BALUK T _ctypes Mkt € —-with-system-1ibffi, FHHIRZIHKSE
- MEETE Tibffi 5 4R A5 1 Rl A 2

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

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

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

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

URAE R S BARBIY 2lib A KA ABOR vk R 2110 JE5E, Rz se g M —MEE 2ib [5G
AR R A 2

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 {Ji ¥ 3EEIZE (hash table) E4/E, DA cfuhash BZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

MAEfE S decimal BLAHIECTF _decimal C 7 fE X Bt () ——with-system-libmpdec, &A%
B F—H(E) 5 libmpdec o X JFH ) il A A 2 -

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 B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) 24 W3C #Hu} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, H2HR 3-clause BSD #7HEw: %5 (F):

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

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

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

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

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

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

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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

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

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

C.3.20 asyncio

asyncio BALMHMEIA 2 AE uvloop 0.16 FHEE2R, FA MIT $ZHE2CEE(E:

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

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

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

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

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

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”"Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

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

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

C.3. #ugFIakienyIR{E BB 113



https://github.com/freebsd/freebsd-src/blob/main/sys/kern/subr_smr.c

Python Setup and Usage, #(F] 3.13.0rc2

114 Appendix C. ;EE %



APPENDIX D

=
i
|mit
If

Python F13 {73 [ HH SO0 HUHE -

Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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5

FEIR=FEHIEFF
T

b
-2

AT #IE, 5
$APPDATA%, 49
>>> 77
_ future_ , 82
_ _slots_ ,89
BRS8N

$APPDATAS%, 49
BASECFLAGS, 40
BASECPPFLAGS, 39
BLDSHARED, 42

Cc, 40

CCSHARED, 41
CFLAGS, 30, 40, 41
CFLAGS_ALIASING, 40
CFLAGS_NODIST, 40, 42
CFLAGSFORSHARED, 41
COMPILEALL_OPTS, 40
CONFIGURE_CFLAGS, 40
CONFIGURE_CFLAGS_NODIST, 40
CONFIGURE_CPPFLAGS, 39
CONFIGURE_LDFLAGS, 41
CONFIGURE_LDFLAGS_NODIST, 42
CPPFLAGS, 39, 42

CXX, 40

EXTRA_CFLAGS, 40
LDFLAGS, 39,41, 42
LDFLAGS_NODIST, 41,42
LDSHARED, 42

LIBS, 42

LINKCC, 41

OPT, 33,40

PATH, 11,21, 44, 46, 53, 54, 57
PATHEXT, 46
PROFILE_TASK, 30
PURIFY, 41
PY_BUILTIN_MODULE_CFLAGS, 41
PY_CFLAGS, 41
PY_CFLAGS_NODIST, 41
PY_CORE_CFLAGS, 41
PY_CORE_LDFLAGS, 42

PY_CPPFLAGS, 39

PY_LDFLAGS, 42
PY_LDFLAGS_NODIST, 42
PY_PYTHON, 58
PY_STDMODULE_CFLAGS, 41
PYLAUNCHER_ALLOW_INSTALL, 59
PYLAUNCHER_ALWAYS_INSTALL, 59
PYLAUNCHER_DEBUG, 59
PYLAUNCHER_DRYRUN, 59
PYLAUNCHER_NO_SEARCH_PATH, 57
PYTHON_BASIC_REPI, 16
PYTHON_COLORS, 10, 16
PYTHON_CPU_COUNT, 10, 16
PYTHON_FROZEN_MODULES, 9, 16
PYTHON_GIIL, 10, 16, 83
PYTHON_HISTORY, 16
PYTHON_PERF_JIT_SUPPORT, 10, 16
PYTHON_PRESITE, 10, 17
PYTHONASYNCIODERUG, 14
PYTHONBREAKPOINT, 11
PYTHONCASEOK, 12
PYTHONCOERCECLOCALE, 14, 25
PYTHONDEBUG, 6, 12, 32
PYTHONDEVMODE, 9, 15
PYTHONDONTWRITEBYTECODE, 6, 12
PYTHONDUMPREFS, 17, 32
PYTHONDUMPREFSFILE, 17
PYTHONEXECUTABLE, 13
PYTHONFAULTHANDLER, 9, 13
PYTHONHASHSEED, 7, 12
PYTHONHOME, 6, 11, 60
PYTHONINSPECT, 6, 12
PYTHONINTMAXSTRDIGITS, 9, 12
PYTHONIOENCODING, 12, 15
PYTHONLEGACYWINDOWSFSENCODING, 14
PYTHONLEGACYWINDOWSSTDIO, 13, 14
PYTHONMALLOC, 14, 31
PYTHONMALLOCSTATS, 14
PYTHONNODEBUGRANGES, 9, 15
PYTHONNOUSERSITE, 7, 13
PYTHONOPTIMIZE, 7, 11
PYTHONPATH, 6, 11, 53, 60, 64
PYTHONPERFSUPPORT, 10, 16
PYTHONPLATLIBDIR, 11
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PYTHONPROFILEIMPORTTIME, 9, 13
PYTHONPYCACHEPREFIX, 9, 12
PYTHONSAFEPATH, 7, 11
PYTHONSTARTUP, 6, 11, 12
PYTHONTRACEMALLOC, 9, 13
PYTHONUNBUFFERED, 8, 12
PYTHONUSERBASE, 13
PYTHONUTFS, 9, 15, 54
PYTHONVERBOSE, 8, 12
PYTHONWARNDEFAULTENCODING, 9, 15
PYTHONWARNINGS, 8, 13

TEMP, 49

A

abstract base class (#HZFEEHEE) ,77

annotation ([EE) ,77

argument (3| #) ,77

asynchronous context manager (3 [ ¥ &
BEEE) T8

asynchronous generator iterator(JE[|%F
B4 #EIRE) 78

asynchronous generator (FEFEFE4 %) ,78

asynchronous iterable (3 [ T ER 47 4F)
, 78

asynchronous iterator (ﬁ?fﬁ]ﬁ?ﬁg‘%) ,78

attribute (BM) ,78

awaitable (T&&44) ,78

B
-B

TR, 6

ISR
BDFL, 78
binary file (Zifut$ %) ,78
BOLT_APPLY_FLAGS

fir &5 # I, 31
BOLT_INSTRUMENT_FLAGS

fr A5 B I, 31
borrowed reference (% E) ,79
--build

A5 # I, 36
bytecode ({IjC#L#) ,79
bytes-like object (Mfrm# M) .79
BZIP2_CFLAGS

A5 #IE, 28
BZIP2_LIBS

45 #IH, 28

-b

C
-c

AT EIE, 4
callable (F*Ee{44) ,79
callback (@”%2) ,79
CcC

A5 EIE, 27
C-contiguous (C M) , 80
CFLAGS, 30, 40, 41

44 7IEE, 27
CFLAGS_NODIST, 40, 42
——check-hash-based-pycs

B EIE, 6
class variable (M[EI##) ,79
class (H[E]) ,79
complex number ([El#) ,79
CONFIG_SITE

A3 # I, 36
context manager ([FEEHE) ,79
context variable (¥ &%) ,79
contiguous (FEEZH) , 80
coroutine function (#HEZER) ,80
coroutine (#%2) , 80
CPP

A GBI, 27
CPPFLAGS, 39, 42

AT #IE, 27
CPython, 80
CURSES_CFLAGS

fir A 5| # I, 28
CURSES_LIBS

# AP R, 28

D
-d

PRI, 6
decorator (ZHEAF#) ,80
descriptor (#H# %) ,80
dictionary comprehension (FHAgELEE),

80

dictionary view (FH##1E) ,80
dictionary (F#) ,80
——disable-gil

A5 EIH, 27
——disable-ipv6

A 7| EIE, 24
—-—disable-test-modules

47| # I, 29
docstring ([El#=#) , 80
duck-typing (H%FAE) ,81

-E
AT EIE, 6
EAFP, 81
—-—enable-big-digits
AT R IR, 24
—-—enable-bolt
45| # I, 30
——enable-framework
A% # I, 35,36
—-—enable-loadable-sglite-extensions
4TI, 24
——enable-optimizations
45| #IE, 30
——enable-profiling

A5 #EIF, 31
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—-—enable-pystats

AT R IE, 26
——enable-shared

45| #IE, 33
—-—enable-universalsdk

w4 R, 35
——enable-wasm-dynamic-linking

A5 # I, 29
——enable-wasm-pthreads

A5 #IH, 29
—-—exec-prefix

A F#IF, 29
expression (EHEZR) ,81
extension module (¥EH L) , 81

F
f-string (f &) ,81
file object (W ZE#HH) ,81
file-like object (MM EHH) ,81
filesystem encoding and error
handler (1% £ R # 4 % fn ¢ 3% R
EHR) ,81
finder (F ) ,81
floor division (| TH EW%iE) , 82
Fortran contiguous (Fortran HE&H ) , 80
free threading, 82
function annotation (& R[[EE) , 82
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