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#define PY SSIZE_T CLEAN
#include <Python.h>

ol=theH} 2L ZZ I HEAZZEFE=AL 9uF T} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 181 <std11b.h> A 73 A9,
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/
include/pythonversion/ and exec_prefix/include/pythonversion/, where prefix and
exec_prefix are defined by the corresponding parameters to Python’s configure script and version is ' $d.
$d' % sys.version_info[:2]. On Windows, the headers are installed in prefix/include, where
prefix is the installation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>;this will break on
multi-platform builds since the platform independent headers under pre fix include the platform specific headers
from exec_prefix.
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PyMODINIT FUNC

Declare an extension module Py Init initialization function. The function return type is PyObject*. The
macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

The initialization function must be named Py Init_ name, where name is the name of the module, and should
be the only non-static item defined in the module file. Example:

-

static struct PyModuleDef spam_module = {
PyModuleDef_ HEAD_INIT,
.m_name = "spam",

bi
PyMODINIT_FUNC

PyInit_spam(void)
{

(th& s o] A ol A <)
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(o] A o] A | A AL)
return PyModule_Create (&spam_module) ;

Py_ABS (x)
x o] S vy
Added in version 3.3.
Py_ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline
the function.

It can be used to inline performance critical static inline functions when building Python in debug mode with
function inlining disabled. For example, MSC disables function inlining when building in debug mode.

Marking blindly a static inline function with Py_ ALWAYS_INLINE can result in worse performances (due
to increased code size for example). The compiler is usually smarter than the developer for the cost/benefit
analysis.

If Python is built in debug mode (if the Py_DEBUG macro is defined), the Py ALWAYS INLINE macro
does nothing.

It must be specified before the function return type. Usage:

[static inline Py_ALWAYS_INLINE int random(void) { return 4; }

Added in version 3.11.

Py_CHARMASK (c)
Ol A= A} = [-128, 127] U [0, 255] AFo] ] Aol of ). o] 3 2 = unsigned char &
Na"E c &3yt
Py_DEPRECATED (version)
7| Z] (deprecated) A1 1 ol] AFEBH A 2. o] T 2= A E o] F Holl A A& oF Ptk
S A

[Py_DEPRECATED(3.8) PyAPI_FUNC (int) Py_OldFunction (void) ;

W 3804 WA : MSVC A9 F7H 54t
Py_GETENV (s)

Like getenv(s), but returns NULL if -E was passed on the command line (see PyConfig.
use_environment).

Py_MAX (X,y)
x 8ty Abol o] H Uizt wheheh o
Added in version 3.3.
Py_MEMBER_SIZE (type, member)
(type) 7248 member & 37| & Hlo|EZ w5 T}
Added in version 3.6.
Py_MIN (X, y)
x 9by Afolo] 43S wEFTh
Added in version 3.3.

Py_NO_INLINE

Disable inlining on a function. For example, it reduces the C stack consumption: useful on LTO+PGO builds
which heavily inline code (see bpo-33720).

Usage:

1.3. F&3tuja=z
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[Py_NO_INLINE static int random(void) { return 4; }

Added in version 3.11.
Py_STRINGIFY (x)
x 2 CEALE HIAZ ) o & Eo] Py _STRINGIFY (123) & "123" & Hl&3 o).
Added in version 3.4.
Py_UNREACHABLE ()
Yoz 5L 4 Gt TE J27} U2 A9 o v
TolA 7He 3 B Ftol case HolA tHE A= 7o
assert (0) E+ abort () Al AFRSFA A] 2.

AR E AL L. o & 50, switch
default: ZojlA /\}%%El_q: 921t}

= ==

gz BT o HlzgE: ALy r TE FAFsEd 220 I 22 £
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__builtin_unreachable () & F+3F U}

Py_UNREACHABLE () 9] €5+ u13}5}# ¢k 9t _Py NO_RETURN S AA3}2 L 4255

s AUt}

SLE QRIS Ts o] FA R 9 HQl G o] £ gl A of HAZE AEHA
£ dHYh AE S0, HRY7 EFAU Al2E Zo] ol WU E Holve e s
Aol 52 A clEl s Hashs ol FHynth Tt olHE Haud 5 els Ay

Py FatalError () € A& 4 Jd5UTh
Added in version 3.7.

Py_UNUSED (arg)
o] v ARG A Ao ARg sl Y FaE FARYTE oAl int func(int a, int
Py_UNUSED (b)) { return a; }.
Added in version 3.4.

PyDoc_STRVAR (name, Str)
S2E Qo)A A4 /b5 3 nane o] 2 o] £2] M5B A FUL Stoldo] FAEY glo] AES
gtk W] ghe w9l A YLt
PEP 7 o] A E AXH go]ME Z=2EF glo] T d7] 3] PyDoc STRVAR & Z=AE 7o
A-85HA A 2

S A

s N

PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

static PyMethodDef deque_methods[] = {
VYA
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
/).

}

L

PyDoc_STR (str)
Zo 2 BA G| B3 SAEYS AT SAEYo] M BYI Holgle FeA W EALS

4Gk

PEP7 o] HAIH A HE S2EFY o] o ASWET F IS SAEF S YA Tl PyDoc_STR
< g 2.
S A
static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,

PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}

bi
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Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject*. This type
is a pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated
the same way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it
is only fitting that they should be represented by a single C type. Almost all Python objects live on the heap: you
never declare an automatic or static variable of type PyOb ject, only pointer variables of type PyObject* can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

2 shol @ AAE (3] A A2 AE) B (ype) T R 05 (reference count) & 74 31 gk A A <)
g AN 52 APTU (18 Sof A5, P25, EE AEA F §4 5. types o /b4 <)
Gl el Aol slgrith) 2 el Folt A7 o FolA & elsie v a2 7} 95y ok
o & o] PyList_Check (a) £ a7} 7hel7l A 7} sho] 2l 9| 2B Q) 2ol g 2Lk,

Zi
PN
)
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The reference count is important because today’s computers have a finite (and often severely limited) memory size;
it counts how many different places there are that have a strong reference to an object. Such a place could be another
object, or a global (or static) C variable, or a local variable in some C function. When the last strong reference to an
object is released (i.e. its reference count becomes zero), the object is deallocated. If it contains references to other
objects, those references are released. Those other objects may be deallocated in turn, if there are no more references
to them, and so on. (There’s an obvious problem with objects that reference each other here; for now, the solution is
“don’t do that.”)

Reference counts are always manipulated explicitly. The normal way is to use the macro Py_ INCREF () to take a
new reference to an object (i.e. increment its reference count by one), and Py DECREF () to release that reference
(i.e. decrement the reference count by one). The Py_DECREF () macro is considerably more complex than the
incref one, since it must check whether the reference count becomes zero and then cause the object’s deallocator to
be called. The deallocator is a function pointer contained in the object’s type structure. The type-specific deallocator
takes care of releasing references for other objects contained in the object if this is a compound object type, such as
a list, as well as performing any additional finalization that’s needed. There’s no chance that the reference count can
overflow; at least as many bits are used to hold the reference count as there are distinct memory locations in virtual
memory (assuming sizeof (Py_ssize_t) >= sizeof (void*)). Thus, the reference count increment is a
simple operation.

It is not necessary to hold a strong reference (i.e. increment the reference count) for every local variable that contains
a pointer to an object. In theory, the object’s reference count goes up by one when the variable is made to point to
it and it goes down by one when the variable goes out of scope. However, these two cancel each other out, so at the
end the reference count hasn’t changed. The only real reason to use the reference count is to prevent the object from
being deallocated as long as our variable is pointing to it. If we know that there is at least one other reference to the
object that lives at least as long as our variable, there is no need to take a new strong reference (i.e. increment the
reference count) temporarily. An important situation where this arises is in objects that are passed as arguments to
C functions in an extension module that are called from Python; the call mechanism guarantees to hold a reference
to every argument for the duration of the call.

However, a common pitfall is to extract an object from a list and hold on to it for a while without taking a new
reference. Some other operation might conceivably remove the object from the list, releasing that reference, and
possibly deallocating it. The real danger is that innocent-looking operations may invoke arbitrary Python code which
could do this; there is a code path which allows control to flow back to the user from a Py DECREF (), so almost
any operation is potentially dangerous.

A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always create a new strong reference (i.e.
increment the reference count) of the object they return. This leaves the caller with the responsibility to call
Py_DECREF () when they are done with the result; this soon becomes second nature.

A, B 22 Fzx A 7
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The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). “Owning a
reference” means being responsible for calling Py DECREF on it when the reference is no longer needed. Ownership
can also be transferred, meaning that the code that receives ownership of the reference then becomes responsible for
eventually releasing it by calling Py DECREF () or Py_XDECREF () when it’s no longer needed—or passing on
this responsibility (usually to its caller). When a function passes ownership of a reference on to its caller, the caller is
said to receive a new reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing
needs to be done for a borrowed reference.

MR 5% FaolA Aol i F2E 92 Wi £ A5l Atk S4s Al va
F22 TA 4%, 284 62 45 dEUTh B2E EAE AL Pol H2E AT W NG B4
AYE F2 2 AR A5 O o4 AP A A eherthe 22 9w gt}

F22 EAL 5L A9 95Uk FHYVH FAA 9t pyiist_secrten() I
PyTuple_setTtem() AUtk o] FAHA P4t Sao] e F2E YUY, 848 42 FE
ot el aEe] Bfe FEE FAA AHUTh). o] 45 MBS0l AT R} el AES
e AurAol B WRo] F2E FNES AAF QS UTE 8 Sof, FES WEL TE (1, 2,
"three") £ g3} 28 5 AFUTh (B4 o At QoA e, B 2L PPz a5t

PyObject *t;

t = PyTuple_New (3);

PyTuple_SetItem(t, 0, PyLong_FromLong(lL));
PyTuple_SetItem(t, 1, PyLong_FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString("three"));

FzE2hkz UG 44 11’41_

o] 7| A PyTuple_SetItem() ¥ PyLong FromLong () 7} 9+&+s} g =
£ 5%3%}7] Aol Py _INCREF () & T} 2

Bz} EAAE A% ANE AgeE 228 TAE TS
F2E AA S A L.

CEolAM, PyTuple Setltem() S F2o 845 Y9+ FLTPHAYUL FE22 EW A5 )7
W] &9l PySequence_SetItem() I PyObject_SetItem() v H5Zo Q45 Y= 28 ARSI
PyTuple SetItem() < A3 WEi Y+t FZ ol AFE-F ofoF T th

YLrEE Q= E5Y3 9n| I == pyList_New() & PyList_SetItem() 2 A& W5 5 A5
.

AT AAZE YA FEEL JAEE BER ASE JSE SFUD A0 AAEL I
T AL (format string) 2 A A== C L2 HE el 4= = A8 3 Py _Buildvalue () 7} 9
S )2 So, 9o F HEe] meE the M e A S = Qe (o AAkE A e o)

PyObject *tuple, *list;

tuple = Py_Buildvalue (" (iis)", 1, 2, "three");
list = Py_Buildvalue("[iis]", 1, 2, "three");

It is much more common to use PyObject_SetItem () and friends with items whose references you are only
borrowing, like arguments that were passed in to the function you are writing. In that case, their behaviour regarding
references is much saner, since you don’t have to take a new reference just so you can give that reference away (“have
it be stolen). For example, this function sets all items of a list (actually, any mutable sequence) to a given item:

int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, nj;

n = PyObject_Length (target) ;
if (n < 0)
return -1;

(h& sl o] A ol Al<%)
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for (i = 0; 1 < n; i++) {
PyObject *index = PylLong_FromSsize_t (i);
if (!index)

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}

return 0O;
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long

sum_list (PyObject *1list)

{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; i < n; i++) {
item = PyList_GetItem(list, 1); /* Can't fail */
if (!PyLong_Check(item)) continue; /* Skip non-integers */
value = PyLong_AsLong (item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
I3

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; 1 < n; i++) {
item = PySequence_GetItem(sequence, 1i);
(th= sl o] A el A%)

- AA, P 22 FR e 9
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if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

142 §

There are few other data types that play a significant role in the Python/C API; most are simple C types such as
int, long, double and char*. A few structure types are used to describe static tables used to list the functions
exported by a module or the data attributes of a new object type, and another is used to describe the value of a
complex number. These will be discussed together with the functions that use them.

type Py_ssize_t
Part of the Stable ABIL A signed integral type such that sizeof (Py_ssize_t) ==

sizeof (size_t). C99 doesn’t define such a thing directly (size_t is an unsigned integral type).
See PEP 353 for details. PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.
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A simple example of detecting exceptions and passing them on is shown in the sum_sequence () example above.
It so happens that this example doesn’t need to clean up any owned references when it detects an error. The following
example function shows some error cleanup. First, to remind you why you like Python, we show the equivalent Python
code:

def incr_item(dict, key):
try:
item = dict[key]
except KeyError:

item = 0
dict[key] = item + 1
tee e guel $38C = Auch
<
int

incr_item (PyObject *dict, PyObject *key)

{
/* Objects all initialized to NULL for Py XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;
int rv = -1; /* Return value initialized to -1 (failure) */

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches (PyExc_KeyError))
goto error;

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0L) ;
if (item == NULL)
goto error;
}
const_one = PyLong_FromLong (1L) ;
if (const_one == NULL)
goto error;

incremented_item = PyNumber_ Add(item, const_one);
if (incremented_item == NULL)
goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;

rv = 0; /* Success */

/* Continue with cleanup code */

error:
/* Cleanup code, shared by success and failure path */

/* Use Py _XDECREF () to ignore NULL references */
(th= sl o] A ol Al%)
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(o] A o] A | A AL)
Py_XDECREF (item) ;
Py_XDECREF (const_one) ;
Py_XDECREF (incremented_item) ;

return rv; /* -1 for error, 0 for success */

}

o] A Al C goto £ 3 8d AL S HoAFUTH o] A= SAHT A5 Hlst7] A
PyErr ExceptionMatches () @ PyErr Clear() ./] /\]--9— B 3l Py XDECREF () & AFRSFo] 4
3L Q= NULL € 5 fle F2 S AASE e g U (ol 5ell 9le xS FEaNL
Py DECAEF () £ NULL A9 0 W FEE LOAUTh) ol A E £ A fatu g Ax
B Rohen A8 Te WAE NULL # 2/13h5HE Aol TR UL Ak R W e 1 ()
2 ARFL AR T Eo] A Foop AT e ® AP FH Uth

Sg FAASTE Dol ol M A2 E YUY e AT o] Aok e AAA FRY
FA= stol Az E 9 273}, 2] opvte vpr el d APyt dHZ B hRE9 752
Azl El 7k 2715 o Foll AHEE 4 %)

7| RAQ 2713} @& Py_Initialize 0. YUtk ol e 2EH E% H]O]%% Z2 718} ekaL 7] &
2 E<9Abuiltins,__main_ , 281 sys S AU E3 2E AN A2 (sys.path) & 27|35}
e

Py_Initialize () doesnotsetthe “scriptargumentlist” (sys.argv). If this variable is needed by Python code
that will be executed later, setting PyConfig.argv and PyConfig.parse_argv must be set: see Python
Initialization Configuration.
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A full list of the various types of debugging builds is in the file Misc/SpecialBuilds. txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-
level profiling of the main interpreter loop. Only the most frequently used builds will be described in the remainder
of this section.

Py_DEBUG

Compiling the interpreter with the Py_DEBUG macro defined produces what is generally meant by a debug build of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugto the . /configure command.
It is also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG is enabled in the
Unix build, compiler optimization is disabled.

In addition to the reference count debugging described below, extra checks are performed, see Python Debug Build.

Defining Py_TRACE_REFS enables reference tracing (see the configure —--with-trace-refs
option). When defined, a circular doubly linked list of active objects is maintained by adding two extra
fields to every PyObject. Total allocations are tracked as well. Upon exit, all existing references are printed. (In
interactive mode this happens after every statement run by the interpreter.)

AA B 2L gho] W A v E T 919 Misc/SpecialBuilds.txt & FRIAIA| L.
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CHAPTER 2

C API Stability

Unless documented otherwise, Python’s C API is covered by the Backwards Compatibility Policy, PEP 387. Most
changes to it are source-compatible (typically by only adding new API). Changing existing API or removing API is
only done after a deprecation period or to fix serious issues.

CPython’s Application Binary Interface (ABI) is forward- and backwards-compatible across a minor release (if these
are compiled the same way; see Platform Considerations below). So, code compiled for Python 3.10.0 will work on
3.10.8 and vice versa, but will need to be compiled separately for 3.9.x and 3.11.x.

There are two tiers of C API with different stability expectations:

e Unstable API, may change in minor versions without a deprecation period. It is marked by the PyUnstable
prefix in names.

e Limited API, is compatible across several minor releases. When Py L TMITED_APT is defined, only this
subset is exposed from Python. h.

These are discussed in more detail below.

Names prefixed by an underscore, such as _Py_InternalState, are private API that can change without notice
even in patch releases. If you need to use this API, consider reaching out to CPython developers to discuss adding
public API for your use case.

2.1 Unstable C API

Any API named with the PyUnstable prefix exposes CPython implementation details, and may change in every
minor release (e.g. from 3.9 to 3.10) without any deprecation warnings. However, it will not change in a bugfix
release (e.g. from 3.10.0 to 3.10.1).

It is generally intended for specialized, low-level tools like debuggers.

Projects that use this API are expected to follow CPython development and spend extra effort adjusting to changes.

15


https://peps.python.org/pep-0387/
https://discuss.python.org/c/core-dev/c-api/30

The Python/C API, ¥ &) 3.12.4

2.2 HF A & =23 ulelE] e o] x

For simplicity, this document talks about extensions, but the Limited API and Stable ABI work the same way for all
uses of the API — for example, embedding Python.

2.2.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’s C API. Extensions that only use the Limited API can
be compiled once and work with multiple versions of Python. Contents of the Limited API are /isted below.

Py_LIMITED_API

Define this macro before including Python . h to opt in to only use the Limited API, and to select the Limited
API version.

Define Py_LIMITED_APT to the value of PY_VERSION_HEX corresponding to the lowest Python version
your extension supports. The extension will work without recompilation with all Python 3 releases from the
specified one onward, and can use Limited API introduced up to that version.

Rather than using the PY_VERSION_HEX macro directly, hardcode a minimum minor version (e.g.
0x030A0000 for Python 3.10) for stability when compiling with future Python versions.

You can also define Py_ LIMITED_APT to 3. This works the same as 0x03020000 (Python 3.2, the version
that introduced Limited API).

2.2.2 Stable ABI

To enable this, Python provides a Stable ABI: a set of symbols that will remain compatible across Python 3.x versions.

The Stable ABI contains symbols exposed in the Limited API, but also other ones — for example, functions necessary
to support older versions of the Limited API.

On Windows, extensions that use the Stable ABI should be linked against python3.d11 rather than a version-
specific library such as python39.d11.

On some platforms, Python will look for and load shared library files named with the abi 3 tag (e.g. mymodule.
abi3.so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to
ensure that, for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

All functions in the Stable ABI are present as functions in Python’s shared library, not solely as macros. This makes
them usable from languages that don’t use the C preprocessor.

2.2.3 Limited API Scope and Performance

The goal for the Limited APl is to allow everything that is possible with the full C API, but possibly with a performance
penalty.

For example, while PyList_GetItem () isavailable, its “unsafe” macro variant PyList_GET_TITEM () is not.
The macro can be faster because it can rely on version-specific implementation details of the list object.

Without Py_LIMITED_API defined, some C API functions are inlined or replaced by macros. Defining
Py_LIMITED_APT disables this inlining, allowing stability as Python’s data structures are improved, but possi-
bly reducing performance.

By leaving out the Py_LIMITED_APT definition, it is possible to compile a Limited API extension with a version-
specific ABI. This can improve performance for that Python version, but will limit compatibility. Compiling with
Py_LIMITED_API will then yield an extension that can be distributed where a version-specific one is not available
— for example, for prereleases of an upcoming Python version.
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2.2.4 Limited API Caveats

Note that compiling with Py_LIMITED_APT is not a complete guarantee that code conforms to the Limited API or
the Stable ABI. Py_LIMITED_APT only covers definitions, but an API also includes other issues, such as expected
semantics.

One issue that Py_LIMITED_APT does not guard against is calling a function with arguments that are invalid in
a lower Python version. For example, consider a function that starts accepting NULL for an argument. In Python
3.9, NULL now selects a default behavior, but in Python 3.8, the argument will be used directly, causing a NULL
dereference and crash. A similar argument works for fields of structs.

Another issue is that some struct fields are currently not hidden when Py_LIMITED_APT is defined, even though
they’re part of the Limited APL

For these reasons, we recommend testing an extension with all minor Python versions it supports, and preferably to
build with the lowest such version.

We also recommend reviewing documentation of all used API to check if it is explicitly part of the Limited API.
Even with Py_LIMITED_APT defined, a few private declarations are exposed for technical reasons (or even unin-
tentionally, as bugs).

Also note that the Limited API is not necessarily stable: compiling with Py_LIMITED_AP I with Python 3.8 means
that the extension will run with Python 3.12, but it will not necessarily compile with Python 3.12. In particular, parts
of the Limited API may be deprecated and removed, provided that the Stable ABI stays stable.

2.3 Platform Considerations

ABI stability depends not only on Python, but also on the compiler used, lower-level libraries and compiler options.
For the purposes of the Stable ABI, these details define a “platform”. They usually depend on the OS type and
processor architecture

It is the responsibility of each particular distributor of Python to ensure that all Python versions on a particular
platform are built in a way that does not break the Stable ABI. This is the case with Windows and macOS releases
from python . org and many third-party distributors.

2.4 Contents of Limited API

Currently, the Limited API includes the following items:

e PY VECTORCALL_ARGUMENTS_OFFSET
e PyAlter_ Check ()

* PyArg Parse ()

e PyArg ParseTuple()

* PyArg ParseTupleAndKeywords ()

* PyArg _UnpackTuple ()

* PyArg VaParse ()

* PyArg VaParseTupleAndKeywords ()
* PyArg ValidateKeywordArguments ()
* PyBaseObject_Type

* PyBool_FromLong()

* PyBool_ Type

2.3. Platform Considerations 17
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PyBuffer FillContiguousStrides ()

PyBuffer FillInfo()
PyBuffer FromContiguous ()
PyBuffer GetPointer ()
PyBuffer IsContiguous ()
PyBuffer Release()
PyBuffer SizeFromFormat ()
PyBuffer ToContiguous ()
PyByteArrayIter_Type
PyByteArray_AsString ()
PyByteArray_ Concat ()

PyByteArray_ FromObject ()

PyByteArray_ FromStringAndSize ()

PyByteArray Resize()
PyByteArray_Size()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()

PyCFunction_Type
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e PyCMethod_ New ()

e PyCalllIter_New/()

* PyCalllter_Type

* PyCallable_Check ()

* PyCapsule_Destructor

* PyCapsule_GetContext ()

* PyCapsule_GetDestructor()

e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

* PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule_New ()

* PyCapsule_SetContext ()

* PyCapsule_SetDestructor ()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

* PyCapsule_Type

* PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

* PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

* PyCodec_IncrementalDecoder ()
e PyCodec_IncrementalEncoder ()
* PyCodec_KnownEncoding ()

* PyCodec_LookupError ()

* PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

* PyCodec_RegisterError()

* PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()

* PyComplex_ImagAsDouble ()

2.4. Contents of Limited API 19
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PyComplex_RealAsDouble ()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type
PyDictRevIterKey_Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DellItemString/()
PyDict_GetItem()
PyDict_GetItemString ()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqgZ2 ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type

PyEnum_Type

20
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e PyErr BadArgument ()

e PyErr BadInternalCall ()

* PyErr CheckSignals ()

* PyErr_ Clear ()

e PyErr_Display ()

* PyErr DisplayException ()

* PyErr ExceptionMatches ()

* PyErr Fetch()

* PyErr Format ()

* PyErr FormatV()

* PyErr GetExcInfo()

e PyErr GetHandledException ()

s PyErr GetRaisedException ()

* PyErr GivenExceptionMatches ()

e PyErr NewException()

* PyErr NewExceptionWithDoc ()

* PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

* PyErr PrintEx()

* PyErr_ProgramText ()

* PyErr ResourceWarning ()

* PyErr Restore()

e PyErr SetExcFromWindowsErr ()

* PyErr SetExcFromWindowsErrWithFilename ()
* PyErr SetExcFromWindowsErrWithFilenameObject ()
* PyErr SetExcFromWindowsErrWithFilenameObjects ()
* PyErr_ SetExcInfo()

* PyErr SetFromErrno ()

* PyErr SetFromErrnoWithFilename ()

e PyErr SetFromErrnoWithFilenameObject ()
* PyErr SetFromErrnoWithFilenameObjects ()
* PyErr SetFromWindowsSErr ()

* PyErr SetFromWindowsErrWithFilename ()

* PyErr SetHandledException ()

* PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

2.4. Contents of Limited API 21
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* PyErr_SetInterruptEx()

* PyErr SetNone ()

* PyErr SetObject ()

e PyErr SetRaisedException ()
e PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()
* PyErr_ WarnEx ()

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable()
e PyEval_AcquireLock ()

* PyEval_ AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
* PyEval EvalCode ()

* PyEval_ EvalCodeEx ()

e PyEval_FEvalFrame ()

e PyEval_FEvalFrameEx ()

* PyEval GetBuiltins ()

* PyEval_GetFrame ()

* PyEval_ GetFuncDesc ()

* PyEval_ GetFuncName ()

* PyEval_GetGlobals ()

e PyEval_GetLocals ()

* PyEval InitThreads ()

* PyEval_ ReleaseLock ()

* PyEval_ReleaseThread()

* PyEval_RestoreThread/()

* PyEval_ SaveThread ()

* PyEval_ThreadsInitialized()
e PyExc_ArithmeticError

* PyExc_AssertionError

e PyExc_AttributeError

* PyExc_BaseException

* PyExc_BaseExceptionGroup
* PyExc_BlockingIOError

* PyExc_BrokenPipeError
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e PyExc_BufferError
* PyExc_BytesWarning

* PyExc_ChildProcessError

e PyExc_ConnectionAbortedError

* PyExc_ConnectionError

* PyExc_ConnectionRefusedError

* PyExc_ConnectionResetError

e PyExc_DeprecationWarning
e PyExc_EOFError

* PyExc_EncodingWarning

e PyExc_EnvironmentError

* PyExc_Exception

e PyExc_FileExistsError

* PyExc_FileNotFoundError
e PyExc_FloatingPointError
* PyExc_FutureWarning

* PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

* PyExc_ImportWarning

* PyExc_IndentationError

e PyExc_IndexError

* PyExc_InterruptedError

* PyExc_IsADirectoryError
e PyExc_KeyError

e PyExc_KeyboardInterrupt
* PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError

¢ PyExc_NameError

* PyExc_NotADirectoryError

* PyExc_NotImplementedError

e PyExc_OSError

* PyExc_OverflowError

* PyExc_PendingDeprecationWarning

e PyExc_PermissionkError
* PyExc_ProcessLookupError
e PyExc_RecursionError

* PyExc_ReferenceError

2.4. Contents of Limited API
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PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StoplIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError

PyExc_UnicodeTranslateError

PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetArgs ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetArgs ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile_FromFd()
PyFile_GetLine ()

PyFile WriteObject ()
PyFile WriteString()
PyFilter_Type
PyFloat_AsDouble ()

PyFloat_FromDouble ()

24
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e PyFloat_FromString/()

e PyFloat_GetInfo()

* PyFloat_GetMax ()

* PyFloat_GetMin ()

e PyFloat_Type

* PyFrameObject

* PyFrame_GetCode ()

* PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

* PyFrozenSet_Type

* PyGC_Collect ()

* PyGC_Disable ()

e PyGC_Enable ()

* PyGC_IsEnabled()

e PyGILState_Ensure()

e PyGILState_GetThisThreadState ()
* PyGILState_Release ()

* PyGILState_ STATE

e PyGetSetDef

* PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

* PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

* PyImport_ExecCodeModuleEx ()

e PyImport_ExecCodeModuleObject ()
* PyImport_ExecCodeModuleWithPathnames ()
* PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

* PyImport_GetModuleDict ()

* PyImport_Import ()

e PyImport_ImportFrozenModule ()

* PyImport_ImportFrozenModuleObject ()
* PyImport_ImportModule ()

* PyImport_ImportModuleLevel ()

* PyImport_ImportModuleLevelObject ()

e PyImport_ImportModuleNoBlock ()
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e PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

* PyInterpreterState_Clear ()
* PyInterpreterState_Delete ()
e PyInterpreterState_Get ()

* PyInterpreterState_ GetDict ()
* PyInterpreterState_GetID ()
e PyInterpreterState_New()

e PyIter Check ()

* PyIter Next ()

e Pylter_Send()

e PyListIter_Type

e PyListRevIter_ Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert ()

e PyList_New/()

e PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

e PyList_Size/()

e PyList_Sort ()

e PyList_Type

* PyLongObject

¢ PyLongRangeIter_Type

e PyLong_AsDouble ()

e PyLong_AsLong()

* PyLong_AsLongAndOverflow()
* PyLong AsLongLong ()

e PyLong_AsLongLongAndOverflow()
* PyLong AsSize_t ()

* PyLong AsSsize_t ()

* PyLong_AsUnsignedLong ()

* PyLong_ AsUnsignedLongLong ()
* PyLong AsUnsignedLongLongMask ()

¢ PyLong_AsUnsignedLongMask ()
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* PyLong_AsVoidPtr ()

* PyLong_FromDouble ()

* PyLong_FromLong ()

* PyLong_FromLongLong ()

* PyLong FromSize_t ()

* PyLong FromSsize_t ()

e PyLong_FromString/()

e PyLong_FromUnsignedLong ()
* PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

* PyLong_GetInfo ()

e PyLong_Type

e PyMap_Type

* PyMapping_Check ()

* PyMapping GetItemString/()
* PyMapping_ HasKey ()

* PyMapping_ HasKeyString()
* PyMapping_Items ()

* PyMapping Keys ()

* PyMapping_Length ()

* PyMapping_SetItemString()
* PyMapping Size ()

* PyMapping_Values ()

* PyMem Calloc ()

* PyMem Free()

* PyMem _Malloc ()

* PyMem Realloc ()

* PyMemberDef

* PyMemberDescr_Type

* PyMember_GetOne ()

* PyMember_SetOne ()

¢ PyMemoryView_FromBuffer ()
e PyMemoryView_FromMemory ()
* PyMemoryView_FromObject ()
* PyMemoryView_GetContiguous ()
* PyMemoryView_Type

* PyMethodDef

¢ PyMethodDescr_Type

* PyModuleDef
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PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_Type

PyModule_ AddFunctions ()
PyModule AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_ AddStringConstant ()
PyModule AddType ()
PyModule_Create2 ()
PyModule_ExecDef ()

PyModule_ FromDefAndSpecZ ()
PyModule_ GetDef ()
PyModule_GetDict ()

PyModule_ GetFilename ()
PyModule_GetFilenameObject ()
PyModule_GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString()
PyModule_Type

PyNumber_ Absolute ()
PyNumber_Add ()
PyNumber_And ()

PyNumber_ AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber InPlaceAdd()
PyNumber_InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift ()
PyNumber_ InPlaceMatrixMultiply ()
PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()
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* PyNumber_InPlaceRemainder ()
* PyNumber_InPlaceRshift ()
* PyNumber_InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
* PyNumber_InPlaceXor ()

* PyNumber_Index ()

* PyNumber_Invert ()

e PyNumber_Long()

* PyNumber_Lshift ()

¢ PyNumber_MatrixMultiply ()
e PyNumber Multiply ()

* PyNumber_Negative ()

* PyNumber_Or ()

* PyNumber_ Positive ()

* PyNumber_ Power ()

e PyNumber_Remainder ()

* PyNumber_ Rshift ()

* PyNumber_Subtract ()

e PyNumber_ToBase ()

* PyNumber_TrueDivide ()

* PyNumber_Xor ()

* PyOS_AfterFork ()

* PyOS_AfterFork_Child()

* PyOS_AfterFork_ Parent ()

* PyOS_BeforeFork ()

e PyOS_CheckStack ()

e PyOS_FSPath ()

* PyOS_InputHook

* PyOS_InterruptOccurred()
e PyOS_double_to_string()

* PyOS_getsig()

* PyOS_mystricmp ()

e PyOS_mystrnicmp ()

e PyOS_setsig()

* PyOS_sighandler_t

* PyOS_snprintf ()

* PyOS_string_to_double ()

* PyOS_strtol ()

* PyOS_strtoul ()
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PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsCharBuffer()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call ()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc ()
PyObject_CheckBuffer()
PyObject_CheckReadBuffer ()
PyObject_CleariWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr ()
PyObject_GenericSetDict ()
PyObject_GetAlIter()
PyObject_GetAttr()

PyObject_GetAttrString/()
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e PyObject_GetBuffer()

* PyObject_GetItem()

* PyObject_GetIter ()

e PyObject_GetTypeData ()

* PyObject_HasAttr ()

e PyObject_HasAttrString()
* PyObject_Hash ()

* PyObject_HashNotImplemented ()
* PyObject_Init ()

* PyObject_InitVar()

e PyObject_IsInstance ()

* PyObject_IsSubclass ()

* PyObject_IsTrue ()

* PyObject_Length ()

e PyObject_Malloc()

* PyObject_Not ()

* PyObject_Realloc ()

* PyObject_Repr ()

e PyObject_RichCompare ()

* PyObject_RichCompareBool ()
* PyObject_Selflter()

* PyObject_SetAttr ()

e PyObject_SetAttrString()
* PyObject_SetItem()

* PyObject_Size()

* PyObject_Str()

e PyObject_Type ()

s PyObject_Vectorcall ()

* PyObject_VectorcallMethod/()
¢ PyProperty_Type

* PyRangelter_Type

¢ PyRange_Type

* PyReversed_Type

e PySeqgIlter_New /()

* PySeqlter_Type

* PySequence_Check ()

e PySequence_Concat ()

* PySequence_Contains ()

* PySequence_Count ()
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PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type
PySet_Add ()
PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()

PySet_Pop ()
PySet_Size()

PySet_Type

PySlice AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New()
PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()

PyStructSequence_NewType ()
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* PyStructSequence_SetItem()

* PyStructSequence_UnnamedField
* PySuper_Type

e PySys_AddWarnOption ()

* PySys_AddWarnOptionUnicode ()
* PySys_AddXOption ()

* PySys FormatStderr ()

* PySys_FormatStdout ()

* PySys_GetObject ()

* PySys_GetXOptions ()

* PySys_HasWarnOptions ()

* PySys_ResetWarnOptions ()

* PySys_SetArgv ()

* PySys_SetArgvEx ()

* PySys_SetObject ()

e PySys_SetPath ()

s PySys_WriteStderr ()

e PySys_WriteStdout ()

* PyThreadState

e PyThreadState_Clear ()

* PyThreadState_Delete ()

* PyThreadState_Get ()

* PyThreadState_GetDict ()

* PyThreadState_GetFrame ()

* PyThreadState_GetID()

e PyThreadState_GetInterpreter ()
e PyThreadState_New ()

* PyThreadState_SetAsyncExc ()
* PyThreadState_Swap ()

e PyThread_GetInfo()

¢ PyThread_ ReInitTLS ()

* PyThread_acquire_lock ()

e PyThread_acquire_lock_timed()
e PyThread_allocate_lock ()

* PyThread create_key ()

* PyThread delete _key ()

* PyThread_delete_key_value/()
e PyThread_exit_thread()

* PyThread_free_lock ()
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PyThread_get_key_value ()

PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_ set_key_value ()

PyThread_set_stacksize ()

PyThread_start_new_thread()

PyThread_tss_alloc()
PyThread_ tss_create()
PyThread_tss_delete ()
PyThread_tss_free()
PyThread tss_get ()
PyThread tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New()
PyTuple_Pack ()

PyTuple SetItem()
PyTuple_Size ()
PyTuple_Type
PyTypeObject
PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()

PyType_GetName ()

34

Chapter 2. C API Stability



The Python/C API, &g~ 3.12.4

e PyType_GetQualName ()

* PyType_GetSlot ()

e PyType_GetTypeDataSize ()

* PyType_IsSubtype ()

e PyType Modified()

* PyType_Ready ()

* PyType_Slot

* PyType_Spec

* PyType_Type

* PyUnicodeDecodeError_Create()

* PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd ()

* PyUnicodeDecodeError_GetObject ()

* PyUnicodeDecodeError_GetReason ()

* PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd ()

* PyUnicodeDecodeError_SetReason ()

* PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
* PyUnicodeEncodeError_GetEnd/()

* PyUnicodeEncodeError_GetObject ()

* PyUnicodeEncodeError_GetReason ()

e PyUnicodeEncodeError_GetStart ()

* PyUnicodeEncodeError_SetEnd()

* PyUnicodeEncodeError_SetReason ()

e PyUnicodeEncodeError_SetStart ()

* PyUnicodeIter_Type

* PyUnicodeTranslateError_GetEnd/()

* PyUnicodeTranslateError_GetObject ()
e PyUnicodeTranslateError_GetReason ()
* PyUnicodeTranslateError_GetStart ()
* PyUnicodeTranslateError_ SetEnd()

* PyUnicodeTranslateError_SetReason ()
e PyUnicodeTranslateError_SetStart ()
* PyUnicode_Append()

* PyUnicode_AppendAndDel ()

e PyUnicode_AsASCIIString()

* PyUnicode_AsCharmapString/()

* PyUnicode_AsDecodedObject ()
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PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()

PyUnicode_ AsUTF16String ()
PyUnicode_AsUTF32String ()
PyUnicode_ AsUTF8AndSize ()
PyUnicode_AsUTF8String ()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTFlé6Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()

PyUnicode_DecodeUTF7()
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e PyUnicode_DecodeUTF7Stateful ()
* PyUnicode_DecodeUTF8 ()

e PyUnicode_DecodeUTF8Stateful ()
* PyUnicode_DecodeUnicodeEscape ()
e PyUnicode_EncodeCodePage ()

* PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale ()

e PyUnicode_ FSConverter()

* PyUnicode_FSDecoder ()

e PyUnicode_Find/()

* PyUnicode_FindChar ()

e PyUnicode_Format ()

* PyUnicode_FromEncodedObject ()
* PyUnicode_FromFormat ()

e PyUnicode_ FromFormatV ()

e PyUnicode_FromObject ()

* PyUnicode_FromOrdinal ()

* PyUnicode_FromString()

e PyUnicode_FromStringAndSize ()
* PyUnicode_FromWideChar ()

* PyUnicode_GetDefaultEncoding ()
e PyUnicode_GetLength ()

e PyUnicode_InternFromString ()

* PyUnicode_InternInPlace()

e PyUnicode_IsIdentifier()

* PyUnicode_Join ()

* PyUnicode_Partition{()

e PyUnicode_RPartition()

* PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

* PyUnicode_Replace ()

* PyUnicode_Resize ()

* PyUnicode_RichCompare ()

e PyUnicode_Split ()

* PyUnicode_Splitlines()

e PyUnicode_Substring()

e PyUnicode_Tailmatch ()

* PyUnicode_Translate ()

* PyUnicode_Type
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PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call /()
PyVectorcall NARGS ()
PyWeakReference
PylWeakref_GetObject ()
PyWeakref_NewProxy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type

Py AddPendingCall ()

Py AtExit ()

Py _BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS

Py _BuildValue ()
Py_BytesMain ()

Py CompileString()
Py_DecRef ()
Py_DecodeLocale ()

Py _END_ALLOW_THREADS
Py_EncodeLocale ()

Py _EndInterpreter()
Py_EnterRecursiveCall ()
Py Exit ()
Py_FatalError()
Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx()
Py_GenericAlias ()

Py _GenericAliasType

Py GetBuildInfo()
Py_GetCompiler ()
Py_GetCopyright ()

Py GetExecPrefix/()

Py_GetPath()
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* Py GetPlatform()

* Py _GetPrefix/()

* Py GetProgramFullPath()
* Py GetProgramName ()

* Py _GetPythonHome ()

e Py_GetRecursionLimit ()
* Py GetVersion()

e Py_HasFileSystemDefaultEncoding
* Py _IncRef ()

e Py Initialize()

* Py InitializeEx()

* Py _Is()

e Py IsFalse()

e Py IsInitialized()

e Py _IsNone ()

e Py IsTrue()

* Py _LeaveRecursiveCall ()
* Py Main()

* Py_MakePendingCalls ()
* Py NewInterpreter()

* Py _NewRef ()

* Py _ReprEnter ()

* Py ReprLeave ()

* Py SetPath()

* Py SetProgramName ()

* Py _SetPythonHome ()

* Py_SetRecursionLimit ()
* Py UCS4

e Py UNBLOCK_THREADS

e Py_UTF8Mode

* Py VaBuildValue ()

e Py Version

* Py _XNewRef ()

e Py buffer

e Py_intptr_t

* Py ssize_ t

* Py_uintptr_t

* allocfunc

e binaryfunc
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* descrgetfunc

* descrsetfunc

* destructor

* getattrfunc

e getattrofunc

s getbufferproc

e getiterfunc

* getter

* hashfunc

e initproc

e inquiry

e iternextfunc

e lenfunc

* newfunc

* objobjargproc

* objobjproc

s releasebufferproc
* reprfunc

e richcmpfunc

* setattrfunc

* setattrofunc

e setter

* ssizeargfunc

* ssizeobjargproc
* ssizessizeargfunc
* ssizessizeobjargproc
e symtable

* ternaryfunc

* traverseproc

* unaryfunc

* vectorcallfunc

e visitproc
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Several of these functions accept a start symbol from the grammar as a parameter. The available start symbols are
Py_eval_input, Py_file_input,and Py_single_input. These are described following the functions
which accept them as parameters.

Note also that several of these functions take FILE* parameters. One particular issue which needs to be handled
carefully is that the FILE structure for different C libraries can be different and incompatible. Under Windows (at
least), it is possible for dynamically linked extensions to actually use different libraries, so care should be taken that
FILE* parameters are only passed to these functions if it is certain that they were created by the same library that
the Python runtime is using.

int Py_Madin (int argc, wchar_t **argv)
Part of the Stable ABL. 5 QIH{Z g5 2] W =2 77, o] AL ulo| A& Y33}
AZHUh argeargy 7| e CZ2 a0 main () 5ol AT =
Ful 8l oF U th (AHg A 2 A Dol whe} wehar_tZ W EF UTh. ¢
Frolfol HUEhOhA 2142 5ol 7hel ) A del v Be .
BFHROR (F,d9 glo]) TS 20, A2 A3 A =ZeE 7t T d 1, i) A
520l §a% sho W 9% 2L LehhA] oW 274 F ULk
Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the
process, as long as PyConfig. inspect is zero.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () 2} -FAV5HA] Bt argv= BFo] E B2 9] v g Y Yt}
Added in version 3.8.

int PyRun_AnyFile (FILE *fp, const char *filename)
ob#l PyRun_AnyFileExFlags () & ©<=3td A o]~ YT} closeit> 02 2 flags= NULLZE
ARQE ez G AF YU

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
o}#]l PyRun_AnyFileExFlags () & @38 e d o]~ d YTt o] AL closeit AAE 002 A4
AE dElE dAE Y

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
olell PyRun_AnyFileExFlags () 9 ©<std A H oAUtk o] A2 flugs AAE NULLE
ARE AR dAF Y
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename is decoded from the filesystem encoding (sys.
getfilesystemencoding () ). If filename is NULL, this function uses "2 ?7?" as the filename. If closeit
is true, the file is closed before PyRun_SimpleFileExFlags () returns.

int PyRun_SimpleString (const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the
PyCompilerFlags* argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)

flags A} Wt _main_ EEO|A commandol Y= Tto]H A F=E AP Th _ main_
‘ﬂzﬂﬂﬂ%ﬂﬁﬂvwﬂ-H+ﬁﬂogqmnﬁwhwir%%g@qq,waﬂﬁgg,
ole] AHE A W ol fFUTh flugsd] vl ol & FR A Al L.
Note that if an otherwise unhandled SystemExit is raised, this function will not return —1, but exit the
process, as long as PyConfig. inspect is zero.

int PyRun_SimpleFile (FILE *fp, const char *filename)
ole] PyRun_SimpleFileExFlags () & ©<3td QA o]A2YdYUTh cdoseitS 022, flagss
NULLE A" e =2 dAFYh

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob#] PyRun_SimpleFileExFlags () & ©<3d A g H o) A2Y YT flagsE NULLE A A A A
& FAFUTH

int PyRun_SimpleFileExFlags (FILE *{p, const char *filename, int closeit, PyCompilerFlags *flags)

Similar to PyRun_SimpleStringFlags (), but the Python source code is read from fp instead of an
in-memory string. filename should be the name of the file, it is decoded from filesystem encoding and error
handler. If closeit is true, the file is closed before PyRun_SimpleFileExFlags () returns.

2
I

AZ oA, fp=rloly g REE gojof Ut} (9 & £9¢] fopen (filename, "rb")). I
Bz orom Ho|MEILFZE Z287 Y= ATHE 31U nl24 e sHA] £ 4 9 %HD}

int PyRun_InteractiveOne (FILE *fp, const char *filename)
O}EH PyRun_InteractiveOneFlags () 9] ‘ﬂ'{fi}-% ?_]H Ylﬂ O] e ?:] 14 D]— ﬂags% NULLE A 7§ =
el = AT YT

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags *flags)

Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem
encoding and error handler.

Qo] e AT ] 02, o9 7 Yo w 1L, wx T EA o2zt g sol e Y
=2 HH—'-Q errcode.h QAIEF = gldof = o8] Z=E H¥33 Yt} (errcode.h™= Python.h
oA AFFE38HA] k7] fCH—c°ﬂ g g3t 53] AFF sl of Toll Fo Al L)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ob#l PyRun_InteractiveLoopFlags () & T3St A g H o]~ Y YTh flagsE NULLE A A =
FE 2 FAF U

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem encoding and error
handler. Returns 0 at EOF or a negative number upon failure.
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int (*PyOS_InputHook)(void)

Part of the Stable ABl. ZZ EE}}] int func (void 17| =8 AAE 4 5] o

) TE
Foe sholdlel AR Y 2FETL g JE2E 5D Eul el A g 99 E ke
I} B2 F U B8 e FAF U of & AR5 AL Tho] A A2 =] Modules)/
_tkinter.cold B AN AHZHY SEZEE R o ME 229 FeE U A8 5
9%t

¥ A 3.129)| A ¥ 7 : This function is only called from the main interpreter.

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char¥*)

ZZEE}Y] char *func (FILE *stdin, FILE *stdout, char *prompt) 9 S5 7}
%% QA s, dezen 2Exeo A B 48 22 A ST 2 Y
2 5T o] ¥4 = NULLO] obU W F A d promprS = 3 oh5 Al wE 22 )
Qe 22 9y Ay BEA QL npstat ﬂo]a}_ﬂ 7l Utk o & S0, readline REL o] &
ARt E AL H &4 Ve AT FUTh
A3}= PyMem RawMalloc () ©Y PyMem RawRealloc () o2 StH Ex1E o] A, ol 8] 7} 2+
A3 o NULL o] of of gt}
HA 3404 AA: AdFE PyMem Malloc ()oY PyMem Realloc ()2 33t thAl,
PyMem_RawMalloc () ©]Y PyMem RawRealloc () 22 3] oF st}
¥ A 3.129)| A ¥ 7 : This function is only called from the main interpreter.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *1ocals)
Return value: New reference. ©}# PyRun_StringFlags () 2] ©<3ld Qe oAUt o] AL
flagsE NULLE A9 A2 GAFYTh

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,

PyCompilerFlags *flags)

Return value: New reference. flagsZ XA H Autd e Z | 25 AF&35F] globalsi locals AR 2 A A H
A E A E of A str°ﬂ A ghol W A I =S AP globals= B A 2] o] o] oF It} locals+

WA 22 R R e FAE RE AN D 4 AR T W W s 22 TES FE RS
ol ALg Bl oF S A% B2 S A4 T
=S AW ATE shol A A 2 WAL, o9 7h B A NULLE WG U T

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals)
Return value: New reference. ©}2l PyRun_FileExFlags ()2 ©<3}H QA g 3 o] 2~ J Yt} closeits
022, flagse NULLE A H JE| 2 G AF YT

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int
closeit)

Return value: New reference. ©}8| PyRun_FileExFlags ()2 ©<3d QA E o]~ P Ut flagss
NULLE A4 dE 2 EAF Y

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,

PyCompilerFlags *flags)

Return value: New reference. ©}2 PyRun_FileExFlags ()2 ©<=3tH QA g 9 o] 2~ A Yt} closeit-
002 439 ez dAF YT

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,

int closeit, PyCompilerFlags *flags)

Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from

fp instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem
encoding and error handler. If closeit is true, the file is closed before PyRun_FileExFlags () returns.

PyObject *Py_CompileString (const char *str, const char *filename, int start)

Return value: New reference. Part of the Stable ABL. o}#}] Py CompileStringFlags () & w<3tH
A B o]~ Ut flugsE NULLE A A H A2 § A3t}
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PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)

Return value: New reference. o}&}) Py_CompileStringExFlags () & ©a3lH Qg oA dUth
optimizes -12 239 JHE FAFU T

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags,
int optimize)

Return value: New reference. Parse and compile the Python source code in str, returning the resulting code
object. The start token is given by start; this can be used to constrain the code which can be compiled and should
be Py_eval_input,Py_file_input,or Py_single_input. The filename specified by filename is
used to construct the code object and may appear in tracebacks or SyntaxError exception messages. This
returns NULL if the code cannot be parsed or compiled.

A4 optimize= ALY O] H A3} 2 AZFUTE -1 F2 -0 FHLE Foj3 AAH QA=
2eo] H A48l 452 AuFUTh WAH $52 0 (A8 9.5; __debug__7} 2, 1 (o] Aol
AAS L __debug_ 7t AR B2 (F2EHZ AAGYH YUtk

Added in version 3.4.

o

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded
from the filesystem encoding and error handler.

Added in version 3.2.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)

Return value: New reference. Part of the Stable ABL. ©] A& T & A2} A Hae 2 2o H4vlk 9l
PyEval_FEvalCodeEx ()9 T3l Qg H o]~ J Yt} thE Q1A= NULLE A q A=)

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args, int
argcount, PyObject *const ¥*kws, int kwcount, PyObject *const *defs, int
defcount, PyObject *kwdefs, PyObject *closure)

Return value: New reference. Part of the Stable ABL. 0] Z 3715 913t & &4 A, v]g] A3}LA
D= AAE FAGUL o B4 A W) AU, A A5 WY AR, A% WD
7= 7125, 71 = A8 AR T2 gade D Ao S2A4 FEE F4F YT

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Return value: New reference. Part of the Stable ABL. A8 Z & J-& H 71 Uch o] A AT T3AES
3%}, PyEval EvalFrameEx ()2 @<3tH ?_]H Jﬂ o]~ 9] 14 c}.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwﬂag)
Return value: New reference. Part of the Stable ABL. ©] Z1-& u}o]# ¢lgZ | E Q] H <], Fu] x| L
T4 QU A8 2979 Aoe 2= AR A ok ool whel upol = T=8 S ey
552 A PUTh F7F drowflag A W A FAZ S LTk Folw, o) 27 S
WAHEEZ FUTH Ao 8 AA throw () WA o) AHSH Uk
WA 34004 MA: o] 4t oA B4 o9 S 288 WA BPeA] FBEE =Ly U

A AS E I,
int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o] T4 A Ptz Yo S 1S AR, BFSt

rE
Y
m[o
L,
£
ok
)
X
N,
tlo
rE
rit
o
<
v

int Py_eval_input
Ze8 B @A 8 shol M B N2 7 E; Py Compilestring ()% F7) AHEFTh
int Py_file_input
stdol it the 2zoA g BEFe ANA~E 9 v
Py CompileString ()3 @7 AHEFUT. do=Z U Jo]H o FE
&= 7=yt

Rl

SN
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int Py_single_input
9 242 A% sl W £ o) A A E; Py_CompileString ()3 B ASFUTE HhEhA
Az g Fxo] At 7 EYth

struct PyCompilerFlags
RS Fotde) B TIE B v AEH & FRAYUD TES AL A S P int
flags® AEZH I, =7} A3YEH = AP pyCompilerFlags *flags® AEZH Yt} o] 3%,
from __ future_  import¥ flagss £+ 4 JdH5UTH
Whenever PyCompilerFlags *flagsis NULL, cf_flagsis treated as equal to 0, and any modifica-
tion due to from __ future_  import is discarded.

int cf_flags
Aorde S,
int c£_feature_version
of_feature_version-< 5 3}o] 4 ¥4 YT} PY_MINOR_VERSIONS & % 7|3}5] o] oF gk}

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
WA 3.8 A WA : of_feature_version BEZE F7FH 5 U Th

int CO_FUTURE_DIVISION
flagsol| A o] I EE A 73t PEP 238 whe} 7] A4kz}F /& “A 4 U 7] (true division)” 2 3
SRR R =
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The functions and macros in this section are used for managing reference counts of Python objects.
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.

Note that the returned value may not actually reflect how many references to the object are actually held. For
example, some objects are “immortal” and have a very high refcount that does not reflect the actual number of
references. Consequently, do not rely on the returned value to be accurate, other than a value of 0 or 1.

Use the Py SET REFCNT () function to set an object reference count.

WA 3.1090 A A : Py_REFCNT () is changed to the inline static function.

W A 3.119]| 4] ¥ 7 : The parameter type is no longer const PyObject*.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)

Set the object o reference counter to refcnt.
Note that this function has no effect on immortal objects.
Added in version 3.9.
¥ A 3.129) A ¥ 7 : Immortal objects are not modified.
void Py_ INCREF (PyObject *0)
Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

This function is usually used to convert a borrowed reference to a strong reference in-place. The
Py_NewRef () function can be used to create a new strong reference.

When done using the object, release it by calling Py_ DECREF ().
The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XTNCREF ().

Do not expect this function to actually modify o in any way. For at least some objects, this function has no
effect.

¥ A 3.129)| A ¥ 7 : Immortal objects are not modified.
void Py_XINCREF (PyObject *0)
Similar to Py_ TNCREF (), but the object o can be NULL, in which case this has no effect.

See also Py XNewRef ().
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PyObject *Py_NewRe£ (PyObject *0)
Fart of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py_ TNCREF () on
o and return the object o.

When the strong reference is no longer needed, Py DECREF () should be called on it to release the reference.
The object 0 must not be NULL; use Py_ XNewRef () if o can be NULL.

For example:

Py_INCREF (obj) ;
self->attr = obj;

can be written as:

[self7>attr = Py_NewRef (obj) ; }

See also Py TNCREF ().
Added in version 3.10.

PyObject *Py_XNewRef (PyObject *0)
Part of the Stable ABI since version 3.10. Similar to Py_NewRef (), but the object 0 can be NULL.

If the object o is NULL, the function just returns NULL.
Added in version 3.10.

void Py_DECREF (PyObject *0)
Release a strong reference to object o, indicating the reference is no longer used.

Once the last srong reference is released (i.e. the object’s reference count reaches 0), the object’s type’s
deallocation function (which must not be NULL) is invoked.

This function is usually used to delete a strong reference before exiting its scope.
The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XDECREF ().

Do not expect this function to actually modify o in any way. For at least some objects, this function has no
effect.

A3

The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class instance with
a__del__ () method is deallocated). While exceptions in such code are not propagated, the executed
code has free access to all Python global variables. This means that any object that is reachable from a
global variable should be in a consistent state before Py DECREF () is invoked. For example, code to
delete an object from a list should copy a reference to the deleted object in a temporary variable, update
the list data structure, and then call Py DECREF () for the temporary variable.

H A 3.129) A ¥ 7 : Immortal objects are not modified.

void Py_XDECREF ( PyObject *0)

Similar to Py_ DECREF (), but the object o can be NULL, in which case this has no effect. The same warning
from Py_DECREF () applies here as well.

void Py_CLEAR (PyObject *0)
Release a strong reference for object o. The object may be NULL, in which case the macro has no effect;
otherwise the effect is the same as for Py DECREF (), except that the argument is also set to NULL. The
warning for Py_ DECREF () does not apply with respect to the object passed because the macro carefully uses
a temporary variable and sets the argument to NULL before releasing the reference.

It is a good idea to use this macro whenever releasing a reference to an object that might be traversed during
garbage collection.
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W A 3.120]| 4] M 7 : The macro argument is now only evaluated once. If the argument has side effects, these
are no longer duplicated.

void Py_IncRef (PyObject *0)

Part of the Stable ABIL Indicate taking a new strong reference to object o. A function version of
Py_XINCREF (). It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *0)

Fart of the Stable ABI. Release a strong reference to object o. A function version of Py XDECREF (). It can
be used for runtime dynamic embedding of Python.

Py_SETREF (dst, src)

Macro safely releasing a strong reference to object dst and setting dst to src.

Asin case of Py CLEAR (), “the obvious” code can be deadly:

Py_DECREF (dst) ;
dst = src;

The safe way is:

[Py_SETREF(dst, src); }

That arranges to set dst to src _before_ releasing the reference to the old value of dst, so that any code triggered
as a side-effect of dst getting torn down no longer believes dst points to a valid object.

Added in version 3.6.

WA 3.129] A ¥ 7 : The macro arguments are now only evaluated once. If an argument has side effects,
these are no longer duplicated.

Py_ XSETREF (dst, src)
Variant of Py SETREF macro that uses Py XDECREF () instead of Py DECREF ().

Added in version 3.6.

WA 3.129| A ¥ 7 : The macro arguments are now only evaluated once. If an argument has side effects,
these are no longer duplicated.
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CHAPTER D

o 2] A &

The functions described in this chapter will let you handle and raise Python exceptions. It is important to understand
some of the basics of Python exception handling. It works somewhat like the POSIX errno variable: there is a
global indicator (per thread) of the last error that occurred. Most C API functions don’t clear this on success, but
will set it to indicate the cause of the error on failure. Most C API functions also return an error indicator, usually
NULL if they are supposed to return a pointer, or —1 if they return an integer (exception: the PyArg_* functions
return 1 for success and 0 for failure).

FARCE, e BAE A A AA TAHE PR 19 G, 9 L Edolam A,
o1¢] ¢ EE T A AF A oW NULLO] B 5 UFUTHEA T AR 23 FAF o] grinh, oS

E0] o9 3 o] NULLe]® NULLe] ofd Edo]2aWE 712 4= g5 YTh.
TET AF S Aste] grh Asfeof S o), At o2 o2 ZAVIE AASHA syt &
23 947} ol 9] BAAGUG AN G AL AN G AL AT UGH 2E ADACHS A G2
w22 &ehE B elek T gk ok & Aol L) o2l & xmw 17} 517 skgke W) 4R o=
A% A Sfolot Tich, ol = A iAo, 2 Aol A ool 1 898 S el Aol 32T
o} ol 2] S A 2lskA] AU AF A A atetA] ko, sho] »/C APIO| th @ :7F 2 & 0] =3 =
4552 FS 5 om T4 Y 0T AT 5 Iyt

3

2] 47 sys.exc_info () o AH7hohgduiTh A o} s LA ok (ehA o} 43 A3t

F Q) o 9ol St whd, FAE 229 F(WetA A7t FTE) o9 S WY Th

5.1 QA e} #]-5-7]

void PyErr_Clear ()

Part of the Stable ABL o & T A 7|2 AUt} o8] A 717 A o] 9 god §37) 9%
Yt

void PyErr_ PrintEx (int set_sys_last vars)
Part of the Stable ABL. & E@|o]2W & sys.stderr® A5t o ] TA| 7] & A YTt o7}

SystemExit 7} opyl ?]', o] AL-ol= Eglo]ao] 2T X k71 Flo] W T Z M AL SystemExit
olxEl Ao 95 A AW o8 Tz EEE UL
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o 2] FA 7|7k A E g eeolhes o] PE BETAA L. THA OB AW H ol 27} 24y
FeH
If set_sys_last_vars is nonzero, the variable sys.last_exc is set to the printed exception. For

backwards compatibility, the deprecated variables sys.last_type, sys.last_value and sys.
last_traceback are also set to the type, value and traceback of this exception, respectively.

A 3.129]| A ¥ 7 : The setting of sys.last_exc was added.
void PyErr_ Print ()
Part of the Stable ABL. PyErr_PrintEx (1) 2] 4.
void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & 2] o] 2] 2} obj A A}E AF-23}9] sys.unraisablehook () & T& 3}

This utility function prints a warning message to sys.stderr when an exception has been set but it is
impossible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan___del () method.

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of 0bj will be printed in the warning message. If obj is NULL, only the traceback
is printed.

Ol FFETET W N E AAH ] ook Fh
¥ A 3.49]| 4] ¥ 7 : Print a traceback. Print only traceback if obj is NULL.
B A 3.80| A ¥ 7 : Use sys.unraisablehook ().

void PyErr_ DisplayException (PyObject *exc)

Part of the Stable ABI since version 3.12. Print the standard traceback display of exc to sys.stderr,
including chained exceptions and notes.

Added in version 3.12.

5.2 o 2] WY A]7]7]

B4 5 A 2Y =9 o) A VS AAE £l FUTh B E A, o AT B F IRE
A return 2o A AFEE NULL Z A EE w33 T

ot O,

void PyErr_SetString (PyObject *type, const char *message)
Fart of the Stable ABI. This is the most common way to set the error indicator. The first argument specifies
the exception type; it is normally one of the standard exceptions, e.g. PyExc_RuntimeError. You need

not create a new strong reference to it (e.g. with Py_ TNCREF () ). The second argument is an error message;
it is decoded from 'ut £-8"'.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] 8&+4~%= pPyErr SetString ()3 FAFSHA R, o9 9] “zk o o] 299
stold AHE A4 T 5 AF Tk

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL. o] &= of| 2] B A 7] & A A S} NULLS Wy
o). exceprion e 7o) 4 o 9] S| 2] oF FUTh. formarsh 55 v 7] W4 ol 2] v Al A 8 E WS
o =90l YUt} PyUnicode FromFormat () ol A9} 22 o) u| @} Zh-& 25 Yt} formar2 ASCII
A AL,

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Part of the Stable ABI since version 3.5. PyErr_Format ()3} Z2A| 9}, 7FH
Mg2] A= 4l va_list AAE HFTh

Added in version 3.5.
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void PyErr_SetNone (PyObject *type)
Part of the Stable ABIL. ¢] 212 PyErr_SetObject (type, Py_None)?Q &£ Y YTt

int PyErr_BadArgument ()

Part of the Stable ABL. ©] A& PyErr_SetString (PyExc_TypeError, message)d &Y %3
AU 71 A message= AEH AR 2 )3 Aol 5EH Qe iU g RE R &9
gt

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABIL. ©] Z-2 PyErr_SetNone (PyExc_MemoryError)
o £d AU DP; NULLS Rb&si A AA &9 e v2e 7t #52 o return
PyErr_NoMemory (); 2t11 & 4 54t

PyObject *PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. Part of the Stable ABI. This is a convenience function to raise an exception
when a C library function has returned an error and set the C variable errno. It constructs a tuple object
whose first item is the integer e r rno value and whose second item is the corresponding error message (gotten
from strerror () ),and thencalls PyErr_SetObject (type, object). OnUnix, whenthe errno
value is EINTR, indicating an interrupted system call, this calls PyErr CheckSignals (), and if that set
the error indicator, leaves it set to that. The function always returns NULL, so a wrapper function around a
system call can write return PyErr_SetFromErrno (type); when the system call returns an error.

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. Part of the Stable ABI. Similarto PyErr SetFromErrno (), with the addi-

tional behavior that if filenameObject is not NULL, it is passed to the constructor of fype as a third parameter.
In the case of OSError exception, this is used to define the £ilename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return  value: Always  NULL. Part of the Stable ABI since version 3.7.
PyErr SetFromErrnoWithFilenameObject ()&} FAFSIAI W F 719 5dH & Hol=

a7t s ) ol B HANT 7 9o £ AA s AR E A o
Added in version 3.4.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)

Return  value: Always  NULL. Part  of the Stable ABIL Similar  to
PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. file-
name is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a convenience
function to raise OSError. If called with ierr of 0, the error code returned by a call to GetLastError ()
is used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of
error code given by ierr or GetLastError (), then it constructs a OSError object with the winerror
attribute set to the error code, the st rerror attribute set to the corresponding error message (gotten from
FormatMessage () ), and then calls PyErr_SetObject (PyExc_OSError, object). This func-
tion always returns NULL.

7144 A=,
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErr () 2 FAFStH, HAA D o & F& XA st= F7F w7
7 9% ek
HeA: AES
PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. Similar to
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PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is de-
coded from the filesystem encoding (os . fsdecode () ) and passed to the constructor of OSError as a
third parameter to be used to define the £ilename attribute of the exception instance.

718N A=
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. Similar to
PyErr_SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is
passed to the constructor of OSError as a third parameter to be used to define the £ilename attribute of
the exception instance.

1A A S,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject

*filename, PyObject *filename?2)

Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetExcFromWindowsErrWithFilenameObject ()& FAFSHA W, & A A 3ld ™
AR 8 ol E et
7H873 AR
Added in version 3.4.

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char

*filename)

Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErrWithFilename ()@ FAFSHH, A Z o9 FL A=
F7h o) W4 e,
7+ AR

PyObject *PyErr_SetImportError (PyObject *msg, PyObject ¥*name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportErrorS A A 7] &= HY

T dUth msge AL wIAA] BAE 2 AAF U & thNuLLel 2 5 S+, named} path=
Z+Zy ImportError? named path A EZHEZ AFH Y}

Added in version 3.3.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr_Set ImportError () 2
- B8R R, o] Fps WAL ImportErrord] AH ZH2E AR E + Y5 UHh
Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
AAY ol 2] ol T &k 9} (file), & (line) B 2 A (offset) H HE HA T AA| |27} SyntaxError
Zhoh @, 37} o2 el RES A 3tel, o) olsf 519 A 29 o] 9] 7} syntaxErrorehi A2
s gk,
Added in version 3.4.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

Part of the Stable ABI since version 3.7. Like PyErr_SyntaxLocationObject (), but filename is a
byte string decoded from the filesystem encoding and error handler.

Added in version 3.2.

void PyErr_SyntaxLocation (const char *filename, int lineno)

Fart of the Stable ABI. Like PyErr SyntaxLocationEx (), butthe col_offset parameter is omitted.
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void PyErr_BadInternalCall ()
Part of the Stable ABL. ©] A2 PyErr_SetString (PyExc_SystemError, message)d &% %
BYITh. o1 7) A message s - A4 (G1E Fol ol H/C API §5) o] R A= 52593 L
Gebd U o 2 U 89U o)

5.3 7 3 235}

o) B4 8 AHE5t0] C TEo| A AT E FASAA L. ko] 4l warnings TEONH Wil FAT T4
E v F Ut dubd 0 2 sysstderrol] A WA A S APk v AR A A E A E
AZsteF AZYPS 5 2oy, o] A 72 AU A FX Y ZARE A3) o] 71 o<
E DA 7= A 7Fe Yt o9 7 B sk A] ko kS gh2 0o]z, o &) 7F g et ~1 Y Th
(B WA A ZFAA R A =AU L9 o] FE AT 5 gl Ut ol A2 g=ddYth) &7t
WS, S &A= AAA QA AL A E Mo FUTH(AE £, &7 FRE Py DECREF () 814l
of 2 k< vk ).
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 73 11 W] A] 2| & &3 U T}, category Q1A= A 11 H3E (o & IFZ23SH4AAI )Y
NULL %] U t}; message Q1 AF= UTF-8 2 Q1 Z P H 2} QU Th stack_level S 2~ Zd|J +E A F
Ste o dUth sl d 28 =y doA dA A8 FQ ZE EollA Fa7F HA T stack_level
o] 10|W PyErr WarnEx ()& &%= &5,2+ 199 &5, 5.
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int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)

Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper
around the Python function warnings.warn_explicit () ;see there for more information. The module
and registry arguments may be set to NULL to get the default effect described there.

Added in version 3.4.

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const
char *module, PyObject *registry)

Fart of the Stable ABL Similarto PyErr_ WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL. PyErr_WarnkEx ()2} FAFSE SR, PyUnicode FromFormat ()< AH&
aho] 27 W A2 ERFF T formare ASCI Q13 & H £ 412 ]k,
Added in version 3.2.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

Part of the Stable ABI since version 3.6. Function similar to PyErr WarnFormat (), but category is
ResourceWarning and it passes source to warnings.WarningMessage.

Added in version 3.6.
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5.4 o2 47| 23]38}7]

PyObject *PyErr_Occurred ()
Return value: Borrowed reference. Part of the Stable ABL. Test whether the error indicator is set. If set,
return the exception type (the first argument to the last call to one of the PyErr_Set* functions or to
PyErr_Restore ()). If not set, return NULL. You do not own a reference to the return value, so you
do notneed to Py DECREF () it.

&A= GIL& 23l of Fu

S
WHE ke 5 o919} W B WP A) 2 Al PyErr_Bxceptionatches () AHSEHAIA
Colel g BEFAA L. (2 a2l A el ZeA B AsB Aol A, el ke
o919 NH Feh2d 5 oA Wt Ashstr) A& UTh)

int PyErr_ExceptionMatches (PyObject *exc)
Fart of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred (), exc) =
GuUth oL 7 A AR E S wivt EEs of T o 2] 72 SR ek o m R 2] HA
9 uke] WA ok,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABI. given o] 2] 7} exc2] o] 2] &3} L X151 22 ¥E3shU th exc7t 22
giveno] A B Fef20] AR Y wj = & W) exc7} ZolW, FEol A=
(2L ME FEZEAAGLR)S dAE A 24T U

PyObject *PyErr_GetRaisedException (void)
Return value: New reference. Part of the Stable ABI since version 3.12. Return the exception currently being
raised, clearing the error indicator at the same time. Return NULL if the error indicator is not set.

This function is used by code that needs to catch exceptions, or code that needs to save and restore the error
indicator temporarily.

For example:

g
{
PyObject *exc = PyErr_GetRaisedException();

/* ... code that might produce other errors ... */

PyErr_SetRaisedException (exc);

t] 17]

PyErr_GetHandledException (), to save the exception currently being handled.

Added in version 3.12.

void PyErr_SetRaisedException (PyObject *exc)
Fart of the Stable ABI since version 3.12. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

A3

This call steals a reference to exc, which must be a valid exception.
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Added in version 3.12.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
Part of the Stable ABL. ¥} 3.125-¥] 9| X| & : Use PyErr GetRaisedException () instead.
FAZFAGE A RS RS oY EA7]E APYTH ol 8 A7) 7 A A] gkgke ™ 1 HTE
EFENULLE AP GUTH AA3F Ao, YA L AW ZF Aol th 3k F2E of 2l o] & th
gt Edolam A AR 137 2w w NuLLY & 95U Th

e

al
This function is normally only used by legacy code that needs to catch exceptions or save and restore the

error indicator temporarily.

For example:

{
PyObject *type, *value, *traceback;

PyErr_Fetch (&type, &value, &traceback);

/* ... code that might produce other errors ... */

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABL. ¥} 3.125-¥] 5| X| & : Use PyErr_SetRaisedException () instead.

Set the error indicator from the three objects, type, value, and traceback, clearing the existing exception if one
is set. If the objects are NULL, the error indicator is cleared. Do not pass a NULL type and non-NULL value
or traceback. The exception type should be a class. Do not pass an invalid exception type or value. (Violating
these rules will cause subtle problems later.) This call takes away a reference to each object: you must own
a reference to each object before the call and after the call you no longer own these references. (If you don’t

understand this, don’t use this function. I warned you.)

L

Al

This function is normally only used by legacy code that needs to save and restore the error indicator tem-
porarily. Use PyErr_Fetch () to save the current error indicator.

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL. W74 3.12 8- €] | 2| : Use PyErr_GetRaisedException () instead, to avoid
any possible de-normalization.
ER AZ A, o}el] pyErr Fetch ()7 ¥b8els Zh2 «n] AFEEH AL 4 95
= F = AA o] ARk *valL 22 FHag dadartopd Ut o] e o] A
28233t o AT 5 A5 U 3ol o] B o] Yo, ofF A o]
A A AFshe A T 99 FaE U,

This function does not implicitly set the __traceback___ attribute on the exception value. If setting the

traceback appropriately is desired, the following additional snippet is needed:

if (tb != NULL) {
PyException_SetTraceback (val, tb);

}
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PyObject *PyErr_GetHandledException (void)
Fart of the Stable ABI since version 3.11. Retrieve the active exception instance, as would be returned by
sys.exception (). This refers to an exception that was already caught, not to an exception that was
freshly raised. Returns a new reference to the exception or NULL. Does not modify the interpreter’s exception

state.

L

Al
This function is not normally used by code that wants to handle exceptions. Rather, it can be used when code
needs to save and restore the exception state temporarily. Use PyErr_SetHandledException () to

restore or clear the exception state.

Added in version 3.11.

void PyErr_SetHandledException (PyObject *exc)
Part of the Stable ABI since version 3.11. Set the active exception, as known from sys.exception ()
This refers to an exception that was already caught, not to an exception that was freshly raised. To clear the

exception state, pass NULL.

1
This function is not normally used by code that wants to handle exceptions. Rather, it can be used when code
needs to save and restore the exception state temporarily. Use PyErr_GetHandledException () to

L

get the exception state.

Added in version 3.11.

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABI since version 3.7. Retrieve the old-style representation of the exception info, as
known from sys.exc_info (). This refers to an exception that was already caught, not to an excep-
tion that was freshly raised. Returns new references for the three objects, any of which may be NULL.
Does not modify the exception info state. This function is kept for backwards compatibility. Prefer using

PyErr GetHandledException ().

k31

o] Gt AMAO R o9 E A el TEAA A . 239, =7} o9
A e A AT Bk B wf AL 5 ETh o] HHE BASRAL AW

PyErr SetExcInfo ()& AFE3HA Al L
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A
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> Iy
A
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Added in version 3.3.
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info ()

refers to an exception that was already caught, not to an exception that was freshly raised. This function steals
the references of the arguments. To clear the exception state, pass NULL for all three arguments. This function

is kept for backwards compatibility. Prefer using PyErr_SetHandledException ().

. This

z 3

ol g dutF o g o & A e TEA ALHA FFUth 238, Z=7}
AS) AHE AN = AR BN B 1) AT 5 Ak ol AHE Aeeu
PyErr_GetExcInfo () S ARSI A 2.

Added in version 3.3.
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WA 3.119] 4] M 7 : The type and t raceback arguments are no longer used and can be NULL. The
interpreter now derives them from the exception instance (the value argument). The function still steals
references of all three arguments.

5.5 A A zst7]

int PyErr_CheckSignals ()
Part of the Stable ABI. This function interacts with Python’s signal handling.

If the function is called from the main thread and under the main Python interpreter, it checks whether a signal
has been sent to the processes and if so, invokes the corresponding signal handler. If the signal module is
supported, this can invoke a signal handler written in Python.

The function attempts to handle all pending signals, and then returns 0. However, if a Python signal handler
raises an exception, the error indicator is set and the function returns —1 immediately (such that other pending
signals may not have been handled yet: they will be on the next PyErr_CheckSignals () invocation).

If the function is called from a non-main thread, or under a non-main Python interpreter, it does nothing and
returns 0.

This function can be called by long-running C code that wants to be interruptible by user requests (such as by
pressing Ctrl-C).

L

al

The default Python signal handler for SIGINT raises the KeyboardInterrupt exception.

void PyErr_SetInterrupt ()

Part of the Stable ABL ~ Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

L

al

This function is async-signal-safe. It can be called without the GI/L and from a C signal handler.

int PyErr_SetInterruptEx (int sighum)

Part of the Stable ABI since version 3.10. Simulate the effect of a signal arriving. The next time
PyErr_CheckSignals () is called, the Python signal handler for the given signal number will be called.

This function can be called by C code that sets up its own signal handling and wants Python signal handlers to be
invoked as expected when an interruption is requested (for example when the user presses Ctrl-C to interrupt
an operation).

If the given signal isn’t handled by Python (it was setto signal.SIG_DFLor signal.SIG_IGN),itwill
be ignored.

If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, O is returned. The
error indicator is never changed by this function.

L

al

This function is async-signal-safe. It can be called without the GI/L and from a C signal handler.

Added in version 3.10.
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int PySignal_SetWakeupFd (int fd)
o] § L E Bt Al Tdo] £AD Wit A Td MBI B vho] £ 7] S5
ARGt fais v B2 ololo gt o A 7 7 eAE WMEF T}
@ 12 Jlse HEASFYL; ool 27 AH AU ol
set_wakeup_£d () 9 E5 A T, o8 AAE QAHUTh fde 5T FY
e 2= ﬁl*ﬂ“‘igﬂﬂok dyh

WA 35004 M AERONA, e oAl 2 A= Add YT

rlr
i)

qEAE

glo]l M 9] signal.
714 2pof of gk,

5.6 ol¢] F~

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL. o] F 2 2]¥] g A] o] S48 BHE1 v
SHetUth name Q1A= A o 2] 9] o] 2, module.classname J A2 C Ex14 0] o] oF 3+ t}. base
S} dict A A= dubA o 7 NULLY Yt} o] 2 A 311 Exception(CollA] PyExc_Exceptionl &
AN 2T 5 dFUTholA st d e AR 7 sl yth
The __module___ attribute of the new class is set to the first part (up to the last dot) of the name argument,
and the class name is set to the last part (after the last dot). The base argument can be used to specify alternate

base classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a
dictionary of class variables and methods.

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject
*dict)
Return value: New reference. Part of the Stable ABL. M| 22 o]|2] Z 2o SAEFHS HGA AT 4
Aot= HE A Q)3 PyErr NewException ()3 Z5UTH: doco] NULLO] oy, o 9] Z a]cﬂ]
e F2EPJow AGH YT

Added in version 3.2.

5.7 o &) A

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABIL. Return the traceback associated with the exception as a

new reference, as accessible from Python through the _ traceback___ attribute. If there is no traceback
associated, this returns NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL o] 9] 9} 1 Ed| o]~ < pz AR Th 2 H ¥ py_Noned AHE3H4]
Al L.

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL. Return the context (another exception instance during
whose handling ex was raised) associated with the exception as a new reference, as accessible from Python
through the __context___ attribute. If there is no context associated, this returns NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL ]| 2] 2} A#H AHAEE 2 A AT T A2
cx7h o 9] A2E 217 BHelst= § HA= glsUTh

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABIL. Return the cause (either an exception instance, or None,

setby raise ... from ...)associated with the exception as a new reference, as accessible from Python
through the ___cause___ attribute.
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void PyException_SetCause (PyObject *ex, PyObject *cause)
Fart of the Stable ABI. Set the cause associated with the exception to cause. Use NULL to clear it. There is no
type check to make sure that cause is either an exception instance or None. This steals a reference to cause.
The __suppress_context___ attribute is implicitly set to True by this function.

PyObject *PyException_GetArgs (PyObject *ex)

Return value: New reference. Part of the Stable ABI since version 3.12. Return args of exception ex.
void PyException_SetArgs (PyObject *ex, PyObject *args)

Part of the Stable ABI since version 3.12. Set args of exception ex to args.

PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)

This is Unstable API. It may change without warning in minor releases.

Implement part of the interpreter’s implementation of except *. orig is the original exception that was caught,
and excs is the list of the exceptions that need to be raised. This list contains the unhandled part of orig, if any,
as well as the exceptions that were raised from the except * clauses (so they have a different traceback from
orig) and those that were reraised (and have the same traceback as orig). Return the ExceptionGroup that
needs to be reraised in the end, or None if there is nothing to reraise.

Added in version 3.12.

5.8 FUZE ol ¢ A A

o2 e CollA U IR E A9 & w5l 4 5t= vl AHEF YT
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

Return value: New reference. Part of the Stable ABL encoding, object, length, start, end 2 reason ©] E 2
HEE A2351o] UnicodebecodeError AAE 95 Yt} encodingT} reason-> UTF-8 & 21 7 ¥
A

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 017 o] 2] 21 A 9] encoding 9] E Bl HE & HF3H3t
U,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 0] 21 o| 2] A | 9] object o] E 8] HE & W},

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABIL. 0] R o| 9] AR 9] start 9] E ] HEE 71 A A *starrol] vf X S T}, start=
NULL®] ofuojof Gt A58t 05, Asfstd -1 Wk

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

58. FUFZE o AA 61



The Python/C API, ¥ &) 3.12.4

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the Stable ABL. 20 R | 2] AR 2] start H EB RHEE stantE DAY TH AZ3H 0L, A3
sl -18 whekgh o,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. 20| 2 | 2] 2 A 2] end HE B HEE 7}H A *endol] B XUt} end=
NULL©] ofujojof guith A58 05, Aofstd -15 wkahghyoh

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL. 0] R | Q] AA| 2] end S EB|HEZE endZ A AT AZ3HH 02, A3
S -1 Wk Th

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 5=0] X1 o] 2] A A| 9] reason 9] E B HEE w33t
Yy,

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)

Fart of the Stable ABL. o] R o] A A| 2] reason Q) E | HEE reasonoZ DAY A&3H 0
=, A9 etH -1 v oh

5.9 A7 Ao

o) Y 2oI9h g wE mEol A C ol AL AN TEE LA UL A
A7) = WEA ol W REE TEHA G A BRFUDH oW Rt AT Aol AEOE
)
A

FUh. 2= 22 =] A7 A& A28t W&ol tp_call FH = B238HA k55Ut
int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. | 2 C & &) B 3 &H I 3= A HLS TA YT

=
e

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using
PyOS_CheckStack (). If this is the case, it sets a MemoryError and returns a nonzero value.

I3 o2 4= A Al sk 2P =R Folgyt) o] 49, RecursionError7}t A A= 11 00]
obd gtol MBS Utk 18 A o w00 MR U

where:= A7) Z o] AT 7 ¢l8RecursionError WA Ao o]o] YA " in instance check"
9} Z+-2 UTF-8 A7 ¥ £214 o] of of gt}

8] A 3.99]| 4] ¥ 7 : This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py _EnterRecursiveCall() & &Y th
Py_FEnterRecursiveCall () & Zt A& 2 T Zult} ok H A 5 &5 o] oF gr}.

B8] A 3.90]| 4] ¥ 7 : This function is now also available in the limited API.

Al Gl dldl cp repr 2ub2s] TESY S S A Al DRtk A9 BF e
A S0, tp_repre 8 WA f13 AAE 273 of gk Fot ol 7152 47

° =
WUt AR A, o] &2 reprlib.recursive_repr () o tistC 55 & l:] Ut
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int Py_ReprEnter (PyObject *object)

Part of the Stable ABL %32 Z+A)5}7] 918l tp_repr 738 A2 Al 32 FH YT
AR 7} olu] A= Yo, T4 F A4S UL o] AR tp_repr FHEL S U
= £21E AAE viEE| of U th ol & Eo], dict AA = | A=
[...15 933 Yrct

A A gl ELSE G4t 20 B5E BHEUTh o] S tp_repr EL WA O 2 NULL

< wkshaf of gk,
294 grow

Fuls

o) [e)
e

void Py_ReprLeave (PyObject *object)
Part of the Stable ABL. Py_ReprEnter () S £33 Ut 0& ¥I3sl= Py ReprEnter () EZ&ulth

3w 528 of FuiTh.

5.10 & 9

All standard Python exceptions are available as global variables whose names are PyExc__ followed by the Python
exception name. These have the type PyObject*; they are all class objects. For completeness, here are all the

variables:
Col= s}ko] 4 o] & =
PyExc_BaseException BaseException .
PyExc_Exception Exception Page 64,1
PyExc_ArithmeticError ArithmeticError LR e 1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError
PyExc_ConnectionAbortedE
PyExc_ConnectionError
PyExc_ConnectionRefusedE
PyExc_ConnectionResetErr

ChildProcessError
ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError

PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError

PyExc_IndentationError

IndentationError

PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError RS
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundErro ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedErro NotImplementedError
PyExc_OSError OSError HEREL

PyExc_OverflowError

OverflowError

BEE ERC I ES
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#E 1 - oA F o] Aol A A%
© o]% ﬁ]—o]/}’ﬂ O]% T E
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsynclteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateEr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

Added in version 3.3: PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError W PyExc_TimeoutError+ PEP 31518 W} = 4= 5t}

Added in version 3.5: PyExc_StopAsyncIteration ¥} PyExc_RecursionError
Added in version 3.6: PyExc_ModuleNotFoundError

£ 2 pyExc_OSErroro] thal &3H4 H A U}:

Col&

PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

br
fid

8]

W 33004 WA olel B E AL M olg) Yol gyt

EE:

S th2 EE oo thawlelx FHA YU T
oA uk gl Huch A A8l 7) 2R MS_WINDOWS 7} B O & Q=R HAES ] o] 2 AHE ot T EE BT AL
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E2EBALYEF

All standard Python warning categories are available as global variables whose names are PyExc_ followed by the
Python exception name. These have the type PyOb ject *; they are all class objects. For completeness, here are all

the variables:

Col= sho] A o] & ==
PyExc_Warning Warning =
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

Added in version 3.2: PyExc_ResourceWarning

T E:
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PyObject *PyOS_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the objectis a st r or bytes object, then a new strong reference is returned. If the object implements
the os.PathLike interface, then __ fspath__ () is returned as long as it is a str or bytes object.
Otherwise TypeError is raised and NULL is returned.

Added in version 3.6.

int Py_FdIsInteractive (FILE *fp, const char *filename)
Return true (nonzero) if the standard I/O file fp with name filename is deemed interactive. This is the case for
files for which isatty (fileno (fp)) istrue. If the PyConfig. interactive is non-zero, this func-
tion also returns true if the filename pointer is NULL or if the name is equal to one of the strings '<stdin>"
or '???"'.

This function must not be called before Python is initialized.

void PyOS_BeforeFork ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ =3 Z o Y1
4 fork () U A ZEAHAE BA| Sl A3 RS 553817 Aol 8 oF
& CERES EPEWE S S

A3

C fork() TE2 (‘M ¢1” dH=Z g HY) “H 1" 2 = A7k o] o] A of Frh
PyOS_BeforeFork () & u}z7}A] Yt}

Added in version 3.7.
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void PyOS_AfterFork_Parent ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M| 3 & B Y2 e E Al
Sho g, TR A2 HAL A EHEAS DA, fork () o BA ZEALE BA G FA
T 520 % 22 22 Aol A T ok GILh fork () 7 A8 T ALl A T A& 71
ik

U

C fork() TE2 (‘M ” dH=ZHY) “H 1" 2 = A7k o] R o] A of Fth
PyOS_AfterFork_Parent () = u}p7FA Y Th

Added in version 3.7.

void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ 23 T YK QA e Z 2| ] A &
BABHE Vo fork )L A 22 AL BA S SAHEL B5E 52T T, 22 AL S0l
E = 1S ] 528 Aol 510 A4 25 ol A 5 Eolof S5k fork () 7} 49
Al 2ol A vk A 7Hs g o

U

C fork() TE&2 (“vo” Az Ee) “vlo” A~ =o At o] F oA of g}
PyOS_AfterFork_Child () & u}E7FX] Ytk

Added in version 3.7.

t] ®7]

os.register_at_fork() £ AP & 3 @ PyOS_BeforeFork (),

PyOS_AfterFork_Parent () @ PyOS_AfterFork_Child()olA T<&E AL A A Y
a}o] A tﬂ-"\EE% 751-/\ 0"\141:]—

void PyOS_AfterFork ()

Part of the Stable ABI on platforms with fork(). ZE A2~ T3 —?— HE YR A E AASE S5
vlol A QB Z E]Eiﬂ' 74]““/\]"9‘3‘4”1 MELE ZEZAN20A B %5101"]: it A A 31 o] A
ZEA 20 ZEHY, o] 4 EZTET ARV YIS YTH

HA375HE A4 O] 4= pyoS AfterFork Child ()2 HAIE 45Ut
int PyOS_CheckStack ()

Fart of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. Return true when the interpreter
runs out of stack space. This is a reliable check, but is only available when USE_STACKCHECK is defined
(currently on certain versions of Windows using the Microsoft Visual C++ compiler). USE_STACKCHECK
will be defined automatically; you should never change the definition in your own code.

typedef void (*PyOS_sighandler_t)(int)
Part of the Stable ABI.

PyOS_sighandler_t PyOS_getsig (int1i)
Fart of the Stable ABI. Return the current signal handler for signal i. This is a thin wrapper around either
sigaction () or signal (). Do not call those functions directly!

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

Part of the Stable ABI. Set the signal handler for signal i to be &; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!
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wchar_t *Py_DecodeLocale (const char *arg, size_t *size)

Part of the Stable ABI since version 3.7.

A
This function should not be called directly: use the PyConfig API with the
PyConfig SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py PreInitialize () function.

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape
error handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence
can be decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler instead
of decoding them.

M2 ZgH 9ho] = £ 2} (wide character) A F ol T 3 Z Q1 & W}, v 2 2] & &) A5 A
PyMem_RawFree ()& A& A Al L. size 7} NULL©O] o} U, d BEA}E A9 3} ofo]lE B2} 45
*sizeo] 715 gt

tzdg oy y v 2el & of 2] A] NULLS RFHU T sizeZF NULL O] o}, w2 2] of| 2] A] *size
7} (size_t)-1Z A=, tyZ Y o8] A] (size_t)-22 AP Ytk

The filesystem encoding and error handler are selected by PyConfig Read(): see
filesystem_encodingand filesystem errors members of PyConfig.

C ol W7t glewd, g2 of 2] 7} 24 3HA] Fotof ot

BEAE S HlolEEE A 1FZ Y38 Py_EncodeLocale () SH4E AFR3HAE AL

v ®7]

PyUnicode_DecodeFSDefaultAndSize ()€ PyUnicode_DecodeLocaleAndSize ()
B2
1=

Added in version 3.5.
B A 3.7 A ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

A 3.8 A4 A7 : The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy windows_fs_encoding is zero,

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

Part of the Stable ABI since version 3.7. Encode a wide character string to the filesystem encoding and
error handler. 1If the error handler is surrogateescape error handler, surrogate characters in the range
U+DC80..U+DCFF are converted to bytes 0x80..0xFF.

Return a pointer to a newly allocated byte string, use PyMem_Free () to free the memory. Return NULL on
encoding error or memory allocation error.

error_pos 7} NULL©] o} U, *error_pos+ A3 Al (size_t)-12 AT, 21379 o8] Al F
TR 2 A dd Az A YT

The filesystem encoding and error handler are selected by PyConfig Read(): see

filesystem encodingand filesystem errors members of PyConfig.

HlolEG S 9ol B} EXE 2 THA Y A Y 3# W Py_DecodelLocale () T4E ARSI A 2.
73
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This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py_PreTnitialize () function.

t] ®7]

PyUnicode_EncodeFSDefault ()&} PyUnicode_EncodeLocale () &4

Added in version 3.5.
¥ A 3.7 A ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

H A 380 A W7 : The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy_windows_fs_encoding is zero.

6.2 X|~Hl st

sys BEY 75 2 o}
TZA 23 dA dBzEH 28 =2 sys 252 gAY o AF
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL. sys & A A A name& W33 A U, A
StA] oo™ ol 9] & AR A §Fal NULLS RES Y o
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL. v7} NULL®)] o} 3t sys 259 name2 vE A A g th NULLO] H name-< sys
BEoA AAE U AFstdE o, ol 2] Al -1 Wk o
void PySys_ResetWarnOptions ()

Part of the Stable ABL  sys.warnoptions& ¥l g2EZ A
Py_Tnitialize() o]Ad & 4 JH5Uth

o
9

Ytk oo @4t

void PySys_AddWarnOption (const wchar_t *s)

Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

sE sys.warnoptionsol 718Uttt A3 T g|2E0 IS FE W Py _Tnitialize() 9]
Aol o] B48 SE ook FU .

WA 3117 E 2.
void PySys_AddWarnOptionUnicode (PyObject *unicode)

Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

unicodeS sys.warnoptions©ol| 714}

F3: o Yot A Chython 7A AHolA ST & GUth EFA dodw
Py _Initialize()o|A] warningsE BA|Z 02 AXE 317] Ao EE&FoF A, FUZE
AAE NHEEE =5t 4= & g HEfY o] T723] 27135 7] A= 22T 5+ 7 W& ¢

U,
WA 3115 H 29,
void PySys_SetPath (const wchar_t *path)

Part of the Stable ABI.  This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module search_paths_set should be used instead, see
Python Initialization Configuration.
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sys.pathE EAZY AN HAE FEA(FH 2NN = 1, AERAAE )HE FEH FE Z2rE
o] oF B} patho| A 22 AR P AE AR Z AA T
WA 3115E HAF.

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL. formato. 2 7|5+ &8 EA149S
ook o9 BATA g U g BRI A
formare E1F £ 2o & 372 10008}k0] € o] 82 A g3 o FLITh— 10008}0] E 0] F
o=, 28 FAE o] AP Ut 53], o] A2 FAIS “%s” LW o] JlojA = ¢ HS YU
“%.<N>s” 5 A-gsto] A ghafl of ghujth, o 7] Al <N>2 <N>of| th & =9 H dAEQ A 27| &
U2 uf 100040 =8 231517 % ALY AAFAUTh I UL E 2 AN L, o} % 2
S S AE) & A 5 A& Tk
FA 7L A A, sys.stdout 7F A8 o] QLA ko, ZUHE H A A= AA(C ) stdout o]
E= =N

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. PySys_WriteStdout ()3 ZEA] 9 thAl sys.stderr o] stderroll 41 T

sys.stdoutd]] 7]Egyrc}. o] LAY
o

a ).

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABL PySys_WriteStdout() 2+ - AF 3t & 4= o] ] 2, | A] A &
PyUnicode FromFormatV()S AF&5to] T Wl HAIRXE dojo Zolg =R 4G
Ut
Added in version 3.2.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABIL. PySys_FormatStdout ()3} ZA 2 Al sys. stderro] i} stderroll 41t}

Added in version 3.2.

void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.
xoptions should be used instead, see Python Initialization Configuration.
s -Xa A AFeE 2 YA PySys_GetXOptions () 7F Rb&st= @A) &/ wisgol 7}
gyrtt. o] 4= Py Tnitialize() o)A & F FUTH
Added in version 3.2.
WA 3117 E F 2 4.

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys._xoptions®} FAF}HA,
X5 FA g E gy ok o 2 7 A s, nuLL o] RhehE A1 o €] 7F A A Y o
Added in version 3.2.

int PySys_Audit (const char *event, const char *format, ...)
REEA Zo8 A oHEE HABAI YT AF Al 02 988t A A] ol 9] & A A 3] 0]
oh ghe wherg oh.
Fo] F7tE R0, formar 7] Ef AAE AHE ] AGE FES FATYULE N Y E,
Py_BuildvValue ()NA Ab§H A 22 20 FAE AHEE £ JdHUth ¥ S
of ohul W, &Y 2.4 Fgol /R UTE (W EW §HL F2E aulFA L, 0
2H 2R E &R o] §17] WEoll, AF8-st
Note that # format characters should always be treated as Py _ssize_t, regardless of whether
PY_SSIZE_T_CLEAN was defined.

sys.audit () 2 3ol F =} FL3 7| 5S FF )

Added in version 3.8.
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WA 3.8.20| A ¥ 7 : Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this API are called for all
interpreters created by the runtime.
userData L9 E= 2 T4 2 AL ULL F =02 Hepdo A TE2E 4= Qo] A, o] £QAHE=
Shol 1 AHlE A9 B2 ehd o F o

ol = py Tnitialize () o)A T E SHAZ YT HEFY

< Oﬂ °‘r’41 Exceptiono] X Al B Zej4 A o2} & T A A =835

(th2 A H = A = A (silenced) <51 Th).
The hook function is always called with the GIL held by the Python interpreter that raised the event.

YAl S AA T AHL PEP 5788 F2IAN 2. o MES SN L A EE Dol n
29 Bt AR o M E Eol hAs of QLT AA T NS 4§ A A YTk

If the interpreter is initialized, this function raises an auditing event sy s . addaudithook with no arguments.
If any existing hooks raise an exception derived from Except ion, the new hook will not be added and the
exception is cleared. As a result, callers cannot assume that their hook has been added unless they control all
existing hooks.
typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)
The type of the hook function. event is the C string event argument passed to Py Sys_Audit (). args
is guaranteed to be a Py TupleObject. userData is the argument passed to PySys_AddAuditHook().

Added in version 3.8.

6.3 =T Z A A A o]

void Py_FatalError (const char *message)

Fart of the Stable ABIL. Print a fatal error message and kill the process. No cleanup is performed. This
function should only be invoked when a condition is detected that would make it dangerous to continue using
the Python interpreter; e.g., when the object administration appears to be corrupted. On Unix, the standard C
library function abort () is called which will attempt to produce a core file.

Py_LIMITED_API {27} FeJH o] 9IA] ¢k &, Py _FatalError() ¥
SAZog 2a=uazg gydF Yk

WA3994 WA F5 ol AF o 21 YTk
void Py_Exit (int status)
Part of the Stable ABL. @A) Z2 A28 F2FULE 0| A2 Py _Finalizebx () & TEX S BE
=

=273}

el = |
C 2lolE &g g+ exit (status) & TE2FULh Py FinalizeEx ()7} EHE B ASH, &
A= 12002 449 Yrh

M7 3.6004 W7 stol el Ao Aol Ao o2} 7} B FAH A bt

int Py _AtExit (void (*func)())

7

n

59 o]

rr
r [
alf

Part of the Stable ABL. Py FinalizeEx ()7} 328 A8 &4 S2FJUTH Ay T4+ AR
ol SEH W ghZ vkt A] ootok Futh H o 32719 A F4E 55T 5 s Ut 55
s, Py _AtExit ()E 02 WYL Avjsty -1& syt npx o] 55 A2
Tt A SEPYUTE A HY Tt sSSP U B T Aol FhojAe iR
stoldg|Alo] M o] &5 ﬂﬂ Wtoﬂ,funcoﬂ/ﬂ s}to] A APIE i%?‘f}% GFYTH
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PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABI. This is a wrapper around Py Import_ Import () which
takes a const char* as an argument instead of a PyOb ject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL. 0] &= pyImport_ImportModule ()] H X H

EAdUoh

WA 33NN WA o] 752 G AHES YEE FTE U A FA AAWALI . T

2 L} gol A 3301]/\1 =, zu% WA o] o EAA g &9 g ASEH A7 w2, o]

4ol 5T 58 AL 280 AT

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject

*fromlist)

Return value: New reference. 52 UYEZE Uttt & glo] W 8k import_ () & E3 713 &

49+ Q&

W ke J 2 E A EEolu A4S A Ao 2 Fx, e A Al o971 g " NnuLL

JUth __import_ ()&} mRIEAE, vl o] YA] -2 fromlist7} A|S-E A] k= &, # 7] A 9] A

2E Q

o] &% 9l Mol wHe ke 2 49l 51717 9L o
& PyImport_ImportModule () A H B4 BE AAE A AT

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. RS 9% E gttt &
__import__ () &7t o] F4E A SE57] wiEoll, W ol 4 import_ () & &3
g ATE 5 YU

W2 g2 A E | BEo|u A A s 7| Aol th 3 AR FE, e AT Al o €] 71 2 " NULL
dy _import_()EPUP&ﬂxli vl o] AR F2 fromlist7} A 5= A ¢k g, 3 7] 2] 9] A B
250 8PS wfo] v g2 FH 4 A7 A J U

Added in version 3.3.

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABL. PyImport_ImportModuleLevelObject ()2}
H] 2314 B, name-2 U ZE AA| th A UTF-82 A3 H EAE JYth

2 33004 | level®] S5 32 e 885 A d5UHh
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABL. o] A2 & “UdZTE T IFL7E 525= 1
S A o) AT (A A A level 02 A-g3ltl], Aoh QEES Egch. A Ao
__builtins__ o] Y= __import_ () FFEZESFUYUTE o] A S X H JXE F&

YRR RS 01457}_,_511&1 S o)u)d ).

o] B4t A A AZES AL I T}

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABl. & THA] & & (reload) & Ut} ThA] 2 =9 259
et @S ks A, Au) Al o 917k A4 E NULLE Bk o (ol n) R E L ol A8 A3
oh.

PyObject *PyImport_AddModuleObiject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. & o| &9 sl F3t= EF
A= vyl name 9 A= package.module F A1 Y 4= JH5 Utk WA ZE g o
A=A Fleta, gloH A2 ghEo] BE gAY g é}‘ﬂ 5&‘41‘/} ”JH Al el & A 7@’3}5’— NULL
< HESghy o}
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EiU

ol FFE EES ZESAY YXE A gdsUth 280 ofd 2EH A fgkod, vl 25 4
AL QA BUh RES QX E 38 W PyImport_ImportModule ()oY 11 WY F 3tUE
AETAA L. nameol A A 22 TR o] S22 AT 574 P2 ol w] EAFA BerE
UE A A FF U

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABIL. PyImport_AddModuleObject ()2} B]5=5}
A9 nameL U I E AR A UTF-8E A3 Y H B duth

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

Return value: New reference. Part of the Stable ABI. Given a module name (possibly of the form package.
module) and a code object read from a Python bytecode file or obtained from the built-in function
compile (), load the module. Return a new reference to the module object, or NULL with an exception
set if an error occurred. name is removed from sys.modules in error cases, even if name was already in
sys.modules onentryto Py Import_ExecCodeModule (). Leaving incompletely initialized modules
in sys.modules is dangerous, as imports of such modules have no way to know that the module object is
an unknown (and probably damaged with respect to the module author’s intents) state.

The module’s __spec___and __loader__ will be set, if not set already, with the appropriate values. The
spec’s loader will be set to the module’s ___1oader__ (if set) and to an instance of SourceFileLoader
otherwise.

The module’s __ _file_  attribute will be set to the code object’s co_filename. If applicable,
__cached__ will also be set.

o] B4t ol AZE Qﬂu}tﬁg S A 2EFdUY EES A 2ESE =9 WY
PyImport_ReloadModule ()2 ZZ3AAIL

names) package .module FA19 Aoz TR o 2L e, o]n] WS o] 1A ke 7717
TZ2E A3 BEo]A A ?%’S‘/]D}.

PyImport_ExecCodeModuleEx () 9} PyImport_ExecCodeModuleWithPathnames () & 7;9,‘
z3H4 A2

rlo

W A 3.120| A ¥ 7 : The setting of __cached___and __ loader__ is deprecated. See ModuleSpec
for alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABl. PyImport_ExecCodeModule ()3 - AFSFA] g,
B2E AAS _ file_ oEZHEE=NULLO| ol pathname 2. & 4 A YTt
PyImport_ExecCodeModuleWithPathnames ()& ZZ AL

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,

PyObject *cpathname)

Return  value: New  reference. Part of the Stable ABI  since version 3.7.
PyImport_ExecCodeModuleEx ()} G A A g, 2E A A9 _ cached_ o]JEgHEE=
NULL®] o} 219 cpathname 2. 2 74 4 YT} Al 7}x] EIsaes °] Aol MEE+= AYYth

Added in version 3.3.
WA 3.1290 A ¥ 7 : Setting __cached___is deprecated. See ModuleSpec for alternatives.

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

Return value: New reference Part of the Stable ABL. Py Import_ExecCodeModuleObject ()2} A
&} A 2, name, pathname 2 cpathname2 UTF-8 2 2 H E2<d A Yt} pathname®] ko] NULLE
8% 73S o} gkol cpahnamed| A ShoksHeA) Fohh el T .
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Added in version 3.2.

WA 3304 H7A: Uses imp.source_from_cache () in calculating the source path if only the byte-
code path is provided.

¥ A 3.129) A ¥ 7 : No longer uses the removed imp module.

long PyImport_GetMagicNumber ()
Part of the Stable ABL. T}o] ] vlolE 7= 514 (¥Y .pyc 31Y) 2] vf 2 ¥ F (magic number) S WF
Sghch vlR MEE Hho)E = He] A& 2
Utk ol Al -15 WEEY D}.
WA 33004 W7 A Al -1& R T

const char *PyImport_GetMagicTag ()
Part of the Stable ABIL. PEP 3147 & 2] g}o]|# vlo|E T = 1} o] &2 w2 g |l
t}. sys.implementation.cache_tag?® k2 AlF & 4= Q31 o] gk th Al AL-&-5)| of §hoj
6‘]_/\1 }\]_1_.
Added in version 3.2.

PyObject *PyImport_GetModuleDict ()

Return value: Borrowed reference. Part of the Stable ABl. & 2]
modules)S vEst ) o] AL ¢l el = g B ult) £ 5= WA o
PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference Part of the Stable ABI since version 3.8. 0] o] 50 F oju] ¥ E ¥
BES WP BEo] obd A= B A FYTHA NULLE WBFA T ol e B A A b
Urth 23] o A NULL% Hkgkalar of 21 & A g o
Added in version 3.7.
PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABIL. Return a finder object for a sys.path/pkg.
__path___item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’
t yet cached, traverse sys.path_hooks until a hook is found that can handle the path item. Return None

if no hook could; this tells our caller that the path based finder could not find a finder for this path item. Cache
the result in sys.path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject ¥*name)
Part of the Stable ABI since version 3.7. name®] 2l ©] &9 = & Z B 5 (frozen module) & & =3
4B 1L BEE 2 R4 0, 2713 Ao oo 2 W Aokn g WET
RZrAAEEU AT E A BEO AN 238 d PyImport_ImportModule ()& AF&3HIAI L
(Z2F ol B0l A2 — o] RoE EEo| o]n] JEE H & o] oAl 2= ch)
Added in version 3.3.
WA 34 | __file. oEYRELHE i AAFHA 5T

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABL. PyImport_ImportFrozenModuleObject ()2} ¥]523}A] 9k, name 2 51
A= AA PA UTF-8 2 A7 FH EA4D Y th

struct _frozen
o] AL freeze FEF E (FFo]H A M F Q] Tools/freeze/E ARFFAA L) 7T =2

25 H2agEE AT 724 @ Y dUrh Include/import.holl = B o= D}%LT% o
Ytk

struct _frozen ({
const char *name;
const unsigned char *code;
int size;
bool is_package;

»
5
t
it
o
e
(m

5} 7] 75


https://peps.python.org/pep-3147/

The Python/C API, ¥ &) 3.12.4

WA 3.119] 4] ¥ 7 : The new is_package field indicates whether the module is a package or not. This
replaces setting the size field to a negative value.

const struct _frozen *PyImport_FrozenModules

This pointer is initialized to point to an array of _ frozen records, terminated by one whose members are all
NULL or zero. When a frozen module is imported, it is searched in this table. Third-party code could play
tricks with this to provide a dynamically created collection of frozen modules.

int PyImport_AppendInittab (const char *name, PyObject *(*initfunc)(void))

Part of the Stable ABL 7]&2] Y& 2 F HolEo dd REL 73Uy o AL
PyImport_ExtendInittab ()<= ZAA= A i Add], HolES &7 %i:zt& -1& Wk
AFUTE A 52 nameol = ol 502 QX E & 5 QO W, initfunc TS A ANEFJZE
ANA E&5H &= 273 T2 AT T Py_Imtlallze() Aol ZZ3H oF FTh

struct _inittab
Structure describing a single entry in the list of built-in modules. Programs which embed Python may use an
array of these structures in conjunction with Py Tmport_ExtendInittab () to provide additional built-in
modules. The structure consists of two members:
const char *name

The module name, as an ASCII encoded string.

PyObject *(*init func)(void)
Initialization function for a module built into the interpreter.

int PyImport_ExtendInittab (struct _inittab *newtab)

Add a collection of modules to the table of built-in modules. The newtab array must end with a sentinel entry
which contains NULL for the name field; failure to provide the sentinel value can result in a memory fault.
Returns 0 on success or -1 if insufficient memory could be allocated to extend the internal table. In the event
of failure, no modules are added to the internal table. This must be called before Py Tnitialize ().

If Python is initialized multiple times, PyImport_AppendInittab () or
PyImport_ExtendInittab () mustbe called before each Python initialization.

6.5 Hlol¥ mpiFe =9

12 Agstel ALsa AAz 4 T 4 9l
£ A Qe ol AR S Qe 20 BTt
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148 R=® Fojok g th

o]#]3t FEH L C ZE=7}marshal R EI 722
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The module supports two versions of the data format: version O is the historical version, version 1 shares in-
terned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating-point numbers.
Py_MARSHAL_VERSION indicates the current file format (currently 2).
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native 1ong type. version indicates the file format.
This function can fail, in which case it sets the error indicator. Use PyErr_ Occurred () to check for that.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)

ol W AR values fileZ v FEU T versionS 3+ & A1S YERY U]
This function can fail, in which case it sets the error indicator. Use PyErr_ Occurred () to check for that.

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. UH¥H value & 8-S 33l vlo| EYE A A E wrE g t}. versionS 5

B4 e
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long PyMarshal_ReadLongFromFile (FILE *file)

Return a C 1ong from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in
using this function, regardless of the native size of 1ong.

of 2] Al, A3t ol 2] (EOFError) & A Aot -1 RS oh
int PyMarshal_ReadShortFromFile (FILE *file)

Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be read in
using this function, regardless of the native size of short.

ol 2] Al, A& g o) 9] (EOFError) & AR 8kl -1 WY o

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
of & A], A A3l |9 (EOFError, ValueError =¥ TypeError) S A A 61 NULLS WHEsh o}

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
Unlike PyMarshal_ReadObjectFromFile (), thisfunction assumes that no further objects will be read
from the file, allowing it to aggressively load file data into memory so that the de-serialization can operate from
data in memory rather than reading a byte at a time from the file. Only use these variant if you are certain that
you won’t be reading anything else from the file.

of & A], A A3l o9 (EOFError, ValueError ¥ TypeError) S A A 61 NULLS WHEsh o}
PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

Return value: New reference. data”} 7}# 7] = len B} o] E S E3}F5l+= vlo] E B ¥ 2] t o] ] 2 E T of| A
gto]# A& wiEgh

of & Al, A &3l 99 (EOFError, ValueError =¥ TypeError) S A A 811 NULLE WHE-sHU o}

filo

ol e AA 47 A HMAEE BE W FEF U F7F B E 9} o) Al = extending-index ol 215

Utk
Awe o8t &4 = X2 A /<l PyArg ParseTuple (), PyArg _ParseTupleAndKeywords () %
PyArg_Parse () T oA A QAo A AL ol el vl AFEH = 2 W F AL (format strings)

=
S ST EY EAGE oo @ 7§50 thal 22 B AHg o

2 FAE L2 07 o]/449] “2 W o9 (format units)” 2 AP Utk 29 &9l = 3o stolA AAE
AWyt dutdor g B Zs e £ 29 o9 AldAaYgUth 2 7hA] o 9 & A 9] 8,
252 FA ATt old 29 @9 = dutd o2 o]k ol et & F4 Ao o3&y ok
o2 Ao A, 918 % (quoted) 42 =9 A Yth; (532) ZE ] F52 9 e} A d=
slol W AA FAUh [NZF] ote] FEL 45 ALdofdt=C iAo AUt
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Utk whehE U F =0 et

z)

SRR FEE ELEE LR BN )
[e)

27 s yth

There are three ways strings and buffers can be converted to C:

* Formatssuchas y* and s* filla Py_buf fer structure. This locks the underlying buffer so that the caller can

ZF

j =4

subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As aresult, you havetocall PyBuffer_ Release () after you have finished

processing the data (or in any early abort case).

The es, es#, et and et # formats allocate the result buffer. You have to call PyMem Free () after you
have finished processing the data (or in any early abort case).

Other formats take a st r or a read-only bytes-like object, such as bytes, and provide a const char *
pointer to its buffer. In this case the buffer is “borrowed”: it is managed by the corresponding Python object,
and shares the lifetime of this object. You won’t have to release any memory yourself.

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferProcs.
bf_releasebuffer field must be NULL. This disallows common mutable objects such as bytearray,
but also some read-only objects such as memoryview of bytes.

Besides this bf_releasebuf fer requirement, there is no check to verify whether the input object is im-
mutable (e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the

data).

al

For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before in-
cluding Python.h. On Python 3.9 and older, the type of the length argument is Py _ssize_t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.

s (str) [const char *]

= v v
9 FC ZIAEE £33}1A] grolok Ut} 22t} valueError o
AA = rutf-8' AF G AHE 8] C 2L 2 M Ut o] M&do] A3

7 g gk

FUILE AR E ZAL I GC ZAHZ AT 7)1 24D & & o] o] Fa
£ ALY A EAH W5o) AFP Uk CEAHLSNULE F2H U shol 4 249 34
9

(

o] ZRL vl =A 5 AH B WolS oA FEUTH HY N2W FZE WopS ol 1 o]

C
W38 ¥, PyUnicode FSConverter () S converter2 0s& EME AFE31= 7 o]

=
=
A

WA 35004 WA o] Holl &, shold AL ol A WEE @ = ZAEZH DAY TypeError 7t

(e}

A5 o

s* (str T = vlo| E 57 2] A)) [Py_buffer]

o] o who| = AR AR LT ol ek fUTE AHE Wol S YUt EEAAAF Ly burrer
FEAE AU o 4% 27 CEALL YAE NUL vho| 28 25T 5 dgth fuUss
AL uee-8 ARY L A§H] C AL WHF U

s# (str, read-only byfes-like object) [const char *, Py _ssize_t]

Like s*, except that it provides a borrowed buffer. The result is stored into two C variables, the first one a
pointer to a C string, the second one its length. The string may contain embedded null bytes. Unicode objects

are converted to C strings using 'ut £-8"' encoding.

78
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z (str X += None) [const char *]
59} W12 5, hol W A7 None ) £ Qdl, o A9 C £IEAnvLLE A4 HUTh

z* (str, H}o] E g5 7] 4] = None) [Py_buffer]
s* 9} H] 281 A o, 9o W A= Noned = AFUM, o] B¢ Py_buffer #2219 buf WH 7}
NULLE A AE Yt}

z# (str, read-only bytes-like object or None) [const char *, Py _ssize_ t]
s#2} B3R W slo] 4 AA = Noned =% Ud5Uth o] A9 C QA E7INULLE AAH YT

y (817] & vlo] E L5 71 A]) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a ValueError exception is raised.

WA 35004 WA o] Aoz, vhol A W H o] A U7 vk E 74 AT W TypeError 7k Al H)
Ut

y* (9te] E G5 2] A)) [Py_buffer]
s*9] o] W2 fUE A 7k oh] 2k upol E AR AR v wol5 Ytk vholu e Hlo]E] & o}
ol A Yt

y# (read-only bytes-like object) [const char *, Py_ssize_t]
s#9] o] WL FUIE AR 7} oh]eh vk EAF A vk wolE ALtk

S (bytes) [PyBytesObject *]
Requires that the Python object is a bytes object, without attempting any conversion. Raises TypeError
if the object is not a bytes object. The C variable may also be declared as PyOb ject*.

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a bytearray object, without attempting any conversion. Raises
TypeError if the objectis nota bytearray object. The C variable may also be declared as PyOb ject*.

U (str) [PyObject *]
Requires that the Python object is a Unicode object, without attempting any conversion. Raises TypeError
if the object is not a Unicode object. The C variable may also be declared as PyOb ject*.

w* (9] 7]-27] ulo] E 45 7 A) [Py_buffer]
o] M2 ¢l7]-227] W7 AEH)AE FHs= EE AA
Py_buffer +ZAE AUtk w3 WA ¢
HZ 8 A ulX Y pyBuffer Release ()&

et =247 AT
& Uty sEA

es (str) [const char *encoding, char **buffer]
s9 o] WYL FUIEE FA W32 ATY e 6 AH§F U Th g NUL vhe] E7} £3 1
o2 7 A o] g ol thaf A vt 25 Th

This format requires two arguments. The first is only used as input, and must be a const char* which
points to the name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding
is used. An exception is raised if the named encoding is not known to Python. The second argument must be
a char**; the value of the pointer it references will be set to a buffer with the contents of the argument text.
The text will be encoded in the encoding specified by the first argument.

PyArg_ParseTuple ()= 283 37|19 5 & @5t AZ Y H do]HE o] v 5o HAlsta
M2 I 2EAE FRGEE “buffers TR FUTE TEA = AHS Foll @FH HAHE A
3}7] 9138l PyMem_Free () & &3l oF gt}

et (str,bytes X +=Dbytearray) [const char *encoding, char **buffer]
Hpol B F21E A S thAl I 6kA] ¢hal S AUt A Al 96 esoF 25U thal, +8-2
Hiol E B2 A 7F i ] W2 ALH JAF G S AR Sk 7R v Th

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s#9] o] WP L FUIEE ZAWMHAR 7Dt vl AL H UTh es T e, o] 32 NUL
PAE =P 9 HoHE 8§ Ptk
It requires three arguments. The first is only used as input, and must be a const char* which points to the

name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An
exception is raised if the named encoding is not known to Python. The second argument must be a char**;
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the value of the pointer it references will be set to a buffer with the contents of the argument text. The text
will be encoded in the encoding specified by the first argument. The third argument must be a pointer to an
integer; the referenced integer will be set to the number of bytes in the output buffer.

%74 A5 s} gk

*buffer7k NULL XA B & 7}e] 7] |, = B 89 27] 9 w5 & 6t o] 5 2 A7 g€ o o]
Bl S BASLL “huffers MZ FFH 2B A5 F2EE 4AFUth TE2A4E A F 39"

W3 E A7) A3 pyMem_Free ()& T3 oF gt}

*buffer7} NULL®] obl QI E)E 7he) 7] Wl (o] v] FB8 M), Pyarg ParseTuple ()& o] AXE

W 3 2 AFE-SEAL *buffer_length®] = 21 3= ¥ 41 72 AP UL 289 b AZ G HolHE

W ol A5 NUL $ 8 3 ch )57} 323 24 09, valueError /b A4 Y th

¥ A% 25, *buffer_length-= 33§ NUL vlo] EE A2 st A1 FJH tfo]E]2] do]j2 AP Yth
et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py ssize t *buffer length]

Hhol £ 24k AA & thAl TR FA) 93 FIA I ohe A2 A9 5 es# 2} 245U T A
2wl E 2 AA A vi7) W5 R ADE AT L STk 7MY

WA 3,120 4 WM 7y, u#, 2, and 24 are removed because they used a legacy Py_UNICODE* representation.

Fas

b (int) [unsigned char]
Convert a nonnegative Python integer to an unsigned tiny int, stored ina C unsigned char.

B (int) [unsigned char]
Convert a Python integer to a tiny int without overflow checking, stored in a C unsigned char.

h (int) [short int]
Convert a Python integer to a C short int.

H (int) [unsigned short int]
Convert a Python integer to a C unsigned short int, without overflow checking.

i (int) [int]
Convert a Python integer to a plain C int.

I (int) [unsigned int]
Convert a Python integer to a C unsigned int, without overflow checking.

1 (int) [long int]
Convert a Python integer toa C long int.

k (int) [unsigned long]
Convert a Python integer to a C unsigned long without overflow checking.

L (int) [long long]
Convert a Python integer to a C Llong long.

K (int) [unsigned long long]
Convert a Python integer to a C unsigned long long without overflow checking.

n (int) [Py_ssize_ t]
glo]H A4E CPy_ssize t2 WHET T}

c (Z o] 12] bytes &= bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
WA 33914 WA bytearray A4 E 58 FY Tk

C(Zo] 194 str) [int]
Convert a Python character, represented as a st r object of length 1,toa C int.

f (float) [float]
Convert a Python floating-point number to a C f1oat.
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d (float) [double]
Convert a Python floating-point number to a C double.

D (complex) [Py_complex]
glolH B AL E CPy _complex FZRAE HESH ok

L

O (object) [PyObject *]
Store a Python object (without any conversion) in a C object pointer. The C program thus receives the actual
object that was passed. A new strong reference to the object is not created (i.e. its reference count is not
increased). The pointer stored is not NULL.

0! (object) [typeobject, PyObject *]
Store a Python object in a C object pointer. This is similar to O, but takes two C arguments: the first is the
address of a Python type object, the second is the address of the C variable (of type PyOb ject *) into which
the object pointer is stored. If the Python object does not have the required type, TypeError is raised.

0& (object) [converter, anything)
Convert a Python object to a C variable through a converter function. This takes two arguments: the first is
a function, the second is the address of a C variable (of arbitrary type), converted to void*. The converter
function in turn is called as follows:

[status = converter (object, address);

where object is the Python object to be converted and address is the void* argument that was passed to the
PyArg_Parse* function. The returned status should be 1 for a successful conversion and 0 if the conversion
has failed. When the conversion fails, the converter function should raise an exception and leave the content of
address unmodified.

converter7} Py_CLEANUP_SUPPORTEDE ¥3}3} W, 912} L& B o] A2 Al &= ARz 5=
ol g7 o]n] EFHE WREEE NAL 73] & A5 5 A5 o] F HA TZE A, object
71-/_\_14 r/],.
=]

S
2
w7} M= NULL ol U T addresse Qe T3 22 gHe
W 3.1 4 W7 Py_CLEANUP_SUPPORTED 7} 3 7}5 914

p (bool) [int]
AZd 7he] =8 3= HAE (28 A predicate) 3t A3H-&
o @ A0] Fol Wit 12, ARl W 00w AAFUT B

Added in version 3.3.

(items) (tuple) [matching-items)
AA = Aol 7}t itemsol] Y& W F Y 2l Fhol A
29 ksl o o g of gtk AU 2 £l

It is possible to pass “long” integers (integers whose value exceeds the platform’s LONG_MAX) however no proper

range checking is done — the most significant bits are silently truncated when the receiving field is too small to receive
the value (actually, the semantics are inherited from downcasts in C — your mileage may vary).

¥ /b4 hE Ak 20 BAGelA 9wt g th 248 BE Qe AL ehd £ gtk 15e:

192201 oF FU T C RS2 items] 78
|

shol 4 27} Bl aE o) YA 77 A8 AgHel e Uergyh A8 A AR s gels C ¥4e
A B3ko 7 2754 o) of Tt — A A AR A AH A B wf, pyarg parseTuple ()&
S5 C MAe) Y2 A2l A gk,

PyArg_ParseTupleAndKeywords () AL E
< UepdUch @A), ZE 719 = A& AA= A QAtojopstn g,
$ okol %5 % of of T}

Added in version 3.3.
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IR Y] PAREE 7oA 2T F2 F9 AL ol WA A oA e o] 5o 2 AR
Yt} (PyArg ParseTuple () 0] WA 7] = ol 2] o] “AHH ).

EUW G Bl 2EE o7 oA BEUT AW ZE 78] 2L 71 ol 2] mAI A9 ol 2] w A A]
A o2} HAI A= AR E Yt s 9k = A2 E AU

Note that any Python object references which are provided to the caller are borrowed references; do not release them
(i.e. do not decrement their reference count)!

o] e 3 ol ALE = F7k A T EADo] 93] Fo] AR = W5o] Faolof Utk o] 5L
99 TS g AR o ALA U, o) 2w elesold A0 ohs, ol ) M)
Qeghow AHgE L B 71 497t AFUTh o A AP £ w9l ol el AAY A A3 o
k.

For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When

the PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses
corresponding to that and the following format units are left untouched.

AP| 35

int PyArg_ParseTuple (PyObject *args, const char *format, ...)

Part of the Stable ABL $] %] wWj7] M4l 2| & Mg H el 340 mj WES 2
F W 22 B TH Asi s, A4S Wastn 448 92 AN G

il

1=}
24

L

U,

Bl

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)

Part of the Stable ABL.  7}H 7R52] QA Ap7} ofd va_listE WolEdttE S AL 54,
PyArg ParseTuple ()3 S 43t}

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords[],
.)

Part of the Stable ABL. 9] x| 2} 7| ¥ = wj 7] & 25 X o "2 H st g9 w7y t}j
EA T keywords 1 2k= 7191 = w7} < o] 50| NULL-F & Wi & ‘?J Yt Wl Ol
W7 W2 e Uth AFsE 32 wag; Asse, AL waeta
LA YT
WA 3.600A4 | 28 v 7] ol gk 2| o] 71 AlE U T

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char

*keywords[], va_list vargs)

Part of the Stable ABL 7} 7§42 Q1 27} ofd va listE wol St AL A &3,
PyArg ParseTupleAndKeywords () & 5 4t}

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABIL 719 = ox gAY 77} .
PyArg_ParseTupleAndKeywords () 7} AFE5H A %= A fo 7 2 33y, 01 71 A& ol
u] o] ZAFE 537 wE T,
Added in version 3.2.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABIL. “o] A AEFY” &9) Q1 2} ]| AEE Bo) o= ] AFRH &= 3h— o]
2 3004 A| 71 ¥ METH_OLDARGS Wi 7} ¥4 32 £4 WA =& AH&ot& 4 14 ot Al
w7 WS R R Ao AR 2 B A o1, BF Az gl Qi i REe] 3
ol B0 2 AgelA FES A GFUT Lol T FES Eelshe WelR
Jolglow, 78 B0 7 AL A8 4 gl h

[ py

o2l [t rlo

o @2 &
Hiorlr > 0

17
=

r
o
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

Fart of the Stable ABIL. A simpler form of parameter retrieval which does not use a format string to specify
the types of the arguments. Functions which use this method to retrieve their parameters should be declared as
METH_VARARGS in function or method tables. The tuple containing the actual parameters should be passed
as args; it must actually be a tuple. The length of the tuple must be at least min and no more than max; min and
max may be equal. Additional arguments must be passed to the function, each of which should be a pointer to
a PyObject* variable; these will be filled in with the values from args; they will contain borrowed references.
The variables which correspond to optional parameters not given by args will not be filled in; these should be
initialized by the caller. This function returns true on success and false if args is not a tuple or contains the
wrong number of elements; an exception will be set if there was a failure.

This is an example of the use of this function, taken from the sources for the _weakref helper module for
weak references:

static PyObject *
weakref_ ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

if (PyArg_UnpackTuple (args, "ref", 1, 2, &object, &callback)) {
result = PyWeakref_ NewRef (object, callback);

}

return result;

}

L J

o] A ANA PyArg UnpackTuple () o] St E&L PyArg ParseTuple ()°l Bt o2 S <=3}
A4 o2 55 gk

[PyArg_ParseTuple(args, "O|O:ref", &object, &callback) }

6.6.2 7t =

PyObject *Py_BuildValue (const char *format, ...)

Return value: New reference. Part of the Stable ABI. Create a new value based on a format string similar to
those accepted by the PyArg_Parse* family of functions and a sequence of values. Returns the value or
NULL in the case of an error; an exception will be raised if NULL is returned.

Py Buildvalue ()€ 373 F&< 75HA€ 5Uth W ALl & o] 4 = &9 7t =

FHAL AR FEL FEFUD U EARLo) o] 90w, None MU} F T3] st
= B 23, P 2R D97} 71E sk AA 7L F o)A wEgh Tk 37 7k00] 19l
FELNANES Slein, R EALS BI2 KON L.

st st 2O A9AE, MR vt Hole S dE A Algatr] 95 A W d
gE o, 283 o7t EAR UL E&A7} Zﬂ*ﬁ}b H 3= Py_BulldValue ()7} Bb&
AA O o8 FxrEA Utk F, e Y ZE7tmalloc() & S5 TP E M2 E
Py _BuildvValue ()o] AE3sH, A Py Buildvalue ()7} HI3te H o g Ho] I =73 W E
2o 3l free () & TE3oF Tt

911U T (52) BE 9ol F5-2 2 )7} whakgd sfolw
2 ALY C Y Fgyth

) %%x}Oﬂoﬂ}ﬂ FEAEUTHEHA T s#9F 22 =9 - Yo
A4S S 9 7 A BEs o A S .

B} 230 2, 7, 2

=2 X %
A obdyth. oA A 2 F

s (str = None) [const char *]

'utf-8' AT P AHE3te] 9-FT 5 C AL S ol str AAE AU C E2Hd
Z Q1E} 7} NULL©] |, None©] AH&-H U th
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s# (str or None) [const char *, Py _ssize_t]
'utf-8' AT S AHE St CEAFE 1 A o) & Thol ¥ str A E Mgt C &2
ZolEl7}NuLL o], 2 o] 7} A H 3 None o] ¥FEHE Ut}

y (bytes) [const char *]
o] A& CEAE S o] M bytes AAE MEF UL C F2HYE EQAE| 7} NULLO| ¥, None©]
sk U o,
v# (bytes) [const char *, Py _ssize t]
o] A CTx}oﬂJ)r;L ZolE Flolx A2 AU Tth C EAE Z OB 7FNULLO| W, None
o] t&%‘r% yrtt.

z (str T += None) [const char *]

s 2 oh

z# (str or None) [const char *, Py _ssize t]

s#3} 25U
u (str) [const wchar_t *]
Y I E (UTF-16 =+ UCS-4) Hl o] 8 2] 3-F 5 wchar_t W3 & Jto| %
W33 U FE 85 28 7FNULLo] B, None o] ‘ﬂ%%‘ Yt
u# (str) [const wchar_t *, Py_ssize_t]
frU = (UTF-16 =+= UCS-4) t o] E] {5 9} 11 A o] & To| A 1=
SUTE w5 EE7FNULLol B, Zo] 7H BAIS T Noneo] MBI

U (str &= None) [const char *]

sot 25y

U# (str or None) [const char *, Py_ssize_ t]
s#7 25 UTh

i (int) [int]
Convert a plain C int to a Python integer object.

Jo
°
=1
rt
12
é
Fu

b (int) [char]
Convert a plain C char to a Python integer object.

h (int) [short int]
Convert a plain C short int to a Python integer object.

1 (int) [long int]
Converta C long int to a Python integer object.

B (int) [unsigned char]
Convert a C unsigned char to a Python integer object.

H (int) [unsigned short int]
Convert a C unsigned short int to a Python integer object.

I (int) [unsigned int]
Convert a C unsigned int to a Python integer object.

k (int) [unsigned long]
Convert a C unsigned long to a Python integer object.

L (int) [long long]
Convert a C long long to a Python integer object.

K (int) [unsigned long long]
Convert a C unsigned long long to a Python integer object.

n (int) [Py_ssize_t]
Cry ssize tE vtol¥ 42 ASF T

c (Z o] 12] bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.
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C(Zo] 1] str) [int]
Convert a C int representing a character to Python st r object of length 1.

d (float) [double]
Convert a C double to a Python floating-point number.

f (float) [float]
Convert a C f1loat to a Python floating-point number.

D (complex) [Py_complex *]
Cpry_complex FZAE o] Fag4 g HAIYTH

O (object) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incre-
mented by one). If the object passed in is a NULL pointer, it is assumed that this was caused because the
call producing the argument found an error and set an exception. Therefore, Py_BuildValue () will
return NULL but won’t raise an exception. If no exception has been raised yet, SystemError is set.

S (object) [PyObject *]
0%} 24 UTh

N (object) [PyObject *]
Same as O, except it doesn’t create a new strong reference. Useful when the object is created by a call to
an object constructor in the argument list.

O& (object) [converter, anything]
Convert anything to a Python object through a converter function. The function is called with anything
(which should be compatible with void*) as its argument and should return a “new” Python object, or
NULL if an error occurred.

(items) (tuple) [matching-items]
Cghel AR2E F5 571 22 sholdl R E= W e,

[items] (1ist) [matching-items]
CH A AXE 5 72 oAl g2 E R T
{items} (dict) [matching-items]
Co NA2E shold g2 WagTh 959 C @t 2 A g elo] st
G52 Z7)slo], 27} 79k ko = A2H UL

Z 9 2A-Lo) o] &7} o d, systemmrror o9 7} 44 E 3 NULLo] WHEE k.
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. 7FX 7] =2] Q1 2}7} o} va_listE wrolE 2l th=
A= AL, py_Buildvalue ()& FLdYTh

6.7 EA1d W Ez} Ty

St as z9E 249 92 99 T4
int PyOS_snprintf (char *str, size_t size, const char *format, ...)

Part of the Stable ABL. 32 ¥ Z 2+ format 7t 7} QAo whe} size Wl | E S G A = F w2 =9
Uttt 92 w5 d 0] R snprintf (3)E BAAAL

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)

Part of the Stable ABL. =" 219 format 3} 7} QA A} B2 ygof] ek size Bl o] EE A YL E o2
Ut Fd2 7w oA vsnprint £ (3)E l‘i*‘/\]

C&tol B8] &4 snprintf () & vsnprintf ()

PyOS_snprintf()B]rPyOS vsnprintf ()= ®&
B AT B 429 AR SRS R

£ BT 25 BHL A 2 AN A B E

AT,

The wrappers ensure that str[size-1] is always '\O' upon return. They never write more than size bytes
(including the trailing '\0'") into str. Both functions require that str != NULL, size > 0, format !=

C

kel
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NULL and size < INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL,
0, ...) which would determine the necessary buffer size.

o] &9 W Fh(rv) 2 th=3t o] s A H o] o Fth:
e 0 <= rv < sizedu], &8 A AZIPow v EX7} srol] 7|25 PS5 YU (strrv] o &3
"\0' HFo] E A 9)).
s rv >= size AW, 29 W] AT AFAAW rv + 1 vlo| =9 Wt B2 FUh
strisize-1]2 olu] '\0'¥Ych
e rv < 0Q ), A7t JE Jo] Aol UTh” o mE strsize-1]2 '\0" o] A T sre] 1ri ]
£ 305 A 5 UTh o e o B e AL 5 ZAE wet ohFTh
e Bt 2AY SAHA EAGNA AR WHS AF I
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Part of the Stable ABIL. Convert the initial part of the string in st r to an unsigned long value according
to the given base, which must be between 2 and 36 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading Ob, 0o or 0x to
tell which base. If these are absent it defaults to 1 0. Base must be 0 or between 2 and 36 (inclusive). If ptr
is non-NULL it will contain a pointer to the end of the scan.

If the converted value falls out of range of corresponding return type, range error occurs (errno is set to
ERANGE) and ULONG_MAX is returned. If no conversion can be performed, 0 is returned.

See also the Unix man page st rtoul (3).
Added in version 3.2.

long PyOS_strtol (const char *str, char **ptr, int base)

Fart of the Stable ABI. Convert the initial part of the string in st r to an 1ong value according to the given
base, which must be between 2 and 36 inclusive, or be the special value 0.

Same as PyOS_strtoul (), butreturn a 1ong value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).
Added in version 3.2.

double PyOS_string_ to_double (const char *s, char **endptr, PyObject *overflow_exception)

Part of the Stable ABI. Convert a string s to a double, raising a Python exception on failure. The set of
accepted strings corresponds to the set of strings accepted by Python’s f1oat () constructor, except that s
must not have leading or trailing whitespace. The conversion is independent of the current locale.

endptro] NULLO|H, A FALE & AU FALE o] 5 24 A Fa23 23 o] o}y
W ValueErrorE WA 7] 1.0 vks-shy o).

endptr ©] NULLO] o}, 7h5 o o B2 A= M A3t *endptro] WME= A -2 A WA &
A2 eI S % AU, EALY 27 ATAEN BE 250 540 FED EAO)
*endptro] £ALE 2] A2 7HE] 7] %}

S 2 A A3}, ValueErrorS WA 7] 3 1.0 Bt
s7}floatol] A3710] L7 2 ghg vhebd w) (1€ Sol, ol @] EAF oA "1e5007 7t 2

L sl
ojH o= AASA LHUrth 18R Lo, overflow_exception o]y o AAES
Zhe Aok dUth; 2 oS BAA 7L -1. 02 Sk T A BEE A3 329 A
WA EAHE 7] 71 =5 *endptr= A FU
e 5 o2 o g7 RS (& 0 W=
< W
Added in version 3.1.
char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)

Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.
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<+, Aled

format_code= 'e', 'E', 'f', 'F", g ,'G'EE%' "F ot ok Fyth 'Y A
precision2- 00 o] ok 3] FAIFUTE 'r' T FE = FF repr() 4 1 ;qu}
flags*= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ®+= Py_DTSF_ALT <= 07} o]A &7 or & &=
ok
* Py _DTSF_SIGNZ val7} 7} obd = 74 whahd 42 doll 3 £A47F 2
=gUch
* Py_DTSF_ADD_DOT_0-Z Wt$tH EAtH o] A4 A Ho|A] FEF 5t A2 S

e Py DTSF_ALTE “tjA” 28 7L A
PyOS_snprintf () "#' A A} o] tf 3t A

ptype©] NULL o] o} W, 3 €7} 7}2] 7 _ _
Py_DTST_NAN % Stt2 A= o], val7} 242} /3 <, -3 5
G

Wk g2 W ekE 22D o] 9= bufferol] thek ZAE o] AL, ¥
£ PyMem_Free ()& &3] whebd A& s Al sl oF du ot

Added in version 3.1.

N rlr
Bl
rlo
av]
g
g

1 H

= NaNgE ey o},

int PyOS_stricmp (const char *s1, const char *s2)

ST_FINITE, Py_DTST_INFINITE =+

ol dofahd nuLL Ut T E A

Case insensitive comparison of strings. The function works almost identically to st rcmp () except that it

ignores the case.

int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

Case insensitive comparison of strings. The function works almost identically to st rncmp () except that it

ignores the case.

6.8 PyHash API

See also the Py TypeObject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.
Added in version 3.2.
type Py_uhash_t
Hash value type: unsigned integer.
Added in version 3.2.
type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().
const char *name
Hash function name (UTF-8 encoded string).
const int hash_bits
Internal size of the hash value in bits.
const int seed_bits
Size of seed input in bits.
Added in version 3.4.
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.

6.8. PyHash API
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t] ®17]
PEP 456 “Secure and interchangeable hash algorithm”.

Added in version 3.4.

6.9 2| &YX

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. & 2] A3 Z @] d o]} SR A3 ol =g o]
o 2= el o] B =2 H 9 builtins©] YA 2] & vE&-E o

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. A A8 =g de] A9 HE g1 &
Wt A L, A AF T = Yol glod NULLS W o

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A3 =g do A H4 gy HEE
st A L, A AF T = Yol gled NULLS Wy T

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. @A 2] 2~d &= AHe] 9] = 8 d-& w13-gh o}
A 23 5o 2 9de] flow NULLY YT
PyThreadState_GetFrame ()& ZFZ A L.

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL func7} &, Sl T A2H
%o funce] B9 ol &< NhR U

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABL func®] &of ule} A% B3 viskstyn} viE gholl= o4 2 HA =9
“()”, “ constructor”, “ instance” & “ object” 7} EFF Ut} PyEval GetFuncName ()2 A2} o] o]
= ol ¥ func®] A g o] Hth

[»
i3
i—g
)
Eﬁ
S

[

o
o)
(i
o
Z
e
k)
H
]
o,
N,

6.10 39 S50 A g

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. Aj 22 79 AM -5 SE3h T}

As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first
in the list of search functions.

int PyCodec_Unregister (PyObject *search_function)

Fart of the Stable ABI since version 3.10. Unregister a codec search function and clear the registry’s cache.
If the search function is not registered, do nothing. Return O on success. Raise an exception and return -1 on
error.

Added in version 3.10.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL. A A & encoding?] )3l =5 79 o] QJ=X]9 u}&} 1 o]} 0 wHEshy o).
ol g+ FFAAFF YT
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PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. 9% 79 7|4l 9137 1] APL
object= errorsZ A2 H o & A 2] WS AF&35o] X HH encodingoll ] HAH A 7Y sk
AR ek, o] 4o B )R L A7 $180 errors7hLL A £ LT ARHE 2
4 91 °2 9 LookupErrorE WA A Yt}

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. &% 79 7|9l t] 7] APL

objectL errors 3 2] 9 o ] A2 38 & AF3So] 21 encoding] el FAH v AT A=
FUrch Zd o] Fod 7] 2 S A8 S8 errors7k NULL € 4 5 U T A FHE 22

E
2™ LookupErrors EUW/\] 711/]D}

—{>r

6.10.1 9 3] API

5 ol A, encoding F A E & BT AR AR WSE o] 23| HEE, o] {IAUSZS &3
HAFAE FESHA A Huth Zdlo] gloWH, KeyError7t A% ¥ 31 NULL o] ¥ U]
PyObject *PyCodec_Encoder (const char *encoding)

Return value: New reference. Part of the Stable ABL. =] 2 encoding®l Tj 3t Q1 I &4+E 74 St

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 5=9] A encoding?l ] 3t t] 9 S5 714 3 Yt}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A A # encodingl] ™ 3t IncrementalEncoder
27 & 74 A g th.

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A B # encodingl] U] 3t ITncrementalDecoder
272 7HA gLt

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABIL. A A & encodingl] ™ 3+ St reamReader W & g
F52 ARG

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

Return value: New reference. Part of the Stable ABlL. X A & encoding®l] ™3+ Streamiiriter 2 E g
342 A ST

6.102 SUF T o7 ofe] A 7] & S22 AP

int PyCodec_RegisterError (const char *name, PyObject *error)

Part of the Stable ABL. X A H name 2. & o &] A 2] W S errors 5
T %

SR ARG S g vl 2dg BAT L, AR/ R

7 ArE A ZEHYS o o] EW FrE TE=FYTh

Z W2 319 9 A E  UnicodeEncodeError, UnicodeDecodeError I
UnlcodeTranslateError./] A2EHAE FolEol=0, EAV &= XY u].o] 9 /\]%
22t o] 59 9 FAE AL Ao EH SHAARE G AFUTH () AR E FEotE T+
Tz 04]9] AAE FxsAR). WL F03 @]ﬂ 2 A 7] ﬂl/‘r, A 7} 5 = Al
hAl e} A&l EAEANA AT G/ IS ThA] Al & oF Bk L Z=AlS ATt 34\—% 5=
FFE FES S o gy

48 02, ol Bl -1 Rk o)

PyObject *PyCodec_LookupError (const char *name)

Return value: New reference. Part of the Stable ABL name 2.3 SE4 o8] 22 29 & 2
558 492 nuLLel A B 5 Y, oluh s Sstrict” o & el He] Fo] W]

S
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PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE o] 2] 2 A A 7] U Tt}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z+5% &
U,
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -1 ZE Q17 H o]l 2] & ? Y U+FFFDE X &3t}

o

AVHIL, FUIE o 2

s

=A%

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U ZE Q17 Y o 2] & XML &4} FZ =2 ]
o,

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U T E Q17 o2& W L A] o] 2 A o] = (\x,
\u"H\U) 2 X &3

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. F+UTZE A7 o 2] & \N{...}
oA ol =7 A&t
Added in version 3.5.

@_

ol

6.11 Support for Perf Maps

On supported platforms (as of this writing, only Linux), the runtime can take advantage of perf map files to make
Python functions visible to an external profiling tool (such as perf). A running process may create a file in the /tmp
directory, which contains entries that can map a section of executable code to a name. This interface is described in
the documentation of the Linux Perf tool.

In Python, these helper APIs can be used by libraries and features that rely on generating machine code on the fly.
Note that holding the Global Interpreter Lock (GIL) is not required for these APIs.

int PyUnstable_PerfMapState_Init (void)

This is Unstable API. It may change without warning in minor releases.

Open the /tmp/perf-S$pid.map file, unless it’s already opened, and create a lock to ensure thread-safe
writes to the file (provided the writes are done through PyUnstable WritePerfMapEntry ()). Nor-
mally, there’s no need to call this explicitly; just use PyUnstable WritePerfMapEntry () and it will
initialize the state on first call.

Returns 0 on success, —1 on failure to create/open the perf map file, or -2 on failure to create a lock. Check
errno for more information about the cause of a failure.

int PyUnstable_WritePerfMapEntry (const void *code_addr, unsigned int code_size, const char
*entry_name)

This is Unstable API. It may change without warning in minor releases.

Write one single entry to the /tmp/perf-$pid.map file. This function is thread safe. Here is what an
example entry looks like:
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# address size name
7£3529fcf759 b py::bar:/run/t.py

Will call PyUnstable_PerfMapState_Init () before writing the entry, if the perf map file is not al-
ready opened. Returns 0 on success, or the same error codes as PyUnstable PerfMapState_Init ()
on failure.

void PyUnstable_PerfMapState_Fini (void)

This is Unstable API. It may change without warning in minor releases.

Close the perf map file opened by PyUnstable PerfMapState_ Init (). Thisis called by the runtime
itself during interpreter shut-down. In general, there shouldn’t be a reason to explicitly call this, except to
handle specific scenarios such as forking.
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o] Zo) g+ AAY P FASA, T2 FHAG THY AA FY (& J EESAFTEERE
A2 ) gpo) A AR 2} A4S 28t 4 = Z‘iiﬂ ol A= L,JJrOV*d of| 9] 7} A gk o},
PyList_New ()2 THEJ AT, &5 o] o}2 NULLO| old Frto 2 A= 2] k2 g2 E AA e} 2o, A
2 271315 A ke AA of tsj A= o] F4E AR 5 —%14&}‘

71 AA) =2 & F

PyObject *Py_NotImplemented
AR E 3 2ol thaf Aite] A ka2 ¢l vl AFSE = Not Implemented 2 -E.
Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py_ Not Implemented from within a C function (that is, create a new strong
reference to Not Implemented and return it).
Py_PRINT_RAW

Flag to be used with multiple functions that print the object (like PyObject_Print () and
PyFile WriteObject ()). If passed, these function would use the str () of the object instead of the
repr ().

int PyObject_Print (PyObject *o, FILE *fp, int flags)

Print an object o, on file fp. Returns —1 on error. The flags argument is used to enable certain printing options.
The only option currently supported is Py PRINT RAIW; if given, the str () of the object is written instead
of the repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABI. 09| attr_name Q)| EZ|HE7} oW 1S, 18] ¢FoH 02 ¥IstsHU ) o] AL
stol % ¥ A hasattr (o, attr_name)d F5FUTh o] T4+ 4 4T3 Uth

z 3

Exceptions that occur when this calls __getattr__ () and _ _getattribute__ () methods are

silently ignored. For proper error handling, use PyObject_GetAttr () instead.
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int PyObject_HasAttrString (PyObject *o, const char *attr_name)

Part of the Stable ABI. This is the same as PyOb ject_HasAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

al

e

Exceptions that occur when this calls _ _getattr__ () and _ _getattribute__ () methods
or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. A ool A attr_nameo)8}= o] 59 o]Eg]HE
£ 7S UTh 435t A ESRE 33, A9t NULLES W YT o] 22 x¥
o.attr_named TS5}

pa)

PyObject *PyObject_GetAttrString (PyObject *0, const char *attr_name)

Return value: New reference. Part of the Stable ABI. This is the same as PyObject_GetAttr (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL. & 1A 9] tp_getattro &Fo vl X = g4t
oA E g HE AH (getter) . AA ] (Jthd) __dict_ o] J& oJERERT ol g} A A2
MRO| 9= Z# 29 dAAY 9 = g2 HEHE 25Ut descriptors o] 2 °FH Z A &, o o]
B DA T EE QAT A ol S el HE BTF S ASA R, il dlol8 A g e s 194 v
O% X oW AttributeError 7} WA o)

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. 2} A| o0l T3l attr_name©] 2}= o] 52 A EGHE S v oz DAY
ok Ash Al o 9] S BAA 71 15 whEe YT A e 0e WU T o] AL stold 4
o.attr_name = v 55 gUrch

If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using
PyObject_DelAttr (), but there are currently no plans to remove it.

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)

Part of the Stable ABI. This is the same as PyObject_SetAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

If v is NULL, the attribute is deleted, but this feature is deprecated in favour of using
PyObject_DelAttrString().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & 214 9] tp_setattro &5 X5 = Lyl o] E 2] HE A ¥ (setter) &} D
2] B (deleter) 342 2171 2] MROO] 1= Z el 2~9] © A elol| A Bl o] 8] T A2 B & 27, 9 A W
Axdls gAY gt o ESHES AR A AR S AR S AR Th 18A o,
AA Y (AthH) _dict__olA AAEREZL BB AV AAFE Uth 43 3HE 0°] RESE 1,
2R oW attributeErrorZF WAL —1 0] HEEE U T}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

230 00l 3l atr_nameol 2= 0| % 9] o £ 2] = & AAFUT A5} Al -1 & Wekghh. o2
gtolMW EA del o.attr named} E53h T}

rlo

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
This is the same as PyObject_DelAttr (), but attr_name is specified as a const char* UTF-8 en-
coded bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ Y23 HE ] AH
(getter) & 918 WA &, J2std g E WEUTh
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This function may also be called to get the __dict__ of the object 0. Pass NULL for confext when call-
ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

On failure, returns NULL with an exception set.
Added in version 3.3.
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

Part of the Stable ABI since version 3.7. __dict__ T2 HE 9] Al E (setter) & 3 GubA ol 73,
o] +d-2 gM g A E 5 H3R] YF U
Added in version 3.3.

PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict___ of the object obj. If there isno __dict__, return NULL without setting an
exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.
PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABI. Compare the values of o/ and o2 using the operation
specified by opid, which must be one of Py LT, Py LE, Py_EQ, Py_NE, Py_GT,or Py_GE, corresponding
to <, <=, ==, !=, >, or >= respectively. This is the equivalent of the Python expression o1 op 02, where
op is the operator corresponding to opid. Returns the value of the comparison on success, or NULL on failure.
int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the Stable ABL. Compare the values of o/ and 02 using the operation specified by opid, like
PyObject_RichCompare (), but returns —1 on error, O if the result is false, 1 otherwise.

25

If 0l and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_EQ and 0O
for Py_NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
Part of the Stable ABL Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

format_spec may be NULL. In this case the call is equivalent to format (ob7j) . Returns the formatted string
on success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A A] 02] £21Y9 T8-S AAFg ).
d 28-S, A9 NULLS RESHH Y ok o] 212 Sho] M ¥ 4] repr (o)
Wﬂﬂ”ﬂh*ﬂi Huth
WA 34004 WA o] Faol ol Al T ol Aol R o] Qo] B4 o9l B 8] Wl
S T

PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference Part of the Stable ABL. PyObject_Repr () A&, AA 0] EA1YE R3S
AZFSEA T, \x, \u 5 \U o] 2 A o] Z 5 AFR 8] PyObject _Repr () ©] REHE FAFF o] A] 1|
Awn%ﬂéﬂéﬂﬂéﬂﬂﬂ:ﬂﬁ%ﬂMW2ﬂHBmmamﬁ@wuﬂﬂﬂ%%%ﬁﬂ
FA EALL AT ascii() N F4ol ola) E2F YT,

PyObject *PyObject_Strx (PyObject *0)
Return value: New reference. Part of the Stable ABL. 13| 0&] FALE 38 & AUt AAF Al £
EYE G5 A NoLiE YT oA ol 8 LA st (0) S FFU T st
ah2ol 93, wheb A print () B4eol QS A = B EF UL
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W 340004 M7 o] Fpolls oAl tw 2 of A o] 23 o] 9lof
= E P

PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL. 21 A] 02] vlo]EE &L A4t Agjsid
NULL<, /33 SHH v EQ A& vk Uth o]= o7} B4 7 obd wfl sho] M £ 4] bytes (o)
9 £ 5 Uk bytes (o) 9 W], 07} A0 W 052 271318 vho] =@ 4] B4l Typerror 7}
Ll iaRi=

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. S & 2 derived 7} 22 2~ cls2} % 15} A Y clsoll A st E Qo 18 w33},
a2 A o 0Z vk th ol g 7 2 A S -1 vk gy ok

s
ox,
2
to

£ 283 WA

cs7F JFEol W, cdsY BE FEo sl A A Utk Hojx st HAbol A 1-& HhEkst i
A= 10 531, 28X ke oo] HYth
clsoll  subclasscheck () WIAE7F QQoW, PEP 31199 AW = th&2 A H Z A A E o

7] Y&l £ &g Y JEX] ?%'2 W, derived7} A == 7R A8 ZHPAL o s A B P
AU = cls.__mro_ o 35 ] 5tk

Normally only class objects, i.e. instances of t ype or a derived class, are considered classes. However, objects
can override this by havinga __bases___ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7} cls S| 21 clso] A B Zd 29 lad 0]y 1S W335,
2w 02 WHEkg T ol e} 7h A S -1 whEksha o9l & 44 g,

|
ot
N

cs7t FZ o9, clse] 25 F&o sl AA7E A UTh Aok st H Aol A 12 wEsketH
A 10] H L, TEA] ko oo HUth

clsoll __instancecheck__ () WA E7} 9o, PEP 31199 A 2 A H S AeES ohd
st7] 98 =& Ut :’—QX] ?%2“4 insti= NG e Thclse) B FEAL wf clse] AAHAY

g},
An instance inst can override what is considered its class by havinga ___class___ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a __bases___
attribute (which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL A7) 08] 314 32 A 2431 whakghU o, A5 12 Wk o) o) S
to] X ¥ 4] hash (o) 2+ 55 FHTH
H A 3.20]| A ¥ 7 : The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the Stable ABI. Set a TypeError indicating that type (o) is not hashable and return —1. This

function receives special treatment when stored in a t p_hash slot, allowing a type to explicitly indicate to the
interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL. A 05 o & 7}3E31H 12, 22 %] 9o 02 wksdhth o] AL gfo] R
£84 not not o8t FEFYCh Astd -1& &I}
int PyObject_Not (PyObject *0)
Part of the Stable ABL. AR 02 Fo & 7}3eH 0L, 18
EHA not oS FSHUT *‘Jﬁﬁ}tﬂ -1Z WY o
PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABL. When o is non-NULL, returns a type object corresponding
to the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to
the Python expression type (o). This function creates a new strong reference to the return value. There’

s really no reason to use this function instead of the Py TYPE () function, which returns a pointer of type
PyTypeObject*, except when a new strong reference is needed.
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int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of fype, and 0 otherwise. Both parameters must be
non-NULL.

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL. Z}A] 02] Z o] &
A Az Aol 7 wrgrg U o 27}
5T

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

itk A o7k A A vl Zo B S AT,

k!
Ashel o] Mg UTh o] 1L sl d £HA Len (o) 9

Return an estimated length for the object o. First try to return its actual length, then an estimate using
__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent
to the Python expression operator.length_hint (o, defaultvalue).

Added in version 3.4.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABI. A A keyol] 3l @3}= 02] 8 45 ul3ka} A 1} Al 9j] A
NULLZ RH&Uth o] A2 sholdd 284 o [key] 2t 5 FUTH

int PyObject_SetItem (PyObject *o, PyObject ¥*key, PyObject *v)
Part of the Stable ABL. A keyS Zk voll w3 gt} A3 A] o2 & b Il ;
A3 02 WBYUTE o AL Hol W BF olkey] - v FFFULE o F4t el B
A28 A4 25Utk

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. 2} 4| oo Al A A keyol] B} 3k 1] A& Al A} Aojstd -1 whsghy o}
o] AL glo]H EA del olkey]lF53YtTh

PyObject *PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] 22 mto]H T H Al dir (o) &}
Al A 2Adel (oI5 4 08 AZEE VA Ael A} doW L E WEY
Yth 97} NULLo| |, sho] A dlr J/} v 5235k, & A A < (locals) &] 0] &2 ¥lEstUt}; o]
37, A3 e o] &g3tE o] 9l %}Etﬂ NULLo] ¥8HE A8 pyErr Occurred ()& ARE
SEESEN

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABIL. ©] Z1-& glo] W & Al iter (o) S5t} A
A7pol o & A 22 o] B & o] Bl & W28 AL}, AR 7} o] w] o] E] & o] E] o] H A | AHA| E WL T
AAE olH e o] E & 5 §lo™ TypeErrors WA A 7] 1 NULLE WH&Hgiy ok

PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. This is the equivalent to the Python
expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator forit. This is

typically a new iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError
and returns NULL if the object cannot be iterated.

Added in version 3.10.
void *PyObject_GetTypeData (PyObject *o, PyTypeObject *cls)
Fart of the Stable ABI since version 3.12. Get a pointer to subclass-specific data reserved for cIs.

The object o must be an instance of cls, and cls must have been created using negative Py Type_Spec.
basicsize. Python does not check this.

On error, set an exception and return NULL.

Added in version 3.12.
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Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)
Fart of the Stable ABI since version 3.12. Return the size of the instance memory space reserved for cls, i.e.
the size of the memory PyObject_GetTypeData () returns.

This may be larger than requested using —PyType_Spec.basicsize;itissafe to use this larger size (e.g.
with memset ()).

The type cls must have been created using negative Py Type_Spec.basicsize. Python does not check
this.

On error, set an exception and return a negative value.
Added in version 3.12.

void *PyObject_GetItemData (PyObject *0)
Get a pointer to per-item data for a class with Py TPFLAGS_TTEMS_AT_END.

On error, set an exception and return NULL. TypeError is raised if o does not have
Py TPFLAGS_ITEMS_AT END set.

Added in version 3.12.

72 35 Z2EF

1

CPython2 5 712 55 Z2E 22 AUt} p_calls} H H Z (vectorcall).

721 tp call =2 & Z
tp_callZ AR FH2Y Axd2re ZHEYYT £FY AHL2 o33 25U h

[PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs);

glo]# T =2 callable (*args, **kwargs) ) 2 FAFSHA], Y A QAFE Y3 E 23 7Y E QAE
9% DA ALE 3ol 52U agrt NULLO] o] ojoF U TH (A7} 908 1 &8 A8

B A L), B B 7| Y= QA7) oW kwargs= NULLY 4> 9% T
o] F 1L 1p_call A A5 = Ae] obdUTh: tp_newst tp_initT AXE o] Aoz Ao

To call an object, use PyObject_Call () or another call API.

)

7.2.2 WE]Z (Vectorcall) Z2 £

Added in version 3.9.
il E1+ ZZEFZZPEPSINAN TE EE S Eo7| At Frl 2522 EYHAF YL
¥ FHOR, CPythone FejHo] AAFA i SZo] tfs) MBS AFFUTh T} oL
A3 72 0] opyl LI 3, AR AR B L (Byobiect_call ()& AHEFHA ST p_callE A
/\}%@H ot webA, HE S Xhﬂ?‘?}h SHNAE tp calles TN FUTH ESH oJH Z2EFZS
Ag A 9 DA flol Bel B & E U AEH o FU T o2 Ao A =AU cpcali
PyVectorcall_ Call ()& ;;17 3= A Y Ytk o] Z o] wHE-S A gt}

A3

2L A A3E FHLE 2

YJu7} JQEF tp calls REER] FE & oF Tt

rlo

WA 3.120| 4] W7 : The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’
s__call__ () method is reassigned. (This internally sets tp_cal 1 only, and thus may make it behave differently
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than the vectorcall function.) In earlier Python versions, vectorcall should only be used with immutable or static
types.
tp callEE} LT Fdas HHIES FHHA = dFUTh & S0, T EAT o A3 AAE
AR} F& T kwargs YA 2| =2 Hﬂ%‘roﬂokﬂ‘ﬂ,ﬂ%‘ﬂ%%??ﬂ%‘ ol 7F {5 yth
Classes can implement the vectorcall protocol by enabling the Py TPFLAGS_HAVE_VECTORCALL flag and setting
tp_vectorcall_offsettothe offsetinside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:
typedef PyObject *(*vectorecallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Part of the Stable ABI since version 3.12.

o callableL &%= AA YU ch

argss 917 1A% 1 HE et AE ARl o2 FHE Culdc
A7k Lo W NULLY 5 gl ek,

« nargsf= 93] Ax}e] 5]
PY VECTORCALIL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall NARGS ().

o kwnames= 7)Y E 9z} 2] o] && Z 3} EZ Q)
ohA] 23], kwargs 41219 7. o o %—;—% £ Bl (e rol ) A Zela) B ol
ofate] af3ll oF FUth 719 = AA7L 912 W, kwnames= Al NULLY 4= 915U th

PY_ VECTORCALL_ ARGUMENTS_OFFSET
Part of the Stable ABI since version 3.12. °] & EH:L7]— W F nargsf Q1A AAEHH, I3 EAE= A

ABE args (11§ WAL £ ALV, 5 s TTH AN A 10°] i oh &
ARtk 3584 WG] Al args (1] T2 2AHoF Tk
PyObject_VectorcallMethod () @ A%, o] Zd 2= YAl args[0]0] HAE = Y5 91
o,

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALI_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) very efficiently.

Added in version 3.8.

A EE FASE AANE TEAL T, T FALA AN 5 A BEE ABHAA L,
PyObject_Vectorcall ()2 dutA ol

lo
fru
N
OZi
]yo{:
mio
Y
s

23

CPython 3.8 A HMEZ APIS} I o5& o DEo] B2 o]Fo=2 FAFHSZ A

£ 4+ 9dUH5Yr: _PyObject_Vectorcall, _Py TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall_Function, _PyObject_CallOneArgq,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. x 3},

PyObject_VectorcallDict+ _PyObject_FastCallDictZ& A|lFZH ASYTH oA o &
LA EEo g MEL oS EHOE FogH T
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A A Ao

p_call & A8 o, 9 T E A A7 o Hel AR D27} gt CPython £ ip_call& AH8- 51 5%
A$ Py_EnterRecursiveCall () I Py_LeaveRecursiveCall () & A&t}

B84 A, MEEE A8sel TER AFlE 394 FEUTh ATEAE Lesd
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & A}-231 ofF g1 t}.

rok

e} 2 %) ¢ AP

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Fart of the Stable ABI since version 3.12. W] & nargsf AA7} F AW, AA 21X} =& ¥r3Hgh o}
B4} 023 553 o)

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) }

v S S 98l pyvectorcall_NARGS E& AHE-al oF Fyth
Added in version 3.8.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t ME T Z2E B AAHA) 0 W (Fo] AA3A $rLk A2E 2T} A A3A) 7] W) B,
NULLE W@ ch. 284 ¢ow, opoll A48 el 2 35 2AHE BaFUh o F5e
A5 FAYA 7 A k5 Ut
O| AL op7t HE| ZS A Y3}E=A & Fdl= v 2§83, PyVectorcall_Function (op)
I= NULLS 3213t 3 & 4~ )

Y.

o

Added in version 3.9.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Part of the Stable ABI since version 3.12. 523 9 A glof Z+ZF o] A Y X9} 7| ¥ = AA}Z callable
9] vectorcallfunc & &3t}

This is a specialized function, intended to be put in the tp_call slot or be used in an implementation of
tp_call. It does not check the Py TPFLAGS HAVE_VECTORCALL flag and it does not fall back to

tp_call.
Added in version 3.8.

7.2.3 74 A &= API

Various functions are available for calling a Python object. Each converts its arguments to a convention supported by
the called object — either #p_call or vectorcall. In order to do as little conversion as possible, pick one that best fits the

format of data you have available.
g FE A 53 S 2 AU AT g A8 ARAE BRI
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i ZHE args kwargs
PyObject_Call () PyObject * EFZ g A 8]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArg () PyObject * 17X —
PyObject_CallObject () PyObject * F&/NULL —
PyObject_CallFunction () PyObject * W9 (format) —
PyObject_CallMethod/() obj + char* 2 W (format) —
PyObject_CallFunctionObjArgs () PyObject * 7}¥ (variadic) —
PyObject_CallMethodObjArgs () obj + name 7} (variadic) —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArg () obj + name 1 A A =
PyObject_Vectorcall () PyObject * WEHZE iR ==
PyObject_VectorcallDict () PyObject * WEZF g 2]/NULL
PyObject_VectorcallMethod () arg + name iR === iR ===

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. 2 args2 F 1R A X2} DA Y 8] kwargsZ F A
o]29 = oztg ZHE o)A AR callableS T &3 Th

args= NULLO ohrjolof Stk | 91417} B2 o™ 9l 588 AN L. o B2 A7}
Z Q3R] oW, kwargse= NULLYE 4= 54 Tth

Beotd & A0 WEhsta, A et o 9 & LAY A7) 3L NULLS W3 o)
o] AL L vtol W A A F 55Ut} callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

Return value: New reference. Part of the Stable ABI since version 3.10. A} ¢l o] Z&]& o] A X
callablex S 23Ut A=} glo] FHE dtol AA & S&st= 7P B4 W duth
AEetd 2 235 e, A et o9 & A Al 7] 31 NULLS WhHgyth
Added in version 3.9.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 23] 1712] ] %] Q1 &} argE 7] & Q1) glo] Z 2] E gho| W A A callable
= ZEFTh
AB e 5% A28 Wes, Asheid o o) & WA 7T NULLE Whakghi .
Added in version 3.9.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Return value: New reference. Part of the Stable ABL. T2 args©l| 4 & Fol X Xz 2 glo)|H A A
callables TZ3FUt} A7t H Q814 kO™ args= NULLY 4= 915U th.

AEetd 35 235 W&o, A et o 9 & LA A7) 3L NULLS wHHgy th
o] AL T} vlo]H EHAAH 53T} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Relurn value: New reference. Part of the Stable ABL. 7} 7]422] C QA2 Z & & uto| W A A callable
€ 3EYt) CAA= Py _Buildvalue () 28Y W EX1E-& AFR-31o] 7] <5 Yt} format
3 NULLY 5~ o, QA7 AlF5 A ¢k Ve U T

et 3 A5 WHEeta, Al s o 9] & WA A 7] I NULL-E WHshy o)
O] AL thx Fol A A TS5 YT} callable (*args).

Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is a faster alter-
native.

WA 3400 4 W7 formar®] B ol char *ol A WA LUt

k
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PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Part of the Stable ABL. 7} 7]5=2] C QA A& AFR-51o] A A 0bj 2] name
ojgt o] 2o MAEE TEHUTH C A FES AAN o 3k py_Builavalue () EH
FAd= 7149 14 o},
format-S NULLY 5 91w, Q127 A 25 A] ¢SS vepd U th
3 5E @4% WhEh} 3, A9 5HE o) 9] S WA A7) 3L NULL-S WHE L o,
AL ThE shol W BAA I 5
Note that if you only pass PyObject* args, PyObject_CallMethodObjArgs () isafaster alternative.
WA 34004 W7 name} format®] ¥ ©] char *olA WA H 55U

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

Return value: New reference. Part of the Stable ABL. Call a callable Python object callable, with a variable
number of PyOb ject* arguments. The arguments are provided as a variable number of parameters followed

=3t} obj.name (argl, arg2, ...).

by NULL.
AEEE 5% A7E DR, A5 ehd o9 S WA 7| T NULLE WEgh o,
o] AL T} glolA A} TS5 YT} callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)

Return value: New reference. Part of the Stable ABIL. Call a method of the Python object obj, where the name
of the method is given as a Python string object in name. It is called with a variable number of PyObject*
arguments. The arguments are provided as a variable number of parameters followed by NULL.

AEe 52 A3E WEsia, A9 she o 9] & B )2 NULLE g T,
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

A2F fo] shol X AR obje] MM EE TEFUTH A 7|4 BIAE o] 52 nameol| A 3tol M FALE
AR =2 AFPUrh

AFotd §5 43E vtdsta, Aufstd o 9 & WA A 7] 3L NULL-S RHHE U T}
Added in version 3.9.

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

4 A A2FargE IholH AR obje] WM EE SESFYTE o 7A HAE o] 52 nameol| A I}o]
W EAE AR 2 AFFEYh

HEohE 5% 23S Wk, Aok o9 S BN ) 3 NULLE W et
Added in version 3.9.
PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwnames)
Part of the Stable ABI since version 3.12. Z# & 3}o]l W AA callables T&T YUt QA=
vectorcallfunc & 2 Uth callableo] W =2 A QD3+, callableo] 235 HE|Z S-S
17(4 E%’(ﬂ—q 1;].
AFEE £ 2 AE WAL, AR ol 9§ AN T NULLE HATH

Added in version 3.9.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
A A&7 B = L2 EZ0 5| Aot T YA 8 kwdict 2 A EH 7] = AXZ callable
SE2FULh args Ml €2 9 A AApwt =& T}

FAo R AR E = Z2EZI FA glol, JAAE W) oF i th whetA, o] s SE Al A
oju] 7| = AAE ARG FHI7FE gA 27 QLA R £ 4] Q1 Abol| th gk FE o] §lE i vk ARS
3 oF gk,

Added in version 3.9.

o 4o
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PyObject *PyObject_VectorcallMethod (PyObject ¥*name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Fart of the Stable ABI since version 3.12. Call a method using the vectorcall calling convention. The name of
the method is given as a Python string name. The object whose method is called is args/0], and the args array
starting at args/ 1 | represents the arguments of the call. There must be at least one positional argument. nargsf
is the number of positional arguments including args[0], plus PY_VECTORCALI_ARGUMENTS_OFFSET
if the value of args[0] may temporarily be changed. Keyword arguments can be passed just like in
PyObject_Vectorcall ().

If the object has the Py TPFLAGS_METHOD_DESCRIPTOR feature, this will call the unbound method
object with the full args vector as arguments.

AFotH &2 243E vEsta, Austd o 9 & WA A 7] 31 NULL-S RHHEH U T}

Added in version 3.9.

7.24 52 29 API

int PyCallable_Check (PyObject *0)

Part of the Stable ABL 7] 07} 228 1A Btk A7t 2 o)W 12, 194 2o 02
SR . o] fat B4 4 ey

73 A Z2EF

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. AR o7} <2} L2 EZ S A|23}
U o Bt I 4B
WA 3804 WA o7} A B4 15 RESHU T

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l 3} o2& ¥ 3t A 71}, A 9] Al NULLS WHEHSHU T}
o)A sol W £ o1 + 029} 5 FITh,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l A 02& wil Z 31}, 23] A| NULLS WHEHgHY
AL ol W B ol - 029 E5TUTH

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 02& 33+ A X}, A3 A NULLS ¥ T}
AL sol 8 HAL ol * 029 FEFITH

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 P 3 FASE A7}, A9
Al NULL= ¥hhhuoh o] A2 Fho] A 38 A ol @ o029t T 5 HUTH
Added in version 3.5.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABIL. Return the floor of o/ divided by 02, or NULL on failure.
This is the equivalent of the Python expression o1 // o2.

)
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ok
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PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating-point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating-point value when passed two integers. This is the equivalent of the Python expression 01 / 02.
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PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. 0]& 02& = L A v}, Al 3] A| NULLS BHEHgh
th o] A2 stolM HHA ol & 029t FEFYTH
PyObject *PyNumber_Divmod (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. W7 3+ divmod () & IR A L. Aojstd
NULLEZ ¥t ot o] 212 gho] W £ 4] divmod (01, 02) 255 FYth
PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL. W7 < pow () & FZ 34 Al L. A 93} NULL
& WA o) A2 SOl E A pou (01, 02, 3) S FFI T, /14 o3 HAAY
1’/}- 035 FAISHH W, 2 Ao Py Nones AE A AL (03°] NULL= A
o4 27 WAy 3 o),
PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A5 Al 02 2 2] F(negation) &, A 3] A] NULLS
WD o) 2.8 Shol 8l £ A4 0% E5 T
PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. 3-8 A] 05, A3 A| NULLES WH&HE Ut} o] A
shol Wl 4 +05 55 T
PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 02] @A Zkolu, A3 A NULLE W3 T} o] 212
gtol X £¥ 4] abs (o) 2t FFHUTH
PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 02] H] E 914 (bitwise negation) <, 4 3] A]
NULL= RE3Uth o] A2 sho]d A4 ~o8 5 A YT
PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 01 & 02WF &0 Z A
A3 Al NULL-S WFSHIU T o] 2L SholH @A o1 << oZEP FEgUTH
PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0] S 0272 LB 0 7 A3
A5 Al NULL-S 9HEHhU o) o] A2 sho] Al 4@”51 ol >> o029 E5FYrh
PyObject *PyNumber_And (PyObject *o1, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 029] “v] E Y =2 (bitwise and)” <,
A3) Al NULLS WHBFHU T o AL Shol 8l B4 ol & 029 EE T
PyObject *PyNumber_Xor (PyObject *01, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B] E X v E} 2] 3= 2] g (bitwise
exclusive or)”&, A3 A] NULLE RE&HFU T o] A2 so] W @A ol » o289t 5T
PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “vH] E ¥ =2] g (bitwise or)” <,
A9 A NULL-S WU T o] 212 Tho] W x84 ol | 028t T PYTH
PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 02E T St A 31}, A9 A NULL-S HWFSHEHU T}
o] AxkE olo] A ABHA A A} ol A (in-place) T FH UTh o] AL 3to]H £ 0l += 029 55
ok
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol A 025 Wi A3} }, A3 A] NULLS ¥FSHSH
o] A4hE olo] A A8 A| A} ol A (in-place) T FH UTh o] AL 3Fol W £ 01 —= 029 FF
S e,

rlo
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PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 02& 3 3F A3}, A3 A NULLS ¥ T}
o] A4k ol o] A/ A8 A A} ol A (in-place) T3P U th. o] A2 sho]x #7401 *
ok

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 P 3 FAsE 27}, A 3
Al NULLS RE2HEHU T} o] A4k ol o] A1 A3 A 2F] of| A (in-place) -2 Ut} o] 22 sto] A
T ol @= o028 T FYTH
Added in version 3.5.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l& 022 3 482 & 2 o] (floor) U, A 3 A
NULLE ¥HRHgUI T, o] @144S o7 0] x| 23k A 2] ol A (in-place) 53 B LI Th. o] 2.2 o 1 &7
ol //= o298} F5FYth

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating-point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating-point value when passed two integers. The operation is done in-place when ol supports it. This is
the equivalent of the Python statement 01 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL 0l 022 & U A1}, A8 A] NULLS HE3HsH
Uk, of @42 ol o] A USHR A -] o) A (in-place) 5 BT U TF. o] A2 3ho| M £ o1 - 022}

FegUth

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 &< pow () & FZ 34 Al 2. A 93} NULL
< HEEHg o} o] A4k ol o] A A A A2l ol A (in-place) 53 g Ut ©] 212 037} Py_None
o] sfo] W B ol **= 029}, TR FoWpow(ol, 02, 03)2 AAe] A H 55T 03
S FAISE Y, 2 Aol Py_Nones HESHA AL (039 NULLS st 23508 v R 2] JA A7)
AT o),

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0]l & 02WHE &0 2 A ZE 3 A&,
A5 A NULLE WEFUTE o AL ofo] A AW A 2] | A (inplace) F B U T ol AL
Sfol @l B4 ol <<- 022k EE T

PyObject *PyNumber_InPlaceRshift (PyObject ¥ol, PyObject *02)
Return value: New reference. Part of the Stable ABL A& Al 0/ & 02THE L EZ 0 F A ZE 3 A&,
A3 A NULLE WU o AL ofo] AN A 2] | A (in-place) # B U Tk o AL
ol M & ol >>= o029 FEFUTH

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 029] “vH] E Y =23 (bitwise and)” <,
A5) Al NULLS SFSH I Th o] AA4bE ofo] X 3he Al %he] o Al (in-place) 5B F Utk o] AL
ol M FF ol &= o029 FFHYTH

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 029] “¥] E X v E}2] 3= 2] & (bitwise
exclusive or)”&, 4 9] A]| NULLS W33 o} o] A2 o o] 2| Q3 A AL ol A (in-place) 53 B
Uth o] AL o] W EF ol = o029t F5FULh

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “H] E ¥ 3=2] T (bitwise or)” <,
A3 Al NULLE WFEHEhI T, o] 4R ol 0] A ek A 2he) o Al (in-place) 4 AR LTk, o] AL
o]l g ol |= o029t TS5 FUTH
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PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 Al A4 AA 2 HIH oS, A3l A| NULLS
WU T ol 2.8 Tl EAA int (o) 9 ST

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. /g A| float AA| 2 WEH o0&, A3 Al NULLS
BT o] AL shol 4 EAA float (o) S 55 BT

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. /3% A] ¥to] ¥ intE W 3HH o5, A9 A] NULLS
wiskshy o} A9 Al TypeError o 2] 7} @A gy o}

WA 3.100] 4] ®H 7 : The result always has exact type int. Previously, the result could have been an instance
of a subclass of int.

PyObject *PyNumber_ToBase (PyObject *n, int base)

[e= [N

LN =2 =2

BESE T base Q1 AH= 2,8, 10 4 165 ShLbelof Fich A5 2.8 E 169] 45, WekE £

G 10b, 100" i 10x' 9 A% EAIAIL 22 ol B4 Uk nol shol A int7 oF B, WA
PyNumber_Index ()2 WHEH Ut}

Py_ssize_t PyNumber_AsSsize_t (PyObject *0, PyObject *exc)

Part of the Stable ABI. Returns o converted to a Py_ ssize_t value if o can be interpreted as an integer. If
the call fails, an exception is raised and —1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError
or OverflowError). If exc is NULL, then the exception is cleared and the value is clipped to
PY_ SSIZE_T_MIN for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)

Fart of the Stable ABI since version 3.8. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and O otherwise. This function always succeeds.

74 NAL =22 EF

int PySequence_Check (PyObject *0)

Fart of the Stable ABI. Return 1 if the object provides the sequence protocol, and 0 otherwise. Note that
it returns 1 for Python classes with a __getitem__ () method, unless they are dict subclasses, since in
general it is impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL 4% A AlA2 08 AA| 58 wekah, Ashshu -1 MR ) o] AL
ato] W £ A len (o) &t F5FYTH

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 022] o] o] & o] 7] & Wk3k3}l a1, 4l oj 5}
NULL= WHEgU th o] A2 o] sl A ol + o028 5 AU

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A|A 2 A A 05 count ¥ WHE
A} Al NULLS BFSHUTh o] 22 stol 28 A o * count & FFFUTH

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& X] 012} 022] o]o] 2 o] 7] & wialal 1, Al o) &
W NULL-S 9FSHgHU T} o] A4k 01 7} Z| A3t A L8] ol A (in-place) 533 5 Ut} o] A2 Tho] A
Ed4 o0l += o028t F5FYLh
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PyObject *PySequence_InPlaceRepeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A] A2~ AA| 05 count H ¥IHE :} 43 v3kst
U, ) Al NULLE BEEE T, o Q4R 07k 2] 9 5FE Al 2ke] ol A (in-place) 5 A F U . o] A
gtol X FHA o *= count} FEHFYTH

PyObject *PySequence_GetItem (PyObject *0, Py_ssize_t 1)
Return value: New reference. Part of the Stable ABL 09 i A4 @ 4 F w35} Ay, Ao sld NULLS
Hhehetuy ok o] 22 Stol W @A o[1]1 9 T FYTH

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL. A| A2~ A A 09 i1} i2 A}o] o] &efo] A& vk3hs}
Ak, Ao ot NULLS RESHUTh o] A2 Shol M 8 A o[i1:12]1 8 TP th

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the Stable ABL. 2 xﬂ vE o i MR S 40 iU At o2&
WU Th A2 ek 0 MR T o A8 Sol M B oi] - vot BEFIh of Tty
o ther H2E FHA G

If v is NULL, the element is deleted, but this feature is deprecated in favour of using
PySequence_DelItem().

int PySequence_DelItem (PyObject *o, Py_ssize_t 1)
Part of the Stable ABL o A A| 9] i WA 8 25 AAI Ut Asfstd -12 W&ot o] 22 9fo] 4
T del olilgETdYH-

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
Part of the Stable ABL. A A2 AA vE A|A2 AA 09 il A i2 Aol £efol2of Y&yt
oA Tl FFo[i1:i2] = v FETFUTH

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Part of the Stable ABL. A| @2~ A A] 09] il A] i2 A}o]2] &Elo]~E AHAIg UL Aostd -1
HEEeRUTh o] A2 ol £ del o[il:i2] 8 FEHUTH

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 09l )= value2] & &3 Ut). =, 0lkey] == valueEd W3} key 9
TE vk ok Aetd -15 WU Th o] 22 sto]H £ A o.count (value) 2t FF
gt

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 09| value7} J=2A] &gt 09 & = 37} value2} 220 1S HESHS}H
A, 2R ko 05 v YTh o2 Al -12 WU o= dtold @A value in o}
Y

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABI oli ] == valued WE3tE A WA Qdl 2 iE W3yt o8] A] -

HEEeh U T} o] -2 Fho] M 3 4] 0. index (value) & 55 U th

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A] 21} B #E 02} 22 Y &2 717 g2 E
AAE WAL, Ao SR NULLS MBI NHEY AL ARE Ao HARULDL

o AS shol®l £BA 1ist (o) % F 52U
PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stablc ABL A|FAAU o]HEHE o8 22 Y& L 1A EZ
AR E Wkt AL, A3 b NULLS RESU T o7 RE oW, 2R %‘Zﬂ Wk 3, 3
Row REol A4e o BEol L ol AL Fol M E 84 tuple (o) % E ST
PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABL. A| A2~ o] E] 8] & 05 T}2 PySequence_Fast*
A9 g0l A A& 2 4 9l 21 = WhRkgh ok 217} Al 20 o B 2] B o] ol B mE WA
HAE 7 AFRSlo] TypeErrors WA U A3 Al NULL-S ¥HEHe Y T

I

74. NAAZEEE 107



The Python/C API, ¥ &) 3.12.4

PySequence_Fast* &4= o7} PyTupleObjectW PyListObjecttal 7FA S 02 t o]
S0 A A 257] w 2o o] FA o] F FRF YT
CPython & A F AL O 2, 07} o] w| Al AL 2| A E W, BEShg U ).

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o
is not NULL. The size can also be retrieved by calling PySequence_Size () on o, but
PySequence_Fast_GET_SIZE () is faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Return value: Borrowed reference. 0] i A 2 A5 ¥I8sl=t|, 07} PySequence Fast () ol &3
WHEE] 9131, 07k NULLO] obu H, 7k A el St 7bg g o,

PyObject >l‘*PySequence_Fast_ITEMS (PyObject *0)
PyObject X 1 9] 3} v &2 W2 th o7} PySequence _Fast () ol 9@ 9k 131, o7}
NULLo] obu 2k 744 B o,
ZrE] 77 HAEY, A do] FF v dS A AT 5 5ol Fo st L. mebA, Ald
2R S P EHol A uSHE WD EQIE A SIA L.

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)
Return value: New reference. 02 i AR 245 WwE3 A, A9sd NULLS ¥FE$HU o).

o]

PySequence_GetItem ()2 W2 & A o] A4k, ool )3l PySequence_Check () 7} 3
S b, 24 Q4B 2 45 b oh

75 i =223

PyObject_GetItem(), PyObject_SetItem() W PyObject_Delltem()E FFZIHA L.

int PyMapping_Check (PyObject *0)
Fart of the Stable ABIL. Return 1 if the object provides the mapping protocol or supports slicing, and O oth-
erwise. Note that it returns 1 for Python classes with a __getitem__ () method, since in general it is
impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL 3% A] 247] 0¢] 7] 42 whgka}:, As)3HA ~12 wHEF L Th o] = Fhol 4
£d4 len(o) & F5FYTH

PyObject *PyMapping_GetItemString (PyObject *0, const char *key)
Return value: New reference. Part of the Stable ABI. This is the same as PyOb ject_GetItem (), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the Stable ABIL. This is the same as PyObject_SetItem (), but key is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem (PyObject *o, PyObject *key)
This is an alias of PyObject_DelItem().

int PyMapping_DelItemString (PyObject *o, const char *key)
This is the same as PyOb ject_DelItem(),butkeyisspecifiedasa const char* UTF-8 encoded bytes
string, rather than a PyObject*.

int PyMapping_HasKey (PyObject *o, PyObject *key)

Part of the Stable ABL w3 A Ao key 717} J o2& 1& 93311, I
ol o] W T4 key in o} FEHULE o] e FH AT
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e

1
Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper error

handling, use PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)
Fart of the Stable ABIL. This is the same as PyMapping_HasKey (), but key is specified as a const

char* UTF-8 encoded bytes string, rather than a PyOb ject*.

e

3L
Exceptions that occur when this calls __getitem__ () method or while creating the temporary str
object are silently ignored. For proper error handling, use PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABI. A33}H, 2 A 08 7] 8|2 EE vk}, Al 9
SH¥H, NULL= RF8Hehu ot
WA 3704 M o] el e 7t Bl AE Y FES v S UTH
PyObject *PyMapping_Values (PyObject *0)
£ wagUh 4

Return value: New reference. Part of the Stable ABL /383, A A 0o gt E|2E
3, NULLS BF3h3h o}
WA 37004 R ool b ElaEY

PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL /g3, A ool Q= & B A2EE 9H&gU )
Asjshd, NULLS B o

A7)0 2 G5 7)-gh AL EYSHE REDUTH

WA 37004 M o] doll& 7 BBy FES H8S YT

7.6 oJElHo|lH Z2EF

53] olE o] B & AH&3H7] A8 F 7t 9
int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to
PyIter_Next (), and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator

protocol, and 0 otherwise. This function always succeeds.

Added in version 3.10.

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable ABIL. Return the next value from the iterator o. The object must
be an iterator according to PyTter_ Check () (itis up to the caller to check this). If there are no remaining
values, returns NULL with no exception set. If an error occurs while retrieving the item, returns NULL and

passes along the exception.
ol olH £ o|H o] EstE F2E FAstHH, C ZEE old A& Hojof

= PyObject_GetIter (obj);

PyObject *iterator

PyObject *item;
(th= ol Aol A<
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(o] A o] A A A AL
if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

/* release reference when done */
Py_DECREF (item) ;
}

Py_DECREF (iterator);

if (PyErr_Occurred()) {
/* propagate error */
}
else {
/* continue doing useful work */

}

type PySendResult

The enum value used to represent different results of PyTter Send ().
Added in version 3.10.

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Fart of the Stable ABI since version 3.10. Sends the arg value into the iterator iter. Returns:

* PYGEN_RETURN if iterator returns. Return value is returned via presult.

e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.

* PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.
Added in version 3.10.

7.7 Hy =2 & F

gpol ol M AHEE = Q= o AA = S v ad == HiJM o3k HA =S R
=]
B

By 247 159 o7 A g, <o}umauﬂ EREL) ﬂ S
FUTh ofd AFol A 57 B AL glol A4 W o] QA Aske Ao] whl3
2

Cohzoln vy Z2E2 Y40z ole @ 7152 AT P ol ZREZe| & F 744 S 00|

AAX e, ol “H 3 Adefslo]x”E R = Ql=d], I o] AA| 7} st Hoje] JHE
QA FU T o] AEfs| ol aE v o] A 724 Dol A A gy
A

=, A2 YA s tﬂ olefoll it ZJAEE A7) 93l o] 7HA W= A 5
(S &l M= 7]

bytes E}bytearrayﬂ- 28 7hebsl AR = S ¥ I & vlo) E A
7FedUth ol & 501, array.arrayol 93] =5 = 84+ HE

An example consumer of the buffer interface is the write () method of file objects: any object that can export a
series of bytes through the buffer interface can be written to a file. While write () only needs read-only access
to the internal contents of the object passed to it, other methods such as readinto () need write access to the
contents of their argument. The buffer interface allows objects to selectively allow or reject exporting of read-write
and read-only buffers.

U
Qf

Y40 e E T BE Y=
dho] = gol g 4 3
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W5 SLE s} o] 29] 4wl <7} A AR o T3] ¥ 38 Q= W ol = A4 7 AU o
e U2 wjJ) M4~ 2 PyObject_GetBuffer ()& Z&SUTH

o yx, wx X sx A F T = FUE ALY PyArg ParseTuple () (5= 1 YA & shh S

fol
oo
E?‘J
:L

F Y7 HE Q3R] oW PyBuffer Release () S T8 oF gyttt 29 A 314
ST BA AT 4 5T

W3 TR (E L T4 0 ) T AR Y who U P o] B o] A mE aem ol A w B S
e F2 UL e 2 e Geocopy Setel 4 AU FOE ALS R S Gl el, =)
B8 B 5 AL AFIA, 999 ol Sfol 8 22 vlol A o} 4 3 Sl
ohoWEE L C e 245 MAd 5 gom, 2 AA ol neels ALY /] Aol 24317 918
AA MR e BED S5 g3, v o B 1 o U] 2.2 (in-memory) B4 © 2 72318 vl o] HE A o
88 S5 dgu

Shold Bl B} e ok o) Ho) Yt g, WAt pyonjece TAE 7L ok e C
FERAQUL o F3 1S sl BED BAE & Agth W E dAE Qw22
W, vme AAE BE 5 dE ek

A1 53 (exporting) A A S A4 SHe 2R A QL W] A4 T2AE FRFHUA L WAE Ao,

P
2] sl
PyObject_GetBuffer ()& ZFZ3IAAI L.

type Py_buffer
Part of the Stable ABI (including all members) since version 3.11.
void *buf
b‘M&‘EOH«lﬁH ed =24
S B M2 2% el R E Y 5
ol Mz 252 €< 7He 2 = AUt
A% W de) 9, gL W= e 2
PyObject *ob3j
A new reference to the exporting object. The reference is owned by the consumer and automatically

released (i.e. reference count decremented) and set to NULL by PyBuffer_ Release (). The field is
the equivalent of the return value of any standard C-API function.

rﬂ

43 AL E, PyMemoryView FromBuffer () Y PyBuffer FillInfo()Z ZHZ 9

1(temporary) W3] F-, o] == NULLY YT YubA © 2, A5 3F= (exporting) 7 zﬂt °
A AE AHE-HA ?%O}OF ?:M }.

Py_ssize_t 1len
product (shape) * itemsize. A< e AL, R R EE9 ZdojdUrh Ed%
welel A%, A% Edow A CE el 72071 24 2 ol it
((char *)buf) [0] oAl ((char *)buf) [len-1] HHY WA 2E AL S G5t
230z M¥/ FuE AR FEFUTE BT ol 23
PyBUF_WRITABLE$JUT}.

int readonly
W #7977 AL AAE G = A 7| YUt o) E= pyBUF _WRITABLE S| 18 Ao
gk,

Py_ssize_t itemsize
d4d 249 & g7 @elE)Y Ytk NULLO] old format ol €& 9 struct.
calcsize () 3 ZHYTH

23 o9 AH|A7} PyBUF _FORMAT Z#] 2 glo] M9 S 2 38, formatS NULLE A
AE AR, itemsizew o A3 A FA S ZFUTH
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shape©] Y 2™ product (shape) * itemsize == len T X7} A& A HsLL A8 A=
itemsizeS AR o] W B S BAE 4 Q5T
PyBUF_SIMPLE ©]\} PyBUF_WRITABLE 8 A9 A2 shape©] NULLO| W, A2 H A=
itemsizeS FA|StI itemsize == 1& 7}A &) oF Tt}

char *format
A NULL terminated string in st ruct module style syntax describing the contents of a single item. If
this is NULL, "B" (unsigned bytes) is assumed.

o] A= pPyBUF_FORMAT Z | 1 & Ao]F Urch

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL.
The maximum number of dimensions is given by PyBUF_MAX_NDIM.

Py_ssize_t *shape
n-ZY g E W22 RS YEl = Zo] ndim® Py _ssize t B]¥Y. shape[0] *
* shape[ndim-1] * itemsize¥ lend} Zroflokgyrc}
B g2 shape[n] >= 02 AP U shape([n] == 0 AF= SEAF471 483
ek A S g EE e HH e AxHYN L
shape Wi G- 2n| Aol Al ¢17] A& YT

Py_ssize_t *strides
ZF Aol A A R4E 7HA 7] A8l AU E viol E & Al 35t 2 o] ndim®] Py_ssize_t

) .
s = ghe dolo A4 d 5 dh Au g A9, AEFte| S HE F4olA
wh £ AFE strides(n] <= 091 498 AT 5 dolot Fuch AA T g Be

v <GS FRIAAA L.
strides Bl @2 4 u| Aol Al A7) LAY
Py_ssize_t *suboffsets
Aol ndim®] Py _ssize_t Wl Q. suboffsets[n] >= 0 W,nHA Y& vt A4H g2
=4 E% ol qH @ Z Al Zk-& A X (de-referencing) T ZF Z Q1 E o] B & H}o| E =& LEFY]

Yt} _,] A B Q= A ZHe A% (de-referencing) 7} A Ji 3FA] ¢Fotof dh& ‘J'E]"?BWE]’(‘E'—\'
W5 el B2 o] Ao AEto|E)

REAMNH 2z Mo S5 (5, IdF27FE Q3R ko), o] T = NULL(Z]EZh) o]ofoF
ok

ol g9 vl 232 vfo| A o]n A EP°1EE%31(PIL)°H/‘1 AHSE UL oSk aE 840
NN 2 B= B of] of g ApAM 8 Y82 E4tsh n A& R A L.

suboffsets ¥l G- A nv] 2o Al 8] 7] A-§ Pt

void *internal
o] -2 A& k= (exporting) A Aol &) W R A o= ALGHUTE o & F0f, o] A2 A F A+
(exporter) AT Z A 288 4= o, Wi 7} 5| Al 2 ulf shape, strides X suboffsets ¥l & 2
Y Al & oF 3F=A] ol o st “"/H:LE Z{Xo st ol AR FH Ut &u| A7} o] ghs WA A = <
HUth

Constants:

PyBUF_MAX_ NDIM
The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers

of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimensions. Currently
set to 64.

112 Chapter 7. 34 A A=



The Python/C API, ¥&] 2 3.12.4

7.7.2 W3 94 43

W=7l Pyobject GetBuffer ()& S A58 (exporting) AA & ¥ 2 J S HU A d5U T
HEele] =24 2o Hxdol A e 5 dong, anAe A e AT W FI32

2% 817] $15) flags A AHE A& U T,
All Py_buf fer fields are unambiguously defined by the request type.

O3 TE+ flags®] &S DA &3 FAF SulE oz AP Aok Ut obj, buf, len, itemsize,

readonly, format

PyBUF_WRITABLE
readonly BEF Aol Utk AR HH, Al F A= ‘ﬂ'E/‘] 27] 7hs o M & Al 3kA
U A E ®asfor g 218 Z] o, AT A o7l A w sy 227 7k W s E
ABE 5 AT BE 20740 o ABAL 57180 Tk
PyBUF_FORMAT
format BEE AP th AW, o] Z=EE Sut2A Aok Ut 18 A ko
¥, o] W= whE A NULL ©] o] of g th
PyBUF_WRITABLE->Th& A & S92 4 5 UTh PyBUF_STMPLEC] 0L 2 HOH BT,
PyBUF _WRITABLES 5% Z#) 22 AFRH o] 7tdhdl 27 71538 v o & 2 33 4+ d5Uth
PyBUF_FORMAT-2 PyBUF_STMPLES A9 4] o) Zef19b 2 4 915 th PyBUF_SIMPLE ©] 1]
2 B(E T Q= ulo]E)E o ugh ).

shape, strides, suboffsets

Az =2 F2E Aojsts 1 ERET gaste oA 2 ddg Utk 74 £l e 2 okl
Ae AW BE H] £ 2ok
2% shape | strides | suboffsets |
yes yes Q349
PyBUF_INDIRECT
yes yes NULL

PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE
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A%4 274

CUZEd sy

& 3NAen 20 ded, Aedols 0 S KYH/E 9 I P
~EZolE AR} O

% | shape | strides suboffsets | A&A4 |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEEes
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL NULL C

AR
BE e 2 ge O de) S 1 2ol o5 s AP UTh Hol4h wH TR A4F AL
Hexdesdd a2z AlFdch
e BolA Ut BAHA e A%ALS uetdUth auaE d242 Bdt] 96
PyBuffer IsContiguous () <3 oF gl
273 | shape | strides suboffsets | 144 | readonly format |
yes yes Zg33d | U 0 yes
PyBUF_FULL
yes yes 493 | U 1E==0  yes
PyBUF_FULL_RO
yes yes NULL 8] 0 yes
PyBUF_RECORDS
yes yes NULL 8] 1E==0 | yes
PyBUF_RECORDS_RO
yes yes NULL U 0 NULL
PyBUF_STRIDED
yes yes NULL 8] 1==0 NULL
PyBUF_STRIDED_RO
yes NULL NULL C 0 NULL
PyBUF_CONTIG
yes NULL NULL C 1=+=0 NULL
PyBUF_CONTIG_RO
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7.7.3 Ezsn]g
NumPy-~€}2l: shape 3} strides

NumPy 2~ E} vl o] :=28]& 2= itemsize, ndim, shape W strides® 2] Yth

ndim == 009, bur7} 7}l 7)1 =W RE] Y X7} itemsize 27)9] ~ZetR AP L Th o] A%, shape
I} strideste EF NULLY YT
strides7}FNULLO|H, Bl B n-2td Cul g2 A g Ul 2282 o, 2uAts tpS3} 2ol
n-xH¢l B < o) qﬂ;«ﬂﬁaﬁ oF g t}:

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

QoA AFF=0], bur=AA HEY EZ2 Yo v
SrZ MY FEAS AAE F JAFYTH

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block

A7

i
i

71e1 4 4 1% T Al 2 (exporter) = ©f

memlen: length of the physical memory block
offset: (char *)buf - mem
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= O:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] <= 0)

imax = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL-~€}¥: shape, strides 2 suboffsets

ARE &5 Qo &, PIL 26t vl ol = A9 th& 84 7}Zﬂ¢7l 9130 ohehof 6}%EJE%7 233
T AFYLh o & 9, g9 3- 24 C vl & char v[2][2 1270 2-2Hd s €2 7He) 7] = 270 9
ZOEH udE B 4= 9}’.;143}. char (*v[2]) [2] [3]. suboffsets EHo A, o] F ZAE = bur?
AlZF R el = E 5 e, Wz o= 9] oy vl A E 4 = F W] char x[2] [3] ME=
Zhe By T

t}-&-& NULLo] o} strides &} suboffsets 7} 92 i, N-x}Q 1Al A7} 712 7] = N-x19 vl € 9] & 40 o3+
ZAHE vl g g uth:

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; 1 < ndim; i++) |

pointer += strides[i] * indices[i];

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];
s
}

return (void*)pointer;

7.7.4 W3 a4 g

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ ¥ Qg o]~ & XY '(5‘]—
ko 0L vkt 10 ¥i&E wl|, Pyobject GetBuffer ()7} 3%
sk o] gt B AF T

1w A

ov VE

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Part of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>o0bj to NULL
and return - 1.
X234, views A3, view—>0biE exporterol S A 22 AASI, 0 &Y 8 F
S &9 AAZ gy At A4 H (chained) W3 FF A A $, view—>0bj+ exporter 21 0]
AAE Fx2d =+ U9 AA F2A4E E*ﬂu)
PyObject_GetBuffer ()o] that AFAQ &L PyBuffer Release()o] 3t &=
o]FZ ook gt malloc () I free () & & ] AR o mhEbA, 2R A7 MR 2GS Sl
PyBuffer Release ()& A&3| 8t A 5 &3 oF gt}

void PyBuffer_ Release (Py_buffer *view)

Part of the Stable ABl since version 3.11. Release the buffer view and release the strong reference (i.e. decrement
the reference count) to the view’s supporting object, view—>obj. This function MUST be called when the
buffer is no longer being used, otherwise reference leaks may occur.

PyObject_GetBuffer ()5 T3 @A X2 HF o o] S4+E T &3= A2 o H YUt

Py_ssize_t PyBuffer SizeFromFormat (const char *format)

Part of the Stable ABI since version 3.11. Return the implied i temsize from format. On error, raise an
exception and return -1.

Added in version 3.9.

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

Part of the Stable ABI since version 3.11. view2 A2 W2 2] 7} C 26+ (order7} 'C') oY 2 E T
28t (order7F 'F') AL o] AY & S S (order7t 'A) W 1S HEESHU T 22X ko 0
vpsbal o}, o] S sw\y Azah

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. 501 R view W59 indices7} 7}8] 7| = W 28] 49 & 714

Yt} indices= view->ndim Q&2 9] v & 7}e] A ofF gt}

int PyBuffer_ FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the Stable ABI since version 3.11. buf ol Q= A< len vl E S viewZ E AU T fort= 'C!
T ' (CAEY B T EZ AEY /\_1)01/\01/*141;]. AZstd oo] BigE 1, o8] 7 o™
-1 Ol wHEE Yok

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. src®l| )= len v} EE bufoll A& 2 BARU T
orderi="C' =t 'F' B 'A'(C2EY EEXER 2AHL A EE E S b L 5 dFUh
2 35Hel 00] WHEHS] 1, o 2] 7}k glo B — 1] Wk ek,

o] 4= Jen = sre->leno] H A 3 g o}
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int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and
or Fortran-style buffers.

0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
Part of the Stable ABI since version 3.11. strides Wl 2 Fo] X R 4T vlo]| E 49} 0] A shape & 2
A= (order7} 'C'H C 2EFY, order7} 'F ' 3 Eﬂ- AELY) v g 9] HlolE AE G| E R A2 YT
int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
Part of the Stable ABI since version 3.11. readonly®l We} 22 7] 7}5/d o] DA H len 2719 buf & =<3}
2= A& A (exporter) o] TSt W3] &S A FUTH buf = F5 glE vlol EY A A2 3|4
Y,
flags QAN A= 432 Ut iUtk o) &= huf7t 917 180 F XA 1 PyBUF_WRITABLE®)
flagsll A2 %ﬂ 01 UA koH, FF Fe 217 AR st = views 23 Th
On success, set view—>ob7j to a new reference to exporter and return 0. Otherwise, raise Buf ferError,
set view->0bj to NULL and return —1;

| 8+ 7} getbufferproc®] LF-2 AF-2-% W, exporter 7} A| 55} (exporting) 22| 2 A A =] o] of 5} 11,
ﬂags FAE A G AZ ALFHofoF Tt 1E A 9O exporter 7} NULL ] 01 oF gt}

78 Y2 Z2EF

W7 3.05H HA=
o] 4= glol M 20 A “IL B3] L EEZ”API Y FH o)
EAGA BAT 2x TE o A2 A7 HEF P4E
SR IEAE U9 9= 6‘}1]“ ‘ﬂ«ﬂ*xﬂlf@_}ﬂ B2 Ay s AAT T+ %iuqr/}

webA], PyObject_GetBuffer ()(U: =y* Ywrx 2 T =5 AMRSl= PyArg ParseTuple () AEY
T E TSt NA A ety FE 7HA LT, WY FENAT 5 S Wl pyBurfer Release ()&
T &%= 2ol FE5Yh

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

rlo
2,

Part of the Stable ABL 22} 7189} QJ&] 0 2 A}83 4= 9l 917) ﬁ% o 2 2] ] 2] EH 5t ZE S
WU T obj A= FY AIIHE F2F W H Q Ei Jﬂ 1 S AdsfoF gtk AFstd, 0=
V2oL, bufferE v B 2] )X 2 A A SEAL, buffer_leng W H a dol2 AAdrt. o Ei Alell, -1&
w3ksl a1, TypeErrorE A A Yt}
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)

Part of the Stable ABL. 1) H o 1 & £33 ¢17] 4§ w22 9150 vhek £ 9161 & vhekgh ok,
obj A7+ T A THE 97] b5 Mo Qe 3] o] 28 A A3hof Gyl 4FFHY, 02 WM&,
buffer® W22 92 2 ARSI, buffer_len W7 Ao 2 AR UL o Alol, -12 Waa},

TypeErrorE A A s ch

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} &g M| 1HE ¢} 7 ]—% W3 A FH o] AE X YFH 1S ¥3gH ok
IR 4o, 02 WHEFU T o] T B AT EME}
ol = HHE 7HA AL s Al sk AL 5, Sl B S S ok 5 T sk o9l = A= ol
YA L. o] RS wko W thAl Pyobject_GetBuffer () S AHEBHAIA] Q.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABIL. 227] 7}53 W 2 2] §] %] of o st £ 91 i £ 93ttt} obj QA= Y A2
E, B4 H AdEF o]~ E AWl of it F 8, 05 REHSHAL, buffers W R 2] A A= HA
3L, buffer_leng W3 Zol2 AUt of 8] Aldf], -1& ¥H&81al, TypeErrors A FYth.
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CHAPTER 8

o] &9 T 54 ol A Fo AW AGF Ut ZEA FXEH F AAE ALEot= A2
%ﬁﬂ%ﬂ%%iMNJElﬂﬂHﬂﬂ%%J%12ﬂ—ﬂ°ﬂﬁ%ﬂgéﬂﬂ%4@ﬁxé
ANE 85 oF ) o = AR 7D AR BQstel W, PyDict_Check () & ARSI A
5. o 42 shol 4 AA Ho] A Y T4 o] 5.

A
o] oA At e ABH = AA Y B 79 AA AAHA T, B Fre K2 AA A
SkA] FF YT NULLS A28t w2 2] A -&t‘“’l A3k Qe 2] ] 7}

A=

AgE = NULLS &9l
2>
=]

ﬁ/\] %E% T3

8.1 7]& A

o] Aol A sho] M B A 2 A2 E AA Noneol sl AW FI T,

8.1.1 & A

type PyTypeObject

Part of the Limited API (as an opaque struct). W38 S 7| &5t o] AR & AR C 24
PyTypeObject PyType_Type

Part of the Stable ABL. 0] A2 & 2|9 & AR YU} sto] A AZ9 typedt 22 AA Yt}
int PyType_Check (PyObject *0)

A 07k BEH AR A 1D G A
L T A% 08 MBI o] e 24

m[m

23eto] W AA T 00] o} g WA T,
2.

o,
of

int PyType_CheckExact (PyObject *0)
AR 07} @ AA | A ¥, BEF AR ] A1 Fo] op] W 0] obd g WFY k. o
02 WU o] Pt P4 4 F U Th

unsigned int PyType_ClearCache ()
Part of the Stable ABL. W5 23] 7§ A1 & AUt A9 WA e 22 w133 ot

rlu
td
rln
o

o
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unsigned long PyType_GetFlags (PyTypeObject *type)
Fart of the Stable ABI. Return the t p_ £ 1ags member of type. This function is primarily meant for use with

Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited API.

Added in version 3.2.
WA 3404 WA ¥38 L o] A 1ongo©] o}y Bt unsigned long$ YT

PyObject *PyType_GetDict (PyTypeObject *type)
Return the type object’s internal namespace, which is otherwise only exposed via a read-only proxy (cls.
__dict__). Thisis a replacement for accessing t p_dict directly. The returned dictionary must be treated
as read-only.

This function is meant for specific embedding and language-binding cases, where direct access to the dict is
necessary and indirect access (e.g. via the proxy or PyObject_GetAttr ())isn’t adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their own types.
Added in version 3.12.

void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL. @3} 179 ZE A H o gst Y& A A S F2 2 gt o] o
JHEU o2 ZH2E S5 02 2 AT ol o] $48 T3 o Ttk

int PyType_AddWatcher (PyType_WatchCallback callback)
Register callback as a type watcher. Return a non-negative integer ID which must be passed to future calls to
PyType_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.
Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id (previously returned from Py Type_AddwWatcher ()). Return 0 on
success, —1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher_id that was not returned to it by a
previous call to Py Type_AddWatcher ().

Added in version 3.12.

int PyType_Watch (int watcher_id, PyObject *type)
Mark type as watched. The callback granted watcher_id by Py Type_AddWatcher () will be called when-
ever PyType_Modified () reports a change to fype. (The callback may be called only once for a series of
consecutive modifications to type, if _PyType_Lookup () is not called on type between the modifications;
this is an implementation detail and subject to change.)

An extension should never call PyType_Wat ch with a watcher_id that was not returned to it by a previous
callto PyType_ AddWatcher ().

Added in version 3.12.
typedef int (*PyType_WatchCallback)(PyObject *type)
Type of a type-watcher callback function.

The callback must not modify type or cause PyType_ Modified () to be called on type or any type in its
MRO:; violating this rule could cause infinite recursion.

Added in version 3.12.

int PyType_HasFeature (PyTypeObject *o, int feature)
B A 07} 715 feamres ‘A 78k 0] obd S WHAUTH & 7%
g4k

int PyType_IS_GC (PyTypeObject *0)

Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_GC.

rlo
o
ne
g7
[
i
)
[
fru
==
>,
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int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL a7} b2] A/ B 3 o)W S uish3hc}h

o] T+ AA AR ok ARt &, __subclasscheck__ () 7} bell ti 3l EEF"] 7 ks
T} issubclass () 7} 38 3= A L AALE 389 PyObjecthsSubclass ()8 T=3HA
Al L.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

i
sholwio] 7] 2 vl @ 2] B vl AU ZS ALEShe] A A AS BTET RE S-S NULLE 27
sty
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
Return value: New reference Part of the Stable ABL. & 14| 2] tp_new €F& 13t A1 28] 7]. &9
tp_alloc EX < AHE3Ee Al AI=H &g WavTh

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL & 7} A& n}F g 3y D]-. 271312 ge3ted 2E & Ao 3l o] A
=2 5 E5oF BT o] Bk o] wols Bolrol A A5H SES 2T AF A 08
WHEheal, @ F Al -1 Wr’ﬁ}i AL E 4 75?:}14 o}

_4

e

al

If some of the base classes implements the GC protocol and the provided type does not include the
Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from
its parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags
then it must implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s name. Equivalent to
getting the type’s ___name___ attribute.

Added in version 3.11.

PyObject *PyType_GetQualName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s qualified name.
Equivalent to getting the type’s ___qualname___ attribute.

Added in version 3.11.

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. A1 A H &5l #1734 @' ZolgE wakdlct 2
o), £ 0] NULLO| AL} B/ §E oA 940 o) M2 525 S YUt BEAE
dutA o A IAEE APT T For 7H¢%§EMD},

slot AAAFL] 7153 gF2 PyType_Slot.sloto FZR3IAHAL.
Added in version 3.4.
WA 3100 WHA: PyType_GetSlot () can now accept all types. Previously, it was limited to heap
types.
PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. PyType_FromModuleAndSpec () & AF-&3lo] &S 2HE o
EEER EEEEFE STty
Fol P} A&E EEo] 929, TypeErrors 24 3Hil NULL= W Th

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may
be a subclass of the intended class, and subclasses are not necessarily defined in the same module as their
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superclass. See PyCMet hod to get the class that defines the method. See Py Type GetModuleByDef ()
for cases when PyCMethod cannot be used.

Added in version 3.9.

void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. 013 3 HAH RE AA o HEHE
PyType_GetModule () A3} ol| PyModule_GetState () & E&3}

ZFo]A FG AFAH 2Eo] YOoH, TypeErrorE A A3 NULLS ¥FEHgHY o}
nypeoll AAH BE o] YA R AGE] 7F NULLO| |, ol 2] & A 54A] ¢ Al NULL-Z HHeH
Added in version 3.9.

o
o
kv

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed
using the PyCMet hod calling convention.

Added in version 3.11.

int PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

This is Unstable API. It may change without warning in minor releases.

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or O if a new tag could not be
assigned.

Added in version 3.12.

i)
oft
i,
)
il
N

gt FRAE ¥ e ves v ARE YT

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec,

PyObject *bases)

Part of the Stable ABI since version 3.12. Create and return a heap type from the spec (see
Py_TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL, the metaclass
is derived from bases (or Py_tp_base[s] slots if bases is NULL, see below).

Metaclasses that override tp_new are not supported, except if tp_new is NULL. (For backwards compat-
ibility, other PyType_From* functions allow such metaclasses. They ignore t p_new, which may result in
incomplete initialization. This is deprecated and in Python 3.14+ such metaclasses will not be supported.)

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.
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o] &= MEE Foll PyType_Ready ()& S th

Note that this function does not fully match the behavior of calling t ype () or using the class statement.
With user-provided base types or metaclasses, prefer calling t ype (or the metaclass) over PyType_From*
functions. Specifically:

e _ new__ () isnot called on the new class (and it must be set to type.__ _new_ ).
e _ _init__ () isnot called on the new class.

e __init_subclass__ () isnot called on any bases.

e __ set_name__ () is not called on new descriptors.

Added in version 3.12.

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

Return value:  New reference. Part of the Stable ABI since version 3.10. Equivalent to
PyType_FromMetaclass (NULL, module, spec, bases).

Added in version 3.9.

W 7 3.109]] A ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

H A 3.129]| 4] ¥ 4 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

The t p_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return value:  New reference. Part of the Stable ABI since version 3.3. Equivalent to
PyType_FromMetaclass (NULL, NULL, spec, bases).

Added in version 3.3.

WA 3.129]| 4] ¥ 7 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. Part of the Stable ABIL. Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

WA 3.129)| A] ¥ 7 : The function now finds and uses a metaclass corresponding to the base classes provided
in Py_tp_base[s] slots. Previously, only t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides t p_new is deprecated and in Python 3.14+ it will be no longer allowed.

type PyType_Spec

Part of the Stable ABI (including all members). 8 2] 45 Ao = F+xA.

const char *name
o] o] &, PyTypeObject.tp_names 44 dF+= o] AFE-H Ut}

intbasicsize
If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.
tp_basicsize.

If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition to the
superclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory reserved
this way.

8.1.
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WA 3.129] A ¥ 7 : Previously, this field could not be negative.

int itemsize

Size of one element of a variable-size type, in bytes. Used to set PyTypeObject.tp_itemsize.
See tp_itemsize documentation for caveats.

If zero, t p_itemsizeisinherited. Extending arbitrary variable-sized classes is dangerous, since some
types use a fixed offset for variable-sized memory, which can then overlap fixed-sized memory used by a
subclass. To help prevent mistakes, inheriting i temsize is only possible in the following situations:

¢ The base is not variable-sized (its tp_itemsize).

» The requested Py Type_Spec.basicsizeis positive, suggesting that the memory layout of the
base class is known.

e The requested Py Type_Spec.basicsize is zero, suggesting that the subclass does not access
the instance’s memory directly.

e With the Py TPFLAGS_ITEMS_AT_END flag.
unsigned int £lags
g Z 1, PyTypeObject.tp flagss AR sIE o A YTt

Py_TPFLAGS_HEAPTYPE & & 2 7} 4 A 5 o 9 = o} o W,
PyType_FromSpecWithBases () 7} A5 o2 Z1&E AT}

PyType_Slot *slots
PyType Slot TZA)2 A, B4 &5 {0, NULL}ol 23] 255Utk
Each slot ID should be specified at most once.
type PyType_Slot
Part of the Stable ABI (including all members). 8 2] Al 7]

HE 2P

int slot

off
o

el st T2A, &% D9} 3 £

ID.

wy

=2
AN
2 IDE XA PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods % PyAsyncMethods & HE o]& o] py_ HFAE £9l o]
S AHEEUTE o & &9,

e PyTypeObject.tp_deallocs AAd=Py_tp_dealloc

» PyNumberMethods.nb_addS A% 3= Py_nb_add

e PySequenceMethods.sq _lengthS A A S=Py_sqg _length
The following “offset” fields cannot be set using Py Type_Slot:

* tp_weaklistoffset (use Py _TPFLAGS_MANAGED_WEAKREF instead if

possible)

* tp_dictoffset (use Py_TPFLAGS_MANAGED_DICT instead if possible)

* tp_vectorcall_offset (use "__vectorcalloffset__" in PyMem-
berDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to sup-
port Python older than 3.12), specify the offset in Py_tp_members. See PyMem-
berDef documentation for details.

The following fields cannot be set at all when creating a heap type:
e tp_vectorcall (use tp_newand/or tp_init)

e Internal fields: tp_dict, tp _mro, tp_ cache, tp_subclasses, and
tp_weaklist.
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Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of Py Type_FromSpecWithBases () instead.

WA 3.90 A M 7 : Slots in PyBuf ferProcs may be set in the unlimited API.

WA 3.110A WHA: bf_getbufferand bf_releasebufferarenow available under the limited
API.

void *pfunc
S50 ot BPUTh R o] AL Tl 3t EAF QYT

e NULL.

o

Slots other than Py_tp_doc may not

8.1.2 None 74

Note that the Py TypeObject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods and is immortal.
WA 31204 WA : Py_None is immortal.
Py_RETURN_NONE

Return Py_None from a function.

8.2 47 2

8.2.1 A2 A3

EEATE 999 2719 “long” B4 AA =2 FAF YT

ol l ) 2 E 9] PyLong_As* APl S22h9} 78 fg 9l (return type)-1< W33k 2%
AL A A A PyErr_Occurred () S ARSI A

type PyLongObject

Part of the Limited API (as an opaque struct). ©] PyObject® A B &2 mto|H H4 AR E JEFY
Yk,

PyTypeObject PyLong_Type
Part of the Stable ABL ©] PyTypeObject A2E A= glol W A4 S Ve U T o] AL mlolA

A% inco} 2 AR AT

int PyLong_Check (PyObject *p)
Q1Z}7} PyLongObject oW PyLongObject ] A B &olH S ukdghUt). o] g+ 4 A+
ok

int PyLong_CheckExact (PyObject *p)
AA7} PyLongObject A RF PyLongObject?] Al H & o] ofd g wighgtut. o] g
4 4E T

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. vZ K- E] A PyLongObject AAE ¥} ALY,
A 3 NULL& REEE Y o

The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.
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PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C
unsigned long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABL. C Py_ssize tZKE X PyLongObject AAS
whebel A, Ao shd NULLg R T

PyObject *PyLong_FromSize_t (size_t V)
Return value: New reference. Part of the Stable ABL C size_t 25 €] A PyLongObject AR E ¥kt
SHA U, Ao 3 NULLS vHEHEh o)

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongOb ject object from a C
unsigned long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABL vo] A4 B2 0 2 BE] X] PyLongObject AA S
ukeka}l 7 U, A o) 3 E NULLS BheHgh o)

PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABI. Return anew PyLongOb ject based on the string value
in str, which is interpreted according to the radix in base, or NULL on failure. If pend is non-NULL, *pend
will point to the end of sfr on success or to the first character that could not be processed on error. If base is 0,
str is interpreted using the integers definition; in this case, leading zeros in a non-zero decimal number raises
aValueError. If base is not 0, it must be between 2 and 36, inclusive. Leading and trailing whitespace
and single underscores after a base specifier and between digits are ignored. If there are no digits or str is not
NULL-terminated following the digits and trailing whitespace, ValueError will be raised.

t] 17]

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject
to/from an array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. A4 udl] = FUIZE A A FE2E vlo]# Aoz AT
ek,
Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)

Return value: New reference. Part of the Stable ABL. €| pZ 5 €] Jlo]H A4
e pyLong AsVoidptr()E AFRete] AR A 238 4 dHUTh

it

a
ful

i

e,

kel
o
o

long PyLong_AsLong (PyObject *obj)
Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first callits __index__ () method (if present) to convertittoa PyLongObject.

Raise OverflowError if the value of obj is out of range for a 1ong.
off & Al -1 W&t RSAES A ASHE M PyErr Occurred ()& AFE3HI A 2.
B A 3804 HA:Use_  index_ () if available.

¥ A 3.109]| 4] ¥ 7 : This function will no longer use __int__ ().
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long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first callits __index__ () method (if present) to convertittoa PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return -1
as usual.

o] Al —12¥EsUt) RS A S A ASHE W PyErr Occurred () & AFRSHA A L.
WA 3894 WA Use  _index__ () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Fart of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a long long.
off & Al —1 & wiEstucth RS A S A ASH Y PyErr Occurred () S AFE3HI A L.
B A 3.80 4] Y17 : Use __index__ () if available.
¥ A 3.109)| A ¥ 7 : This function will no longeruse __int__ ().
long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MTIN, set *overflow to 1 or -1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

g} Al -1& bRy th R3S A 78t W pyErr Occurred () E A3 L.
Added in version 3.2.
¥ A 3804 M A:Use  index__ () if available.
¥ A 3.10)| A ¥ 7 : This function will no longeruse __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABIL. pylong®] C Py_ssize t 8L W3St} pylong2 PyLongObject?] <l
2R 2ojoF et

pylong®] gkol py_ssize t2] M9E HoJUd overflowErrorg A A Ut}
ol Al —1L WSt R3S A ASH A PyErr Occurred () S A3 A L.
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABIL. Return a C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o #] Al (unsigned long) -1 ¥t&s Ut RSAES A ASHE Y PyErr_Occurred() & AHE:
A 2.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C size_t Z¥-Z 933Ut} pylongS PyLongObject®]
of of gFtt.

pylong®] #kel size_t] W E Yoy overflowErrors WA Yt}
o2 Al (size_t)-1& WA UTH B3 A A Y PyErr Occurred ()& AHE3HAE Al L.

2EA
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unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Fart of the Stable ABL Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

of 8 A] (unsigned long long)-1< w334 ch 2342 AAsHHE
PyErr Occurred () S AR SHA Al 2.

#3100 4 873 : 9] pylong= ©) A TypeError 7k ohl e} overflowkrror B4 A AU

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Fart of the Stable ABL. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

o #] A] (unsigned long)-1<S¥EEstUch RS A S Al ASHH Y PyErr Occurred() & AFE
S A2,

¥ A 3804 ¥ A:Use  index__ () if available.

¥ A 3.10)| A ¥ 7 : This function will no longeruse __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Fart of the Stable ABI. Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, firstcallits __index__ () method (if present) to convertitto a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

of 8 A] (unsigned long long)-1< W33 Y ok 23442 AAsHHA
PyErr_Occurred ()& A3 Al 2.

B A 3.891A H7A: Use__index__ () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)

Part of the Stable ABL. Return a C double representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range for a double.

o & Al —1.02 ¥ttt RS A ASI Y PyErr Occurred () & ARSI A 2.

void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted,

an OverflowError will be raised. This is only assured to produce a usable void pointer for values created
with PyLong_FromVoidPtr ().

o & A NULL-E 93Utk B3 A& A A PyErr Occurred ()& A3 Al L.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

This is Unstable API. It may change without warning in minor releases.

Return 1 if op is compact, O otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers.

For compact values use PyUnstable_Long_CompactValue ();forothersfallbacktoa PyLong As*
functionor calling int.to_bytes ().
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The speedup is expected to be negligible for most users.
Exactly what values are considered compact is an implementation detail and is subject to change.

Py_ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

This is Unstable API. It may change without warning in minor releases.

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.

Otherwise, the return value is undefined.

8.22 Ee|d AA

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_False and
Py_True. As such, the normal creation and deletion functions don’t apply to booleans. The following macros
are available, however.

PyTypeObject PyBool_Type
Part of the Stable ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)

o7} PyBool_Type @°|¥ g E2FUth o]l e TF 4TI
PyObject *Py_False

The Python False object. This object has no methods and is immortal.
¥ A 3.120 A HA: Py Falseis immortal.
PyObject *Py_True

The Python True object. This object has no methods and is immortal.
WA 312004 WHA: Py_Trueis immortal.
Py_RETURN_FALSE

Return Py_False from a function.
Py_RETURN_TRUE

Return Py True from a function.
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL. Return Py_ True or Py_False, depending on the
truth value of v.

8.2.3 Floating-Point Objects

type PyFloatObject
This subtype of PyOb ject represents a Python floating-point object.
PyTypeObject PyFloat_Type
Fart of the Stable ABI. This instance of Py TypeObject represents the Python floating-point type. This is
the same object as £1oat in the Python layer.
int PyFloat_Check (PyObject *p)
AA7} PyFloatObject W PyFloatObjecto] A H Pol¥ g W&ttt o] e FA A

2FU.
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int PyFloat_CheckExact (PyObject *p)
AA7} pyFloatObject o)Ak PyFloatObjectd] A H P2 oty g eyt o] ¢
Eisngs: il

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL str2] E2}94 742 7|9 S & PyFloatObject AX|
£ UEAW, A9} 3Hd NULL.

PyObject *PyFloat_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. vZYX- 8] PyFloatObject AAE WE AL}, A9
3} NULL.

17

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is not a Python

floating-point object buthasa __float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to _ _index__ (). This method returns —1.0
upon failure, so one should call PyErr_ Occurred () to check for errors.

WA 3894 WA: Use  index__ () if available.

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.
PyObject *PyFloat_GetInfo (void)
Return value: New reference. Part of the Stable ABL float2] AU =, X 43k, & A gkoll
structseq Q1 ~H A2 EAE UL o8 51 Float .nE AL 9FS 27 QU Th
double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

0
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double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

Added in version 3.11.

130 Chapter 8. -4 A A=



The Python/C API, ¥&] 2 3.12.4

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
atp). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,
or 0 on little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

¢ What this does is undefined if x is a NaN or infinity.

* -0.0and +0 . 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary16 half-precision format.
int PyFloat_Pack4 (double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on
little endian processor.

Return value: The unpacked double. On error, thisis =1 .0 and PyErr_Occurred () is true (and an exception
is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.24 B4 A
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C FRAZA Y BLF

w7 W o)) @ TR AT WolE o) AT W) AEE B3 G B2 H| BRI GO

Z OEUh o] APL AAlof| A &g Ytk

type Py_complex
The C structure which corresponds to the value portion of a Python complex number object. Most of the
functions for dealing with complex number objects use structures of this type as input or output values, as
appropriate.

rr
%
rr
]

2~
T

double real

double imag

The structure is defined as:

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

Cpry complex £HEZ ALE3to] F B4 49 3HE 9Ha3hU o).
Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)

C Py_complex £V ALgHe] £ Base] Aol g waguh
Py_complex _Py_c_neg (Py_complex num)

Return the negation of the complex number num, using the C Py comp1ex representation.
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

CPry_complex @& ARGt F Haso 32 vy
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

CPry_complex 2@ ARGt F Haso H2 whadhyn.

If divisor is null, this method returns zero and sets errno to EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

C py_complex 82 AH&8+o] num?| exp A5 Al < Hag ok

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.

shol#l 23] 2 A 2] B a4

type PyComplexObject
sho]m B a4 A E U pyobecte] AH A,

PyTypeObject PyComplex_Type
Part of the Stable ABI. ©] PyTypeObject AAH A= vho] W B A4 38 e YUt sho]H A=9
complex2} 22 A LTk,

int PyComplex_Check (PyObject *p)
QlA}7} PyComplexObject WU PyComplexObject AH & o] S Histsht}. o] g4+ 3
A AFFI,

int PyComplex_CheckExact (PyObject *p)

QI A} 7} PyComplexObject O] A QY PyComplexObject®] A B §3 o] ofyd & widkshyrc}
o] St = FAF Al F Skt

)
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PyObject *PyComplex_FromCComplex (Py_complex v)

Return value: New reference. Create a new Python complex number object from a C Py_ complex value.
Return NULL with an exception set on error.

PyObject *PyComplex_FromDoubles (double real, double imag)

Return value: New reference. Part of the Stable ABI. Return a new PyComplexOb ject object from real
and imag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op asa C double.

Upon failure, this method returns —1 . 0 with an exception set, so one should call PyErr Occurred() to
check for errors.

double PyComplex_ImagAsDouble (PyObject *op)

Fart of the Stable ABI. Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)

E s op] Py_complex gha WU T

If op is not a Python complex number object but hasa __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
to_ float_ ().If _ float__ () isnot defined then it falls back to __index__ ().

Upon failure, this method returns Py complex with real set to —1.0 and with an exception set, so one
should call PyErr Occurred () to check for errors.

B A 3.891A H7A: Use__index__ () if available.

8.3 A|dx A
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These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] Pyobjecte] A H L2 stojd ulo] EE AAE YEF YT

PyTypeObject PyBytes_Type
Part of the Stable ABIL. ©] PyTypeObject®] AA2EAE lo] W vlo]|EYE &S VEFH YT} shol A
A% 9] bytessl 2L AR U,

int PyBytes_Check (PyObject *0)
AA o7} viol EE AR o] AL vlo] E QD F o] A E F o
P4 43Ik

int PyBytes_CheckExact (PyObject *0)

A o7} vpo] E A A A o] A ¥k, Hlo] E D FJ A H 9
‘6]—/\ = ‘61-/Rl- /\4:'_61-1,]1;}

rO
[>
rm
[>
1<)

Fe WU o $4

rr

rO
[>
rT
[>
rr

ouw e B o

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. &3} H ZtoZ v BXEL EALE S ZH= A
Wpol = 428 WHEa 1, A S NULLE WS o i) W4 v NULLo] b o] oF T Tk
AAEA U o,
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PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 4] 5’—6‘]—“# Zrol v B o] EALE o311 Ao] 7} len
A A vl EE AAE whehsta, Aol st NULLS R U T v7F NULL o] |, Hlo] EF A )| ¢
W& 271349 A 5T

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABIL. C printf ()-2E}
A oL A, A5 Sl Mo 2 A 7S A o 1 g
B2 Tk b Q1R C % o] of oF 31l formar £ A- ol 9l
Ttk HE5E 2R TAL 0} Lok

A format FAHL 37} 7HH 7)€
ool Fhol U E nlo]lEd A E
W FAET A &3] S5l oF

EEE B i
%3 n/a e E % A}
sc int @ HbolE, Cint2 AF YT
3d int printf ("sd") 2} S5t
$u unsigned int printf ("su") 2} F53}!
$1d long printf ("$1d") 9 53 t!
$1lu unsigned long | printf ("s1lu") &} F5gYct!
Szd Py _ssize_t | printf ("$zd") ¢} 53 c}!
$zu size_t printf ("$zu") & =53}
%1 int printf ("%$i") &} 55§ )]
$x int printf ("sx") 2} 53 c}!
%s const char* 925 CEA A<
sp const void* CZoH 1634 A, ZWEZ2] printfr}ojd AIE
Y=ol 2ol 2l e e ox Al 2hgo] R THE WS
AL 713 print £ (t4om) 5 55 G T
Q424 gl B9 EAE EY EAQ U A) REol BE A7} A7) 1o)2 #AH A UE L,
27} QA= RAHY

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. &3] T 7] 2] QA& H3ltt= ZAS A
PyBytes_FromFormat ()3} 25U th

o
i
rr

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABI. W3 Z 2 E 28 73 3l= 24| 02] Hlo|EE R3S
Ll i g

Py_ssize_t PyBytes_Size (PyObject ¥0)

Part of the Stable ABL. H}o]|Ed AR 02] 2 o] & ut33h

¥

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABIL 02] W-&of t 3l =] E ¥I3shU T} £ E = len(o) + 1HIOER A
D oo] 5 M52 7hel Al ek W) kA g uko] 24 thE d (null) uho] £ 7h 1A o BAglo]
g dd Yk 24471 PyByteS _FromStringAndSize (NULL, size) & AME3lo] Wg WHE
01 XJ 77k otyd ol B & A A= ¢ H 143} g Al A= < U o7t vl E
AR 7F o} W, PyBytes AsString ()< NULLES W83}l al TypeErrors ‘3"/@/\]9&\41‘/}.

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Fart of the Stable ABI. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.

VA= AR, u,1d, 1u, zd, zu, i, ) o A : 0- B Ze) 1= ALEE AFH = 9T v U

134 Chapter 8. -4 A A=



The Python/C API, ¥&] 2 3.12.4

length7t NULLO W, uko] EQ A& W38 d wlo] EE 294 5 glgunh; whep 13
-1& ¥k33l 3 valueError& WA 7 14‘:]’-
buffer= obj2] W13 ¥ 3 & 712) 717 = £, 2ol 37} who] =7} 2 FHE U T} (engihol £ =7

=
or<&Ut}). AA| 7} PyBytes_FromStringAndSize (NULL, size) & AFRSlo] Wb wl

A7 b ol el % 4 AN A& 9 H LTk L AT AL & F UL b7 ko) 2D
7} o} W PyBytes AsStringAndSize ()= -1 W8St TypeErrorE WA Al Z U Th

B4 35904 WA ol Holl, uhol =& Aol | wpe] =7} 3% o] 90T TypeError7h HAH
Ut
void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

Part of the Stable ABL. bytes®l| newpart®] U-&& SlE 2 A] vlo]|EE AAE *bytesol] 55U TH &=
A7F A 2T 4RI byies®] o1 2 kol BT B2 8 FALIT A AR/} vl g0,
bytesol thek ol A 2= o] A 3] W 2] A 3L *byres®] 3t NULLE ARG Uth A A5 o9 7 444
O},

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

=L AN W
St =

o
g

5]
ol
2

24N, N

Part of the Stable ABIL. Create a new bytes object in *byfes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

Aol = BT who| = AR 9 27)F WS P 2
5 Tk AH 5P A 9 bytes 7 o] v] T =9 ThE HRo] FeiA 91 4 lrkE AHgakA nh Al
e kol = AA 9| F D57k 10] obd ) o Y4B T A= AL A YT, 7% ol =
DAL FAE value( 8L 72T £ QS YUHE ALsty, 9= A 271 Aok A=
Sk, *bytes= 7] 7} A 73‘51 vl EE AR E ZA ﬂ 0°] ® %9‘41‘/} *hytes®] T PY 7Ur
SR AsUth Aol A stH, “bytesoll = Wl vio|E L A= S A F 1L, *bytes 7}
NULLZ A A% 1, MemoryError7} A A S 1] —10] v13k5 U},

AA3) AL vl =D AR ¥

8.3.2 nlo|E uj &g AA|

type PyByteArrayObject
o] PyObject] A H &2 F}o] A bytearray 2 A & LEFY L T}
PyTypeObject PyByteArray_Type

Part of the Stable ABL. ©] PyTypeObject
A%&2] bytearray® 2 AA 4tk

Ol A E A= ulo] A bytearray & 2 LFEFH U T Tho] A

P AR

int PyByteArray_Check (PyObject *0)
A 07} bytearray 2 A o] A1} bytearray F 2] A H & A" 2 ukstshy o} o] = FAF
Az,

int PyByteArray_CheckExact (PyObject *0)
A A 07} bytearray 74 A o] X] B}, bytearray 3 2] 4] B & QIAR A= oby W IS vkt o] e

G4 4 F P ok
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2% API g4

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W Z 2 & Z-& T & 3l= 422 AA (o) ZHE
R A | 2L bytearray AA S =& o)

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL string3} 71 Z ©] (len) 2 F-] A 22 bytearray 2 X &
WEyth Asfshd, NuLL o] HhehE Ut

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. 8}o] E 8] & a 9} bE o] o] B o] A 22 bytearray &
Hh2kety ok

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL NULL Z B & &2 3%t & bytearray2] 27|15 2+&gt}.

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL. NULL ¥ Q& & &2 3} & bytearray2] W& char 8] 4 2 vF3-gh o}, ¥k3E
ol & g4 o o] W whol £} 71 1 o,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL. bytearray®] W5 ¥ 9] 27| & leno & Z A 3T}

rlr

s

ol MR E ST E 5 S A ZAEE FAsHA] FF Ut
char *PyByteArray_AS_STRING (PyObject *bytearray)
Similar to PyByteArray_ AsString (), but without error checking.

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
Similar to PyByteArray_Size (), but without error checking.

833 SUTE AA e} 7Y
INEERE

glo] W 3.30] 4 PEP 393& T &3 o] F, FUIE ekt 28-S AMEEt] AA 7
| = E

UIE B HYE xesldA vre &84 3l x< 7} 128, 256 FE+= 65536
ekl Eapdel e SH S A9 A5uh 29X oW, I FAEL 1114112 (A4 FURE=

#9]) ) who]of of gk,

UTF-8 representation is created on demand and cached in the Unicode object.

2

The Py_ UNICODE representation has been removed since Python 3.12 with deprecated APIs. See PEP 623 for
more information.
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TEAE

g2 shol ol A fULE TR AL /1R FURE AH FY
type Py_UCS4
type Py_UCS2
type Py_UCS1

Part of the Stable ABL. ©] §E52 z+7+ 328) E, 160 E 4 §H|E o] A& £3}e1 7)o B3 RS
A= A5 FE Y3ttypedef YU th T FUFE B X]—— A W=, Py UCS4E AFR A L.
Added in version 3.3.

type Py_UNICODE
o] AL ZHEZo et 168 E o]} 320 E FQl wchar_t 9] typedef U Th
H A 33004 WA o)A WAA, o] 22 WE A] 3}o] WY “U] 29 (narrow)” - “ 2} o] = (wide)”
FURE WA F ol A2 AP LA o me 168 = Folih 320 E ol g5 Th

type PYASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject

o] pyObject B PFEL o] FUIE AAE YeEPH UL
2 8] 8l= BE API 8H4:7) Pyobject ZAEH S 311 vtdtelnz 2 H AF-&3A

Added in version 3.3.

PyTypeObject PyUnicode_Type
Part of the Stable ABL. ©] PyTypeObject QI2BEAE gto]H FUZE &S vEFE YT dolA
Fro strZ =P Y

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.

int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)

Returns 0. This API is kept only for backward compatibility.

Added in version 3.3.
¥ A 3.105- 5] 5 A= : This API does nothing since Python 3.12.

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)
Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the “canonical”
representation (not checked).

Added in version 3.3.
Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)
Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right function.

Added in version 3.3.

PyUnicode_1BYTE_KIND
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PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode KIND () W2 29 & v+3sh ).
Added in version 3.3.
WA 3,120 A W7 : PyUnicode_WCHAR_KIND has been removed.

int PyUnicode_KIND (PyObject *unicode)

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-

code object uses to store its data. unicode has to be a Unicode object in the “canonical” representation (not
checked).

Added in version 3.3.
void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical” repre-
sentation (not checked).

Added in version 3.3.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)

Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This function performs
no sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

Added in version 3.3.
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)

T A (canonical) & data(PyUnicode DATA () 2 AL E)oA TE EAE
L} 4] (ready) S & ©] == A 5 Uth

Added in version 3.3.

frt
wo

D
A
=
o
>

Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_READ () if you do multiple consecutive reads.

Added in version 3.3.

Py_UCS4 PyUnicode_MAX CHAR_VALUE (PyObject *unicode)

Return the maximum code point that is suitable for creating another string based on unicode, which must be
in the “canonical” representation. This is always an approximation but more efficient than iterating over the
string.

Added in version 3.3.

int PyUnicode_IsIdentifier (PyObject *unicode)

Part of the Stable ABL. 210] 7 o] of] w}2} E A} d o] f- 23 4 x}o] W 1-& Wik o}, Al A identifiers.
a3 ¢kod 05 Wt

HA 39904 WG F A o] ] (ready) = A] o4 9k= W, o] ¥ Tl= Py Fatalirror ()€ %
=34 s yTh
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FULE #4454
FUILEE OS24 542 AFFUT 7P A5 B2 22 shol A T4l mpehC ol )95 &
SEETEEEE BT L R e

int Py_UNICODE_ISSPACE (Py_UCS4 ch)
ch7} & FAFA A o] whet 1ol vt 0& W& o,
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
ch7} &F A 1A o] e} 1 o] 05 W th
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
ch7} Ak A o] e} 1 o] uf 0S W th
int Py_UNICODE_ISTITLE (Py UCS4ch)
ch7} Al 5 Al o] 2 A A of] w2} 1 0]t} 05 WEHhY T
int Py_UNICODE_ISLINEBREAK (Py UCS4 ch)
ch7} & Ah AR A of] me} 10] v} 05 REEHRhY o
int Py_UNICODE_ISDECIMAL (Py_ UCS4 ch)
ch7H10 35 B2 A o whet 10]1 05 WhEhgh oh
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
ch7} B 3l (digit) B A1 A of] whe} 10]v} 02 WhEHgh T
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
ch7} 5 2 (numeric) F 21 A o] whet 1 0] 05 WU )
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
ch7h &3l AR o whe} 10]v} 02 WEEHgh T
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
ch7} G2 ZAAA o whe} 10]v 02 WEEHgh o
int Py_UNICODE_ISPRINTABLE (Py UCS4 ch)
ch7} A4 7153 ZAFAA ol whet 1 o] 02 WY th A S o §ls Ealbs, A4l 7He R Aer
75 3F= ASCIL 2 9] 0] 22 (0x20) & A| &) 3132, U Z = B4} ] o] E] ¥] o] 2> 0] A] “Other” L} “Separator”
= Q" EAd YT (o] 2 ollA A4f 7Fs 8 EAF= repr () ©o] EAHE Ol thal & wf o] 27
o] ¥ %] }OPOF St EAFE ol el S Al L. sys . stdout 9] 1% sys.stderro] 7] 58 £2-4 9]
el et F- o] glsuth)
Tha API= w2 2 2 W ghol] AHE- & 4 5 Th
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
AR AEH F2F chE R oh
WA 338E A o] T4 2hg Alo] 2 v P A F oh
Py_UCS4Py_UNICODE_TOUPPER (Py UCS4 ch)
A2 W EE F A chE Y oh
WA 335E A F: o] e hSt Al o]~ v P S AR F T
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
A= Ao~z WEE 2 chE WHEH o
W7 335 E S| A o] T bt Al o] A v g A F T
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)

Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This function
does not raise exceptions.

8.3. A|AX A 139



The Python/C API, ¥ &) 3.12.4

int Py_UNICODE_TODIGIT (Py_UCS4 ch)

Return the character ch converted to a single digit integer. Return —1 if this is not possible. This function does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)

Return the character ch converted to a double. Return —1 . 0 if this is not possible. This function does not
raise exceptions.

Th APIE A& 5t A ZA I EE THE 4 A5 th
int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)

ch7} A2 A o] E Q1A &2t} (0xD800 <= ch <= OxDFFF).

int Py_UNICODE_IS_HIGH_SURROGATE (Py_[/CS4 ch)

ch7} A9 A2 A o) E AR &3t} (0xD800 <= ch <= 0xDBFF).

int Py_UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)

ch7} 3F) A 2 A o] E Q1A Els Tt} (0xDCO0 <= ch <= 0xDFFF).

Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py _UCS4 low)

Join two surrogate characters and return a single Py UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair. high must be in the range [0xD800; 0xDBFF] and low must be in
the range [0xDCO00; OxDFFF].

FUTE BAL AHH QA2
FUIE AR E RS 78 A Ax S 0] AA 252 | The APIE AL SHAI Al 2.

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

Return value: New reference. M| +U L= A A& w5} maxchart TAG o M AT AA H ) Z =
= 01 E 04°1c Utk 2AZEC 7, 127, 255, 65535, 1114111 A| B 2o A 74 7472 o g &3 &

AAE dste o AFH = AU o] £ AHSste] BE A=

Added in version 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

Return value: New reference. 1% kind(7} 5 3t 3kS PyUnicode KIND ()°l 93] =133
PyUnicode_1BYTE_KIND SYUHE M2 FUIZE AAE w5k buffer= kind o] whe}
£ 1,2 E i duho] 29 size th9] 0 W) A2 7he] A oF I Tk

If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the
buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range,
it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

Added in version 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABI. Create a Unicode object from the char buffer sr. The
bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object. The return value
might be a shared object, i.e. modification of the data is not allowed.

This function raises SystemError when:
o s5ize <0,
e stris NULL and size > 0

WA 3.129)| A ¥ 7 : str == NULL with size > 0 is not allowed anymore.
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PyObject *PyUnicode_FromString (const char *str)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer str.

PyObject *PyUnicode_FromFormat (const char *format, ...)

Return value: New reference. Part of the Stable ABIL. Take a C printf () -style format string and a variable
number of arguments, calculate the size of the resulting Python Unicode string and return a string with the
values formatted into it. The variable arguments must be C types and must correspond exactly to the format
characters in the format ASCII-encoded string.

A conversion specifier contains two or more characters and has the following components, which must occur
in this order:

1. The '$"' character, which marks the start of the specifier.
2. Conversion flags (optional), which affect the result of some conversion types.

3. Minimum field width (optional). If specified as an ' * ' (asterisk), the actual width is given in the next
argument, which must be of type int, and the object to convert comes after the minimum field width
and optional precision.

4. Precision (optional), given as a ' . ' (dot) followed by the precision. If specified as ' *' (an asterisk),
the actual precision is given in the next argument, which must be of type int, and the value to convert
comes after the precision.

5. Length modifier (optional).
6. Conversion type.

The conversion flag characters are:

| Flag  Meaning \

0 The conversion will be zero padded for numeric values.
= The converted value is left adjusted (overrides the 0 flag if both are given).

The length modifiers for following integer conversions (d, i, o, u, x, or X) specify the type of the argument
(int by default):

| Modifier | Types \

1 longorunsigned long

11 long longorunsigned long long
I intmax_t oruintmax_t

z size_torssize_t

t ptrdiff_t

The length modifier 1 for following conversions s or V specify that the type of the argument is const
wchar_t*.

The conversion specifiers are:
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Con- 3 =X

version

Speci-

fier

% n/a The literal % character.

d, 1 Specified by the The decimal representation of a signed C integer.

length modifier

u Specified by the The decimal representation of an unsigned C integer.

length modifier

o Specified by the The octal representation of an unsigned C integer.

length modifier

x Specified by the The hexadecimal representation of an unsigned C integer (lowercase).

length modifier

X Specified by the The hexadecimal representation of an unsigned C integer (uppercase).

length modifier
int A single character.

s const char* or 9-ZZ CEXuj<.

const wchar_t*

P const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with the literal
0x regardless of what the platform’s print f yields.

A PyObject* ascii() & &3t 43}

U PyObject* SUIE AH.

v PyObject*, FUZE AANULLY 5 A5 UTh ot = AA] v 7] W2 A

const char* or Y-Z22 CEXa]Q (R AR o] 7] W47} NvLLo|dH AFEE Y
const wchar_t* T}H.

S PyObject* PyObject_Str ()& &3 A3}
R PyObject*™ PyObject_Repr ()= &3 A3}
3

The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes or wchar_t items (if the length modifier 1 is used) for "%$s" and "$V" (if the PyObject*
argument is NULL), and a number of characters for "$A", "$U", "$S", "$R" and "sV" (if the
PyObject* argument is not NULL).

b

al

Unlike to C print £ () the O flag has effect even when a precision is given for integer conversions (d, i,
u, 0, X, or X).

W70 32004 ¥17: "811d7 8} a1 luvel o e A flo] 27}

WA 33004 WA 10, na 110 W vazino] ofa 2| 9o] 27bE g o,

W 34004 W71 s, MaAn, U, MeUn, vss", mervo] Bleh ok HUE Eule] A o)
2719 Sl .

WA 3.129]| A ¥ 7 : Support for conversion specifiers o and X. Support for length modifiers j and t. Length

modifiers are now applied to all integer conversions. Length modifier 1 is now applied to conversion specifiers
s and V. Support for variable width and precision *. Support for flag —.

An unrecognized format character now sets a SystemError. In previous versions it caused all the rest of
the format string to be copied as-is to the result string, and any extra arguments discarded.
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PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 7] 9] QA& Hsltt= A2 A9 stdA
PyUnicode_FromFormat ()3} 5 4t}

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABL. Copy an instance of a Unicode subtype to a new true
Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference
to the object.

FUsEL} o)) A2 g o]9]e] A& TypeErrorE A HY T
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. Q173 H AA objS FUIE AAZ TPt

bytes,bytearray ¥ 7|E} Hlo| E A7 22| 0] A encodingl| Wet errors® A 2] 3 ol &) A 2] &
AHESte] g Utk £ thnuLLe] E 4 913, o] A9 AEH o)A 7] EFES AR F U o (R}
At &L U 795 FZRIAHAL).

42 BN AYe)

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. FUZE AR 2 Zo|& F & £ E & utgshr}h
Added in version 3.3.
Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

Added in version 3.3.
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
B2 EAE S A3 YT fill_char& unicode[start:start+length] ol &Y Th
fill_charo] F2F2 Hth EAE T AW, E2HL el & ol Fx7F e Ayt
7159 22 +F REge A ol 8 Al -18 WkEketal o 9l & 3 A Y Tk
Added in version 3.3.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. =AL G ol Bx}& $Uth BXEL PyUnicode_New () 5 53

BEglofol Utk AUTE EAGL BWoBR, 4GS FH3AL ok A 54 skofol

.
o] B4 unicode?t FUZE AA 1A, e 27k WS Rol ¥t A, AA 7L QS 24D 5
1A (3, 2 857 197) g
Added in version 3.3.
Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Fart of the Stable ABI since version 3.7. Read a character from a string. This function checks that unicode
is a Unicode object and the index is not out of bounds, in contrast to PyUnicode_ READ_CHAR (), which
performs no error checking.

Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of unicode, from
character index start (included) to character index end (excluded). Negative indices are not supported.

Added in version 3.3.
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Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Part of the Stable ABI since version 3.7. Copy the string unicode into a UCS4 buffer, including a null character,
if copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is
smaller than the length of unicode). buffer is returned on success.

Added in version 3.3.
Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the Stable ABI since version 3.7. Copy the string unicode into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

Added in version 3.3.

AL JNFTY

A AL AFZ G AHESto] &G AANAM 2 G2EE HIY T 5 A5

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. %t= 2 o] = 2} VxWorks 2] UTF-8 o] 1}
O EREY A EAL JAIZLY FAES HEZEF UL A A= ol A7) "strict”
2} "surrogateescape"(PEP 383) Q] Ut} Ul Z T &= errors7} NULLO| W "strict" o8] A 7] &
AE U sre QT2 Bihok AW Y FAE £TT 5 95U
Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and
error handler.

This function ignores the Python UTF-8 Mode.

t] ®B7]

Py_DecodeLocale () &

Added in version 3.3.

WA 374 WA o] F4 o)A QFER ) EE A9 811 surrogateescape ol 8 2] 7] ol A
AL dFYPE AL} o] Ao, Py _DecodeLocale () ©] surrogateescape©l| AHR-H
R, FA BEAL QI strictol AHEH JAFUTH

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: ~ New reference. Part of the Stable ABI since version 3.7. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

Added in version 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. S+ UIE AA|E Q=2 o] =9}
VxWorks ol A] UTF-8 2 Q1F Gl AL}, th2 ZWFZollA A 2AE 7 Fo 2 AAG gk A4
HE= o2 A8 7= "strict "2} "surrogateescape"(PEP 383) Y Ut} QI = errors7} NULL
o "strict" ol & A2 7| E A F Y Th bytes AAE RFHU T unicode= WH 4 EAE

£9T 5 gsUh

Fl

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error handler.

This function ignores the Python UTF-8 Mode.

t] 17]

Py_EncodeLocale () &4
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Added in version 3.3.

H A 3704 HA: o] Sk o)A k= F o] =5 A 2] 3}1l surrogateescape 9| 7 & ] 7] ol A A|
=) O_J_%]E /\}—3@'1/]1’/} o]Aoll= Py_EncodeLocale () ©] surrogateescape©| AF&E
A, 84 2AY 979G strictol ARHSEH AEFY T

K

QA2 AT

Functions encoding to and decoding from the filesystem encoding and error handler (PEP 383 and PEP 529).

To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:
int PyUnicode_FSConverter (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface — to bytes using PyUnicode_EncodeFSDefault ();bytes objects are output
as-is. result must be a PyBytesOb ject* which must be released when it is no longer used.

Added in version 3.1.

WA 36004 M3 27 AAE Lol duth
Az FE BN ZF Fd o5 strE Y I GsE W, "os" WHIEIE AR
PyUnicode_FSDecoder ()& W% St 2 A G5 oF ght}:
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface — to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicodeObject* which must be released when it is no
longer used.

Added in version 3.2.
WA 3.600A4 WA A2R AAE dtol =< UTh

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding and error
handler.

If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

t] ®B7]

Py_DecodeLocale () &4

W A 3.69 A ¥ 7 : The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the Stable ABL. Decode a null-terminated string from the filesystem
encoding and error handler.

If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
W A 3.69 A ¥ 7 : The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABIL. Encode a Unicode object to the filesystem encoding and
error handler, and return bytes. Note that the resulting bytes object can contain null bytes.

If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().
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t] ®17]

Py_EncodeLocale () 3.

Added in version 3.2.
¥ A 3.69 A ¥ A : The filesystem error handler is now used.

wchar_t x| ¢

A Aot= FAEo| W& wehar_t A 9:
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object from the wchar_t buffer

wstr of the given size. Passing —1 as the size indicates that the function must itself compute the length, using
wcslen (). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)

Part of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size
wchar_t characters are copied (excluding a possibly trailing null termination character). Return the number
of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t * string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t* string is null-terminated in case this is required by the application. Also,
note that the wchar_t * string might contain null characters, which would cause the string to be truncated
when used with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output
string always ends with a null character. If size is not NULL, write the number of wide characters (excluding
the trailing null termination character) into *size. Note that the resulting wchar_t string might contain null
characters, which would cause the string to be truncated when used with most C functions. If size is NULL and
the wchar_t * string contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_ New (use PyMem Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

Added in version 3.2.

WA 379 A ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null charac-

ters.
LH;g-it-ﬂ
el £ 5 93 C2 AA4E WA IY TS ATFULh oy d IYEL EF O 55
ol AH AT 5 A5
oh5 API] tf B2 F 7H9] 1A} encoding 3 errors & F 3t H, W str () 2AE AA YA AES
22 v gtk

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls should
use PyUnicode_FSConverter () for encoding file names. This uses the filesystem encoding and error handler
internally.

o8] A 2]z errors £ A A= =], 9 o] th3f oA 7] A 25 A TS = NULLE AFE
AUtk 2 g 29 o thek 712 ofl ] A 2] “strict” Ytk (ValueError7F 24 Y Th).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.
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o

IR}

=2

1
fin}

&2 gk 39 AP U o)
PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
encoded string str. encoding and errors have the same meaning as the parameters of the same name in the
str () built-in function. The codec to be used is looked up using the Python codec registry. Return NULL if
an exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABL U Z = A& A7 Y331 23S 3}o] 4 bytes
AA = 9r2k U th encoding} errors<= U L= encode () HIAES] 22 o] 5] w7 W4t 2
o o u itk AT e sho]H 2 AL e & Aalo] 23T ). 20| o 27]
WAy 3k NULLS WY T

UTF-8 7.1

t}S-2 UTF-8 9 APIY U th:

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL Create a Unicode object by decoding size bytes of the
UTF-8 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©]
PyUni code_DecodeUTF8 ()AE =AUl consumed 7} NULL©o| ofU W, &3 B4
UTE8 wpo] & A2t o 2 A 23] 4] @it o] el ¢ wpo] e o m 85 4] gpow] v 1)
HlolE = consumed"ﬂ A2 Yt

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-82 Al-&3}o] FUIZE AAE A7 Y32
A5 3ho] A bytes A 2 whSRgHU Th ol 2 A 2= “strict” YU TE ZE o Al o 9] 7} g S
NULL-S BFHgh o}

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

i, poy (2

Part of the Stable ABI since version 3.10. U I = A 2] UTF-8 Q1 ZJof tf gk A E W33,
1T PH 89 272 (blo] E B 2) sizeol] AU T} size Q1A= NUL AF U o] A5

2
1o

S AR A U wan el e Y 25 £AET} Je
9 npo] & 7} 74 U o (sizeol] 345 A 925U Th),

o 2] 7h A sk, NULL o] of| £ A A 3} FHA| W= AL size7F A A k5T

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated
and pointers to it become invalid when the Unicode object is garbage collected.

Added in version 3.3.
W 37004 W7 w23 & oA char *7F oY gt const char *Juyrth
¥ A 3.10)| A ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_ AsUTF8AndSize ()& ZA v A7) 8 A F8HA k51U Th
Added in version 3.3.
WA 3704 HA: gL o)A char *7}o}lUz}const char *Yuth
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UTF-32 .9

<2 UTF-32 29 APIY Y t}:

PyObject *PyUnicode_DecodeUTF 32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-32 2 Q7 H B ¥ EX}Yoj A size B} O] EE
Hzgdstasig FUZE AAE 23U th errors(NULLO] o} H) = ol A2 E F ot
71 B 2k “strict” Y Y TF.

byteorder7} NULLo] o} W, T T = X A H "lo] E A & ALg3lo] T Z Y-S A &3t}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

*byteorder”7}00]1, Y& o] E] ] A& 4u}o] E7} ulo] E A EA](BOM) o] ¥, T Z T 7} o]
Hlol E A = M 25 3 BOM2 23 U= FA ol AR A 255Ut *byteorderZt -1
ol 101, BE Hlo| E A A7k £ o] BAH T

&S T, *byteorderi= Y4 & T 0| E] 2] Fol|A] AR vlol E £AE AAFH T
byteorder7} NULLo| ¥, Z &2 o] E| H <A RE &2 A &3]t}
Seo] A 9] 7} WA SHE NULLS MR o
PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: ~ New reference. Part of the Stable ABL consumed 7} NULL ©] H,
PyUnicode DecodeUTF32 () 8 % A g 4 th consumed 7} NULL ©] o} 4 H,
PyUnicode_DecodeUTF32Stateful () & =38 EYU A UTF-32 Blo]E A|FA A (7} 42
FolE oA A] = HlolE ) E ol HE AR Ut o] E st uio]E t I YE A o
39 H vlo] E 4= consumed | A7¢g Y th.

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©]E] B B}o| E <= A 2 UTF-32 91 &
Shol 4l vhol £ EA-A-2 WA T} EALS T4 BOM k22 A5k of
JuUch T oA o 9] 7} A 8 NULL-S 9 o)

oy

AEEE

95
%] 2] = “strict”

UTF-16 .9

<2 UTF-16 Z9 APIY Y t}:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABI. UTF-16 2. 2 2 3 QJH B ¥ E XY of| A] size H} o] EE
OF sy AT TS AR S B eros(ULLO] obU W) & o2} 4 2 & A8l gk
71 B Z7E-E “strict” Y Y T}

byteorder7} NULLo] o} W, T T = X A9 "lo] E A & ALg3lo] T Z Y-S A &3t}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

*byteorder”7t00]al, ¥ T o] B ] A5 28} E7V} IOl E A A (BOM) o] ¥, T T = ©]
HEolE A &2 [ 3k 11 BOM2 23 fFURE 2G| AR 2] gk Uth *byteorder7h -1
ojif 10]W BE o] E A A7 o EAME UTH(\ufeffUb \ufffe 7L g Yth.

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULLO| ¥, T &2 Y| o] E| H 4 R E & A &3 o}
S0l A o 9] 7} A 3 NULLS WL o,
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PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return value: ~ New reference. Part of the Stable ABL consumed 7} NULL 9| Eﬂ,
PyUnicode_DecodeUTF16 ()2 8 % Z 3 U th consumed 7} NULL 9] o} [BIR=]
PyUnicode_DecodeUTFl6Stateful () & &3 E %A UTF-16 vl ol E A|F A (71 H ?;_‘——T—
HEOo|E U 28 A ZA 0 E ) E o2l 2 A 2|5tA] s UtTh olg gt vlo]| Ex YA YE A oFon
U] Z g = v}o) E 4= consumed®l] A = U Tl

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©] E] B v} o] E <=4 2 UTF-16 917
sho] W vhol £ EA S WeHE Tk £442S T4 BOM 922 A2, o 2 4
AUk FEe A oj 2] 7} A5 NULL-S WU Tk

UTF-7 29

t}-&-& UTF-7 9 APIY U t}:
PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
UTEF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©] ¥,
PyUnicode_DecodeUTF7 () A 3 =23 th.  consumed 7} NULL©o] o} U W, &3 94
UTF-7 base-64 A -2 o & A ej= A ks Ut olgjgtulo]E= YA YEA ko tAd
HlolE = consumed"ﬂ A2 Yt

<l
=

RN (REE A

Jo
L
R

kv

22 “FUFIE o] 27 o] Z (Unicode Escape)” T & APIY U t}:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. U T E o] AFA| o] & AFR-3to] FUIE AASE

A7 Y3t AIE bytes A = WU T ol & A 8] “strict” Y Y E‘r T of| A o &] 7} Ay 3
NULLE Wh3hgh o).

RREASERSN P BEEE

022 “UA] F- U FE o]~ A o] = (Raw Unicode Escape)” 79 API Y Y t}:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. A FFUFE o]AA o] ZE ALE3Fe] FUFE

AAE A2t 23S bytes A = vEAZHU T ol 2] A 2]& “strict” YU ZE | A o 2] 7}
285 NULLS WHEHRh T
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Latin-1 7.9

22 Latin-1 29 APIY U T}: Latin-1S A2 256719 FUZE Ao sl gatm Q7 Fof Zdof A
o] 58 34 Utk
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Latin-1 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Latin-12 At-&3to] U ZE AAE A FZ PG5t

A5}2 5ol 4 bytes A4 2 W T o A )= strict” 4 U Tk, 2ol 4] of ¢ 7h ¥4 She NULL
2 W ok,

ASCIl 7.9

& ASCH 29 API] Ut} 7TH| E ASCIL H| o] B & 3] §H U Th th& € =+ o2& 44T
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCIIE AM-&3lo] UZ = AA = i‘%} st 2
Al o

& vho] A bytes A A 2 WERFEU T} ol & A 2] = “strict” Y U Th I G0
S WEshoh

A 2

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode
and decode characters. The mapping objects provided must support the ___getitem__ () mapping interface;
dictionaries and sequences work well.

e g 29 APIY U th:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
encoded string str using the given mapping object. Return NULL if an exception was raised by the codec.

mapping©] NULL O] ¥, Latin-1 T Z o] A-&HUth L& A] ¢k O™ mapping-> vFo] E A5 (0] A
255 AbelS A E FUZE FAE, AT (FUZE AT s A g Ut E+ None & 2 1 53 3] of
ShU ) 95 A S-S ol o] E] ufo] E (None, 0xFFFE = '\ufffe' 2 U RE = AR ohe},
LookupError & $8aHs 72)& Ao 5 A ee Ao 2 Ao o2& HAN AT,
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABIL. =0 2 mapping A A& AF&3te] FUZE
A7 Y331 AIHE bytes 24 2wk o of| 8] A ]+ “strict” YU T T o] A o 9] 7}k
NULLS HJ%‘?;M t}.
mapping 2 A = = A4 A4E bytes A, 00| A] 255 Abo] 2] A4 == None 2 2 1 F 3 of
2 th Noneol UH "Jﬂ < 7/4\3‘,_‘113_]- O}‘/] gt A= 2] 52 A A4 (LookupErrorE F43k= A)
£ gels) ) ghe vl Hm 22 Aelsof ol 2l 7} B o)
o Z9 APIE FUIEE FUIEZ wfjgstths Jo A SHEF Y

A2
A3t
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PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)

Return value: New reference. Part of the Stable ABL. &} v 3 | o] &8 2 &3}lo] EX<E S HE3
AT FUFRE AAE vk oh 2o A o 9] 7} A 8HE NULLS REH Y T

W ol Be fUTE AL ALE SUTE AL Ao} None(E A7 AR H E2 g Th o
33 3 of ey ot
Mapping tables need only provide the _ getitem_ _ () interface; dictionaries and sequences work well.

Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors= T E0 1] AubA A |l AUk 71 o A 2§ AHSFE hehlE nuLLY 4 gy

AE$ & MBCS 79|

T}e o MBCS 79 APIQU T dx) 9% _?—01] A ek AbR3 5 9o W Win32 MBCS 37 & AF& 3810
S FAF Y TE MBCS((E+= DBCS) & @A sturt ofet A3 el dol FolstdA L. i
QiYL ZE & AP st 7)Ao AHSA 2 A ofl o8l el gyt

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by
decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)

Return value: New reference.  Part of the Stable ABI on Windows since version 3.7. consumed
7} NULL©] ¥, PyUnicode_DecodeMBCS ()X ¥ S Z3 Ut}  consumed 7} NULL©] o}y H,
PyUnicode_DecodeMBCSStateful () & 238} A& (lead) H}o|EE YA YA &1 YA H
Hlo] E =7} consumed o A 78 U Tk

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & AF&-3Fo] 74
FE AAE AFZ I3t AFE Tho] H bytes A 2 WU T ol ] A 2]+ “strict” Y Y th. Z 9 o]
A e19) 7 A SR NULLE W o

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object
using the specified code page and return a Python bytes object. Return NULL if an exception was raised by the
codec. Use CP_ACP code page to get the MBCS encoder.

Added in version 3.3.

E ARt FAL S (AHollA 2Adelztal stAlsUth A= g 5 3o

9] 7} A 5HE B NULLO| v -1 & kg T,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value New reference. Part of the Stable ABL. & EXg S o]o]E o] 3o Mz FUIE
2L A3 T

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABl. £X¥€ & B3lo] FUZE BEX Y g|l2EE Zﬂ
FFU T sepo] NULLO| T, R E Bl BB AN Fato] ST T 184 grow, o3l
T2 A o] Lol th Ht maxsplit E o] T+ Uth 509, Al go] AR H A %5
vtk FRAE A7 o2 s0] E8E A St

Nl
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PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
Return value: New reference. Part of the Stable ABIL Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters are not
included in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. 50 2 separatorE A-&3t0] EX14G A|92~E A2
33 A7 fUTE BALL BB,

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)

Fart of the Stable ABL Return 1 if substr matches unicode [start:end] at the given tail end (direction
== -1 means to do a prefix match, direction == 1 a suffix match), O otherwise. Return -1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)

Fart of the Stable ABI. Return the first position of substr in unicode [start : end] using the given direction
(direction == 1 means to do a forward search, direction == — 1 a backward search). The return value is the index
of the first match; a value of —1 indicates that no match was found, and -2 indicates that an error occurred
and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int
direction)

Part of the Stable ABI since version 3.7. Return the first position of the character ch in
unicode [start:end] using the given direction (direction == 1 means to do a forward search, direc-
tion == —1 a backward search). The return value is the index of the first match; a value of —1 indicates that
no match was found, and -2 indicates that an error occurred and an exception has been set.

Added in version 3.3.
WA 3. 79| A ¥ 7 : start and end are now adjusted to behave like unicode [start :end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the Stable ABL Return the number of non-overlapping occurrences of substr in
unicode[start:end]. Return -1 if an error occurred.
PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t
maxcount)
Return value: New reference. Part of the Stable ABI. Replace at most maxcount occurrences of substr in
unicode with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.
int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABL. & X9 & v w st z+zh 22 248 =0 o3 -1, 0, 1S wH&hgh ).
o e Al A 12 WrFEstE R, oY FA87] Al PyErr Occurred ()& &S oF &
U,
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Part of the Stable ABL. Compare a Unicode object, unicode, with string and return -1, 0, 1 for less than,
equal, and greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets
the input string as ISO-8859-1 if it contains non-ASCII characters.

o] g ol & YA 7 A gkt
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL. = U I = £ X149 F 73} v 3 (rich comparison)
37 oS 5 b whakgh o)
* o 9] 7} g5k NULL
e Py_Trueor Py_False for successful comparisons

e Py_NotImplemented in case the type combination is unknown
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Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_ LE.

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Part of the Stable ABL format3} argsol| A M 24 AA| & HI3g
o] AL format % args -FAFEYTH

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Fart of the Stable ABIL. Check whether substr is contained in unicode and return true or false accordingly.
substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

Fart of the Stable ABI. Intern the argument *p_unicode in place. The argument must be the address of
a pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is
the same as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and
creating a new strong reference to the interned string object), otherwise it leaves *p_unicode alone and
interns it (creating a new strong reference). (Clarification: even though there is a lot of talk about references,
think of this function as reference-neutral; you own the object after the call if and only if you owned it before
the call.)
PyObject *PyUnicode_InternFromString (const char *str)

Return value:  New reference. Part of the Stable ABIL PyUnicode FromString ()3
PyUnicode_InternInPlace ()9 %3, ¢ H(intern) & A FUZE Ex9 AAY, &
e 7Mool 918 B AL AA ol th g Al (efB) FEE BT,

834 F3Z A

type PyTupleObject
o] pyObjectd] B P dtold 7 AAE YeH YT
PyTypeObject PyTuple_Type
Part of the Stable ABL. ©] PyTypeObject <l
tuples} 22 AR o},
int PyTuple_Check (PyObject *p)
PPt RE AANAUYFE FY A F A2l FE ST o] T4+ A AFTFUh
int PyTuple_CheckExact (PyObject *p)
p7t F& AA AR FE FY AB JY d2das oblWH FE FEF UL o] @5E T4
EES LN
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 2.7 len Q1 5Z AR}, A 9] A] NULL-Z W33 o}

[>
[>
rlr

At shold &

f
ot
o
+
o
29
T
v
i)
o
¥,
b

%ol

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. 27| n Q1 A} 5= A A}, A9 A NULLES W3St
Ytk 72 32 stold AAE 7tel 7= $5n 78] C AAE 27|13 Ut PyTuple_Pack (2,
a, b)+=Py_Buildvalue (" (00)", a, b)<S53yrch
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. F-Z A A o) th 3t £ E| & oA, 3| F FZ9 275 wkssh ).
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
FZpY 271 UL o] 27]+= NULLe] ok I FE S ZHeE| Aok Ut ol 2] AAbe 3
A FE Ut
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

(=22

Return value: Borrowed reference. Part of the Stable ABIL. Return the object at position pos in the tuple pointed
to by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.
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The returned reference is borrowed from the tuple p (that is: it is only valid as long as you hold
a reference to p). To get a strong reference, use Py_NewRef (PyTuple GetItem(...)) or
PySequence_GetItem().

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple GetItem ()} 8]5281A] gL, QIALE &Hols)A] ok T)

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABI. Return the slice of the tuple pointed to by p between low
and high, or NULL on failure. This is the equivalent of the Python expression p [ Low:high]. Indexing from
the end of the tuple is not supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL p7} 718] 7] = 5= 2] pos Y X of] A A ool T 8F I ZE Aot AF5Hd 0
£ WrEgU T pos7 HY E Hloj U, -1 W35 IndexError 9| Q] & A A St

L

al

oSk
o

AR AN FEol o)m] Yt FEo| hE B2 E

rlr

o] F ool it FRE“FT X1 Y 2L
¥ & Y t}(discard).
void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple SetItem() 3 HISHAIRE o] AALE 844 kom 22 FES A2 wf* v+ AL-8-3]

oF gk

e

al

This function “steals” a reference to o, and, unlike PyTuple SetItem (), does not discard a reference
to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
52 218 240 0 AT 4 Ao th newsies FE] A2 e Pol 7 HUTh FEL 2o
250 0] AR B 2, 2ol th3l 227} Sbl 1% o AL el o LI, FE o] 2=l e el
oJv] QR0 ol 28 A A . FEE 3 BAN A AL Bl 1 A€ o)
29 53S0 A FEL BEE AL T ATAYA 2, BA B B EAY B eh AT 0
2 WAL FeholAE RS, ol Ao] o] BT TEIV A3 LU ARHAE &
Ut ~p7h B8 A2 7L Aol pis o0 H Utk A9 aHE, ~18 WS, +p NULL
2 A A5}, MemoryError W SystemErrorS WA Al Z U Th

8.3.5 FxA Al @A AA

T Z A A2 (struct sequence) A A= namedtuple () AA L CES7FEY UL S oJESHESE &9 &
Bl A AT G A, A A AT AEE T, UA 54 T A AL HE wEolo}

itk
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. Part of the Stable ABL o}]ofl AW H desc?] H|o]E| 2 M2 F+ZA A1E
2L U5yt 23 g9 AdAEAE PyStructSequence_New () 2 WHE 4 95U Th

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc 72 A A A2 3 nype Azkel ol A 2 7]3h3h o,

int PyStructSequence_InitType2 (PyTypeObject *type, PvStrucISequence_Desc *desc)
PyStructSequence_InitTypel} ZA 9 A-Z3H 0L, Aojstd -1 vtdshyt

Added in version 3.4.
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type PyStructSequence_Desc
Part of the Stable ABI (including all members). s T2 A A/ A2 P o] vgf JRE 23]

const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *£ields

Pointer to NULL-terminated array with field names of the new type.

intn_in_sequence
Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyOb ject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.
const char *name
Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.
const char *doec
Field docstring or NULL to omit.
const char *const PyStruct Sequence_UnnamedField
Part of the Stable ABI since version 3.11. 0] & Q= AEH| 2 G AT 7] 93t = o] &9
A 3904 M7 Fo] char *ollA HAHAFUTH
PyObject *PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. Part of the Stable ABL. PySt ruct Sequence_NewType () &2 THE type
o aEAT BHEY T
PyObject *PyStruct Sequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABIL. p7} 7}8] 7] = 72 A Al A 29 $ ] posol] Y=
AAE EHFUS B A AE A syt
PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStruct Sequence_GetItem ()3 S5t uja =,

A

% .

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. T Z A A|A 2 po AY X posol] = TEE 7L o2 AT YT
PyTuple SET_ITEM ()3} upA7EA R, o] A& M 22 AXHAE A& wf vk AE-3f of g T

ZF71

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), butimplemented as a static inlined function.

8.3. A|AX A 155



The Python/C API, ¥ 2]~ 3.12.4

8.3.6 |2 E 7AH|

type PyListObject
o] pyObjecte] A H L2 vtold 2|AE A& e UL

PyTypeObject PyList_Type

Part of the Stable ABL. ©] PyTypeObject QAABEAE Fto] W g AE FS Jepduth o] AL gho] A
AZS 1ist &} 22 AR Y th

int PyList_Check (PyObject *p)
p7tEI2E ARG el 2aE o AH § Adaday 28 wisdg Ut o] g4+ A AT F Ut

int PyList_CheckExact (PyObject *p)
p7t |2 E AA o] A RE B A E P A H Fo AT AT ol W FHE vkt o] s
gEE e,

PyObject *PyList_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A4 & 35Fd Z o] len 21 A 8| A~EE, A9]5H NULL
PR Y

L

X
leno] 0X Tt I 9, iH g2 E A9 FEL2 NULLE AFF YT wetA

2
PyList_SetItem ()2 AA AAZ HAS7] Aol PySequence _SetItem ()} 2L FA
APL 48 ALE 1A sfol 4 mmo] A8 =58 4 feh

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL listol A 8] 2 E AR 2] Z o] & W23 th; o] &= 8|2~ E AR o thgt len (1ist)
o} 553

Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL list7} 7}2] 7] &= 8] 2 E | A index §] 2] 2] AR =
W T 9105 357} ol ol ok T B =] Zol AR S Qe A AE A ek
index7t 9] € B o] U (<0 = >=len(list)), NULLS W33} 1 IndexError o2 & A A gt}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Return value: Borrowed reference. Similar to PyList_GetItem (), but without error checking.
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

Part of the Stable ABL 2] ~E 9] 18X index©l] Q& 52 item S 2 AUt 43 5HH 0= vF
Ut index7} W9 S Wlojyd, -1 W36l 1l IndexError o9 S A A 3yt

I

re

FA o] Bl AE ] on] Qe FE T H=x

[
rlr

o] gt itemo] S A2 E “F X1 F
3

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
ofl#] AAF Q& PyList_SetTtem()d WaE F4, duld o g oA Y&o] gl A g AES

A9 vl AHg P ek

ol
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L

al

ol | I 2 = itemo) S FRE “F A7, PyList_SetItem () I B8 A== 5ol ot
FREWYA GFUhlist o i A Y= FRE FTE o3 Uh

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
Part of the Stable ABL. &% item-& 2] 2~ E list2] QA2 index ol 44U ot A-235hd 02 ¥Hagy
o} AIstd -1 ‘ﬂ—%‘tﬂ-ﬂ o2& dATYrL} list.insert (index, item) ol 333t

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 2] 2~ E isto] ol A item= F 7Vt A235Hd 02 ¥kshgh o} A9 s
12 MEea o) A4 LT List . append (item o 33U T

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL listol| A low 2} high Alol ol Y= AR ES £33}
g AEE kst A5t NULLS RSkl o 9] & A A Y th list [low:high] ©] 3f
Tt 2 As BB UL A A

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL  low2} high Abo]l 9] list&glo]l A& ttemllst./] Y& o i A A3ty
list[low:high] = itemlisto] S| ZTT}. itemlist= NULL & 5 Y=o, ¥ QEP/]
= Uehd Ut (getolx AHAlD. 4FstH 02, Adetd -1& ‘?}%@H t}. E]CE ol A K
Qe )2 A 95 A e

int PyList_Sort (PyObject *list)
Part of the Stable ABL list 58 A| A el A] ALt AFetd 02, Adfetd -1S 9§
o]AL 1ist.sort () =53]}

int PyList_Reverse (PyObject *list)
Part of the Stable ABL [ist®] &5 A x| oA HAS5Uth AFsHH 02, A95H4E -1 ¥3sHY
T} o] A& 1list.reverse ( 9]-5 st

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL list®] W82 2 3l= A F2 A& w33y
tuple (list) <} 553yt
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type PyDictObject
o] Pyobjecte] AH B2 stold BA e AME e,
PyTypeObject PyDict_Type
Part of the Stable ABL. ©] PyTypeObject Q2" AE gto]H Mg & YepY Ut o] AL
ol A A% 9] dict e} e AA YU Th
int PyDict_Check (PyObject *p)
p7} dict 27 0] 7] v} diet B A2 W) QAT S M o] B4t B4 AT
int PyDict_CheckExact (PyObject *p)
p7tdict ZAA o] A, dict F o] A H o AARHAE ©
.
PyObject *PyDict_New ()

Return value: New reference. Part of the Stable ABL. M| - Wl g4 425 v&3} A}, A9 sd NULL
2 wan.

ﬂd
A
)
i
o
r]I,
riot
o
A
vy
o
%
&
rr
o
ox
oX,
of

8.4. ol A7) 157



The Python/C API, ¥ &) 3.12.4

PyObject *PyDictProxy_New (PyObject *mapping)

Return value: New reference. Part of the Stable ABL. ¢} 7] A

€ 5&S AASE WF S 913 types
MappingProxyType A& WH&Hgyth o] 22 dubx oz v 54 Zeh= FL 93 g 4129
T2 A s Ad §E HEE o AHEE YT
void PyDict_Clear (PyObject *p)
Part of the Stable ABL 7]& 9|9 BE 7]-Z3F A& v Yth

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. © A ] &) pol| key7} £+
< -

215 of 9leA) AT Th pel BBl key?} A BhE 1
o W3, T34 FOW 0S MAGLTh o W -1 WP o] & ol A EB4 key in
peF5 U
PyObject *PyDict_Copy (PyObject *p)

Return value: New reference. Part of the Stable ABL p&} Z+-2 7]-gF 2 23H3t= Al 941 g
ot
3 .

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. & A 8] pol| val= key 7] & A4 Yt} key= Sl A 7F53 oF U th 1
¢t o TypeError7F AT AF3H 0

ZA]
. o
CAAFeHH 05, Avietd ~15 WU T o] 3= valoll th &
Hz2 322 F5Uth
int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)

Part of the Stable ABIL. This is the same as PyDict_SetItem (), but keyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyOb ject*

int PyDict_DelItem (PyObject *p, PyObject *key)

failure

Fart of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if it isn’t
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return O on success or —1 on

int PyDict_DelItemString (PyObject *p, const char *key)

Part of the Stable ABIL. This is the same as PyDict_DelItem(),but keyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyObject*

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. B A &] pol| A 7] 7} keyQl A A& wtEt
key 717} 31 o™ E AR

.
H & AAFA k3 NULLES WY o}

L

1

Exceptions that occur while this calls__hash__ () and__eq__ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead

¥ A 3.100]| A] ¥ 7 : Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

Return value: Borrowed reference. Part of the Stable ABIL 9| 2]
1 O .

, £ AA|}A] k= PyDict_GetTtem ()9
WY Utk o971 LA o9 & A ST NULLS WHF Tk 717
93 NULLS WHEHgh o}

o9 o 9] & HA A
PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Return value: Borrowed reference. Part of the Stable ABL This is the same as PyDict_GetItem(), but
key is specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*
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L

al

Exceptions that occur while this calls __hash__ () and __eqg__ () methods or while creating the tem-
porary str object are silently ignored. Prefer using the PyDict GetItemwithError () function
with your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] 212 3}o] W =& 2] dict.setdefault () & 25 Yt} £X)3}
A, g4 2] poll Al keyell 3] F5h= %k = HW‘rU“J t}h. 7] 7} dictell 912, gk defaultobj = 4 YJ = 11,
defaultobj7} WH - U th. o] = keyd] S Al 45 23] D AAE Ao SH A o= F sk Al
g B b
Added in version 3.4.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference.  Part of the Stable ABL. YA g9 E q&ES 3351 +=
PyListObjectE WrEshU T}

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. 94 8|9 B E 7| & £33}+= PyListObjectS
w2 o,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. A ] p] R E ZtS £3351=PyListObjectS
sk o,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL. 914 8] o] Q&= &2 =& widstyrc} ol= g g o 3k len (p) 2}
S5

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Fart of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to O prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject * variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration.

Its value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets
are not consecutive.

=)

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

[}

Aui el p ol Eld] o] 4 F-ol W3 A
2 QbApA L, 7] ol WA A %

fr e

E-RICRR= PR
1

Hagsycth A 5

o

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value) ;
if (i == -1 && PyErr_Occurred()) {
return -1;

}

(h& sl o] A ol Al<%)

8.4. Aol A 159




The Python/C API, ¥ &) 3.12.4

(o1 A o] A | A Al)

PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)

return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {

Py_DECREF (o) ;

return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)

Part of the Stable ABL wj| 38 A )| b5 o] H & o] E stHA], 7]-3k = A 2 a°ﬂ F7vU Tt b=

YW AU PyMapping Keys ()8} PyObject_GetItem()E AAdte BE AA L + AFY

t}. override7} 3o, aoll Y= 71<E o] boll A A3k 71 7F Qo wAE 31, T2 X] ko as)

A sk= 71 7F & Wi vk o] F=rhg Uth A FetH 02 whEketal, of| @) 7F g et -18 whEet

g},

int PyDict_Update (PyObject *a, PyObject *b)

Part of the Stable ABL ©]+= CollA PyDict_Merge (a, b, 1)} 23, F HA| S x}o] “keys” O] E

BEZ QS u] PyDict_Update () 7} 7)-3F 2] A] A0 T & o 1?4] °|E A k=th= Aok

A2 5t JJr 1M A a.update (b) & -GAFSUTE AZ23HE 02 vlalsl, o 9 7F A3 -1
= RESHghU T

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq?2, int override)
Part of the Stable ABI. seg29] 7]-zk o & A8 a& BASFA VY HE T seq2+= 7]-FL o2
753k 2ol 29) olEje] B AR A ShE o] el 2] AR of Itk F2 717} 9.0 W, override
7h 3ol ™ wpA| o] L] 5L, 1%‘Xl god A HAZE S FYh AF Al 02 wESkaL, o 9] 7t
SR -1 2 EFUTE S5 shol AS ol D4 LT (e 7 A1)

def PyDict_MergeFromSeqg2 (a, seq2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

int PyDict_AddWatcher (PyDict_WatchCallback callback)

Register callback as a dictionary watcher. Return a non-negative integer id which must be passed to future calls
to PyDict_Watch (). Incase of error (e.g. no more watcher IDs available), return —1 and set an exception.

Added in version 3.12.
int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_AddWatcher (). Return O on
success, —1 on error (e.g. if the given watcher_id was never registered.)

Added in version 3.12.
int PyDict_Watch (int watcher_id, PyObject *dict)

Mark dictionary dict as watched. The callback granted watcher_id by PyDict_Addwatcher () will be
called when dict is modified or deallocated. Return O on success or —1 on error.

Added in version 3.12.
int PyDict_Unwatch (int watcher_id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher_id by PyDict_AddwWatcher ()

will no longer be called when dict is modified or deallocated. The dict must previously have been watched by
this watcher. Return O on success or —1 on error.

Added in version 3.12.
type PyDict_WatchEvent

Enumeration of possible dictionary watcher events: PyDict_EVENT_ADDED,
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PyDict_EVENT_MODIFIED, PyDict_EVENT_DELETED, PyDict_EVENT_CLONED,
PyDict_EVENT_CLEARED, or PyDict_EVENT_DEALLOCATED.

Added in version 3.12.
typedef int (*PyDict_WatchCallback)(PyDict_WatchEvent event, PyObject *dict, PyObject *key, PyObject
*new_value)

Type of a dict watcher callback function.

If eventisPyDict_EVENT_CLEARED or PyDict_EVENT_DEALLOCATED, both key and new_value will
be NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new_value will be the
new value for key. If event is PyDict_EVENT_DELETED, key is being deleted from the dictionary and
new_value will be NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into it. To
maintain efficiency of this operation, per-key PyDict_EVENT_ADDED events are not issued in this case;
instead a single PyDict_EVENT_CLONED is issued, and key will be the source dictionary.

The callback may inspect but must not modify dict; doing so could have unpredictable effects, including infinite
recursion. Do not trigger Python code execution in the callback, as it could modify the dict as a side effect.

If event is PyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the about-to-be-
destroyed dictionary will resurrect it and prevent it from being freed at this time. When the resurrected object
is destroyed later, any watcher callbacks active at that time will be called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be inspected.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr_WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.4.2 g A

This section details the public API for set and frozenset objects. Any functional-
ity not listed below is best accessed wusing either the abstract object protocol (including
PyObject_CallMethod(), PyObject_RichCompareBool (), PyObject_Hash (),

PyObject_Repr(), PyObject_IsTrue (), PyObject_Print (), and PyObject_GetIter ()) or
the abstract number protocol (including PyNumber And (), PyNumber_Subtract (), PyNumber_Or (),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr (),and PyNumber_InPlaceXor ()).

type PySetObject

This subtype of PyOb ject is used to hold the internal data for both set and frozenset objects. It is like
aPyDictObject in thatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type

Part of the Stable ABL. 0] 212 3}o]| H set §& YEIW = PyTypeObject? A2~E AT
PyTypeObject PyFrozenSet_Type

Part of the Stable ABIL. 0] A2 3}o]| W frozenset ¥ YER = PyTypeObjectd AA~E A YT}

e g @AM ERE BE shold ARl @ LA AF U nHRAA R, 44 GrE RE
o6& & sho]m AA ol A 25 T .
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int PySet_Check (PyObject *p)
p7hset AAL AR o] AsB A S MU o 4t A AT R Th
int PyFrozenSet_Check (PyObject *p)
p7t frozenset ARG A H P A2 Y & vt Uth o] 4+ P 4FFUch
int PyAnySet_Check (PyObject *p)
p7t set A, frozenset AA| T A H Fo] QAW -5 wkHgth o] 4+ FAFAF
ok
int PySet_CheckExact (PyObject *p)

Return true if p is a set object but not an instance of a subtype. This function always succeeds.
Added in version 3.10.

int PyAnySet_CheckExact (PyObject *p)
p7t set AA| U frozenset AA| o] A ¥ A B 3o JAAHAE of WA 3 Wkt o] 4=
FA 4T FY

int PyFrozenSet_CheckExact (PyObject *p)
p7t frozenset A o] A W A H o] A AW AL o ZE WHEgUTh o] 4= FAF AT
Uk,

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterableol] 23] ¥I3tH A A S £ T5t= 22 set
2 ATk, ierable® AZE % AT WE/) A NULL A 5 A Ich A ESHE A A T2,
A9} & NULL-Z ¥ T dterableo] A A 2 o] B & 8] ol TypeErrorg YA A Yt}
A= AR BEAT HE F83} YT (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL iterablel] 2] 3l WIS AA S £33 22
frozenset& W3t} iterable- AN -2 ¥l frozensetS WS 7] Y&l NULL € 4 IS TH A=
St A A $He, Al oA NULLZ WU T} iterableo] A A & o] 2 £ ©] o} W TypeErrors
I P ARA=

set ©|U frozenset®] A2H A I

F Uk

Py_ssize_t PySet_Size (PyObject *anyset)

A}

rlr

R ER COEC RN L e PR ELEP &

Part of the Stable ABIL. Return the length of a set or frozenset object. Equivalent to len (anyset).
Raises a SystemError if anyset isnota set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
oAlel AAF AE pPySet_size ()& A= P4,

int PySet_Contains (PyObject *anyset, PyObject *key)
Fart of the Stable ABI. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike the Python
__contains__ () method, this function does not automatically convert unhashable sets into temporary

frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem/() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a

MemoryError if there is no room to grow. Raise a SystemError if sef is not an instance of set or its
subtype.

e P4t set o1} 279 AH B AT AT 4 YA W, frozenset oLt T AH B
AadsoE A8 4 95T
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int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABI. Return 1 if found and removed, O if not found (no action taken), and —1 if an error
is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable.
Unlike the Python discard () method, this function does not automatically convert unhashable sets into
temporary frozensets. Raise SystemError if sef is not an instance of set or its subtype.

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL setoll 5] Q1= L2l 2] AA o tf gt A #AHZE whek
BtaL, setoll A AR S A AUt A ehd NULLS ¥R T} F o] Hlo] oW, KeyErrorS
WA A YT sero] set o]y I A H 3o ol AEH AT} o™ SystemErrorS WA Al Yt}

int PySet_Clear (PyObject *set)
Fart of the Stable ABL. Empty an existing set of all elements. Return 0 on success. Return —1 and raise
SystemError if sef is not an instance of set or its subtype.

8.5

ok
=N
N

Al

8.5.1 g

i

stol ¥l 49 HARE B 74§57k s ch
type PyFunctionObject
ol AFEE = C F2A.

PyTypeObject PyFunction_Type
o] A& PyTypeObject® AxR ol stold b S Uebduth stold Z 2 e v o A
types.FunctionType® 2 =<5 Ut}

int PyFunction_Check (PyObject *0)

07} B4 A (PyFunction_Type B)W 2 WU w7 M4 NULLO] oh o] of T,
ol B A AT YU

of

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. = 2 A| code2} ATE A e+ AR S 2183 o). globals= 4ol A
WA 2T 5 9 A WE7) gl YA 2l ool of ek
The function’s docstring and name are retrieved from the code object. __module__isretrieved from globals.
The argument defaults, annotations and closure are set to NULL. __qualname___is set to the same value as
the code object’s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

Return value: New reference. As PyFunction_New (), but also allows setting the function object’s
__qualname___ attribute. qualname should be a unicode object or NULL; if NULL, the __qualname_
attribute is set to the same value as the code object’s co_qualname field.

Added in version 3.3.

PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. &5 AR op&} A#H T & AR S wiashch
PyObject *PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 35 21 A op&} AXH A A 2 &E ¥i3shy o).

PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. Return a borrowed reference to the __module___ attribute of the function
object op. It can be NULL.

This is normally a st ring containing the module name, but can be set to any other object by Python code.
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PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. &5 A A op2] QA A} 71 7S ¥I3gU T}, o]
NULLY 5 A5 YT

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
5 AA ope] A 71 E3ES B A G U defaulis= Py_None ©| L FEo] o o gk,

A3l st systemErrorE WA 712 -1& WHAG U T

rlr
ro
5y
1o
i
i
)
iv

void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
Set the vectorcall field of a given function object func.

Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!
Added in version 3.12.

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. &+ A A| op2} AAH S A E ¥isg ) o] 242 NULL o] L} A
AR9) FED 4 dFvch

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
St A A opet ABH S22 AE DA G closure=Py_None o] L} Al 23] 2] £ Zo]ofof gt}
A3t systemErrorg WAYA 7131 -1 WU T

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 5= A op2] o] - H o] A S wi&gh ). o] 212 7HdH g -4 v g
NULL & 5 54t

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
e A A op] o Hl o] dE AR Y th annotations-& Y A 2] L} Py_None ©] o of g T
A 95l systemErrorE WAA 7121 -1S wHEghU T

int PyFunction_AddWatcher (PyFunction_WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be passed to
PyFunction_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and
set an exception.

Added in version 3.12.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyFunction_AddWatcher () for the
current interpreter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was
never registered.)

Added in version 3.12.

type PyFunction_WatchEvent

Enumeration of possible function watcher events: - PyFunction_EVENT_CREATE
- PyFunction_EVENT_DESTROY = PyFunction_EVENT_MODIFY_CODE -
PyFunction_ EVENT_MODIFY_DEFAULTS -PyFunction_EVENT_MODIFY_ KWDEFAULTS

Added in version 3.12.

typedef int (*PyFunction_WatchCallback)(PyFunction_WatchEvent event, PyFunctionObject *func,
PyObject *new_value)
Type of a function watcher callback function.

If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_value will be
NULL. Otherwise, new_value will hold a borrowed reference to the new value that is about to be stored in func
for the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects, including infinite
recursion.
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If event is PyFunction_EVENT_CREATE, then the callback is invoked after func has been fully initialized.
Otherwise, the callback is invoked before the modification to func takes place, so the prior state of func can be
inspected. The runtime is permitted to optimize away the creation of function objects when possible. In such
cases no event will be emitted. Although this creates the possibility of an observable difference of runtime
behavior depending on optimization decisions, it does not change the semantics of the Python code being
executed.

If eventis PyFunction_EVENT_DESTROY, Taking a reference in the callback to the about-to-be-destroyed
function will resurrect it, preventing it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.5.2 QI AEIA A& A

An instance method is a wrapper for a PyCFunct ion and the new way to bind a PyCFunction to a class object.
It replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
ol Fytypeopjoct datat old A20A WAL FE eI T, shol 22290
=97 ds5uth
int PyInstanceMethod_Check (PyObject *0)
o7t dxada mA = AR ™ g gyt (PyInstanceMethod Type F YU, 7] e
NULLO] ofu] o] of gtk o] B4t 4k AT 1T
PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. Return a new instance method object, with func being any callable object. func
is the function that will be called when the instance method is called.
PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. Q12~8 2~ WA = imx} ABH T AAE ¥kshgh o}
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2.5 A S 33} PyInstanceMethod Function ()9 W3 &2

H .

8.5.3 WA= 7 A

WA= 29 (bound) T4 AR JYUTE A== 3
A 45 A 22 (unbound) Ml A = (Z e A Ao A2 H W
PyTypeObject PyMethod_Type
o] PyTypeObject AT AE Fho| A WA E S UEFHUTE o] A2 Tlo]f =2 T of types.
MethodType@ =< YT}
int PyMethod_Check (PyObject *0)

o7t A= AAE FS WUt (PyMethod Type 3 QUTh. wl 7] ®4+= NULLo] ofy o] of
Ut o] & %W g

A A2 Ao Zejae] AAE A AAH YT
o] A

PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M| 22 WA= AAE E5F Ut} func— 9] .4 o] Z#|E AA o)™, self
=yt AddE oo A A2HAAAYUL funce WA E7FEEE W] $5E T AUt self =
NULL©] o} ofof gt}
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PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth Wl A =2} A#AH S+ A A& wiagh ot
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2.5 FAAME ¥ 3l= PyMethod_Function ()9 W32 & WA,
PyObject *PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. meth W| ] =2} AAH AA~HAE g}
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2% ZAAME 9|8l PyMethod _Self ()9 W32 ¥ A.

8.5.4 A A
‘%Wﬂﬂhﬂa_¢ﬁ1Hﬂ24

A3 A AR BEAF U g2

[ om0 208t g

58 7ASHE ol AP U o H 3 Wvith 1S A5
£ 7b e 2e9le) Ao Mol ol W B ALg ol o) 8
off A 23k, A AR A DA Aol ZFE gro] AHgF ek
Blo|E TE R REle] Aol LRtk AA2 A

r[r
011 F_E,

ol &3 A A A ] o Z= (de-referencing) = A4 A
Azo g gRzE A Gtk A AR L thE 2o f2A = dHuh

type PyCellObject
A A o AHEH = C 2 A
PyTypeObject PyCell_Type
A AH o Aot P AA.
int PyCell_Check (PyObject *ob)
ob7} A AW 22 W TE ob NULL] oh] o] o FTh. o] Bt 4L 4 F VT,
PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob & E33= Al A AAE w52 vistshych of 7] 4= NuLL &
% 9%tk
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. Return the contents of the cell cell, which can be NULL. If cell is not a cell object,
returns NULL with an exception set.
PyObject *PyCell_GET (PyObject *cell)
Return value Borrowed reference. "3 cell®] W-&-& Q3R] Ok, cello] NULL O] opd 2| 2} A A A Q1 A &
solskx) o,
int PyCell_Set (PyObject *cell, PyObject *value)
Set the contents of the cell object cell to value. This releases the reference to any current content of the cell.
value may be NULL. cell must be non-NULL.
On success, return 0. If cell is not a cell object, set an exception and return —1.
void PyCell_SET (PyObject *cell, PyObject *value)
A A cell®) The valueZ AR FUTE Fx AT AT A &1L, A2 AT AA} o] F oA A

934U T cell-2 NULL O] ob] o] of 531 4L 217 o] of Fhu] o,
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8.5.5 & A

SE AF & CPython T8 2] A% A AHFAUTH 2 AR L o} 4 F4o] Fol 97 FS 4 7Hs 3t
F= gojglE vehdyth
type PyCodeObject
= AN E APt v A E AR C F2AL ©) Fo| BEE AAEA WRD & AUt
PyTypeObject PyCode_Type
This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
Py_ssize_t PyCode_GetNumFree (PyCodeObject *co)
Return the number of free variables in a code object.
int PyCode_GetFirstFree (PyCodeObject *co)
Return the position of the first free variable in a code object.
PyCodeObject ¥PyUnstable_Code_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags,
PyObject *code, PyObject *consts, PyObject *names, PyObject
*varnames, PyObject *freevars, PyObject *cellvars, PyObject

*filename, PyObject *name, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)

This is Unstable API. It may change without warning in minor releases.

Return a new code object. If you need a dummy code object to create a frame, use PyCode_NewEmpty ()
instead.

Since the definition of the bytecode changes often, calling PyUnstable Code_New () directly can bind
you to a precise Python version.

The many arguments of this function are inter-dependent in complex ways, meaning that subtle changes to
values are likely to result in incorrect execution or VM crashes. Use this function only with extreme care.

A 3.119 4 ¥ 7 : Added qualname and exceptiontable parameters.

¥ A 3.129]| 4] ¥ 7 : Renamed from PyCode_New as part of Unstable C API. The old name is deprecated,
but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int
kwonlyargcount, int nlocals, int stacksize, int
flags, PyObject *code, PyObject *consts,
PyObject *names, PyObject *varnames,
PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name,
PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

This is Unstable API. It may change without warning in minor releases.

Similar to PyUnstable_Code_New (), but with an extra “posonlyargcount” for positional-only arguments.
The same caveats that apply to PyUnstable_Code_New also apply to this function.
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Added in version 3.8: as PyCode_NewWithPosOnlyArgs
WA 3.119 4 ¥ 7 : Added qualname and exceptiontable parameters.

H A 3.129)1 4] 7 : Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is
deprecated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. Return a new empty code object with the specified filename, function name, and
first line number. The resulting code object will raise an Except ion if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you
just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,
int *end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.
Added in version 3.11.
PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an excep-
tion is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

Added in version 3.11.

PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

Added in version 3.11.
PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

Added in version 3.11.
PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an excep-
tion is raised.

Added in version 3.11.
int PyCode_AddWatcher (PyCode_WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be passed to
PyCode_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.12.
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int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode_AddiWatcher () for the current
interpreter. Return O on success, or —1 and set an exception on error (e.g. if the given watcher_id was never
registered.)

Added in version 3.12.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY CODE_EVENT_CREATE -
PY_ CODE_EVENT_DESTROY

Added in version 3.12.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)
Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized. Oth-
erwise, the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.

If eventisPY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed code
object will resurrect it and prevent it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may include, but
are not limited to, the exact order and timing of creation and destruction of code objects. While changes in
these details may result in differences observable by watchers (including whether a callback is invoked or not),
it does not change the semantics of the Python code being executed.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr_WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.5.6 Extra information

To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible to attach
arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation detail, and the
API may change without deprecation warnings.

Py_ssize_t PyUnstable_Eval_RequestCodeExtraIndex (freefunc free)

This is Unstable API. It may change without warning in minor releases.

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra and
PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored under the
new index. Use Py_DecRef () when storing PyOb ject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

H A 3.129 A ¥ 7 : Renamed to PyUnstable_Eval_RequestCodeExtraIndex. The old private
name is deprecated, but will be available until the API changes.
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int PyUnstable_Code_GetExtra (PyObject *code, Py_ssize_t index, void **extra)

This is Unstable API. It may change without warning in minor releases.

Set extra to the extra data stored under the given index. Return O on success. Set an exception and return -1
on failure.

If no data was set under the index, set extra to NULL and return O without setting an exception.
Added in version 3.6: as _PyCode_GetExtra

A 3.129 A ¥ 7 : Renamed to PyUnstable_Code_GetExtra. The old private name is deprecated,
but will be available until the API changes.

int PyUnstable_Code_SetExtra (PyObject *code, Py_ssize_t index, void *extra)

This is Unstable API. It may change without warning in minor releases.

Set the extra data stored under the given index to extra. Return O on success. Set an exception and return -1
on failure.

Added in version 3.6: as _PyCode_SetExtra

H A 3.129) A *H 7 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated,
but will be available until the API changes.

8.6 7|} A

8.6.1 I} A

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the
buffered I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new io module,
which defines several layers over the low-level unbuffered I/O of the operating system. The functions described below
are convenience C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter;
third-party code is advised to access the io APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference Part of the Stable ABIL. o]n] A& ¢+ 5L 9 31 7|<A} fdZ2 sho] &
st A2 & WUttt A A} name, encoding, errors El newlme— 7] Bas /\]-—9—6]-7] 93 NnuLL 9 4
1% T buffering © 7] Bgk2 AH&517] 13 1 9 4+ QI e, name e FAIH 3, o A 1 A7)
IS A& FAE YT A9 A NULLS ‘ﬂ'?_‘r@'b}ﬂ—. 1_1]'01] et IS A H 2 i0.open ()
DO ERER B RAR
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int PyObject_AsFileDescriptor (PyObject *p)
Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer,
its value is returned. If not, the object’s fileno () method is called if it exists; the method must return an
integer, which is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)
Return value: New reference. Part of the Stable ABL. p.readline ([n]) ¥ 553Ut} o] 4= AA
pollAl &2 A5 Ut p= 9t AA Lt readline () HIAE7FQE 999 AA L 5 5T
nol 0°| 9, 9] ZAo|&t AA gl AE3] =S %’13‘45}- nol 0Xth A9, n Hfo] E o] F= 314
oA 9 5 UTh BT 2ol Mkd £ STk ¥ A9 B, 5 Bo| 24 =2aw 1
£Apo WHH UL L2l ibnol 0H T oW, Aol 9} BAGo] & L AA W, 3 Tol ZA
=231 EOFError 7} 2 gy o}

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A5 handlerE 3] W7 A4S AL E & i0.open_code () & G¥EA ol 522 2| A o] g o}

The handler is a function of type:

type Py_OpenCodeHookFunction

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guar-
anteed to be PyUnicodeObject.

userData EA B = 3 42 ALdFH U

5 Prt G AR £58 5 9ong, o £
S shol AHE A Ao o HuU

o] Tl olxH 0o 7 QAIXE Fof AARHEZ, T AH A (frozen) sys .modulesol YTl 43
3 }o}b]?/}t& = /\1514 Zo| 2L RES AZEFE AL 1FAAN L

At Fo) AHH W, AAGAY LA T = 20, o) F) pyrile setopencodetiook () o Y

S22 AT A A, FHE 12 BBRT AR T E s} 2o Pod S AT

Uth.

o] B4 py Initialize () Ao &= AT T

Raises an auditing event set opencodehook with no arguments.
Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Fart of the Stable ABI. Write object obj to file object p. The only supported flag for flagsis Py_ PRINT _RAIW;
if given, the st r () of the object is written instead of the repr (). Return 0 on success or —1 on failure; the
appropriate exception will be set.

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL. #2+4 s& 34 AA poll Ut 43std 05 W&ot A3
SR T A A9 o 9l 7k A4 o

éa

sl -

mlo

8.6.2 X5 7

PyTypeObject PyModule_Type
Part of the Stable ABIL. ©] PyTypeObject Q2B A
ModuleType o & vlo|H T2 T3 =& Yt}
int PyModule_Check (PyObject *p)
p7hEE AA O AL ZE AR AR FolW B gLy o Bt T4 4TI
int PyModule_CheckExact (PyObject *p)
p7t BE A AW, Pyiodule_Typee] AB Fo] bW e MY o] ot 4 AT

.
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PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9| E 2| HE 7} name o 2
AARE N BE AAE wEdstch 259 _ name_ ,_  doc_ ,_ package_ Y _ loader_
oEZE 57]— XHH AYtH(__name_ S AL 5t EF Nonel & AAFHYLH; _ file_ o]EF
RES AT AL BEAe AAAch
Return NULL with an exception set on error.
Added in version 3.3.
WA 34004 H7A:_ package_ 8} _ loader_ 7}Nonel & AA S Urh

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule NewObject ()2} B]<523}A] 9F, name ©]
FUFE AR A UTF-8 2 A 7Y H Exd Yt

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] o] & &7+ 73 5l+= /4 y g AA

SRR ol A4S RE AAe] _dict_ o] E el R ES 2 Th moduleo] 2 E AR (FE
EE A9 A8 §) 7} o}l Y™, SystemError 7} A 31 NULL O] ¥HEHH Ut

It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly ma-
nipulate a module’s __dict___

PyObject *PyModule_GetNameObject (PyObject ¥module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name___ L% xR gl
th 50| AlFetA A, Aol ofU W, systemError 7} Ay 8L NULL O] WESH U T}
Added in version 3.3.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule_GetNameObject ()2 H]S3FA B 'ut f-8' 2 A FHH o] &L

ukek gL o,
void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 2 &2] “e]”, & & A4 A €99 2 £E5S 717+ ZAE U NULL

2 ukgsty o} PyModuleDef m_ SlZ@E ZAZSAA L.

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. & ] W& o] A PyModuleDef FZ Aol T3t EAE L} ZE o] A 2o A
TS0l A A o9k oW NULLS WHEHE T}

PyObject *PyModule_GetFilenameObject (PyObject *module)

Return value: New reference. Part of the Stable ABL. module®] __file__ o] EZ]|HE & A}-83} module
o) 2= 319 o] 2L WEHE T B9 5 A FYAL fU T E EAAo] ol W, SystemError
S AN 7] A NULL-S R o 28X ko YIRS Aol th sk =2 E wrEghyoh

Added in version 3.2.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABL. PyModule GetFilenameObject ()2} B]2SFA T ‘utf-8* 2 A FZJH 51

g2 Rheehy ok

WA 328 X = : pyModule_GetFilename () raises UnicodeEncodeError on unencodable
filenames, use PyModule_GetFilenameObject () instead.
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C2E %273}

BE A= ditH o2 S R E(R7|S AT E HE U= F B "=
7t PyImport_AppendInittab ()& AH&38Fe] F74E) ol Al o] FJ Utk 24A g W&
L} extending-with-embedding & 2% 3} Al 2.

Z713} st 2E A AAEHAE PyModule Create ()9 AE3sta 23 ZE AAE 935t A L,
o] T2 A2 o] A 2713 24T 4 I,

type PyModuleDef
Part of the Stable ABI (including all members). 25 74 xﬂ% J—E% o 283 REARE G Q=
EE QY FXA. dutder 7 R WOH O] ¥y A 2 27139 57 st lss ok

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name
AEEERE
const char *m_doc
REY EAEY; YUlH O & pyDoc STRVARE W50 EAEF BT AFEH YT
Py_ssize_t m_size
EE AHE AA AAo] ol PyModule GetState ()& RIS+ Y= B
:‘}"ﬂ;}l}]Q T AFULE o] 2L o2l A B Az HoA RES AME St

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

n_size® -12 AASE RE] A JEE 27 W] AH Azl HE AAA G
i

57 obd go ASE BES thAl 2713 @ 4 Arke Foln Jejo] B g F7
o2 2] 92 A 4§ oF. thebA] 2 7] sholl = 0] o m_sizes} AR T

ZFA S W22 PEP 31218 X3 A 2.

PyMethodDef *m_methods
PyMethodDef OB 7|5 = BE T g HolEo the =AH. 7 glod nuLL Y
S g

PyModuleDef _Slot *m_slots
oA 27135 At <X B g, {0, NULL) R o g FRHULL 9O 27]|3E
AH8-& |, m_slotsi= NULL o] o] ofF gt}
WA 35004 A WA 3.5 o] el o] R 7 A NULLE AR FE e, thEat 2ol 3 9
H A5y th

inquirym_reload

lmver?epmc m_° traverse
€ AA GC A 5 =5 FA gL}, B 28HA] 952 ™ NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_ s i ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

WA 3904 M7 2E ZE7E EEH 7] Aol e 2S5 A S5 U
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inquirym_clear
2E AA 9 GC A2 Foll 35T A2 (clear) 351k, 23R 92O W NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_ free is called directly.

WA 39004 A BE GH7E 237 Ao He 39 A 5y th
Jfreefunc m_free
v AA G oA S0l 55T @41}, DR o NULL,
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_si ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

WA 3904 M7 2E ZE7EEFH 7] Aol He 25 A FFUTH

BE 278 34 BE AANE A4 BED BT S 95Uk o 4L “0uA 273 2ka o, ok
T RE A4 T 5 ShE AR

PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABI. def 2] 7 2] ol w}2}, API ¥ A module_api_version-<
Aol Al BE AA S WEUC Sl Aol Ay Fl ez ele WA AA oA PO,
RuntimeWarning< TAJAl AUt}

Return NULL with an exception set on error.

Zt5

o] g tF 2 PyModule_Create ()& WA AHgslioF uth; &4 28T vl vk A&}
Al A] ©

=] .

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObjectRef ().

oA 273}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is similartothe __new__ () and __init__ ()

methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection — as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
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object (using e.g. using PyModule GetState ()),or its contents (such as the module’s __dict__ orindividual
classes created with Py Type FromSpec ()).

oA 271318 ARg St RES Oixl EE RS AMEJHZAHE AL Ao g YUY tF
BEEs FHAcR fASE A2 dutH o g o] 5 DA & F U
teA 271318 24 8t7] e, 2713 < (Pyhit_modulename) = H] o] Q14| 942 m_slot

_4§<

S
PyModuleDef A2BAE W& T HH8HE] 7] A of|, PyModuleDef AAEAE TS S+

o] Z7]3}5) of g T}
PyObject *PyModuleDef_Init (PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 25 A7l 3 FZ I +&
SHLE A K 3k= Sut2 A 27)3HE spol A A A o] Al T

def & PyObject *Z | A E 3} AL, of 2] 7} A 81 NULL-S Wkt o
Added in version 3.5.
25 A9 9 m_slots = PyModuleDef_Slot F+ZA Q] w4 7F&] A oF gt}
type PyModuleDef_Slot
int slot
obel AWH AHE b5 E g FoIA A,
void *value
£2 Do we} 2 9 n 7} BeA i, SR @t
Added in version 3.5.
m_slots | -2 id7} 0Q &£ F o 2 5—5‘3]] oF 3]t}

'E‘
g PSR YL TS

=2 A h=4

mI>

= ID.

3;
El> o
<
o

Py_mod_create
EE QA AAE G52 fdl TE2H s FrE AGFU ol X9 value LA B = th 3 Z2
1“4 = 2= gE e Ak F
PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] 4= PEP 4519 F2l® U2, ModuleSpec AAE A9 BE Fo & w5yt A 2E AA S
BkekaL 71, of 818 A A 31l NULL-S Wkl of T

o] AL HAadoz LAY EF] 2L RES YA 2 E T A E5H 23 227}
WS 4= 9l oA, Ydojo] Flo]H FEE TE5Y J’qu’]’

shue] 25 g oA o ¥ Py_mod_create €X<= AR T 5 UTh

Py_mod_create® A A3 koW, JEE DA pyiodule_New () & AE3te] At 2E A
A HEUTh o5 o7k oky gt specoll A AT & 5ol ©d BE H oS oA
0E A% PR AT AN FAO2 2 A W AR JA2E B L olBo= JTE P 4
1= % 57 gt

34E AA 7} pyModule Type-J A2EA pl 2= st dx2E #d o EFRE A
A7 Y3t 3 BE F S AL 4 95Utk 211U, PyModuleDefo] NULLO] ofd
m_traverse,m_clear,m_free;OO] oldm_size; E=Py_mod_create ©]9]9 £50] loH,
PyModule_Type AAE A wbHlstE 4 9l& U th

I

r[r

.Erm 0k

Py_mod_exec

TES AYEY) Y TE2HE 542 NAGUL o] AL FolH BEY T2 A= AT
TEHULh: gt o, o] e ZY2G AL E ZE FHUY 4 AE2 vE

Zsyrth:

int exec_module (PyObject *module)

o2 7§ 9] Py_mod_exec £5-0] A=, m_slots ¥ Aol YEbt= A E A 2] F Ut

|
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Py_mod_multiple_interpreters
Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main interpreter’s
GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See
isolating-extensions-howto.)

This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is not specified, the import machinery defaults to
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

Added in version 3.12.
oA 2 78} ) 3k AFAH S Ul 82 PEP 4895 234 A] 2.

A%z wE A 94

gdA 2718 & AT ul 9 ol e e 57t EEE U o8 I H AEE
Aed, dE 5o ZE AAE FTHoZ AT ‘%%L]F}- EEES &A% 273 3Ed
PyModule_FromDefAndSpec¥} PyModule_ExecDefE B 5 T &3] of 3ol F2o 314 Al 2.

PyObject *PyModule_FromDe fAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in def and the Mod-

uleSpec spec. This behaves like PyModule_ FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

Added in version 3.5.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does
not match the version of the running interpreter, a Runt imeWarning is emitted.

Return NULL with an exception set on error.

z 3
o] 4= B E pyModule FromDefAndSpec ()2 WA AR o ehut}; A5 A3
e A2 B4 A 2.

Added in version 3.5.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. defoll A H & A3 &£F (Py_mod_exec)= A}
Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. module®] = 2~E 3 & docstring2 & A A gt} o] &<
PyModule_CreatelY PyModule_FromDefAndSpecg A& 5} PyModuleDefOﬂ/ﬂ 25
Su A4Eos s2Hunh

Added in version 3.5.

=
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int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABI since version 3.7. NULL & & functions ¥] Q2] 45 modulel] 3713 th 71E
FEof T AA T B L prcthodner ABAE BEHAA L (BF 0E ol & Bl 9]
o), CE +HH BE 5T “& 5 (functions)” = WA 02 A AR w7 sis-E RE52 54l
3lo], slol W FEl 2ol AdaEA HAEQ}t FASHA B YT, ©] 4= PyModule_Createl
PyModule_FromDefAndSpec= AF§3}¢] PyModuleDefol Al EES UE U X502 555

Ut
Added in version 3.5.

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Fart of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function
which can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return -1 if value is NULL. It must be called with an exception raised in this case.

Example usage:

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

}

L J

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
Added in version 3.10.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_AddObjectRef (),butsteals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_ AddObject () function.
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L

3L
Unlike other functions that steal references, PyModule_AddObject () only releases the reference to
value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually
on error.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
I3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0O;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py _DECREF (obj) is not needed here
return O;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

Fart of the Stable ABI. Add an integer constant to module as name. This convenience function can be used
from the module’s initialization function. Return -1 with an exception set on error, O on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

Fart of the Stable ABIL. Add a string constant to module as name. This convenience function can be used from
the module’s initialization function. The string value must be NULL-terminated. Return —1 with an exception
set on error, O on success.

PyModule_AddIntMacro (module, macro)

Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 with an exception set on error, O on success.

PyModule_AddStringMacro (module, macro)

module®l] =24 A4=2 =718 o}

ol
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int PyModule_AddType (PyObject *module, PyTypeObject *type)
Fart of the Stable ABI since version 3.10. Add a type object to module. The type object is finalized by calling

internally Py Type_ Ready (). The name of the type object is taken from the last component of tp_name
after dot. Return —1 with an exception set on error, O on success.

Added in version 3.9.

2E X3

gt 2718 dA) ez e EH e AYAENA 23T ¢ Y AZEEES YL o= Uz
BE A Y Fxwtow nE AANE ANT 4 JE2 UL}

o] 5L A 27|32 AFR 5] WSO X RE A= 255 d5Uth v Ao A 18 3
ZEo] oz /| HEojF = 7] wlEJ T

PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. & A Q1 E] Z 2] ] of] )&} defoll A WHEo] A
25 AXE w3t} o] HiAEE AFL S W tﬂ;ﬂ BE AA 7} pyState AddModule () 2
A=z E Aeo] A= o] Yook FUth i B5 AAE 2S5 glAW JH =2 H A
o} @25 A 5k W, NULLE B o,

int PyState_AddModule (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3.3. T oﬂ AgE 25 AAE AdH = E AJejo] AZdFYh
o] pPyState FindModule ()< & OH E QA A~ T 5 Q= E T

e 27)318 AHg ko] RE REol T B35} s Th
oML RES JYXE 3 B X502 pyState_AddModuleS TE3EE, B F 27|35 2
22qU GHAw FAFUh. BEY A 273 227 25
= 2=%te Aol HAAd 2ol 2ot o] e T2 O
ﬂmnewﬂuée As} HJ@@W#@ﬁzgdﬂqaﬁw%wﬂﬂﬂmqnm@
Z o

E%Z}% GIL& E-#3fl oF Fth.
Return -1 with an exception set on error, O on success.
Added in version 3.3.

int PyState_RemoveModule (PyModuleDef *def)

Part of the Stable ABI since version 3.3. Removes the module object created from def from the interpreter
state. Return —1 with an exception set on error, 0 on success.

S E A= GILS &3l oF ).
Added in version 3.3.

8.6.3 o]E]#| o] A

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the __getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.

PyTypeObject PySeqlter_Type
Part of the Stable ABL. PySeqgIter New ()2} LHXJ‘ Al ol et iter () W 49 & A}
P Aol o3l wkekd ol e &l o] ¥ Aol i A A

int PySeqIter_Check (PyObject *op)
op] o] pyseqiter Typeol®d F& EHFULH o] 4+ FH AT FTUTH
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PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. Q¥FA] A2~ A A seq2} $HA 2531+ o] E gl o] H &
etk AR A EAT YA A4l A IndexErrorS Yo 7] W o] B @ o] o] Tyth
PyTypeObject PyCallIter_Type
Part of the Stable ABL. PyCallTter New ()%t iter () W T2 F A AL 4o o3| wiatH
olgl &l ol ¥ AA ol that F AA.
int PyCallIter_Check (PyObject *op)
opel @ol pyCalllter TypeolH g EF UL o] d& 34 4F3F U
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL. | 2% o|H#HolHE = FUth A HA w7
W callable> Wi 7] A Qlo] 32 5 v BE Jpold 2 E AA L zt
olg gl o]/d e tha &< nh&sl oF Ut callable©] sentinel 9 22 F&
FTEHEUS

o)

8.6.4 T|2 3 YE| 7|

“OAa e s A7) QR o ELREE J&ste AM YU TASL D A7) G4V 20 AU
t}.
PyTypeObject PyProperty_Type
Part of the Stable ABL. Y& T2 He FELS 33 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.
int PyDescr_IsData (PyObject *descr)

Return non-zero if the descriptor objects descr describes a data attribute, or 0 if it describes a method. descr
must be a descriptor object; there is no error checking.

PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABI.

8.6.5 &glo|A A
PyTypeObject PySlice_Type
Part of the Stable ABL <2}o] 2 A4 2] & A, o] 22 whol W A2 s1icest 2Ltk

int PySlice_Check (PyObject *ob)
ob7h kol 2 AA W AL WS obi NULLO] obu] o] oF Tk o] B4 A A BT Tk

ol
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PyObject *PyS1lice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. Part of the Stable ABIL. Return a new slice object with the given values. The start,
stop, and step parameters are used as the values of the slice object attributes of the same names. Any of the
values may be NULL, in which case the None will be used for the corresponding attribute.

Return NULL with an exception set if the new object could not be allocated.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t

*step)
Part of the Stable ABL. Z ©] 7} length?l A| A5 714 5fod, & 2ho) 2 A A sliceol| A start, stop X step
ANYAE 7FAFUTH lengthHth 2 AYAE ol 2 2 A 2 Pt

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case —1 is returned with an exception set).

o] 71s< AH&StL A A e APk

WA 32004 W7 Aol = slice v 7] W 5=2] v 7] M4 3 o] PySliceObject* P5UTh

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step, Py_ssize_t *slicelength)
Part of the Stable ABL. PySlice GetIndices ()& LSt AUt 2o 7} lengthQl Al A2E
71 8L o], & 8fol 2 A A slicel| A start, stop & step A 2E 7FA 2 31, slicelengthol] & 8Fo] 2~ 2] 4 o]
£ AT BAE ol A2l Aul Sejol 2o Azl QWA WA w T,

Return 0 on success and —1 on error with an exception set.

L

Al

ol e AVE AT 7 v Ad2oe ¢ASA g2 Aer BFH UL TS
=

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength)
—< 0) A
// return error

}
< 0=l tAgE Y

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) |
// return error

s
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 WA A= slice 1] 7] W 4=2] uf 7] M4 o] pySliceObject* G5 UTh

WA 361004 HA: Py_LIMITED_APIZF AAH o QA &AL} 0030504003 0x03060000
(Z33}A] &2) Aol v} 003060100 o] AFS] gto g AAE O, PySlice_GetIndicesEx ()
+=PySlice_Unpack () & PySlice_AdjustIndices () EAIESt=mlzzz2 FEFP YL AR}
start, stop A step= o 2] H F7FE Ut}

WA 361%E #HAE: Py LIMITED_API 7} 0x03050400 X t} ZF A 1} 0x03060000 I}
0x03060100 (231X ¢F2) Aol 3o 2 A= o pySlice_GetIndicesEx () £ ¥ A
9 gyt

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

Part of the Stable ABI since version 3.7. < 2}o] 2~ 24 A 9] start, stop D step H| 0| E] AN EC A E F&
Ut PY_SSIZE_T MAXHKT}Z ZHS PY_SSIZE_T_MAXE Z83] £0]1, PY_SSIZE_T_MIN
Xt} 22 start 2} stop FE2 PY_SSIZE_T_MINZ X83] 0], -PY_SSIZE_T_MAXX T} 22 step
ZrS -PY SSIZE_ T MAXE X883 =<t}

Return -1 with an exception set on error, 0 on success.

Added in version 3.6.1.

8.6.
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Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. X & length Z2 o] 2] A| A& 714 3} o] start/stop & E}o] 2
A AE 2 AT WS Woludk el AL Ak Sehojae] Aejeh Ao B o2 TP
Setolae Aol & v th 4 ATF UL FtolH ZEE T E6HA sy
Added in version 3.6.1.

Ellipsis 7 A

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py_None, it is an immortal. singleton
object.

WA 312004 WA Py EIlipsisisimmortal.

8.6.6 MemoryView 71 x|

memoryview A C 4 3] Q1E|5] o] 2% ThE AA vl AAA T AL 5 9 shol4l AA 2
=EUh
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. W ¥ Q¥ #| o]~ & A5 3= A A | A memoryview
AA S WU obj7} 227] 7H5 st W AlFS AW 3HH, memoryview A A= ¢ 7]/22 7] 7} =] 4,
A o™ 7] Ag ol A AT AR Al el ek ¢ 71/ 717k 2 S syt
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE

Flag to request a writable buffer.
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. mem=- 3}5- ¥ ¥ & Al-8-3} 9] mem-
oryview A | W5 Ut} flags= PyBUF_READ Y PyBUF_WRITE & 3 4 A5 Uth
Added in version 3.3.

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. 0] R ¥ 3] L ZA| viewsS A=
memoryview 2 A& W5 U TH 7HdSE vlol E W H Q] A=, PyMemoryView FromMemory () 7}
A= T duch

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ ¥ QA E] g o] 25 Ao st= AAZ HE w229
A< A3 (‘C’ Y ‘Fortran order 2) 2 memoryview 2 2| & TH5 Ut} w2 ] 7} A< 4 o] M memoryview
A Qo) v e S 7he) LTk 1R A 90 W, AL o] ¥H50] 2] 31 memoryview = A #ho] £ &
AAE 7Fel Ay Th
buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
A obj7} memoryview AW 2 WU T A= memoryviewd] A B FEAE T
Suth o g4 B4 4B T

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A 52k ¥ 7 2] memoryview 2] H] &7 SAE o] ¥ EHE E 8 F Ut mviews ¥HE A memoryview
Qadclof gt of MazE WS SABA homz A4 AAs ok gt 134 ghow
FE 990l d&drh

~
%+ 9

il
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PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] HWFoe 2 StE= A F A A A o E A EH Y memoryview 7}

PyMemoryView_FromMemory () \4- PyMemoryView_FromBuffer () ?z}ff— = ‘c_b‘]-I%E ‘?l'%
o] ] © ™ NULLZ ¥F3HsH U o} mviews= YFE X] memoryview Q128 2~ of of gt}

B R2E 17 AN AAFYT. b 222 g TASE T AR A AA Fo)
AUt A ARl = sk Iz A o)y, F ARl = ef 3z
int PyWeakref_Check (PyObject *ob)

ob7h FE AR A AR W 22 WY

O
o,
%
-+
rlr
ot
o
o,
oj
i
<
O

int PyWeakref_CheckRef (PyObject *ob)
ob7h F2 AW FL HAFGU T o B4 P BT

>

int PyWeakref_CheckProxy (PyObject *ob)
ob7} TEA AW P& VBT o] ot B4

o,
ok
g

Y,

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing reference object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If ob is not a weakly referenceable object, or if callback is not callable, None,
or NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing proxy object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If ob is not a weakly referenceable object, or if callback is not callable, None,
or NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. Part of the Stable ABI. Return the referenced object from a weak reference,
ref. If the referent is no longer live, returns Py_None.

L

al

This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to PylWeakref_GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Fart of the Stable ABI. This function is called by the t p_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 &

o] Az Ab-gof o 3t ZHA| 3 A B = using-capsules S F R34 A L.
Added in version 3.1.

type PyCapsule
This subtype of PyOb ject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to
access C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Part of the Stable ABI. 7§< ol o 8} 5}3) 2} (destructor) =% 3. o] & 4] Aol Yt}:

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor &% 2] 2] 0| = pycapsule_New () & ZFZ A A L.

int PyCapsule_CheckExact (PyObject *p)
QA7 PyCapsuleol® #E EeFU o] $4E B4 AF T

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Part of the Stable ABL pointerS 3} € 3}3}+= PyCapsules YUt}
pointer Q1 AF= NULL©o] old &% F Y Tth
A std, o9& A7 3kl NULLE HhehE T
name <= A} -2 NULL o] U} f 8¢ C F A of] ik 2 Q1E] < 5= Sl U th NULLo] ofy |, o] &4}
2 Agilvh &8 FAF o oF FU Tk (destructor Y7o A AT = A5 UTh)
destructor AAL7FNULLo] ol U, A& o] 2 o] &S AAE TEH U
o] LS REY JEZHER A A5 Y, nameS modulename.attributename® A A 3f of
Ut} o= A s o2 B E 9] PyCapsule Import ()5 AFR3lY] AES YXZE & 4+ AHF
Uk,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABI. 7§ & ol A &9 pointerS 7} A3 Ut A3 314, o2& 4 A 6117 NULLLS ¥k
ik
The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule
is NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule
names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL. 7} & ol A1 AH A o3 A& ¥iststy o} Ao, o9 & 4 A 331 NULLS
uhEHghL o)
A€ol NULL 9} A2 zh= AL S A dUth o] A NULL ¥HE T EE tha R 53 wE Utk
B3] 8l8] W PyCapsule IsValid() W PyErr Occurred()E /\]-—9- S Al L.

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL. <o A 39 A4 AdAEE vttt A5sd, o 9] & A A3t NULL
< wrakgh o,
0] NULL AHAES 2 4 AU o 4L NULL B TEE the BE 5
t}; W38 3t W PyCapsule IsValid() VY PyErr Occurred () S AHE3HA AL

I

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL. g o 21745 FA o] 5= WA Uth Aafstd, ol & HA st NULL=
Ll g

7€ ©] NULL o] 5& %

L AL FHAYUTH o] AL NULL ¥ T E 4 B wrs YT
g 2}3] steld pyCapsule_Is HA=

vValid() W} PyErr_Occurred ()& A& S Al
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void *PyCapsule_Import (const char *name, int no_block)

Part of the Stable ABI. Import a pointer to a C object from a capsule attribute in a module. The name parameter
should specify the full name to the attribute, as in module.attribute. The name stored in the capsule

must match this string exactly.
/3ot &2 W pointers W3t Aslstd, o 2] & A A o3l NULLE RFH Y o)
WA 3.3 A ¥ 7 : no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Part of the Stable ABL capsuleO] Fas PEAAE FFFYLh FEI HES NULLO] ofY 1,
PyCapsule_CheckExact () & B33}, NULLo] obd Z Q1 E 7} A4 1, W3 o] & o] name i
N Aot dAFUTH (FE o %—% vl otE ol et B B & PyCapsule_GetPointer ()&

GELBPEN

In other words, if PyCapsule_ IsValid () returns a true value, calls to any of the accessors (any function

starting with PyCapsule_Get) are guaranteed to succeed.

A7 7 255 AL 0 27 LA 00] bl ke WBFIT THA) oW 02 WHagh

o] g AlsHA YUt
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule Y| 5-2] AN A~E ZAEE context Z 4 A T}
4F 3t 0= Wbyt Asfshd 00] obd gha Whehstar o 9] & A Tt
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W52 3}3] A& destructor 2 73 73 g T}
438 0= WhEh Utk AsfetE 00] ofbd ghe whstal ol o & A T

int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABI. capsule | 5-2] 0] &S nameL & A ATt} NULLO] o} H, o] &2 AaHT}
& FAF o o FUrh AEol| AFH o] A nameo] NULLO] o} W, o] & ) A 3} 2] 1L A] = &}A]

FEUrh
AE3h 02 MR Th A5 5HE 00 of e wHEkeha ol 9] & AR Pk,
int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Part of the Stable ABI. capsule U 5-2] void 3 A E] & pointer 2 4 A gt} E QA E| &= NULLO| o}d 4=

vt
4581 02 BT UTH Aol 5 00 obdl ZhS st o) S AR HUTH

8.6.9 Frame Objects

type PyFrameObject

Fart of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

¥ A 3.11 9] A ¥ 7 : The members of this structure were removed from the public C API. Refer to the What’

s New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.

See also Reflection.
PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.

H A 3.119] A ¥ 7 : Previously, this type was only available after including <frameobject .h>.

8.6. 7|€} A
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int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.

WA 3.119)| 4] ¥ 7 : Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
Added in version 3.9.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s £_builtins attribute.

Return a strong reference. The result cannot be NULL.
Added in version 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Fart of the Stable ABI since version 3.10. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
Added in version 3.9.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by

a generator. Does not raise an exception, even if the return value is NULL.
Return a strong reference, or NULL.
Added in version 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s f_globals attribute.

Return a strong reference. The result cannot be NULL.
Added in version 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
Added in version 3.11.
PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

Get the variable name of frame.
* Return a strong reference to the variable value on success.
¢ Raise NameError and return NULL if the variable does not exist.
 Raise an exception and return NULL on error.

name type must be a str.

Added in version 3.12.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)
Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.

Added in version 3.12.
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PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s f_locals attribute (dict).

Return a strong reference.
Added in version 3.11.

int PyFrame_GetLineNumber (PyFrameObject *frame)
Part of the Stable ABI since version 3.10. Return the line number that frame is currently executing.
Internal Frames

Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame
The interpreter’s internal frame representation.

Added in version 3.11.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

This is Unstable API. It may change without warning in minor releases.

Return a strong reference to the code object for the frame.

Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLasti (struct _PylnterpreterFrame *frame) ;

This is Unstable API. It may change without warning in minor releases.

Return the byte offset into the last executed instruction.
Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLine (struct _PylnterpreterFrame *frame) ;

This is Unstable API. It may change without warning in minor releases.

Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.
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8.6.10 A oe] A

Aol AA & 3Jr°l“4 ol Al el o8 olEd olE S FASH7] H3l AHEdtE AA AU duby o
2 PyGen_New () =+ PyGen_NewlithQualName () & BA|HOE T&3F= o] ofzl = <=
(yield) 3= 35 ©] E% gl ol E3ste] RhEoj Y.
type PyGenObject
A el ol el AA o AHgH = CF2A.
PyTypeObject PyGen_Type
Aol e AR o s Fst= B AA
int PyGen_Check (PyObject *ob)
ob7} Al # o1 8] AA W & E8F Ut obe NULLO] ofU o] ok FUth o] ¢+ G A4F 3
U,
int PyGen_CheckExact (PyObject *ob)
0b®] Wol pyGen_Typeol® & el % YT obi NULLO] ohL]o]of B Th. o] B4k FA AT
o
PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame Z4 Aol 718F8E | AU & o] 8] AA & wlEo 1&g Uth o] T4=
framedl] s F2E FH YT QA= NULLO] ofi]of oF ghth
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. frame 2} A ol 7|9kt A Al v & o] E] AA & ThE0] 923l+=tl,__name__
7} qualname__ & name ¥ qualnameZ AR 3UT) o] &+ frameo| et A2 E S 3

frame AA}= NULL O] opi] o of Fhth.

8.6.11 T F¢l 7|

Added in version 3.5.
228 AA £ async 719 ER AA 47} B@els AR,
type PyCoroObject
=9 A7)0 AHgH & C T2,
PyTypeObject PyCoro_Type
228 A o Gt § AA.
int PyCoro_CheckExact (PyObject *ob)
ob®] ol PyCoro_TypeolW F< WHAFYTh ob= NULLY 5 flU T o e F 45T
U,
PyObject *PyCoro_New (PyFrameObject *frame, PyObject ¥name, PyObject *qualname)
Return value: New reference. frame BAAE 7|9t 2 A ZE2E A E wHE0] A HP%‘}‘:}\J t}. _ name_

I _ _qualname__ 2 name ¥} qualname® AR 3FUTE o] &= frameol USE A2 E E 3
frame A A= NULLY 4= 15Ut
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8.6.12 HE|~E W4 7A|

Added in version 3.7.
WA 371004 HA

a

ol W 3714 EE AHAE M4 C APIS A ¥ o] PyContext, PyContextVar 9
PyContextToken HAl PyObject ZAEHE A= E HAEH Y SUL o & 59]:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

AT G-L bpo-347628 FE A A L.

;

o] oA+ contextvars RES 93t &8 C APl t3l] xA|3] A gt
type PyContext
contextvars.Context A& YEIY & dl AFS5 &= C XA

type PyContextVar
contextvars.ContextVar AAE JEI &= o] AFREH = C FZA.

type PyContextToken
contextvars.Token AA|E JEY &= o] AFRE = C XA
PyTypeObject PyContext_Type
context § & UJEFY = & A A.
PyTypeObject PyContextVar_Type
AdAE W4 o8 UeERY = 3 AA.
PyTypeObject PyContextToken_Type
;‘q_Eﬂ/\E WL EE ]2 \/].Q.LH‘— & 71J;<ﬂ
A aR:
int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type B oW F& S8 FUTh ot NULLO] obu]of ok Uit} o] 34 344 43
Tk,
int PyContextVar_CheckExact (PyObject *0)
o7k PyContextVar_Type @ oW & E8F U o= NULLO] o ofof FUth. o] = 4
4 F .
int PyContextToken_CheckExact (PyObject *0)

07} PyContextToken_Type ol #F& & F Yt} o= NULLO] ofyojoF gt} o] Sh4=
SFAF A F sk o}

Ae e AR e B
PyObject *PyContext_New (void)
Return value: New reference. 22 W AV AE AR E w5 th o & 7} HA5HH NULLE whakgh

=S
PyObject *PyContext_Copy (PyObject *ctx)

Return value New reference. AEH ctx A A~E A

NULLS ®¥F33ty .

32

T BAES BE UL o7 By st
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PyObject *PyContext_CopyCurrent (void)
Return value: New reference. QA 2~d| = AEAE Q] &2 BALE .S ul=1t}. of 2] 7} WA 31 NULL
< WEF .
int PyContext_Enter (PyObject *ctx)
A Agre A AHdAER oS AATUCH AZ A 02 w831, o 8 A] -1& vkEshy o).
int PyContext_Exit (PyObject *ctx)
cx A XEF H]%/‘oqﬂs]’j— oA AYAEE FA 2d=0 A AHAEZ BAFUTE AF A
0 el of 2 A -1 WHakgh o,

S 2.

PyObject *PyContextVar_New (const char *name, PyObject *def)
Return value: New reference. Create a new ContextVar object. The name parameter is used for introspec-
tion and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no
default. If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AU e G2 f U S 5 2 olel 7} HASY 1 g e, ol e
Aol o El/h AT w02 WA
A AE W4 7L S W, valiels 1AL 742171 EAEHH UL AMAE W)
%O, value= th= 78] AUtk

* default_value, NULL©] o} H;

e var®] 7|2k, NULLO] o} H;

M=

A5 A

* NULL
Except for NULL, the function returns a new reference.

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. Set the value of var to value in the current context. Returns a new token object
for this change, or NULL if an error has occurred.

int PyContextVar_Reset (PyObject *var, PyObject *token)
var AEAE A9 AE|E tokens W8S PyContextVar Set () 35 A9 el 2 A AT
t}. o] e AF Al 05 REgekaL, o 2] Al -1 WHE R o

8.6.13 DateTime 7 x|

Various date and time objects are supplied by the datet ime module. Before using any of these functions, the
header file datet ime . h must be included in your source (note that this is not included by Python.h), and the
macro PyDateTime_IMPORT must be invoked, usually as part of the module initialisation function. The macro
puts a pointer to a C structure into a static variable, PyDateTimeAPT, that is used by the following macros.
type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.

type PyDateTime_Time

This subtype of PyOb ject represents a Python time object.
type PyDateTime_Delta

This subtype of PyOb ject represents the difference between two datetime values.
PyTypeObject PyDateTime_DateType

This instance of Py TypeOb ject represents the Python date type; it is the same objectas datetime.date
in the Python layer.
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PyTypeObject PyDateTime_DateTimeType
This instance of Py TypeOb ject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same objectas datetime . time
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it
is the same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of PyTypeObject represents the Python time zone info type; it is the same object as
datetime.tzinfo in the Python layer.

UTC J= &l AA257] gt a2

PyObject *PyDateTime_TimeZone_UTC
UTCE Yt & A7 A2 ES Ut datetime. timezone . utc2} 22 A A U th
Added in version 3.7.

C R EEE

int PyDate_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DateType or a subtype of PyDateTime_DateType. ob
must not be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime DateType oW 2 E8]F T} ob= NULLO| o} o]of 3}, o] 4=
T4k

int PyDateTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime DateTimeType or a subtype of
PyDateTime_DateTimeType. ob must not be NULL. This function always succeeds.

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & o] IS E&F T} obe NULLO| ofi] o] of it} o]
R EaE ]

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TimeType or a subtype of PyDateTime_TimeType. ob
must not be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
0b7} PyDateTime_TimeType §ol@ & Ee%Uth ob NULLO] oho] ok FLith o] F4t
T 4Fddrh

int PyDelta_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType or asubtype of PyDateTime_DeltaType. ob
must not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType B o & &2 FUTh ob= NULLO] ofyofoR . o] &=
T 4TI

int PyTZInfo_Check (PyObject *ob)

Return true if ob is of type PyDateTime TZInfoType or a subtype of PyDateTime_TZInfoType.
ob must not be NULL. This function always succeeds.

8.6. 7]E} 7214 191



The Python/C API, ¥ &) 3.12.4

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime TZInfoType §o|H Z& Z8Z Ut} ob= NULLO| o}t o] of Sk t}. o] &4
R Ea R 1o

AANE HE= IR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 A H A, ¥, 49 datetime.date AA S ¥t}

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. A1 3, 9, 4, Al, &, £ D ufo] 3 Z%9] datetime.datetime 7
AE gy

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. A1 3 E 'd, ¥, 4, Al, &, &, ulo]Z 2 % W fold®] datetime.datetime
AAE T3 o)
Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Return value: New reference. A1 3 H A], &, 2 4 nlo] 3 2 %9] datetime.time AAE vistshyc}

P

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

Return value: New reference. A/ 3 A Al, &, %, ulo] a2 &% D fold9] datetime.time AR E ¥I3tst

Uk,
Added in version 3.6.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. A A E 4, 2 @A ulo]3 2 % & YE Y& datetime.timedelta
A& &gyt 2 ufo]lma 2 29} X7} datetime.timedelta A A o &3] A H Wl
PNEEETEE P LY

PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset AAZ UEFU A= o] o] gl 1A 22 A9 datetime.
timezone AAS S8 EF1 )
Added in version 3.7.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset Q1 AF2} tzname name 2. Z Y EFW R &= 114 2 ZAl9] datetime.
timezone AAE &5 Y
Added in version 3.7.

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including
subclasses (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
Foint2, 9 vk ot

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1914 127441 9] int 2, Y& Whakghy o)

int PyDateTime_GET_DAY (PyDateTime_Date *0)
1914 317bA1 9] int &2, Y& Hk3h o).

Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime DateTime,
including subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
0] 237}4) 9] int 2, Al & W&t
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int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
E 597429 int 2, &2 W T
int PyDateTime DATE_GET_SECOND (PyDateTime_DateTime *0)
HE 597K 9] intZ2, 25 935y o}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
B E] 999999712 9] int &2, nlo] 2 2 = & ui33h o}
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
Added in version 3.6.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)

Return the tzinfo (which may be None).
Added in version 3.10.

Macros to extract fields from time objects. The argument must be an instance of PyDateTime_ Time, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
05-E] 23744 ¢ int2, A& Hhahghy ok
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
FE 59704 9 int &, 22 gy ok
int PyDateTime TIME_GET_SECOND (PyDateTime_Time *0)
HE 597FA 9] int2, & ¥kgsiy o}

int PyDateTime TIME_GET_MICROSECOND (PyDateTime_Time *0)
HE 9999997} 9] int &, ufol 27 2 E ¥1E3h o).

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.

Added in version 3.6.

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).

Added in version 3.10.

Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta,
including subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of| A4 999999999 7} 2] o] int Z, & & WkEHg T}

Added in version 3.3.

int PyDateTime DELTA_GET_SECONDS (PyDateTime_Delta *0)
HE 8639971 9] intE, £ £ & w33 o).

Added in version 3.3.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
001 A1 999999 7} 2 &] int &, u}o]| A 2 X £E vkt o}

Added in version 3.3.
DB APIE 735l 59 W8 A jaz:
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PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () ol A3t o] A3l ¢z}
EZ 2 A datetime.datetime AA|E 9FE 1 HvkEsy o}

PyObject *PyDate_FromTimestamp (PyObject *args)
Return value: New reference. datetime.date. fromtimestamp () o] A&3l= o] A3l A F=
2 A datetime.date AA| S WS ¥ o)

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Fart of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias‘s __origin_
and __args___ attributes respectively. origin should be a PyTypeObject*, and args can be a
PyTupleObject* orany PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed
and__args__issetto (args, ). Minimal checking is done for the arguments, so the function will succeed
even if origin is not a type. The GenericAlias‘s __parameters__ attribute is constructed lazily from
__args___. On failure, an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:

-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

v 17]

The data model method __class_getitem_ ().

Added in version 3.9.
PyTypeObject Py_GenericAliasType

Fart of the Stable ABI since version 3.9. The C type of the object returned by Py _GenericAlias ().
Equivalent to types.GenericAlias in Python.

Added in version 3.9.
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=713} stold Aol d B &8 =

| g o8l Qe
sho o] 271815 7] Holl The B4E AANA T2 4 A&Uth

— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py _SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
* AHE
— Py_IsInitialized()
— PyMem GetAllocator ()

— PyObject_GetArenaAllocator ()

WA $4 22 2ol AL, e FHo] W/C API F4-8 AH8-8H7] Aol by Initialize()
™ ;ﬂo

195



The Python/C API, ¥ 2]~ 3.12.4

Py_GetBuildInfo ()
— Py_GetCompiler ()
— Py_GetCopyright ()
— Py _GetPlatform()
— Py_GetVersion()

s FEH:
— Py DecodeLocale ()

s W] EFA}:

PyMem_RawMalloc ()

PyMem_RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

ZF
=]

|

tt & ¥+ Py Initialize() A Z&3W ¢ Utk Py EncodeLocale(),
Py_GetPath (), Py_GetPrefix(), Py _GetExecPrefix (), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () t}l PyEval_InitThreads ().

02 A A W5

aho| o= thFet 7l FAS Aol AT A A AT AU 712 AR, ot SH =
HE = 3ol osf Aloj g Ut

FHo O BALA LAY, BA2 Fe gA0l 4AW AL A F Sol, b
Py BytesWarningFlag S 12 AA3}1l -bb+ Py _BytesWarningFlag S

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used instead,
see Python Initialization Configuration.

bytesUbytearray® strd, Ex=bytesE int v u] A E Pt 28t T A Y
2ol olel g W

b Aoz AP
WA 3128 # A4,
int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used instead,
see Python Initialization Configuration.

T EA7 HH A g AU (HE7 A8, A9d 400 EF .
-d A3} PYTHONDEBUG &7 42 AAF VT
HA 31258 F 2 F.
int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used in-
stead, see Python Initialization Configuration.

00] obd o= BB, o] AL £ RES YZE T} .pyc IS 281 34 gt
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WA 3027 H A

int Py_FrozenFlag

This APl is kept for backward compatibility: setting PyConfig.pathconfig_warnings should be used
instead, see Python Initialization Configuration.

py_Getpath ()X 28 AN A2& AN of o] wAIA S EAISHA] 55U TH
Private flag used by _freeze_module and frozenmain programs.

HA 31258 H A E.

int Py_HashRandomizationFlag

This API is kept for backward compatibility: setting PyConfig.hash_seed and PyConfig.
use_hash_seed should be used instead, see Python Initialization Configuration.

PYTHONHASHSEED 37 W7l v]o] Q1A kL EXE 2 dAFHH 12 dATY T
Z 127} 00] o}, PYTHONHASHSEED 37 W45 ¢lo] v A Al =& 278t}
WA 3125 #H A3,

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used in-
stead, see Python Initialization Configuration.

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
—E9t-IFAeR AP Yt
W7 3125 F A 3.

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see
Python Initialization Configuration.

~2YE7} 3 A AT AL A o §42 AL Tl sys.stdinsh ETI AR 5ol &
=AY} HPL AP F hE Y wE

-i &7} PYTHONINSPECT &7 W42 49Ut
WA 325 # R 2.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead,
see Python Initialization Configuration.

i eXHom HARFH YT
WA 3128 H A=,

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. isolated should be used instead, see
Python Initialization Configuration.

Az REg ol W APt Fe] L= A sys.pathe 2T HES] HaH g x AL
site-packages U] & B] 2] & E 3312 k5 o)

T gAow ARPYT
Added in version 3.4.
HA 31258 F 2 F.

int Py_LegacyWindowsFSEncodingFlag

This API is kept for backward compatibility: setting PyPreConfig.
legacy_windows_fs_encoding should be used instead, see Python Initialization Configuration.

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding
with surrogatepass error handler, for the filesystem encoding and error handler.

9.2.
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PYTHONLEGACYWINDOWSFSENCODING 37 W47} Hlo] QA & Exldz dAEgH 17 A

et

1ot

int Py_LegacyWindowsStdioFlag

This API is kept for backward compatibility: setting PyConfig. legacy_windows_stdio should be
used instead, see Python Initialization Configuration.

If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO 7 W7k Hlo] QlA] 2 EAd 2 A4 FH W 1= A4t
AHA 7 8-S PEP 5288 F2 8141 A) 9.
g4 AES.
A 3125 #Hx49.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used instead,
see Python Initialization Configuration.

BE site YEEQ} o9 HlE £ sys.path?] Alo]|E F47 9 225 v &
Uz sited AIAOE JAXE T & o3t 22-S v A3 FUTH(EE A 3t W site.
main () & EEHAIL).

-s FAoE AAP YT
WA 3128 A E.
int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user _site_directory should be
used instead, see Python Initialization Configuration.

A2t site-packages YHEEE sys.pathol 713814 gr5Uth
-5 -1 24, 18|31 PYTHONNOUSERSITE 37 W42 AA " Uth
H A 3125 A .

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_Ilevel should be used
instead, see Python Initialization Configuration.

-0 5413} PYTHONOPTIMIZE 37 W42 g Yt
WA 3125 # A4,
int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. guiet should be used instead, see Python
Initialization Configuration.

3t E REo A= A ZE 3 WA wA A S FAISHA] b5 Ut
—geAoE APt
Added in version 3.2.
B 3127 F s A,
int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used in-
stead, see Python Initialization Configuration.

stdout 2} stderr 2 E &S ¥ 3] & 3| A S}t = & 73A| $H .
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~u %417} PYTHONUNBUFFERED ¥7 W52 A4 F Ut}
WA 325 # A=,
int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig.verbose should be used instead, see
Python Initialization Configuration.

w5o] 2789 vtk 229 92 (Lol Y B
HUl 3 AU} 2o, RE5S AMS u] A= 7+ 512 o
w5 47l o g A HE AT Th

—v 13} PYTHONVERBOSE &7 W42 A9 Ut
WA 3125 A9,

5)2 EAFE WAAE AT 2
e H AR S AN FU T £ FE A

9.3 de|z ¥ 27]3}e} stold A o) A

void Py_Initialize()
Part of the Stable ABIL. 3}o]# QE]Z gl g & 2 7|3t} Fol LS A= 28 EE:/_?;E of| A
=, THE 3ol R/C APL 5 AE-3H7] Holl =& sl of it 2 7}X] o &l = sho| 4l =73} A<

L

ojAL 2rH EEY Ho]E(sys.modules)= 27|33}, 7|Wt 28 builtins, __main_ %
sysE BEUth =3 2E AM AZ (sys.path)E 271318t} sys.argves *47(43]'7(] e

t}; o] & YA = PySys_SetArgvEx () S AFRSHI A L. (Py_FinalizeEx () & HA &
SHA] 9F01) T A 2 T E61H ot ¥l 4= shA] ks uth Bk gho] glsUth 2 7)3ol Auf et H

Exhw]
=

QEfolM, & Z=S 0 TEXTO|A 0 BINARYE WA FUth C A2 AHE3te E& 9
o] to]H ALE-o & = vl F YT

void Py_InitializeEx (int initsigs)
Part of the Stable ABIL. ©] S+~3= jnitsigs7} 1°] @A Py_Tnitialize () A ZF YT} initsigs7} 0
ol®, Alad A 7]19 2718 555 AH =T, goldeo] WA of /82 + 5 Uth
Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.

intPy_IsInitialized()
Part of the Stable ABI. 3}o] % QE| Z 2] E]7} 2 7|3 9 o¥ ZH(00] o} d) S wissl, 18
W AR0)S WY Py FinalizeEx () 7} 3 %% S Py Initialize ()7} T}A|
i 7k A A< wrhy ok

int Py_FinalizeEx ()

2 o
v=d

Part of the Stable ABI since version 3.6. Undo all initializations made by Py ITnitialize () and sub-
sequent use of Python/C API functions, and destroy all sub-interpreters (see Py_NewInterpreter ()
below) that were created and not yet destroyed since the last call to Py Tnitialize (). Ideally, this frees
all memory allocated by the Python interpreter. This is a no-op when called for a second time (without calling
Py_Initialize () again first).

Since this is the reverse of Py_Tnitialize (), it should be called in the same thread with the same in-
terpreter active. That means the main thread and the main interpreter. This should never be called while
Py_RunMain () is running.

Normally the return value is 0. If there were errors during finalization (flushing buffered data), —1 is returned.
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o) F4t ole] 74A) ol R E AFHUTH U E S8 =2 0] 38 222 AAE ThAl AFHA
okt Bl 42 ThA) Al ahar 4 = 2]

mlo
H
3’-94
Iy
v
v
of
= 2
[o
o
u

oA Fol W QB mPEHE REs S8 w1 DLLL A g = 57] Ao 3jo] o] Ture me
W B2 A F A AL o~ LU 08 wm o)A WEe] s L Eo) Al S8
Z2a9S 857 Aol sho] Aol A BIe B E v Ee 2 S AT A AT

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del___ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py Tnitialize () and Py _FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

Added in version 3.6.

void Py_Finalize ()

Fls

rle
z
9

723

o

Part of the Stable ABL. 0] 22 Py FinalizeEx ()2 o] ¥ A3} &35
U o,

rlr

A=
pul

gl

9.4 T2 A A AA 7 HE

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

o] B (&) Py Tnitialize () Ao ZE3|oF Ttk str.encode () A9} 2
o=, £ 100] A& AR Y7 ol 2 A2l & AT

PYTHONIOENCODING Zt< A A 2] (overrides) 3} 17, 37 W=7} 25 31X ¢k wl] U % (embedding)
=710 ARRE Aoje 4+ == P,

encoding Q/TE= errors’= PYTHONIOENCODING W/ X 7| B ZH(T}E A Ao whe} thEUth & AH:
7] Y NULL Y 4 A5 Y Th

sys.stderr< o] (& thE) 23 BA glo] &4 “backslashreplace” ol 2] *] g] 7] & AF&-3Fel 1
e

Py _FinalizeEx ()7} S2% W, ol &= Py Initialize ()ol 3l & S Zof JFS v x| 7]
150 ThA] B2 of of U] k.

HF5E 02 WAFI, A A (I8 Sof A zelg7} o]v] 271318 F £5)00] ohd g2
ukskgU o,

Added in version 3.4.
WA 3. 115E HJ A2,

void Py__SetProgramName (const wchar_t *name)

Fart of the Stable ABL This API is kept for backward compatibility: setting PyConfig.program_name
should be used instead, see Python Initialization Configuration.

(E=ddy) o) &Py _Initialize ()7F AR TE25 7] Aol ZEF ook uth Q=
gHOA ZEIW Y main () ol et argv([0] AAS 2 dHFUTH(GolE £AE W
HAUrth. o] A& Py _Getpath ()& ol th& @?oﬂﬁ AejZ e A Fd3 FAH oA
HetY grolB g & Feul A E U 71232 'python' YUth AA = L2 IWS AW sh=
UL HARR e FH A4 002 e ofol= EAE S 7he] Aok gt o] A
AEjz B T =+ o] AFa9 WE&S HAFA syt

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

WA 3115 2 F.
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wchar_t *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () 22 AR H T2 7 o|E o]} 7| B 7k ¥I3tsh
ok wbghE EAE & A AL E M RUTh S22k S S AMA = S E YT

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

# A 3.100)| A ¥ 7 : It now returns NULL if called before Py, Initialize ().

wchar_t *Py_GetPrefix ()

Fart of the Stable ABL. Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python', the prefixis ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corresponds
to the prefix variable in the top-level Makefile and the ——prefix argument to the configure script
at build time. The value is available to Python code as sys.prefix. Itis only useful on Unix. See also the
next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

¥ A 3.109 A ¥ 7 : It now returns NULL if called before Py, Tnitialize ().

wchar_t *Py_GetExecPrefix ()

(
Part of the Stable ABL. A X H

9 EAR-T5HA stdol S execprefirs WU T o] A
Py_SetProgramName () &2 AR H EEH—E\E ol YR A HrY oAy Es A2 F
sl St E UL A& 5ol =229 ]%0 '/usr/local/bin/python’' ©] ¥, exec-prefix= '

usr/local' Yuth a}g% EAEL A AFLE 7HE] AU ZEAE g SAMAE <&
Ut} o] H A9 4F Makefile? exec_prefix W49} W= | configure AT Y E
——exec—-prefix QAo | FEUt}. o] gt ulo]H T oA sys.exec_prefix@ AFEE
AFYUTh F 2o Mg F8 g
o 73 : exec-prefix= S NEF TEA o (74 A Y 5t FF ol B E]) o] thE tl e E] Ed
429 o prefixe} thE U th dut Ao A, ZAE E42 5t /usr/local/plat Al H Eg 9]
HuEWE 5HE 3192 /usr/locale AAE 5+ A5y

A A

UNEA © 7 DA, FAEFZ = ot Az EH ] AEFTY 2P U l% <= ©1 Solaris 2.x
2+ AAE A3 Sparc 7| Al 2 L2 ZWF 22 7HF3)A| vk, Solaris 2.x 5 A 3 31+ Intel 7] A
=02 ZgZoy, 52 E APs= Intel 7] A= = ThE ZHEJ YT 2L %"é‘! ZJWH M=
EFNEdas drdo g tE 2RWES AT Uh vl 92 29 AA & oL o °lﬁ7l HARR=
ol gk A~ g o] A X A eko] 1 th2 7] wf ol prefix 2} exec c-pr refix= 2] W] 7} glom, B tx}"ﬂi
ARE U FAatdd Ffo] A niolE A= P2 ZWRE SH AL FYAAI L (2 Tj«i”rc‘l
Aot stz ARE Fhol B Holl= S5 YU th).

Al 2dll FAE A= /usr/local/plat% Zr ZRE &) oh 2 9k Y /\]ieﬂgi AHEStEA 3R
7+ /usr/localS &3t % = mount L} automount Z 2 1S LA SIE= S < AYYTh

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

H A 3.109 A ¥ 7 : It now returns NULL if called before Py Initialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABL T}o]# A3 uldo] A =213 0]%% w3kahy D}, o|AL =B I o] =
(A9 Py_setProgramName () L2 AARAFHUThH A 7| & 2& AN A2 3o+ -‘?*Z—}%Q—E
AsbE Yok vigE FAEe A8 AGAE 7 7114‘;]',§€7q't¥»]{§_ /\HOH A YT 9

e golH FE oA sys.executable@ ARESF 4= 95Ut
This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.100)| A ¥ 7 : It now returns NULL if called before Py, Initialize ().

wchar_t *Py_GetPath ()

Fart of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not

9.4.
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modify its value. The list sys . path is initialized with this value on interpreter startup; it can be (and usually
is) modified later to change the search path for loading modules.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module_ search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Initialize (), then
Py_GetPath () won’t attempt to compute a default search path but uses the one provided instead. This
is useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and macOS, '; ' on Windows.

L3 sys.executable©| T2 19 AA| =& (Py_GetProgramFullPath () & FRIHAIL)
2 AAH I sys.prefix®}sys. exec _prefix7} O} QEE ULy Py Tnitialize ()& &
S35 223 v o] & FASH:E A2 SEA A 28 AsUTH

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
Az QAL WEAoR BiHng, $50 $RE F T2 EF HAL & dS U
WA 38 HA: oA Z2a3WH o]E thAl Z2 I AA| HE 7} sys.executableo]| AL

Y.
SEEMEEE BE

const char *Py_GetVersion ()

Part of the Stable ABL ©] 3}o] % Qe = 2] E] ] | A& wks3tt} o] AL t}& 3} e Ex1d gyt

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]1"

1

The first word (up to the first space character) is the current Python version; the first characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not
modify its value. The value is available to Python code as sys.version.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Fart of the Stable ABIL. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. OnmacOS,itis 'darwin’'.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()

Part of the Stable ABL. & A 5}o]|x ¥ A of o3t &4 A Zd XIS vy}, o &
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

HlalE 2o AA AFAS AU TS S AN A L o FuTh o] e Fhol A
AT A sys.copyright & AFE 3 4= gl U th.

const char *Py_GetCompiler ()

Part of the Stable ABL. @A) o] M AL W ESE= o] ARH AL FAES Y235 XA 213t
Ut & =9

["[GCC 26To2o2] "

)

irl ridh

o AH ARAE AU BEAE 42 FARAE S H D o] e shol A
sys.version® 4R Z A|-ZF Ytk

I

sl w4
oA 5
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const char *Py_GetBuildInfo ()

Part of the Stable ABL. A 1}o] W ez g]g] A2BE A AP HE o Wle w2 A 7hof| off 3F
AEE UL A& =

["#67, Aug 1 1997, 22:34:28"

HESHE A4 2 A A AFAE 7He AUt SEAE 3 FA48AE Yt o] g2 stolA
FEoA M sys.versiond R E AlFH Yl

void PySys_ SetArgvEx (int argc, wchar_t **argy, int updatepath)

Part of the Stable ABI. This APIis kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfiqg. safe_path should be used instead, see Python Initialization Configuration.

arge D argvol] 718Vl Al sys.argvE AA U o] w7/ A= 22 3W Y main () T Ad
g Az} SAEA EE 3 AR 2 o] sho] A QE ZEE T A A 51 o) OMB}ngg_
~39E 3192 FxaoF sttt Aol Ao 95Ut APT AT HET oW, argvd] A AR
FE210 ZFALEY 5 dF U o] 57t sys.argv 5—715}01] AW, Py _FatalError ()&
AHgte] XAl 2 AT

updatepath7} 0] 9, o] 7] 74| 7} o] <7} 8k & A YU T updatepath7} 0] ob W, o= th=
A g2 et sys.path® &4 g}

* 7€ 2IYEY o]F0] argv (0] L2 ARHY, ATHEV = HHH A =7}
sys.path Skell F7Hg Y th

* 28R O W (F, argert 00 ALk argy (01 0] 71 3 o] &L e} 714 O 7). sys . path
220 ¥ E AL 0] R ITh o1 B A A e el (v ) S 2ol RS A DI

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

Is D
al

e

It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sys . path themselves if desired. See CVE-2008-5983.

313 o]d v A 01]/\1 , PySys_SetArgv ()& %ff_}z‘fr N AR sys.path Q42 £F o8
ARt 2L EHE 2L 5 AEUTH A8 S0l the € AHg ol
[PyRun_SimpleString("import sys; sys.path.pop (0)\n"); ]

(S J

Added in version 3.1.3.
WA 3115 FHAx9.
void PySys_SetArgv (int argc, wchar_t **argv)

Part of the Stable ABIL. This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_arqgv should be used instead, see Python Initialization Configuration.

°] 34+ python AHZEEH 7} -12 A ZHA ¢+ 3 wpdatepath 7} 12 A A=
PySys_SetArgvEx () A3 2534t}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

WA 3400 A WA updatepath 3x-> -1l w2} thE U T
HA311EE A E.
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void Py_SetPythonHome (const wchar_t *home)

Fart of the Stable ABI. This API is kept for backward compatibility: setting PyConfig. home should be
used instead, see Python Initialization Configuration.

AR g teEe, & B2 o)A Foluee 48 AAFYTh AR EAL one
PYTHONHOME & X3} A L.
A= 22 a3 APete TA WSl HAHA b= A A% ﬂ‘%OQEQQ:%ﬂﬁ%
Zhel Aok FUth stol i ez eE|Eo] I E= o] A4 W8S HAsHA kst
Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.
WA 3.115E 3 A=,
wchar_t *Py_GetPythonHome ()
Part of the Stable ABL 7] & “%&>” = Py_SetPythonHome () ©| T3k o] A T & A A3k gkol L}
75 itk PYTHONHOME 37 W9 gh-& wkshehy
This function should not be called before Py Tnitialize (), otherwise it returns NULL.

7 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

9.5 A¥E AJegt A ez E &

ANWMH ﬂﬂ%%{ﬂiﬂE A2 FF Ut ths 2~d = gpolH =2 17 ﬂﬂﬂﬂﬂﬂ,

Aof A A E7F RSFof sl A olE] 2 E 2 i L GILo| 81
L5 QlolE, 1 DR AUE AL O 2=z BAE 9o 5
AHE A EA O T A FE 05 E SN Y, B2 RS o] obd

] E%ﬂ]ﬂﬂﬂﬁ ﬂﬁ ﬂ%giiﬂEﬁL% 3
setswitchinterval () € FXR3IHAIL). EL2 7Y ¢ 7]1/]'3& 19} 22 FAAFA BEZA U
DA = A B, 150 ThE sl A Ad =k A9 5 A5
glo] A oz H = PyThreadState gh=dlol g 2 A Yol 2d = ¥ 2 7] (bookkeeping) F H S X 3%
UL A pyThreadState & 718 7] = b A9 M4 95Ut PyThreadState _Get ()<
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Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

o] AL T Ak A o] o] A o] & Bshaly] a3 Ao 227} EA U T

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

i
>

A A gy o}

Py BEGIN_ALLOW_THREADS W} 3 2 AN B2 d3 A4ZF A9 W5
Py _END_ALLOW_THREADS W|AZ = &

fo) B2 the mew gyt
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PyThreadState *_save;

_save = PyEval_SaveThread() ;
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

o BEES AT YL eI T A A nelE So) @A) Ad = e Y EEE
BESe o A Utk S oA AR JTE A4 ), 5ol A7) o) A 2= A
£ 1ELE B BOE (S |2 A B 5 eh A ol A1) A e AR A e
S A WEAUD. WO, B8 GEGT A= VNS HU ), 2d = A EALE AR
Aol %2 53 of Pk
#x
AR U0 B4 $2 L GILE Dol 25k 714 Qw4 ALS Aol AW, v we) WA S o 45
S Sl FE B B4} o], shol A AM ol AN AT BT} gl F7) A ALS TEF]
Aol §-8F 4 Sl 1th. o & Bol, £F 211b% hashlib EL WO HE FFSA Y 4 2wl

GILS s Al gy}

9.5.2 spo]do] WS A e Ad=

Ag glo] W API(7} threading B E)E AME3to] 28 =8 WEW, A8 = A7} A 502 A A5
Ui%Oﬂ JAlQ =7k Yth 28, /‘EﬂCﬂCOM TS0 o ( l%%ﬂ A /\Eﬂ‘: e
71550l A= AL etol Bl gl o &3l), GILS H731A] 931, 255 At A= A 225 glsyth

CYEIT A A=A S DEE 3BTk S (5 % AT AL efol wEelA A AT T

APIS| 9 oh BA 2 3 AR PEE S Aez el oy A g S
2, GILS 53111, npx| et o & 51o] W/C API AF&-& A 2H3}7] Aol A8 = Ae) A S x{z]—?‘s:}qr/].

e, 2 s A 2AHE JH 5L, GILS Hxﬂf‘f} o, Al g e 2 éfﬂE SH AR FERE

S All sl oF 2y T

PyGILState_Ensure ()@} PyGILState Release () T4+ o RE AA S A5 o7 433},

CAg oA slol NS 23 AdulA o Fg7E ohe o 25Ut

PyGILState_STATE gstate;
gstate = PyGILState_Ensure () ;

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created auto-
matically by Py Tnitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* API is unsupported.
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9.5.3 fork()ell th 3t 3] A3}

s Eof tie] FESoF & E e T8 H2C fork () BF A 2= FHAYYLE fork () & A
&3k dFE AlAE“OML, S Aol EAS Fol TAE DY A 2T o] & 2L
2] 2] 3 of 3t ¥ 7} CPython HEFY of] AAH RE Aef RFof LA A QA 43S n Ut

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the
fork. PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

& EE 2 et Alpxithe AR 2 tttﬂCPythOI14 HEF ”Eﬁﬂos fork () 2} p7HA 2 A A 5}
Al Ael= ool &L olugc}. o] AL AR A=z B2} T} E B E PylinterpreterState 7“7<ﬂ°ﬂ
£38t= OhE B PyThreadState 7”24] -L}O]dﬂ]xﬂ ol d ot A& o u gt o] ZAx} “uQl” I
ZE|E]e E48 EA 0 F 93, fork () = CPython A HEFY o] ﬂ?ﬂ Z7]3}19 AE Z 2 E 9 “H|1”
9= °ﬂ/ﬂ Ji%ﬂ‘ﬂﬂﬂﬂ’q‘:} frd gt o2& exec () 72 Tl A S5+ A+ th

S-S CEHY RES AYSAL ol A A HE W FT w4 Qb 02 AgH E G T4

UEREU T, 22 QB T2 B o] Srabie A~ Ea B E pheloh @ 7hA) ohE B gE
o] P2 AL B W7 5T

2 Agzelgd £ 2d =t Mg s R W R, 2 9 /e S 2L 2RAA S
xﬂﬂﬁ}l%, Agole obF AL 784 F5UTh A9 JdE 2 H 2 ofd Az E o] &3
A=A ol BA Qo) BE A=A F/FETh

type PyThreadState

Part of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The
only public data member is:

PylnterpreterState *interp
This thread’s interpreter state.

void PyEval_InitThreads ()
Part of the Stable ABL. o} A% 31X k= A A A s,

sho] 1 3.67} o] A W Al A, o] F47h £A1517] ko™ GILS WS A<y T,
W 39004 WA o)A o Tt ol AYE SR s T

°|
WA 370 A M o] e o)Al Py _Initialize ()l 8] ZEFH A, Y22 He A H
=g davt %‘A’\QD}.

WA 3204 WA o] &4 U= Py Initialize() Aol T = glHYth
3.9 3 A,

int PyEval_ThreadsInitialized ()

Part of the Stable ABL. PyEval_InitThreads ()7} &% Yo, 00] ofd ZE2 widshu ). o]
FTFEGILE HASHA] G TE2T 5 glojA, dd 2 =5 AJ T u] 5 API 222 3] 93 d

AHEE S st
WA 3704 WA GILZ o)A Py_Tnitialize ()l 3l 27|35 Yt
WA 3,978 A,
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PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (WFE A THH) A9 Az 55 Hxﬂ 3t 2~¥ = A S NULLE A A7
shal, o] 28 = e (NULLe] obd U th & iU Th Fo] RtEol [Tk, @4 2=t £S
8= 30} oF gk

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL (VFETH) A9 Qg & 353511 A8 & AH S NULLo] ofi] o of
Sk tstate 2 /4 A U T}, F o] whE o %iDPES_, A 28 =7} o] & 5514 ‘E’%;Jcoi oF U} 213 A
orow 3 e 7k g A g,

e

al

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted ter-

mination.

PyThreadState *PyThreadState_Get ()
Part of the Stable ABL. @A 2~ &= Ae] & vlskshuch A9 ez 2 g &8 B {3 oF gyth
e = ek nuLLel W A B A o HAFUTh (A EEA7 NULLS FOI T B
AU h.

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. @A) & & AE|E 2 A} state(NULL Y 5= Q5 UThH 7F Al & 8=
2otz Uth A9 AH =z Y 2 Ef8f oF 5tn s Al H X] FEyh

T e Al 22 A4S A, A8 gz 9 38 A s oh

ot
oL
ok
i

|>
Tn
oy
)
o

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABL. @A g =7} glo]#9] dA] A
CAPIE 358 =17 FH A=A Sy} o] A2 £9| PyGILState_Release () gt
SEHRHLNFELI A A Y=t Z Ay HITEE 4 PS5 Yth gdulrd oz Adg & A
7} Release() Aoj] o] A Ae| 2 B Q%= 3 PyGILState Ensure () PyGILState Release ()
SZ Ho g2 28 = AH APIE AL 5 55Ut ol & 9], Py_BEGIN_ALLOW_THREADSS}
Py END_ALLOW_THREADS Wl &2 o] AAFA ¢ A}-g-2 32t}

WS 3F2 PyGILState Ensure () 7F EE2F P2 Wl 2= AHof tist EFH s “AE" o,
glolH o] ZHL2 Aefo JEE Fe]H PyGILState Release () & AEE o] ]35;,“%13]- A &0l
sgHEets, ol ASsS2 T RE F AsUTh- PyGILState Ensure () t3 7 i S5
ZA9] PyGILState Release () o gt 325 93] =2 A3 oF gt
b ukstd o, @A AHEEGILES XG5t 999 gfojW FESE 55T 4 IS5 UL A=
A4 Ql o 2 Ut

B} A9 A Z el 53 A glo] shol A
75
e

L

al

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted ter-
mination.

void PyGILState_Release (PyGILState_STATE)
Fart of the Stable ABL ©]Zof 25 & B & 214 S A Tt o] & F9, v}o
PyGILState_Ensure () 3& o] {3} 71"141:}(2&41/} JulA o 7 o] /KPEH}‘_:_
A 9o} A], GILState APIE A& T}).

PyGILState Ensure ()| 3t EE S EL 2 AH| EoA] PyGILState_Release ()l thst

TEH S olFoF Ytk

1) e g
S 3 Al A LeiA)
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PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABL ©] A& = 9] @A ~Ad= AE)2 714Utk A4 ~d =0 A GILState API
ZF AFSE A 9F koW NULL-E RS = U th W Ql 28 =0 A s 28 = AE] EZ (auto-
thread-state call) ©] 5% %] 932 Aol =, v Q) 22 Zoll &= &4k o] e 3 22 = AFE| 7} 9lgol £
o sHA 2. o AL F2 Ee /AT B4k

int PyGILState_Check ()

A ’\Eﬂ‘:ﬂGIL By 9o 1S uaely 127 ¢oH 0L uksta ) o] FL of
g BE 220N 3ET 5 AdFUth sho] A A8 = A7t 27]31E 9l @ZH GIL-S 2#3t1
g w12 H}ﬂ“‘/h’/} oA FE Eu/AG T YUt o & Eof 2 AP AEL W B g
5“4 oA F83 4 e, GILe] A ke AL ¢ &R/ R FAY L A AY
l‘%‘x] gom E‘réﬂ] FANEE S+ dFUn

Added in version 3.4.
O a2z detd oz o Auj 2 glo] AFSFH U th sho] A A vz oA ARG o & oA 2.
Py_BEGIN_ALLOW_THREADS

Part of the Stable ABL o] 1l 3 & ¥ { PyThreadState *_save; _save =
PyEval_SaveThread(); & & H Ut o 237 25 o] Aol FIAHAIL;
HuwtE = Py END_ALLOW_THREADS Wl 2 Z 8} A X &f oF &t} o] sja 2o th3t XA 3 &<
g gz

Py_END_ALLOW_THREADS
Part of the Stable ABL. ©] ] 2 & = PyEval_RestoreThread (_save); }2 EFFH Y. 2=
ZZ35 71 235 o] 2o F 3N L; o] A Py BEGIN_ALLOW_THREADS W3 28} & X] &} o
FhUt} o] v I 2 of o g A S Y82 9] & FRIAAIL

Py_BLOCK_THREADS

Part of the Stable ABIL. ©] ] 2 2 &= PyEval_RestoreThread (_save); & ZFFHUth: 2= =&
S 7} §l= Py END_ALLOW_THREADSS} TS5 3Shu T}

|

Py_UNBLOCK_THREADS

Part of the Stable ABL. ©] lj3 2 _save = PyEval_SaveThread(); & &FIUth: d=52Z
Solwig Aol gl Py BEGIN_ALLOW_THREADSS} &5 & UYTh.

API

©
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S5 A

>
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%
+
rr

BES Py Initialize() ©]3 o] &5 ojoF gth
JAA MA: Py Initialize ()% oA GILE %713}3 ]t}

z

rzi tlo

PylnterpreterState *PyInterpreterState_New ()
Part of the Stable ABL A} Q1] = gl g] A8 AA|E w5l A9 QE
QA o Gl 3 B2 A3 of 3 LR T+ AL

Raises an auditing event cpython.PyInterpreterState_New with no arguments.

[l

g =

o =1 o
ReadEdgs=

o

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. Q1E|Z 2] €] FE] AA ZE ARE ALEATULE A Adg=gH &L
M3 oF g
Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. Q18] Z 2] E] AE] AA|E sy ch A e=zgg EL H{ad IR
Ut} AEZe|E] AEl= PyInterpreterState_Clear ()l gk o] A E%E A7 = A

Uk

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the Stable ABL. F0] R Qe Z 2] ¥] A A o] &3}= A 29 AE] AR S
Ze)E 2 NG BRE YA, o 5ol I 52 A AFsop kA 1

208 Chapter 9. 2713}, stoldelAlo|d @ ~e=



The Python/C API, ¥&] 2 3.12.4

void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL 2+ = A1) A1) R A0S AAAITh Ao} AE =2 H 5 1 g0}
ot
HA 3904 HA: o] &4+ oA PyThreadState.on_delete WS TEJ T o] A&,
PyThreadState_Delete ()X T&YHYTh
void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL. A~ @ & AHe] AR E o} gyt A zo
28| = AElE pyThreadState_Clear ()9 st ol d &2 A AT ¢
void PyThreadState_DeleteCurrent (void)
A ~HE JEE et AY AdH 2z | 52 ;A FUTH PyThreadstate_Delete ()&
ALz A dHzeAE 2L 448 B8 fEUk  2dE= FeEb
PyThreadState_Clear ()o] gt o] A T &2 A AF o oF &yt
PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % 28| = ALE] sstate] A A =& LS 7FA S Ut

ﬂl

Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & FZ3AAI L

tstater= NULL©] o}1] o] of gt}

Added in version 3.9.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o]| % A~d = AE] sstate®] 11731 23| = AFHe] 21 & =}

AU,
tstate~= NULL©| o}1] o] oF gt}
Added in version 3.9.

frt

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}0] % 28| = A E) sstate] Q1B Z 2 E 7FA 3 U T}

tstater= NULL©] o} o of gt}
Added in version 3.9.

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state #state.

Resume them using the PyThreadState_LeaveTracing () function.
Added in version 3.11.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state #state suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.
Added in version 3.11.

PylInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. @A Q] Z 2 E| & 7}4 3 Yt}

A spold 2= AE 7 AY A Az 7 glod A A o ¥ S 3 gyt NULL
= g s sk

T E A= GILS B 538 oF gt
Added in version 3.9.
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int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the Stable ABI since version 3.7. Q8] Z 2] ¥] 9] 1% IDE ¥t 224 =4 o 2] 7}
LA 1 0] WS 1 o 27} A Yt
S EAE= GILE E s of gyt
Added in version 3.7.
PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
Part of the Stable ABI since version 3.8. QB Z 2B H| o] 7} A 4= 4= == g
o] S 7 NULL2 HEHeh of 9] = B SHA] Fokal T Ak E Z 2 HE gAY
ATk 7148 oF gt
o) AL Bo] BT e Ave) AW B A Fehe v AHRE oF B PyModule Getstate () B

A5 2 o] obd Uk,
Added in version 3.8.

ok L

o},
_/'\_

obo n:°“

2w
A3 H

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _Pylnterpreter Frame *frame, int
throwflag)

EEEE RN OR ]

throwflag P 7 W= AF & O 2) throw () MAZelA AR UTH: 00] o} W, @A) o) S
A2l g oh.

WA 3904 WA o)Al T sstate T ) A5E H T Th

WA 3119 A HF: The frame parameter changed from PyFrameObject* to
_PyInterpreterFrame*.

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
=g B2 448 AU
PEP 523 “CPythonol Z&| ¢} 7} APl 7P 2 X344 L.
Added in version 3.9.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

=z ¢ 7t g8 A Y h
PEP 523 “CPython®f| Z & 9 3 7} API 7P & ZFZ 34 A L.
Added in version 3.9.

PyObject *PyThreadState_GetDict ()
Return value: Borrowed reference. Part of the Stable ABI. o Fo

e B 5 s Ao e A
oh @A) 2= AHE ST S g o] YT TE
o 9 WA FA FYT TEAL AR 2= AHE A

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

oo ol <:»N
(/|

Part of the Stable ABIL. Asynchronously raise an exception in a thread. The id argument is the thread id of
the target thread; exc is the exception object to be raised. This function does not steal any references to exc.
To prevent naive misuse, you must write your own C extension to call this. Must be called with the GIL held.
Returns the number of thread states modified; this is normally one, but will be zero if the thread id isn’t found.
If exc is NULL, the pending exception (if any) for the thread is cleared. This raises no exceptions.

WA 3.7 A ¥ 7 : The type of the id parameter changed from 1ong to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Part of the Stable ABI. A< ¢l Z 2| 2L 535t AR 28 = AEE sstateE A AT T sstate
£ NuLL o] opofof FITh. S-& ol f1o] WS o1 Aol ofok FITY. o] 2 =e o] v] So] o,
W A A T
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al

e

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted ter-
mination.

=)

B A 3809 A WA: PyEval_RestoreThread(), Py_END_ALLOW_THREADS ()
PyGILState Ensure ()8 QAHEF AAHJon, AHZeH 7t sto]d A o] A s
FAdsEHA A 2H=E TEFUTH
PyEval_RestoreThread ()= (¥ E7F 27|81 X kS | 22 A AR S = Q= 1S
AUk

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. A 28 = AH|E NULLE A AT A Qe =g
=2 o] Qo w5 o) zlo]of 31 WA el =7} B f5oF Fulth NULLo] ofY]
= @A 24 = AHE UEh A Elste v AR EH YT — 23] ¢e
Hugyrh
PyEval_SaveThread ()€ (RHE7F 27135 A 2 A9z 2h) 344 AT 5 e 25E
Fayh.

void PyEval_AcquireLock (

)
Part of the Stable ABL. A ¥
2#| 2o o]u] Fo] glow,

WA 328H dAH: o f’&—’F% A 2d= FHE BASGA dsde. WA

rl

wo ™

HEes S A5 ch G2 ol do) BEIel ot YUk
7 .

I=J r2
o_|>:, l"
fu)

al

RIEFY o] st d el A o] A B ) 2d| S0 4] o] §4E BE W, 2 =7} sho] o] o3 wHE o]
A
(I

e

A A GAT e 2=V SEHUT 94 ¢ A&t2] ™ _Py_IsFinalizing()
o|u sys.is_finalizing () & AR&8lY o] &+E T E617] Mo AH 22 H 7L o] d A
old =i A=A FAE =+ AF U

W A 380X WZA: PyEval RestoreThread(), Py_END_ALLOW_THREADS() %
PyGILState Ensure()$ AFAF T2 AAFHJ oW, Az g7} Folde A o)A e
THEEHE A 2 =E FEFY

void PyEval_ReleaseLock ()
Part of the Stable ABL. A9 Q] Z 2| E] & A FUth &L o] A of ThEo0]F o] oF Tt}

off ¥
HA 328 HAHEH: o T+ dA ~d= AHE BASA LU dAl
PyEval_SaveThread ()Y PyEval_ReleaseThread () S AFESHI A L.

9.6 A8 <lE|ZelE] 2|9

Ee] A9, B Thol i JE el E W AT AT, 2L ZRAL, oA E 2L A =o A
ol 50 A1 B olof oFie A%k Sgrcl b A e e F o B 4 D

“wlQl” Qe el AEtle] 271518 wf WS ol A R WA JEzeEYUTh HES Z2A 2o
A f e shold dEmeH AUt An e zel e el 2o, W demeHE ATd Aee 2
PG 22AL A AL AGu . £ et 2713 5 49 FIsh dukdoz A
sho]d 2] 4] o] A

S| 1—%} A 01E% BB YUt} PyInterpreterState_Main () &4+ 2122 AE o
SEREER
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PyThreadState_Swap () 45 AF&5to] A B Qg Z g g 7ho) A& 4 d5Yrt) o2 & A}
S3to] W53 543 & 5 ik
type PyInterpreterConfig

Structure containing most parameters to configure a sub-interpreter. Its values are used only in
Py _NewInterpreterFromConfig () and never modified by the runtime.

Added in version 3.12.
Structure fields:

int use_main_obmalloc
If this is O then the sub-interpreter will use its own “object” allocator state. Otherwise it will use (share)
the main interpreter’s.

If thisis O then check_multi_interp_extensions mustbe 1 (non-zero). If thisis 1 then gi1
must notbe PyInterpreterConfig OWN_GIL.

intallow_fork
If this is 0 then the runtime will not support forking the process in any thread where the sub-interpreter
is currently active. Otherwise fork is unrestricted.

Note that the subprocess module still works when fork is disallowed.

intallow_exec
If this is 0 then the runtime will not support replacing the current process via exec (e.g. os.execv ())
in any thread where the sub-interpreter is currently active. Otherwise exec is unrestricted.

Note that the subprocess module still works when exec is disallowed.

intallow_threads
If this is O then the sub-interpreter’s threading module won’t create threads. Otherwise threads are
allowed.

int allow_daemon_threads
If this is O then the sub-interpreter’s threading module won’t create daemon threads. Otherwise
daemon threads are allowed (as long as a1 low_threads is non-zero).

int check_multi_interp_extensions

If this is 0 then all extension modules may be imported, including legacy (single-phase init) modules,
in any thread where the sub-interpreter is currently active. Otherwise only multi-phase init extension
modules (see PEP 489) may be imported. (Also see Py_mod_multiple_interpreters.)

This must be 1 (non-zero) if use_main_obmallocis 0.
intgil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:
PyInterpreterConfig DEFAULT_GIL
Use the default selection (PyInterpreterConfig SHARED_ GIL).
PyInterpreterConfig_SHARED_GIL
Use (share) the main interpreter’s GIL.
PyInterpreterConfig OWN_GIL

Use the sub-interpreter’s own GIL.

If this is PylInterpreterConfig OWN_GIL then PyInterpreterConfig.
use _main_obmalloc mustbe 0.

PyStatus Py_NewInterpreterFromConfig (PyThreadState **tstate_p, const PylnterpreterConfig *config)

AN AR JHZZHE T UTH o] A2 ol 3= AP A5 (AY) &3] £89 44U
t}. 53], A} Azl Eofl= 7|2 EE builtins, __main_ Y sysE X}, BE YXE H
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E’_-‘é—_‘;] 7HBE’:].» %‘% ]:H;x(_.E ;l—{_:l\_q ECE} —I—E E" O] = (sys modules)J/]— 7‘-:,] .H (sys.
path) E Utk A A o= sys.argy HE7 g5 Ut 2L 0 AE ,er 2 )
sys.stdin, sys.stdout W sys.stderr& 77"\1/]1’/}(@ o shE lgro} 71EAE FAZRSU .

The given config controls the options with which the interpreter is initialized.

Upon success, tstate_p will be set to the first thread state created in the new sub-interpreter. This thread state
is made in the current thread state. Note that no actual thread is created; see the discussion of thread states
below. If creation of the new interpreter is unsuccessful, state_p is set to NULL; no exception is set since the
exception state is stored in the current thread state and there may not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this function and
is still held when it returns. Likewise a current thread state must be set on entry. On success, the returned
thread state will be set as current. If the sub-interpreter is created with its own GIL then the GIL of the calling
interpreter will be released. When the function returns, the new interpreter’s GIL will be held by the current
thread and the previously interpreter’s GIL will remain released here.

Added in version 3.12.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = 0,
.allow_exec = 0,
.allow_threads = 1,
.allow_daemon_threads = 0,
.check_multi_interp_extensions = 1,
.gil = PyInterpreterConfig_OWN_GIL,
bi
PyThreadState *tstate = Py_NewlInterpreterFromConfig(&config);
.

Note that the config is used only briefly and does not get modified. During initialization the config’s values
are converted into various PyInterpreterState values. A read-only copy of the config may be stored
internally on the PyInterpreterState.

$4 BEL T o] (N ) AB = H 2o FHPUTh

e THA 27|35 AL St 259 F 3, & 9 PyModulefFromDefAndSpec (),
HZ e ths] ¥ ZE A7 HEAA L 273Ut C & AHA A9 W
olgfst g AA Ttol| FHF YT
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2o,

o THA 27318 AL BREY A, dE S0 PyModule Create (), EA &30 A<
AdxE Fu, AFFHoz 275153, ZE gV (F2) AHE o] AFH Ut thE2 (A R)
QIE]Z 2B 7} 7‘% i‘r%—% YXE Shuf, | RE0] 27]31H 3L o] EAHEY g o= 2]
th &Y init ¥4 TEFH A syt A 25 AU AAE (A B) JdHZ 2 H
ol e o], 94 e TS dod 5 ‘%HD}(O}EH H 19} 0] AFFE FRSAHAIL).
o] A A =B 7} Py FinalizeEx ()%} Py_ Imtlallze() S =5t &3] thA
2713519 £ 42 92E ol dojuvE= A ool Y dHAIL; o AF, 7Y
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PyThreadState *Py_NewInterpreter (void)

Part of the Stable ABIL. Create a new sub-interpreter. This is essentially just a wrapper around
Py _NewInterpreterFromConfig () with a config that preserves the existing behavior. The result is
an unisolated sub-interpreter that shares the main interpreter’s GIL, allows fork/exec, allows daemon threads,
and allows single-phase init modules.

void Py_EndInterpreter (PyThreadState *tstate)

Fart of the Stable ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread
state must be the current thread state. See the discussion of thread states below. When the call returns, the
current thread state is NULL. All thread states associated with this interpreter are destroyed. The global
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interpreter lock used by the target interpreter must be held before calling this function. No GIL is held when
it returns.

Py FinalizeEx () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.

9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig () you can create a sub-interpreter that is completely isolated from
other interpreters, including having its own GIL. The most important benefit of this isolation is that such an interpreter
can execute Python code without being blocked by other interpreters or blocking any others. Thus a single Python
process can truly take advantage of multiple CPU cores when running Python code. The isolation also encourages a
different approach to concurrency than that of just using threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means not sharing any
objects or mutable state without guarantees about thread-safety. Even objects that are otherwise immutable (e.g.
None, (1, 5)) can’t normally be shared because of the refcount. One simple but less-efficient approach around
this is to use a global lock around all use of some state (or object). Alternately, effectively immutable objects (like
integers or strings) can be made safe in spite of their refcounts by making them “immortal”. In fact, this has been
done for the builtin singletons, small integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complications that
come with free-threading. Failure to preserve isolation will expose you to the full consequences of free-threading,
including races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate between
them safely (not break isolation) and efficiently. The runtime and stdlib do not provide any standard approach to
this yet. A future stdlib module would help mitigate the effort of preserving isolation and expose effective tools for
communicating (and sharing) data between interpreters.

Added in version 3.12.

9.6.2 W19} 52| ALY
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Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState_ Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

J[m J
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int Py_AddPendingCall (int (*func)(void*), void *arg)
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Added in version 3.1.
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typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_ SetProfile () and PyEval_SetTrace ().
The first parameter is the object passed to the registration function as obj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace RETURN, PyTrace_C_CALL, PyTrace_ C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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what®] 2k arg®] o v

PyTrace_CALL A} Py None.

PyTrace_ EXCEPTION sys.exc_info () oA ¥IEH o] A H,
PyTrace_LINE 34} Py None.

PyTrace RETURN T E Ao Al WEtE = g, = o9 213 2] o] W NULL.
PyTrace C_CALL =5 =g AxA.

PyTrace_C_EXCEPTION X 2%+ 34 AX|

PyTrace_C_RETURN S == s A

PyTrace_OPCODE &4} Py None

int PyTrace_CALL
e A o Al ZFe] B ALY, Aveoelgo] tet Al FFo] Hiud of
Py_tracefunc ¥ ot oll T3k whar i 7 W =2] gr Al el ol B ol Tk o] B 2 3
23 = Ao gho|x ulo] E =2 9] Ao MFo] gl7] wiFoll BiE 2] kol F

int PyTrace_EXCEPTION
A7t BB Y S wfl py_tracefunc Toll et whar vi7) A2 3L S =AY
Well A vte]l E =7 A2 F o9 7 A F o] wharol] B8l o] o= SEH T
£19] Aotz Q1o) shol sulo) 271 A e o9 s of 2
2wl 529U 24 gt o2 @ o E S AT Th 22 oY el

int PyTrace_LINE

The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.
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int PyTrace_RETURN
ol vty # 1 & Py tracefunc 5ol th sk what w7 H49]
int PyTrace_C_CALL
CE7l3&2H 1w Py_tracefunc &5of 3 whar v 7 H42] k.
int PyTrace_C_EXCEPTION
C&goa] g7 HAAS w] Py tracefunc 5ol t) 3 whar vl 7] Ha9] 7L
int PyTrace_C_RETURN
C St 7 W3l & ul| Py_tracefunc <o o & what v} 7] M2] g
int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.
void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace OPCODE and PyTrace_EXCEPTION.

See also the sys.setprofile () function.
T & A GIL& B Arstal glojof et
void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetProfile () but sets the profile function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

SEAE GILE BR31a 9lojof Y th

As PyEval_SetProfile (), this function ignores any exceptions raised while setting the profile functions
in all threads.
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Added in version 3.12.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_ SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

See also the sys.settrace () function.
T EAE GILE H#3kal glojof g th.
void PyEval_SetTraceAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetTrace () but sets the tracing function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

S EA = GILS R{3Fa 9l ofoF ).
As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in

all threads.
Added in version 3.12.

2w A A

o] e Aw UM A =T ARS8 e AP YT
PylInterpreterState *PyInterpreterState_Head ()
Aelz el e e AR 2] B2 mEd Je A4S Hadunh
PylInterpreterState *PyInterpreterState_Main ()
U-]] o] o] E-] 174 E-] /\]—Eﬂ !l ;q] = tl]-p:].‘tﬂ—q r,].
PylInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aelz el 8 Ae) AR BB A interp 0] F2] th AE 2] E A A& W&o
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
OlE] Z 2| E interp} THE ~H & | AEA R HA| PyThreadState A o] th3F Z QB E 1l
3ok
PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Z& pyInterpreterState AA|o &3l BE 285 AA| B|AE A sstate 0] 9] th-F 28| =

AFe) A & M T,

—

9.10 A¥t 22 A &4 ¥

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

oY TFTEITETUGILE EFE e+ g5yt 252 A S ATy
o
15

9

= 1
Python.hof|i= TLS API A A o] 2285 o] 9 A] ¢koll oA L, 28E 2 AFAE AMSsed
pythread.hE Z &3] of gt}
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23

None of these API functions handle memory management on behalf of the void* values. You need to allocate
and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do refcount
operations on them either.

9.10.1 ~# = #*] A4 (TSS - Thread Specific Storage) API
TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

Added in version 3.7.

o 17|
“CPython®] A& E-2 2 A F4AE 93k A 2L C-API” (PEP 539)

type Py_tss_t
o Ar FRE A= 719 FEE Ve, FelE e TLS T Ao me) Zebd & g, 719
2713 E Yt = U =7 syt of FRA = 30 W7 s Ut

Py_LIMITED_API7} A E A ¢&}& wl, Py tss NEEDS INITE o] §9] A& dto] 3&FH U}

Py_tss_NEEDS_INIT
ol MlAZE Py tss_t HF2 % 7|3} A} (initializer) 2 -3 F U th o] Wl 2= Py LIMITED_API 9|
A Ao A ekl FY A Al L.
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S REo] 2% WE A FH ol EFHNA Fof A4 dol E7Fs

Py_LIMITED_APIZ =¥
Stpy_tss_to] & .
Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZ Z7|3}9 3td 22 e 3t
Hhstet AL, 54 & A9 Al NULL2 FHEH U T
void PyThread_tss_free (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after
first calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This
is a no-op if the key argument is NULL.

al

L

A freed key becomes a dangling pointer. You should reset the key to NULL.
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A =

of F+E59 Wi/ W key= NULLO] otyojof Tk  EF, FoR py tss t7}
PyThread_tss_create ()& z 7] 3 5 A ok ¢k © H, PyThread_tss_set ()3}
PyThread_tss_get ()] &2 25 A 5yt
int PyThread_tss_is_created (Py_fss_t *key)
Part of the Stable ABI since version 3.7. =X Py_tss_t7} PyThread_tss_create () & Z7|3}5]
%27 00] ohyl 3 v,

int PyThread_tss_create (Py_tss_t *key)

Part of the Stable ABI since version 3.7. TSS 7] Z7]3}ol AZ3tH 0 2k 233t o). key Q1 A7}
12172 gho) by tos NoEDa INITE 2713514 22§ ate] Bel6A ST o) B
22 A WA T 528 4 UsUith- ol v] 27158 7o) ohs) BB A ok A A

o] ZA 4EL AR

void PyThread_tss_delete (Py_fss_t *key)
Part of the Stable ABI since version 3.7. TSS 7| & At A 8lo] E A =0 A 7]2F FAH ZhS 9 A 31,
718l 2718} JHl & 27315 A ke o2 MA Y- JM ¥ 7] PyThread_tss_create ()&
OA 271318 5 dEUh o] B4t 2L A HEAoE 55T 4 5T ol 339
GEEESL R R es

int PyThread_tss_set (Py_tss_t *key, void *value)
Fart of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current
thread. This returns NULL if no value is associated with the key in the current thread.
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int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)
Part of the Stable ABL

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABL

void *PyThread_get_key_value (int key)
Part of the Stable ABL

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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Added in version 3.8.

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preini-
tialized with Py _PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler
is registered.

The Py_RunMain () function can be used to write a customized Python program.

z713h sfoldeAlo]d gl AE =k FERTAHAL.

v 17]

PEP 587 “y}o] ¥ % 7|3} F+4”.

10.1 Example

G4 o) REA s A Ao sholAe) of:

int main (int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig (&confiqg);
config.isolated = 1;

/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
I3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* Ex<E9] glaE,
length7} 0 0] o}U W, ifems= NULL©| of] o] oF 3} B E XYL NULLO| ofv] o] oF gt}
A=
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item-< listol] =7}y o}
ol gt & TE Y ol WS AR 27135} 8) of i Th
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item< list2] index©l 4+ <] g Tk
index7} list Z o)KWt 2 AL 20 4, item< listol] 37} (append) 1 T}
index must be greater than or equal to 0.
o] & T &t ¥ shol S AP 27138 of Pt
TZA 2=
Py_ssize_t length
22E o).

wchar_t **items
2= PuE.
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10.3 PyStatus

type PyStatus
2713} &= el A%st

AN A9, ol e & BECF5 o152 AFE S Y& ITh

TEA L=

rlr
4
BN
oX,
o
=2,
v
A
rlr
o
i

int exitcode
FTE I exit () o AEH AL

const char *err_msg
o & A A].

const char *funec

PyStatus PyStatus_Ok (void)
iy

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
v g dsf (e 7).
PyStatus PyStatus_Exit (int exitcode)
ARE FR AEE st A4S FRFUH
A E A ek B
int PyStatus_Exception (PyStatus status)

AE 7 olEl guzle ohy® FRUYZ Rolw, o9& Aok Ptk of & Fol

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7 S5 AU
void Py_ExitStatusException (PyStatus status)

status7} EF o] W exit (exitcode) & T &I YL status7} ol 2] o] A of| 2] WA X & <145l
0ol old T8 I =R FEFYTh PyStatus_Exception (status)7F00] ofd it &&

3 o FHu T,

WREHOo =R, gto] A2 PyStatus. funcE AR+ tl= WIEE AHE 8= ¥HY, funcZF NULLE
44 U2 HE L At g s AL g
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PyStatus alloc (void **ptr, size_t size)

{

int

*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {

return PyStatus_NoMemory () ;
}
return PyStatus_Ok () ;

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

I3

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
A T = 27138k e
void PyPreConfig_ InitPythonConfig (PyPreConfig *preconfig)
shol 4l 4 0.2 b T4-E 278 g ek,
void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Aol FALR AP A4S 2713 T
TRA =
intallocator
Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
e PYMEM_ALLOCATOR_MALLOC (3): usemalloc () of the C library.
e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using —-without-pymalloc.

v e Aol g FRs Al L.
Default: PYMEM_ATLLOCATOR_NOT_SET.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

224
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See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: —1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
00] ofy™, C 2A Lol ZAE wf a7} LAyt
Default: —1 in Python config, 0 in isolated config.
int dev_mode
Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_modeto 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem_errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.

A= Lo A wk AFR 7F5 U Th #ifdef MS_WINDOWS MlZ2E Q¢ E4 F= o AHRE
Z= O]./_\]/]q_
T oaxa .

Default: 0.
int parse_argv

OO] 0]—‘4 @, Py PrelInitializeFromArgs () E}Py_PreInitializeFromBytesArgs ()=
Aukshol o] B 2 ARHE TR RS AT LS PA R argy AXE FE BA G,
B E AAE R L.

Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.
int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.
Set to 0 or 1 by the —X ut f£8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
* Set the Python memory allocators (PyPreConfig.allocator)
* Configure the LC_CTYPE locale (locale encoding)
* Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
ol & A 2 7] 3ot o4
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A A3 ol A Shol W& AFA 27|35 T
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
preconfig A Aol A shol & AbE 2713k T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)
preconfig A A3 ol A shol W& AFA 27| 3Hg o)
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
S &A= PyStatus_Exception ()3 Py _ExitStatusException () & AF&3Fe] & (Y £5
< A elsoF it
For Python Configuration (PyPreConfig_InitPythonConfig ()),if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator ()& Py Prelnitialize() ©]%o| Py _InitializeFromConfig() ©] &
o] &3t AL A A WrY HAE AXNT 4 dH5 Uttt PyPreConfig.allocator?}
PYMEM_ALLOCATOR_NOT_SETC &2 MAAEW Py Prelnitialize() Ao $&& 4 95U th

Python memory allocation functions like PyMem_ RawMalloc () must not be used before the Python preinitializa-

tion, whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called
before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfigqg);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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10.6 PyConfig

type PyConfig
gholHg 77357 913 h 29 shebn| e E ol F XA
When done, the PyConfig_ Clear () function must be used to release the configuration memory.
FZ2A HAE:
void PyConfig InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
glol= FAYE sir& *config_strZ EAgU )
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (2 rgv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.
PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t
length, wchar_t **items)
Qo= BERE | A E listE length} itemsZ 4 A U T}
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
B gold PAS 95U
olm 2713td A=+ MAHA g5Uh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.109) 4 ¥ 7 : The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argv equals 1.

WA 31194 A7 : PyConfig Read () no longer calculates all paths, and so fields listed un-
der Python Path Configuration may no longer be updated until Py_TnitializeFromConfig ()
is called.
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void PyConfig_Clear (PyConfig *config)
T/ MR E ATt
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-

uration (PyPreConfiqg) in based on the PyConfig. If configuration fields which are in common with
PyPreConfig are tuned, they must be set before calling a PyConig method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig _SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

o] =9 S &A= PyStatus_Exception () FPy_ExitStatusException () & A3}

ol (ol v F5)E A8l oF Pt
TERA L=
PyWideStringList axgv

Command line arguments: sys.argv.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
Default: NULL.
See also the orig_argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0]isequalto L"-m" (python -m module), prepend the current working directory.

* If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.

¢ Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
Added in version 3.11.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
sdin B W H Y RER AT,
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —lo command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io. Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

Default: 0.
Added in version 3.10.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGE S environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
Added in version 3.11.

wchar_t *check_hash_pycs_mode

Control  the validation Dbehavior of hash-based .pyc files: value of the
——check-hash-based-pycs command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
* L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default™".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

* If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).
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Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] ohulwl, shol 4 7% B = F4 g T,
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.

Default: —1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

0ol of®, T 5 Al A3 A i ZE AA

il

Y,

Set to 1 by the PYTHONDUMPREF'S environment variable.

rln
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y, A2} A] faulthandler.enable () & T&3Ytth
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
* Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,
"ANSI_X3.4-1968" is replaced with "ascii".

See also the filesystem errors member.
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wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by default, or "replace" if
legacy windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

* "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
w29 8 A] 4 Al E.
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.
wchar_t *home
shol W & Tl el E e,
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
00] ohUl W, YEE A7+S m2 3 Fuch
Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment
variable.

Default: 0.
int inspect
~aYE} UYL AP F o8y RER Sojghuct

If greater than 0, enable inspect: 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 . st din does not appear to
be a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable
is non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, O in isolated mode.

int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.

Default: 0.
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int int_max_str_digits

Configures the integer string conversion length limitation. An initial value of —1 means the value will
be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of 0 disables the limitation. Values greater than zero but less
than 640 (sys.int_info.str_digits_check_threshold)are unsupported and will produce
an error.

Configured by  the -X int_max_str_digits command line flag or the
PYTHONINTMAXSTRDIGITS environment variable.

Default: —1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated
mode.

Added in version 3.12.

int isolated

If greater than 0, enable isolated mode:

e Set safe_pathto 1: don’t prepend a potentially unsafe path to sys.path at Python startup,
such as the current directory, the script’s directory or an empty string.

» Set use_environment to 0: ignore PYTHON environment variables.
e Set user_site_directory to 0: don’tadd the user site directory to sys.path.

o u}o]X REPLE 34 = EZ EofA] readlined YFE F}AE 7] & readline +A4 S
AR = A5
Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also the Isolated Configuration and PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use i0.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.
stdout and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
Q= Qo Ak AR 753Ut} #ifdef MS_WINDOWS A2 = Q59 53 F=of AL
& gl

Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats

0°] obU®, F& Al st 4 pymalloc W] 2 2] L Afof th 3k A€ B2 ot

Set to 1 by the PYTHONMALLOCSTATS environment variable.

[kl

The option is ignored if Python is configured using the —--without-pymalloc
option.

Default: 0.

wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBD IR macro which is set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
Added in version 3.9.
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WA 3.119] A 7 : This macro is now used on Windows to locate the standard library extension
modules, typically under DLLs. However, for compatibility, note that this value is ignored for any non-
standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.pathsep).

Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.
PyWideStringList module_search_paths
int module_search_paths_set
Module search paths: sys.path.

If module search_paths_setisequalto 0, Py_InitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
Aotd H A3 &
* 0: Peephole optimizer, set __debug___ to True.
¢ 1: Level 0, remove assertions, set ___debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable
value.

Default: 0.
PyWideStringList oxrig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig argv list is empty and argv is not a list only containing an empty string,
PyConfig_Read () copies argv into orig_argv before modifying argv (if parse_argvis
non-zero).

See also the argv member and the Py GetArgcArgv () function.
Default: empty list.
Added in version 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 31004 WA : The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argv equals to 1.
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int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Need a debug build of Python (the Py_DEBUG macro must be defined).
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to 0,
suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
WA 3.119 4] ¥ 7 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e If Py_SetProgramName () has been called, use its argument.
* On macOS, use PYTHONEXECUTABLE environment variable if set.

e [fthe WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER___ environment
variable if set.

e Use argv [0] of argv if available and non-empty.

e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

NULL®]®, sys.pycache_prefix+ Nonel & A A FH Yt}
Default: NULL.
int quiet

Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive
mode.

Incremented by the —g command line option.
Default: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_ RunMain ().

Default: NULL.
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wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by
the Py_ RunMain () function.

For example, it is set to script.py by the python3 script.py argcommand line.
See also the PyConfig. skip_source_first_1ine option.
Default: NULL.

wchar_t *run_module

Value of the —m command line option.
Used by Py RunMain ().
Default: NULL.

int show_ref_count

Show total reference count at exit (excluding immortal objects)?
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.
int site_import
AT site BES JRE FUIR

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.
path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main ()
if you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (butsys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if
they are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8 mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".
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e "surrogateescape" if PyPreConfig.ut f8_ mode is non-zero, or if the LC_CTYPE lo-
cale is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc

Enable tracemalloc?
0] ol ™, A]Z A] tracemalloc.start () & =gt

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: —1 in Python mode, 0 in isolated mode.

int perf_profiling

Enable compatibility mode with the perf profiler?

If non-zero, initialize the perf trampoline. See perf_profiling for more information.

Set by -X perf command line option and by the PYTHONPERF SUPPORT environment variable.
Default: -1.

Added in version 3.12.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.

intuser_site_directory

If non-zero, add the user site directory to sys.path.
Set to 0 by the —s and —I command line options.
Set to 0 by the PYTHONNOUSERSITE environment variable.

Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than O, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.

Incremented by the —v command line option.
Set by the PYTHONVERBOSE environment variable value.

Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

warnings 2 E L sys.warnoptionsE d< o2 F7lstUch: wpA Y pyconfig.
warnoptions &&-2 7} WA AALE = warnings.filters? A WA & o] Yt}
Vg 22 $ ),

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.
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intwrite_bytecode

If equal to 0, Python won’t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment vari-
able.

sys.dont_write_bytecode¥ write_bytecode®] WFAH Fto g 2 7|3}H Ut
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

B & 3.90) A4 M7 : show_alloc_count E7} A AS Y5 Th

10.7 PyConfig & A}-& 3} 273}

sho] g 278} 5He B4
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config T/l A stol A& 27|31t
S EA= PyStatus_Exception ()3 Py _ExitStatusException () & AFESF] ol (d8yU£5
< AelsfoF itk
If PyImport_FrozenModules (), PyImport_AppendInittab () or
PyImport_ExtendInittab () are used, they must be set or called after Python preinitialization and

before the Python initialization. If Python is initialized multiple times, Py Import_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Z2OF o] E& AA s

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) A
goto exception;

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
(Th5 #H oA ol A<
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(o] A o] A | A AL)
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) A
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception (status)) A
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L" /path/to/more/modules") ;
if (PyStatus_Exception(status)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;
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108 Azd +4

PyPreConfiqg_InitIsolatedConfiqg ()%} PyConfig InitIsolatedConfig() S4E Al2H
A shol Mg Aelshs 74 BEUTH A& Bol, 5o HE 25 22 13le] U3 S8,

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.

10.9 s}o]x 74

PyPreConfig InitPythonConfig ()& PyConfig InitPythonConfig () S5+ AWt ulo] A A
Fohi A8 9B shol Mg M=) 93 S vE U
2~

Tt E & AAe Folpe FASHE vl A E = Rhd, A 74 ies FAE YU

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

pyConfigolle 42 FAS AT o8 27t 23H o 5yt
c A2 A A
— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig _warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
- @A A v A J2E 27 A6k

— (PyConfig.program named|A) Z2 13 AA| AZ2E 47 ¥

rol
rigt

PATH 87 ¥4
— _ PYVENV_LAUNCHER 37 ¥4

-8 = £ A %) HKEY_CURRENT USER 2} HKEY_LOCAL_MACHINE 9]
“SoftwarePythonPythonCoreX.YPythonPath” o}gjof] Q= #HA2EE S 8 ZZ2 I3 H=E
(01714 XY= sFo] #l 2 Q]I T},

s AR Y L=
— PyConfig.base_exec_prefix
— PyConfig.base_executable
— PyConfig.base_prefix
— PyConfig.exec_prefix
— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths

— PyConfig.prefix
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If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths 1is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig warnings to O to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

base _prefixtbase exec_prefix BEZF AR X koW 2V 7t prefixStexec prefix® <

A&yt
Py_RunMain ()3} Py _Main ()< sys.pathd& $A3gY}:
PN

e run_filename©] A A 11 _ main_ .py IygEE 5= ¢9eE g o 9,

run_filenameg sys.path &of 713k
e isolated7F0o]A:

- run_module©o] AR W, AR tJ&AE 8 ZE sys.path Lol 271U th dA e g = ¢
=T fleH ol AL 5] kUt

— run_filename©o] AAE W, st tJAE 2] E sys.path <ol 71tk
- 28R ko, Nl FALEE sys.path ¢l F7HU T

site_import7b 0] obyw®, site R EF O sys.path® £ AFF £ A& rh
user_site directory7} 0] oy il AF-§ 29 site-package Tl & E] 8] 7} 24131 W, site BE
AH-&A1S] site-package T Fl B 2] & sys.pathol F7FgTh

e 2 74 st o] A= A0 A Uth:
* pyvenv.cfg

rlo

e ._pthfile (ex: python._pth)
e pybuilddir.txt (492 AL)
If a . _pth file is present:
e Set isolatedto 1.
e Set use _environment to 0.
e Set site _import to 0.
e Set safe_pathto 1.
_ PYVENV_LAUNCHER__ 87 4= pyConfig.base_executableg AAsH= bl AFRF Ut}

10.11 Py_RunMain()

int Py_RunMain (void)
g8 Zoly FTANAM AAFH YA (PyConfig.run_command), 23T Y E (PyConfig.
run_ fllename) TE=4E (PyConflg run_module)< A3}

71edo®, J2)al -i 542 AH§E o, REPLS A3 gy ot
A

Ao 2, shol 1S shol detol = T exit () Fol ALT 4 It FE HES NHFU T}
Py_RunMain ()& AHgShel B4 A2 REC| A AQE & AH§A G shol W9 ol shol 1 74 L 2

Z AN Q.

240 Chapter 10. s}o]# 27|13} A



The Python/C API, ¥&] 2 3.12.4

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *arge, wchar_t ***argv)
Jfol#o] £A37] A, Al HE = A= FAS U Th

See also PyConfig.orig_argv member.

10.13 oAl 2713} v|571 7 4 API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

+ <841 (Core)” 7]} THA|, “H £ 3H9] 5ho] 17:

- W3%;

- W9l

- W3} Z 2 = B 5 (frozen modules);

~ sys BES FRA0 2T 27)5H T (]E E0): sys.pathi o} EASA ey Th.
. %% (Main)” 7]3} 9, shol #lo] 2415] 27]3h5 Uk

- importlibE AX|stal 3 th

- A AL AgTy

- A2 A2 71E AAUS

- sys BE 27|35 4Rt E : sys.stdout¥ sys.path& THE U}

- faulthandler®} tracemalloc_ﬂ]- ZHe ME A 7158 A5
- site 2RES 49X E Yt}
]33 7] 8 A AP
e PyConfig._init_main:ifsetto 0, Py TnitializeFromConfig () stops atthe “Core” initializa-
tion phase.
PyStatus _Py_InitializeMain (void)
“F7 2718 DA R o] F8to], stold 2735 SR T
“S 47 WA N ol P Y BEE JEE 3 83 inportlib BE0| A A HUth 42 74
“F A o Ak A8 ‘JEP ﬁi 7= ARt AU 2 sH7] A sl sFol o A ahol i AHE AL
ol g Jlom, Abg A Q9] sys.meta_path YEE (importer) U AE2E & 52 AX T F 55U
It may become possible to calculate the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

“ 4 BA A E A5 A U Th: o] BANA FAL AET 5 UL,

A ob4 A A5 2] SFgk<rIeh APLE Mol 4 2 A :

4AF w77 QAAER APLE £ AALAA = U]
i

<37 2 7)8) DA Abel ol A shold ZEE AR st Al

295 skofof

o] 1
: A A3 -7 APIV}

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig (&config);
config._init_main = 0;

(h& sl o] A ol Al<%)
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/* ... customize 'config' configuration ... */

status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&config);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_TInitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

(o1 sl o] Al el A A%

1 n
4
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111 718

glol W o] W e Belos RE slo] A SHsl+= v F 7] ¢ (private heap) =
it o] Hl+7H e Hel= ol X UﬂEﬂl %312}01]94‘311‘41 Ao 72 o]Fo] Ut} Fho] A v

A A= T AIHE 3L A S =S 22 54 & EW #e] ] ohst SHE A 85t
N2 TE T8 848 7HA L s

PR FFE A, GA HEE T &
shol ¥ A Hlo|H & XVH‘SM o T2 F7kel A=A FAF YT A uﬂEal Q%XH ofl, o1 & 7H«l
AAE A7 22 JollA ZEstn ZF A G2 Sl e a3 v R e

th el S S, JALD}E‘ AEHX] %LA} T % %

ol o
§ 5
rlr
o
o2
)
2
O
=)
td
ACh
£
Ach
2
1o
ox
M:
,4
g
2
E
% ol
=
o
é

G Aol Al %%‘ } A| e, ?Z}ﬂ alE ) fel AA
EJrOM‘i g )= A L E 2pA ol of ol 3= 1,

A8 A
e g 70z 22T, AT AR 5 girhe 2

AR e )R W R E A3 T BB o] A LT Tho] A/C APL G4 E 53] 5ol 4 v ]
#re)Ae] 8 ol weh Sag Uy,

ml &2 2] &2 98t 2 A Ak C ol B 2o A WE 5 o V‘q A o el A3y sEA]
ok olof UL\%D]— malloc (), calloc(), realloc() @ free(). 2 A sttp, M2 ¢} 2 L2 E5ES
Tt ok ol ZEst7] w2 oll, C A} 9fo] 2 v &2 %E] A 7ho] £ 52 0] WA o] X7
o A34E ZehgrUch Teiuh, b A 2ol A BA 0 C eholHelel FukAE ALgshol B R e

222 das) FFan A+ AU

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
free(buf); /* malloc'ed */
return res;

J

o] o A, 10 7ol T2 W 2 2] 24 C 2holmeje) ekatol ofa) A2 BTk shol W W22 B
A A ek £ kol £ AAle] el vk ol g ok
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

t] B7]

PYTHONMALLOC 37 W45 ALE31o] glo] Mo A ALL-3l= W 2] &3S A4S 5 5yt
PYTHONMALLOCSTATS 37 W= A 22 pymalloc A A o} L (arena) 7} S o] A wjujct 28] 1
szt BAE A st ol AMHE = s UTh

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at /iere. There is no hard requirement to use the memory
returned by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although
this is the recommended practice). For example, one could use the memory returned by PyMem_RawMalloc ()
for allocating Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

¢ Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
to the system.

¢ “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the GIL held. The memory is taken from the Python private heap.

¢ Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the
Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching
specific deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated
using PyMem_Malloc ().

11.3 g W= dEjFH o]~

= &5 A2 A 2d @zt st i H Yot o] = A E P, GILSE FAT 8+
Z

The default raw memory allocator uses the following functions: malloc (), calloc(), realloc() and
free ();callmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

Added in version 3.4.

void *PyMem_RawMalloc (size_tn)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

OvlolEE 8 A3l 753 PyMem_RawMalloc (1) ©] t4l &% 214 4E 7Hs3hd /-3 NULL
o] obd X EE Wty th R e oW 4 o2 & 27|3}5 x| k5 UTh
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void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

078 @4 0ulolE F7]2] R4S 8
V58 T3 NULLe] ofd ZQHE

Added in version 3.5.

—|—l

A3l pyMem_RawCalloc (1, 1)°] Al &&4E 7
=]

312 gh o)

void *PyMem_RawRealloc (void *p, size_t n)
pZt 7 7= WRE 859 A7|EnvlolER 2AFYTLE L2 o AR MER 3719 HE gk
Wl & WA A sk

p7FNULLO| ¥, &2 PyMem_RawMalloc (n) 3 55Utk nol 07 2o, W2 BEE2 37
= 2 RZH A S AH A = gk, wrEd 401151 NULL®] o}bd U th

p 7} NULL ©] o} U 3}, PyMem RawMalloc (), PyMem_RawRealloc() K &
PyMem_RawCalloc () o] tlgt o] A s &0 o] 3] vtstH Zlo]ofof gt}

870l Al st, pyMem_RawRealloc ()& NULL+g RE&FSIIL pi= o] d v 22| G ol o 2 g
zoH= 9454t}

void PyMem_RawFree (void *p)
p7t 7HE1 7= W2 e EEE AT YTt pEeE PyMem RawMalloc (), PyMem RawRealloc ()
T PyMem RawCalloc()o] T3t oA &2 W&d Zojojof Uk A AU
PyMem_RawFree (p) 7} ¥4 TEFH QA0 H, F o= A 42 52| dojdtt

p7HNULLOI®, ob . A= 535 4] b5k,

11.4 w2 g] Qg 5 o] 2

ANSI C s Fof| whet 2 & 510”1”}03}0] %’ ﬁqf‘a‘ o o] 522 A% s e A vhol
oA W2 e S Fetar siAstE o AFRE 4 Q)

71 v 2 2] A pymalloc ¥ 2 2] BHAZ AMS U T

]

R4

o]

n

48 ST wE GILS §A3)oF Tt

WA 3.6004 HA: 712 @Gt oAl Al2" malloc () Al pymalloc Y YT

void *PyMem_Malloc (size_tn)

Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

0Hlo]EE 2 3} PyMem _Malloc (1) o] Al &9 AXE 753Hd 273 NULLO] ofd
A E RE Ut WR el o Aoz & 27|35 A g5Uth

void *PyMem_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns
a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to
Zeros.
071<] iur OulolE m719] 42 QA3 H PyMem_Calloc (1, 1)o] Al T&H AXY 71+
shel a3k NULLe] obd 2 & Rk ok

Added in version 3.5.

11.4. vj= g Qe FH o] A 245



The Python/C API, ¥ &) 3.12.4

void *PyMem_Realloc (void *p, size_t n)
Part of the Stable ABL. p7} 7}8] 7] = W2 2] EE9
MzL 3719 HEg o= AAH A g5yt
p7FNULLo] ¥, &L PyMem_Malloc (n) &4 53Ut 28 %] k1 nol 0 2oy, &2
F9] A7) = 2AHA A A = ‘E%S‘ﬂ vl3te 2 91 E] = NULLo] obg U th
p7FNULLo] o} 3 PyMem_Malloc (), PyMem_Realloc () ¥ PyMem Calloc () ol )3k o] A
5% 0] wHekel Zlo]ojof g ok
8 Aol At d, PyMem Realloc ()<= NULLE HE3H8al p= o] Z W R 2] J o tfst Fast 2
JHE FAHYTH

void PyMem_Free (void *p)

flo
)
i)

2718 nvtol 2R 2T HE

ACH
8

i O

rN

Part of the Stable ABL. p7} 7}g]7]& W EE E5S AT pEeE PyMem Malloc(),
PyMem_Realloc () & PyMem Calloc ()9 tdt o] A T & o] wkEst A ojojok guc}, 18
A A yMen_Free (p) 74 A 52 90W A A ghe F2to] Lol whic

p7FNULLO| |, o} 2 & £33 5 2] okt
do| & Aol tha 22 F AF a2t Algg Ut TYPEC] 2E CH 2 Uehdol oAl L.
PyMem_New (TYPE, n)

Same as PyMem Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize (p, TYPE, n)

Same as PyMem_Realloc (), butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
a pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

o] RS C AN AU p B4 A AP U o & AT of Wz £42 )5
e po] Ao ghe BAFHAA L

void PyMem_Del (void *p)
PyMem_Free ()&} Z5Uth
ESh ol UEH CAPL 45 AHEoHA] oo, ghol Al W R g @325 A T&5H7] A& th= a3 =
Aol Azt 218y, o] 52 AHE8otH stold A S 2x
orolA] 87 =g ol A& A5 gler o,

* PyMem_MALLOC (size)

e PyMem_NEW (type, size)

¢ PyMem_ REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem_ DEL (ptr)
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There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory
Allocators section.
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718 A G A= pymalloc W 2 2] EFAE AFHEFU T

rlr

=

o B2 A8 )

GILS A 3f oF T

void *PyObject_Malloc (size_tn)

Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

0Hlo]EE @ 3 3}H PyObject_Malloc (1) 0] Al $2% AXE 7t58td 1§38 NULLO] ofd
ZAHE Yt R el ofd A o2 E 2735 ] g5yt

void *PyObject_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns
a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to
ZEeroS.

07 2] ib‘rOHPO] E =79

O o]
7}53HH 1188 NULL O] ofd EOJ 1%

Added in version 3.5.

A PyObject_Calloc(l, 1)°] Al &4 ZAAH
=]

St
ek ok

void *PyObject_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 74e) 71 v 2.2] 829 2718 nvpo £ 2 2 FUTH 152 o A%
B2 FZ719 F &3 Wl A= HAE A ?%Q‘/]D}-

p7FNULLO| W, &2 PyObject_Malloc (n) F E53Yth 22X & no) 07 2o, W 2 g
220 271E 2 A5 AW S A A e, WER E Qe £ nLLe] by o

p 7} NULL o] oFd 3 PyObject_Malloc (), PyObject_Realloc() L +
PyObject_Calloc ()°l th3t o] A S &of o3 vtd s Zlo]ojof gt}

23 o] A3t H, Pyobject_Realloc () S NULLES W83l p= o] A v 2 2] o Ao tf 3+ 57 3l

ZAE 2 A UL

void PyObject_Free (void *p)

Part of the Stable ABL p7} 7}8] 7] = Wl 28] EE& | A gt} o] %%% PyObject_Malloc (),
PyObject_Realloc () ¥ PyObject_Calloc ()ol] BJ3t o] A T Zof o3 ¥kds Zojofof
FUth 2184 FA YU PyObject_Free (p) 7} o] ol Z2H oW FYH ] 2 5 2o] dojd
.

p7FNULLO|H, o} AP = 35 A o5 th

pymalloc Q= T ¥

11.6 7|12 wize] gzt
2R &gt
A SIp=3 PyMem_RawMallc PyMem_Malloc PyOb-
ject_Malloc
dgla~ e "pymalloc™" malloc pymalloc pymalloc
(S -1 h= "pymalloc_debuc malloc + T/H¥ pymalloc + T] pymalloc + ¢
a W W
pymalloc 1= ¥l 2  "malloc" malloc malloc malloc

&

"malloc_debug" malloc + ¥ malloc + TY¥ malloc + Y H

1= ] i i
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W
e Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions: malloc (),calloc (), realloc ()
and free ().

e pymalloc: pymalloc memory allocator.
* “+ debug”: with debug hooks on the Python memory allocators.

* “Debug build”: Python build in debug mode.

11.7 w22 et AHg 2 A )

Added in version 3.4.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

A= BE

void *ctx A AR Az Agw LA} A
2E

void* malloc (void *ctx, size_t size) HEg 22 Gyt

void* calloc (void *ctx, size_t nelem, 0072 27|sldE WEe EES 33

size_t elsize) st

void* realloc(void *ctx, void *ptr, HE2g EES dGsAY 7] =2

size_t new_size) Ayt

void free (void *ctx, void *ptr) Hry &S AU

¥ A 3.50) A W7 : The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

type PyMemAllocatorDomain
a2t =S Adste v AR EHE 4AY. =l
PYMEM_DOMAIN_RAW

Sk .
e

anii}

* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM_DOMAIN_MEM
i
* PyMem Malloc (),
* PyMem Realloc ()
e PyMem Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
Kk
e PyObject_Malloc()

* PyObject_Realloc ()
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e PyObject_Calloc()
e PyObject_Free ()
void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
A" =] vre E5 I3RS 7HA 3 Ut
void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
A" =] vne E5 &3S AA g
A @FA}= 0nlo] EE @ Ashu] 783k NULLo| o} E Ol E] £ ulgha) of o).

For the PYMEM DOMAIN RAW domain, the allocator must be thread-safe: the GIL is not held when the
allocator is called.

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in different
interpreters that do not share a GIL.

s

A EF2}7E So] ol (o] A BFAE T E5HA ¢o W), PyMem SetupDebugHooks () &4
T Eto] A} R AE S ol U I F2 thA]l A A8 oF Pt

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

U

PyMem_SetAllocator () does have the following contract:

e It can be called after Py PreTnitialize () and before Py TnitializeFromConfig ()
to install a custom memory allocator. There are no restrictions over the installed allocator other than
the ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called
without the GIL held). See the section on allocator domains for more information.

e If called after Python has finish initializing (after Py_InitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

B A 3.120)| 4] ¥ 7 : All allocators must be thread-safe.
void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preini-
tialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release
mode (ex: PYTHONMALLOC=debug).

The PyMem_ SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

AR A A

* Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem Malloc ().

¢ Detect write before the start of the buffer (buffer underflow).
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¢ Detect write after the end of the buffer (buffer overflow).

¢ Check that the GIL is held when allocator functions of PYMEM _DOMATN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are called.

o H 7 LS, Y 1 2 tracemalloc RES AFE3LY] vl 2 e E5 0] S o] EF ool S
ARG tracemal loco] shol 4 M w2l B-& 34 Fol 1 v m e BEol 22 it =do] 23

ol ZAIE U

Let S =sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1:j] means
the slice of bytes from * (p+1i) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs
from a Python slice):

pl-2*s:-8]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-s]

API identifier (ASCII character):
e 'r' for PYMEM DOMAIN_RAW.
e 'm' for PYMEM _DOMAIN_MEM.

e 'o' for PYMEM DOMAIN_OBJ.

p[—-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[0:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

PIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

PIN+S:N+2*S]
Only used if the PYMEM_DEBRUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t.
If “bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run,
to capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is
the only place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact.
If they’ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The
other main failure mode is provoking a memory error when a program reads up one of the special bit patterns and
tries to use it as an address. If you get in a debugger then and look at the object, you’re likely to see that it’s entirely
filled with PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning
uninitialized memory is getting used).

WA 3.691 4 WA : The PyMem SetupDebugHooks () function now also works on Python compiled in re-
lease mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMAIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

WA 3.89) 4 H 7 : Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Win-
dows CRT debug malloc () and free ().
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11.9 pymalloc &=}

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It
uses memory mappings called “arenas” with a fixed size of either 256 KiB on 32-bit platforms or 1 MiB on 64-bit
platforms. It falls back to PyMem RawMalloc () and PyMem_RawRealloc () for allocations larger than 512
bytes.

pymalloc is the default allocator of the PYMEM _DOMAIN_MEM (ex: PyMem_Malloc()) and
PYMEM_DOMATIN_OBJ (ex: PyObject_Malloc ()) domains.

obelu} A The B4E A T
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
e 1R GO WMmalloc () free ()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled
at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc o} &=} A2} A 2

Added in version 3.4.

type PyObjectArenaAllocator
ot FFALE 7 &8k vl AHH = Fx2A. o] FERA = Al AL BT s Yth:

2= IS

void *ctx R 0A ARt ALA A S A A A
=

void* alloc(void *ctx, size_t size) size B}o] E 9] o} L& &g}

void free(void *ctx, void *ptr, size_t olg| = ATt

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
obelLt S ATk

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
obel it srepabs A g o

11.10 tracemalloc C API

Added in version 3.7.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc REA FH W2 58 FAF YT
dF ot 05 ke, ol 27 A (A2 A s A W R el E EEehA ZEUh -1
< WEEHR Y T} tracemalloc ©] ¥] &/ 3= 9l oW —25 RESHH o}
W2 B5o] ojn FAHWY, 7|E FA S BAFYh

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc BEO|A @98 vRe 52 74 ATtk B2o] 2245 godl o} A%
shA] sy Th

tracemalloc o] W] & 3}= Qo™ 28 WH3helar, 182 ¢Fow 0

l

o~

>

tlo
o

uhghg U o,
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11.11 <

2o ) e AMA B oAU VO M 7k R WA T AES AR ko] shol w70l A B
2 opA) A A5 ok

PyObject *res;

char *buf = (char *) PyMem Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

3 AF TS AEL AStE 2L TEQUTh

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

99 F 7R oo X, WA & B4 22 AGl S F4E B 24P G YA L. AAR, A=
UE FUAE SUL Dol 22 FoI ST S, Fol U w el B5of ofs) LE el AP el &
NETE AL BT O 3 MﬂﬂﬂLCNAQMﬂ&MWLZ%ﬂ4%1Eﬂ%§ﬂﬁ
A58 T Y OhE GYAE EF57] ool AW A (fau) ) A 0% EAFY

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc(BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2) ; /* Right ——- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are
allocated and released with PyObject_New, PyObject_NewVar and PyObject_Del ().

OJAESCEMER AA F& AYsta +ASE Aol i th= ol A dd Adyrh
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PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.
PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If fype indicates that the object participates in the cyclic
garbage detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.
PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ©] A2 PyObject_Init ()7} $383= &2
S sdstar, 7Hi 27 Ao o] R E 273t
PyObject_New (TYPE, typeobj)

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The caller will
own the only reference to the object (i.e. its reference count will be one). The size of the memory allocation
is determined from the tp_basicsize field of the type object.

rr

PyObject_NewVar (TYPE, typeobj, size)

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp itemsize
field of fypeobj. This is useful for implementing objects like tuples, which are able to determine their size at
construction time. Embedding the array of fields into the same allocation decreases the number of allocations,
improving the memory management efficiency.

void PyObject_Del (void *op)

Releases memory allocated to an object using PyObject_New or PyOb ject_NewVar. This is normally
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called from the tp_dealloc handler specified in the object’s type. The fields of the object should not be
accessed after this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
sto] # oA None & & =E5 = A4 o] ARl st LAHE P75 = Py _None A EE AHE

3l 4] 9 25 of g

o] ®7]

PyModule_ Create ()
g R ES EFT HE Y

stol o] AA| g Aol AHgE = W2 FEAF G U o] Ao A& o2’ T2 o AHg iR el

1221 7|2 Ax a2

All Python objects ultimately share a small number of fields at the beginning of the object’s representation in memory.
These are represented by the PyObject and PyVarObject types, which are defined, in turn, by the expansions
of some macros also used, whether directly or indirectly, in the definition of all other Python objects. Additional
macros can be found under reference counting.

type PyObject
Fart of the Limited APL. (Only some members are part of the stable ABI.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In
a normal “release” build, it contains only the object’s reference count and a pointer to the corresponding type
object. Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be cast to a
PyObject*. Access to the members must be done by using the macros Py_ REFCNT and Py_ TYPE.

type PyVarObject
Fart of the Limited APL. (Only some members are part of the stable ABI.) This is an extension of PyObject
that adds the ob_ si ze field. This is only used for objects that have some notion of length. This type does not
often appear in the Python/C API. Access to the members must be done by using the macros Py_ REFCNT,
Py_TYPE,and Py_SIZE.

PyObject_HEAD
Zo)7b st ke AR E el A2 B2 A AT o) A5 = v = & ] Ut} PyObject_ HEAD
g2 v 2ol g Yk

[PyObject ob_base;

9] Pyobject AYHE FZIAA L.

PyObject_VAR_HEAD

QA Aulth Aol 7t Che AR E Uehhe A28 S AAg o) AHEE & v) 22 YU Tk PyOb-
ject_VAR_HEAD "} 22 &= t}-.7} o] g 1t

[PyVarObject ob_base;

A9 pyvarobject AHYAE FZRIHA L.

int Py_ Is (PyObject *x, PyObject *y)
Fart of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is vy in Python.
Added in version 3.10.
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int Py_IsNone (PyObject *x)

Fart of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None
in Python.

Added in version 3.10.

int Py_IsTrue (PyObject *x)

Part of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True
in Python.

Added in version 3.10.
int Py_IsFalse (PyObject *X)

Part of the Stable ABI since version 3.10. Test if an object is the False singleton, the sameas x is False
in Python.

Added in version 3.10.
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

WA 311904 W7 : Py_TYPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)

A 02] & o] typeo] ™ 00] o d Zr2 WUl 298 X] ko 02 W3 th Py_TYPE (0) ==
typed TS YT

Added in version 3.9.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
A 09] FL ypeo 2 AHFLIT
Added in version 3.9.
Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the Py_SET _SIZE () function to set an object size.

WA 31194 HA: py_S1ZE () is changed to an inline static function. The parameter type is no longer
const PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AR 08 T 7| E size® AT T}
Added in version 3.9.

PyObject_HEAD_INIT (type)
gﬁiWE%Pwm@%@ﬂ5ﬂﬂﬁ££§%ﬂ%ﬂii%$%NWEE%W%EE
H :

_PyObject_EXTRA_INIT
1, type,

;g

ol

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for anew PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.
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1222 g A= 79

type PyCFunction

Fart of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this
type take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception
shall have been set. If not NULL, the return value is interpreted as the return value of the function as exposed
in Python. The function must return a new reference.

o AHe e 2H U

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Fart of the Stable ABI. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

Added in version 3.9.

type PyMethodDef
Part of the Stable ABI (including all members). &3 2] Wl =5 7| &3+ o AFEEH = £ 2A. ]
FaRANE W e D=7} gk
const char *m1_name
Name of the method.

PyCFunction m1l_meth
Pointer to the C implementation.
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intml_flags
Flags bits indicating how the call should be constructed.

const char *ml_doc

Points to the contents of the docstring.

The m1_methisa C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

e 2L BE 740 95Uth
METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject* values. The first one is the self object for methods; for module functions, it is the module

object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () of PyArg _UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH _VARARGS | METH_KEYWORDS,
METH_FASTCALL | METH_KEYWORDS and METH_METHOD | METH_FASTCALL | METH_KEYWORDS.

METH _VARARGS | METH_KEYWORDS

1818 S el 217} 9= WA EE PyCFunctionWithKeywords & o] o] ofF Ut} o] 4
= A Y wi HEE AT YT} self, args, kwargs. 71 A kwargsE BEE F|Y = A}
o gAY olAY 719 E AAVF flew NuLLY & Ytk i) HeE dubd o=
PyArg ParseTupleAndKeywords ()& AF-&35te] 22 Ut

ol

Ir

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

Added in version 3.7.
WA 3.100] A ¥ 7 : METH_FASTCALL is now part of the stable ABI.

METH _FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyObject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

Added in version 3.7.

METH_METHOD

Can only be used in the combination with other flags: METH _METHOD | METH _FASTCALL |
METH _KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).

W A =& PycMethod & o]o]oF dt=1t|, self F o] defining_class ¢ A}7}F 714
METH_FASTCALL | METH_KEYWORDSS} Z+5uth

Added in version 3.9.
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METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to
prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject* parameter representing the single argument.

- = 2& A2 YEt = ] AFEE A oFaL S0 WA =9} A Al }J%‘ = UEHy
Utk 25 @4%U‘¢°1]L AREE g sk olB R 22 5 A stuE Fol X WA = His)
A X

METH_CLASS
HAEE 3o dABEATIold F AX 7 A AR v/ A42 AGE Uk classmethod () WA
42 AR O UEOI A E AT FAR 2o WA (class merhods) & T2 o AFEF .
METH_STATIC
A=z g dadartopd NnuLLo] A A w7 M2 Agg Ytk staticmethod () WA
T2 AL u] BEo A= A SAS A A Uﬂ/\-]E(static methods)E W=+ ©] AH8-FH Y th
Sre] ThE g4t 22 WA o] 2L 77 ThE o) tlAl B S} 2 T =4S Alo] k.
METH_COEXIST

The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.
PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python callable object.
The caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked.
self can be NULL.

The callable object’s __module___ attribute can be set from the given module argument. module should be
a Python string, which will be used as name of the module the function is defined in. If unavailable, it can be
set to None or NULL.

t] B7]

function._ _module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if
METH _METHODIis setonml->ml_flags.

Added in version 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
Return value: New reference. Part of the Stable ABL. Equivalent to PyCMethod_New (ml, self,
module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (m1,
self, NULL, NULL).
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1223 @Y 2] ol BT HE JA =

type PyMemberDef

Part of the Stable ABI (including all members). Structure which describes an attribute of a type which corre-
sponds to a C struct member. When defining a class, put a NULL-terminated array of these structures in the
tp_members slot.

Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [ ] array.
The string should be static, no copy is made of it.
int type
The type of the member in the C struct. See Member types for the possible values.
Py_ssize_t of fset

The offset in bytes that the member is located on the type’s object struct.

int £lags

Zero or more of the Member flags, combined using bitwise OR.

const char *doe

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is defined using
PyDoc_STR.

By default (when £1ags is 0), members allow both read and write access. Use the Py READONLY flag for
read-only access. Certain types, like Py T STRING, imply Py_ READONLY. Only Py_T OBJECT_EX
(and legacy T_OBJECT) members can be deleted.

For heap-allocated types (created using PyType_ FromSpec () or similar), PyMemberDef may
contain a definition for the special member "__vectorcalloffset_ ", corresponding to
tp_vectorcall_offset in type objects. These must be defined with Py_T_PYSSIZET and
Py_READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"_vectorcalloffset__ ", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

i

(You may need to #include <stddef.h>foroffsetof().)

The legacy offsets tp_dictoffset and tp_weaklistoffset can be defined similarly using
"__dictoffset_ _"and"__weaklistoffset__ " members, but extensions are strongly encouraged
touse Py TPFLAGS MANAGED_DICTand Py TPFLAGS_MANAGED_ WEAKREF instead.

HA 3124 H7AH: PyMemberDef is always available.  Previously, it required including
"structmember.h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Fart of the Stable ABI. Get an attribute belonging to the object at address obj_addr. The attribute is described
by PyMemberDef m. Returns NULL on error.

H A 31294 W7 : PyMember_GetOne is always available. Previously, it required including
"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Part of the Stable ABI. Set an attribute belonging to the object at address obj_addr to object o. The attribute
to set is described by PyMemberDef m. Returns 0 if successful and a negative value on failure.

WA 312014 H7F: PyMember_SetOne is always available. Previously, it required including
"structmember.h".

o
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Member flags

The following flags can be used with PyMemberDef. flags:

Py_READONLY
Not writable.

Py_AUDIT_ READ
Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the offset of this PyMemberDef entry indicates an offset from the subclass-specific data,
rather than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize. It
is mandatory in that case.

This flag is only used in Py Type_S1ot. When setting t p_members during class creation, Python clears it
and sets PyMemberDef.of fset to the offset from the PyObject struct.

v A 3.100| 4] ¥ 7 : The RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED macros available
with #include "structmember.h" are deprecated. READ_RESTRICTED and RESTRICTED are equiva-
lentto Py AUDIT READ; WRITE_RESTRICTED does nothing.

W A 3.129] A ¥ 7 : The READONLY macro was renamed to Py, READONLY. The PY_AUDIT_READ macro
was renamed with the Py__ prefix. The new names are now always available. Previously, these required # include
"structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef . type can be one of the following macros corresponding to various C types. When the member is
accessed in Python, it will be converted to the equivalent Python type. When it is set from Python, it will be converted
back to the C type. If that is not possible, an exception such as TypeError or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr ().
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32 o] & Cd Python type

char int
Py_T_BYTE

short int
Py_T_SHORT

int int
Py_T_INT

long int
Py_T_LONG

long long int
Py_T_LONGLONG

unsigned char int
Py_T_UBYTE

unsigned int int
Py_T_UINT

unsigned short int
Py_T_USHORT

unsigned long int
Py_T_ULONG

unsigned long long int
Py_T_ULONGLONG

Py ssize_ t int
Py _T_PYSSIZET

float float
Py_T_FLOAT

double float
Py_T_DOUBLE

char (written as O or 1) bool
Py_T_BOOL

const char* (¥) str (RO)
Py_T_STRING

const char[] (¥) str (RO)
Py_T_STRING_INPLACE

char (0-127) str (*¥%)
Py_T_CHAR

PyObject* object (D)

Py_T_OBJECT_ EX

(*): Zero-terminated, UTF8-encoded C string. With Py_ T_ STRING the C representation is a pointer;
with Py_T_STRING_INPLACE the string is stored directly in the structure.

12.2.

o
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(**): String of length 1. Only ASCII is accepted.
(RO): Implies Py_ READONLY.

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

Added in version 3.12: In previous versions, the macros were only available with #include "structmember.
h" and were named without the Py__prefix (e.g. as T_INT). The header is still available and contains the old names,
along with the following deprecated types:

T_OBJECT

Like Py_T_OBJECT_EX, but NULL is converted to None. This results in surprising behavior in Python:
deleting the attribute effectively sets it to None.

T_NONE
Always None. Must be used with Py READONLY.

Defining Getters and Setters

type PyGetSetDef
Part of the Stable ABI (including all members). G ol o3t L2 HE] -2 AM2E Aol 3= XA
PyTypeObject.tp_getset 5O st AP T FZ34IA| 2

const char *name
JEPHE o F
gelter get
C function to get the attribute.
setter set
Optional C function to set or delete the attribute. If NULL, the attribute is read-only.
const char *doec
BEERPN
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*getter)(PyObject*, void*)

Part of the Stable ABI. The get function takes one PyObject* parameter (the instance) and a user data
pointer (the associated closure):

AFotE A x5 uksetal, Aot A of €] 9 3 NULLS REH) of fhu Tk
typedef int (*setter)(PyObject*, PyObject*, void*)

Fart of the Stable ABI. set functions take two PyOb ject* parameters (the instance and the value to be set)
and a user data pointer (the associated closure):

o= HES Ao} e A9 T WA v} WS NI UTh 435 02, shstE 44 E
o9 9} 37 12 WkEks] of g Th,
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12.3 3 AA

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions,

but do not offer much that’s

interesting to most Python applications. These objects are fundamental to how objects

behave, so they are very important to the interpreter itself and to any extension module that implements new types.

R A o R EEY R AT FUD 20172 o)k 2 Y AR BL S0 e AR

Boly|, & C 34 2 olgo|1 2+ g9 75 =

ﬂc34w4~qﬁuq-aﬁ%%

the ol ek & o, of 4]

“tp _g_%”

Aol A tebt=

o HHO
e HES

Tk

AR d¥g Yk
& pyTypeObject] & u| 2} Abg-of T3t &

-

e AF T

o] Al A = & AA

PyTypeObject &%/ &) N PEEEEER= 4
EPagc 264, 2
CTDI
<R> tp_name const char * __hame___ X X
tp_basicsize Py_ssize_ t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc _ setattr__, _ delattr___ G
tp_as_async PyAsyncMethods * RER=S %
tp_repr reprfunc repr X X X
tp_as_number PyNumberMethods * ANBE E&F %
tp_as_sequence PySequenceMethods * AB E&F )
tp_as_mapping PyMappingMethods * ANE EE %
tp_hash hashfunc hash X G
tp_call ternaryfunc call X X
tp_str reprfunc _Sstr X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __ setattr__, _ delattr___ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long XX ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le ,_eq ,_ne X G
g, _ge

(tp_weaklistoffset) Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_ ,_ delete_ X
(tp_dictoffset) Py ssize_t X ?

EEERECEE:S
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£ 1- oA ol Aol A A%

PyTypeObject &% 3 EfMAE/oEZgRE A
H
CT I

tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases__

<tp_mro> PyObject * __mro__

[tp_cache] PyObject *

[tp_subclasses] void * __subclasses__

[tp_weaklist] PyObject *

(tp_del) destructor

[tp_version_tag] unsigned int

tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

[tp_watched] unsigned char
AB &%

&2 3 S A=

am_awailt unaryfunc __await__

am_aiter unaryfunc __aiter__

am_anext unaryfunc __anext___

am_send sendfunc

nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__

nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ __rmod__

' (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

2.
= .

“0”: seton PyBaseObject_Type

“T”: seton PyType_Type

“p”- 7]%%}: ({;_—\%0] NULLEZ A" 751—?_)

X — PyType_Ready sets this value if it is NULL

~ — PyType_Ready always sets this wvalue

T 3l o] A of] Al %

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").

“r- /E}'/J:T

b

o°

o Q)

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value

— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots; see the slot's description
— it's complicated; see the slot's description

AR sFe AW ojmelHE 23 AL Bol A0 L Fol FI A L.
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2- o) 3o Ao A A%

% 3 =5 wAE
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__  __ rdiv-
mod__
nb_power ternaryfunc __pOW__ _ rpow__
nb_inplace_power ternaryfunc _jmw&_
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ rlshift
nb_inplace_lshift binaryfunc __ilshift__
nb_rshift binaryfunc __rshift___ rrshift__
nb_inplace_rshift binaryfunc __irshift
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __jand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc __float__
nb_floor _divide binaryfunc __floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__ __ rmat-
mul__
nb_inplace _matrix _multiply binaryfunc __imatmul__
mp_length lenfunc __len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem___
sqg_length lenfunc __len_
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem___
sSq_ass_item ssizeobjargproc __setitem___

__delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf releasebuffer

getbufferproc()
releasebufferproc ()

12.3. & A
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£ 5 typedef

typedef vl 7] H 3 Ll
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
- - PyOb ¥
12.3. 3§ 7 reRJec 267
PyObject *
hashfunc PyObject * Py_hash_t

a1~ M 11~
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ZA g W82 obel &5 & nypedef & FRIAHA L.

12.3.2 PyTypeObject # 2]

PyTypeObject® FZA] 2+ Include/object . hollA] Zr& 7 Jl5UTH X A& 95, th2ol
S E=l R =

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

(th= ol Al ol A<
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(o1 sl o] Al el A A%

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS _GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

12.3.3 PyObject &%

The type object structure extends the Py VarOb ject structure. The ob_ s i ze field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes

tp_itemsize, which means that its instances (i.e. type objects) must have the ob_ s i ze field.

Py _ssize_ t PyObject .ob_refecnt

Part of the Stable ABIL This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects whose ob_ t ype points back to the type) do not count as references. But for dynamically allocated type

objects, the instances do count as references.

A

ol A== A H Yo o5 F5H A sy
PyTypeObject *PyObject .ob_type

Part of the Stable ABI. o] 21 & 3 9 ‘3, é ") B} & (metatype) Y Ut} PyObject _HEAD_INIT W=
2o th3t A7 2731, k& WA S8 sPyType_Type©lofof gyt 18 Ur, (Ho=®)

AE Lo A A}E 7H53loF 5= 54
747} ohl ek 24 g . whel

o erlsu e eEe 4%, Andes
4

o7 AuA o w thest gel £AF Tk

4 Gz
A, L NULLE PyObject_HEAD_INIT W3 22 AEst,
02 22 T3] Aol R 273 T A&l BEE YA H S & 273} 6=

Adyth

[Foo_Type.ob_type = &PyType_Type;

12.3. & A
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This should be done before any instances of the type are created. Py Type_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_ t ype field of the base class. Py Type_Ready () will not change
this field if it is non-zero.

A%:
o BEL AN Foz FEPUrh

=

PyObject *PyObject ._ob_next

PyObject *PyOb ject . _ob_prev

These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
——with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link
the object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys.getobjects ()
function and to print the objects that are still alive at the end of a run when the environment variable
PYTHONDUMPREFS is set.

ol A= A H Yol ol FEHA FFU

12.3.4 PyVarObject &%

Py_ssize_t PyVarObject .ob_size

Fart of the Stable ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

A%
o] =t A H Fol ) B4 A Gk

12.3.5 PyTypeObject &%

Each slot has a section describing inheritance. If PyType_ Ready () may set a value when the field is set to
NULL then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_Type effectively act as defaults.)

const char *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage Q in package
P should have the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key '__module__'.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is
made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

Aol glow, AA tp_name BE¥E _ name_ JEZHEZ AN~ T ¢ 9on, module_
01 ﬂt'E“ Jol =] A kU (oA At g, v ed AR R A=A &= gh.
)AL AHEY B IZF T 5 vk A& @Yt T8 pydoc 02 THE BE A A o UL
]%}’5‘4"/}-

o] A== NULLO] o o] oF FITh. By Typehiect () A A4 B B AUTHRAF A
tp_itemsizeE AL staL).
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As

ol A== A H Yo o5 F5H A sy
Py_ssize_t PyTypeObject .tp_basicsize
Py _ssize_t PyTypeObject.tp_itemsize

A= ALY datad 2 oI EH ALES Ll
T 7MA 279 o] Y5tk A o) 01/\13/\./] 20tp itemsize BEE Zt31, 7PH Z o]
"JQQQJ Foll=00] obd tp_itemsize BEZ} S ’\‘4\“/} A Ao ArE o] PO H9, BE

OAIAE AL tp basicsizeZ A ARAH = QE 37] E zr<5y o

For a type with variable-length instances, the instances must have an ob_ size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the “length” of the object. The value of
N is typically stored in the instance’s ob_ size field. There are exceptions: for example, ints use a negative
ob_sizetoindicate a negative number, and Nis abs (ob_size) there. Also, the presence of an ob_size
field in the instance layout doesn’t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_ si ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

A & (alignment) o] o g+ Z31 A}g}t: 71 A o] anﬂ EA AHo| IQFY, tp basicsize Fk
o] A mEF ojoF Ut} o: & o] double HIES ?—64-5]-: et 7?%@}/\]1‘/} tp itemsize:
sizeof (double) YUYTh tp_basicsize’} sizeof (double) /] ME7tEEE A 22
e o] AYJUrh (o] Aol doubled] A &F Adolgta 7HF Y.

7 o] A2”A7F e BE Fo] A, o] =+ NULLO] oFt]of oF gt

Als:

o) BEL N Wl oo MER A4Sk w020 00] opd tp_ictemsizert glowW,
WA o2 ABH oA tp_itemsized T2 Qo] o}d Zto B HAAF= AL AT A g5}
(o) 2] o] me} k= /)= g oh.

destructor PyTypeObject .tp_dealloc

A2 5k3) 2 (destructor) FHof] g £ A H. (= E None} Ellipsis® A2 3) P ol 3T
Bt S S A S B R B G B, o] S Ao o Atk B A B L ohe 3t
25Uk

[void tp_dealloc (PyObject *self); J

The destructor function is called by the Py DECREF () and Py_ XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance
(using the freeing function corresponding to the allocation function used to allocate the buffer), and call the
type’s tp_ free function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE flag
bit set), it is permissible to call the object deallocator directly instead of via tp_ free. The object deallocator
should be the one used to allocate the instance; this is normally PyObject_Del () if the instance was
allocated using PyOb ject_New or PyObject_NewVar, or PyObject_GC_Del () if the instance was
allocated using PyObject_GC_New or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS_HAVE_ GC flag bit set), the destructor should
call PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);
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Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_ DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

A%
o e AR Yo A5HYT

Py_ssize_t PyTypeObject .tp_vectorcall_offset

et tp_calld H §—% Z o] tforel WE = (vectorcall) TR EZZ AL AAE T &8
AL TR d2u2d gl g A8 A oz Ay

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py _TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Py_TPFLAGS_HAVE_VECTORCALLES AARd= RE Ze|lattp cal 1T AAdN ks, sl 5
Zro] vectorcallfunc 3+9 A BF =5 W5 o oF FUh p_call-& PyVectorcall Call ()& 4%

s g

B 3804 WA WA 38 o] Ao, o] €59 olF0°] tp_print J5UTh ol 2x0 A=,
A= A ste vl AHH A5 U Fold 3.0004 37744 =, AHEE A EkF U T

¥ A 3.120]| A ¥ 7 : Before version 3.12, it was not recommended for mutable heap types to implement the
vectorcall protocol. When a user sets __call__ in Python code, only #p_call is updated, likely making it
inconsistent with the vectorcall function. Since 3.12, setting __call___ will disable vectorcall optimization
by clearing the Py TPFLAGS_HAVE_VECTORCALL flag.

AL

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflag is not always inherited.
If it’s not set, then the subclass won’t use vectorcall, except when PyVectorcall_Call () is explicitly
called.

getattrfunc Py TypeObject .tp_getattr

get-attribute-string $F<=of] o] 3k A= & 3 Q.

ol B AAFHASF U BAE uf, tp getattro ot ZA FFoA N A ERRE o5
Alg3t7] A8) 5tol ’%i EAE AA R4 C EA LS Wotsols FE 7 Aok Fyth

As

Group: tp_getattr, tp_getattro

ol A== tp getattro} T AR Fo &) ALEHUth AR FJ2 HNE P9 tp getattri}
tp_getattroﬂ- 2E NULLY W] Blo] Ao A tp _getattrd tp_getattros EF A&

e}

setattrfunc PyTypeObject .tp_setattr

olETFE AR AAIE AT ol tha A=A 2 E.

o] A=t AAH Ytk AN D W, tp setartro Bk A AFHA, A EYRE o] 2L
AZS7] 18] skl EAL AR A CEALE WolFoli GaE 7hel Ao Fc
A%

Group: tp_setattr, tp_setattro
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ol tp setattroﬂ- A AB ol o] ALHUTh AR J 2 AB 39 tp setattrd
tpﬁsetattroﬂ— = NULL Y uf w] O]Q‘ﬂ oA tp_setattrI} tp _setattrods BT A<

gt

PyAsyncMethods *PyTypeObject .tp_as_async

CZo A olgolE & u]5 7] o]gldolE] 22 E2L 733t= A ou Basd F= 2 733}
=37k P20l o3 AT, A NEL o5 7] A7) TS BEFAA .
Added in version 3.5: ©] A o|+= tp_compare} tp_reservedetdl PF YTl
As
tp_as_async BE= AEH A AW TFH = /EH o8 FEH T
reprfunc Py TypeObject .tp_repr
W B4 repr ()& FASHE Faol B3t AE A Zolg,
A2 pyobject Repr ()T 2 Th
[PyObject *tp_repr (PyObject *self); }
Bt 2o} SUTE AR S wisksof FUTh o)A Ao Z, o] Tt eval () of] AT
o] A3Fs 8 o] FojA W 2L 7S 7R AAE uisel s EAYGS ukEks) of gqr,]. o] A o]
FIS5ElA o) < 2 A|ZE T > 2 B s BE S k) of 3=, o] EXE oA A A
&
[

5FA] koW, <35 object at sp> AL FAF ] WEAH UL o7 A ss= I
FLE, spe AAY MR Fa7 ASFH YT

PyNumberMethods *Py TypeObject .tp_as_number
A TREES TARE AA W HAN V=S EFE 77 TRA N LAY, o] EL
ZA AR A oA vy Th
As
tp_as_number DEX A4H A AW, 2E Der AAA o A5R T
PySequenceMethods *PyTypeObject .tp_as_sequence
ANBAAX2ZZEZ S ILHsE AA vt B E e 8 236t 7 L2 A o sk =2 H. o] H =
£ AR AR TEA oA A A ETh
A
tp_as_sequence BEE GHHA AL 238d dE= EAH o FEH U
PyMappingMethods *PyTypeObject .tp_as_mapping
g 22 B FHshe AAw AdE 25 235 F7FFRA | tE 2. o] EE
v =g AA] 2 Aol A A8t
A
tp as mapping BEE 4452 AT, 2E At AEE o g AL,
hashfunc PyTypeObject .tp_hash
U1 B4 hash () B FASHE Faol i A4 2,

MWL pyobject Hash ()& Z5UTh:

[Pyihashft tp_hash (PyObject *); }
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1 ghe A MF ho = MBE A shobok FUTh A G AT Bt ol el b s
B4t )92 ARk 12 wHEks of Tk

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

o] FEx RE Fo A HA HWA=Y HHEL ADFHI] 9
PyObject_HashNotImplemented ()& WA Ao g2 HAATL = UdH4Yrh o] A& u}
olW £ F o A2 _ hash_ = None_»]— Zx 3 A A 5 o, isinstance(o,
collections.Hashable) ©] False& *Q—H}E ﬂ] 18k sA Yt wige A9 E uba
ZEA AUt} - stolW =52 Z 2o A __hash__ = NoneS AA3Y tp_ hash < F o]
PyObject_HashNotImplemented ()& A Jth

As
Group: tp_hash, tp_richcompare
o]l =+ tp_richcomparet 87 A B Fof| o) FEH Utk A B B9 tp_richcompares}

tp_ hash7]- EFNULLY o, B 8L tp richcompare®} tp_hashE BT A<&shch

ternaryfunc PyTypeObject .tp_call
A7) £2S TASE Frol te A=A ZoE. A7k 2@ Bo] ohu B nuLLe] o] of Tk,
ML PyObject_Call ()3 ZFUth:

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }

Az
ol AT = XK 3oz A=)

reprfunc Py TypeObject .tp_str
YA At str () S FA3F= kol Ulst AEl A ZOlE. (stri oA Folu, str ()2 1 32 A
RS T ET ol Fo A Q. o] WA A= Pyobiect_sStr() S &3] AA AYS 23351,
PyObject_Str () o] A8 71& Z=Fth)

MWL pyobject Str ()T ZHUTh:

—

[PyObject *tp_str (PyObject *self); }
5t BAGeIY} FUTE AR S WHEH ok FUth BhE A FAAE, print 0§l o9
g8 E- o] 7 Wol, AA ] A5 £ AL EH o] of of Fuirh

As:

] BEE AN Foz JEPUrh

713k

o] =8 MAF A o, By B3-S ut3k3l7] 95 Pyobject Repr()©] T&FUTh

getattrofunc Py TypeObject .tp_getattro
oE B/ E ¢]7] (get-attribute) FH4=ofl o gk A 8] & = H.

MWL Pyobject_GetAttr ()3 245Ut}

[PyObject *tp_getattro (PyObject *self, PyObject *attr); }

EEpP yObject GenericGetAttr ()& AAS= Aol A gt) 24 o] E g
Ao

Group: tp_getattr, tp_getattro

o] = tp getattrd A AE Fo g8 ALEFUT: ME P9 tp getattrﬂr
tp_getattroZ} B NULLY W] A B L2 Ho]Ado A tp_getattrd} tp_getattros

T 453,
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7|2 %k:
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro
olEPHE AT AAZ 93 F5o] e MHA LAH.

MWL pyobject_SetAttr ()T 25U th:

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

E, valie® NULLE 84 5he] o] B2l EE AA S A2 WEA A Qe ok FuTh JuAo
o] =& PyObject_GenericSetAttr ()2 AAd= Ao AelgdUt}, A ojEE|HEE A
Sk GWbA A S FE YT

A

Group: tp_setattr, tp_setattro

o] =& tp Setattr&} A AR Fo g5 FEF Uk AR Y tp_setattrd
tp_setattroZ} RE NULLY W], A B 2 w|o]AFo| A tp_setattrd} tp_setattroE B
= g &3,

7183k

o,

PyBaseObject_Typeuses PyObject_GenericSetAttr ().

PyBufferProcs *Py TypeObject .tp_as_buffer
W% QE o] A% PG Aol AR BES EE 27} P2A ) Ue EAE. o A=
N EELEEE R el
Az
tp_as buffer BEE FEH A AL 299 dE /g oz EF U

unsigned long Py TypeOb ject .tp_£flags
o) Bt e Bejas e vaaUT AR Behas 54 43 e wy ovE
Ewaﬁwq142ﬂc°d&ﬂ@iﬂﬂzmﬂﬂwaa@ththLmema,
tp_as_sequence, tp_as_mapping W tp_as_bufferE T3] AZEH = & Zz2A) EA
DEA RATE S ] A8 F T o]l Zel 1 M E7) glom, o] o] B s 3 Aol
A 2 8HA] rotok st thAl 0o U NULL ghs 2= 21 e 2 Zhaf of g th

As:

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values. .. XXX are most
flag bits really inherited individually?

7123k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
H|E nfA 3

O v E nt237t @4 Ao o] Ut o2 | AAMARE 7 OR 8o tp flags BE
o = AL+ A5 AR pyType HasFeature ()= B SN g psfS F st
tp->tp_flags & £7}00] ofdx] &gt}

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREF’ed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
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instance’s ob_type gets INCREF’ed or DECREF’ed). Heap types should also support garbage collection
as they can form a reference cycle with their own module object.

Al
7
Py_TPFLAGS_BASETYPE
o] H{EX & t}E g9 o]

3] o
30
oW o] YO 2 NN P WE ¢l

Al
277

EART S APtk o HIEZF AAHA
A<
sl

Ut} (Java®l “final” 22 204 FAFIU T,

Py_TPFLAGS_READY
O] H|E & PyType Ready ()l Y&l & AA 7} &3] 27|32 v AP Uth
A%
?2??

Py_TPFLAGS_READYING
o] H|E = PyType_Ready () 7} @ A& 27|3}st= &t AAF YUt
As:
2?

Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyOb ject_GC_Del (). More information in section <~
2} 7] 2] =% A] 9. This bit also implies that the GC-related fields tp_traverseand tp_clear
are present in the type object.
A
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear
The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverseand tp_clear
fields, i.e. if the Py TPFLAGS_HAVE_ GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py _TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

Al

77

Py TPFLAGS_METHOD DESCRIPTOR
o] M| EX AA 7} A AS A &2 1 A E (unbound method) 3 @ T 2H&-S LR Ut
o] Z¥ 17} type (meth) ol HH = WA:

e meth._ get_ (obj, cls) (*args, **kwds)(obj 7} None ©] o} d ul)
meth (obj, *args, **kwds)$} 553k Tl

e meth._ get_ (None, cls) (*args, **kwds)+meth(*args, **kwds)F5
s oF gy ch.

o] Z¥ 1+ obj.meth () & 22 utAA WA= TZof o H A 3}LE 7Hs3HA FUth:
obj.metho] tf3t A A] “A A= v A E (bound method)” A A S TSR] <5 th

Added in version 3.8.
Als:

rlr
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This flag is never inherited by types without the Py TPFLAGS TMMUTABLETYPE flag set. For exten-
sion types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_MANAGED DICT

This bit indicates that instances of the class have a __dict___ attribute, and that the space for the
dictionary is managed by the VM.

If this flag is set, Py_ TPFLAGS_HAVE_GC should also be set.

Added in version 3.12.

As:

This flag is inherited unless the tp_dictoffset field is set in a superclass.

Py_TPFLAGS_MANAGED_WEAKREF

This bit indicates that instances of the class should be weakly referenceable.

Added in version 3.12.

As:

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT_END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’s memory
area, at an offset of Py_TYPE (obj) —>tp_basicsize (which may be different in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not variable-sized.
Python does not check this.

Added in version 3.12.
Al
This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS
ol ZHY 1= PyLong Check () &

85k B A E Utk ol 43 54
WHE LT 3ol A A4 A A

Fom 13 P} 4T g

re g4ol A Fol el An 2esd
A= PyObject_IsInstance () 9 ZE
48] P& tp_rlagsE A ASA ANk T
SohAEHE AA £ 3ol Tt o

Hloﬂmﬁm\‘

Py_TPFLAGS_HAVE_FINALIZE
Ol H|E+ tp finalizeEF°] g FRA = uf] AP Ut
Added in version 3.4.

WA 38 FH HAAF: JHZHE tp_finalize X0 P4 Y F2A < JlvkaL 71817

mjZoll, o] W1 He d2skA dsyth
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Py_TPFLAGS_HAVE_VECTORCALL

o] HEL FHavt ¥MHEZ 225 ZE 7T W 287U AT L&
tp_vectorcall_ offset< ZZSAAL.

As:
This bit is inherited if tp_call is also inherited.
Added in version 3.9.

W A 3.129]| A ¥ 7 : This flag is now removed from a class when the class’s __call__ () method is
reassigned.

This flag can now be inherited by mutable classes.

Py_TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

Al

This flag is not inherited.

Added in version 3.10.

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new___ key in
the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or §PyBaseObject_Type and
tp_new is NULL.

Al

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

3

To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make tp_new only succeed for subclasses.

Added in version 3.10.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

Fx

Py _TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

A
This flag is inherited by types that do not already set Py_ TPFLAGS_SEQUENCE.
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t] B7]
PEP 634 — Structural Pattern Matching: Specification

Added in version 3.10.

Py_TPFLAGS_SEQUENCE
This bit indicates that instances of the class may match sequence patterns when used as the subject
of a match block. It is automatically set when registering or subclassing collections.abc.
Sequence, and unset when registering collections.abc.Mapping.

3

Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Al
This flag is inherited by types that do not already set Py TPFLAGS MAPPING.

T 17
PEP 634 — Structural Pattern Matching: Specification

Added in version 3.10.

Py_TPFLAGS_VALID_ VERSION_TAG
Internal. Do not set or unset this flag. To indicate that a class has changed call Py Type_Modified ()

A3

This flag is present in header files, but is an internal feature and should not be used. It will be removed
in a future version of CPython

const char *PyTypeObject .tp_doc
o] B Aol & HAETYL A F3= NUL-FE C 2ol gk 4
A2"2o|A __doc oEFREE =SHUTH
A%
o] d=& A H Pl e F5HH A kst
traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

q
o~
Hl
r O
o
o
rlr
ofl
1)
ool
Lo

[int tp_traverse (PyObject *self, visitproc visit, void *arg); }

stol M ] 74| A =3 Al A ol th &k AA| g H K= A =2 7| A =5 A el A 2 5 A5t
The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_ t raverse function simply calls Py_VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

12.3. & A 279


https://peps.python.org/pep-0634/
https://peps.python.org/pep-0634/

The Python/C API, ¥ &) 3.12.4

-

static int
local_traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Py VISTT ()= F& 3o FoAE 5 ol Ao e T 2F ol F 3 Al L. self->key
AW = AA T NULL O] U ko] 2

U

When implementing tp_ t raverse, only the members that the instance owns (by having strong references
to them) must be visited. For instance, if an object supports weak references via the tp_weak 11 st slot,
the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be
removed even if the instance is still alive).

Py VISIT()+ local_traverse () visite} arg Wj7) M7} o] o] 5 A A4S L F3 Y} o2
ol 5= 2ol A v Al L.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated
type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WA 3904 HA: § T FL tp_traverseoA] Py _TYPE (self)E WET Aoz 7|FY
th o] H WA 9 sho] Mol A=, Bl TL402172 Q1) o] FA S A B FE oA FEol BT
1%yt

As:

Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit: the
flaghbit, tp_traverse,and tp_clear areall inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_clear (PyObject *);

tp_clear @AW &g 7M1 A] =R 7)ol A ZA S &2 7| Aol A Fx &3S F= U AHEE Y
) £83lo], AlaE ] BE tp clear 471 Aele] B A2 £8E EojoF Ut o] A2
528U Aol MR o tp clear 48 AFIHAL. dE 59, FE2 J2 tp _clear
S FHSA UL FEHo g2 = FX 3o TAE £ 2 SHS = A7 wEIJY
wetA o2 PO tp clear FFtoZ T2 S X33 ¢8-S E7) o FEIoF U o] A2
a8 AR o, tp clearg FAIA Fote & Wk o]l f+= AL gl Utk
tp_clear?] 3L T2 oA 2} Zo] sho] A AA L 4= A= zpAle] Wof g sl A nElxe] F2E
2HA| S s i e o] T 8t Z QB S NULLZ A A8l ofF gt}

static int
local_clear (localobject *self)
{
(th= sl o] A el A%)
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(o] A o] A | A AL)
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR(self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be released (via Py_DECREF ()) until after the pointer to the contained object is set
to NULL. This is because releasing the reference may cause the contained object to become trash, triggering
a chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it’s possible for such code to reference self again, it’s im-
portant that the pointer to the contained object be NULL at that time, so that self knows the contained object
can no longer be used. The Py_ CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_dealloc is called directly.
tp_clear 40 BRE Zx €8 B
Zhg ol gho]l W H4ot 22 x3tE AAE AT 2 2l 2
AN E A28, B tp_dealloc §47h tp_clear TEHEE Ao Ao Bel& 4 3
“Uth,

ghol i o] 4R A =5 A Aol th g AAI T A H = A =5 A 4] Aol A Z2E = 5T
A

Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject .tp_richcompare

=53k ] gh4= (rich comparison function) of] T 8k A 81 & 3 Q1. A2 t}-3- 3 25Ut}

[Pyobject *tp_richcompare (PyObject *self, PyObject *other, int op);

A AA vj 7] H= PyTypeobjectel &3] B o AT A o] BAGH T

o] = AIH (YA S E Py TruelPy_False)E WHEal of 3huith v 7} A o = o] 9l A]
%o ™, Py NotImplementedE& ¥H2H3}tal, Th-2 of 217} WA 31 NULL-S HEEHelal o 9] 2 &
A 78l oF Fr ot

S 4= tp richcompare®} PyObject RichCompare ()2 Al MIR] QA2 A LEH T2 F

BRI
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O L

<
Py LT

<=
Py_LE
Py_EQ -

! p—
Py NE

>
Py_GT

>=
Py_GE

FRAN LGS AA AT S JES e a2 g R
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)

vl Ao whel, ol A Py_TrueU Py _FalseE W ?_PELHE]— VAL_AS}VAL_B=CH|
AR EAE AT T doloF U (A€ 9], CintHloatd 5 YU Th. Al WA AA=
PyObjectfRiChCompare ()oAAE 8 A3H A4S A At}

The returned value is a new strong reference.
o 27k A5, o] 9 A 33 G40l A NULLE W o
Added in version 3.7.

Az

Group: tp_hash, tp_richcompare

0] e =tp hash A AB Fo s AL Utk B &9 tp richcompare} tp_hash7}
FNULLO|WH A B L tp richcompare®} tp_hashd A<43Yt].

7123k

PyBaseObject_Type providesa t p_ richcompare implementation, which may be inherited. However,

if only tp_hash is defined, not even the inherited function is used and instances of the type will not be able
to participate in any comparisons.

Py _ssize_t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py TPFLAGS MANAGED_WEAKREF should be used instead, if at all
possible.

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_CleariWeakRefs () and the PyWeakref_* functions. The instance structure needs to
include a field of type PyObject* which is initialized to NULL

ol BEE tp weaklist® TF A PRAHAIL; 222 3 A ZpA| o] tf & kSt o BlAE
3=,

It is an error to set both the Py TPFLAGS MANAGED_WEAKREF bitand tp_weaklistoffset.

As
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ol d=& M B Fof sl FEHH A, obef) UEH A= FXRFUAIL. MHE Fo] o] e xS
AR T % YU ol AH Fo] wlo] AFhe el B2 Bl AE A ES ALEFS o v T
A=)

] #
Ut 8|2E == FA tp_weaklistoffsetS T3 WHAH

Ifthe Py TPFLAGS MANAGED_ WEAKREF bitissetinthe tp_flagsfield, then tp _weaklistoffset
will be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

o] 4+ PyObject_GetIter ()& 22 ABE& ZHUTh:

[PyObject *tp_iter (PyObject *self); }

A
o] dE = AHE Fo g AL YT
iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

[PyObject *tp_iternext (PyObject *self);

o El &l o] ¥ 7} A X & ¥ NULL-& Hb&af oF &Y th; stopIteration o2 7F 2742
%S = JdFULh thE A7t A s, A NULLE BhEHs of Ut 1 £+ o] F9 A~
7)ol g olH e ATyt

olE o FL tp iter T Aok 5 r, sl P e (A o H e o H AxB 2T} ob)
ol eo]E] Q122 Al 2 whehal of gk,

o] g Pylter Next ()9 22 A8 25 Uth
As:
o] BEE=AH Por ST

struct PyMethodDef *PyTypeObject .tp_methods

o] P AW MM =2 HAASE PyMethodDef T2 A2 A2 NULL-F & v Dol o) A8 =
AdH.

W9 S) G5l WA E D AaYE S £ B9 GAU (o) tp_dictE BEAIA L)
3= o] 27b9 Uk,
As:
ol Zx= A H Yo 3] FLHA AU (A EE B HIAYUESS T3l FSHHUTH.
struct PyMemberDef *PyTypeObject .tp_members

o] PO ArE Ao gutrolE W (BEUEXR)E A A8h= PyMemberDef T2 A 9] 4 4 NULL-
ZE o gol st AE A 2 AE.

el guoic, Wy O2a e g T35 Jo) G b tp_dict® FRBAA L)
FEol F7HEYth
Az
ol A== A H Yo o3 FLHA FsUTH(EH = T MAUSE T 4
struct PyGetSetDef *PyTypeObject .tp_getset

o] o] A2 ALt o EFFES A8t PyGetSetDef FE2A S A A NULL-F & W 2
o gk A A 3.

WG] FEue), getset Ul 2T AHE e G GAU (OFN cp_aictE BRI L)
G50l F74E U

kel

1

FUoh.
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PyTyp

As

o] e A H Wol o) A4 A FHUTHALE Bl REL THE WAUZS Bal 45
=)

eObject *PyTypeObject .tp_base

6:] /\/ao]/ﬂ- Q uﬂ ]/\%é]oﬂr;ﬁz}/‘\jgﬂ'
F&e e FE TEee] 3 AR E 54

Z3
X 2713 = A9 5—7151- TR o] AgH Utk C99NA &= R7|3A7} “F 4 A4 (address
constants)”oﬂ oF It ZAHE FEAH Ao O F W3E = pyType GenericNew ()& T2 4

ABAE FREC99 Fa A5 YU

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject_Type is not
required to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both
compilers are strictly standard conforming in this particular behavior.

AHAAHO R, tp_baser T LE 27]3 Tl A AAH o oF FUnt.

I 35 Al 55Utk (8 8).

ot

SER-L

rl‘”: mk; $
[r
rlr

o] -QE./] 7N B ZEE sPyBaseObject_Type QU TH(F ol 2 T W Al = object o8 &

PyObject *PyTypeObject .tp_dict

o) YU el pyType Ready () ol 93] o] 7o) 43 k.

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__ () ). Once initialization for the type has finished, this field should be treated as read-only.

Some types may not store their dictionary in this slot. Use Py Type_GetDict () to retrieve the dictionary
for an arbitrary type.

WA 3.129)| A ¥ 7 : Internals detail: For static builtin types, this is always NULL. Instead, the dict for such
types is stored on PyInterpreterState. Use PyType_GetDict () to get the dict for an arbitrary
type.

AL

o] == A B Fof 3] AE5H A Utk (7] HoH oJE-RRE
AEE Y.

7183k

rlr
v
rlu
=
N
T
T\
o
ol
:°|L_'o

o] =7} NULLO| W, PyType_Ready ()& M B EE 33Ut}

A7

o 1=

PyDict_SetItem ()2 AFESIAYTHE Ao 2 dH |8 C-APIZ tp dictE 3= A2
HAsHA sy T

descrgetfunc PyTypeObject .tp_descr_get

“r/]/\i%]a get” 3 _,_oﬂ q]zs]- /HEHXJ __LO]E1
4 AL g 2y
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[Pyobject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); }

Al
o] A== AMH Fo=z ALH Ut}

descrsetfunc PyTypeObject .tp_descr_set

taze e AR sk A 9 e el e HEE ZolE,
B4 A HL e gk
[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); }

value A A= 32 2HA|3H7] 98] NULLE A A E YT
A
o) EL A H Jog & rh

Py_ssize_t PyTypeObject .tp_dictoffset
While this field is still supported, Py, TPFLAGS_MANAGED_DICT should be used instead, if at all possible.
O B dspad dads HEE TR AHM slod o BEe 09 of
Yol dags we 94U 99 Adadao Y xS EFFUTH o eze
PyObject_GenericGetAttr () o)A AL 1/11}]—

o BEE tp_dict EEEHA vAIAL; 1AL W AA AA Y o EelBEo] 3 S e
ek

The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate
memory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing
an attribute on the object.

It is an error to set both the Py TPFLAGS MANAGED_WEAKREF bitand tp_dictoffset.
Als:

This field is inherited by subtypes. A subtype should not override this offset; doing so could be un-
safe, if C code tries to access the dictionary at the previous offset. To properly support inheritance, use
Py TPFLAGS_MANAGED_DICT.

7123k
This slot has no default. For static types, if the field is NULL thenno __dict__ gets created for instances.

If the Py TPFLAGS MANAGED_DICTbitissetinthe tp_dict field, then tp_dictoffset will be set
to —1, to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init
NPEPEER SRR EEDE]

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

B4 AHe e ey

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); }

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

-+
rr
o

NULLo| obd ull, tp init 3F TEo A2 AE AAH R 5w, B tp_new
FF7t P JAAEAE B T TP UTh tp_new T57F Al PO AR Fo] ofd thE F 9
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QAT AE WHS, b7 tp init FFE TEH A GHUH tp_newrt Be) B A1 G
AAEIAg MBS, N B tp_init/h EEPUT

AE3 02 WIS, of @] Aol 12 wHEhsha o 9] 2 AR P Th

A%

o BEL An goz F&PUrt

783k

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
A AE A &ed Shof T3l AR A EQIE,

e ML O Ly

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }

A

o] & FA AH Yol o FELHAT, TAH ANE F(FHE TR WS AR F)ol=

A& A syt

7123

T4 A8 g9 3% o F=: BE Y Y AL FAS A8 Iy
J

PyType_GenericAlloc ()22 AAFH Yt}

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc Py TypeObject .tp_new
AAE A A Shof T3l AERA EQIE,

5 MWL T2t 2tk

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype 91 A= BHE 01 2|31 51 A A)2) B LItk argsPhiowds 92 B S| 91419 7191 AR S
CrERA U T subnpeo] tp_new B2t EEHE B3} 22 BaE ol RSN L; o] Fe
AE Q45 dvthEA S B ol gl gL ohguth.

=

tp_new S AR o F7HE EF3H7] Y3l subtype- >tp alloc (subtype, nitems)E& &
SdfoF stal, 29 thE & 83 vhgul 71 27315 s s of i th 0P24-6}7ﬂ u;q }ﬂvr
o nE

]:}

o

1
WHE S 4 9l 2 7]3l tp init X8 7)ol vl X8 of f,;mu} el 7Re 2w o] A
237} o nowol A 585 ol oF S, AN Y] B T SE 2L it w5 Ao}
U,
Set the Py TPFLAGS DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.
A
This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.
7183k
For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.
[freefunc PyTypeObject .tp_£free
QA T A Fol 3 A Q)

)

A

e 24 uth

flo

[void tp_free(void *self);
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A%

o) But AH Au Fol A3 FEHAW, FH AN F(FAL FOR BE AH Pl e
4434 ik

=

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_gc
7R R 7oA TEH = Foll thek A e A Q0 E.
The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_ f1ags field, and check the Py_ TPFLAGS_HAVE_ GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

[int tp_is_gc (PyObject *self); }

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

A

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject *Py TypeObject .tp_bases
Wol2ge] B,
This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

A3

Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.

Al

o]

e o

EE45EA A5
PyObject *PyTypeObject .tp_mro

B AR A A 3ke] object 2 b FH Wol 2 A

H

)L
b

bl

fai3 “]—

h=

|

o =
= T

rlr

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
As:
ol == AEH A U PyType_Ready () ol o8l 2 A4bg Ytk
PyObject *Py TypeObject .tp_cache
A7) U Th U A g
As:

o] EEEEHA FFUTh
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void ¥*PyTypeObject .tp_subclasses

A collection of subclasses. Internal use only. May be an invalid pointer.
To get a list of subclasses, call the Python method __subclasses__ ().

H A 3.129]| A ¥ 7 : For some types, this field does not hold a valid PyObject*. The type was changed to
void* to indicate this.

A%
ol dEE AEHA Y5
PyObject *PyTypeObject .tp_weaklist
o) @ Azlol Tl g oFek HEE A FA F2 P2E T EH A etk UE A

H A 3.129] A ¥ 7 : Internals detail: For the static builtin types this is always NULL, even if weakrefs are
added. Instead, the weakrefs for each are stored on PyInterpreterState. Use the public C-API or the
internal _PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.

As
ol A== A& A sy
destructor PyTypeObject .tp_del
ol A== HAFHUFUTE thA tp_finalized AHGSAA L.
unsigned int Py TypeObject .tp_version_tag
X = A el 1E/d 8k o] AFEF YT W F A&
Az
ol BEE AEHA YsUTh
destructor PyTypeObject .tp_£finalize
Axmes sho] del A o)A 4ol it A A B, A9 L The s 24

[void tp_finalize (PyObject *self);

kI

tp_finalizeﬂ' ’g;gﬂ W, Qe Z 2] H]

_|_4

tp_finalize @A) 9] AHNE WAGA g }ormm rﬂraw AR 2 shol gl A S
A5 A9 P e et ga U
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/& aoo S/

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

}

gk 7Ha A A Fol Mol A, tp_deallocE AAE BHE 28| =87 oy 2}, BE Tho] & A4
EA ZEE S ASUT AAZ Fx 3l <89 dR7M Y, did <832 & 2 =AY
MR A o2 5 d%‘ T AFYTh. tp_deallocO] EEQ 31]5% GIL(A Y I Z 2 E| = -
Global Interpreter Lock) & &322, 5to]| % APl £ &0l = A 7} 5 A 5 Utk 18, .L‘r.ulﬂ =
A A 7} e CU C++ 2ol B2l 2] 9] A& 912 3, tp_dealloc& T3 28| Eo| A 2 A&
st & = gho] B 2] 71 S ubslA] kA 8] oF It
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AlS
ol BE=XME FJo g ALH YT
Added in version 3.4.

¥ A 3.80f| 4] ¥ 7 : Before version 3.8 it was necessary to set the Py_ TPFLAGS_HAVE_FINALIZE flags
bit in order for this field to be used. This is no longer required.

] 17|
“tA g AR gho]d gl Al o] A7 (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call_ . Iftp_vectorcall is NULL, the default call implementation using ___new___ () and
__init__ () isused.
As:

o] A== A5 A g5yt
Added in version 3.9: (Z =+ 3.8 1] A A w395 E AL&H Uth
unsigned char Py TypeOb ject . tp_watched

Internal. Do not use.

Added in version 3.12.

12.3.6 Static Types
AF Ao, CRESNA H D FE A (static) AU . Z A A pyTypeohject TEA L T A 2
A= 3l PyType Ready ()& AH&3te] 2713 Yt}
294402 vhol Aol A B H el )3} G o] ATHE Utk
- 3R WL el WolAx ATYUTH =, ThE 4SS ST
$ 474 3 AA A 5 Az s b EhE Ea sy
EE 27a A0 £AS 5 A4
84 % Al s A= clEzeleo ) F9HEE, A8 e e B S EWEA skofop
S e,
Also, since Py TypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

L]
2

1237 ¥ §

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement. Heap types have the Py TPFLAGS HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType_FromSpec (),
PyType_FromSpecWithBases (), PyType_FromModuleAndSpec (), or
PyType_FromMetaclass ().
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124 2L A A 724

type PyNumberMethods
of F2AE AN A 22 e e TASE o Agets 5ol U 2AEE Uk 2
Fot At 2R AN AW ks fALR ol 2] B4 AR RITH

TEA A= vt As Ut

-
typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_1lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix_multiply;
binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

3

o] g} A4 e BE JAMAY] FE sy, 223 WS
597 5 sk eld 9o A28 U Th. 014 3
o, o] &} A3 g4 = Py_Not ImplementedE WHEhs| oFs}u], T} 2
= Hhgheta A9 & ’,‘ci*é i oF Utk

TR U T (Fol =
Foll ehal 21 4ko] o= A ok

of 2] 7} ¥kA) 31 NULL
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e

al

The nb_reserved field should always be NULL. It was previously called nb_ 1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMet hods .nb_add

binaryfunc PyNumberMethods .nb_subtract

binaryfunc PyNumberMethods.nb_multiply

binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMet hods.nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods.nb_negative

unaryfunc PyNumberMethods.nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMethods.nb_rshift

binaryfunc PyNumberMet hods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods.nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMet hods .nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods .nb_inplace_or

binaryfunc PyNumberMethods .nb_floor_divide

12.4. 2 AA| A
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binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMet hods.nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 w3 A 72 A

type PyMappingMethods
ol Fx Aol AAZLviE 22 EFS FHoE Ul A St Toll the £AHE Hs U th Al
Aol W7k gl e

lenfunc PyMappingMethods .mp_length
ol & PyMapping_Size () 8k PyObject_Size () oA AH&H W, 22 MBS ZsUth 44
of doj7t Zole o] QA ko o] EXES NULLE AT 5 st

binaryfunc PyMappingMethods.mp_subscript
o] ¥ 4 = Pyobject Getltem()3} PySequence GetSlice()o] A A & 5 H,
PyObject_GetItem() ¥} 22 A WS ZFFUTh PyMapping Check () &5 7F 18 QH&st
A, o] S22 A ckgLich 134 Fo W NULLY 4+ AFUTh

objobjargproc PyMappingMethods .mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(),
PySequence_SetSlice () and PySequence_DelSlice (). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 A A= AA F2A|

type PySequenceMethods
o FEAL AN ANDL ZREES TASHE vl ALE S T4l T

g
Hd
rO
i)
il
ot
fy
v
v

lenfunc PySequenceMethods.sq_length
o] &= PySequence_Size ()} PyObject_Size ()lA AHEE Y, 22 ¥ g Z5Uth &=
St sqg item¥} sq ass_itemeFS T S5 APdAE A= d AEHYTH
binaryfunc PySequenceMethods.sq_concat
o] @4+ PySequence_Concat ()l A AHGH ™ 2 ABL EUTh nb_add £%2 59
A GRS AEE T, + AR A= AEF U

ssizeargfunc PySequenceMethods.sq_repeat

o] F4& pysequence Repeat ()OI ALEE B & AHE ZgUTh nb_multiply 2FE

Tl A FAS AET 5, + AR A = ARG H U T
ssizeargfunc PySequenceMethods.sq_item

o] k= PySequence GetTtem()oA AbEH W Z-& AW =S 25U mp_subscript €

29 £33 A H A3 YA (subscription) & Al =3 B, pyobject_Getltem ()| A= AHEH U Th

pySequence_Check () 47} 1& ¥t W, o] 25 MY orgUch 184 ¢ oW NULL

2 gl ek
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Negative indexes are handled as follows: if the sqg_Iengthslotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sq_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] &t = pySequence_SetItem() oA AFEEH Y 2 W& 215 Ut) mp_ass_subscript
258 59 g5 g gFd A E A= &, PyObject_SetItem ()3} PyObject_DelItem() Ol
HE AEFUT. AA 7L BB o3 A S A A LT o SEENULLE A E 4 A%
Utk

objobjproc PySequenceMethods.sq_contains

o] 8t pySequence_Contains ()9l A AHEE 4 o 2L

NULLE YA & 5 954t} o]uf PySequence_Contains () & 94X ‘]—
A2 Tres) S A g o,

binaryfunc PySequenceMethods.sq_inplace_concat
o] St PySequence InPlaceConcat () A AbgHH Z& AW S ZE5 U
A AAAAE +AFT 1AL BBAF FUG o] SELS NULLE A E
o1, oluf PySequence_InPlaceConcat () 2 PySequence_Concat ()& ZW H
nb_inplace _add €%< &3 AL AIAE] QS AlESH S, S5 U Y +=ol A AFH YT

ssizeargfunc PySequenceMethods.sq_inplace_repeat

o] St = pySequence_InPlaceRepeat () A AL H Y L2 AHE zZ5 Y
AA S ANARE FAHStL TS wrEEof YT o] £X 2 NULLE P A

9o, oluf PySequence_InPlaceRepeat () & PySequence Repeat () & ZH
nb_inplace_multiply €22 53] A Al Ag] AL A L3 Z, =2 o *=0 A

gy,

12.7 W3] A A 724

type PyBufferProcs
o] FxA= My zrE o] B3 ol Tt
ERPROIM RIS R
getbufferproc PyBufferProcs.bf_getbuffer

o] 4o AL et 2ayTh

g5 Uth 22 EFZ 2 Al A} (exporter)

[int (PyObject *exporter, Py_buffer *view, int flags);

views 7] 930 exporterol] T8t flagsell A A L3S Ak ZAE (3) S A2 3, o
T L thg GAE WHEA] S35 of i Th:

(1) Check if the request can be met. If not, raise BufferError, set view->obj to NULL and return
-1.

(2 239 F=S stk
() HEWZ] Sl tigt W7 7B E S/ AU o
(4) Set view->o0b7j to exporter and increment view—>obJ.
(5) 0= WHEY T
exporter 7k ¥ 3 FF2k2] A leojup E o] o™, F 7hA =8 AAE AHEE S+ A5y

* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

e Redirect: The buffer request is redirected to the root object of the tree. Here, view—>ob7j will be a
new reference to the root object.
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vewe] A AEE A 7N 4P oA, ATAN 5 2300 SHA e 7
o A4 5 83 f el d&Th

Py_buffer ?—Z:f(ﬂ ANA 718 7] = BE W E g+ AFAd Al &3 E2 48|27} glo] A wlj 7-R]
T2 oF @Yt format, shape, strides, suboffsets 9 1nternal€ A8z}l Al = 7]

AUy,

PyBuffer FillInfo()v= RE QX F3& 2vlE4 X 3tHA 7tdst vlolEE 3 E g A
w2 B4 AE HUe ATTIL.

PyObject_GetBuffer ()& °] &8 AM< 28| A& AdE A o] =YYt
releasebufferproc PyBufferProcs.bf_releasebuffer

o] F4o) WL The T 2T

[void (PyObject *exporter, Py_buffer *view);

ol A9 A 2Ae AT AL S
bf_releasebuffer+ NULLY ¢ A5x4} :1_'%.7(]
o AYE aAE 2R

() WEW7] Sigol ek 7 7FLEHE 9 Y Th
(2) 7F2E7F0old, viewel B BE w22 S s Al o

BufferProcs.

o
o] 5 BE FAL T 2

[R
o
N

AZ A WD) ncernal BEE 48300l W) 54 402 2 A5 o} Tk o B WA
A b T o] WAE AT, 20 A Ul W B8] AR S view S22 AL 5 5T

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release ()€ ©] 71%5& A#E 24 & AdEF o] &Y Yt

12.8 v]&7] AA F+2A|

Added in version 3.5.

type PyAsyncMethods
of F2AE ojlol Bl st v 5 7] olelzlole] AAE FASE o] BRY 5ol B3t
S ch

A Ao e e 25y

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

ke
ro
vl
i

unaryfunc PyAsyncMethods.am_await
o B9 A ke 2T

[PyObject *am_await (PyObject *self); }

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
A 7} o) ¢l o] B o] o} B o] £ NULLE AR 5 A& Th
unaryfunc PyAsyncMethods.am_aiter

ol go) e the st 2EUTh
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[Pyobject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext___ () for details.
AA 757 ol B o] A ZREZS FAFA FOW o] SR NUILE AR F & YFUTh
unaryfunc PyAsyncMethods.am_anext
ol B4l AL B2} 2E Uk
[PyObject *am_anext (PyObject *self);
Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send
ol B4o AL e 2H Y

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
Added in version 3.10.

12.9 &5 3 typedef

typedef PyObject *(*alloecfunc)(PyTypeObject *cls, Py_ssize_t nitems)
Part of the Stable ABIL. The purpose of this function is to separate memory allocation from memory initial-
ization. It should return a pointer to a block of memory of adequate length for the instance, suitably aligned,
and initialized to zeros, but with ob_refcnt setto 1 and ob_ t ype set to the type argument. If the type’s
tp_itemsizeisnon-zero, the object’s ob_ s i ze field should be initialized to nitems and the length of the al-
located memory block should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple
of sizeof (void*) ;otherwise, nitems is not used and the length of the block should be tp_basicsize.
ol e ve LT A 27IIE FHSHA otk Fyth FrrvI R E EFE YT A
tp_newdl &3l 3= of of Tt

typedef void (*destructor)(PyObject*)
Fart of the Stable ABI.

typedef void (*freefunc)(void*)
tp frees FZRI}AIA L.
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_newg ZZ 34 A L.
typedef int (*initproc)(PyObject*, PyObject*, PyObject™*)
Part of the Stable ABL. tp_initE FZ3}A4 A L.
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABL. tp_repr< FZ 3 Al L.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Fart of the Stable ABL. 2} 4| 9] 8 o] EZFE = v

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)
Part of the Stable ABL. 217 2] B HH JELHE g A FUrh ol EYHES 414 3l2] 9 value
AA7FNULLE 24 H YTk

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. 24| 9] W H o] ER{E 3t2 W3t

tp_getattros FAZRIIAI A L.
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typedef int (¥*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)
Part of the Stable ABL. 24A]9] M H o]ERE 712 A AU o] EREE AHA| 312 ¥ value
AA7knuLLe g Yt

tp_setattros FAZRIIAIAL.
typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.
typedef int (*descrset func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_set.
typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABL. tp_hashE FZ3}HI A L.
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompared ZZ A L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the Stable ABL. tp_iterE FZ3}A Al L.
typedef PyObject *(*iternextfunc)(PyObject*)
Part of the Stable ABL. tp_iternext& ZFZ3}IAl L.
typedef Py_ssize_t (*1lenfunc)(PyObject*)
Part of the Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
Fart of the Stable ABI since version 3.12.
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
Fart of the Stable ABI since version 3.12.
typedef PyObject *(*unaryfunc)(PyObject*)
Part of the Stable ABI.
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.
typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
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12.10 <

Tha-2 ool A & o9 23t o i th of 7ol = o g2 o] vhd 5 e AubH QA ARgH o] 23 Y]
th 4R =7t EE 7Y A E RS o B2 oA, A8 FE 9 A5 A= defining-new-types £}
new-types-topics & 234 Al &

u&ﬁo

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

o FHI T 2713428 ARS8k o] A R E (53] CPython Z= Wl o] 20 A) & Zhe £ s yth:

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
’ /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0 /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_traverse */
/* tp_clear */
/* tp_richcompare */
/* tp weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp_base */
/* tp_dict */
/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */

~

N~ SN SN S~ S~ N

~

S N Y

O O O O O O O OO o oo oo o
~

~

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

0, /* tp_alloc */
myobj_new, /* tp_new */
bi
oFgt Iz, A gy e H e A Yek= F:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_flags = Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
Py_TPFLAGS_HAVE_GC | Py_TPFLAGS_MANAGED_DICT |
Py_TPFLAGS_MANAGED_WEAKREF,

.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py TPFLAGS_DISALLOW_INSTANTIATION ﬂag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:
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typedef struct {
PyObject_VAR_HEAD
const char *datal[l];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 231 7hu)#] 54 )9l

8 F22 LI AUAE BASHT S shol 09 ANL A Ado] U d & gl ThE AR
“Aue]u” o AR o A Qo] eItk ThE Ao et F2E AFHA A, A% & (¥
S} 2AD) ol e B2 A FE AuA S B ofH YA A AAL AT BRI}
gk

A B

To create a container type, the tp_flags field of the type object must include the Py TPFLAGS _HAVE_GC
and provide an implementation of the t p_t raverse handler. If instances of the type are mutable, a tp_clear
implementation must also be provided.

Py_TPFLAGS_HAVE_GC
ol Zel 27t AR A F o A= 7)o ABE F AL F5al o Futh A E H & o] 2 gk A
Ag) o] AA 23 AL U T
Aol d o] A A= F 7HA F 22 8l oF Py th
1. The memory for the object must be allocated using PyObject_GC_Newor PyObject_GC_NewVar.
2. th& Aol o ti3t F2E 2T 5 e BE BETFRVISHY, PyObject _GC_Track ()&
FEs) o Fyth
mhR 7L 2, AR ) Bee) A A} (deallocator) & B 3 2] A4S F48l of T Th:
I & AelolWE F=xste BE7t 723} 57 Holl, pyobject GC_UnTrack ()& T&8oF &
U,
2. AA9 WK 2l PyObject GC_Del ()& AHgdto] & Al & of oF it

m{m

=

A3

If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at least a tp_t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType_ Ready () or some of the APIs that indirectly call it like
PyType_ FromSpecWithBases () or PyType FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverseand tp_clear fields if the type inherits from a class that im-
plements the garbage collector protocol and the child class does not include the Py TPFLAGS HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyOb ject_New but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyOb ject_NewVar but for container objects with the Py TPFLAGS HAVE_GC flag set.
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PyObject *PyUnstable_Object_GC_NewWithExtraData (PyTypeObject *type, size_t extra_size)

This is Unstable API. It may change without warning in minor releases.

Analogous to PyObject_GC_New but allocates extra_size bytes at the end of the object (at offset
tp_basicsize). The allocated memory is initialized to zeros, except for the Python object
header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

A3

The function is marked as unstable because the final mechanism for reserving extra data after an in-
stance is not yet decided. For allocating a variable number of fields, prefer using PyvVarObject and
tp_itemsize instead.

Added in version 3.12.

PyObject_GC_Resize (TYPE, op, newsize)
Resize an object allocated by PyOb ject_NewVar. Returns the resized object of type TYPE * (refers to any
C type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py_ssize_ t.
void PyObject_GC_Track (PyObject *op)

Part of the Stable ABL. $=%] 7] 7} 32 5}+= ZAH| o] Y 7_114
o 717 & Al7hol AR 5 glere

19590 A3 o ST £971E
2 a
A2 Gase nE dust FENAR

7} 28] oF gy E]- tp_traverse
SdloF Y 1411} HE QAzte] ZRE 2391 T
int PyObject_IS_GC (PyObject *obj)
A7} AR 477 Z2EES PR 00] ohd g M, 157 9o 0L BEg o,
o] 7102 WS 7R A A7V AAE F AT S sl
int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 21A] @ o] GC ZZ2EZF-S T3} op7} T A 714 A
A7 A FolW 12 Nl T 184 0¥ 02 vk o
o] AL mlo] A S+ ge.is_tracked () o I FEY ot
Added in version 3.9.
int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A d o] GC Z2 EZF S T3 78R A7 7} ops
oju] sfojdeto] = oW 1S WEsla 182 ¢FoW 05 vEEE Y T
o] Z1& yto] M &= ge.is_finalized () o S FEUh
Added in version 3.9.
void PyObject_GC_Del (void *op)

Part of the Stable ABL  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

Part of the Stable ABL. X 7|7} A% += A ] oyl AA H&golA op AAE Al ATY ]
PyObject_GC_Track ()E o] 21 A o EH 3l ThA] S
7

F2eho] 22 A A goll oAl £712 5 92
Fols A e, B AN (p_dealloc AT E tp_traverse A el 7|0l A A-gshe BET]

2 7)) &
233} 5 7] Ao AA o el o] F4= S E5]oF Tt
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¥ A 3.89] A M7 : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been
removed from the public C APL

tp_traverse A @ 7= &3} 2L 39 & w7 H4E wol s YUt
typedef int (*visitproc)(PyObject *object, void *arg)
Partofthe Stable ABIL tp_traverse A8 7|o] AZE &= HEX 49 . o] g4
A=

|23
£ objectZ, tp_traverse A8 7]2 Al AR v 7] HEE argE igﬂo]o]: Stk mlol A Fol=
S 710K BAE FA) A9 o] BEA B8 AL TS BRI AL A T
galoF & We - glar o

tp_traverse A8 7] = tha 3§ o] o] of g t}:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL. Z1 €] o]\ 2 )| o] &4 t‘gl—’,:?j Ytk 3L selfol] A4 239 2+ A o o3l
visit 358 & 2o o kol visio] & v} Wt THE AR 2} Ae) ] 2 ag 2 arg AU
visit 34 & NULL object €142 & 25 9 B U th. visit 7} 0] o g2 WASHE 1 gro] ZA
N8k o] of g o,

tp_traverse A 87| A S <337 Y, py_visiT() AR 7 AlFH UL o] 22 & AL}

AW, tp_traverse AL AR o] 8-S 83 visit & arg® A F 3 ok T Th:

void Py_VISIT (PyObject *¥0)

o7FNULLo] o}, 0 2} arg QAR visit -5 TS T visit7F00] obd & ¥H8ksid, 135S
HESESU T o] AR E AV SHW, tp traverse A 27| 7} tha3F ZopR Y T/}-
(static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{
Py_VISIT (self->foo0);
Py_VISIT (self->bar);
return O;
}
tp_clear A7 inquiry @ ol A AA| 7} & o] ¥ NULL o] o] o .
typedef int (*inquiry)(PyObject *self)
Partof the Suble ABL 37 8% AAYE 5 e 2 & AT 8 Al Bz cHg
AH AT S gone, o MASE 49 B2t Yt o IS S 528 Fol = 477}
a8 of Gt (A Fxof tisl py_DECREF ()& B2 8HA vPAIR). o] A7 FE F 2ol

Aol B3 88 +H7171 2ASE o] MHES TEF T

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)
Part of the Stable ABIL. Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns O immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)
Fart of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns
the previous state, O for disabled and 1 for enabled.

Added in version 3.10.
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int PyGC_Disable (void)
Part of the Stable ABI since version 3.10. Disable the garbage collector: similar to gc.disable (). Returns
the previous state, O for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_IsEnabled (void)

Part of the Stable ABI since version 3.10. Query the state of the garbage collector: similar to gc.
isenabled (). Returns the current state, O for disabled and 1 for enabled.

Added in version 3.10.

12.11.2 Querying Garbage Collector State

The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcevisitobjects_t callback, void *arg)

This is Unstable API. It may change without warning in minor releases.

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.

Ha
If new objects are (de)allocated by the callback it is undefined if they will be visited.

Garbage collection is disabled during operation. Explicitly running a collection in the callback may lead to
undefined behaviour e.g. visiting the same objects multiple times or not at all.

Added in version 3.12.

typedef int (*gevisitobjects_t)(PyObject *object, void *arg)
Type of the visitor function to be passed to PyUnstable_ GC_VisitObjects (). argis the same as
the arg passed to PyUnstable_GC_VisitObjects. Return O to continue iteration, return 1 to stop
iteration. Other return values are reserved for now so behavior on returning anything else is undefined.

Added in version 3.12.
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CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY_MAJOR_VERSION
The 3in3.4.1a2.
PY_MINOR_VERSION
The 4in3.4.1a2.
PY_MICRO_VERSION
The 1in3.4.1a2.
PY_RELEASE_LEVEL
The ain 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.
PY_RELEASE_SERIAL
The 2 in 3.4 .1a2. Zero for final releases.
PY_VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

ol E - HIE (F] Yt +A) = Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY_MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10. 0 is hexversion 0x030a00£0.
Use this for numeric comparisons, e.g. #if PY_VERSION_HEX >=

This version is also available via the symbol Py_Version.
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const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant
integer, with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at
run time.

Added in version 3.11.
RE F0o]R ] 3 & = Include/patchlevel.hol] A 2] Ut}
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APPENDIX A

>>>

2o s
c E027) 9 IE B TES QYT W, AL o) FE TEA(BE, BT, FBI) o]
sEgqe seo]e) A4 F9 T34y Ae] 8 sol W ZEZE.

2to3
ol 2x TEE Fo|H 3x TR ‘33%}"‘5} HA A3 =AU, &22E 77 BAL 7
4 EZE FA5A 75‘]%‘4\— A= R EY v sddS Ut
2t03 + EF #Hol B g oA 1ib2to3 2 ﬂllﬁw/} SHHACE AYT F Y= 2THEE
Tools/scripts/2to3 & Al-&H Yt} 2to3-reference = EA]}L

abstract base class (34} # o] 2 Fa| ~)
S o) 2t hasater () 2L T2 HIYE] BAFAY v REA ARE (I8 5
& H A=) -, A o]~ 7‘4-43}% Y-S ATTFozZAN G Ero]d & Hashth ABCE 7}
AR ;'?/H’\E ‘:C"J?ﬂ'—tﬂ ZHP2E A E5HA] "}qu/ﬂ_l_isinstance() 9} issubclass ()

Oﬂ o3 AAE 4 Ad+= :E:‘EHCC AUth abc B E AHYAE EAM 8. o= w2 W3 ABC
Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers BEEA]), 2ET (1o EEA), YT E 3} £ (importlib.abc EE o A)).
abc BES AMESA] A2 THY] ABCE THE 5 Y tth

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
ol &gt

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAd2 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

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

-

argument (¢l 2})

FrEE2YW U5 (EEWAD) 2 ASHE T FRY A4 A5
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7191 = QA A} (keyword argument): T T= o] A tt‘?<]-7]— Qroll L& 912} (o] & £ 0], name=) =
7

g e 2 ﬂﬁtﬂﬂiﬂﬂlﬂ“ A} 01] o], o= E‘écompleX() TEolA 33
5 EF7IHE dAd YL

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

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

‘complex(3, 5) J

_8{ jlgl
rO
2
N
N
o
-9
rc
O,
2
do
R
O,
B
il
rlo
ro,
2
B[
I
fo
2
o
=2

complex (* (3, 5))

A2z T vbe 9] o] F 22 Ao "o thdg Ut o] thgoll A-85 = 2 S0l s A
AL EHAL ERAOR ojH % ES )

SE=RR A= )

|l vi 7 5 FAQ AF AR} v 7 W =o] Ao] 9F PEP 3625 H A 2.

asynchronous context manager ()% 7] ¥ A E #a] 2}
An object which controls the environment seen in an async with statement by defining __aenter__ ()
and __aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A4 ?,1] o] E])

Hl 5 7] Al & ol o] & o]E] & F+E T4 async def 2 FoH = IFEH T H Ho
=, async for FZ7} /\P%ﬂ" P A FES UIE L yield BHAAL 23T} Hol
o5y th

HEuls7] Aldd el &5 7 7| A R ol " Bl o A= v 5 7] Al el elH olE#olH &
ZHI AU o= ok= o n| 7 g &elA] 2 B, dAT Gl E MM RS gl Uth
vl 5 7] Ay oY gk await H A} async for 3} async with 28 X338 5 9%
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

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

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

asynchronous iterable (V] 5 7] o]g]g] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter_ () and __anext__ () methods. __anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.
attribute (o] E 2] H =

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

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

awaitable (o] §J] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},

binary file (v} o] ] 2] 5} <)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary
mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

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

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

bytes-like object (¥} 0] EAF AA)

W3 e EE B AURLCA% N E GATE T 5 AL o2 BF menoryview A7)
EL EEo bytes bytearray, array.array AAEE TS vl EE R AR ELS
vlol Y gl o] 8 & thF+ o8 7HA] AdAEed AH2 = dFUThH oS, vlelv e g = A A,

£AS ERAE 2L ATl ATk

olm AAEL nloly g YolE 7 7tHA Y FQ 7 Syt o3 AL A 2«91l
2 7] vfol EE F AA” et _ﬁ_?ﬂtﬁ"/]r/} }‘?‘i W3 AA e 2= bytearrayﬂ-bytearrayJ
memoryview 7} d5H5 YT oS A4tE
A7) ol AR =2 @YUt o] &
AEEES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

S2 vloly g dolE7F & AR (“97] A§ nlolELEHF
AE9 2= bytes bytes A memoryview 7}

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

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A7tz AL & vlee) ol AHel A 4D A FH P4,

class (22 2)
M-SR ALY AAE
EHA=EAdES
class variable (2] A ¥ $)

SAzolA Ao S a2 (5, FAWN2 Aav 2o X7} op el o MR A H =

complex number (&4 5°)
o5t A A|AH O 4], BE AV A5 H 9} s
Aol #2509 (19 AT E FH A Qe 55 53]
glo] N Z o] RIS 2= BASE 7] E A QAT

b o
o ¢
5

AW

o
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o], 3+1j. math R 59 B4 5 HHo] BQ 5, cmathd AHEFUTH B4 E82
2 784 7 gtk d8stthal =71 A Zetthd, A Q] F4 5] FAIBE 54T
context manager (€ A E 3]z}

An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A El A E HS)

Ae Aol mhef hE ke 7hd 4 9 W4 ol 24 AR a7k vl sl ohE ghe Al 4
Do et 8 A5 oL b A AT BE B0, olikel A8 2] ol
GALEglg S olon AUAE Mao] 3 guE $A4 HIET HAAA WS FASE

Ayt contextvars 2 AR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contlguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
oAl A Al &8k @ E Ak 01“*‘/\-4 A E w22 v X5 of oF It thxkd C-A<5 i Dol A,
Azel a9 AU FEES PRS0 0D AY )b we g S Y, X2
S ol A, 3 WA A8} e g o,

coroutine (T &)
2 queee) o duse Fe Utk Are e A AFAA A ek w o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def 2o g 8T 4 95U th PEP 4925 H A Q.

coroutine function (7€ g4)
FEZE AR E ESF =T ZFYU G4 E=asyne def B0 2 AHo)E 4 911, await 2 async
for®tasync with 7|18 24T+ AFUTH o] 252 PEP 492 of 23] == A5 Utk
CPython

stolH 2w Adojo] FHAA LU, python orgo| Al Wl ZF Ut} o] 7
IronPython ¥} Z-& th-& A= 34 %Lté?‘;} 227} & uff & o] “CPython” o] AL&E Y

decorator (t]) 8] o] E])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] EH EG& of = classmethod () & staticmethod () YU Th

ol 2L BA Ao BPY BYUh oS F 4 AL v o 5Pk

&S Jython o]}
=

<

s N

def f (arqg):

staticmethod (£f)

£

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] 232 HE])
Any object which defines the methods __get__ (), __set__(),or __delete__ (). When a class at-
tribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

H2age e qA=Eo o g 24| 8 U §-2 descriptors U T2 T HE] ARSEH bl Aol U3 Y T

dictionary (9 A 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (€] 4] 2] #H = 2] 3l A)
o H e Gt 84 AL} ARE Aelsn AFE e YA LS NBFHE 1A
results = {n: n ** 2 for n in range(10)}<2 Fkn ** =
Ay gl E AU o) comprehensions & 2 3 Al 2.

dictionary view (5 A 2] H)
dict.keys (),dict.values(),dict.items () HAEZ} E8F= AAES I Hetn
EEUTH o AEL 9V FHE e 54 HE ATt 94Ut A48 W, 57}
o] M3l W Brh YU GAUY HE AT 2 2ER wRYE List (dictview) B
AFR-3FH FH U ). dict-views S H A 8.

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (< €}¢]3)

SulE AEF o)A S R EA sl AR P& BA G z2 Y 2EY; A, T
HAEY O ERHET SEHAY AL UTH LAY Holw 22 H AAuirid, 142
2Pk EAF F tjalol] B o] AE FEFo e, F AAY TEE Y H A (2L F e
2R #A4E M 5 AdsUth 9 BolF-& type () °|} isinstance () & AHES AAE
93T} (3hA1 8 Bol o] 24k v|o] A Zel s 2 BeE 5 9l g ol 498 of gtk thAle],

hasattr () AAFPVEAFP T2 18-S &t}

EAFP
s H}= §4 5 F317] 71 4 v} (Easier to ask for forgiveness than permission). ©] Z3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Ut o] 2835t w2 AEd L B2 try@lexcept B EAZ EA AR UL} o] HIZ
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (.3 2))

i o>
flo T 30
A

1

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
zrAozg BRE Ao FAES A A AL ofdyth whileXq, EHA 02 AT 4+ Q=
T sl dHsuth o =3 FAFo)ar, xd A o] ol d Yy

extension module (&% 2 &)

f-string (f-2=2}49)
EU R B ] B BAE EHYES T3] -G o Bt Fatd, 29 £A Y 2 EH Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

filesystem encoding and error handler

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

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

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem encodingand filesystem errors membersof PyConfig.

See also the locale encoding.

finder (3}21t))

AZEY BEL 3 =0 2 Fo 1 AL A%

=

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for
use with sys .path_hooks.

See importsystem and import1ib for much more detail.

floor division (A< U=Al)
7V 7V A2 W E s &

#8HA UeAl. A4 vl A4k // o g Eo), B84 11 //
4 7re 27 2]l A4 =Moo
o 2 27k A AR, A e

755 EHE Utk (-11) // 47}-2.758 W& 3 -39]

Hel ‘IT-’] af oF g th. PEP 23 AL
function (g+4)
SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Aol AHg-E 5 s th w7l WS & vl A = 9} function A A= B A S
function annotation (T4~ o] - ¥ o] A)
S ul) A 4= HESE ZEo] o] LnE o] Al
P4 olBolde dAew @ A 2 APtk g Bol, o Bt F A inc AAE
ol 5 Zlo 2 7|95z, Ao int ¥H8 S & Z1o2 gyt
def sum_two_numbers(a: int, b: int) -> int:

return a + b

g4 o] - H| o] A B2 function Z oA A gk

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

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

default:
>>> import __ future_
>>> _ future__ .division

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

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

A+ dsUch
generator (%] ] & o] E])

Avleele olg e olE & seFe T Ak A < wEE
FAA S 2FTHE Ho| thFUTh o] FEL for-F 2 2 AME3A U next () 42 g Hof| 31t

8 AY 5 Y

s A el g 7He] 7] AR ol E oA = Al g
Sk o u) 7k g &hetA] ¢k B, &%

generator iterator (2] U] & o] €] o] €] & o]€])
Ad el ol e 7t t=E A,

310 Appendix A. &3


https://peps.python.org/pep-0238/
https://peps.python.org/pep-0484/

The Python/C API, ¥&] 2 3.12.4

Zhyielde AIA L& Ae|E F&etaL, 2 A (A HesR 7] S uy-FE5& TT5He)
AW A E 71 FUch AYdeld ojHe oy 7 AN, Bt o E B FUTH(ZE vt
A= A2k ek thu) g U Th.

generator expression (xi] Hdole] £84)
olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
=T °“:‘P4fﬂ*‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

generic type (A1 )
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

b

5. 5E W o H THo] AR L

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

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
% ol 2.4 Shujsl 2A| = sl vlol = 7= § AYSES WA A5 CPyon A =2
B 7k A8 S B AV S (dict st 2 FR 8 & st AH o] HAH L2 5
o 4] 0] £} 93 % §HE-0] A CPython 73 A B o Qe Z e e AA g s
AL JHZEE & thFad =3er] A vt g4, ths iEHW 71 A7} St HE A Y
O i R g A=
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

(@A ¢ v A -5}71] F4 d ol HE F1E) “Ad & o A 2 -& (free-threaded)” QB Z 2] ] S W+ 11 A}
st A =g AFHolA] X, Tt 22 AMA ALY 45 A7t AE ] i
Yt o] 4% ] €35‘3}% AL 7S W B35 whEoi A 7 A H]'Q“O]‘:ﬂ sz esw
o] AL ;l [BR=

hash-based pyc (3} X] 7] 4} pyc)
‘rrE/H S IH37] fel S A 5o HF A Al o] obd S Al E AFSEHE HEo | E I E A
. pyc-invalidation 2 %% 3}A] 2.

hashable (8]] Al 7Hs)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz sfA gk AFE st ol = Yo
52 stej o] X WZ AAE2 Al 7Hs FuHh (Rl2Eu gAY e Z22) 7 AH ol s2
a8 dFUth (FEotfrozenset 2-2) B¥ AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felne] Aol AAEE ARA 02 HA STt (4]
AN g Algetils) BF 2l v aE AL, A g2 id () 2 R BEol Yt

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

£

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢} %
@;7]3}3}0] A AME= AAS (E= A2 QE

2] 9
path X8 S5 SA% AL A4 39 3

@i

importing (2 3 €)

3 R EQ glo]lH FEVITE REQ glo|H FEA ALLE F JEE 3= F A}
importer (¢} Z€])

EEE 37| = st 2E 817
interactive (¢} &3)

gho] & o513 ez 2] E

=
=
i, %7 AWE A7 B 5

bt
ok
rlr

AR; Ao Tl o)A =1 AA YTk

]

3 gled), AEEelE 2ol 2 XA 49U 2
che Sk 94 flo] ©A) pythong AT 2 (AFE
7 =

Fulirol A Ad e A% 5@ 4 A5 Urh. Al choltolE AAeA L BE R 917148 Sol
T E = v 28 g 3 QU th (help (x) & 719 38HA1 2).

interpreted (21 €] Z 2] &)
Bpo| = 3= 751 )9 24 o] 2 PHo] 5 2% A7) 87 7, shol W2 A} Qo] 7} ohy]
g olezed Aol gtk o AS WA RO T A AL BEA Gk, £ AL M H ARG
FATE=EdUth 2 22330 F = H e ASd

AojEoh g2 Wd/yH 3 71 €zt o

interpreter shutdown (Q1E]Z2]E] £ 8)
Botgte S WS u, Sto] A A ZEH =

223 | aaza%@uw»w+AMﬂTﬂﬂ
A2 W 52T A4 4o 73 A} weakref 2 o] Y= FES AWE AHALD 5 %5
Utk 8 A7) 5 ARE & TEE ke o9 52 v 4= gl 1A o] o EdE RS0
o 7155k 9L 4 917 MU THE S o= gholBele REo} A1 FAEUTh

JHZEH £E2 FH 92 A= __main_ BEINU2IHEAIY S ZYE AGUTh

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

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

iterator (o] €] & o] ¥])

An object representing a stream of data. Repeated calls to the iterator’s ___next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T Z}A 3 W& 0] 9l Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

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

keyword argument (7] $] & 21 z})
12 & HA L.

lambda (&t}
529 0 gro] FAAL e HA4 0 PAE ol F Y Ak B4 BT FLE BEL
EHL lambda [parameters]: expression Yt}

LBYL
5 7] Aol B 2} (Look before you leap). ©] T ~ElI 2 T E oY 23| & 517] Aoj YA FH oz ALA
ZAES AAUTE o] 28 Y2 EAFP @%%‘#W“]QL, g2 if 7o EME EZA P YT
s 2= 27 °1V%LBYL A2 “HI77 <R 77 kol A 20 WA 2 AF %1%14
th o & 9], FE if key in mapping: return mappinglkey] & ZAA} o, 3}X 2 23]
Ao, o2 28 =7 keyE mappmgq]/ﬂ A ASH Ao 5 5yt ol# o5+ F o]} EAFP
NS ST A2 4+ AL

list (F]2E

A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] A E A 2|3 A)
AALY L A5 AR EL ARE An 1 ATNE JAER FeiF RS
["{:#04x}"'.format for x in range (256) if x % 2 == 0] &

=

2
Nm
UlH
S
-
o
=
30

(x)
CR2E0] 1605 (0c) £ TR AU o228 BEUL i1 2
7§ 2kl H, range (256) ol = EE 847 A Ut

loader (2¢])
BES 223+ AA|. load_module () O]+ ]%—9/] HAEE Aodor Ut 2= BHE 3}
ol 7k =¥ E Ut AASEF H L2 PEP 302 &, A vo] A~ Z8 2 & importlib.abe.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (v} 2 v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path o] o] £ . vt F & 3= 2 dEe] 9l of A F o
9171 s B kg Tk

H el A2 3t 7 A= A =S el A= importlib.abc.MetaPathFinder & X W
Hyth

metaclass (W€} S 2)
Fag S FHA Y= FH s o5, SR gAY, HloA F
H e Ze e o] M AAE Hopx FeAaE HE= AYLS JYth thF
W AAEL2 7 E FA S AFFULE ol HS SHIMA HEE AL ALY W
JuUch tiFEE AR AN A= ol &7 A 28 AT 287 A2 of, wEk
3 BA| 2~ 2] 2 7] (logging), 28 = A X

¢

mdmb
[k ]F;I“H
. AW

v

o
fjy
L4
[>
it
o
[
fr 4y &

oy

9

e
Ay
-

o
L0
e
4
30
ol
<
kS

metaclasses | A & XA 3 V)&

method (W] 4] &)
Ze)2 o) oA A H & P 1 Fel 2o o
A WHA AR} (RF self
BA L.

method resolution order (W] A & Z2 A £ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (&)

stold =] 225} 9 & F@ote AA. RELS d99 Fdold AN EE FE oI5 LS
ZAFUT BE2 g Aol g3 sfojdoz mEgUh
H71 A = BA L.

module spec (25 2 d))
BEES R AEH = dxE S
ModuleSpec o] AIAE A,
MRO
HAE 24 A4 5 RA L.
mutable (7}H)
7hH AR = grol W = QA Tid() v €A AU B T HA L.
named tuple (V] J & 5Z)

“named tuple(V] 4 &= FZ)” o] 2h=
g g g e 240 A2 T

AV

BAEE

=)

rr

%l

o

o] & &7t importlib.machinery.

time.localtime () ¥ os.stat () 7} QE&S & 2331, o W F P ol I = FZYUth
T o}2 o= sys. float_infoYurth:

>>> 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

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be
created from a regular class definition that inherits from t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found
in hand-written or built-in named tuples.

namespace (¢] S Z7bH
W47t A4E £ A4, o8 B0 gAYz AR U A6l 28D ol F B2 GIAE ol A)
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o, A9, WA ol & F3to] sy o5 I3 ol F =2 WA
. E E9], T builtins.open Fos.open ( o

O, o 8 B0L oW REO| §45 FAFEAE R wEol A 54T §
s —7,5—1,]1;} @]%% ,random seed() = itertools.islice() gt 24

Eol o3 7+ =0l e

Ui o il oX
© 2 Tl

N H
N
H
3}
o]
Q,
O
3
P
k
D
B
at
O
O
o,
UJ

namespace package (°] & 3 7} 2| 7] #])
Q2 A B 37| A 59| AH o] | Z 7t 7|58k PEP 420 5 7] #]. o] F 32+ 7| A= £ 2] A < A A 7}

%i% TE Q3,53 _init__.py 3r¥o] glerm g H4f 3 7] 4] ok= thF Y th
NE LT HAL

nested scope (ZHH A7 2)
EHR Foo A HEE Fxoe Y. dE =0, thE T Rl B H T+ npg g
PJEHLFEL AT £ YgS UL 2HHA A2Fz V| EFog2 AUl 75T B JdL 5 X
A=t Ao FYsfof Futh A H M2 7HE ‘41—‘?*4 2F oA ¢lAL “‘4‘“/} upzb 7L A 2,
A HEEL AY o] F T2l A ¢1a1 ¥ Yth nonlocal & H]"é"/\:’—“’ﬂ = AL 3y

[e]

oo
e,
Ll
=
s

new-style class (72
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,

__getattribute__ (), class methods, and static methods.
object (7} A])
B (EHFEYZH & 20 TR (AL o] Bojd RE HlolE. E3 BE wAEHY FHo

o] HF A o]~ :”EHC%’:MEP.

package (3] 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path___ attribute.

A A7NA ool B AAA E HAL,

parameter (7} 7} ¥ 4=
o (e Uﬂ/‘i ) Aol A Frh ks 5
2 dgEH. A /7Y ARSI s U TH
o Y X-71 99 = (positional-or-keyword): ] %] A A} U 7] 9] A2 AGE = I AAE AT

=9l
Utk o] o] 712 FeEle) u A e), o 2 S0l thg ol A foo 9} bar:

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

o 9 X]-A & (positional-only): Y} X Z 9 A2 4 3
0% Aolo] S B2o] / BAS E ot
ol| A posonlyl =} posonly2:

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

* 71 =-H& (keyword-only): 71 EZ W A FE 5 Y= AAE AP FUTh 719 =-2-& i 7H
WAt 44 492 oS 5ol A kol Sk P91 A v+ B 2o = T e A
ol o s YT ol & S0, thZoll Al kw_onlyl 2k kw_only2:

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

o 7FH-S) X (var-positional): (THE v 7} H5S ol &8l A] o] n] RrotEof 3 9] 4] 1A}l B &)
A2 7 e A2 QA9 A Y A/FAE AFFUTE o] v/ = w7 5 o] F-oll
| qu/ﬂ dold = A5t A€ S0l thEol A args:

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

» 7P¥-71 9 (var-keyword): (FH2 WA W 5Eol] 54 o] ] Whol o2 7] 9= QAL Sl s
AZE 5 Ut 99 A5 ANE ARES ARG T ol A w RS A o] ol
5 ool Fol A A & dFUth o8 Sof A oo A kwargs.
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b4
]

WS A A QRS2 98 7R ke ok ek AlH 4 o] 7

-

25 A%E

A4

)3

<
= 2

tjo

Q1 =} *‘10321 G, o zpe} uf M= 2] zfojof 1} 2= FAQ Z &, inspect.Parameter &2,
function &, PEP 362% X A 8.

path entry (3 2 N E2])
A2 /sl 7l JEE § EESS 27 919 BIohE JEE A2 A9 shfe) B
path entry finder (3 2 Sl E 2] 5} 2lt])
sys.path_hooks o 1= =
2 EES e NS T A5

A% A=e shelH Eo] A T

path entry hook (F £ Q2] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (73 2 7]4} 3}¢1 )
712 v e A& 9kl e = F o], J 2 E AR oA RES ZFUTH

path-like object (7 27 A A)
FI A 2" 422 dee A4 427 AAE 225 dehdE str U bytes A0 AL
os.PathLike ZREZE 7 AAYUTh os.Pathlike ZREZ S AWt AAE
os.fspath() T4 E TE A str Ubytes FL A28 A2z HEE 4 J5U T thAl os
fsdecode () & os.fsencode () € Z4Z str Ubytes 2345 BAst=d A2 + 54

PEP 5192 = YH A5 Yt}
PEP

x
I

E& importlib.abc.PathEntryFinder o Y34t}

sho] 4 )41 A k. PEP= shol 8 AR E) ol 458 AF81A 1 sho] 1 m2 A4 s B
of 3t A =2 /)5S AW st A BAUTh PEPE A HE 750 thak 1A /)% AFY

A AT o ek

PEP+= 8 M2 7|5 At Ao st AFYE I
AAE BEAR UJ%ﬂH?&ﬂ%lﬂlﬂ\% =
Hio o] A4S FAE & A Qo] T
PEP 1 Iz 34 L.

o] Aol Soj 7t A7
AA Bel S 723

248

portion (Z A1)
PEP 420 o 4] 2] 3 A5 2, o] 2 57+ 57 Aol o] uk A 3k Bkl Tl e o] Sof 9l 5kl
3k (zip Lol AFE = A% 7Hsdyh.

positional argument (9] X] <12}
Az E HA L.

provisional API (ZF7 API)

T API= %E ol B e]d] A 338 HFo g HE AFs Ald Ayt g o] 29
2 WS S AL %, 3R A0l 551 T 20 ATl YRstein A dee
37 53] 4757 e W0 dolg 2 gk 14 b4 0% ofit

o
- = —
T &2 AdUT —APIE 2 F3517] Aol 3 Fista 22 A Ao dAad Ff-ovt dold

il

9

provisional package (79754 ) 7] Z])
FHAPLE BA L

Python 3000 (=} o] 41 3000)
shol 2 3.x WhE ehele] W (w4 39) w7} W m)efe] olok] |l Al Ao] WS o] K] o] Folth) o] 2
2 “Py3k” 2 B o] 27| Fth.
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Pythonic (=} 0] A}h$)
q oﬂ/ﬂ Ohﬂ].;q o] 7 Hlé
P R
for & AMESIA olHHEY B
TAEC] RoBE, oo %

FA 3= thAl, Fho] A A of o Al 7HF ZFE A}
S 501, Fol Mol A ApF 2 oy Y2

%gﬁi-?—%ﬂ% 29Ut e B dojoll= o] TR

SHA] b2 AFEEL Aol A} FELEHE A S = T

{for i in range(len(food)) : }

print (food[i])

o 2, shol ke WL ol %y

{for piece in food: J

print (piece)

qualified name (3 1+3}€ o] &)
25 A 23z A B Eol 49 H
TH2H o] Z. PEP 3155 o A Aol gt}
o1 g7 Tk

>>> class C:

N

o), B4, VIS o2 A RS HolF
249 et 2o ae) Ao, A73HE o] &

class D:
def meth (self):
pass

>>> C._ _qualname_
ICI

>>> C.D.__gqualname_

>>> C.D.meth. qgualname_

J

BEES 7le) 7| = AFRE uf, &4 AF3H o) = (fully qualified name) S RE 2R 37| A &5
23 RER 7= @33 1_‘“4 A o5 g Eth dE %Oi,emall.mlme.text:

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

reference count (22 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys . getrefcount () function to return the reference
count for a particular object.

regular package (3 7] #])
__init__.py SIS EFeh= v EH o 22 AF A 7] AL
ol 77 A & HA L.

slots__
Zehs e AAAY), ALHL JER BEES A 2 0] AAFL ILB 2 GH Y22
AATFezH W RS B3ohe A5 FUTH 217] 8l71& AR o] Hla 42 U= A ARS8t
AFEAURE Holep el o] UU T 38 2eaB s we o dadas e SeE
2 AR 2o FaUTh
sequence (X] @A)
An iterable which supports efficient element access using integer indices via the _ getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable

keys rather than integers.
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The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3 A = 23 A)
ol # &l A= 84 HAV IFE Agsta 25 F2 J P vhehshs A, results
= {c for ¢ in 'abracadabra' if ¢ not in 'abc'}= EX<E9 HEg {'r', 'd'}E
A 43 g T} comprehensions2 ZHZ 3 Al L.

single dispatch (2 t] A 3) x])
Falo] shupe] lRte] Gol 7128l A AAH £ AP B4 HadA e & P,
slice (&2}o]»)
BREAAL o 9B E x93 7“11] Sefolas A B ATY
variable_name[1:3:5] 2§, [1 StollA] o8] 7] A& &
) Ao e WA S e o1 ice AAE LTI

special method (54~ WA &)

ghol#lo] ol oW AL, QWA 2L, AAF w] BN AOR FEHE WAS, o]d HASE
Mol Wz 2 A AHala Bt o 58 21 95U Th 54 A = specialnames o) FA 2 ¥H5 0] A

RcASlEN

statement (=3})
e 29 E (ZE “BE (block)”) & FATE BEAUTL 42 234 oAU A9 =E
AHESte o8] 7HA 2 E FY stud Yttt 719 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py TNCREF () when the reference is created and released
with Py DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding (G| A E ¢17.9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (B A E 5} )

str AAE Q2 & 5 A= 3L A TF, H2E 52 AA R & vlo

M AET EAE 0l FH] & 2= ;qazﬂqr)r grE 3o o2&

2 99 9y, sys.stdin, sys.stdout, i0.StringIo 9 ?_]/\‘;?j¢%

vho] Ed S AA & ¢al € e 3L AA o thal A& vhol el ©
triple-quoted string (2% w}-£- % ¥ £x}9)

mincw4ﬂ°ﬂ ()

752 AFHAE GA W, o] 7

S
m{n

S BAG. T e E SR SeAe BAGe g
A ol ol £E 7} Sl Th o] A0l H A e LS
g5 =S 5, Ad $AE 24 GUE ole 2o 4 5

30,
ofy —1
Ly
g
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type (%)
tol A A S| P2 17 o] o] FFY
P2 _ class__olE ﬂw‘?—EE o

type alias (g o | o] 2)

B A atel i ste] M AL P Fol.

P ol delojat & A= dedots ol F 8P o2 59
rdef remove_gray_shades (

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

AAAS 2AF U ZE AA = Fol dsunh AA <

=

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

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

o] 7158 A3t typingd PEP 4845 2314 S
type hint (& 31 E )
He, Fa o EGRHE D 34 w7 H 4= L} 93 3o 7| oiE & 3-& XA 8k o wE o] 4.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A Aes AYdsta, A9 Hg, SH2 JERE 9 F59 F FE+ typing.
get_type_hints () & AFE8t] AM 2T - S5t
=

o] 7= A8t typingd} PEP 4845 3

g

A

.?o

universal newlines (f-UH A & J7)
q%ﬂ@%ﬁggECZAIWEQMWP-ﬂAEiE%%g
Z]"?\:]_'a] '"\n', '{:]_E—?—.E -{:]_’Ezﬂ \r\n', ]Z(j_,] UHZ]_E/\] :7‘:]_.3:“ "\r'. _'i__7‘l_7_q?_ /\]’%
bytes.splitlines () %} ol e} PEP 278 £} PEP 3116 = E A 8.

variable annotation (] LHo]A)
He e Fda 01 g RHEY of o]

W e SR oERRE B olde 2wl o d2 A8 A YUt

class C:
field: 'annotation'
WS olieElolde dulgor o Y= AHGHUTh 8 o), o] WSt int S AL A0R
e o
[count: int = 0 }

W o] o] A B2 A A annassign o A A ™ gt

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

virtual environment (7} 2+7)
slo]| W AL & 219} 28 =7 ;o] e }\]/\8101]}\-1 AN E = o2 oM S8 =7 TS o] £ 2o
VS FA FowA, Fol HH+ H7NAEE AAFAY A =S
dggoz Aud 49 87,

venv & HA| Q.

virtual machine (Z}4} 7] A))
sz EYolvtog FoH AFH. go] e 7H4} 71 A= vlo| E T Huld e 7t 8t vlol =

T APt
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Zen of Python (=}o] % Al)
sto] A Tz}l gl e B9 5], Ao & olastal AHEoh ol =] HUTh 9]
t3}e ZEZEo|X “import this” & Y3t EYUth

X
=

=
=

rlo
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o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

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

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

B.1 slo]d AwAle] THAES

B2 Abgho] shol A o], shola F gholB e e Yl shol Aol 715t 7] o] Ak FE A Q)
22 glo]y £ Wi ] Misc/ACKS & FZ M Al L
stolzdo] o] & B X A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & 2] Zope Corporation; https://www.zope.org/ Z+Z) 2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}
o] A= Fol W #HEH XA AAHES A7 EE EH5] AHE 89 23F Y Yt} Zope Corporation-=
PSFe] .91 5 921U oh.

BE gpo|p w232 I A2 YUTH(F N & oo ths A= https://opensource.org/E & 314
). AR, L (SHA v AN obdUTh Thel 2 Wi £2H-2 GPLF} B8P LT ofele] Et
chore e 2 oke AU

EE e 287 GPL =3}

09.0~12 n/a 1991-1995 CWI yes

13~152 1.2 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.1+2.0.1 2001 PSF yes

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] PSF yes

Y
B
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GPL¥} 3T AL 927 GPLE sho] A2 MERTH A2 o m sk A& F&Uch ZE shol
ehol Al GPLI} Do) o H 2o WAL 3/ £ UEA a4 WAL WES S A Ty
o). GPL 53 2ol il 2% Sho] 13} GPL ol R&H Th2 £z =901 8 A 4+ YA U Th e

A2 28A Fsynh

Guido®] A 5}o] o] M ZE 74557 THE BE 93 AARAAS A A= T,

C.2 shol 4ol AA A8 AU A18517] 1% o] & oF

B>

ZE o]} A A= PSF License Agreement©l] w2} o] Al A~ 71 Ho H U},

ﬂ-

ulo] W 3.8.6 5 E, A A9 oA, Z2]¥ B 7] E} T == PSF License Agreement 2} Zero-Clause BSD license©]|
we} o 5 2ho] Al 27k H ol H U o,

Sol Wol S A 42 Ego]ol OhE ol sk A& LItk o] st o kol Aol 5
£ RTS8 LB UL ol e Shol A4S BAAT B £ 9 4= =9 ofo] T2 eho] 41
Sog AralqAL.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

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

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

3.12.4 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.12.4 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.12.4 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, 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, .
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
(Th5 # o] A ol A<
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by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

(Th= ol Aol A%
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1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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The _random C extension underlying the random module includes code based on a download from http:
/lwww.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim com-
ments from the original code:

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

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

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

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

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

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

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

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 vlE7] &7 A

[>

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

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

%

C3. = Lz e oo thF o]l A g 52l 329



https://www.wide.ad.jp/

The Python/C API, ¥ &) 3.12.4

C.34 F7| &=
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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 A3 >3

trace BEL U2 2 39 AL EFLH

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 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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.

%
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select BE-S kqueue S1E 3] o] 2o thal THe 3} 22 39 AlgHS ERFU T

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} dtoa

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

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

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

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

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

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

"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

(Th& s o] A ol A<%)
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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.

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

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

as of the date such litigation is filed.

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

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

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

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

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

(Th& sl o] A ol Al<%)

%

C3. = Lz e oo thF o]l A g 52l 335




The Python/C API, ¥ &) 3.12.4

(o] 3| o] A ol A Al)
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

336 Appendix C. & x}¢} glo] A A




The Python/C API, ¥&] 2 3.12.4

C.3.13 expat

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

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

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

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

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

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

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

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

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

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

%
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

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

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

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

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

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

C.3.16 cfuhash

tracemalloc o] &J&l AFR T = 3fA] H o] &9 8L cfuhash ZZAEE 7|ulo 7 ghr}:

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

(Th& sl o] A ol A<%)
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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

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

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

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

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

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

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

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

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

C.3.18 W3C C14N H|2E 2~ 9| E

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

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

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

* Redistributions of works must retain the original copyright notice,

this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright

notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

(Th& s o] A ol A <)
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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 Audioop

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

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

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

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

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

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

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

C.3.20 asyncio

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

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

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(= sl o] Al el A%)
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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2to3, 305

>>> 305

__all__ (package variable), 73

__dict__ (module attribute), 172

__doc___ (module attribute), 172

_ file_  (module attribute), 172

_ future_ , 310

_ import_

built-in function, 73
_ loader___ (module attribute), 172
_ _main_
module, 12, 199, 212, 213

__name___ (module attribute), 172

__package__ (module attribute), 172

__PYVENV_LAUNCHER__, 228,234

_ slots_ ,317

_frozen (C struct), 75

_inittab (C struct), 76

_inittab.initfunc (C member), 76

_inittab.name (C member), 76

_Py_c_diff (C function), 132

_Py_c_neqg (C function), 132

_Py_c_pow (C function), 132

_Py_c_prod (C function), 132

_Py_c_quot (C function), 132

_Py_c_sum (C function), 132

_Py_InitializeMain (C function), 241

_Py_NoneStruct (Cvar), 254

_PyBytes_Resize (C function), 135

_PyCFunctionFast (Ctype), 256

_PyCFunctionFastWithKeywords (C type), 256

_PyCode_GetExtra (C function), 170

_PyCode_SetExtra (C function), 170

_PyEval_RequestCodeExtralndex (C func-
tion), 169

_PyFrameEvalFunction (C type), 210

_PyInterpreterFrame (C struct), 187

_PyInterpreterState_GetEvalFrameFunc
(C function), 210

_PyInterpreterState_SetEvalFrameFunc
(C function), 210

_PyObject_GetDictPtr (C function), 95
_PyObject_New (C function), 253
_PyObject_NewVar (C function), 253
_PyTuple_Resize (C function), 154
_thread

module, 206

A

abort (C function), 72
abs
built-in function, 104

abstract base class (34 o2& Z ),
305

allocfunc (C type), 295

annotation (o] = H| o] A), 305

argument (2132}, 305

argv (in module sys), 203

ascii

built-in function, 95

asynchronous context manager (¥]%7] A
g9 E A2}, 306

asynchronous generator (H]% 7] Ay d o]
), 306

asynchronous generator iterator (H]%7]
A gl o€ o] E &l ©] &), 306

asynchronous iterable (¥]% 7] o] & E),
306

asynchronous iterator (H]% 7] o] g d o] &),
306

attribute (MJEZHE), 306

awaitable (o€l olE &), 306

B

BDFL, 307
binary file (8}o]\ g 3}Y), 307
binaryfunc (C type), 296
borrowed reference, 307
buffer interface

(see buffer protocol), 110
buffer object

(see buffer protocol), 110
buffer protocol, 110
built-in function

_ import_ ,73
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abs, 104

ascii, 95

bytes, 96
classmethod, 258
compile, 74
divmod, 104
float, 106

hash, 96, 273

int, 106

len, 97, 106, 108, 156, 159, 162
pow, 104, 105

repr, 95, 273
staticmethod, 258
tuple, 107, 157

type, 96
builtins

module, 12, 199, 212, 213
bytearray

object, 135
bytecode (M} E F &), 307
bytes

built-in function, 96

object, 133

bytes—like object (WFo]E LR AA), 307

C

callable, 307
callback (1), 307
calloc (C function), 243
Capsule

object, 184
C—-contiguous, 113, 308
class (8 2), 307
class variable (F# 2 HF), 307
classmethod

built-in function, 258
cleanup functions, 72
close (in module os), 213
CO_FUTURE_DIVISION (C var), 45
code object, 166
compile

built-in function, 74
complex number

object, 131
complex number (B4, 307
context manager (AEAE FHE| A}, 308
context variable (AYXAE HS), 308
contiguous, 113
contiguous (<), 308
copyright (in module sys), 202
coroutine (ZFH), 308
coroutine function (ZF¥ &%), 308
CPython, 308

D

decorator (dlZd o] §), 308
descrgetfunc (Ctype), 296
descriptor (23 HH), 308

descrset func (C type), 296
destructor (C type), 295
dictionary

object, 157
dictionary (9414 g]), 308
dictionary comprehension (YA #AZg

gl ), 309

dictionary view (8A4 g H), 309
divmod

built-in function, 104
docstring (E22E &), 309
duck-typing (5 €}o]3), 309

E

EAFP, 309

EOFError (built-in exception), 171
exc_info (in module sys), 10
executable (in module sys), 201

exit (C function), 72

expression (E34]), 309
extension module (Z& 2 &), 309

F
f-string (~E2}4), 309
file

object, 170
file object (< AA)), 309
file—-like object (I}LF AA)), 309
filesystem encoding and error

handler, 309

finder (3}<1 ), 310
float

built-in function, 106
floating-point

object, 129
floor division (A4 v=4), 310
Fortran contiguous, 113,308
free (C function), 243
freefunc (Ctype), 295
freeze utility,75

frozenset
object, 161

function
object, 163

function (&), 310
function annotation (& o]k H|o]A), 310

G

garbage collection (7}H] A 74), 310

gcvisitobjects_t (Ctype), 302

generator (A1 & o] €), 310

generator expression (AU olE Z &4,
311

generator iterator (Al o]E] o]Ed o] E),
310

generic function (AU 34), 311

generic type (AU H ), 311

getattrfunc (C type), 295
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getattrofunc (Ctype), 295
getbufferproc (Ctype), 296
getiterfunc (C type), 296

getter (Ctype), 262

GIL, 311

global interpreter lock, 204

global interpreter lock (A Qg Z
), 311
hash

built-in function, 96,273
hash-based pyc (G| A] 714k pyc), 311
hashable (| A] 7}%), 311
hashfunc (C type), 296

IDLE, 311
immutable (W), 311
import path(YXE F=),312
importer (¥ X ¥), 312
importing (¥ H), 312
incr_item(), 11,12
initproc (C type), 295
inquiry (C type), 301
instancemethod

object, 165
int

built-in function, 106
integer

object, 125
interactive (t)33), 312
interpreted (A EH ZZE|E), 312
interpreter lock, 204
interpreter shutdown (QAEZ
iterable (o] E] & E), 312
iterator (°]€ d o] §), 312
iternextfunc (C type), 296

K

key function (7] &), 313

215

9 £8),312

KeyboardInterrupt (built-in exception), 59

keyword argument (7] ¥ = <1z}, 313

L

lambda (&}, 313
LBYL, 313
len

built-in function, 97, 106, 108, 156, 159,

162

lenfunc (C type), 296
list

object, 156
list (B]12E), 313
list comprehension (]
loader (2H), 313
locale encoding, 313
lock, interpreter, 204

2 Az

d), 313

long integer
object, 125
LONG_MAX (C macro), 126

M
magic
method (WA &), 313
magic method (W] 23] WA E), 313
main (), 200, 203
malloc (C function), 243
mapping
object, 157
mapping (W] 3), 313
memoryview
object, 182

meta path finder (WE} A2 3191 H), 314

metaclass (W EF E8 ), 314
METH_CLASS (C macro), 258
METH_COEXIST (C macro), 258
METH_FASTCALL (C macro), 257
METH_KEYWORDS (C macro), 257
METH_METHOD (C macro), 257
METH_NOARGS (C macro), 257
METH_O (C macro), 258
METH_STATIC (C macro), 258
METH_VARARGS (C macro), 257
method

object, 165
method (WA =), 314

magic, 313

special, 318

method resolution order (WAXE

314
MethodType (in module types), 163, 165
module

_ main_ ,12,199,212,213
_thread, 206

builtins, 12,199, 212,213
object, 171

search path, 12, 199, 201, 202
signal, 59

sys, 12,199,212, 213
module (2 &), 314
module spec (& 2 d) 314
modules (in module sys), 73, 199
ModuleType (in module types), 171
MRO, 314
mutable (7}9), 314

N

named tuple (U Y= £Z) 314

namespace (0] & &7}, 314
namespace package (°]E &7 7]
nested scope (¥4 /\i’:Z) 315
new-style class (F2EY F820),

newfunc (C type), 295
None
object, 125
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numeric
object, 125

O

object
bytearray, 135
bytes, 133
Capsule, 184
code, 166
complex number, 131
dictionary, 157
file, 170
floating-point, 129
frozenset, 161
function, 163
instancemethod, 165
integer, 125
list, 156
long integer, 125
mapping, 157
memoryview, 182
method, 165
module, 171
None, 125
numeric, 125
sequence, 133
set, 161
tuple, 153
type, 7, 119
object (AA), 315
objobjargproc (C type), 296
objobijproc (C type), 296
OverflowError (built-in exception), 126128

P

package (3] 7] A)), 315
package variable

_alil_ 73
parameter (W7} H), 315
PATH, 12

path

module search, 12, 199, 201, 202
path (in module sys), 12, 199, 201, 202
path based finder (AZ 7]¥l 5}QlH), 316
path entry (FZ AE2]), 316
path entry finder (BZE JEE 52lt]), 316
path entry hook (B & dEF %), 316
path-like object (AEZF A, 316
PEP, 316
platform (in module sys), 202
portion (EA), 316
positional argument (§] %] Q12,316
pow

built—-in function, 104, 105
provisional API (FA API), 316
provisional package (A 3 7] A)), 316
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 215

Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 72
Py_AUDIT_READ (C macro), 260
Py_AuditHookFunction (Ctype), 72
Py_BEGIN_ALLOW_THREADS (C macro), 204, 208
Py_BLOCK_THREADS (C macro), 208
Py_buffer (Ctype), 111

Py_buffer.buf (Cmember), 111
Py_buffer.format (C member), 112
Py_buffer.internal (C member), 112
Py_buffer.itemsize (C member), 111
Py_buffer.len (Cmember), 111
Py_buffer.ndim (C member), 112
Py_buffer.ob]j (Cmember), 111
Py_buffer.readonly (C member), 111
Py_buffer.shape (C member), 112
Py_buffer.strides (C member), 112
Py_buffer.suboffsets (C member), 112
Py_Buildvalue (C function), 83
Py_BytesMain (C function), 41
Py_BytesWarningFlag (Cvar), 196
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 48
Py_CompileString (C function), 4345
Py_CompileStringExFlags (C function), 44
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 44
Py_complex (C type), 132
Py_complex.imag (C member), 132
Py_complex.real (C member), 132
Py_DEBUG (C macro), 13

Py_DebugFlag (Cvar), 196
Py_DecodeLocale (C function), 68
Py_DECREF (C function), 7, 48

Py_DecRef (C function), 49
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 196
Py_Ellipsis (Cvar), 182
Py_EncodeLocale (C function), 69
Py_END_ALLOW_THREADS (C macro), 204, 208
Py_EndInterpreter (C function), 213
Py_EnterRecursiveCall (C function), 62
Py_EQ (C macro), 282

Py_eval_input (Cvar), 44

Py_Exit (C function), 72
Py_ExitStatusException (C function), 223
Py_False (Cvar), 129

Py_FatalError (C function), 72
Py_FatalError (), 203
Py_FdIsInteractive (C function), 67
Py_file_input (Cvar), 44

Py_Finalize (C function), 200
Py_FinalizeEx (C function), 72, 199, 213
Py_FrozenFlag (Cvar), 197

Py_GE (C macro), 282

Py_GenericAlias (C function), 194
Py_GenericAliasType (C var), 194
Py_GetArgcArgv (C function), 241
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Py_GetBuildInfo (C function), 202

Py_GetCompiler (C function), 202

Py_GetCopyright (C function), 202

Py_GETENV (C macro), 5

Py_GetExecPrefix (C function), 12, 201

Py_GetPath (C function), 12, 201

Py_GetPath (), 200, 202

Py_GetPlatform (C function), 202

Py_GetPrefix (C function), 12,201

Py_GetProgramFullPath (C function), 12,201

Py_GetProgramName (C function), 201

Py_GetPythonHome (C function), 204

Py_GetVersion (C function), 202

Py_GT (C macro), 282

Py_hash_t (Ctype), 87

Py_HashRandomizationFlag (Cvar), 197

Py_IgnoreEnvironmentFlag (Cvar), 197

Py_INCREF (C function), 7,47

Py_IncRef (C function), 49

Py_Initialize (C function), 12,199,213

Py_Initialize (), 200

Py_InitializeEx (C function), 199

Py_InitializeFromConfig (C function), 237

Py_InspectFlag (Cvar), 197

Py_InteractiveFlag (Cvar), 197

Py_TIs (C function), 254

Py_IS_TYPE (C function), 255

Py_IsFalse (C function), 255

Py_IsInitialized (C function), 12, 199

Py_IsNone (C function), 254

Py_IsolatedFlag (Cvar), 197

Py_TIsTrue (C function), 255

Py_LE (C macro), 282

Py_LeaveRecursiveCall (C function), 62

Py_LegacyWindowsFSEncodingFlag (C var),
197

Py_LegacyWindowsStdioFlag (C var), 198

Py_LIMITED_APTI (C macro), 16

Py_LT (C macro), 282

Py_Main (C function), 41

PY_MAJOR_VERSION (C macro), 303

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 303

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 303

Py_mod_create (Cmacro), 175

Py_mod_exec (C macro), 175

Py_mod_multiple_interpreters (C macro),
175

Py_NewInterpreterFromConfig (C function),
212

Py_NewRef (C function), 47

Py_NO_INLINE (C macro), 5

Py_None (C var), 125

Py_NoSiteFlag (Cvar), 198

Py_NotImplemented (C var), 93

Py_NoUserSiteDirectory (Cvar), 198

Py_OptimizeFlag (Cvar), 198

Py_PrelInitialize (C function), 226

Py_PreInitializeFromArgs (C function), 226

Py_PreInitializeFromBytesArgs (C func-
tion), 226

Py_PRINT_RAW (C macro), 93, 171

Py_QuietFlag (Cvar), 198

Py_READONLY (C macro), 260

Py_REFCNT (C function), 47

Py_RELATIVE_OFFSET (C macro), 260

PY_RELEASE_LEVEL (C macro), 303

PY_RELEASE_SERIAL (C macro), 303

Py_ReprEnter (C function), 62

Py_ReprLeave (C function), 63

Py_RETURN_FALSE (C macro), 129

Py_RETURN_NONE (C macro), 125

Py_RETURN_NOTIMPLEMENTED (C macro), 93

Py_RETURN_RICHCOMPARE (C macro), 282

Py_RETURN_TRUE (C macro), 129

Py_RunMain (C function), 240

Py_SET_REFCNT (C function), 47

Py_SET_SIZE (C function), 255

Py_SET_TYPE (C function), 255

Py_SetPath (C function), 202

Py_SetPath (), 201

Py_SetProgramName (C function), 12, 200

Py_SetProgramName (), 199, 201

Py_SetPythonHome (C function), 203

Py_SETREF (C macro), 49

Py_SetStandardStreamEncoding (C function),
200

Py_single_input (C var), 44

Py_SIZE (C function), 255

Py_ssize_t (Ctype), 10

PY_SSIZE_T_MAX (C macro), 127

Py_STRINGIFY (C macro), 6

Py_T_BOOL (C macro), 261

Py_T_BYTE (C macro), 261

Py_T_CHAR (C macro), 261

Py_T_DOUBLE (C macro), 261

Py_T_FLOAT (C macro), 261

Py_T_INT (C macro), 261

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORRELT_LONG (C macro), 261

(C macro), 176

Py_T_LONGLONG (C macro), 261

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED Py_T_OBJECT_EX (C macro), 261

(C macro), 176
Py_MOD_PER_INTERPRETER_GII_SUPPORTED
(C macro), 176
Py_NE (C macro), 282
Py_NewlInterpreter (C function), 213

Py_T_PYSSIZET (C macro), 261
Py_T_SHORT (C macro), 261
Py_T_STRING (C macro), 261
Py_T_STRING_INPLACE (C macro), 261
Py_T_UBYTE (C macro), 261
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Py_T_UINT (C macro), 261

Py_T_ULONG (C macro), 261

Py_T_ULONGLONG (C macro), 261

Py_T_USHORT (C macro), 261

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro),
277

Py_TPFLAGS_BASETYPE (C macro), 276

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 277

Py_TPFLAGS_DEFAULT (C macro), 276

Py_TPFLAGS_DICT_SUBCLASS (C macro), 277

Py_TPFLAGS_DISALLOW_INSTANTIATION (C
macro), 278

Py_TPFLAGS_HAVE_FINALIZE (C macro), 277

Py_TPFLAGS_HAVE_GC (C macro), 276

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 277

Py_TPFLAGS_HEAPTYPE (C macro), 275

Py_TPFLAGS_IMMUTABLETYPE (C macro), 278

Py_TPFLAGS_ITEMS_AT_END (C macro), 277

Py_TPFLAGS_LIST_SUBCLASS (C macro), 277

Py_TPFLAGS_LONG_SUBCLASS (C macro), 277

Py_TPFLAGS_MANAGED_DICT (C macro), 277

Py_TPFLAGS_MANAGED_WEAKREF (C macro), 277

Py_TPFLAGS_MAPPING (C macro), 278

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro),
276

Py_TPFLAGS_READY (C macro), 276

Py_TPFLAGS_READYING (C macro), 276

Py_TPFLAGS_SEQUENCE (C macro), 279

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 277

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 277

Py_TPFLAGS_UNICODE_SUBCLASS (C macro),
277

Py_TPFLAGS_VALID_VERSION_TAG (C macro),
279

Py_tracefunc (Ctype), 215

Py_True (Cvar), 129

Py_tss_NEEDS_INIT (C macro), 218

Py_tss_t (Ctype), 218

Py_TYPE (C function), 255

Py_UCS1 (Ctype), 137

Py_UCS2 (Ctype), 137

Py_UCS4 (Ctype), 137

Py_uhash_t (C type), 87

Py_UNBLOCK_THREADS (C macro), 208

Py_UnbufferedStdioFlag (Cvar), 198

Py_UNICODE (C type), 137

Py_UNICODE_IS_HIGH_SURROGATE (C function),
140

Py_UNICODE_TIS_LOW_SURROGATE (C function),
140

Py_UNICODE_IS_SURROGATE (C function), 140

Py_UNICODE_ISALNUM (C function), 139

Py_UNICODE_ISALPHA (C function), 139

Py_UNICODE_ISDECIMAL (C function), 139

Py_UNICODE_ISDIGIT (C function), 139

Py_UNICODE_ISLINEBREAK (C function), 139

Py_UNICODE_ISLOWER (C function), 139

Py_UNICODE_ISNUMERIC (C function), 139

Py_UNICODE_ISPRINTABLE (C function), 139

Py_UNICODE_ISSPACE (C function), 139

Py_UNICODE_ISTITLE (C function), 139

Py_UNICODE_ISUPPER (C function), 139

Py_UNICODE_JOIN_SURROGATES (C function),
140

Py_UNICODE_TODECIMAL (C function), 139

Py_UNICODE_TODIGIT (C function), 139

Py_UNICODE_TOLOWER (C function), 139

Py_UNICODE_TONUMERIC (C function), 140

Py_UNICODE_TOTITLE (C function), 139

Py_UNICODE_TOUPPER (C function), 139

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvValue (C function), 85

PY_VECTORCALL_ARGUMENTS_OFFSET c
macro), 99

Py_VerboseFlag (Cvar), 199

Py_Version (Cvar), 303

PY_VERSION_HEX (C macro), 303

Py_VISIT (C function), 301

Py_XDECREF (C function), 12, 48

Py_XINCREF (C function), 47

Py_XNewRef (C function), 48

Py_XSETREF (C macro), 49

PyAIter_Check (C function), 109

PyAnySet_Check (C function), 162

PyAnySet_CheckExact (C function), 162

PyArg_Parse (C function), 82

PyArg_ParseTuple (C function), 82

PyArg_ParseTupleAndKeywords (C function),
82

PyArg_UnpackTuple (C function), 82

PyArg_ValidateKeywordArguments (C func-
tion), 82

PyArg_VaParse (C function), 82

PyArg_VaParseTupleAndKeywords (C func-
tion), 82

PyASCIIObject (Ctype), 137

PyAsyncMethods (C type), 294

PyAsyncMethods.am_aiter (C member), 294

PyAsyncMethods.am_anext (C member), 295

PyAsyncMethods.am_await (C member), 294

PyAsyncMethods.am_send (C member), 295

PyBool_Check (C function), 129

PyBool_FromLong (C function), 129

PyBool_Type (C var), 129

PyBUF_ANY_CONTIGUOUS (C macro), 114

PyBUF_C_CONTIGUOUS (C macro), 114

PyBUF_CONTIG (C macro), 114

PyBUF_CONTIG_RO (C macro), 114

PyBUF_F_CONTIGUOUS (C macro), 114

PyBUF_FORMAT (C macro), 113

PyBUF_FULL (C macro), 114

PyBUF_FULL_RO (C macro), 114

PyBUF_INDIRECT (C macro), 113

PyBUF_MAX_NDIM (C macro), 112

PyBUF_ND (C macro), 113
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PyBUF_READ (C macro), 182
PyBUF_RECORDS (C macro), 114
PyBUF_RECORDS_RO (C macro), 114
PyBUF_SIMPLE (C macro), 113
PyBUF_STRIDED (C macro), 114
PyBUF_STRIDED_RO (C macro), 114
PyBUF_STRIDES (C macro), 113
PyBUF_WRITABLE (C macro), 113
PyBUF_WRITE (C macro), 182
PyBuffer_ FillContiguousStrides (C func-
tion), 117
PyBuffer_FillInfo (C function), 117
PyBuffer_FromContiguous (C function), 116
PyBuffer_GetPointer (C function), 116
PyBuffer_IsContiguous (C function), 116
PyBuffer_Release (C function), 116
PyBuffer_SizeFromFormat (C function), 116
PyBuffer_ToContiguous (C function), 116
PyBufferProcs (Ctype), 110, 293
PyBufferProcs.bf_getbuffer (C member),
293
PyBufferProcs.bf_releasebuffer (C mem-
ber), 294
PyByteArray_AS_STRING (C function), 136
PyByteArray_AsString (C function), 136
PyByteArray_Check (C function), 135
PyByteArray_CheckExact (C function), 135
PyByteArray_Concat (C function), 136
PyByteArray_FromObject (C function), 136
PyByteArray_FromStringAndSize (C func-
tion), 136
PyByteArray_GET_SIZE (C function), 136
PyByteArray_Resize (C function), 136
PyByteArray_Size (C function), 136
PyByteArray_Type (Cvar), 135
PyByteArrayObject (C type), 135
PyBytes_AS_STRING (C function), 134
PyBytes_AsString (C function), 134
PyBytes_AsStringAndSize (C function), 134
PyBytes_Check (C function), 133
PyBytes_CheckExact (C function), 133
PyBytes_Concat (C function), 135
PyBytes_ConcatAndDel (C function), 135
PyBytes_FromFormat (C function), 134
PyBytes_FromFormatV (C function), 134
PyBytes_FromObject (C function), 134
PyBytes_FromString (C function), 133
PyBytes_FromStringAndSize (C function), 133
PyBytes_GET_SIZE (C function), 134
PyBytes_Size (C function), 134
PyBytes_Type (Cvar), 133
PyBytesObject (Ctype), 133
PyCallable_Check (C function), 103
PyCallIter_Check (C function), 180
PyCallIter_New (C function), 180
PyCallIter_Type (Cvar), 180
PyCapsule (Ctype), 184
PyCapsule_CheckExact (C function), 184

PyCapsule_Destructor (Ctype), 184
PyCapsule_GetContext (C function), 184
PyCapsule_GetDestructor (C function), 184
PyCapsule_GetName (C function), 184
PyCapsule_GetPointer (C function), 184
PyCapsule_TImport (C function), 184
PyCapsule_TIsValid (C function), 185
PyCapsule_New (C function), 184
PyCapsule_SetContext (C function), 185
PyCapsule_SetDestructor (C function), 185
PyCapsule_SetName (C function), 185
PyCapsule_SetPointer (C function), 185
PyCell_Check (C function), 166
PyCell_GET (C function), 166
PyCell_Get (C function), 166
PyCell_New (C function), 166
PyCell_SET (C function), 166
PyCell_Set (C function), 166
PyCell_Type (Cvar), 166
PyCellObject (Ctype), 166
PyCFunction (C type), 256
PyCFunction_New (C function), 258
PyCFunction_NewEx (C function), 258
PyCFunctionWithKeywords (C type), 256
PyCMethod (C type), 256
PyCMethod_New (C function), 258
PyCode_Addr2Line (C function), 168
PyCode_Addr2Location (C function), 168
PyCode_AddwWatcher (C function), 168
PyCode_Check (C function), 167
PyCode_ClearWatcher (C function), 168
PyCode_GetCellvars (C function), 168
PyCode_GetCode (C function), 168
PyCode_GetFirstFree (C function), 167
PyCode_GetFreevars (C function), 168
PyCode_GetNumFree (C function), 167
PyCode_GetVarnames (C function), 168
PyCode_New (C function), 167
PyCode_NewEmpty (C function), 168
PyCode_NewWithPosOnlyArgs (C function), 167
PyCode_Type (Cvar), 167
PyCode_WatchCallback (C type), 169
PyCodec_BackslashReplaceErrors (C func-
tion), 90
PyCodec_Decode (C function), 89
PyCodec_Decoder (C function), 89
PyCodec_Encode (C function), 88
PyCodec_Encoder (C function), 89
PyCodec_IgnoreErrors (C function), 90
PyCodec_IncrementalDecoder (C function), 89
PyCodec_IncrementalEncoder (C function), 89
PyCodec_KnownEncoding (C function), 88
PyCodec_LookupError (C function), 89
PyCodec_NameReplaceErrors (C function), 90
PyCodec_Register (C function), 88
PyCodec_RegisterError (C function), 89
PyCodec_ReplaceErrors (C function), 90
PyCodec_StreamReader (C function), 89
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PyCodec_StreamWriter (C function), 89
PyCodec_StrictErrors (C function), 89
PyCodec_Unregister (C function), 88
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 90
PyCodeEvent (C type), 169
PyCodeObject (Ctype), 167
PyCompactUnicodeObject (C type), 137
PyCompilerFlags (C struct), 45
PyCompilerFlags.cf_feature_version (C
member), 45
PyCompilerFlags.cf_flags (C member), 45
PyComplex_AsCComplex (C function), 133
PyComplex_Check (C function), 132
PyComplex_CheckExact (C function), 132
PyComplex_FromCComplex (C function), 132
PyComplex_FromDoubles (C function), 133
PyComplex_ImagAsDouble (C function), 133
PyComplex_RealAsDouble (C function), 133
PyComplex_Type (Cvar), 132
PyComplexObject (Ctype), 132
PyConfig (Ctype), 227
PyConfig_Clear (C function), 227
PyConfig_InitIsolatedConfig (C function),
227
PyConfig_InitPythonConfig (C function), 227
PyConfig_Read (C function), 227
PyConfig_SetArgv (C function), 227
PyConfig_SetBytesArgv (C function), 227
PyConfig_SetBytesString (C function), 227
PyConfig_SetString (C function), 227
PyConfig_SetWideStringList (C function),
227
PyConfig.argv (C member), 228
PyConfig.base_exec_prefix (C member), 228
PyConfig.base_executable (C member), 228
PyConfig.base_prefix (C member), 228
PyConfig.buffered_stdio (C member), 229
PyConfig.bytes_warning (C member), 229
PyConfig.check_hash_pycs_mode (C mem-
ber), 229
PyConfig.code_debug_ranges
229
PyConfig.configure_c_stdio (C member),
229
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
230
PyConfig.filesystem_ errors
230
PyConfig.hash_seed (C member), 231
PyConfig.home (C member), 231
PyConfig.import_time (C member), 231
PyConfig.inspect (C member), 231

(C  member),

dev_mode (C member), 230
dump_refs (C member), 230
exec_prefix (C member), 230
executable (C member), 230
faulthandler (C member), 230
filesystem_encoding (C member),

(C  member),

PyConfig.install_signal_handlers
member), 231
PyConfig.int_max_str_digits (C member),
231
PyConfig.interactive (C member), 231
PyConfig.isolated (C member), 232
PyConfig.legacy_windows_stdio (C mem-
ber), 232
PyConfig.malloc_stats (C member), 232
PyConfig.module_search_paths (C member),
233
PyConfig.module_search_paths_set
member), 233
PyConfig.optimization_level (C member),
233
PyConfig.orig_argv (C member), 233
PyConfig.parse_argv (C member), 233
PyConfig.parser_debug (C member), 233
PyConfig.pathconfig_warnings (C member),
234
PyConfig.perf_profiling (C member), 236
PyConfig.platlibdir (C member), 232
PyConfig.prefix (C member), 234
PyConfig.program_name (C member), 234
PyConfig.pycache_prefix (Cmember), 234
PyConfig.pythonpath_env (C member), 233
PyConfig.quiet (C member), 234
PyConfig.run_command (C member), 234
PyConfig.run_filename (C member), 234
PyConfig.run_module (C member), 235
PyConfig.safe_path (C member), 228
PyConfig.show_ref_count (C member), 235
PyConfig.site_import (C member), 235
PyConfig.skip_source_first_line (Cmem-
ber), 235
PyConfig.stdio_encoding (C member), 235
PyConfig.stdio_errors (C member), 235
PyConfig.tracemalloc (C member), 236
PyConfig.use_environment (C member), 236
PyConfig.use_hash_seed (C member), 231
PyConfig.user_site_directory (C member),
236
PyConfig.verbose (C member), 236
PyConfig.warn_default_encoding (C mem-
ber), 229
PyConfig.warnoptions (C member), 236
PyConfig.write_bytecode (C member), 237
PyConfig.xoptions (C member), 237
PyContext (C type), 189
PyContext_CheckExact (C function), 189
PyContext_Copy (C function), 189
PyContext_CopyCurrent (C function), 189
PyContext_Enter (C function), 190
PyContext_Exit (C function), 190
PyContext_New (C function), 189
PyContext_Type (Cvar), 189
PyContextToken (C type), 189
PyContextToken_CheckExact (C function), 189
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PyContextToken_Type (C var), 189
PyContextVar (C type), 189
PyContextVar_CheckExact (C function), 189
PyContextVar_Get (C function), 190
PyContextVar_New (C function), 190
PyContextVar_Reset (C function), 190
PyContextVar_Set (C function), 190
PyContextVar_Type (C var), 189
PyCoro_CheckExact (C function), 188
PyCoro_New (C function), 188
PyCoro_Type (Cvar), 188
PyCoroObject (C type), 188
PyDate_Check (C function), 191
PyDate_CheckExact (C function), 191
PyDate_FromDate (C function), 192
PyDate_FromTimestamp (C function), 194
PyDateTime_Check (C function), 191
PyDateTime_CheckExact (C function), 191
PyDateTime_Date (Ctype), 190
PyDateTime_DATE_GET_FOLD (C function), 193
PyDateTime_DATE_GET_HOUR (C function), 192
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 193
PyDateTime_DATE_GET_MINUTE (C function),
192
PyDateTime_DATE_GET_SECOND (C function),
193
PyDateTime_DATE_GET_TZINFO (C function),
193
PyDateTime_DateTime (C type), 190
PyDateTime_DateTimeType (C var), 190
PyDateTime_DateType (C var), 190
PyDateTime_Delta (C type), 190
PyDateTime_DELTA_GET_DAYS (C function), 193
PyDateTime_DELTA_GET_MICROSECONDS (C
function), 193
PyDateTime_DELTA_GET_SECONDS (C function),
193
PyDateTime_DeltaType (Cvar), 191
PyDateTime_FromDateAndTime (C function),
192
PyDateTime_FromDateAndTimeAndFold
function), 192
PyDateTime_FromTimestamp (C function), 193
PyDateTime_GET_DAY (C function), 192
PyDateTime_GET_MONTH (C function), 192
PyDateTime_GET_YEAR (C function), 192
PyDateTime_Time (Ctype), 190
PyDateTime_TIME_GET_FOLD (C function), 193
PyDateTime_TIME_GET_HOUR (C function), 193
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 193
PyDateTime_TIME_GET_MINUTE (C function),
193
PyDateTime_TIME_GET_SECOND (C function),
193
PyDateTime_TIME_GET_TZINFO (C function),
193

(e

PyDateTime_TimeType (Cvar), 191
PyDateTime_TimeZone_UTC (Cvar), 191
PyDateTime_TZInfoType (Cvar), 191
PyDelta_Check (C function), 191
PyDelta_CheckExact (C function), 191
PyDelta_FromDSU (C function), 192
PyDescr_IsData (C function), 180
PyDescr_NewClassMethod (C function), 180
PyDescr_NewGetSet (C function), 180
PyDescr_NewMember (C function), 180
PyDescr_NewMethod (C function), 180
PyDescr_NewWrapper (C function), 180
PyDict_AddwWatcher (C function), 160
PyDict_Check (C function), 157
PyDict_CheckExact (C function), 157
PyDict_Clear (C function), 158
PyDict_ClearWatcher (C function), 160
PyDict_Contains (C function), 158
PyDict_Copy (C function), 158
PyDict_DelItem (C function), 158
PyDict_DelItemString (C function), 158
PyDict_GetItem (C function), 158
PyDict_GetItemString (C function), 158
PyDict_GetItemWithError (C function), 158
PyDict_Items (C function), 159
PyDict_Keys (C function), 159
PyDict_Merge (C function), 160
PyDict_MergeFromSeq?2 (C function), 160
PyDict_New (C function), 157
PyDict_Next (C function), 159
PyDict_SetDefault (C function), 159
PyDict_SetItem (C function), 158
PyDict_SetItemString (C function), 158
PyDict_Size (C function), 159
PyDict_Type (Cvar), 157
PyDict_Unwatch (C function), 160
PyDict_Update (C function), 160
PyDict_Values (C function), 159
PyDict_Watch (C function), 160
PyDict_WatchCallback (Ctype), 161
PyDict_WatchEvent (C type), 160
PyDictObject (C type), 157
PyDictProxy_New (C function), 157
PyDoc_STR (C macro), 6

PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 53
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 59
PyErr_Clear (C function), 10, 12, 51
PyErr_DisplayException (C function), 52
PyErr_ExceptionMatches (C function), 12, 56
PyErr_Fetch (C function), 57
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 58
PyErr_GetHandledException (C function), 57
PyErr_GetRaisedException (C function), 56
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PyErr_GivenExceptionMatches (C function),
56
PyErr_NewException (C function), 60
PyErr_NewExceptionWithDoc (C function), 60
PyErr_NoMemory (C function), 53
PyErr_NormalizeException (C function), 57
PyErr_Occurred (C function), 10, 56
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 57
PyErr_SetExcFromWindowsErr (C function), 53

PyErr_SetExcFromWindowsErrWithFilename

(C function), 54

PyEval_GetGlobals (C function), 88
PyEval_GetLocals (C function), 88
PyEval_InitThreads (C function), 206
PyEval_InitThreads (), 199
PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 211
PyEval_ReleaseThread (C function), 211
PyEval_ReleaseThread (), 206
PyEval_RestoreThread (C function), 205, 207
PyEval_RestoreThread (), 206
PyEval_SaveThread (C function), 205, 207
PyEval_SaveThread (), 206
PyEval_SetProfile (C function), 216
PyEval_SetProfileAllThreads (C function),

PyErr_SetExcFromWindowsErrWithFilenameObject 216

(C function), 54

PyEval_SetTrace (C function), 217

PyErr_SetExcFromWindowsErrWithFilename@yfawals SetTraceAllThreads (C function), 217

(C function), 54
PyErr_SetExcInfo (C function), 58
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename (C func-
tion), 53
PyErr_SetFromErrnoWithFilenameObject
(C function), 53
PyErr_SetFromErrnoWithFilenameObjects
(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C
function), 53
PyErr_SetHandledException (C function), 58
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54
PyErr_SetInterrupt (C function), 59
PyErr_SetInterruptEx (C function), 59
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetRaisedException (C function), 56
PyErr_SetString (C function), 10, 52
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 211
PyEval_AcquireThread (C function), 210
PyEval_AcquireThread (), 206
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 88
PyEval_GetFrame (C function), 88
PyEval_GetFuncDesc (C function), 88
PyEval_GetFuncName (C function), 88

PyEval_ThreadsInitialized (C function), 206
PyExc_ArithmeticError (Cvar), 63
PyExc_AssertionError (Cvar), 63
PyExc_AttributeError (Cvar), 63
PyExc_BaseException (Cvar), 63
PyExc_BlockingIOError (Cvar), 63
PyExc_BrokenPipeError (Cvar), 63
PyExc_BufferError (C var), 63
PyExc_BytesWarning (Cvar), 65
PyExc_ChildProcessError (Cvar), 63
PyExc_ConnectionAbortedError (Cvar), 63
PyExc_ConnectionError (Cvar), 63
PyExc_ConnectionRefusedError (Cvar), 63
PyExc_ConnectionResetError (C var), 63
PyExc_DeprecationWarning (Cvar), 65
PyExc_EnvironmentError (C var), 64
PyExc_EOFError (Cvar), 63
PyExc_Exception (Cvar), 63
PyExc_FileExistsError (Cvar), 63
PyExc_FileNotFoundError (Cvar), 63
PyExc_FloatingPointError (Cvar), 63
PyExc_FutureWarning (C var), 65
PyExc_GeneratorExit (Cvar), 63
PyExc_ImportError (Cvar), 63
PyExc_ImportWarning (C var), 65
PyExc_IndentationError (Cvar), 63
PyExc_IndexError (Cvar), 63
PyExc_InterruptedError (Cvar), 63
PyExc_IOError (Cvar), 64
PyExc_IsADirectoryError (Cvar), 63
PyExc_KeyboardInterrupt (Cvar), 63
PyExc_KeyError (Cvar), 63
PyExc_LookupError (C var), 63
PyExc_MemoryError (Cvar), 63
PyExc_ModuleNotFoundError (C var), 63
PyExc_NameError (C var), 63
PyExc_NotADirectoryError (Cvar), 63
PyExc_NotImplementedError (C var), 63
PyExc_OSError (Cvar), 63
PyExc_OverflowError (Cvar), 63
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PyExc_PendingDeprecationWarning (C var),
65
PyExc_PermissionError (C var), 63
PyExc_ProcessLookupError (Cvar), 63
PyExc_RecursionError (Cvar), 63
PyExc_ReferenceError (Cvar), 63
PyExc_ResourceWarning (C var), 65
PyExc_RuntimeError (Cvar), 63
PyExc_RuntimeWarning (C var), 65
PyExc_StopAsyncIteration (Cvar), 63
PyExc_StopIteration (Cvar), 63
PyExc_SyntaxError (Cvar), 63
PyExc_SyntaxWarning (C var), 65
PyExc_SystemError (C var), 63
PyExc_SystemExit (Cvar), 63
PyExc_TabError (Cvar), 63
PyExc_TimeoutError (Cvar), 63
PyExc_TypeError (Cvar), 63
PyExc_UnboundLocalError (C var), 63
PyExc_UnicodeDecodeError (C var), 63
PyExc_UnicodeEncodeError (C var), 63
PyExc_UnicodeError (Cvar), 63
PyExc_UnicodeTranslateError (Cvar), 63
PyExc_UnicodeWarning (C var), 65
PyExc_UserWarning (C var), 65
PyExc_ValueError (C var), 63
PyExc_Warning (C var), 65
PyExc_WindowsError (C var), 64
PyExc_ZeroDivisionError (Cvar), 63
PyException_GetArgs (C function), 61
PyException_GetCause (C function), 60
PyException_GetContext (C function), 60
PyException_GetTraceback (C function), 60
PyException_SetArgs (C function), 61
PyException_SetCause (C function), 60
PyException_SetContext (C function), 60
PyException_SetTraceback (C function), 60
PyFile_FromFd (C function), 170
PyFile_GetLine (C function), 171
PyFile_SetOpenCodeHook (C function), 171

PyFloat_Unpack4 (C function), 131
PyFloat_Unpack8 (C function), 131
PyFloatObject (Ctype), 129
PyFrame_Check (C function), 185
PyFrame_GetBack (C function), 186
PyFrame_GetBuiltins (C function), 186
PyFrame_GetCode (C function), 186
PyFrame_GetGenerator (C function), 186
PyFrame_GetGlobals (C function), 186
PyFrame_GetLasti (C function), 186
PyFrame_GetLineNumber (C function), 187
PyFrame_GetLocals (C function), 186
PyFrame_GetVar (C function), 186
PyFrame_GetVarString (C function), 186
PyFrame_Type (Cvar), 185
PyFrameObject (Ctype), 185
PyFrozenSet_Check (C function), 162
PyFrozenSet_CheckExact (C function), 162
PyFrozenSet_New (C function), 162
PyFrozenSet_Type (Cvar), 161
PyFunction_AddWatcher (C function), 164
PyFunction_Check (C function), 163
PyFunction_ClearWatcher (C function), 164
PyFunction_GetAnnotations (C function), 164
PyFunction_GetClosure (C function), 164
PyFunction_GetCode (C function), 163
PyFunction_GetDefaults (C function), 163
PyFunction_GetGlobals (C function), 163
PyFunction_GetModule (C function), 163
PyFunction_New (C function), 163
PyFunction_NewWithQualName (C function),
163
PyFunction_SetAnnotations (C function), 164
PyFunction_SetClosure (C function), 164
PyFunction_SetDefaults (C function), 164
PyFunction_SetVectorcall (C function), 164
PyFunction_Type (Cvar), 163
PyFunction_WatchCallback (C type), 164
PyFunction_WatchEvent (C type), 164
PyFunctionObject (C type), 163

PyFile_SetOpenCodeHook.Py_OpenCodeHookRRyG® iGml lect (C function), 301

(Ctype), 171
PyFile_WriteObject (C function), 171
PyFile_WriteString (C function), 171
PyFloat_AS_DOUBLE (C function), 130
PyFloat_AsDouble (C function), 130
PyFloat_Check (C function), 129
PyFloat_CheckExact (C function), 129
PyFloat_FromDouble (C function), 130
PyFloat_FromString (C function), 130
PyFloat_GetInfo (C function), 130
PyFloat_GetMax (C function), 130
PyFloat_GetMin (C function), 130
PyFloat_Pack?2 (C function), 131
PyFloat_Pack4 (C function), 131
PyFloat_Pack8 (C function), 131
PyFloat_Type (Cvar), 129
PyFloat_Unpack?2 (C function), 131

PyGC_Disable (C function), 301
PyGC_Enable (C function), 301
PyGC_IsEnabled (C function), 302
PyGen_Check (C function), 188
PyGen_CheckExact (C function), 188
PyGen_New (C function), 188
PyGen_NewWithQualName (C function), 188
PyGen_Type (Cvar), 188

PyGenObject (C type), 188
PyGetSetDef (C type), 262
PyGetSetDef.closure (C member), 262
PyGetSetDef.doc (C member), 262
PyGetSetDef.get (C member), 262
PyGetSetDef .name (C member), 262
PyGetSetDef.set (C member), 262
PyGILState_Check (C function), 208
PyGILState_Ensure (C function), 207
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PyGILState_GetThisThreadState (C func-
tion), 207
PyGILState_Release (C function), 207
PyHash_FuncDef (C type), 87
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 87
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyImport_AddModule (C function), 74
PyImport_AddModuleObject (C function), 73
PyImport_AppendInittab (C function), 76
PyImport_ExecCodeModule (C function), 74
PyImport_ExecCodeModuleEx (C function), 74
PyImport_ExecCodeModuleObject (C func-
tion), 74
PyImport_ExecCodeModuleWithPathnames
(C function), 74
PyImport_ExtendInittab (C function), 76
PyImport_FrozenModules (Cvar), 76
PyImport_GetImporter (C function), 75
PyImport_GetMagicNumber (C function), 75
PyImport_GetMagicTag (C function), 75
PyImport_GetModule (C function), 75
PyImport_GetModuleDict (C function), 75
PyImport_Import (C function), 73
PyImport_ImportFrozenModule (C function),
75
PyImport_ImportFrozenModuleObject (C
function), 75
PyImport_ImportModule (C function), 73
PyImport_ImportModulekx (C function), 73
PyImport_ImportModuleLevel (C function), 73
PyImport_ImportModuleLevelObject (o
function), 73
PyImport_ImportModuleNoBlock (C function),
73
PyImport_ReloadModule (C function), 73
PyIndex_Check (C function), 106
PyInstanceMethod_Check (C function), 165
PyInstanceMethod_Function (C function), 165
PyInstanceMethod_GET_FUNCTION (C func-
tion), 165
PyInstanceMethod_New (C function), 165
PyInstanceMethod_Type (C var), 165
PyInterpreterConfig (Ctype), 212
PyInterpreterConfig DEFAULT_GIL (o
macro), 212
PyInterpreterConfig OWN_GIL (C macro),
212
PyInterpreterConfig_ SHARED_GIL c
macro), 212

PyInterpreterConfig.allow_daemon_threads

(C member), 212
PyInterpreterConfig.allow_exec (C mem-

ber), 212
PyInterpreterConfig.allow_fork (C mem-

ber), 212
PyInterpreterConfig.allow_threads (C

member), 212

PyInterpreterConfig.check_multi_interp_extensions

(C member), 212
PyInterpreterConfig.gil (C member), 212
PyInterpreterConfig.use_main_obmalloc

(C member), 212
PyInterpreterState (Ctype), 206
PyInterpreterState_Clear (C function), 208
PyInterpreterState_Delete (C function), 208
PyInterpreterState_Get (C function), 209
PyInterpreterState_GetDict (C function),

210
PyInterpreterState_GetID (C function), 209
PyInterpreterState_Head (C function), 217
PyInterpreterState_Main (C function), 217
PyInterpreterState_New (C function), 208
PyInterpreterState_Next (C function), 217
PyInterpreterState_ThreadHead (C func-

tion), 217
PyIter_Check (C function), 109
PyIter_Next (C function), 109
PyIter_Send (C function), 110
PyList_Append (C function), 157
PyList_AsTuple (C function), 157
PyList_Check (C function), 156
PyList_CheckExact (C function), 156
PyList_GET_ITEM (C function), 156
PyList_GET_SIZE (C function), 156
PyList_GetItem (C function), 9, 156
PyList_GetSlice (C function), 157
PyList_Insert (C function), 157
PyList_New (C function), 156
PyList_Reverse (C function), 157
PyList_SET_ITEM (C function), 156
PyList_SetItem (C function), 8, 156
PyList_SetSlice (C function), 157
PyList_Size (C function), 156
PyList_Sort (C function), 157
PyList_Type (Cvar), 156
PyListObject (Ctype), 156
PyLong_AsDouble (C function), 128
PyLong_AsLong (C function), 126
PyLong_AsLongAndOverflow (C function), 126
PyLong_AsLongLong (C function), 127
PyLong_AsLongLongAndOverflow (C function),

127
PyLong_AsSize_t (C function), 127
PyLong_AsSsize_t (C function), 127
PyLong_AsUnsignedLong (C function), 127
PyLong_AsUnsignedLongLong (C function), 127
PyLong_AsUnsignedLongLongMask (C func-
tion), 128
PyLong_AsUnsignedLongMask (C function), 128
PyLong_AsVoidPtr (C function), 128
PyLong_Check (C function), 125
PyLong_CheckExact (C function), 125
PyLong_FromDouble (C function), 126
PyLong_FromLong (C function), 125
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PyLong_FromLongLong (C function), 126
PyLong_FromSize_t (C function), 126
PyLong_FromSsize_t (C function), 126
PyLong_FromString (C function), 126
PyLong_FromUnicodeObject (C function), 126
PyLong_FromUnsignedLong (C function), 125
PyLong_FromUnsignedLongLong (C function),
126
PyLong_FromVoidPtr (C function), 126
PyLong_Type (C var), 125
PyLongObject (C type), 125
PyMapping_Check (C function), 108
PyMapping_DelItem (C function), 108
PyMapping_DelItemString (C function), 108
PyMapping_GetItemString (C function), 108
PyMapping_HasKey (C function), 108
PyMapping_HasKeyString (C function), 109
PyMapping_Items (C function), 109
PyMapping_Keys (C function), 109
PyMapping_Length (C function), 108
PyMapping_SetItemString (C function), 108
PyMapping_Size (C function), 108
PyMapping_Values (C function), 109
PyMappingMethods (C type), 292
PyMappingMethods.mp_ass_subscript (C
member), 292
PyMappingMethods.mp_length (C member),
292
PyMappingMethods.mp_subscript (C mem-
ber), 292
PyMarshal_ReadLastObjectFromFile (C
function), 77
PyMarshal_ReadLongFromFile (C function), 76
PyMarshal_ReadObjectFromFile (C function),
77
PyMarshal_ReadObjectFromString (C func-
tion), 77
PyMarshal_ReadShortFromFile (C function),
77
PyMarshal_WriteLongToFile (C function), 76
PyMarshal_WriteObjectToFile (C function),
76
PyMarshal_WriteObjectToString
tion), 76
PyMem_Calloc (C function), 245
PyMem_Del (C function), 246
PYMEM_DOMAIN_MEM (C macro), 248
PYMEM_DOMAIN_OBJ (C macro), 248
PYMEM_DOMAIN_RAW (C macro), 248
PyMem_Free (C function), 246
PyMem_GetAllocator (C function), 249
PyMem_Malloc (C function), 245
PyMem_New (C macro), 246
PyMem_RawCalloc (C function), 244
PyMem_RawFree (C function), 245
PyMem_RawMalloc (C function), 244
PyMem_RawRealloc (C function), 245
PyMem_Realloc (C function), 245

(C  func-

PyMem_Resize (C macro), 246
PyMem_SetAllocator (C function), 249
PyMem_SetupDebugHooks (C function), 249
PyMemAllocatorDomain (C type), 248
PyMemAllocatorEx (C type), 248
PyMember_GetOne (C function), 259
PyMember_SetOne (C function), 259
PyMemberDef (C type), 259
PyMemberDef .doc (C member), 259
PyMemberDef. flags (C member), 259
PyMemberDef .name (C member), 259
PyMemberDef .of fset (C member), 259
PyMemberDef . type (C member), 259
PyMemoryView_Check (C function), 182
PyMemoryView_FromBuffer (C function), 182
PyMemoryView_FromMemory (C function), 182
PyMemoryView_FromObject (C function), 182
PyMemoryView_GET_BASE (C function), 182
PyMemoryView_GET_BUFFER (C function), 182
PyMemoryView_GetContiguous (C function),
182
PyMethod_Check (C function), 165
PyMethod_Function (C function), 166
PyMethod_GET_FUNCTION (C function), 166
PyMethod_GET_SELF (C function), 166
PyMethod_New (C function), 165
PyMethod_Self (C function), 166
PyMethod_Type (C var), 165
PyMethodDef (C type), 256
PyMethodDef .ml_doc (C member), 257
PyMethodDef .ml_flags (C member), 256
PyMethodDef .ml_meth (C member), 256
PyMethodDef .ml_name (C member), 256
PyMODINIT_FUNC (C macro), 4
PyModule_AddFunctions (C function), 177
PyModule_AddIntConstant (C function), 178
PyModule_AddIntMacro (C macro), 178
PyModule_AddObject (C function), 177
PyModule_AddObjectRef (C function), 177
PyModule_AddStringConstant (C function),
178
PyModule_AddStringMacro (C macro), 178
PyModule_AddType (C function), 178
PyModule_Check (C function), 171
PyModule_CheckExact (C function), 171
PyModule_Create (C function), 174
PyModule_Create2 (C function), 174
PyModule_ExecDef (C function), 176
PyModule_FromDefAndSpec (C function), 176
PyModule_FromDefAndSpec?2 (C function), 176
PyModule_GetDef (C function), 172
PyModule_GetDict (C function), 172
PyModule_GetFilename (C function), 172
PyModule_GetFilenameObject (C function),
172
PyModule_GetName (C function), 172
PyModule_GetNameObject (C function), 172
PyModule_GetState (C function), 172
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PyModule_New (C function), 172
PyModule_NewObject (C function), 171
PyModule_SetDocString (C function), 176
PyModule_Type (Cvar), 171
PyModuleDef (C type), 173
PyModuleDef_Init (C function), 175
PyModuleDef_Slot (Ctype), 175
PyModuleDef_Slot.slot (C member), 175
PyModuleDef_Slot.value (C member), 175
PyModuleDef .m_base (C member), 173
PyModuleDef .m_clear (C member), 173
PyModuleDef .m_doc (C member), 173
PyModuleDef .m_free (C member), 174
PyModuleDef .m_methods (C member), 173
PyModuleDef .m_name (C member), 173
PyModuleDef .m_size (C member), 173
PyModuleDef .m_slots (C member), 173
PyModuleDef.m_slots.m_reload (C member),
173
PyModuleDef.m_traverse (C member), 173
PyNumber_Absolute (C function), 104
PyNumber_Add (C function), 103
PyNumber_And (C function), 104
PyNumber_AsSsize_t (C function), 106
PyNumber_Check (C function), 103
PyNumber_Divmod (C function), 104
PyNumber_Float (C function), 106
PyNumber_FloorDivide (C function), 103
PyNumber_Index (C function), 106
PyNumber_InPlaceAdd (C function), 104
PyNumber_InPlaceAnd (C function), 105
PyNumber_InPlaceFloorDivide (C function),
105
PyNumber_InPlaceLshift (C function), 105
PyNumber_InPlaceMatrixMultiply (C func-
tion), 105
PyNumber_InPlaceMultiply (C function), 104
PyNumber_InPlaceOr (C function), 105
PyNumber_InPlacePower (C function), 105
PyNumber_InPlaceRemainder (C function), 105
PyNumber_InPlaceRshift (C function), 105
PyNumber_InPlaceSubtract (C function), 104
PyNumber_InPlaceTrueDivide (C function),
105
PyNumber_InPlaceXor (C function), 105
PyNumber_Invert (C function), 104
PyNumber_Long (C function), 105
PyNumber_Lshift (C function), 104
PyNumber_MatrixMultiply (C function), 103
PyNumber_Multiply (C function), 103
PyNumber_Negative (C function), 104
PyNumber_Or (C function), 104
PyNumber_Positive (C function), 104
PyNumber_Power (C function), 104
PyNumber_Remainder (C function), 103
PyNumber_Rshift (C function), 104
PyNumber_Subtract (C function), 103
PyNumber_ToBase (C function), 106

PyNumber_TrueDivide (C function), 103
PyNumber_Xor (C function), 104

PyNumberMethods
PyNumberMethods
291
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 291
PyNumberMethods
PyNumberMethods
ber), 291
PyNumberMethods
ber), 291
PyNumberMethods

(C type), 290
.nb_absolute (C member),

.nb_add (C member), 291
.nb_and (C member), 291
.nb_bool (C member), 291
.nb_divmod (C member), 291
.nb_float (C member), 291
.nb_floor_divide (C mem-

.nb_index (C member), 292
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

.nb_inplace_floor_divide

(C member), 292

PyNumberMethods

.nb_inplace_1lshift (C

member), 291

PyNumberMethods

.nb_inplace_matrix_multiply

(C member), 292

PyNumberMethods

.nb_inplace_multiply (C

member), 291

PyNumberMethods
ber), 291
PyNumberMethods

.nb_inplace_or (C mem-

(e

.nb_inplace_power

member), 291

PyNumberMethods

.nb_inplace_remainder

(C member), 291

PyNumberMethods

(c

.nb_inplace_rshift

member), 291

PyNumberMethods

.nb_inplace_subtract (C

member), 291

PyNumberMethods

.nb_inplace_true_divide

(C member), 292

PyNumberMethods
ber), 291
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_inplace_xor (C mem-

.nb_int (C member), 291

.nb_invert (C member), 291
.nb_1shift (C member), 291
.nb_matrix_multiply (C

member), 292

PyNumberMethods
291
PyNumberMethods
291
PyNumberMethods
PyNumberMethods
291
PyNumberMethods
PyNumberMethods
291
PyNumberMethods
291
PyNumberMethods
PyNumberMethods

.nb_multiply (C member),
.nb_negative (C member),

.nb_or (C member), 291
.nb_positive (C member),

.nb_power (C member), 291
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 291
.nb_subtract (C member),
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291
PyNumberMethods.nb_true_divide (C mem-
ber), 291
PyNumberMethods.nb_xor (C member), 291
PyObject (C type), 254
PyObject_AsCharBuffer (C function), 117
PyObject_ASCII (C function), 95
PyObject_AsFileDescriptor (C function), 170
PyObject_AsReadBuffer (C function), 117
PyObject_AsWriteBuffer (C function), 117
PyObject_Bytes (C function), 96
PyObject_Call (C function), 101
PyObject_CallFunction (C function), 101
PyObject_CallFunctionObjArgs (C function),
102
PyObject_CallMethod (C function), 101
PyObject_CallMethodNoArgs (C function), 102
PyObject_CallMethodObjArgs (C function),
102
PyObject_CallMethodOneArqg (C function), 102
PyObject_CallNoArgs (C function), 101
PyObject_CallObject (C function), 101
PyObject_Calloc (C function), 247
PyObject_CallOneArq (C function), 101
PyObject_CheckBuffer (C function), 116
PyObject_CheckReadBuffer (C function), 117
PyObject_ClearWeakRefs (C function), 183
PyObject_CopyData (C function), 116
PyObject_Del (C function), 253
PyObject_DelAttr (C function), 94
PyObject_DelAttrString (C function), 94
PyObject_DelItem (C function), 97
PyObject_Dir (C function), 97
PyObject_Format (C function), 95
PyObject_Free (C function), 247
PyObject_GC_Del (C function), 300
PyObject_GC_IsFinalized (C function), 300
PyObject_GC_IsTracked (C function), 300
PyObject_GC_New (C macro), 299
PyObject_GC_NewVar (C macro), 299
PyObject_GC_Resize (C macro), 300
PyObject_GC_Track (C function), 300
PyObject_GC_UnTrack (C function), 300
PyObject_GenericGetAttr (C function), 94
PyObject_GenericGetDict (C function), 94
PyObject_GenericSetAttr (C function), 94
PyObject_GenericSetDict (C function), 95
PyObject_GetAlter (C function), 97
PyObject_GetArenaAllocator (C function),
251
PyObject_GetAttr (C function), 94
PyObject_GetAttrString (C function), 94
PyObject_GetBuffer (C function), 116
PyObject_GetItem (C function), 97
PyObject_GetItemData (C function), 98
PyObject_GetIter (C function), 97
PyObject_GetTypeData (C function), 97
PyObject_HasAttr (C function), 93

PyObject_HasAttrString (C function), 93
PyObject_Hash (C function), 96
PyObject_HashNotImplemented (C function),
96
PyObject_HEAD (C macro), 254
PyObject_HEAD_INIT (C macro), 255
PyObject_Init (C function), 253
PyObject_InitVar (C function), 253
PyObject_IS_GC (C function), 300
PyObject_IsInstance (C function), 96
PyObject_IsSubclass (C function), 96
PyObject_IsTrue (C function), 96
PyObject_Length (C function), 97
PyObject_LengthHint (C function), 97
PyObject_Malloc (C function), 247
PyObject_New (C macro), 253
PyObject_NewVar (C macro), 253
PyObject_Not (C function), 96
PyObject._ob_next (C member), 270
PyObject._ob_prev (C member), 270
PyObject_Print (C function), 93
PyObject_Realloc (C function), 247
PyObject_Repr (C function), 95
PyObject_RichCompare (C function), 95
PyObject_RichCompareBool (C function), 95
PyObject_SetArenaAllocator (C function),
251
PyObject_SetAttr (C function), 94
PyObject_SetAttrString (C function), 94
PyObject_SetItem (C function), 97
PyObject_Size (C function), 97
PyObject_Str (C function), 95
PyObject_Type (C function), 96
PyObject_TypeCheck (C function), 96
PyObject_VAR_HEAD (C macro), 254
PyObject_Vectorcall (C function), 102
PyObject_VectorcallDict (C function), 102
PyObject_VectorcallMethod (C function), 102
PyObjectArenaAllocator (Ctype), 251
PyObject.ob_refcnt (C member), 269
PyObject.ob_type (C member), 269
PyOS_AfterFork (C function), 68
PyOS_AfterFork_Child (C function), 68
PyOS_AfterFork_Parent (C function), 67
PyOS_BReforeFork (C function), 67
PyOS_CheckStack (C function), 68
PyOS_double_to_string (C function), 86
PyOS_FSPath (C function), 67
PyOS_getsig (C function), 68
PyOS_InputHook (Cvar), 42
PyOS_ReadlineFunctionPointer (Cvar), 43
PyOS_setsig (C function), 68
PyOS_sighandler_t (Ctype), 68
PyOS_snprintf (C function), 85
PyOS_stricmp (C function), 87
PyOS_string_to_double (C function), 86
PyOS_strnicmp (C function), 87
PyOS_strtol (C function), 86
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PyOS_strtoul (C function), 86

PyOS_vsnprintf (C function), 85

PyPreConfig (C type), 224

PyPreConfig_InitIsolatedConfig (C func-
tion), 224

PyPreConfig_InitPythonConfig (C function),
224

PyPreConfig.allocator (C member), 224

PyPreConfig.coerce_c_locale (C member),
225

PyPreConfig.coerce_c_locale_warn c
member), 225

PyPreConfig.configure_locale (C member),
224

PyPreConfig.dev_mode (C member), 225

PyPreConfig.isolated (C member), 225

PyPreConfig.legacy_windows_fs_encoding PySequenceMethods

(C member), 225
PyPreConfig.parse_argv (C member), 225
PyPreConfig.use_environment (C member),

225
PyPreConfig.utf8_mode (C member), 225
PyProperty_Type (Cvar), 180
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 42
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (Ctype), 110
PySeqglter_Check (C function), 179
PySeqglter_New (C function), 179
PySeqglter_Type (Cvar), 179
PySequence_Check (C function), 106
PySequence_Concat (C function), 106
PySequence_Contains (C function), 107
PySequence_Count (C function), 107
PySequence_DelItem (C function), 107
PySequence_DelSlice (C function), 107
PySequence_Fast (C function), 107
PySequence_Fast_GET_ITEM (C function), 108
PySequence_Fast_GET_SIZE (C function), 108
PySequence_Fast_ITEMS (C function), 108
PySequence_GetItem (C function), 9, 107
PySequence_GetSlice (C function), 107

PySequence_Index (C function), 107
PySequence_InPlaceConcat (C function), 106
PySequence_InPlaceRepeat (C function), 106
PySequence_ITEM (C function), 108
PySequence_Length (C function), 106
PySequence_List (C function), 107
PySequence_Repeat (C function), 106
PySequence_SetItem (C function), 107
PySequence_SetSlice (C function), 107
PySequence_Size (C function), 106
PySequence_Tuple (C function), 107
PySequenceMethods (C type), 292
PySequenceMethods.sq ass_item (C mem-

ber), 293

PySequenceMethods.sq _concat (C member),
292

.sq_contains (C mem-

ber), 293

PySequenceMethods.sq_inplace_concat (C
member), 293

PySequenceMethods.sqg _inplace_repeat (C
member), 293

PySequenceMethods.sq_ item (C member), 292

PySequenceMethods.sq length (C member),
292

PySequenceMethods.sq _repeat (C member),
292

PySet_Add (C function), 162
PySet_Check (C function), 161
PySet_CheckExact (C function), 162
PySet_Clear (C function), 163
PySet_Contains (C function), 162
PySet_Discard (C function), 162
PySet_GET_SIZE (C function), 162
PySet_New (C function), 162

PySet_Pop (C function), 163
PySet_Size (C function), 162
PySet_Type (Cvar), 161

PySetObject (Ctype), 161
PySignal_SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 182
PySlice_Check (C function), 180
PySlice_GetIndices (C function), 181
PySlice_GetIndicesEx (C function), 181
PySlice_New (C function), 180
PySlice_Type (Cvar), 180
PySlice_Unpack (C function), 181
PyState_AddModule (C function), 179
PyState_FindModule (C function), 179
PyState_RemoveModule (C function), 179
PyStatus (C type), 223
PyStatus_Error (C function), 223
PyStatus_Exception (C function), 223
PyStatus_Exit (C function), 223
PyStatus_IsError (C function), 223
PyStatus_IsExit (C function), 223
PyStatus_NoMemory (C function), 223
PyStatus_Ok (C function), 223
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PyStatus.err_msqg (C member), 223 PEP 432,241
PyStatus.exitcode (C member), 223 PEP 442,289
PyStatus. func (C member), 223 PEP 443,311
PyStructSequence_Desc (Ctype), 154 PEP 451,175
PyStructSequence_Desc.doc (C member), 155 PEP 456, 88
PyStructSequence_Desc.fields (C member), PEP 483,311
155 PEP 484, 305,310,311,319
PyStructSequence_Desc.n_in_sequence (C PEP 489,176,212
member), 155 PEP 492, 306, 308
PyStructSequence_Desc.name (C member), PEP 498,309
155 PEP 519,316
PyStructSequence_Field (Ctype), 155 PEP 523,187,210
PyStructSequence_Field.doc (C member), PEP 525,306
155 PEP 526,305,319
PyStructSequence_Field.name (C member), PEP 528,198, 232
155 PEP 529, 145, 198
PyStructSequence_GET_ITEM (C function), 155 PEP 538,239
PyStructSequence_GetItem (C function), 155 PEP 539,218
PyStructSequence_InitType (C function), 154 PEP 540,239
PyStructSequence_InitType2 (C function), PEP 552,229
154 PEP 554,214
PyStructSequence_New (C function), 155 PEP 578,72
PyStructSequence_NewType (C function), 154 PEP 585,311
PyStructSequence_SET_ITEM (C function), 155 PEP 587,221
PyStructSequence_SetItem (C function), 155 PEP 590,98
PyStructSequence_UnnamedField (C var), PEP 623,136
155 PEP 634,279
PySys_AddAuditHook (C function), 72 PEP 3116, 319
PySys_AddWarnOption (C function), 70 PEP 3119,96
PySys_AddWarnOptionUnicode (C function), 70 PEP 3121,173
PySys_AddXOption (C function), 71 PEP 3147,75
PySys_Audit (C function), 71 PEP 3151, 64
PySys_FormatStderr (C function), 71 PEP 3155,317
PySys_FormatStdout (C function), 71 PYTHONCOERCECLOCALE, 239
PySys_GetObject (C function), 70 PYTHONDERUG, 196, 234
PySys_GetXOptions (C function), 71 PYTHONDEVMODE, 230
PySys_ResetWarnOptions (C function), 70 PYTHONDONTWRITEBYTECODE, 196, 237
PySys_SetArgv (C function), 199, 203 PYTHONDUMPREF'S, 230, 270
PySys_SetArgvEx (C function), 199, 203 PYTHONEXECUTABLE, 234
PySys_SetObject (C function), 70 PYTHONFAULTHANDLER, 230
PySys_SetPath (C function), 70 PYTHONHASHSEED, 197, 231
PySys_WriteStderr (C function), 71 PYTHONHOME, 12, 197, 204, 231
PySys_WriteStdout (C function), 71 Pythonic (Z}o] M ThL), 317
Python 3000 (3}o] & 3000), 316 PYTHONINSPECT, 197, 231
Python 3¥FA} A<k PYTHONINTMAXSTRDIGITS, 232
PEP 1,316 PYTHONIOENCODING, 200, 235
PEP 7,3,6 PYTHONLEGACYWINDOWSEFSENCODING, 198, 225
PEP 238,45, 310 PYTHONLEGACYWINDOWSSTDIO, 198, 232
PEP 278, 319 PYTHONMALLOC, 244, 248, 249, 251
PEP 302,313 PYTHONMALLOCSTATS, 232, 244
PEP 343,308 PYTHONNODEBUGRANGES, 229
PEP 353,10 PYTHONNOUSERSITE, 198, 236
PEP 362, 306,316 PYTHONOPTIMIZE, 198, 233
PEP 383, 144, 145 PYTHONPATH, 12, 197, 233
PEP 387,15 PYTHONPERFSUPPORT, 236
PEP 393,136 PYTHONPLATLIBDIR, 232
PEP 411, 316 PYTHONPROFILEIMPORTTIME, 231
PEP 420,315,316 PYTHONPYCACHEPREFIX, 234
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PYTHONSAFEPATH, 228
PYTHONTRACEMALLOC, 236
PYTHONUNBUFFERED, 199, 229
PYTHONUTFS, 225, 239
PYTHONVERBOSE, 199, 236
PYTHONWARNINGS, 236
PyThread_create_key (C function), 219
PyThread_delete_key (C function), 219
PyThread_delete_key_value (C function), 219
PyThread_get_key_value (C function), 219
PyThread_ReInitTLS (C function), 219
PyThread_set_key_value (C function), 219
PyThread_tss_alloc (C function), 218
PyThread_tss_create (C function), 219
PyThread_tss_delete (C function), 219
PyThread_tss_free (C function), 218
PyThread_tss_get (C function), 219
PyThread_tss_is_created (C function), 219
PyThread_tss_set (C function), 219
PyThreadState (C type), 204, 206
PyThreadState_Clear (C function), 208
PyThreadState_Delete (C function), 209
PyThreadState_DeleteCurrent (C function),
209
PyThreadState_EnterTracing (C function),
209
PyThreadState_Get (C function), 207
PyThreadState_GetDict (C function), 210
PyThreadState_GetFrame (C function), 209
PyThreadState_GetID (C function), 209
PyThreadState_GetInterpreter (C function),
209
PyThreadState_LeaveTracing (C function),
209
PyThreadState_New (C function), 208
PyThreadState_Next (C function), 217
PyThreadState_SetAsyncExc (C function), 210
PyThreadState_Swap (C function), 207
PyThreadState. interp (C member), 206
PyTime_Check (C function), 191
PyTime_CheckExact (C function), 191
PyTime_FromTime (C function), 192
PyTime_FromTimeAndFold (C function), 192
PyTimeZone_FromOffset (C function), 192
PyTimeZone_FromOffsetAndName (C function),
192
PyTrace_C_CALL (Cvar), 216
PyTrace_C_EXCEPTION (Cvar), 216
PyTrace_C_RETURN (C var), 216
PyTrace_CALL (Cvar), 216
PyTrace_EXCEPTION (C var), 216
PyTrace_LINE (Cvar), 216
PyTrace_OPCODE (Cvar), 216
PyTrace_RETURN (Cvar), 216
PyTraceMalloc_Track (C function), 251
PyTraceMalloc_Untrack (C function), 251
PyTuple_Check (C function), 153
PyTuple_CheckExact (C function), 153

PyTuple_GET_ITEM (C function), 154
PyTuple_GET_SIZE (C function), 153
PyTuple_GetItem (C function), 153
PyTuple_GetSlice (C function), 154
PyTuple_New (C function), 153
PyTuple_Pack (C function), 153
PyTuple_SET_ITEM (C function), 154
PyTuple_SetItem (C function), 8, 154
PyTuple_Size (C function), 153
PyTuple_Type (Cvar), 153
PyTupleObject (Ctype), 153
PyType_AddWatcher (C function), 120
PyType_Check (C function), 119
PyType_CheckExact (C function), 119
PyType_ClearCache (C function), 119
PyType_ClearWatcher (C function), 120
PyType_FromMetaclass (C function), 122
PyType_FromModuleAndSpec (C function), 123
PyType_FromSpec (C function), 123
PyType_FromSpecWithBases (C function), 123
PyType_GenericAlloc (C function), 121
PyType_GenericNew (C function), 121
PyType_GetDict (C function), 120
PyType_GetFlags (C function), 119
PyType_GetModule (C function), 121
PyType_GetModuleByDef (C function), 122
PyType_GetModuleState (C function), 122
PyType_GetName (C function), 121
PyType_GetQualName (C function), 121
PyType_GetSlot (C function), 121
PyType_GetTypeDataSize (C function), 97
PyType_HasFeature (C function), 120
PyType_TIS_GC (C function), 120
PyType_IsSubtype (C function), 120
PyType_Modified (C function), 120
PyType_Ready (C function), 121
PyType_Slot (C type), 124
PyType_Slot.pfunc (C member), 125
PyType_Slot.slot (C member), 124
PyType_Spec (C type), 123
PyType_Spec.basicsize (C member), 123
PyType_Spec. flags (C member), 124
PyType_Spec.itemsize (C member), 124
PyType_Spec.name (C member), 123
PyType_Spec.slots (C member), 124
PyType_Type (Cvar), 119
PyType_Watch (C function), 120
PyType_WatchCallback (C type), 120
PyTypeObject (Ctype), 119
PyTypeObject.tp_alloc (C member), 286
PyTypeObject.tp_as_async (C member), 273
PyTypeObject.tp_as_buffer (C member), 275
PyTypeObject.tp_as_mapping (C member),
273
PyTypeObject.tp_as_number (C member), 273
PyTypeObject.tp_as_sequence (C member),
273

PyTypeObject.tp_base (C member), 284
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PyTypeObject.tp_bases (C member), 287
PyTypeObject.tp_basicsize (C member), 271
PyTypeObject.tp_cache (C member), 287
PyTypeObject.tp_call (C member), 274
PyTypeObject.tp_clear (C member), 280
PyTypeObject.tp_dealloc (C member), 271
PyTypeObject.tp_del (C member), 288
PyTypeObject.tp_descr_get (C member), 284
PyTypeObject.tp_descr_set (C member), 285
PyTypeObject.tp_dict (C member), 284
PyTypeObject.tp_dictoffset (C member),
285
PyTypeObject.tp_doc (C member), 279
PyTypeObject.tp_finalize (C member), 288
PyTypeObject.tp_flags (Cmember), 275
PyTypeObject.tp_~free (C member), 286
PyTypeObject.tp_getattr (C member), 272
PyTypeObject.tp_getattro (C member), 274
PyTypeObject.tp_getset (C member), 283
PyTypeObject.tp_hash (C member), 273
PyTypeObject.tp_init (C member), 285
PyTypeObject.tp_is_gc (C member), 287
PyTypeObject.tp_itemsize (C member), 271
PyTypeObject.tp_iter (C member), 283
PyTypeObject.tp_iternext (C member), 283
PyTypeObject.tp_members (C member), 283
PyTypeObject.tp_methods (C member), 283
PyTypeObject.tp_mro (C member), 287
PyTypeObject.tp_name (C member), 270
PyTypeObject.tp_new (C member), 286
PyTypeObject.tp_repr (C member), 273
PyTypeObject.tp_richcompare (C member),
281
PyTypeObject.tp_setattr (Cmember), 272
PyTypeObject.tp_setattro (C member), 275
PyTypeObject.tp_str (C member), 274
PyTypeObject.tp_subclasses (C member),
288
PyTypeObject.tp_traverse (C member), 279
PyTypeObject.tp_vectorcall (C member),
289
PyTypeObject.tp_vectorcall_offset (C
member), 272
PyTypeObject.tp_version_tag (C member),
288
PyTypeObject.tp_watched (C member), 289
PyTypeObject.tp_weaklist (C member), 288
PyTypeObject.tp_weaklistoffset (C mem-
ber), 282
PyTZInfo_Check (C function), 191
PyTZInfo_CheckExact (C function), 191
PyUnicode_1BYTE_DATA (C function), 137
PyUnicode_1BYTE_KIND (C macro), 137
PyUnicode_2BYTE_DATA (C function), 137
PyUnicode_2BYTE_KIND (C macro), 137
PyUnicode_4BYTE_DATA (C function), 137
PyUnicode_4BYTE_KIND (C macro), 137
PyUnicode_AsASCIIString (C function), 150

PyUnicode_AsCharmapString (C function), 150
PyUnicode_AsEncodedString (C function), 147
PyUnicode_AsLatinlString (C function), 150
PyUnicode_AsMBCSString (C function), 151
PyUnicode_AsRawUnicodeEscapeString (C
function), 149
PyUnicode_AsUCS4 (C function), 143
PyUnicode_AsUCS4Copy (C function), 144
PyUnicode_AsUnicodeEscapeString (C func-
tion), 149
PyUnicode_AsUTFS8 (C function), 147
PyUnicode_AsUTF8AndSize (C function), 147
PyUnicode_AsUTF8String (C function), 147
PyUnicode_AsUTF16String (C function), 149
PyUnicode_AsUTF32String (C function), 148
PyUnicode_AsWideChar (C function), 146
PyUnicode_AsWideCharString (C function),
146
PyUnicode_Check (C function), 137
PyUnicode_CheckExact (C function), 137
PyUnicode_Compare (C function), 152
PyUnicode_CompareWithASCIIString c
function), 152
PyUnicode_Concat (C function), 151
PyUnicode_Contains (C function), 153
PyUnicode_CopyCharacters (C function), 143
PyUnicode_Count (C function), 152
PyUnicode_DATA (C function), 138
PyUnicode_Decode (C function), 147
PyUnicode_DecodeASCII (C function), 150
PyUnicode_DecodeCharmap (C function), 150
PyUnicode_DecodeFSDefault (C function), 145
PyUnicode_DecodeFSDefaultAndSize c
function), 145
PyUnicode_DecodeLatinl (C function), 150
PyUnicode_DecodeLocale (C function), 144
PyUnicode_DecodelLocaleAndSize (C func-
tion), 144
PyUnicode_DecodeMBCS (C function), 151
PyUnicode_DecodeMBCSStateful (C function),
151
PyUnicode_DecodeRawUnicodeEscape (e
function), 149
PyUnicode_DecodeUnicodeEscape (C func-
tion), 149
PyUnicode_DecodeUTF7 (C function), 149
PyUnicode_DecodeUTF7Stateful (C function),
149
PyUnicode_DecodeUTF8 (C function), 147
PyUnicode_DecodeUTF8Stateful (C function),
147
PyUnicode_DecodeUTF16 (C function), 148
PyUnicode_DecodeUTF16Stateful (C func-
tion), 148
PyUnicode_DecodeUTF32 (C function), 148
PyUnicode_DecodeUTF32Stateful (C func-
tion), 148
PyUnicode_EncodeCodePage (C function), 151
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PyUnicode_EncodeFSDefault (C function), 145
PyUnicode_EncodeLocale (C function), 144
PyUnicode_Fill (C function), 143
PyUnicode_Find (C function), 152
PyUnicode_FindChar (C function), 152
PyUnicode_Format (C function), 153
PyUnicode_FromEncodedObject (C function),
143
PyUnicode_FromFormat (C function), 141
PyUnicode_FromFormatV (C function), 142
PyUnicode_FromKindAndData (C function), 140
PyUnicode_FromObject (C function), 143
PyUnicode_FromString (C function), 140
PyUnicode_FromStringAndSize (C function),
140
PyUnicode_FromWideChar (C function), 146
PyUnicode_FSConverter (C function), 145
PyUnicode_FSDecoder (C function), 145
PyUnicode_GET_LENGTH (C function), 137
PyUnicode_GetLength (C function), 143
PyUnicode_InternFromString (C function),
153
PyUnicode_InternInPlace (C function), 153
PyUnicode_IsIdentifier (C function), 138
PyUnicode_Join (C function), 152
PyUnicode_KIND (C function), 138
PyUnicode_MAX_CHAR_VALUE (C function), 138
PyUnicode_New (C function), 140
PyUnicode_READ (C function), 138
PyUnicode_READ_CHAR (C function), 138
PyUnicode_ReadChar (C function), 143
PyUnicode_READY (C function), 137
PyUnicode_Replace (C function), 152
PyUnicode_RichCompare (C function), 152
PyUnicode_Split (C function), 151
PyUnicode_Splitlines (C function), 151
PyUnicode_Substring (C function), 143
PyUnicode_Tailmatch (C function), 152
PyUnicode_Translate (C function), 150
PyUnicode_Type (Cvar), 137
PyUnicode_WRITE (C function), 138
PyUnicode_WriteChar (C function), 143
PyUnicodeDecodeError_Create (C function),
61
PyUnicodeDecodeError_GetEncoding (o
function), 61
PyUnicodeDecodeError_GetEnd (C function),

62
PyUnicodeDecodeError_GetObject (C func-
tion), 61
PyUnicodeDecodeError_GetReason (C func-
tion), 62
PyUnicodeDecodeError_GetStart (C func-
tion), 61
PyUnicodeDecodeError_SetEnd (C function),
62
PyUnicodeDecodeError_SetReason (C func-
tion), 62

PyUnicodeDecodeError_SetStart (C func-
tion), 61

PyUnicodeEncodeError_GetEncoding (c
function), 61

PyUnicodeEncodeError_GetEnd (C function),

62
PyUnicodeEncodeError_GetObject (C func-
tion), 61
PyUnicodeEncodeError_GetReason (C func-
tion), 62
PyUnicodeEncodeError_GetStart (C func-
tion), 61
PyUnicodeEncodeError_SetEnd (C function),
62
PyUnicodeEncodeError_SetReason (C func-
tion), 62
PyUnicodeEncodeError_SetStart (C func-
tion), 61

PyUnicodeObject (Ctype), 137
PyUnicodeTranslateError_GetEnd (C func-
tion), 62
PyUnicodeTranslateError_GetObject (C
function), 61
PyUnicodeTranslateError_GetReason (C
function), 62
PyUnicodeTranslateError_GetStart (e
function), 61
PyUnicodeTranslateError_SetEnd (C func-
tion), 62
PyUnicodeTranslateError_SetReason (C
function), 62
PyUnicodeTranslateError_SetStart c
function), 61
PyUnstable, 15
PyUnstable_Code_GetExtra (C function), 169
PyUnstable_Code_New (C function), 167
PyUnstable_Code_NewWithPosOnlyArgs (C
function), 167
PyUnstable_Code_SetExtra (C function), 170
PyUnstable_Eval_RequestCodeExtralndex
(C function), 169
PyUnstable_Exc_PrepReraiseStar (C func-
tion), 61
PyUnstable_GC_VisitObjects
302
PyUnstable_InterpreterFrame_GetCode (C
function), 187
PyUnstable_InterpreterFrame_GetLasti
(C function), 187
PyUnstable_InterpreterFrame_GetLine (C
function), 187
PyUnstable_Long_CompactValue (C function),
129
PyUnstable_Long_TIsCompact (C function), 128
PyUnstable_Object_GC_NewWithExtraData
(C function), 299
PyUnstable_PerfMapState_Fini (C function),
91

(C  function),
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PyUnstable_PerfMapState_Init (C function),
90
PyUnstable_Type_AssignVersionTag c
Sfunction), 122
PyUnstable_WritePerfMapEntry (C function),
90
PyVarObject (C type), 254
PyVarObject_HEAD_INIT (C macro), 255
PyVarObject .ob_size (C member), 270
PyVectorcall_Call (C function), 100
PyVectorcall_Function (C function), 100
PyVectorcall_NARGS (C function), 100
PyWeakref_Check (C function), 183
PyWeakref_CheckProxy (C function), 183
PyWeakref_CheckRef (C function), 183
PyWeakref_ GET_OBJECT (C function), 183
PyWeakref_GetObject (C function), 183
PyWeakref_NewProxy (C function), 183
PyWeakref_NewRef (C function), 183
PyWideStringList (Ctype), 222
PyWideStringList_Append (C function), 222
PyWideStringList_Insert (C function), 222
PyWideStringList.items (C member), 222
PyWideStringList.length (C member), 222
PyWrapper_New (C function), 180

Q

qualified name (B34 °] &), 317

R

READ_RESTRICTED (C macro), 260
READONLY (C macro), 260
realloc (C function), 243
reference count (Zx 3 ), 317
regular package (B3 3 7] A]), 317
releasebufferproc (Ctype), 296
repr

built-in function, 95,273
reprfunc (Ctype), 295
RESTRICTED (C macro), 260
richcmpfunc (C type), 296

S

sdterr

stdin stdout, 200
search

path, module, 12, 199, 201, 202
sendfunc (Ctype), 296
sequence

object, 133
sequence (A| A ), 317
set

object, 161
set comprehension (g A= 23 A), 318
set_all(),9
setattrfunc (Ctype), 295
setattrofunc (Ctype), 295
setswitchinterval (in module sys), 204

setter (Ctype), 262
SIGINT (C macro), 59
signal

module, 59
single dispatch (AZ f2afx)), 318
SIZE_MAX (C macro), 127
slice (£2}o]2), 318
special

method (WAl =), 318
special method (E4 WA E), 318
ssizeargfunc (C type), 296
ssizeobjargproc (Ctype), 296
statement (%), 318
static type checker, 318
staticmethod

built-in function, 258
stderr (in module sys), 212,213
stdin

stdout sdterr, 200
stdin (in module sys), 212,213
stdout

sdterr, stdin, 200
stdout (in module sys), 212,213
strerror (C function), 53
string

PyObject_Str (C function), 95
strong reference, 318
structmember.h, 262
sum_list (),9
sum_sequence (), 10, 11
sys

module, 12, 199, 212, 213
SystemError (built-in exception), 172

T

T_BOOL (C macro), 262
T_BYTE (C macro), 262
T_CHAR (C macro), 262
T_DOUBLE (C macro), 262
T_FLOAT (C macro), 262
T_INT (C macro), 262

T_LONG (C macro), 262
T_LONGLONG (C macro), 262
T_NONE (C macro), 262
T_OBJECT (C macro), 262
T_OBJECT_EX (C macro), 262
T_PYSSIZET (C macro), 262
T_SHORT (C macro), 262
T_STRING (C macro), 262
T_STRING_INPLACE (C macro), 262
T_UBYTE (C macro), 262
T_UINT (C macro), 262
T_ULONG (C macro), 262
T_ULONGULONG (C macro), 262
T_USHORT (C macro), 262
ternaryfunc (C type), 296
text encoding (HlAE Q17 1), 318
text file (HIAE ¥}Y), 318
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b B B4

365



The Python/C API, ¥ 2]~ 3.12.4

traverseproc (Ctype), 301 PYTHONPYCACHEPREFIX, 234
triple—-quoted string (= W% d E2} PYTHONSAFEPATH, 228
4), 318 PYTHONTRACEMALLOC, 236
tuple PYTHONUNBUFFERED, 199, 229
built-in function, 107, 157 PYTHONUTEFS, 225, 239
object, 153 PYTHONVERBOSE, 199, 236
type PYTHONWARNINGS, 236
built-in function, 96
object, 7,119 Z
type (3), 319 Zen of Python (3o]# Al), 320

type alias (3 o geloj), 319
type hint (¥ 31 E), 319

U

ULONG_MAX (C macro), 127

unaryfunc (C type), 296

universal newlines (U Ad = 3d7), 319
USE_STACKCHECK (C macro), 68

Vv

variable annotation (M4 o]k H|o]A), 319
vectorcallfunc (Ctype), 99

version (in module sys), 202, 203

virtual environment (7} &7), 319
virtual machine (7}A 7] A), 319
visitproc (Ctype), 301

W

WRITE_RESTRICTED (C macro), 260

e <

7 W
_ PYVENV_LAUNCHER__, 228, 234
PATH, 12
PYTHONCOERCECLOCALE, 239
PYTHONDEBUG, 196, 234
PYTHONDEVMODE, 230
PYTHONDONTWRITEBYTECODE, 196, 237
PYTHONDUMPREF'S, 230, 270
PYTHONEXECUTABLE, 234
PYTHONFAULTHANDLER, 230
PYTHONHASHSEED, 197, 231
PYTHONHOME, 12, 197, 204, 231
PYTHONINSPECT, 197, 231
PYTHONINTMAXSTRDIGITS, 232
PYTHONIOENCODING, 200, 235
PYTHONLEGACYWINDOWSFSENCODING, 198,
225
PYTHONLEGACYWINDOWSSTDIO, 198, 232
PYTHONMALLOC, 244, 248, 249, 251
PYTHONMALLOCSTATS, 232, 244
PYTHONNODEBUGRANGES, 229
PYTHONNOUSERSITE, 198, 236
PYTHONOPTIMIZE, 198, 233
PYTHONPATH, 12, 197, 233
PYTHONPERFSUPPORT, 236
PYTHONPLATLIBDIR, 232
PYTHONPROFILEIMPORTTIME, 231
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