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1.1 Language version compatibility

Python’ s C API is compatible with C11 and C++11 versions of C and C++.

This is a lower limit: the C API does not require features from later C/C++ versions. You do not need to enable your
compiler’ s “c11 mode”.
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#define PY _SSIZE_ T CLEAN
#include <Python.h>



https://peps.python.org/pep-0007/

The Python/C API, 2i2|A 3.14.0a7

ol=t&y L EZF IHE ?_]%-‘T—— Sl=AL o m gy} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 183 <stdlib.h> (AF& 7}53F 4-9).
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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 installa-
tion 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 £ i x include the platform specific headers
from exec_prefix.
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PyMODINIT_FUNC

Declare an extension module PyInit 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 PyInit_name, where name is the name of the module, and should
be the only non-static item defined in the module file. Example:

s N

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

bi

PyMODINIT_FUNC

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)
PyInit_spam(void)
{

return PyModule_Create (&spam_module) ;

Py_ABS (X)
x o) AUZES MEg T,
Added in version 3.3.

Py ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decide 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)
AAE EAF = [-128, 127] L0, 255] Abol o] ook gttt o] l2 2 = unsigned char &
Mg c & gy th
Py_DEPRECATED (version)
5] A (deprecated) 41 Aol ARGBHYH A L. o] AR = A& o] F ol §] A 8) oF Tt
of A :

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

WA 3804 WA MSVC A 9-& 75 th
Py_GETENV (s)

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

use_environment).
Py MAX (X, )
x Shy Aol o] A Yhghe wraghL ok
Added in version 3.3.
Py_MEMBER_SIZE (type, member)
(type) FZ2A| 2] member ] 37| & vlo]|ERZ WS T}
Added in version 3.6.
Py MIN (X, y)
x Shy Abol o] H%ghe W Th
Added in version 3.3.
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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:

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

Added in version 3.11.

Py_STRINGIFY (X)
xECEAYE HEF UL o & So] py STRINGIFY (123) 2 "123" S w33t}
Added in version 3.4.

Py UNREACHABLE ()

JEAOE EPF S Yt DT FEA AL A o] HARE ASHUN L. o) E Fof, suicen
oA /P58 2 E Grol case Aol G AE G Fol ceranie BelA AET F Sl

Q01 w2 o] M AAE ) mmE A A £ 8ol 5ol £ 4 g el
3 AT E AT o & Eof, ol A2 E | R EE oA GCCJ __builtin unreachable ()

GREARASS
Py_UNREACHABLE () 9] 8= & WH&3A] ¢f A1 ¥k _py_NO_RETURN & A ASHA] ¢42 F+E T Ete
A9yt
FE Qb Tbs o] AR 9 K9 Bl 22 gl A, o] A2 S M-S A
€ YT oS 5o, R RS AU A 2E Fo] ol HAE ol ve ghe e
Aol EZ]'OHA] ol Ei% Hustes Aol Utk TEAAA HE Bud 5+ e B9

Added in version 3.7.

Py_UNUSED (arg)

o] Ul ARR QA Apof] AFRELe] HutdY AuE FAFZUTE oAl int func(int a, int
Py_UNUSED (b)) { return a; }.

Added in version 3.4.

PyDoc_STRVAR (name, str)

SAEY0| A A 7h5 3 nane o] 2 o] 59 W4 E AT o] o] SAER glo] WEH g
thd W] e mlol gl Atk

PEP 7 o] HA|H AA Y glo|HNE EAET ¢glo] AEst7] 3l pypoc STRVAR & EAE B o AL
A A L

o A :

-

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

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

}

L

PyDoc_STR (Str)
Foj R ARGl e SAEH S AU S2EH o @AY Holgle AFA W AL S
473k
PEP 7 ol BA | AA Y FAEH §lo] sfol 4
< AHE AL

A A
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR ("Returns the keys of the row.")},
{NULL, NULL}
i

1.5 Zix|, & O2|10 &xX sl4

Most Python/C API functions have one or more arguments as well as a return value of type Pyobject*. 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 Pyobject, 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.

ECﬂN”’”W%ﬂﬂﬁ@$iﬂ ) @ (type) 7 = 3 (reference count) & 7FA 31 QL5 U ok A A <]
%?%tW%ﬂzﬂﬁﬂ

Adste M2 =7t 5 uth

ﬂELEHPyMSmemkw)%a7Pﬂﬂ 7l AA 7} shold Bl AE D Aol Fd U

3e A9 $58 AAFUT (18 5 A% s, w187 A
A5 o tjal Alo] grh) 2 7l ol 277153 el & &

1.5.1 &=X sl

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_ TNCREF () 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.
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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.

o2t

PR Rl S

o

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.

Y2 52 oA AAe tigt 2 & 92w+ F7HA 7Fs Aol stk &5+ AAlof st
FEZFHATE, 1A S TE YSUTE F2E FA= AL 5ol F2EAGE o iF &7t
A F2E 23907 AT o o4 AYS AR Fevrs AL v
Zz2 AL 5 A9 g9EUth FRIUGH FAK 9 pyrise secrten() ¥
pyTuple Setitem() YUTh o] F7FA T4 4o et FxE FH UK, 84 %% =0l
Ul aEo gigt Fr= FAA gsUTh). o] 2 ME IS AAEE FEOU HXEE
Aee dubA ol BY o] F2E FASE ANUF UL S So, FEL MEE TE (1, 2,
"threet) £ THE T & £ Atk (A o2 el Lomel g e, o e o r agste
2 obefoll Lhsh Qi th):
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"));

J
o] 71 A PyTuple_SetItem() = PyLong FromLong () 7} WF3HlE A2 E Zulz XUt} 7“Zﬂ of oj st &+

2 FAAE AL ANEG A A B2 8 FAL G5B TE) Aol oy swcrer () B UHE FEE
744 9 ALE B AL 2

QR ol AE, pyripie st rten() & FE 948 PE 42 PRI FES 2H 420
7] W 2ol pysequence_SetItem() I} Pyobject_Setitem() = HFZo] 345 9= A8 ARSI Y

PyTuple SetTtem() < A eI Y+ FZ oAl W ALEH o] oF Ty
PAEE NS E=F5Y3N Y9 FEE=rpyrist New() R PyList_setltem() S A8 B 4 AF5YUTH
%

SHA AA = o] FA FE Ee ﬂéE% BSAL A= e ExUcth drbAd AA < ¥
AL (format string) & A A== C FLoZHE wtsojd 4= 9= A= 2ﬂ’—r Py_BuildValue () 7} 3}
Uk ol £ ol 919 £ 250 SEE 0L SER A S QST (18 AAE A2 thy

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)
{
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

Py_ssize_t i, n;

n = PyObject_Length (target) ;
if (n < 0)
return -1;
for (i = 0; 1 < n; 1i++) {
PyObject *index = PyLong_FromSsize_t (1i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}

return 0;

—~
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PySequence Getlten() & AHg 3] B AESA FEL A L The WEHd ARl e FEE 475
AFU
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PyList_GetItem();§}+(>_}31,§}tﬂé}PySequence GetTtem() & A& JWJEk

long

sum_list (PyObject *list)

{
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; 1 < n; 1i++) {
item = PyList_GetItem(list, i); /* 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;
}

return total;

long
sum_sequence (PyObject *sequence)
(Th= o] A ol A1)
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(o] sl o] A ol A AI)

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; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
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 += value;
}
else {
Py_DECREF (item); /* Discard reference ownership */

}

return total;

152 ¥

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
Fart 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:

lo

2
ofy 2 o o Ho
ofv T i rlr 2L,

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

item = 0
dict[key] = item + 1
el 2o oY $48C nEgyrk
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)

(TH5 sl el Aol A)
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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 */
Py_XDECREF (item) ;

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

return rv; /* -1 for error, 0 for success */
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Py _Initialize () does not set the “script argument list” (sys.argv). If this variable is needed by Python code
that will be executed later, setting PyConfig.argvand PyConfig.parse_argv must be set: see Python Initial-
ization Configuration.
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The embedding application can steer the search by setting PyConfig.program name before calling
Py InitializeFromConfig (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted
in front of the standard path. An application that requires total control has to provide its own implementation of
Py_GetPath(), Py_GetPrefix(), Py _GetExecPrefix(),and Py_GetProgramFullPath () (all defined in
Modules/getpath.c).

FBE Shel dE il G Aol MPAPD, AE Eof Aol ol G A2
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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-pydebug to 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_REF'S 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.)

ZFA B Y22 gho] W a2 v Z T 9F2] Misc/SpecialBuilds.txt & RS A 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:

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

« Limited API, is compatible across several minor releases. When py_1.7M17ED_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.

2.2 ot Ql S8 T2 Hio[LH2| 2lE{H|0|A

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.
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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 be loaded on multiple versions of Python. Contents of the Limited API are listed 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_API to the value of Py VERSION_HEX corresponding to the lowest Python version your
extension supports. The extension will be ABI-compatible 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_API 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 ABI-compatible across Python 3.x
versions.

0 #Fx

The Stable ABI prevents ABl issues, like linker errors due to missing symbols or data corruption due to changes in
structure layouts or function signatures. However, other changes in Python can change the behavior of extensions.
See Python’ s Backwards Compatibility Policy (PEP 387) for details.

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 APIL.

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 abi3 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 API is to allow everything that is possible with the full C API, but possibly with a perfor-
mance penalty.

For example, while PyList_GetItem () is available, its “unsafe” macro variant PyList_GET I1TEM() isnot. The
macro can be faster because it can rely on version-specific implementation details of the list object.

Without py_rIMITED_API defined, some C API functions are inlined or replaced by macros. Defining
Py LIMITED_API disables this inlining, allowing stability as Python’ s data structures are improved, but possibly
reducing performance.

By leaving out the Py_LIMITED_APTI 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_API only covers definitions, but an API also includes other issues, such as expected
semantics.

One issue that Py_LIMITED_API 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 API.

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_API defined, a few private declarations are exposed for technical reasons (or even unintentionally,
as bugs).

Also note that the Limited API is not necessarily stable: compiling with Py_LIMITED_API 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

PyAIter_Check ()

PyArg_Parse()

PyArg_ParseTuple ()

PyArg ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg_VaParse ()

PyArg_VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer_ FillContiguousStrides ()

2.3. Platform Considerations 17
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PyBuffer FillInfo()
PyBuffer FromContiguous ()
PyBuffer_GetPointer ()
PyBuffer_IsContiguous ()
PyBuffer Release ()
PyBuffer SizeFromFormat ()
PyBuffer_ToContiguous ()
PyByteArraylIter_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
PyCFunctionFast
PyCFunctionFastWithKeywords
PyCFunctionWithKeywords
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEXx ()

PyCFunction_Type

18
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e PyCMethod_New ()

e PyCalllIter_New/()

e PyCalllter_ Type

e PyCallable_Check ()

e PyCapsule_Destructor

e PyCapsule_GetContext ()

e PyCapsule_GetDestructor ()

e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule_New ()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

e PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

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

e PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register()

e PyCodec_RegisterError ()

e PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamiWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplex_FromDoubles ()

e PyComplex_ImagAsDouble ()
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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_DelItemString/()
PyDict_GetItem()
PyDict_GetItemRef ()
PyDict_GetItemString ()
PyDict_GetItemStringRef ()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size()
PyDict_Type
PyDict_Update ()

PyDict_Values ()

20
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e PyEllipsis_Type

e PyEnum_Type

e PyErr BadArgument ()

e PyErr BadInternalCall ()

e PyErr CheckSignals()

e PyErr Clear()

e PyErr Display ()

e PyErr DisplayException()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr FormatV()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GetRaisedException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr_ NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print()

e PyErr PrintEx()

e PyErr ProgramText ()

e PyErr ResourceWarning()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

e PyErr SetExcFromWindowsErrWithFilename ()
e PyErr SetExcFromWindowsErrWithFilenameObject ()
e PyErr SetExcFromWindowsErrWithFilenameObjects ()
e PyErr SetExcInfo()

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

e PyErr SetFromErrnoWithFilenameObject ()
e PyErr SetFromErrnoWithFilenameObjects ()
e PyErr SetFromWindowsErr ()

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()
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PyErr_SetImportErrorSubclass ()

PyErr_SetInterrupt ()
PyErr_ SetInterruptEx ()
PyErr_SetNone ()
PyErr_SetObject ()
PyErr_SetRaisedException ()
PyErr_SetString()
PyErr_SyntaxLocation ()
PyErr_SyntaxLocationEx ()
PyErr_WarnkEx ()
PyErr_WarnExplicit ()
PyErr_WarnFormat ()

PyErr WriteUnraisable ()
PyEval_AcquireThread()
PyEval_EvalCode ()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_EvalFrameEx ()
PyEval_GetBuiltins()
PyEval_GetFrame ()
PyEval_GetFrameBuiltins ()
PyEval_GetFrameGlobals ()
PyEval_GetFrameLocals ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError

PyExc_BufferError
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e PyExc_BytesWarning

e PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
e PyExc_ConnectionError

e PyExc_ConnectionRefusedError
e PyExc_ConnectionResetError
e PyExc_DeprecationWarning

e PyExc_EOFError

e PyExc_EncodingWarning

e PyExc_EnvironmentError

e PyExc_Exception

e PyExc_FileExistsError

e PyExc_FileNotFoundError

e PyExc_FloatingPointError

e PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_IOError

e PyExc_ImportError

e PyExc_ImportWarning

e PyExc_IndentationError

e PyExc_IndexError

e PyExc_InterruptedError

e PyExc_IsADirectoryError

e PyExc_KeyError

e PyExc_KeyboardInterrupt

e PyExc_LookupError

e PyExc_MemoryError

e PyExc_ModuleNotFoundError
e PyExc_NameError

e PyExc_NotADirectoryError

e PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError

e PyExc_PendingDeprecationWarning
e PyExc_PermissionError

e PyExc_ProcessLookupError

e PyExc_RecursionError

e PyExc_ReferenceError

e PyExc_ResourceWarning
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PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_Stoplteration
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 ()

PyFloat_FromString/()

24
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e PyFloat_GetInfo/()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState GetThisThreadState ()
e PyGILState_Release()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

e PyImport_AddModuleRef ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTag()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()

e PyImport_ImportModuleNoBlock ()
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e PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

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

e PyInterpreterState_GetDict ()
e PyInterpreterState_GetID()
e PyInterpreterState_New()

e PyIter Check ()

e Pylter Next ()

e Pylter NextItem()

e Pylter_Send()

e PyListIter_Type

e PyListRevIter_ Type

e PyList_Append/()

e PyList_AsTuple ()

e PyList_GetItem()

e PyList_GetItemRef ()

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

e PyLongObject

e PyLongRangelIter_Type

e PyLong AsDouble ()

e PyLong AsInt ()

e PyLong_ AsInt32()

e PyLong AsInt64()

e PyLong_AsLong ()

e PyLong_ AsLongAndOverflow ()
e PyLong_AsLongLong ()

e PyLong AsLongLongAndOverflow()

e PyLong_AsNativeBytes ()
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e PyLong AsSize_t ()

e PyLong AsSsize_t ()

e PyLong AsUInt32()

e PyLong AsUInté64()

e PyLong_AsUnsignedLong ()

e PyLong_ AsUnsignedLongLong ()

e PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()

e PyLong_AsVoidPtr ()

e PyLong_ FromDouble ()

e PyLong FromInt32()

e PyLong_ FromInté4()

e PyLong_FromLong()

e PyLong_ FromLongLong ()

e PyLong_FromNativeBytes ()

e PyLong_FromSize_t ()

e PyLong FromSsize_t ()

e PyLong_FromString/()

e PyLong_ FromUInt32()

e PyLong_ FromUInté4()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()

e PyLong_ FromUnsignedNativeBytes ()
e PyLong_FromVoidPtr ()

e PyLong GetInfo()

e PyLong_Type

e PyMap_Type

e PyMapping_Check ()

e PyMapping_GetItemString()

e PyMapping_GetOptionalltem()

e PyMapping_GetOptionalltemString()
e PyMapping_HasKey ()

e PyMapping_HasKeyString()

e PyMapping HasKeyStringWithError ()
e PyMapping_HasKeyWithError ()

e PyMapping_Items ()

e PyMapping_Keys ()

e PyMapping_Length ()

e PyMapping_SetItemString()
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e PyMapping_Size()

e PyMapping_Values ()

e PyMem Calloc ()

e PyMem Free ()

e PyMem Malloc ()

e PyMem RawCalloc ()

e PyMem RawFree ()

e PyMem RawMalloc ()

e PyMem RawRealloc ()

e PyMem Realloc ()

e PyMemberDef

e PyMemberDescr_Type

e PyMember_GetOne ()

e PyMember_SetOne ()

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

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_ Base

e PyModuleDef_Init ()

e PyModuleDef_ Type

e PyModule_Add ()

e PyModule_ AddFunctions ()

e PyModule_ AddIntConstant ()
e PyModule_AddObject ()

e PyModule_AddObjectRef ()

e PyModule AddStringConstant ()
e PyModule AddType ()

e PyModule_CreateZ2 ()

e PyModule ExecDef ()

e PyModule_ FromDefAndSpecZ2 ()
e PyModule_ GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_GetFilenameObject ()
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e PyModule_ GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState()

e PyModule_New ()

e PyModule_NewObject ()

e PyModule_SetDocString()

e PyModule Type

e PyNumber_Absolute ()

e PyNumber_ Add()

e PyNumber_And ()

e PyNumber_AsSsize_t ()

e PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_ Float ()

e PyNumber_FloorDivide ()

e PyNumber_InPlaceAdd ()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()
e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long ()

e PyNumber_Lshift ()

e PyNumber_MatrixMultiply ()

e PyNumber_Multiply ()

e PyNumber_Negative ()

e PyNumber_Or ()

e PyNumber_ Positive()

e PyNumber_ Power ()

e PyNumber_Remainder ()

2.4. Contents of Limited API 29



The Python/C API, 2 2|A 3.14.0a7

PyNumber_ Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
Py0OS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string_to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsFileDescriptor()
PyObject_Bytes ()
PyObject_Call ()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc ()

PyObject_CheckBuffer ()
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e PyObject_ClearWeakRefs ()

e PyObject_CopyData ()

e PyObject_DelAttr()

e PyObject_DelAttrString()

e PyObject_Delltem()

e PyObject_DelltemString/()

e PyObject_Dir()

e PyObject_Format ()

e PyObject_Free()

e PyObject_GC_Del ()

e PyObject_GC_IsFinalized()

e PyObject_GC_IsTracked()

e PyObject_GC_Track()

e PyObject_GC_UnTrack ()

e PyObject_GenericGetAttr ()

e PyObject_GenericGetDict ()

e PyObject_GenericSetAttr()

e PyObject_GenericSetDict ()

e PyObject_GetAIter ()

e PyObject_GetAttr()

e PyObject_GetAttrString/()

e PyObject_GetBuffer()

e PyObject_GetItem()

e PyObject_GetIter()

e PyObject_GetOptionalAttr ()
e PyObject_GetOptionalAttrString()
e PyObject_GetTypeData ()

e PyObject_HasAttr()

e PyObject_HasAttrString()

e PyObject_HasAttrStringWithError ()
e PyObject_HasAttrWithError ()
e PyObject_Hash()

e PyObject_HashNotImplemented()
e PyObject_Init ()

e PyObject_InitVar()

e PyObject_IsInstance ()

e PyObject_IsSubclass()

e PyObject_IsTrue()

e PyObject_Length ()
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PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelfIter()
PyObject_SetAttr ()
PyObject_SetAttrString ()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str ()
PyObject_Type ()
PyObject_Vectorcall ()
PyObject_VectorcallMethod()
PyProperty_Type
PyRangelIter_ Type
PyRange_Type
PyReversed_Type
PySeqIter_New ()
PySeqlter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_1In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()

PySequence_SetSlice()
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e PySequence_Size ()

e PySequence_Tuple ()

e PySetlIter_ Type

e PySet_Add()

e PySet_Clear()

e PySet_Contains ()

e PySet_Discard()

e PySet_New()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice AdjustIndices()

e PySlice_GetIndices/()

e PySlice_GetIndicesEx ()

e PySlice_New()

e PySlice_ Type

e PySlice_Unpack ()

e PyState_ AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PyStructSequence_UnnamedField
e PySuper_Type

e PySys_Audit ()

e PySys_AuditTuple()

e PySys_FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions()

e PySys_ResetWarnOptions ()

e PySys_SetArgv ()

e PySys_SetArgvEx ()

e PySys_SetObject ()

e PySys_WriteStderr ()
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PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete ()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID/()
PyThreadState_GetInterpreter ()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread_create_key ()
PyThread delete_key ()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock ()
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 ()
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e PyTraceBack_Print ()

e PyTraceBack_Type

e PyTupleIter_ Type

e PyTuple_ GetItem()

e PyTuple GetSlice()

e PyTuple New ()

e PyTuple Pack ()

e PyTuple_ SetItem()

e PyTuple_Size()

e PyTuple Type

e PyTypeObject

e PyType_ClearCache ()

e PyType_Freeze ()

e PyType_FromMetaclass ()

e PyType FromModuleAndSpec ()
e PyType_FromSpec()

e PyType FromSpecWithBases ()
e PyType_GenericAlloc ()

e PyType GenericNew ()

e PyType_GetBaseByToken ()

e PyType GetFlags ()

e PyType_GetFullyQualifiedName ()
e PyType_GetModule ()

e PyType_ GetModuleByDef ()

e PyType_ GetModuleName ()

e PyType GetModuleState ()

e PyType_GetName ()

e PyType GetQualName ()

e PyType GetSlot ()

e PyType_ GetTypeDataSize ()

e PyType_IsSubtype ()

e PyType_Modified/()

e PyType_Ready ()

e PyType_Slot

e PyType_Spec

e PyType_Type

e PyUnicodeDecodeError_Create ()
e PyUnicodeDecodeError_GetEncoding ()

e PyUnicodeDecodeError_GetEnd()

2.4. Contents of Limited API
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PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd ()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_ Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32String()

PyUnicode_AsUTF8AndSize ()
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e PyUnicode_AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare ()

e PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode ()

e PyUnicode_DecodeASCITI ()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale ()

e PyUnicode_DecodeLocaleAndSize ()

e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()

e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTF16Stateful ()

e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()

e PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()

e PyUnicode_DecodeUTFS8 ()

e PyUnicode_DecodeUTF8Stateful ()

e PyUnicode_DecodeUnicodeEscape ()

e PyUnicode_EncodeCodePage ()

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale ()

e PyUnicode_Equal ()

e PyUnicode_EqualToUTF8 ()

e PyUnicode_EqualToUTF8AndSize ()

e PyUnicode_FSConverter ()

e PyUnicode_FSDecoder ()

2.4. Contents of Limited API
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PyUnicode_Find()
PyUnicode_FindChar ()

PyUnicode_Format ()

PyUnicode_FromEncodedObject ()

PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()

PyUnicode_FromString ()

PyUnicode_FromStringAndSize ()

PyUnicode_FromWideChar ()

PyUnicode_GetDefaultEncoding ()

PyUnicode_GetLength ()

PyUnicode_InternFromString()

PyUnicode_InternInPlace ()

PyUnicode_IsIdentifier()
PyUnicode_Join()
PyUnicode_Partition()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call ()
PyVectorcall NARGS ()
PyWeakReference
PyWeakref_GetObject ()

PyWeakref_ GetRef ()

38

Chapter 2. C API Stability



The Python/C API, &2|A 3.14.0a7

e PylWeakref_ NewProxy ()

e PyWeakref_ NewRef ()

e PyWrapperDescr_Type

e PyWrapper_New ()

e PyZip_ Type

e Py AddPendingCall ()

e Py AtExXit ()

e Py BEGIN_ALLOW_THREADS
e Py BLOCK_THREADS

e Py BuildValue/()

e Py BytesMain()

e Py CompileString()

e Py _DecRef ()

e Py DecodeLocale ()

e Py END ALLOW_THREADS

e Py EncodeLocale ()

e Py _EndInterpreter()

e Py EnterRecursiveCall()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
e Py FileSystemDefaultEncoding
e Py Finalize()

e Py FinalizeEx/()

e Py GenericAlias /()

e Py GenericAliasType

e Py GetBuildInfo()

e Py GetCompiler /()

e Py GetConstant ()

e Py GetConstantBorrowed /()
e Py GetCopyright ()

e Py GetExecPrefix()

e Py GetPath()

e Py GetPlatform()

e Py GetPrefix()

e Py GetProgramFullPath ()
e Py GetProgramName ()

e Py _GetPythonHome ()

e Py_GetRecursionLimit ()
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Py _GetVersion()

Py_HasFileSystemDefaultEncoding

Py _IncRef ()

Py _Initialize()

Py InitializeEx()

Py Is()

Py IsFalse()

Py IsFinalizing()

Py _IsInitialized()
Py_IsNone ()

Py _IsTrue ()
Py_LeaveRecursiveCall ()
Py Main ()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_PACK_FULL_VERSION ()
Py PACK_VERSION ()
Py_REFCNT ()
Py_ReprEnter ()
Py_ReprLeave ()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py_TYPE ()

Py_UCS4

Py _UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()

Py _Version
Py_XNewRef ()

Py _buffer
Py_intptr_t

Py _ssize_t
Py_uintptr_t
allocfunc

binaryfunc
descrgetfunc

descrsetfunc
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e destructor

e getattrfunc

e getattrofunc

e getbufferproc

e getiterfunc

e getter

e hashfunc

e initproc

e inquiry

e iternextfunc

e lenfunc

e newfunc

e objobjargproc

e objobjproc

e releasebufferproc
e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc

e setter

e ssizeargfunc

e ssizeobjargproc

e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e 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 PyRun_AnyFile (FILE *fp, const char *filename)
o}#ll PyRun_AnyFileExFlags () 9 ©<e3tE Qg #H o] A2 YUt closeit2> 02 2 flags= NULLE A
AE AHE FAFUTH

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *ﬂags
o}#] PyRun_AnyFileExFlags () & ©<3}H Qe H o] Th o] AL closeit QAIS 002 A AH
S E FAF U

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
obell PyRun_AnyFileExrlags () 9 T3 AEFH ol YUth. o] A2 flags AAHE NnULLE A A H
FHE FAF U

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 result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename
is NULL, this function uses "?2?2?" 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} Wl __main_ BEE A commandol Q= ol M a2 FEE AP TE _ main_ 9]
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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)
ob#| PyRun_SimpleFileExFlags () & ©<=3}H Qe o] A~ YUt} closeitS 0 2 2, flagsE NULLZE
A" gez FAF Y

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob2§ PyRun_sSimplerileExrFlags () & T dE AE S o] AYUTh flugsE NnULLE A FEH FJEE
GAEYh

int PyRun_SimpleFileExFlags (FILE *fp, 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.

0 Iu

A= 90 4, fpi= who] U e] RER Fojof FLith (51 Fo] fopen (filename, "zb")). 13
GO, T AL LFE TR/ Yt 2TYE HAS Su=A AL 2T 5 AUk

int PyRun_InteractiveOne (FILE *fp, const char *filename)
ob&ll PyRun_TnteractiveOneFlags () & ©<stE QA EH o]~ Ut flagsE NnuLLZE A A H AFE|

2 dAFUL
int PyRun_InteractiveOneF1lags (FILE *{p, 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.ps1 and sys.ps2. filename is decoded from the filesystem
encoding and error handler.

Yol 43R0z 49D o 0g, 97}
AdBZ Bl ZH errcode.h JAEFE Lo 9

S R
o =
A Q2 FESA 9] o] BastE S AF

Al
S} t}. (errcode.h+Python.h
Z3f oF ghell F-9]3H Al L)

—

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
o}#ll PyRun_InteractiveLoopFlags () & @<3tH Qg FH o]~ YTt flagsE NULLZ A= AF
B2 d AU

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.ps? and sys.ps2. filename is decoded from the filesystem encoding and error
handler. Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook)(void)

Part of the Stable ABl. ZZEE}Y] int func(void) ¢l F4E 717122 AT 5= 5t o]
e el dEzgE =52 BT §F AE7FE A R oA AR A I E S 7]tk B AL
g =AU} ¥3 12 ZAE YT 0] 3L A ALY FE= AL Fol W 422 FE] Modules/
_tkinter.colA T AAH AB 2 ZFZES TE o|HIE R0 590l= U] AHEE

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

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

2 2 €Y char *func(FILE *stdin, FILE *stdout, char *prompt) ¢l &4+ & 78|72 &
AARste], JHZE S ZEZEA DL Y S5 et AARH =72 T EARYT
A5y o] @e=nunne] obU ™ EAHD promprE 9T thE AlFd TF A shdolA 4 F
52 90 A3 £AEL WY Aol2tq AU Th A F Eof, readline LES o] £& 4753}
o 2 ARG &4 75 AT UL
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A= pyMem _RawMalloc () Ol Y PyMem_RawRealloc () 2.2 T BEAFE o] A, ol ] 7F A 3l
o1 nuLL o] of o F T

HA 3404 HA: A= pyMem Malloc() Ol Y PyMem Realloc ()22 ST Fst= tfAl,
PyMem_RawMalloc () 0] 1/]- PyMem_RawRealloc () 2 & ":;l'%ﬁﬂ 0}3 ‘;;]’1/] 1’/]-

¥ 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 *locals)

Return value: New reference. ©}8l| PyRun_Stringrlags ()9 ©<=3tE Qg H o)A J YT o] AL flags
Swine A3 E 42 dAF U

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

Return value: New reference. flagsZ2 A A H AL # W 215 AH8319 globalsT locals A 2 A A A
A~ E oA strof A Shol W ax FAEFE AP FUTE globals= B A 2] o] o] of FU T}, locals =
WY Z2ESS A RE AN D 5 QG UTh WA W5 sans £ TEE TR BASE
o] A8l of sl Al E2g A A g,
SEE AR ATE v A AF 2 BBHAL, o] 9] 7 LA wurL WU Tk

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

Return value: New reference. ©}# PyRun_FileExFlags ()2 ©<=3td QA€ F o] 2~ Y Ytt. closeitS 0
O 2, flagse NULLE AFH FHE FAF U

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

Return value: New reference. ©}2l| PyRun_rileExFlags ()2 ©r<=3td A o] A~ Y Ut} flagsS NULL
EARZE JHE FAFUTH
PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. ©}2| PyRun_rileExFlags ()2 ©<=3tE Qe H o] 2~ Y Yt} closeitS 0
oz 4R 4o dAEU.

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

Jp 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 PyrRun_FileExFlags () returns.

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

Return value: New reference. Part of the Stable ABL. ©}2}] py_compileStringFlags () & ©<3tH <l
Bl s o]~ Ut flagsE NULLE A A H eI E F-A T Th

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

Return value: New reference. ©}) Py_CompileStringExFlags () 2] ©<=3td QA o]~ Y Lt}
optimizeE -1 2 AR E A2 §A 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.

A% opimize’= AL ] A A3} £FS AFFU 1 §e 0 FHOE FojQ AN Y
g E o HAs S AgdUth BAE 52 0 (F A3} ¢l __debug_ 7F ), 1 (oA A 9]
AAE I __debug_ 7} AR e 2 (F2EHE AAFGYH JYth

Added in version 3.4.
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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 *locals)
Return value: New reference. Part of the Stable ABL. 0] Z-& F = A2} A Hy 2 2o Hyvk9le=
PyEval_EvalCodeEx ()2 ©<3tH Qg H oAUt T & A A= nvLL 2 A A FH YT

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. o1 Z 715 §J3t EA & A A, v AudH

TE AAE BATUG o] BAL MY Wae] SAd e, A usel 0B A, e W,
71 7125 71 = A8 AR T2 "M v 2 Ao 2R A REE FAE YT

PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Part of the Stable ABL. A8 =& - H 71 Uch o] A AT T3AES
3%}, PyEval_EvalFrameEx ()9 ©<3tE Qg H o]~ Yt

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABL. o] 212 d}o]|# Qlejz | EQ] w <], Fu] x| ¢t
$4UT A8 29 79 QARE 2= AR 2G5 ek D20 el vpol = 158 o 45y
522 AT 7} drowflag ) MaE HAZ FAT 5 A3t ol 917 24
WA EE Gk Al ol e AR throw () WA Z o] AHEH YT

’

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o) Fat AA W el Qo] B 2% WS, AEehE 22, Avshe AR B o
int Py_eval_input
28 FAAL 92 shol M £ A2 7155 by Compi lest ring () 7 B ALE T T
intPy file_input
oy & LxoA g2 FAY ABLE AT
Py Compilestring Tk B AHEBUTHL A= 7 shol M

st 713 Q.

int Py_single_input

struct PyCompilerFlags

ojZl2 Adey ZHIE FE dl ARRHE FRAYUTE ZEVF A LS 70 = A $ int
flags® AGH 1, I =7} A= = ¢ pyCompilerFlags *flagsE AP YT} o] A-F, from
_ future__ import¥ flagsE AT 5 dFUth

Whenever PyCompilerFlags *flags is NULL, cf_flags is treated as equal to 0, and any modification
due to from __ future__ import is discarded.

int cf_flags
Aotdey e
int cf_feature_version
cf _feature_version-2 H- 3}o] % W A YU Th PY_MINOR _VERSION.C 2 % 7]|3}5 o] oF it}

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagis setin cf_flags.
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WA 3.80 A WA : ¢f_feature_version BEE F 7135 )
The available compiler flags are accessible as macros:

PyCF_ALLOW_TOP_LEVEL_AWAIT
PyCF_ONLY_AST
PyCF_OPTIMIZED_AST

PyCF_TYPE_COMMENTS
See compiler flags in documentation of the ast Python module, which exports these constants under the

Same names.

int CO_FUTURE_DIVISION
flagsol| A o] H|EE A A5 PEP 2380 w}pe} 7] A4z} /& “A 4 U7 (true division)”
z A== P

47
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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)
Part of the Stable ABI since version 3.14. 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_seET REFCNT () function to set an object reference count.
WA 3.109 A A : py_REFCNT () is changed to the inline static function.
WA 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.
On Python build with Free Threading, if refcnt is larger than UINT32_MAX, the object is made immortal.
This function has no effect on immortal objects.
Added in version 3.9.
H 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 has no effect on immortal objects.

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 is by calling Py_DECREF ().
The object must not be NULL; if you aren’ t sure that it isn’ t NULL, use Py_XINCREF ().

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

H A 3.129) A ¥ 7 : Immortal objects are not modified.
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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 ().
PyObject *pPy_NewRef (PyObject *0)

Fart of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py_INCREF () 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 o 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 INCREF ().
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 o 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.
This function has no effect on immortal objects.

Once the last strong 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.
A RBx
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]| 4] ¥ 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.

!

M
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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.

WA 3.129] 4] ¥ 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 ABL. Release a strong reference to object 0. 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:

[nySETREF(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.

W A 3.129 4] M 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.

W 2 3.129) 4] ¥ 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 B

o[ 2] ME]|

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).

FAACE, e FAE A A AA EAHE TR o9 &, o9 kW = o] am A,
o) el e LB B2 AT A ko wrLo] B 5 At (BHAT A% £ FAH ol Yzl eh, AF

<o) o] ol nurnol® nuLLe] ofd Edo] —‘1—% 7H & sy .

TET AR gt sl et Aofeop S, AWrH o= ofjH AV E AA A dFUT EE
A gt olnl AR Ys Uk o2 E At A9 E A AY H{T RE Han(FE AA F2u
Hee] &) E AT 5 wetsof & A 9ol slauth; dlg & A D =07 H A ke AFH o=
A% A hofol Ut o2l 2 Q18 MEs, 52 Aol A o2l 7k HAH AL E Tl L Aol FR I
th. o2& A 2| skA A AF A A3tshA] eFow, ko] W/C APLO] Hi § 7} B & o] A =3 =
AEaA e 4 gon &4 e P Ane 5 g

0 3z

The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that is not yet
caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has therefore
stopped propagating).

a2t x| 7

void PyErr_Clear ()

Part of the Stable ABL o] 2] E A 7] & A5 Ut o2 A17]7F A= o] A o 237}
Urth

void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABL. & E Eﬂ O] AWML sys.stderr 2 A3 o8] TA 7)1 E AUt} o &7}

systemgxit 7} opd F, o] o= Ed o] o] QU= X] ¢Fa1 sfo]H ZEAM A systemExit
Axg o] ofsf 2 FH Oﬂﬁi Fez FEHEYH

)3
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ole] EA 717k AR o] ghes o] BB TEHAA S, 2HA oW AP A o )7} 24
Fuoh
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.

H 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] & 3.

void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & A | 2] &} obj VRS A}-23}9 sys.unraisablehook () & &Y}

This utility function prints a warning message to sys.stderr when an exception has been set but it is im-
possible 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 obj will be printed in the warning message. If obj is NULL, only the traceback
is printed.

o) 2 EET u) o) 92 A of Qofok Pt
WA 3.49]| 4] ¥ 7 : Print a traceback. Print only traceback if obj is NULL.
H A 3.80 A W7

void PyErr_FormatUnraisable (const char *format, ...)

Use sys.unraisablehook ().

Similar to PyErr WriteUnraisable(), but the format and subsequent parameters help format
the warning message; they have the same meaning and values as in PyUnicode FromFormat ().
PyErr_WriteUnraisable (obj) is roughly equivalent to PyErr FormatUnraisable ("Exception
ignored in: $%R", obj). If formatis NULL, only the traceback is printed.

Added in version 3.13.

void PyErr_DisplayException (PyObject *exc)

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

Added in version 3.12.

5.2 of|l2| &AIF]7]

o] FLBL AA Ag = o8] TA|VE WA= H ©%o Pu) A
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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_ INCREF ()). The second argument is an error message; it is
decoded from 'utf-8'.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] &4+ pPyErr SetString ()3 FAFSEA| g, o €] o] “zh of o &) 29
shol 2 A& ARE 5 AT
PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL. o] Sk of| 2] & A] 7]
T}, exception-2 31013 o 9] Fefj o] of FUth. formar} 355 wij 7] A
Z

=] 2o Ut} PyUnicode FromFormat () Oﬂ /\‘]94— e o] u] 2} u)\'
AzFH EALY o

%ﬂﬂ]ﬂﬂaiﬂﬂ
zr& Uttt formarL ASCII
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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 ZxA 2, 7}
N4 AR thA va_list RS HE L)
Added in version 3.5.

void PyErr_SetNone (PyObject *type)
Part of the Stable ABL. 0] 212 PyErr_SetObject (type, Py_None)2 &% T YUYt}

int PyErr_BadArgument ()
Part of the Stable ABL ©] 212 pyErr_ SetStrlng( Exc TypeError, message) & =

O
t}, o1 71 A message= é‘%ﬂ AAZ g Aibol 3 %El =< UehdYth 72 ‘ﬂ% dyo.
PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. ©] 212 PyErr_SetNone (PyExc_MemoryError)
o &9 ¥ ?J‘/]DP NULL2 WHEel A AA 2 e WEEF £5T o return
PyErr_NoMemory () ; 2}l & 4 JH5 Ut}
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 errno value and whose second item is the corresponding error message (gotten from
strerror ()), and then calls PyErr_SetObject (type, object). On Unix, when the 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 additional
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 ()3} -11—/\]—75]—7] = R 7H-4 -4—01 e -,46]—‘* @'—/[:

7h A S ol 2l & A A7 7] S8 T HA st AAE H Fuch
Added in version 3.4.

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

Return  value: Always  NULL. Part  of the Stable ABL Similar  to
PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. filename
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 Get LastError (), 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 function always returns NULL.

7184 Windows.
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromiWindowsErr () Sk FAtetH, WYX D & & A Aste F7F wj7f A7}

9%t

7F8-43: Windows.
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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
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os. £sdecode () ) and passed to the constructor of OSError as a third param-
eter to be used to define the £ilename attribute of the exception instance.
7}8-4: Windows.

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 f£ilename attribute of the exception
instance.
7184 : Windows.

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

*filename, PyObject *filename2)

Return  value:  Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetExcFromiindowsErriithFilenameObject ()& FAFSFA R, & HA opgd ™ A A
£ wols gy,
7+8-43: Windows.
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 () 9]— %/\}6}131, ‘?:_“3 /\] %‘ O‘ﬂ ﬂ 6:3] ‘% 7\] ;g 5]‘“5 ‘z} 7]’
w7 47} 955 o,
7}-8A): Windows.

PyObject *PyErr_SetImportError (PyObject *msg, PyObject ¥name, PyObject *path)

Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportError& WA A 7] &= 9
AU Th mege 29 BAA EAL2 AAFYUTE 5 thwoinol B 4 9, name} path =
2+ 7} ImportError® name path HEZHEZ AAH UL}

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 SetImportError () 2 -5
HIRBHAI R o] ks WA 2 InportError o] A H FAE AR T F 5T
Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
AR o & o] o & 5} (file), & (line) H 2 2= Al (offset) 8 25 A8 FUth AA| )£ 7} syntaxError
b b |, 27 o =R R EE A skel, ol 9] Q14) 59 A 2w o] o] 9] 7} syntaxprror kil 4 25
Ay th
Added in version 3.4.

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

Fart 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)

Part of the Stable ABI. Like PyErr SyntaxLocationEx (), but the col_offset parameter is omitted.
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void PyErr_BadInternalCall ()

Part of the Stable ABL ©] Zﬂ PyErr SetString(PyExc SystemError, message) o] Y TH Y
Yttt o] 71 A message= AL E E0] Tho]A/C APL ) o] FRHE IR TEH AT S

4aﬁuqme%4$%ﬁuw.

E>~

Al L. F}o] M warnings BEIA WE WA §ASH g4
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%“ﬂﬁ}‘?i, T A Q] A E Aok U (& S0, 273 FEE py_DECREF () BAL

o 8 gh-& vk o).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 73 31 W A] A& 3] Tt} caregory A A= A1 HE (o & AR HAI )L
NULL ] U T}; message Q1 A= UTF-8 2 A ZPJH E X YUt stack_level > ~8) = =& A|F
St Frduth sl d o8 Z | do A AR A T ZE ZollA A7 DA F Y o stack_level
o] 10|¥ pPyErr WarnEx ()& &3 T4, 28 199 &, 55
7§ al \:ﬂ Z = PyExc_| WarnlngA /ﬂ aiﬂ o Oﬂ 0]: @’1/] Tq— PyExc Warning—?; PyExcfException-ﬂ
AB Z EH/\?; Utk 7]H 741 HF = pyExc_RuntimeWarningJUThH EE golH A1 HF=
ool xF AT ol dAR A AT E AFHUh

7 3L A o] of] o gk ZM] St &2, warnings 28 WA HH E WA NA -wFHS FREHA

N . A3 Aol 2 913 C APIE= QU Th

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 ABIL. Similar to 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 0f the Stable ABL. PyErr warnkx () 2F AP &A%k, pyUnicode_FromFormat ()< AFH&3}o]
A 2 & = A T} formar-S ASCII 91 7 % =AU,
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 to0 warnings.WarningMessage.

Added in version 3.6.

5.4 0ofl21 ®AIZ7] =31517|

PyObject *PyErr_Occurred ()

Return value: Borrowed reference. Part of the Stable ABI. Test whether the error indicator is set. If set,
return the exception frype (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
not need to Py_DECREF () it.
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The caller must have an attached thread state.

0 Iz

wls)l 2HS EA o] 2] 2} v WA upA A L Al PyErr ExceptionMatches ()2 AFESHIAl L
oFehE B A L. (3912 A9 A 9|7} a2 Bl Q1h el Ak o s i)
AB ZHAY 5 QlojA HlaE ”413}7] Hds54Yth)

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABIL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) 3]— =3t}
1917} A7 = B AL w e 5 2o oF ghieh; o9l kA 5HA) Skghem w2 9] 2 3 wbol
g,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL given 9| £] 7} exc 9] o] 2] 32} A X5t A = Wk T} exc 7} S & A A o] |,
given©] B Zef 20 A2H A i & 2 w3 th exc7t FZ oW, FEol = EE 9 ¥

(T AE FEEAAACR)S dAS A AATUh
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:

{
PyObject *exc = PyErr_GetRaisedException();

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

PyErr_SetRaisedException (exc);

e o 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.

A Fx

This call steals a reference to exc, which must be a valid exception.

Added in version 3.12.
void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL. ¥} 3.125- €] #| X|H: Use PyErr GetRaisedException () instead.
7L AR A RS W ole] EA71E AW ol el £A1717L 445 A ke, Al Mg
EENLLE AR YT AR oW, A A L AW ZF AA ol et FRE oA YR &A7FTh

gt =dlo] M AN § AR 3EA FS W= wornd S dEUh
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0 Iz

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. ¥] A 3.125- €] 3| X|H: 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.)

0 #x

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. W A 3.12F-¥] 9| X & : Use PyErr_GetRaisedException () instead, to avoid any
possible de-normalization.

=74 Aol A, o}l o] pymrr recch () b MHEFSHE e W] BT H QL & AT 3, rexc
Sl AR o) A W rval & 2 Fe 20 JABAT} b L), of 192
g2 83 o A @ 5 Slruinh ghol o) v] 3 akE o] 9o, of

A8 e A% S s Fag v,

X4

0 Iu

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);

PyObject *PyErr_GetHandledException (void)

Part 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.
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0 Iz
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.

0 Iz
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 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().

e

al

of Yot AMAO R o9 E A Stel s TEol A A A FEUTh e3e], IET} o9
AENE YA Z ARG BANF T ) AT A uITh o) HHE BAFAL A S AW

PyErr_SetExcInfo ()5 AF&EIIAAl L

Added in version 3.3.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

Fart of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info (). This 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 ().

i

of got Aoz s At s REdA ASHA FEUT 2dd, ZEs}
Aol AEE ANE AR BAshok T Wl AT & AxUTh A9 AHE Yoy
PyErr_GetExcInfo ()= ]"%‘_]'/1\:1}‘]—?—-

Added in version 3.3.

WA 31194 H7: The type and traceback 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.
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5.5 A2 AMelst7|

int PyErr_CheckSignals ()
Fart 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).

0 #x

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

void PyErr_SetInterrupt ()

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

0 #x

This function is async-signal-safe. It can be called without an attached thread state and from a C signal
handler.

int PyErr_SetInterruptEx (int signum)
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 set to signal.SIG_DFL or signal.SIG_IGN), it will be
ignored.

If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, 0 is returned. The
error indicator is never changed by this function.

0 Iz

This function is async-signal-safe. It can be called without an attached thread state and from a C signal
handler.

Added in version 3.10.

int PySignal_SetWakeupFd (int fd)
o) §9 e Tt Aol 448 wieh A1 WE 7 D wo| ER /) SH = 5l /&R S
AU Th fd= vl B2 7 oloof . o] A9 3t 7] AHE Wk Th

5.5. A|a< XMz2|s}7] 61



The Python/C API, 2i2|A 3.14.0a7

12 7lse l%éi‘r;ﬁ%ﬂ}; | Aol 7 FE gtk ol AL stel Ml signal.
set_wakeup_fd () & S5 9L ol 2] AAL= Q5 Utth fd= §23 51y 7)< x}o] of gt}
S v o) 2| = o A Bk 5 5] of of LTk,

WA 35004 A7 A=A, T4 oA 24 AEE A DT

5.6 0|2 EeiA

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL ©] 2 & ] S+ A o9 E|~E WHE 1 ¥kS)
St} name A= A o] 2] 2] 0] & module.classname G A2 C EX}L o] o] o} 2}14 t}. base S} dict
QA= dutd o 2 nurL YUt o] 2 A 31 Exception(ColA]l PyExc_Exception &2 WA AT
S QB UTHOIA A a2 A 7 S ol U o
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. |22 o] Q] ZE| 2o S2EHS A & 4
A= A AL 3H PyErr NewException () I ZFUTH doco] NULL O] o} U ®, o 2] Sl
detE2Egew Aeg U

Added in version 3.2.

5.7 Ol ZHX|

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 2] 2} #A#H Edo|2ME =2 AUt A8 py_None AF-&3H4]
Al L.

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABI. 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] 9} A3AF AVAEE e ® AAT YT 292 H NULLS AFEFH A L.
o8] A2EAA FAATE B AAE farich ol AL ol T 2

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABI. Return the cause (either an exception instance, or None,
set by raise ... from ...) associated with the exception as a new reference, as accessible from Python
through the _cause__ attribute.

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part 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.
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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 FL|ZE ol ZAl

o2 T CollA FURE o9& w51l 45t vl A g Y Th
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 ABIL. encoding, object, length, start, end 2 reason ©] E €
HEE A}83}9 UnicodeDecodeError AAE WEUY T encoding3} reason-S UTF-8 2 917 ¥
ARtk

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. F=0 X o| 2] 24| 9] encoding 9] E 2] HE & w&gt
BE=S

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 01 Z1 | @] A A 9] object o] E 2] H-E & Wt}

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 ABL. S0 7 of| 2] AR 9] start I E =] HEE 7FA 2FA *startol] 8 X U T}, start=
wusze] ohlojof gtk AE5HH 0, AT 3he 1L wHEgh ok

If the UnicodeError.object is an empty sequence, the resulting start is 0. Otherwise, it is clipped to [0,
len (object) - 1].

> o 1Y)

UnicodeError.start

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)

Fart of the Stable ABIL Set the start attribute of the given exception object to start. Return 0 on success, —1
on failure.
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0 Iz

While passing a negative start does not raise an exception, the corresponding getters will not consider it as
a relative offset.

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. F0] R of| Q] AA| 9] end A E F/]—F,'—E Z 7} A 2} A *end ol v X U T end=
NULL O] of o of FruTh g std 0, A st -1 Wk o

If the UnicodeError.object is an empty sequence, the resulting end is 0. Otherwise, it is clipped to [1,
len (object) ].

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 ABIL. 0] R o] 9] AA| 2] end S EB|HEZE endZ AT YT AF31H 02, A3
Shwl 12 wEah T

& o1y

UnicodeError.end

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 520] 31 ]| ] A | 9] reason o] E 2] H-EE w3t}
int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)

Part of the Stable ABI Fo] A A2 AA L] reason N E B HEE reason. 2 AR Uth AF3H o
2, A5t -1 vty o}

—‘??}-’Ft o]} G BE EFNA CFFAA AT AA &2 st = AT T U
A ZEZFREEA] ol I EE TE3HA e A 28Ut (o) I=E= A dolE AHs 2R
F3 %L‘J o). = 22 EZo] A A& A3t ol tp_call T+ A= F LA FFUTh
int Py_EnterRecursiveCall (const char *where)

Part of the Stable ABI since version 3.9. |9 2 C =& T < 0| 9 35 8 1 3= A F S AT}

The function then checks if the stack limit is reached. If this is the case, a RecursionError is set and a
nonzero value is returned. Otherwise, zero is returned.

where= A7 Z o] A|3tC Z Q138 RecursionError HA] A o]l 0o]o]E YU " in instance check"2}
22 UTF-8 Q152949 EAFE o] of o P .

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

void Py_LeaveRecursiveCall (void)

= [e)

Part of the Stable ABI since version 3.9. Py_EnterRecursiveCall () & & &Yt}
Py _EnterRecursiveCall () & Z+ AF Al T &ultt 3k YA T =5 o]of T}

B A 3.90)| A ¥l 7: This function is now also available in the limited API.
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Aol el thall tp_repr& SHIEA FH3HH
A L%, tp_repr& <3S WA 37| 8] AAE
5 U th AL A 0] 52 reprlib.recursive_repr () ol 3 C TS5EY

3

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL. =3+& ZFA|3}7] 918l tp_repr +& A2 A & FH U T
AA7F o] A= o, T F ALE NFF UL o] S tp_repr +HZ £ Y ERY
= A2 AAE W& of Futh o & 5], dict AA= (... 3 E WS 1ist A= [...]
£ v
A A o] EDHE Fo 29 A4S BRI o AP cp_repr TAES DAL w1 S
whgka] of g T,
A GOW, GHE 0L MR p_repr TS FHHOE A%E 5 AgviTh

void Py_ReprLeave (PyObject *object)

Part of the Stable ABIL. Py _Reprinter () S ZH YT 02 ¥I3+3}= Py ReprEnter () EZ0lrh 3
AR T Zf of ey th

5.10 & 0|2

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

ColE Ilo|M O|E LE
PyExc_BaseException BaseException !
PyExc_Exception Exception Page 66,
PyExc_ArithmeticError ArithmeticError Page 66,
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError

PyExc_ConnectionAbortedErrc ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedErrc ConnectionRefusedError
PyExc_ConnectionResetError 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 EES T
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError

CTS HoTxIof AL
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Co|E

H 1-0|™ bf|o|X[of| M AlH
to|M ol & ==

PyExc_NotImplementedError
PyExc_OSError
PyExc_OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_PythonFinalizationErr
PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsyncIteration
PyExc_Stoplteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_ValueError
PyExc_ZeroDivisionError

NotImplementedError
OSError
OverflowError
PermissionError
ProcessLookupError
PythonFinalizationError
RecursionError
ReferenceError
RuntimeError
StopAsyncIteration
StopIteration
SyntaxError
SystemError
SystemExit

TabError
TimeoutError
TypeError
UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

Added in version 3.3: PyExc_BlockingIOError, PyExc_BrokenPipeError, PyExc_ChildProcessError,

PyExc_ConnectionError,
PyExc_ConnectionResetError,
PyExc_InterruptedError,
PyExc_PermissionError,

et =YE Ay

Added in version 3.5: PyExc_StopAsyncIteration ¥ PyExc_RecursionError

PyExc_ConnectionAbortedError

PyExc_FileExistsError,
PyExc_IsADirectoryError

PyExc_ProcessLookupError % PyExc_TimeoutError + PEP 3151&

Added in version 3.6: PyExc_ModuleNotFoundError

ﬂ—%% PyExc_OSError Oﬂ EH _‘ﬂ' 33;3;:_]’*5] tg

39

Ytk

Col&

r
[m

PyExc_EnvironmentError
PyExc_IOError

(S8

PyExc_WindowsError

[e)

?_].— T

=z
=

o

W 3304 WA o]

EE:

511 E& 2 HE

All standard Python warning categories 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:

W o] o9) Fol LT

Lo]Re 08 B2 o9 ol v wolx Zefadyth

o

pul

2 A5 oA

Ao)guUth A X 7] WA 2 us_winoows 7} A H Q=R HAES S o] & AL 3= IEEHT
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PyExc_ConnectionRefusedError,
PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

Chapter 5. 02| X2|


https://peps.python.org/pep-3151/

The Python/C API, 2i2|A 3.14.0a7

Co|E oto|M o| & LE
PyExc_Warning Warning 3
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 *Py0S_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 object is a st r or bytes object, then a new strong reference is returned. If the object implements
the os.PathLike interface, then _ fspath__ () isreturned aslongasitisa 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)) is true. If the PyConfig.interactive is non-zero, this function

also returns true if the filename pointer is NULL or if the name is equal to one of the strings '<stdin>"' or
12221

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 ZFZA A3
T fork () U AA ZE2A2E BA 8 A S48 &3]
& CERPCE REWE S k)

3 Aof] Y& e E Enl sk
doll &3l oF Y Th fork ()

r)d H"I

A Fx

C fork() TEL ("Ml Q” AdH =2 ) “Hd” 2 = ArE o] R o] A of FYot.
PyOS_BeforeFork () & UFZF7FA] Y T}

Added in version 3.7.

void PyOS_AfterFork_Parent ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M|~ £3 5
St §. ZEAS BA7F AF A BAG O], fork ) U @A Z 2 A

=]
T
=

=
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ST T RE 22 AN TEe ok FUTh fork () 7F o E AR o A ARE 7HE 9

C fork() TE2 (“WA” AEHZEHY) “HQA” g = A gk o] Fo] Ao gt
PyOS_AfterFork_Parent () & U}Z_W}Z] ARA=

Added in version 3.7.

void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ X3 S Y5 Qg Z 2| & A &
A 8HE &4 fork ) @A ZEANAE A FAMG T4 E S5 5, Z2A A7 Sl
AEZZHE oA EZ“‘ 7he /ol Yo Apa] LEZ A2 A T &) oF Fth fork () 7 Ao H
A 2R o A B AFE Fhs g e,

A Fx

C fork() T2 (‘W ” AHZ YY) “HQl” A o] A7 o] Foj A of Frh
PyOS_AfterFork_Child () & vF7FA] Y o}

Added in version 3.7.

& v 1|
os.register_at_fork( ]--%—‘3]-25 PyOS_BeforeFork (), PyOS_AfterFork_ Parent () ‘;’-l
PyOS_AfterFork_ cmld()OH AN EZEE A ARY golH F4-E FF T+ dsUTh

void PyOS_AfterFork ()

Part of the Stable ABI on platforms with fork(). T2 A2~ 23 —?« dH
gto]d QI Z 2Bl 7} A& A THE A 22 Z B A 20 A T E 5 o oF
ZEAN 2O ZEHY, o] F-E ST 87 lE YT

WA 3 75E HXH: o] 4= pyos AfterFork Child ()2 BhAIE 95U ok

JHE A stE &
A o]

Utk A A3 el

o L

int PyOS_CheckStack ()
Part 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 ABIL.

PyOS_sighandler_t PyOS_getsig (int1i)
Part 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)
Fart 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!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Fart of the Stable ABI since version 3.7.
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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 se-
quence can be decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler
instead of decoding them.

Mz &dgd gol= —rX]-(wide character) = A} g of] off 8t = 1E% E uks3hy ), v 22l & & Al 5teld
PyMem_RawFree () 5 AFR3II Al L. size7FNULL o] of U, G E XS A ) 8l o] = & i

o 71 =g,

2! 011?44“1] et ol 2] Al NULL= HFSHU T} size7} nULL o] oFU W, W2 2] of| ] A] *size
7} (size t)-1Z AAE T, TR 1:101]3{ Al (size_t)-22 AAE Ut}

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

CzlojB ol W7k glowd, ti of 27} 22y skA] ehobof .

AL S | ED R A AZ Y S W py_Encoderocale () FHE AHESHAIAIL

T B

PyUnicode_DecodeFSDefaultAndSize () 94— PyUnicode_DecodeLocaleAndSize () T;’;, —/f—

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

WA 3804 ¥ 7. The function now uses the UTF-8 encoding on Windows if PyPreconfig.
legacy_windows_fs_encodingis zero;
char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

Fart of the Stable ABI since version 3.7. Encode a wide character string to the filesystem encoding and
error handler. If the error handler is surrogateescape error handler, surrogate characters in the range
U+DCB80..U+DCEFF 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_pos7]—NULL0] o}, *error_pos—= AF A (size_t)-1E AAF T, AT H o8] A 23}
A oo g Aol Qs AR,

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

Hlol|E QS 9lo| T Bz} BAd & thA] ) T Y e Py DecodeLocale () TS AFREHA A L.

A Fx

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.
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& TR

PyUnicode_EncodeFSDefault () 3]— PyUnicode_EncodeLocale () 5‘:, —T—

Added in version 3.5.
W A 3.79]| A ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

H A 3.89] 4 W A: The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacyﬁwindowsﬁfsﬁencodingiS ZEro.

FILE *Py_fopen (PyObject *path, const char *mode)

Similar to fopen (), but path is a Python object and an exception is set on error.
path must be a str object, a bytes object, or a path-like object.

On success, return the new file pointer. On error, set an exception and return NULL.
The file must be closed by Py_fclose () rather than calling directly fclose ().
The file descriptor is created non-inheritable (PEP 446).

The caller must have an attached thread state.

Added in version 3.14.

int Py_fclose (FILE *file)
Close a file that was opened by Py fopen ().

On success, return 0. On error, return EOF and errno is set to indicate the error. In either case, any further
access (including another call to Py_fclose ()) to the stream results in undefined behavior.

Added in version 3.14.

sys BEY 7|5S CREANA AM2A T 4 A ot FEEEH F-dUnh BF YR 28 = A 22
Aol Z3HE AR Az 28 =9 sys BEE gA g of &
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL sys & ol Al 2 A| nameS W3 A Y, &2 3
2 oW o9& A7 5HA] 94 nuLL REEHR U T
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABI. v7} NULL©] o} 3+ sys J_-‘g:giﬂ ame< vE A AUt} NULL O] W name- sys
g A AR YT 435 o, ol 2] Al -1 vk ok
void PySys_ResetWarnOptions ()

Part of the Stable ABI sys.warnoptionsS Wl 8|AEZ AT} o] &= py Initialize()
o) Aol 52T 4 ATk

Deprecated since version 3.13, will be removed in version 3.15: Clear sys.warnoptions and warnings.
filters instead.

void PySys_WriteStdout (const char *format, ...)

Part of the Stable ABI. formato Z7EeHE %E—.ﬂ —‘1‘:'_—2} < sys.stdout ol 7| St} g o] A
Shriebe o) AT A 5T (ol & B2 544 2).

formar& TWE 22 FAL & F7]E 10008}0] E o] 52 A &3] of Tt} - 1000H}0] E o] 3
e, 29 EAL] 2HULh 53], o] AL FAIT “%s” o] oA ¢ HE ou g
“%.<N>s” 5 Ab-g-5fo] 2| ghal oF btk of 7] Al <N>2 <N>of| o} & Xl g 2B Ao 27|15
S 2 o] 100030 S8 X348 w5 A A Ak mE U FAHA 2, b5 2
SAE S AelE AT 5 ¢

uN'
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A 7F BB AU sys.stdout 7 AR E o] YA o™, A WA A= AA|(C $F) stdout o
ZES LY
void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. PySys_liriteStdout ()2} ZZA] gk, th Al sys. stderr ©] L} stderrol] Yt}
void PySys_FormatStdout (const char *format, ...)

Part of the Stable ABL PySys_WriteStdout() 3} 3 AF 3k Sk o] 2] 0k, W Al A &
PyUnicode_FromFormatV () S AF&SFo] LMD WA RS J9)o] do|&2 X=X 51T

IE=]
Added in version 3.2.
void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout ()3 ZZA 2 YAl sys.stderr O] L stderroll €1 T}
Added in version 3.2.
PyObject *PySys_GetXOptions ()

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys._xoptions} -3 AFSHA],
X A48 @A M2 E ey th o 2 7 2 s, nun o] WHEhE A1 o 9] 7 A A Y o

Added in version 3.2.

int PySys_Audit (const char *event, const char *format, ...)
Part of the Stable ABI since version 3.13. 25 &4 07 ZIAL o|HIEE TAAAI A YT AF Al 0
Hkghelar Auf A ol o] & A ste] 00] obd e Wy
The event string argument must not be NULL.

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py_BuildValue () are available. If the built value is not a
tuple, it will be added into a single-element tuple.

The N format option must not be used. It consumes a reference, but since there is no way to know whether
arguments to this function will be consumed, using it may cause reference leaks.

Note that # format characters should always be treated as Py ssize t, regardless of whether
PY_ SSIZE_T_CLEAN was defined.

sys.audit () & To| W T =} F A3 75 TF P h
See also PySys_AuditTuple ().

Added in version 3.8.

B A 3.8.29 4] ¥ 7: Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AuditTuple (const char *event, PyObject *args)

Fart of the Stable ABI since version 3.13. Similar to PySys_Audit (), but pass arguments as a Python object.
args must be a tuple. To pass no arguments, args can be NULL.

Added in version 3.13.

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 LA E = F T2 AGH UL & g4+ 02 HeEfYAA S22 5= oA, o] ZAH =
stol 4l Abel e A7 2xshd < H o,

o] b4 Py _Initialize() ©] Ao EEH = tAFYTh
Zof &2l Exception| A AHE ZE|A H o E FA A

(th2 ol 8l = I A= A (silenced) ¢S TH.

The hook function is always called with an attached thread state by the Python interpreter that raised the event.
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Aol S A @ A 2 PEP 5788 2SN 2. ol M E S MAN 7= AEHAS} RF ol n
elele] Gt Ak o E ol s o] Utk AAE gL 43 4B A6 AU

If the interpreter is initialized, this function raises an auditing event sys . addaudithook with no arguments.
If any existing hooks raise an exception derived from Exception, 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 PySys_Audit () Or
PySys_AuditTuple (). argsis guaranteed to be a PyTupleObject. userData is the argument passed
to PySys_AddAuditHook().

Added in version 3.8.

6.3 T2 MA X0

void Py_FatalError (const char *message)

Part of the Stable ABI. 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.

rlr
r 4
tlo

Py_LIMITED_API W} I 27} = o] Q1A ¢k 3, py_FatalError () TS A B0 o] 2
AEog 2=z zz gAF Y
B8 39014 W 7: B4 0B AF LR 22 Tk

void Py_Exit (int status)
Part of the Stable ABL @A EE}‘“ EZ2853Yt). o] AL Py FinalizeEx () & EE3U TS &
YQ-O] . H ﬂ T exit (status) & i%'}‘]’b} D]— Py FinalizeEx() 7]’ Oﬂﬂi = 'LL/\] 3]“55, 8 J'EH <
12002 AAFH Yt}
WA 3.600 A ¥ 7 sho]d e A o] Ao Al 9] of 2] 7} T = T AH 2] ok T,

int Py_AtExit (void (*func)())

Part of the Stable ABL. Py_FinalizeEx ()7} & & E] s SESYL A deE QA gl
TEHH S NhEetA] erotor Ut i 32709 B2l F4E T 5T T A5 U 550 4F 5t
@, by nciaic () 08 M Th AN -1 AT, DA oo 538 4of G v

Aol ko] €] vh - shol G el Al o] 4 o]

TEEUL A g AU i 23Ut 9 &
455 7] o, funcol| A 3ho] M APIE T &34 J%‘%

:H>

s -

PyUnstable AtExit () for passing a void *data argument.

64 R E QI E 3}7]|

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 PyObject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL. ©] 3+~ pyImport_ImportModule ()] | A&

EA Yk
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WA 33004 WA 0] 7152 e AWEs JEE GRS BT P SA A YA% Itk 2
el 3ol 8 3301 A, 3 0ol ) 229 FaAolA 2 E B G202 A 17| o, o
3881 gk

g4 B4 e 5AL
Deprecated since version 3.13, will be removed in version 3.15: Use Py Import_ImportModule () instead.

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

*fromlist)
Return value: New reference. R 52 Y E Uttt W3 go]H &4 import_ () & E3l 713 &
AELET LS

Wi

=
e g2 A2 E H BEOY A 7| Ao "t 22 R, e A A] o2 7} A E nune
AUtk import () & uPRTIAI R, ¥ o] YA 2 fromlist 7} A|FH A = T H 7| AL A H
REol 8 3F RS wf o vk gk H 49 A7 A YU th
= pyImport_ImportModule () X8 EGA3 2E AAE A AUt
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. EE<& ix
__import__ () @7t o] FHE AY 257 wj2oll, WA tolH 4 _import () E &
A AR S sy,
W 2 A 2E A By A s Ao i 2R Fx, e Al A ]g 7} A A= NULL
JuUth _ import () & WERAAA R, vl o] QA 9F-2 fromlist 7} A FH A k= &, 7)Ao A B
2Eol 8 ¥F RS w9 vk gk H 49 A1 A Y h
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] S
LA 9H name 2 FUFZE A A Al UTF-8Z ¢l F Y Ex1<d Yt
WA 33004 A level®] S5 32 Bl d&H A 5 Th

PyObject *PyImport_Import (PyObject ¥name)

Return value: New reference. Part of the Stable ABL. 0] A2 &) “AYXE & 475 3&3= 1
5% Qs ol AUt (WA A level 02 AHE LT, Ar) YEES EFUTH. A7) A9
__builtins__ o] Y& _import_ () FFTE ZESFUTE ol A FA AAH I2E F&

Agshel QEET} 49 o g
ol B4t B4 Avl JEEES AT

PyObject *PyImport_ReloadModule (PyObject *m)
Return value New reference. Part of the Stable ABl. 2 &< 1’/}/\] Z T (reload) St} A 22 H 259
et 22 m3e ALt A Al o9 7 AR E nuLLS B T (o]u] REL o A3 2R Y
h.

PyObject *PyImport_AddModuleRef (const char *name)

Return value: New reference. Part of the Stable ABI since version 3.13. Return the module object corresponding
to a module name.

The name argument may be of the form package .module. First check the modules dictionary if there’ s one
there, and if not, create a new one and insert it in the modules dictionary.

Return a strong reference to the module on success. Return NULL with an exception set on failure.
The module name name is decoded from UTF-8.

This function does not load or import the module; if the module wasn’ t already loaded, you will get an empty
module object. Use Py Import_ImportModule () or one of its variants to import a module. Package struc-
tures implied by a dotted name for name are not created if not already present.

Added in version 3.13.
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PyObject *PyImport_AddModuleObject (PyObject *name)

Return value:  Borrowed reference. Part of the Stable ABI since version 3.7. Similar to
PyImport_AddModuleRef (), but return a borrowed reference and name is a Python st r object.

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABI. Similar to PyImport_AddModuleRef (), but
return a borrowed reference.

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
on entry to PyImport_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 SourceFilelLoader
otherwise.

Themodule’s __file_  attribute will be set to the code object’ s co_filename. If applicable,
will also be set.

ol e ou AXE HUTH BES A EEF UL BES A EES+= = H WP
PyImport_ReloadModule ()2 ZFZ A L.

name ©] package.module AIQ] Ao g FLHF 0|58 7}E]| 7|19, o|u] 5| A A &2 9 7| x| +
2 AAE] HEAAA FFUTH

PyImport_ExecCodeModuleEx () @¢ PyImport_ExecCodeModuleWithPathnames () = ZFZR A A
o

.

cached_

W A 3.129| 4] *H 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. Like PyImport_ExecCodeModule (), but the
__file__ attribute of the module object is set to pathname if it is non-NULL.

PyImport_ExecCodeModulelithPathnames () & ZZ A Al L.

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

*cpathname)

Return  value: New reference. Part of the Stable ABI since version 3.7. Like
PyImport_ExecCodeModuleEx (), but the __ cached__ attribute of the module object is set to
cpathname if it is non-NULL. Of the three functions, this is the preferred one to use.

Added in version 3.3.

W A 3.120]| 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. PyImport_ExecCodeModuleObject ()2} AFSHA]
I, name, pathname X cpathname2 UTF-8 2 Q1 7 JH E X4 U th. pathname 2] o] NULLE A A H
-7 o8 gkol cpathnameol| A £}ofst=2] Lol 2 il gt

Added in version 3.2.

H A 3.30]| 4 ¥ 7: Uses imp.source_from_cache () in calculating the source path if only the bytecode
path is provided.

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

Part of the Stable ABL T}o] % vlo]E F & 31U (Y™ .pyc 3}Y) 9 HX—, < (magic number) & HF3H5}
Ytk w2 WS uhol = 3= shele] A vfol o] )& QT g ulol = A = =4l oF T,
of & Al -1 RS T

WA 33004 W A Al 1 W o

const char *PyImport_GetMagicTag ()

Part of the Stable ABL PEP 3147 & 2] g}o| 4 vlo|E T = 31 o] &9 w2 g7 EAE S HH3Hst
T} sys.implementation.cache_tag® 42 AF S 4= 9131 o] gk th Al AFE-3 of &of] 2] 514

Al L.
Added in version 3.2.

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABL. B& JJ-E] o A} 2EHE=dAHF (€Y sys.
modules) S ¥31atL ) o] AL <ol E] = 2| E]vlt) 2R 3= HEAof F-2 A Al 2

PyObject *PyImport_GetModule (PyObject ¥name)
Return value: New reference. Part of the Stable ABI since version 3.8. 0] 0] 50 & oju] JEXE H &
59 RV T Rl o4 .5 4 Shkehe norn g WHEEA o el A9 eherl e
z3) o Aujetd NULL‘E Hrekatal o 2l & A T

Added in version 3.7.

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABI. 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 ©] 2} 0| 59] Z 2 Z 1 5 (frozen module) & & &= 3FU T},
AU 18, R EE A RO 0g, /130 A S A9 % 2T -1 g BAGUT, 22
MAZSdw A2 E H ZEf DNASHE W PyImport_ImportModule ()& AFESHAAI L. (FEH
ol gol AN L — ol B4t wEo) o|u] ALE H 9L chAl 2= k)
Added in version 3.3.
WA 34004 HA: _file OEPRELHx BE AAHA gsUTh

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABI. PyImport_ImportFrozenModuleObject ()2} B]523}A 2 nameS U I =
AA A UTF-8 & 1 F g8 EAd Juth

struct _frozen
o] AL freeze FEE E| (Fo]H AX MEY Tools/freeze/E FRIAHAL)7IAAAASI ZEZZ &
E U223 YEE Y3 24 3§ o JUth 1nclude/import. hoﬂ Je B e v ZsUth

g
struct _frozen {

const char *name;

const unsigned char *code;
int size;

bool is_package;

bi

WA 3.119 A 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.
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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|29 UF BFE HolEd ¢ 258 F7gYt. oA
PyImport_ExtendInittab()S A= HE|d g od], HolES &4 4 glod -1 vk3}
FUh A REL nameol gt o] 202 AT E B 4 9l o, initfunc TS XS A3 YL E0|
X ETEHE 273 42 AT o PinHltlallZe() Aol TE3) oF Tt

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 Import_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 _initfab *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 Initialize().

If Python is initialized multiple times, Py Import_AppendInittab () Or PyImport ExtendInittab ()
must be called before each Python initialization.

PyObject *PyImport_ImportModuleAttr (PyObject *mod_name, PyObject *attr_name)
Return value: New reference. Import the module mod_name and get its attribute attr_name.

Names must be Python st r objects.

Helper function combining Py Import_Import () and PyObject_ GetAttr (). For example, it can raise
ImportError if the module is not found, and Att ributeError if the attribute doesn’ t exist.

Added in version 3.14.

PyObject *PyImport_ImportModuleAttrString (const char *mod_name, const char *attr_name)

Return value: New reference. Similar to Py Import_ImportModuleAttr (), but names are UTF-8 encoded
strings instead of Python st r objects.

Added in version 3.14.

6.5 ClO|E] O}AF X| 2

o]#] et FEH L C FTE7}marshal EEH T2 ﬂ o] 163/5"% ARg-3to] 2 sk 7H;<]]§X_]—?_j T s
Ut g3 Ao 7 HolHE 2 49T ]‘3%‘3} | gl=dl AT 5 e ST AS
U} b4 8 ool E1 8 A RS o ALSE = S vhol

el me2 dofor gtk
FAF B2 F 8k vho| EVF WA A4 Ytk
The module supports several versions of the data format; see the Python module documentation for details.

Py_MARSHAL_VERSION

The current format version. See marshal.version.
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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)
tol K AA| value s file 2 vHEU T}, version-2 3+Q 3§ A2 LEFE L TH
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. UFHFH value &3-S 33 vlolEE AR S wt&g U} version2 51
42 ey o,
e B4 2 AL S e e T 92 4 gyt
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 1long.

ol A, A A3t o 9] (EoFError) € A A AL -1-& WU T
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, A3t o] ¢ (orError) & A3l -1 WUt

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
o] Al, 2 A3} ]| Q] (EOFError, ValueError B2 TypeError) S A A 311 NULLS WSS 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 (), this function 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.

. - o o =
, KE___ = 1 L. n . .
Oﬂ Eﬁ /\] 7(4 79 ] Oﬂﬂ (EOFError, ValueError B TypeError) | 75 6]-_1__ NULL & a1 3] ,:]‘14 1‘4—

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data7} 7}2] 7] len B} 0| EE Z3F31+= vl o] E B 3 2] H| o] E] 2 E g of| A
glol W A E gy ok

of 2] A], A A3} of| 9] (EOFError, ValueError = TypeError) S A A 5F1 NUuLLS WSt}

6.6 OIXI T2 2M1} 3 25

These functions are useful when creating your own extension functions and methods. Additional information and
examples are available in extending-index.

I H o]l st T4 == A2 AN /NQ pyarg ParseTuple (), PyArg ParseTupleAndKeywords () B
PyArg_Parse ()= B% 04] A} Q1 Aol T3 ALE-E Shro Gl = ) AFREH = W B2} (format strings) &
ASTUTE 2 EALE 0|28 7 Fool thef TS BUE AT

6.6.1 2Ix} & &4

9 EAGL 07 o] 49 “E R W] (format units)” 2 FAHF U Th Z9 W9l Shpe] shol W AR S
AP PUTh AR B FA} BEE B =9 v AALAUh B bR o9 A9,
BT BAAALTobd Z W A0 o3t Fo] tha T T4 Ao Th g FL Tk,

6.6. 2IXI 7 E EM gt 715 79
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o2 Ao A, 2189 (quoted) & 2
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On Python 3.12 and older, the macro PY_SSIZE_T_CLEAN must be defined before including Python.h to use
all # variants of formats (s#, y#, etc.) explained below. This is not necessary on Python 3.13 and later.

o3 TG G A% W) FA2 AR QA2 F S5 dHUTh NEE FU TS 1wl
=9 oo tha AN AFALE AFT B Y&k
Dol YA A g 3, W) NULE S 854 94Ut

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

o Formats such as y* and s* fill a Py_burrer structure. This locks the underlying buffer so that the caller
can subsequently use the buffer even inside a Py_BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As a result, you have to call PyBurrer Release () after you have finished
processing the data (or in any early abort case).

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

o 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_releasebuffer 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).

s (str) [const char *]

AFUIZE AAE AL thsC ZAEZ WA %‘4\“/} 71E FAFE O it 2 E & of & o]
248 AYS A EoH W4o] AT ULk CEAD L NULE Z2F UL shold 244G L
R 9 3= EAET TR eobof gtk %ﬂﬁVMWanﬂﬂﬂﬂ Ageh U
AA = rure-8' AFYE AR5 C EXE 2 ASFF U o] H3lo] A3}, UnicodeError 7}
Ay g ot

0 Fx

o T vhol = A5 A7 LobgolA eherleh Y A2H 2 BobEol

-
= ar
A2 H3slel W, PyUnicode_FSConverter ()= converter Z Os EBH% AFR S Aol =5 Y

H A 35004 WA o] -l =, shol i FAE AN WEE E Z= ZJETH LAY TypeError 7}
LAY F U

s* (str =& vlo| EHF 70 A|) [Py_buffer]
o) EYE Wol = @7 AR b2 fUTE AR E Dol EYUTh SEAT AT by purrer
TRAE AN ")r- o] A A} CEAES W HANUL vlo] EE 28T £ 5 Ut FUZE
A= utf-8' ?li%% AHEete] C EAME 2 HEg YT

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.
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z (str I£+= None) [const char *]
Like s, but the Python object may also be None, in which case the C pointer is set to NULL. It is the same as
s? with the C pointer was initialized to NULL.

z* (str, H} o] E € F 71 4| &= None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py _buf fer structure
is set to NULL. It is the same as s*? with the buf member of the Py_bufrfer structure was initialized to
NULL.

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
Like s#, but the Python object may also be None, in which case the C pointer is set to NULL. It is the same as
s#? with the C pointer was initialized to NULL.

y (8]7] A& nlo] E Q5 74 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 359141 W 73: o] Ao, whol = Mo A 3 d Hho] £7h B AR W 1yperrror 7H M
Fu.

y* (o] g7 A4 DWLMﬁﬂ
s*9] o] U2 FUIZE A7} ot g} vlo] EEF A gk wrol= o U T} nlolu]g] dlo]g & o}
Eol= AR WE Yyt

y# (read-only bytes-like object) [const char *, Py_ssize_t]

s42] °o] WP FUIE AA 7} ohleh whol E AR AA v oS g o

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 PyObject*.

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a bytearray object, without attempting any conversion. Raises
TypeError if the object is not a bytearray object. The C variable may also be declared as PyObject*.

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 Pyobject*.

w* (8]7]-227] nlo| E &7 7 A|) [Py_buffer]
o] Ul ¢l 7]-27] M AHHA | AE T3} EE AAE
py_buffer TZAE A&tk Wl WA %—i: Hpo| & 7} Z 3
2d 9 a}x] o PyBuffer Release()S EZ=3 ;}‘1413]-

3 BEAT AFE
S 95Utk 324 W

F

NI
—rr‘

es (str) [const char *encoding, char **buffer]
s9 o] WMy FUIF=E A WA E A7 3= o] AHEF U th W NUL vle] E7F Z @5 X
%%ﬂi%%ﬂﬂﬂﬂmﬂﬂﬁﬁiﬁﬂﬁ

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 ()< 2% 719 tﬂ‘ﬁ = @—%6‘]'—‘—1 A=
NEQ”%QEﬂﬂgﬁzﬁEﬁbwﬁgzﬁgqqfﬁg}
317] &) pyMenm Free () S T8 oF YT

et (str, bytes &L= bytearray) [const char *encoding, char **buffer]
Hhol E 24 A& thA] A9 eHA] 9Fa FHAI I the H& A9 5tH es 2} DU th tiAl, 72
HlolE 2+ AR 7o) W2 AEd AP S AHESthal 7HE o

es# (str) [const char *encoding, char **buffer, Py_ssize t *buffer_length]
s#9) ol WYL FUTES #4 v ol 2 AT Yok ] AHSH Utk es £ D2, o] WYL NUL
A2 38 99 HolHE 3ok
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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 'utf-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. 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.

T 72 AE e} QST

“buffer 7k NULL Z A EH & 7}2] 71|,
HE JAFskaL *buﬁerg A= %‘D‘f% Ea
W& A 3L 7] 3l pyvem Free () E &
*buffer 7t NULL ©] o} d 2 AEE 7Fe] 7| ¥ (o] ] @FH W), pyarg ParseTuple ()< ©] 93|

W 3] 2 ALE-SFAL *huffer_length o] 23 k= ‘H—H 712 sigduth 28 v 299 HolH
W3 o] HASFI NUL 29Ut W37 28] 24 421, valueError 7} A H Ut

F A 25, *buffer_length= 53 NUL vlo] EE A2 AT H dlo]g| o] doj2 AP}

£ @, o Wz 9ag o
QAT B2 ALE T 2T

i
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o
i)
v
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o

ru{m mlm

et# (str, bytes or bytearray) [const char *encoding, char **buffer, Py_ssize t *buffer_length]
ol & Exid AR S ThAl 2R 3 EHA A The AL AL 5 osk o} 25U T A
2 who]E 224d AR vl M52 A9 A9 gt 7T,

WA 3129 A4 YA u, u#, 2, and z# are removed because they used a legacy Py_UNICODE* representation.

=X}

These formats allow representing Python numbers or single characters as C numbers. Formats that require
int, float or complex can also use the corresponding special methods _ index_ (), _ float_ () or
__complex__ () to convert the Python object to the required type.

For signed integer formats, OverflowError is raised if the value is out of range for the C type. For unsigned integer
formats, no range checking is done — the most significant bits are silently truncated when the receiving field is too
small to receive the value.

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

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

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

B A 3.14.0a7 (unreleased) o] A ¥ 7: Use __index__ () if available.

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

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

B A 3.14.0a7 (unreleased) o] A] ¥1 7 : Use __index__ () if available.
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n (int) [Py _ssize t]

Fold AFE Cry_ssize tZ HAFUT

c (Z o] 19 bytes = bytearray) [char]

Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
7 33904 WA bytearray AAE 318 FUTh

c (Zo] 19 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 float.

d (float) [double]

Convert a Python floating-point number to a C double.

D (complex) [Py_complex]

ol W Ba4E Cry_complex FRAEZ WA

71EF 2|

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 PyObject*) into which
the object pointer is stored. If the Python object does not have the required type, TypeError is raised.

os (object) [converter, address]

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. If the converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if
the argument parsing eventually fails, giving the converter a chance to release any memory that it had already
allocated. In this second call, the object parameter will be NULL; address will have the same value as in the
original call.

Examples of converters: PyUnicode FSConverter () and PyUnicode_FSDecoder ().

WA 3.19]A ¥4 py_CLEANUP_SUPPORTED was added.

p (boo1l) [int]

Added in version 3.3.

(items) (sequence) [matching-items]

The object must be a Python sequence (except str, bytes or bytearray) whose length is the number of
format units in items. The C arguments must correspond to the individual format units in iferns. Format units
for sequences may be nested.

If items contains format units which store a borrowed buffer (s, s#, z, z#, y, or y#) or a borrowed reference
(s, Y, U, 0,0r 0!), the object must be a Python tuple. The converter for the Os format unit in ifems must not
store a borrowed buffer or a borrowed reference.
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The Python/C API, 2i2|A 3.14.0a7

W 7 3.14.0a7 (unreleased) o 4] ¥ 7 : str and bytearray objects no longer accepted as a sequence.

H A 3.14.0a7 (unreleased) - E] 3] X] & : Non-tuple sequences are deprecated if items contains format units
which store a borrowed buffer or a borrowed reference.

unit? (anything or None) [matching-variable(s)]
2 modifies the behavior of the preceding format unit. The C variable(s) corresponding to that parameter should
be initialized to their default value — when the argument is None, PyArg_ParseTuple () does not touch the

contents of the corresponding C variable(s). If the argument is not None, it is parsed according to the specified
format unit.

Added in version 3.14.0a7 (unreleased).
@ 7K b 2 29 2G4 o7t 5T FHE 2
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stol A Az; glAE ] U A A7 A8 AF A& YERH U TH A A Qe s gEks C WS
7B Zro 2 27|85 ook st — A A 0z} X AE A Qg% rrﬂ,pyArg ParseTuple ()< 3
CHF U&S A=gA F5Ych

PyArg_ParseTupleAndKeywords () A-&: 3to| A QA g]|A~EQ w A <l
JeUTh @41, BE 9= A8 AAE B Adxjelopsing, | &
oroll 2] =) of of Fru .

Added in version 3.3.

E9 0] P aE L of ol A ByhUTh 2E N9 BALL o] AR NA B4 ol Fo 2 AT
Ut} (Pyarg ParseTuple () ©] HAA] 7] &= Oﬂﬂ./] “Add F).

EUW A 2| AEE 7)o ZEUh Au 28 o EAE 2 7] o] WAIA 9 ol 2] H A A]
A ol e WA Al = AR U 9 = AZE AR o
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)!
o8 gharol AEE = F7} A

9 20 o5 Fo] AR & W5e] Faojof Ptk o] 5L
99 FES) U8 A 6 A8 e 9

F1ol 29 9] 2lAEo X did t=, o] H 3 v} Tt
Y2 AAgH = 2 7HA A7 AU o] A7 sl =W aef ol disl A8 23t LA S of

.

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.

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

Part of the Stable ABL. $ %] W} 7] H4 0 A A4 E FH St 4o v
BEAR T2 ARTch AR, AL WAl A AT AN 2

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

Part of the Swble ABL 7k¥ j%e] A7} ok valit& WolEdntE FE A9 e,
PyArg_ParseTuple () _Tl]- = %_1?;5:]—14 D}

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

Part of the Stable ABI. Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names speci-
fied as null-terminated ASCII or UTF-8 encoded C strings. Empty names denote positional-only parameters.
Returns true on success; on failure, it returns false and raises the appropriate exception.
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0 Iz

The keywords parameter declaration is char *const* in C and const char *const* in C++. This
can be overridden with the Py_Cxx_ CONST macro.

WA 3604 WA 924G v Aol Ef g )9 o] F7he] g4 U ek
WA 3139 A 7 : The keywords parameter has now type char *const* in C and const char
*const* in C++, instead of char**. Added support for non-ASCII keyword parameter names.

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

*keywords, va_list vargs)

Part of the Stable ABL. 7} 7l49] QA A7} ofd va listE WwolEQdttE S AL 54,
PyArg_ParseTupleAndKeywords () 2F % 4 g ol

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABL ZIHNE AdA 9412 717 FALEAA A} Yk
PyArg _ParseTupleAndKeywords () 7]' }\]'%Q Z] ?%'1—1:‘ 7 _?_oﬂ s -Qﬁ@’b] T/]—, Oﬂ 7] :"‘C_‘ O] U]
o] AAE 5357 T UL
Added in version 3.2.

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

Fart of the Stable ABI. Parse the parameter of a function that takes a single positional parameter into a local
variable. Returns true on success; on failure, it returns false and raises the appropriate exception.

Example:

-
// Function using METH O calling convention

static PyObject*
my_function (PyObject *module, PyObject *arqg)
{
int value;
if (!PyArg_Parse(arg, "i:my_function", &value)) {
return NULL;

// ... use value

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_{ max, ...)

Part 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;

(Th= sl o] A ol A%)
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(o] sl o] A ol A AI)

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

return result;

}

o]l g AN A pyarg UnpackTuple () ol 3 TEL pyarg ParseTuple () o 3t o2 3 &3 A4
o7 TSk

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

PY_CXX_CONST

The value to be inserted, if any, before char *const* in the keywords parameter declaration of
PyArg ParseTupleAndKeywords () and PyArg VaParseTupleAndKeywords (). Default empty for C
and const for C++ (const char *const*). To override, define it to the desired value before including
Python.h.

Added in version 3.13.

6.6.2 gt 15

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

Return value: New reference. Part of the Stable ABIL. 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.

- 22 TS AE E5Uth T EA G0 = o] =W Tt =
FE IS T FES ST 20 FAE o] vo] 1O, None& WY T} A 85| BFute
2 & 283, sl =W G 7} 7]s e AA 7 FSlol A wiEs Utk 37710012
FE2S A ESE s, 2 FAE S ES5 2 FoAAL
sts# 2] A H, W2 | 7L o HE A= AR ol AlFat7] {8 vzl AeE AdE o,
Bedt ]o] €] 7} E_}\].qu:]— TR} A BE= u]ﬁ Py _Buildvalue ()7} BHE A A o o3 2
2 A FsULh F, A HES F =7 malloc() & EE3 @FH WREBE py_Buildvalue () ©l
ADstd, At py_Buildvalue () 7} 9HEEH 0131?:01 FEZLA G HE e ] free () EZTE
af oF gtk

(5) BE o] B2yl the) 7 wEe sl
63
§9) 22 29 Th9) ol A

s (str ¥+ None) [const char *]
"utf-8' AIFY S ARG G- 5 C EAEE o] A str AAE HES YT C Ex1<4E
32 QE 7} NuLL 1?‘1,None°l }‘]'o HQE}.

s# (str or None) [const char *, Py _ssize t]
ute-g ATYL B C EADI 1 202 ol Ml ser AAZ AR T C EAD
QB 7k nurL o] |, Z o] 7} 5 A 5] AL None ©] REZHH Ut}

y (bytes) [const char *]
o] AL C A E S 7Fol bytes AA 2 AEF Ytk CEAE ZAH 7FnuLL o] ¥, None ©]
Llxa=hRi=2

v# (bytes) [const char *, Py ssize t]
o] A2 CEAEH 1 dol & o)A AAE AT UTE C EAE EAE] 7} nULL ©] ¥, None
o] wahg .

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

s¢ syt
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z# (str or None) [const char *, Py ssize t]

s#3 Z5yth

u (str) [const wchar_t *]
FUF = (UTF-16 == UCS-4) o] 1] -5 7 wchar_t 3 E FJo]H FUIE= QA=
gtk FUFE W3 ZAE 7FnuLL o] W, None ©] ¥HEHE U T}

u# (str) [const wchar_t *, Py ssize t]
FUIE (UTF-16 == UCS-4) t| o] 8] ¥ 3 e} 1 Z o] & FolH FUIE A2 HEF T
FUZE w3 ZQAH 7oL o] d, 2ol 7k A S AL None ©] RE2HE Y T

22

U (str T+ None) [const char *]

sok 24Tk,

U# (str or None) [const char *, Py ssize t]

s#3 ZF U

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

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]
Convert a 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 toa 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 1ong 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]
Cpry ssize t& 3ol A4 2 HES Y
p (bool) [int]
Convert a C int to a Python boo1 object. .. versionadded:: 3.14

c (Z o] 19] bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.

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 £1loat to a Python floating-point number.

D (complex) [Py_complex *]
C py_complex T2 & oW Has2 AATY T

6.6.
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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% Z&UTh

N (object) [PyObject *]
Same as 0, 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]
C7hel AALE G5 571 22 vhol FE= A&,
[items] (list) [matching-items]

Cghel NA2E F2 571 22 sho] 4l el Waghch

{items} (dict) [matching-items]
CRel AA2E soldl gV e 2 dagh A58 C 7o) 2 AL GAY o] shite]
F=8 Z7sto], 247t 79 o w ALF U

W AL 7t Q2 W, systemError ol 2] 7} A A = 31 nuLL ] ¥FEHE Y T
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. 7} 7|52 A =}7} obd va_list & Hrol= 2t}
e AL, py Buildvalue () & FLFYTH

rlr

int PyOS_snprintf (char *str, size_t size, const char *format, ...)
Part of the Stable ABL. ZW 224 format 3+ F 7} Q1 x}o]] el size IOl EE A A= 28T
Ut 92 w74 s o] A] snprintf(3)E BAAL

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

Part of the Stable ABL _—,L_‘}H B 2Y format 2+ 7HH 2 Z]— = va ol U]—E]— size HFO|EE U X YT 2 g
Z 29Ut 92 7L H oA vsnprintf(3) & H“/‘]
PyOS_snprintf ()} Pyos_vsnprintf ()= ZEC o] B & 8] &4 snprintf () & vsnprintf () & 2%

ok 159 B e B £ A0 BEC RN ATHA Do 520l ABH FAE B4 E A o)

The wrappers ensure that str [size-1] is always '\0' upon return. They never write more than size bytes (includ-
ing the trailing ' \ 0 ') into str. Both functions require that str != NULL, size > 0, format != NULLand size
< INT_MaAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL, 0, ...) whichwould
determine the necessary buffer size.

o) FB o] ek gh(v)S T3} o] 3 A% o of g}
0 <= rv < size A1), B WE) AFBOM v B sl 7125 AU Th (serrrv] o] T
"\O' u}o]:c:zﬂﬂ).
e rv >= size ¥ , 29 Wdo] g AFeEH ™ rv + 1 HFOJES WH 7L B th
strisize-1]2 ojuf "\o' Yy

e v < 0 U, T Qo] Aol LUtk oW E serfsize1] S \0" o] AT 5] LA
Bels) 2] srsUth olele] Aae A0S SR SRE we e
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e Bt =AY SWAA AL £ WS AF G

unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Fart 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 0b, 0o or 0x to
tell which base. If these are absent it defaults to 10. Base must be O 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 strtoul (3).

Added in version 3.2.

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

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

Same as PyOS_strtoul (), but return 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)

Fart of the Stable ABIL. 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.

AUtk E2HL o] B5 243 A TR R H o] of |
Syt

endptr ©] NULL o] o} YW, 7153 & W FAE & WAL rendprro] WEE 2] ¢S A WA
7715 A8 FUTh —EZ}O\%-"J Z7] /‘1]1‘3“57} 25 a5 A 2% o] ob UM,
*endptr o] TALE Y A& 71l 7| =5 A A 81 aL, ValueError & g}/«g AlZ1A -1.0 w3 t}

endptro] NULLO| W, AX XY

< HEY
ValueError= WAA| 712 -1.0& W3

s
v

If s represents a value that is too large to store in a float (for example, "1e500" is such a string on many
platforms) then if overflow_exception is NULL return Py INFINITY (with an appropriate sign) and don’
t set any exception. Otherwise, overflow_exception must point to a Python exception object; raise that
exception and return -1 . 0. In both cases, set *endpt r to point to the first character after the converted value.

ME F T2 ol b RS (18 So) M Re) RE e, A 2% shold A9 S AL 1.0
2 W,

Added in version 3.1.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)

Fart of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.

format_code='e','E','£','F', 'g','G' EE ' Z 3l oot A, Al FH precision
200]ojof et FAFH YT 'r' TW IAEE E“;f repr () P& 1175]6]"45}
flags+= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ¥ py_DTSF_ALT Zt= 07] o] A &7 or & 4~ Y51
c}:
e Py _DTSF_SIGN val7} 57F obd Wl = 34 vi3tE ZA1E ol 3 FA7 e+ AS 58
SE=8
e Py_DTSF_ADD_DOT_0-> HISHE FAH o] A4 Y HolA] =& 3}

e Py DISF_ALT+ “TN A" 2Zuvl¥ 3 & 2 &3} =)
PyOS_snprintf () '#' A F Aol o st AP A E TR A L.

6.7.
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ptype ©] NULL o] ot W, E£AE 7} 7FE] 7= F-L Py _DTST_FINITE, Py _DTST_INFINITE FE+&
Py_DTST_NAN % 3FUZ AR, val7} Z+ZF {38t 4=, F3F 4= = NaN 92 veR Y T}

ES
W ?ﬂ_?}% EAE 0] %% ﬁ”er°ﬂ o2k 2 Q1B o] A, M ghol] Ao st nurL YU th ZEAE
PyMem_Free () S ©Z5lo] ¥I31E EX14-E &) A8l oF gtk

Added in version 3.1.

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

Case insensitive comparison of strings. The function works almost identically to strcmp () 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 strncmp () except that it
ignores the case.

6.8 PyHash API

See also the PyTypeObject.tp_hash member and numeric-hash.

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.

PyHASH_MODULUS

The Mersenne prime P = 2**n -1, used for numeric hash scheme.

Added in version 3.13.

PyHASH BITS

The exponent n of P in PyHASH MODULUS.

Added in version 3.13.

PyHASH MULTIPLIER

Prime multiplier used in string and various other hashes.

Added in version 3.13.

PyHASH_INF

The hash value returned for a positive infinity.

Added in version 3.13.

PyHASH_ IMAG

The multiplier used for the imaginary part of a complex number.

Added in version 3.13.

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.

90
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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.

e o 1y
PEP 456 “Secure and interchangeable hash algorithm” .

Added in version 3.4.

Py_hash_t Py_HashPointer (const void *ptr)

Hash a pointer value: process the pointer value as an integer (cast it to uintptr_t internally). The pointer is
not dereferenced.

The function cannot fail: it cannot return -1.
Added in version 3.13.

Py_hash_t Py_HashBuffer (const void *ptr, Py_ssize_t len)

Compute and return the hash value of a buffer of len bytes starting at address pfr. The hash is guaranteed to
match that of bytes, memoryview, and other built-in objects that implement the buffer protocol.

Use this function to implement hashing for immutable objects whose tp_richcompare function compares
to another object’ s buffer.

len must be greater than or equal to 0.
This function always succeeds.
Added in version 3.14.

Py_hash_t PyObject_GenericHash (PyObject *obj)
Generic hashing function that is meant to be put into a type object’ s tp_hash slot. Its result only depends on
the object’ s identity.
CPython & A}A: In CPython, it is equivalent to Py_HashPointer ().

Added in version 3.13.

6.9 2| E&M

PyObject *PyEval_GetBuiltins (void)

Return value: Borrowed reference.  Part of the Stable ABIL WA 3138 E #H X =: Use
PyEval_GetFrameBuiltins () instead.

A A3z dol AR AY T ZE Yol o AF = e AEZ 2 2 builting 2] H A
Y e & wrEshyoh

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference.  Part of the Stable ABL. w3 3.133% ¥ = X & : Use either
PyEval_GetFramelLocals () to obtain the same behaviour as calling 1ocals () in Python code, or else

call PyFrame_GetLocals () on the result of PyEval_ GetFrame () to access the f_locals attribute of
the currently executing frame.

Return a mapping providing access to the local variables in the current execution frame, or NULL if no frame
is currently executing.

Refer to 1ocals () for details of the mapping returned at different scopes.

6.9. 2|4

i
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As this function returns a borrowed reference, the dictionary returned for optimized scopes is cached on the
frame object and will remain alive as long as the frame object does. Unlike PyEval_ GetFrameLocals ()
and locals (), subsequent calls to this function in the same frame will update the contents of the cached
dictionary to reflect changes in the state of the local variables rather than returning a new snapshot.

B A 31394 HA: As part of PEP 667, pPyFrame_GetLocals (), locals(), and FrameType.
f_locals no longer make use of the shared cache dictionary. Refer to the What’ s New entry for additional
details.

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. ~ Part of the Stable ABI. A 3138 E HAF: Use
PyEval_GetFrameGlobals () instead.

A A Ze P A M5 YA E RBHAL, A4 4G 59
ukskgU o,

g Aol glod nuL&

[k

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABI. Return the attached thread state’ s frame, which is
NULL if no frame is currently executing.
PyThreadState_GetFrame () & ZZR I A] L

PyObject *PyEval_GetFrameBuiltins (void)
Return value: New reference. Part of the Stable ABI since version 3.13. S A A3 ’§ _—Z H Joj} A A3y
TAd zH gl glod A= Arjel JE 2z 2] 9 builtins o] YA 2] E WY
Added in version 3.13.

PyObject *PyEval_GetFrameLocals (void)

Return value: New reference. Part of the Stable ABI since version 3.13. Return a dictionary of the local variables
in the current execution frame, or NULL if no frame is currently executing. Equivalent to calling 1ocals () in
Python code.

To access £_locals on the current frame without making an independent snapshot in optimized scopes, call
PyFrame_GetLocals () on the result of PyEval_ GetFrame ().

Added in version 3.13.

PyObject *PyEval_GetFrameGlobals (void)

Return value: New reference. Part of the Stable ABI since version 3.13. Return a dictionary of the global
variables in the current execution frame, or NULL if no frame is currently executing. Equivalent to calling
globals () in Python code.

Added in version 3.13.

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABI. func7} S+, e = A 2EHA AA A funco o] L2 ¥WI3Hsl 1, 18X
0F oW funce] F 9o o] 5 W

const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL. func®] 3 oj u}g} A £219-L vkskst o). w3k ghol| =

CEINT3

3}
=
“ constructor”, “ instance” & “ object” 7]—J_§ﬂ' Ut} pPyEval_GetFuncName ()<

func®] AA¥g o] FH Ut

U

3 A E2] <07,
o} ojo] 2ol

12~
Tl
4

6.10 2% S50 K| B4

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. |22 F9 AA st+-&5 S =3}
$4§0%, oba] 257 9hkthe, encodings W71 A& 2
F=o e gk

L

92 Chapter 6. SE2|E|


https://peps.python.org/pep-0667/

The Python/C API, Zi2|A 3.14.0a7

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)
FPart of the Stable ABL. X A ¥ encoding®l| t]3l] 5= Fd o] J=A]9 whe} 1 o]} 02 HESHSHU T
o] Bt A A BT

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. €Y+ 9 7|39} 9157 ] API.
object<= errors 2 7 ] ol 2] A 2] WS AH&8ko] A" encodingll thal LA " Q3
Ak meo] B9 H /) L ALg 5] A3 errorshnuzs D 4 AU o A
4 9129 LookupError & WA Al A Y T

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. W Zd 7]wl t]j 79 APL
object<= errors 2 7 9 H ol 2] A 2] WS A& 5Fo] A AW encoding ol W3l L
Agguyth Zdo] oy R 7]& W E A7) $ @l errors7hnuLn A 5 A5
4 912 LookupError & T A U T}

H 0=
t} e

6.10.1 T Xx3| API

2 ol A, encoding TAIE L BF 2 AE HEE O RIFHEZ, o] AYZE T AIY X3+
HAEARE kA @A Futh Zdo] 1o, KeyError 7} A % ¥ A1 NuLL ©] HFEHY U T
PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 50 A encodingl] B3t A1 7 g+& 7L 3}

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 520 A encodingl| B3t t] T g+& 7L 3t}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X A & encoding || ] 3t IncrementalEncoder 2|
£ 7S Uh

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABL. 2] A | encoding || ™} 3} IncrementalDecoder 2|
= 7S Y

PyObject ¥PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)

Return value: New reference. Part of the Stable ABL. X A H encoding©l| ™) 8} st reamReader | E ] St
= 7HAS U

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

Return value: New reference. Part of the Stable ABL. A A H encoding©l] T 3t Streamwriter M & 2]

< 7HAF Ytk

ol

1

6.10.2 fFL|ZE 213 dl2] 2|78 SE4 API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL. X A H name 2. & o] 2] A 2] MW T errorE SE3Y} Z o] QlaYT
T RETAUIALE F gl vl EL S 2, IFE/HIE 45 S 0 name©] error
w7 M2 AZE e o o] F9W FE TS UTH
= }‘ﬂ! 2 '551' ‘/]' -9] ol 7(]— = UnicodeEncodeError, UnicodeDecodeError L=
UnicodeTranslateErrord QIAEAE ®HlolES o=, A7 H & B vlo]E 9 A HA
SFol 52 A EAEAAY Lz Ao thst AR E G YFUTH (o] EE FE3= T

il [ rlr
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FUIZE o9 AAE FREA L), TN T A& TN 7 AY, ZA7F A= AA2Y
AS e EALNA AR Y/T TR DAl A e o} S 0 ZAL A B A TR
2 Y5 523 whas)or qu Tk
dFetd 0, ol e -1& B gy ok

PyObject *PyCodec_LookupError (const char *name)
Return value: New reference. Part of the Stable ABL. name 0.2 SE9 o2 A g I &5 25U h

Py
= =]
5% A9 wrnol AT B 4 9, o)uht “strict” o AT o2 A2l 2ol W Tk
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE 9| 2] & WA A 71 Yt}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 59 &
U},
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. - T = Q17 Y 9| # & 2 Y u+rrrD 2 X &S T}

AV, FURE NS FAG

m[o

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z = 7Y o 2] & XML E2F =22 X33t
Yo,

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U R T <17 d o 2| & W £ A] o] AHA o] Z (\x,

u " \v) & x| 2o

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. U I E A7 of &
ojxA o]z g X F3H T
Added in version 3.5.

r&l

i

\N{...}

6.11 PyTime C API

Added in version 3.13.
The clock C API provides access to system clocks. It is similar to the Python t ime module.

For C API related to the datet ime module, see DateTime 74 A).

6.11.1 Types

type PyTime_t
A timestamp or duration in nanoseconds, represented as a signed 64-bit integer.

The reference point for timestamps depends on the clock used. For example, Py Time_Time () returns times-
tamps relative to the UNIX epoch.

The supported range is around [-292.3 years; +292.3 years]. Using the Unix epoch (January Ist, 1970) as
reference, the supported date range is around [1677-09-21; 2262-04-11]. The exact limits are exposed as
constants:

PyTime_t PyTime_MIN
Minimum value of PyTime t.

PyTime_t PyTime_MAX

Maximum value of PyTime_t.
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6.11.2 Clock Functions

The following functions take a pointer to a Py Time_t that they set to the value of a particular clock. Details of each
clock are given in the documentation of the corresponding Python function.

The functions return 0 on success, or —1 (with an exception set) on failure.

On integer overflow, they set the PyExc_OverflowError exception and set *result to the value clamped to the
[PyTime_ MIN; PyTime_MAX] range. (On current systems, integer overflows are likely caused by misconfigured
system time.)

As any other C API (unless otherwise specified), the functions must be called with an attached thread state.

int PyTime_Monotonic (PyTime_t *result)

Read the monotonic clock. See time .monotonic () for important details on this clock.

int PyTime_PerfCounter (PyTime_t *result)

Read the performance counter. See time.perf_counter () for important details on this clock.

int PyTime_Time (PyTime_t *result)

Read the “wall clock” time. See time.time () for details important on this clock.

6.11.3 Raw Clock Functions

Similar to clock functions, but don’ t set an exception on error and don’ t require the caller to have an attached thread
state.

On success, the functions return 0.

On failure, they set *result to 0 and return -1, without setting an exception. To get the cause of the error, aftach a
thread state, and call the regular (non-rRaw) function. Note that the regular function may succeed after the Raw one
failed.

int PyTime_MonotonicRaw (PyTime_t *result)

Similar to PyTime_Monotonic (), butdon’ t set an exception on error and don’ t require an attached thread
state.

int PyTime_PerfCounterRaw (PyTime_t *result)

Similar to PyTime_PerfCounter (), but don’ t set an exception on error and don’ t require an attached
thread state.

int PyTime_TimeRaw (PyTime_t *result)

Similar to PyTime Time (), but don’ t set an exception on error and don’ t require an attached thread state.

6.11.4 Conversion functions
double PyTime_AsSecondsDouble (PyTime_tt)
Convert a timestamp to a number of seconds as a C double.

The function cannot fail, but note that doub1le has limited accuracy for large values.

6.12 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 an attached thread state is not required for these APIs.
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int PyUnstable_PerfMapState_Init (void)

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

Open the /tmp/perf-$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 ()). Normally,
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:

# address size name
7f3529fcf759 b py::bar:/run/t.py

Will call PyUnstable pPerfMapState_Init () before writing the entry, if the perf map file is not already
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 (). This is 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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PyObject *Py_GetConstant (unsigned int constant_id)

Part of the Stable ABI since version 3.13. Get a strong reference to a constant.

Set an exception and return NULL if constant_id is invalid.

constant_id must be one of these constant identifiers:
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Constant Identifier Value Returned object

0 None
Py_CONSTANT_NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT_NOT_ IMPLEMENTI

5 0
Py_CONSTANT_ZERO

6 1
Py_CONSTANT_ONE

7 L
Py CONSTANT_EMPTY_STR

8 bll
Py CONSTANT_EMPTY_ BYTES

9 0

Py_CONSTANT EMPTY TUPLE

Numeric values are only given for projects which cannot use the constant identifiers.
Added in version 3.13.
CPython & A}A)]: In CPython, all of these constants are immortal.
PyObject *Py_GetConstantBorrowed (unsigned int constant_id)
Part of the Stable ABI since version 3.13. Similar to Py_GetConstant (), but return a borrowed reference.

This function is primarily intended for backwards compatibility: using Py_GetConstant () is recommended
for new code.

The reference is borrowed from the interpreter, and is valid until the interpreter finalization.

Added in version 3.13.
PyObject *Py_Not Implemented

A" g 2ol thaff Akl FAH A k< Fele vl AHH <= Not Implemented A5 E.
Py_RETURN_NOTIMPLEMENTED

Properly handle returning pPy_Not Implemented from within a C function (that is, create a new strong refer-
ence 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 ().

98 Chapter 7. A A AIS



The Python/C API, Zi2|A 3.14.0a7

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_HasAttrWithError (PyObject *o, PyObject *attr_name)

Part of the Stable ABI since version 3.13. Returns 1 if o has the attribute attr_name, and 0 otherwise. This is
equivalent to the Python expression hasattr (o, attr_name). On failure, return -1.

Added in version 3.13.

int PyObject_HasAttrStringWithError (PyObject *0, const char *attr_name)

Fart of the Stable ABI since version 3.13. This is the same as PyObject_HasAttrWithError (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

Added in version 3.13.

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABIL. Returns 1 if o has the attribute attr_name, and 0 otherwise. This function always

succeeds.
i Jign
Exceptions that occur when this calls _ getattr_ () and _ getattribute__ () methods aren’
t propagated, but instead given to sys.unraisablehook (). For proper error handling, use
PyObject_HasAttrWithError (), PyObject_GetOptionalAttr () Ofr PyObject_GetAttr () in-
stead.

int PyObject_HasAttrString (PyObject *o0, const char *attr_name)

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

0 itx
Exceptions that occur when this calls _ getattr_ () and _ getattribute_ () methods
or while creating the temporary str object are silently ignored. For proper error han-

dling, use PyObject HasAttrStringWithError (), PyObject_GetOptionalAttrString () Or
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. AR 00l A] attr_name o) 2= o] £9] o]EZ|HE
= HAGULE A Fed o] ERRE S, AFstE nuinS whEg Tl o] AL stold T H 4
o. attrinamef’»]— %%@’H D]—
If the missing attribute should not be treated as a failure, you can use PyObject_GetOptionalAttr ()
instead.

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 Pyobject*.

If the missing attribute should not be treated as a failure, you can use
PyObject_GetOptionalAttrString () instead.
int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr_name, PyObject **result) ;

Part of the Stable ABI since version 3.13. Variant of PyObject_GetAttr () which doesn’ t raise
AttributeError if the attribute is not found.
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If the attribute is found, return 1 and set *result to a new strong reference to the attribute. If the attribute
is not found, return 0 and set *result to NULL; the AttributeError is silenced. If an error other than
AttributeError is raised, return -1 and set *result to NULL.

Added in version 3.13.

int PyObject_GetOptionalAttrString (PyObject *obj, const char *attr_name, PyObject **result) ;
Part of the Stable ABI since version 3.13. This is the same as PyObject_GetOptionalAttr (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.
Added in version 3.13.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject ¥name)
Return value: New reference. Part of the Stable ABL. & 1A 9] tp_getattro €F ol vl X5 & <Hl o] E
HE AE (getter) T AA Y (ATHH) _dict_ o Q= o] EgHER T oy gt 2 4] 2] MRO
A= ZHae g gl e t2aHEE F5 U th descriptorsol] 8 9FH ZAA &, o] &
YAt 2 oEYRERT SASA Th v tlo]H AT HEH = 187 g5Uth 187
ok o W AttributeError 7} 2FA g T}

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)

Part of the Stable ABL. A ool] th3l, attr_nameo] 2}t o] 52 o] EZHE S v oz AATY
ok A Al 2] & DAYA 7] -1& YT AFEtH 02 YT o] A2 mto|xl 4

o.attr_name = v& TS5t

If vis 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 *v)

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 Pyobject*.

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

The number of different attribute names passed to this function should be kept small, usually by us-
ing a statically allocated string as attr_name. For attribute names that aren’ t known at compile time,
prefer calling PyUnicode FromString() and PyObject_SetAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object.

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & A A tp_setattro &Fol Wi X5 = YRt o] E ] HE M E (setter) 2} L 2]
B (deleter) &4+ 2141 9] MROS| 1= Fel229) GAL el A vlo]H T 23 4B E 23, A5 W
AxBx G elo] i o= RES AR SAL A S AR SAFUTh 124 Fo,
AA 9] (AThe) _dice ol A o= HEsF A ALk AAH Utk AE3hE 00] MEH 3, 1
2] oFo W attributeError 7} YHAYSFA —1 0] WHEE Ut}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABI since version 3.13. Z4A] ol W&, attr_name o] 2= 0] 52 o] EE|REE ALA| g
Utk A Al -1 9h U Th o] 212 3ol 4 del o.attr name ¥ F5FYTH

int PyObject_DelAttrString (PyObject *0, const char *attr_name)
Part of the Stable ABI since version 3.13. This is the same as PyObject_DelAttr (), but attr_name is

specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

The number of different attribute names passed to this function should be kept small, usually by us-
ing a statically allocated string as attr_name. For attribute names that aren’ t known at compile time,
prefer calling PyUnicode FromString() and PyObject_DelAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object for lookup.

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ Y23 HE S| AH
(getter) & A1 8F kA Q1 . oot 9l & WEYTh
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This function may also be called to get the __dict__ of the object 0. Pass NULL for context 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] 2] A €] (setter) & 9] SF GWFA Ql 29, 9]
TR G AAE H A ELTh

Added in version 3.3.
PyObject **_pyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there is no __ 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 02 using the operation
specified by opid, which must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, Of Py_GE, corresponding to
<, <=, ==, !=, >, or >= respectively. This is the equivalent of the Python expression o1 op o2, 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, 0 if the result is false, 1 otherwise.

0 #Fx

If ol and 02 are the same object, PyObject RichCompareBool () will always return 1 for py_E0 and 0 for
Py_NE.

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

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

PyObject *PyObject_Repr (PyObject *0)

Return value: New reference. Part of the Stable ABL. Z4A] 02] Ex}¥4 T3S ALY AHZ3tdH &
A Ed5, Aot vuin g WY T o] A2 3ol W HAA repr (o) 955

W7 g ﬂlA“ﬂE Hyth
WA 34004 WA o] Folle o)Al 2 oj A o] £3E o] glo] A o9& 283 WA
b= ),

PyObject *PyObject_ASCII (PyObject *¥0)
Return value: New reference. Part of the Stable ABL. Pyobject_Repr () A, AA 02 EA1E BH S A
/‘\_].—(5].;(] CA\x, \u EEE=\U O]_/_\}'ﬂ ol E /\]-‘9—‘6]-03] PyObject_Repr () ©] vrekst FA-E oﬂ A‘] H] ASCII
A= Oliﬂ] o] 2}14“/} o] A& F}oly 20 A pyobject Rrepr()°ll &3 wEghE A F ARG
A= AU ascii( 1417“ tofl o5 =g Ut

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL. 21 4] 09] 219 B3-S A4t A& Al 214
28, A9 Al vuLLS HHEE U ) o] A2 stol W BH A str (o) FFSF YT str() W T

o 9&f, whebA print () ol QSIAE SEH YT
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WA 34004 WA o] Fpolls o)Al 2 oA o] o] flo] B4 A8l E 283 WA
BEE T

PyObject *PyObject_Bytes (PyObject *0)

Return value: New reference Part of the Stable ABL. A A] 02] vlo]EE &L A4ty Aasid
NULL, /330 Hho]| EA AR S Wb Uth ol= o7 7k obd o) 3ho]x 2 H 4] bytes (o)
9} 55 FU T bytes (o) 2 Bel, 07} 01 022 27548 wjol £ 4] oAl TypeError 7}

LA FH o,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABIL. Z#| 2 derived 7} 23| 2~ clsS} = L 3L A W clsoll A A= o 1 ¥ksts)a,
227 9o W 0 ek o, o2l 7k B shE -1 & wkakgh o),
ds7} FEOI, cse] BE Fuol el AAF 2 BB UL Ao shite] AAIA 18 WHeka
AT 10 91, 237 2e® ool gyt
If cIlshasa __ subclasscheck__ () method, it will be called to determine the subclass status as described

in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in
cls.__mro

Normally only class objects, i.e. instances of type 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 2 2 cls®) A B S22 2 H ]
ST 02 WAL, o &) 7F A -1 WA o2 S A

cls7} B2 oW, cls®] RE B2 ol ol AA £ HFUTH Aol shte] Aol A 1S whasH
A3 10l W1, 194 ow 0o] HuTh

If clshasa___instancecheck__ () method, it will be called to determine the subclass status as described in
PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cIs.

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. A 0] S A gk-& Al 4kaha Wik e Avfshd -1& wakguch o 2
g}o]X Z & Al hash (o) & =S5k

W7 3.20]| A ¥ 7 : The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize t.

rlo

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
Fart of the Stable ABL Seta TypeError indicating that t ype (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. 2R 05 o2 7433 dH 18, 232 oW 02 vyt o] AL glo] A
E@4 not not 0% FFFUTH AR 1L wkeHg

int PyObject_Not (PyObject *0)
Part of the Stable ABL. 21 o & o 2 7+31d
E84 ot o9 EEFUTH A S 18 113

PyObject *PyObject_Type (PyObject *0)

my

Return value: New reference. Part of the Stable ABI. 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_TvPE () 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 fype or a subtype of type, 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. A 02] A o] & W3ttt AR o7} Al @2} w3 Z2EFZ A FstH
Al ol 7h i Ut o 3 7 2 sHE ~1 o] REE-g Utk o] 2L sho] W £ F A len (o) 54
5T

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

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 ABL. 2 A keyoll 3l &3+ 02] 8 25 ¥I33} A} A3
A oL B o) ol AL sl ¥l EAA okey) 9 5T

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL. 2 A| keyS 7k voll Wl E Ut} A3 A] 9] & HAA 7] 1 1S H3sy o),
B 0% AT o AL ol EF olkey] - vSH EEFUT o 855 vl
E FAA sy th

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. AR ool A] AA keyoll o &+ v L A AUt A -1 vk3ksty o}
o] AL glo] W A del olkey] & FS5TYc)

int PyObject_DelItemString (PyObject *o, const char *key)

Fart of the Stable ABI. This is the same as PyObject_DelItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyObject_Dir (PyObject *¥0)
Return value: New reference. Part of the Stable ABI. ©] Zi% glo)lW T A dir (o) =S, AA <
Aol e EAA) (o192 5 Qi) Pl AES WS AL, o 2l 7 9 oW wL g vEh T
A2 7hwusLel W, kol W dir () 7wl 5540, B 2] 9 locals) o] o] §-5-& NI Th; o] 49, A4
ze o] &3t of YA %}ifﬂ NULL O] WFBFS] A 0k pyErr Occurred()E ARE WY T
PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] 21 g}o|H & 4] iter (o) & FS5 YTt A
Aol o) & A 22 o] €] o] &) 38k A1, 20171 o] ] o] B e o £ o] & 2] A1) kg .
AAE olef2 o] E & 5 91w TypeBrror & WA 7] AL NULL S REHEIY T
PyObject *PyObject_SelfIter (PyObject *obj)
Return value: New reference. Part of the Stable ABL This is equivalent to the Python __iter (self):
return self method. It is intended for iferator types, to be used in the Py TypeObject.tp_iter slot.
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 for it. 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)

Part 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 PyType_ Spec.
basicsize. Python does not check this.
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On error, set an exception and return NULL.

Added in version 3.12.

Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)

Part 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; it is safe 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 ITEMS 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.

int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)

Visit the managed dictionary of obyj.

This function must only be called in a traverse function of the type which has the
Py TPFLAGS_MANAGED_DICT flag set.

Added in version 3.13.

void PyObject_ClearManagedDict (PyObject *obj)

Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py _TPFLAGS_MANAGED_DICT flag set.

Added in version 3.13.

int PyUnstable_Object_EnableDeferredRefcount (PyObject *0bj)

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

Enable deferred reference counting on obyj, if supported by the runtime. In the free-threaded build, this allows
the interpreter to avoid reference count adjustments to obj, which may improve multi-threaded performance.
The tradeoff is that obj will only be deallocated by the tracing garbage collector.

This function returns 1 if deferred reference counting is enabled on 0bj (including when it was enabled before
the call), and 0 if deferred reference counting is not supported or if the hint was ignored by the runtime. This
function is thread-safe, and cannot fail.

This function does nothing on builds with the GIL enabled, which do not support deferred reference counting.
This also does nothing if 0bj is not an object tracked by the garbage collector (see gc.is_tracked () and
PyObject_GC_IsTracked ()).

This function is intended to be used soon after obj is created, by the code that creates it.

Added in version 3.14.
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int PyUnstable_IsImmortal (PyObject *obj)

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

This function returns non-zero if obj is immortal, and zero otherwise. This function cannot fail.

0 #x

Objects that are immortal in one CPython version are not guaranteed to be immortal in another.

Added in version 3.14.

int PyUnstable_TryIncRef£ (PyObject *obj)

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

Increments the reference count of objif it is not zero. Returns 1 if the object’ s reference count was successfully
incremented. Otherwise, this function returns 0.

PyUnstable_EnableTryIncRef () must have been called earlier on obj or this function may spuriously
return 0 in the free threading build.

This function is logically equivalent to the following C code, except that it behaves atomically in the free
threading build:

if (Py_REFCNT (op) > 0) {
Py_INCREF (op) ;
return 1;

}

return 0O;

This is intended as a building block for managing weak references without the overhead of a Python weak
reference object.

Typically, correct use of this function requires support from obj’ s deallocator (tp_dealloc). For example,
the following sketch could be adapted to implement a “weakmap” that works like a WeakvValueDictionary
for a specific type:

PyMutex mutex;

PyObject *
add_entry (weakmap_key_type *key, PyObject *value)
{
PyUnstable_EnableTryIncRef (value) ;
weakmap_type weakmap = ...;
PyMutex_Lock (émutex) ;
weakmap_add_entry (weakmap, key, value);
PyMutex_Unlock (&mutex) ;
Py_RETURN_NONE;

PyObject *
(th= sl o] A ol Al%)

7.1.
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get_value (weakmap_key_type *key)
{
weakmap_type weakmap = ...;
PyMutex_Lock (&émutex) ;

if (PyUnstable_ TryIncRef (result)) {
// ‘result' is safe to use
PyMutex_Unlock (&mutex) ;
return result;

}

PyMutex_Unlock (&mutex) ;
return NULL;

// tp_dealloc function for weakmap values

void

value_dealloc (PyObject *value)

{
weakmap_type weakmap = ...;
PyMutex_Lock (&émutex) ;
weakmap_remove_value (weakmap, value);

PyMutex_Unlock (&mutex) ;

PyObject *result = weakmap_find(weakmap, key);

// but has not been removed from the weakmap yet

(o] sl o] A ol A AI)

// 1f we get here, ‘result' 1is starting to be garbage-collected,

Added in version 3.14.

void PyUnstable_EnableTryIncRef (PyObject *obj)

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

Enables subsequent uses of PyUnstable TryIncRef () on obj. The caller must hold a strong reference to

obj when calling this.
Added in version 3.14.

72 SET2EE

CPython& = 71A] <& 22 EZS A4t} ip_callz} ¥ B Z (vectorcall).

721 tp call TEEE

tpocalle ARTE oA ArBAE THBAYT 25 AP 23} Bk

[PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs);

g}o]H FTE 9] callable (*args, **kwargs) S AFSHAl, 9 %] AALE Yt 523} 7
94 2] & AH85to] 2T T args= NULLo] oh]oloF g o} (1717} 910 w5

2). AT 7)1 = A7} 9o kwargs= NULLL = 55Ut

o] T3-S p_call )| A B A5 = Z o] obdUTh: tp newsh ep_inicE AR oA oz AUk
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To call an object, use PyObject_Call () or another call API.

7.2.2 HIE{Z (Vectorcall) ZI2EZ

Added in version 3.9.

@E}%EEE%%PEPS%OHH TEEES ENN AT I EZREZE SYHAFUTH
¥ 722 g, CPython< o] A gt HHE SZof ol ““E%:’% Al 2 o] A

A A2kt o] O}”W‘/} “d o7 A4k XJ% (PyObject_call () & AH&-3HA] R¥3L) 1p_call& A7

AU T webA, MEZS A Y3te %ﬂ% 5 tp callg TN FUTH S oW 22 EZS

ArgsteA o BAQle]l FHELS FLIA s or Uk ol & & A%

PyVectorcall_Call ()& AAst= A YT} ]7/10] HHE S A g gy th

A 3>

WEES A UsHe ZHAE 2L v)7}

32

T2 tp callg vlE ] & oF ).

WA 3,129 A4 ¥ 7A: The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’ s
__call_ () method is reassigned. (This internally sets tp_call only, and thus may make it behave differently
than the vectorcall function.) In earlier Python versions, vectorcall should only be used with immutable or static
types.

p_call AT SR ATHY Feh 2t MEES TARAL o FLTh o & Sof, 324 R3] AAE
U} 23} kwargs G4 U el = WSl of 3HE, W E] 22 T AL ol 7k Y& Th

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS HAVE VECTORCALL flag and setting

tp_vectorcall offset to the offset inside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Fart of the Stable ABI since version 3.12.
o callable-> T =5 = AA| 4ot

o args= 9] 1219} 1 HE ul= -‘—‘:— Z19 = Axte] o g F4HE C Yyt
QAz}7F Qo NULLY 4 15U th

« nargsf= $13) A=ke) S0l
PY_VECTORCALL _ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall NARGS ().

o kwnames= 7] ) & 21 z}9] o] 2& F 5l EZ Q)
ThA] e, kwargsd"qﬁ?/]-/] 7). °] ]%%% —E—X}Oﬂ(strolu}/qu ’a]]/\_,] Ol AE ) o]0
oFs}v] 1551 oF T 719 E A7 92, kwnames= T4l NULLY 4 915U Tk,

PY_VECTORCALL_ARGUMENTS_OFFSET
Part of the Stable ABI since version 3.12. ©] Z | 17} W E|Z nargsf QAL AAE Y, ¥ TEX+= DA
o2 aron( 1) & WAL AT 5 ot T AN A 100] D E 7121
Uth 53 &A= Wkske7] Aol args[-1] S EQ8l oF g
PyObject_VectorcallMethod() & A%, o] Z# 1= thAl args(0] o] HAE 4+ A2

g},

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_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.

ME2e TASE AAE oY, OE =
PyObject_Vectorcall ()2 dHlA o7 713 &

o

ERE

i
XUALE
0, e

F O RAAR 5 AP BEE AR L.

o}
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X ®od

p_call-& A& ], 3] TE A= A7 ofl sl 48 B 87 fls5 Y th: CPython- mp_call-& Ak
7§ —?— Py _EnterRecursiveCall () -Tl]- Py _ILeaveRecursiveCall () T% /\]—%@“/] Tﬂ—
F84E A9, MHES Asste] 538 Aol 194 gedth HEEAE A2 6
Py_EnterRecursiveCall I} Py_LeaveRecursiveCall < A3l oF $Fu] t}.

o
_?L
2
folr
e
oL

HE|Z K| 2 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Part of the Stable ABI since version 3.12. W E] & nargsf AX7F FoI XA, AA| AR} =& wkEgh o).
A 2 FE5FYTh

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

T8 FE B34S &) pyvectorcall NARGS B4E A3 oF )
Added in version 3.8.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7b eI E B2 R e A ASA So W (o] AU GAL AR EAT] A LA 947] uf 2o,
NULLE WHabgh o), 9 sho, opoll A5 WEl 2 95 T A S wakgh. o gos
o 2] & LA 7] A 5T
Ol AL op7t HEH ZE A F3=A & s+t £ 2 7831, Pyvectorcall Function(op) !=
NULLZ FQlsto] £3 &  JlFU
Added in version 3.9.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)

Part of the Stable ABI since version 3.12. 5Z3 A glo|| 2t o)A Y A2} 7| Y & QA R}ZE callable
9] vectorcallfunc & Z&F Yt}

This is a specialized function, intended to be put in the tp_cal1 slot or be used in an implementation of
tp_call. Itdoes not check the py_TPFrrAGS HAVE_VECTORCALL flag and it does not fall back to tp_call.

Added in version 3.8.

7.23 X S & 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.

e EEALS b5 3 RS E 2R AU AN T S A AAE B AA L.

= g E args kwargs
PyObject_Call () PyObject * EZ gAY g/NuLL
PyObject_CallNoArgs () PyObject * — =
PyObject_CallOneArg () PyObject * 1 ZAXA] =
PyObject_CallObject () PyObject * {FZ/NULL —
PyObject_CallFunction () PyObject * 3 W (format) —
PyObject_CallMethod () obj + char* 3 9 (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 * WEZ Heg =2
PyObject_VectorcallDict () PyObject * iR === g g/NuLL
PyObject_VectorcallMethod () arg + name “—ﬂﬂ% “—ﬂﬂ%
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PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. 52 args2 Fo] X A X2} DA Y 8] kwargs 2 T A
IS5 Bz EelE Aol d A colae T2

args— NULLo] ok ojop gt | QA7 8 glod vl &S AME A Al L. o] 53+ AR
8617 ¢k oW, kwargs= NULLY 21’\‘43}

Ao 5 A Mok, AR oI5 A7) NLLE DR E
o] AL t}L gtol W A A} =3} callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

Return value: New reference. Part of the Stable ABI since version 3.10. 1A} ‘,3} o] & E ylo) A A
callableS TZFUT) 22} glo] 2HE gtolH AA S TE8l= 71 E8 20l bt}

AFstd S5 A8 Hhsketar, A st o 2] & WA A 7] 2L NULL-S wEHetY T}
Added in version 3.9.

[}

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 383 17]19] Y 2] A A} arg 2 7| ¥ = Q1 A} glo] Z 2] L& Ito] W A A callable

AEetd 25 235 ek, A e o9 & LA 7] AL NULL-2 W3k o
Added in version 3.9.
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Return value: New reference. Part of the Stable ABL F& args©ll &3] 013 X2 Z & & go| A A A
callable2 T &3t Q27 D Q3R 90 W args= NULLY &~ Y5t

4EeE 53 ATE MBS, AvjerE o9 8 LA ) T NULLE B T,
o] AL Tt} gfo|H FEH AT ZE=3F T} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABL. 7}H 7|52 C Q12 ZF & & ol ¥ A A callable
= ZEHYTh CAA= Py Buildvalue () 2B W £2HE S AHE-sHe] 7] g Yt} format-&
NULLQ = e, AA7F A3 5 A @22 UEFE Ut
Aot T 235 HEeta, A9 et o9 & WA 7] 3L NULL-S W3 o
o] AL th& Fhol M H A 55 F T callable (*args).
Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is a faster alternative.
WA 3404 WA format2] 3 o] char *ol| A AAE Q5 T)

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference Part of the Stable ABL. 7} 79 C QA AFE AL-&3Fo] A A 0bj 2] name

oleht o B9 WA EE T2 FUTH C ARbe FES BA ok SH £y suildvalue () EW E3
9= 71&g ek

format-& NULL 2 5 9.7, 127k Al 85 ) 98- hebdluct,

4EotE 55 TS VBT, A e o) 9 WA ) 7 NULLE WHEgh o

o) AL The shol M EAA T 553

Note that if you only pass Pyobject* args, PyObject_CallMethodObjArgs () is a faster alternative.
WA 34004 ¥ 7 name} formare] B o] char *ol| A WA= 5T

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

Return value: New reference. Part of the Stable ABI. Call a callable Python object callable, with a variable
number of PyObject* arguments. The arguments are provided as a variable number of parameters followed
by NULL.

4t 22 A3 vhehetar, Asfshd o 9l & WA 71 AL NULLS &gy ot

]'1413]-: obj.name (argl, arg2, ...).
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o] A2 thx Fto| ¥ A A 55 FTh callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)

Return value: New reference. Part of the Stable ABI. 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.

At $& 235 WEksta, A9 sk o 9 & WA Al 7] 32 NULL-S wH3ksh o}

PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

AR} gho] stol A A obj o] MIMEE EEFUTH o 7| A WA E o] 52 nameo| A Fhol A FA L
AA = AlsB Yt

35 5F ATE WA, Aol s o 98 YA ) T NULLE MR o
Added in version 3.9.

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

A 9] A2t arg® sho] W AR objo] WA E=E TEFUTh o 7] A WA= 0] 52 nameol| 4] T}0]
W EAE AA = A FgUth

dEstd £ A3E Hhgketar, A st o 9] & WA A 7] 21 NULL-S WU T}
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 & 3ol AA callables TZ3Uch AAE=
vectorcallfunc & Z2% Ut} callableo] M EZL XY O]"?'J, callableo] A= W Z Sd4+-E 2
HqEEFUTh

4EoE 5% A2HE Bee 1, Asheld o9 5 WA 7 L NULLES wagh o,

Added in version 3.9.

d

ﬂll

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwdict)
AR A7 EE 22 EFH Z 3] QA A T G kwdictZ AEE 719 = AXRE callable
S SEFYTH args Al F2 9 A AT 2EFH T
WEA o AgEE e 23 BAgle], AAE NBs|oF FTh wlebA, o] B4t BEA A
oju] 7| & JAAE ARGT Fu7FE A 7 AT 914 Q1 Afol] thdk FE o] §lZ i vk ARS
af oF g th
Added in version 3.9.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject

*kwnames)

Part 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[/] 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.

dEstd £ A3E Hhsketar, Aufstd o 2] & WA A 7] 2L NULL-S w3t T}
Added in version 3.9.
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724 SE X|¥ API

int PyCallable_Check (PyObject *0)

Part of the Stable ABL A 07} 25 A BTk, A7 2o o)W 12, 2187 ghor o
A e o R e SN

tlo

73 A ZE2EZE

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. A 07} A 22 EZ-S A 2ot 1S W3hst, 182 9o
gyt o] e FFAFEUTH
WA 3804 M A: o7} QA A A5 12 uksksh o)

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 025 B3t 23}, A9 A] NULLS ¥WFEHSHU T}
AL shol A FAA o1 + 029 F5 T

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol 9| A 025 " 23}, A3 A] NuLLS ¥FSHSHY
o)A 5hol A EAA o1 - 029 5T

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l ¥} 025 33t 2 7, A 9)| A] nuLLS WHEHSHY
o)A shol A A o1 * 029 5T

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 3 & FA S A3, A9
A NULLS WU T o] A8 Bhol W BB o1 & 029 55 E T,
Added in version 3.5.

)
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£

o

i)

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. Return the floor of o/ divided by 02, or NULL on failure.
This is the equivalent of the Python expression o1 // o2.

PyObject *PyNumber_TrueDivide (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. This is the equivalent of the Python expression o1 / o2.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l & 02 2 W= U™ A, A3 A NULLS HFSHSHY
o} o A shol A BB o1 & 029 FSF T

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. W7 4* divmod () &
NULL-& ¥H3HrU ) o] A2 Fho] s 38 4 divmod (01, 02) 2} &5 YT

PyObject *PyNumber_Power (PyObject *ol, PyObject ¥*02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 = pow () & FZ
Hhghgtu T} o] 212 Sho] A EH A pow (o1, 02, 03) FFTFYLH A = 2
£ FAISHEE, 2 Aol Py nones AT Al L (030 NULLS FESHH AEH W2 2] A A7
LA oh.

PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& Al 02] 22] 3 (negation) -, A 3] A] NULLS
WAL o] AL shol 4 E A4 -0 S5

73. XD 2EZE 111



The Python/C API, 2i2|A 3.14.0a7

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& Al 05, A3 A] NuLLS WHESHU T} o] A&
ERPEE PN
PyObject *PyNumber_Absolute (PyObject *¥0)
Return value: New reference. Part of the Stable ABL. 0] ZHiZkolu}, Ao Al NULL-S ¥ T}, o] A2
Shol 4 %@ 4 abs (o) 9 FS T,
PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 02] ¥] E LA (bitwise negation) <, A 3] A]
NULL= WU Th o] A2 vho] W 4 ~o 9t TS T Th
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 33 Al 0l & 0203 Y&£0Z A
A3 Al nunL S WU o] AL stol M T H A o1 << 028t FE T YTH
PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 33 Al 0l & 02WHE L E&
A5) A nozn 2 WU T o] 22 shol A £ o1 > 029 B G LT
PyObject *PyNumber_And (PyObject *o1, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. A3 A] 0l 2} 022] “B] E ¥ =] F (bitwise and)” =,
A3 A NoLL S MBI T o) AL kol 4l HAA o1 & 029 Tk
PyObject *PyNumber_Xor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 3} 022] “v]E Y v E} & 1= 2] & (bitwise
exclusive or)” <, A 3| A NULL& WHEGIYTE o] 212 ol W A4 o1~ o209t FEHUH
PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A 0l 3} 022 “B] E Y =2] ¥ (bitwise or)” <,
A5 A LS BEFU T ol AL sol B@A o1 | 029 ST
PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l ¥} 025 t] 3t 2 ¥, A o) Al nunn& WHEHSHU T
o] A4k ol o] A1 A Al AF2] ol A (in-place) 53 F U T o] A2 o] W £ o1 += 029 FF
geh.
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL ol 9| A 025 "l 23, A 9] Al NULLS WHEHEHU T
o] A4 ol o] A1 A8t A Ak of| A (in-place) 3 H Ut} 0] 212 ol W £ o1 —= 029 F5H
e
PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l 3} 025 53t 23}, A9 A] NULLS ¥WFEHSHU T
o] A4k ol o] A1 A Al AF2] ol A (in-place) =3 F U T o] 212 3ol H £ o1 *= 029} FF
e,
PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 0l 3} 025 3§ & 3413+ é.»]-l/‘r A1 7f)
A NULL-G MR T, o] AL of o] A ASFE A A2 o A (in-place) 5B LI o}, 0] -2 ko] A
T4 ol e= 028} F5FYTH
Added in version 3.5.
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PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l & 022 Y+ fi. A Z 2 o] (floor) W}, A3 A NULL
= HESHgy ot o] A4k ol o] XAt A AHe] of| A (in-place) 3 F U T} o] 22 Thol W 74 o1
//= 029} FSEh
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PyObject *PyNumber_InPlaceTrueDivide (PyObject *0l, 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 o1 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject ¥*ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. 0l & 02Z Y+ YW X, A3 A] nuLL-& ¥F3Hs
Utk o] QA+ o1 0] A D3 A 2] ol A (in-place) 5 F U Th o] AL sho] W E& 01 3= o2
55T

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL. W7 &= pow () & FZ A L. A3 3HH nuLL
< R T o] A4k ol o] A A3t A =FE] ol A (in-place) 538 141‘/} o] 212 037} Py_Noned
o sho] FF o1 *r= 029k AR A 929 pow (o1, o2, 03) o] A At AP A} FSHUTH 035
FAEHe W, 1 AFE ol py_nones GBI AL (039 NuLLS A Gt A5H W R AN AT
WA s o).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A5 Al 0l 2 023 &0 F A|ZE 3 A3}
Ao Al nuLLE B YT o] AR ol o] AW AR} o A (in place) TFP U oA
o] £ o1 <<= 028 FFHYTH

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. 33 Al 0] & 02WHE LEZ 02 A2 E 3 A5
Ao Al nuLLE B U T o] A4 ol 9] X]-dﬁ}‘ﬁi_ A A} 2] o) A (in plaCE) FFUTH oA 8
ol FH o1 >>= 029t FEHF YT

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference Part of the Stable ABL. A& A] 013} 022 “H]|E X =] (bitwise and)”
2, A5} A UL S HEF O, o] AL of o) A AT A 2o A (in-place) BT U k. o] 22
Shol W £ o1 o 029 55 AU

PyObject *PyNumber_InPlaceXor (PyObject *0l, PyObject *¥02)
Return value: New reference Part of the Stable ABL. A3 A] 0l 7} 022] “v]|EH v E}A =] g (bitwise
exclusive or)” 2, A3} Al nULLS ¥FEHEHU T} o] 034 2 ol o] AA3tH A A2 ol A (in-place) 28 5
Utk ol AL Sol A B o1 - 0291 FEF UL

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 A] 0l 3} 029] “v]E X =] ¢} (bitwise or)” <,
A Al nunL2 9HEHIY T o] A4E2 ol o] AW A AFE] o A (in-place) 3 Y T} o] A2
gto]lH o1 1= 029t FFHYLH

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& Al A AAZ HEEH 05, A9 A NULLS
WS shyth o] A2 Tlol A Fd 4] int (o) & TS5 YL

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] float AA| 2 WHEH 0Z, A9 A NULLS
HEkghU ) o] A2 Thol M FH A float (o) & T 5 FY T

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A] o] # intE W3H oE, A9 A NULLS

Hhkey ok A3l Al rypeError o 9 7F A S o

H A 3.109 4] ¥ 7 : The result always has exact type int. Previously, the result could have been an instance
of a subclass of int.

9}

o i
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PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABL. A4 n& X baseS A& A AESE EXLE S
WU T base A= 2, 8, 10 = 165 Sfupojof huth 42, 8 = 169 -7, whghd &
AL 10b1, 00" E 1050 9] WG EAIRFTF 247 okol BT no] shol A int7h ob W, W
PyNumber Index ()2 HZEYtTh

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, 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
OoverflowError, then the exc argument is the type of exception that will be raised (usually IndexError or
overflowError). If excis 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 0 otherwise. This function always succeeds.

74 \|3HA DTEEE

int PySequence_Check (PyObject *¥0)

Part of the Stable ABL. 2|7} A| A 22 EEZS Al&5hH 12 W88t 1, 228X o 02 vy
Tk getitem () WA =7} Q&= Thol X Fe 29 B9 dict AR FEfAT)obd 3H1 S WEE el
Aol FYsIHAI L. dtH o7 FejAaT7toH P9 7] & A Udt=A A 5 g7 =gt

ol e FA AT

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL. A3 Al Al A2 098] AR & WEsta, A9t 1S HEEg ) o] A2
o] £# 4] len (o) 2 FFFUTH

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL A& A] 01 2} 029] o] o] & 0] 7] & ¥i3tsl 1, A 9514
NULL = WU Th o] A2 Jho] W Al o1 + 29 TS HUTH

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| A2~ A 05 count H ¥FHE-3 4 75 wi3st A,
A Al nurLE WU T 0] 212 Bhol A A o * count & FEHYTH

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. 35 A] 0] 2} 028] o] o] B o] 7| & wtalal 11, Al o) 5
W nunLS REEEU T o] A4k ol 7} A A e Al AF2] of] A (in-place) 3 F Y Th o] A2 dhe] A
E84 01 +- 029 55T

PyObject *PySequence_InPlaceRepeat (PyObject ¥0, Py_ssize_t count)

A3 Al NULLS REEHU T o] AR o7k A1 A S A ZF2] ol A (in-place) 538 Y T} ©]
A EHA o *= count TS5 h

PyObject *PySequence_GetItem (PyObject *0, Py_ssize_t1)
Return value: New reference. Part of the Stable ABL 09 i AR @ 4 & W3 Ay, A 934 nuLn <
Hhehetu ok o] 212 Stol M FA A o] & TS5 H Y Th

PyObject *PySequence_GetSlice (PyObject *0, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. Part of the Stable ABL. A]A 2~ AR 02 il &} i2 Aol o] £efo]A~E vt}
AL}, A5 3k vurL S WL Th o] 4.2 Shol Al ERA ofi1:42) 9} 53 .
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int PySequence_SetItem (PyObject *o, Py_ssize_t1i, PyObject *v)
Part of the Stable ABL. A vE 0] i WA & Aof tf ?:16‘144 *‘3417‘5} of| 9] & AP A 711 -
SIS T 4 3o 02 AT o AL o8 B4 oli] - vob ESFUT o] B
e FxE FAA gsyth
vZENuLL o]’ 8 &7} AR H A ', 0] 75 pySequence Delltem() AH&a 18l 3 A= 5 Ut
int PySequence_DelItem (PyObject *o, Py_ssize t1)
Part of the Stable ABL o AR i AR Q45 21A| o) At -1 WEEHgy o). o]
T del olil o FFHYTH
int PySequence_SetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2, PyObject *Vv)
Part of the Stable ABL. Al AA| vE Al A2 AA| 09] il o] A i2 Abele] Eefo] 2o of f Tyt
o] AL stol W Fo[il1:12] = v FFHUTH
int PySequence_DelSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Part of the Stable ABL. A| 2~ A 09] il o A] i2 Abo] 9] &gto]A~E AHA g Yt AFstd -1&
W3e o) o] AL Shol M B del o[i1:i2] 9 B 5 t,;HJE‘r
Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 09l 9= value2] & WUt &, olkey] == value® UE3dlE=key?
£ vk th Aot -1 S vkt o] A2 3tol M A4 o.count (value) & FFHHTH
int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 09| value7} =2 &gt} 02 && = 7t value2} 2o 18 WS
Stal, 132 9o 05 RESGUTE of| 8 A] 15 RS T} o] = Tho]H 3 4 value in o2}
556‘1—],] q_
o o H| .

int PySequence_In (PyObject *o, PyObject *value)

pa)
rlo
s;
o
%

Part of the Stable ABI. Alias for PySequence_Contains ().
A 3.14 5 5] 3 2] : The function is soft deprecated and should no longer be used to write new code.

Py_ssize_t PySequence_Index (PyObject *o, P\'Object *value)
Part of the Stable ABL o[i] == value2 WE3lE= A WA Add 2 iE @} o8 Al -1
HEEe U T} o] A2 Fho] M F 3 4] o.index (value) & 55 1}141‘/]—

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A]| 21} o] #H B 02} Z2 Y £S 7HA B ~E
AANE wrehet A, Al shd nuLL 2 RFE YT WS B AE = R 2o HAH T

o] AL mtol W FH A 1ist (o) I FEFYrh

PyObject *PySequence_Tuple (PyObject *0)

Return value: New reference. Part of the Stable ABL. A]AAU olE] 8 E oo} Z& Y& 713 EZ
AAE HE3 AL, A el E nonn S 9SS Th o7 FE oW, A2 7‘957} ol 3 ey A==y
dod FEol A YL o=E stk o] AL JJrOM‘i E¥ 4] tuple (o) 2+ TS5 FUTH

PyObject *PySequence_Fast (PyObject *0, const char *m)
Return value: New reference. Part of the Stable ABL. A] A 21} o] E| ] & o0& T} 2 PySequence_Fast*
AE oA AHEE 5 J= AAE jEEE Y o A4 7 /‘]%’*‘% olEj 2] & o] ot mg WAl A|
825 2 ALg5}o] TyperrrorE BAA ATk A5 Al norrg HEgh )
PySequence_Fast* &= 07} PyTupleobject W PyListObjectBtal 7FA 3L 02] B o] E F =9
973 94 2517] W gol o YA ol & B% T
CPython 7+ & Al f A O 2, 07} o] v] Al AU 2]~ E W, vhghg Ut
Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
09 ZolE W&t E=ul, 07} Pysequence Fast ()l &3 ¥FEF

gt 7t g Yt 37 = oo W&l Pysequence_Size ()&
PySequence_Fast_GET _SIZE ()= o7} B|2EYU F&Zolglal 7HAS o=

o7} NULL o] o}y
2 o= AA,
=

74. AH
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PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Return value: Borrowed reference. 02] i A 8 425 W3sl=4)|, 07} Pysequence Fast ()l & 3l vt&k
H 3L, o7k nuLL o] obuH, i7F A Well ok 7 T

PyObject ¥*PySequence_Fast_ITEMS (PyObject *0)
PyObject 2 21 E] 9] 3}5 wl] A& WUt 07} PySequence_rFast () ol &3 W= 117, 07} NULL
o] obviehw 7 Fh ok
BB 77 AR, Qo] F5 Md= A
AT AR 5 Qe Bl A w S w

PyObject *PySequence_ITEM (PyObject *0, Py_ssize_t1)
Return value: New reference. 09] i WAl 2 45 ¥33l A, Asstd vt S w3y o
PySequence GetItem ()2 W2 3 A o] X" ool Y&l Pysequence Check () 7} Z Q1 X A A}SHA]
2, &5 AW AE 25 G

il 57 =
75 2 =2 EZ2
PyObject_GetItem(), PyObject_SetItem/() ‘;«l PyObject_Delltem ()& @'E_'ﬁ}ﬂ /\]_?_.

int PyMapping_Check (PyObject *0)
Part of the Stable ABI. Return 1 if the object provides the mapping protocol or supports slicing, and 0 other-
wise. Note that it returns 1 for Python classes witha __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. 38 Al AA| 0&] 7] & RE2star, Asfstd 18 Wk} o]+ ghol A
FHA len(o) S FSTUL

PyObject *PyMapping_GetItemString (PyObject *¥o, const char *key)
Return value: New reference. Part of the Stable ABI. This is the same as PyObject_GetItem/(), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

int PyMapping_GetOptionalItem (PyObject *obj, PyObject *key, PyObject **result)
Part of the Stable ABI since version 3.13. Variant of PyObject_Get Item () which doesn’ t raise KeyError
if the key is not found.

If the key is found, return 1 and set *result to a new strong reference to the corresponding value. If the key is
not found, return 0 and set *result to NULL; the KeyError is silenced. If an error other than KeyError is
raised, return -1 and set *resulf to NULL.

Added in version 3.13.

int PyMapping_GetOptionalItemString (PyObject *obj, const char *key, PyObject **result)
Part of the Stable ABI since version 3.13. This is the same as PyMapping GetOptionalIltem/(), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.
Added in version 3.13.

int PyMapping_SetItemString (PyObject *0, const char *key, PyObject *v)
Part of the Stable ABI. This is the same as PyObject_SetItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyoOb ject*.

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 PyObject_DelItem(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObject*.

116 Chapter 7. 4t ZUR| AIS



The Python/C API, Zi2|A 3.14.0a7

int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
Fart of the Stable ABI since version 3.13. Return 1 if the mapping object has the key key and 0 otherwise.
This is equivalent to the Python expression key in o. On failure, return -1.

Added in version 3.13.

int PyMapping_HasKeyStringWithError (PyObject *o, const char *key)

Part of the Stable ABI since version 3.13. This is the same as PyMapping HasKeyWithError (), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

Added in version 3.13.

int PyMapping_HasKey (PyObject *0, PyObject *key)

Part of the Stable ABL wj33 A A key 717} Y2 1 Wksketar, 2182 ¢ko 05 vk th
ol ol M FH A key in o8 FTFUTLH o] T+ FAF 4TI

0 #x

Exceptions which occur when this calls _ getitem () method are silently ignored.  For
proper error handling, use PyMapping HasKeyWithError (), PyMapping_GetOptionalltem() Or
PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)

Part of the Stable ABI. This is the same as PyMapping HasKey (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a Pyobject*.

0 Iz

Exceptions that occur when this calls __getitem__ () method or while creating the temporary str ob-
ject are silently ignored. For proper error handling, use PyMapping HasKeyStringWithError (),
PyMapping_GetOptionalltemString () Of PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
Return value New reference. Part of the Stable ABL. 3233, 24 09] 7] 2| AEE uls3hu o}, A5
33, NULLS wHSkEU o}
WA 3704 | o] Aol 7t Bl2EY FES s U

PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL. A-&3}4, A A 02 7t B|2EE ¥H3Hsh ). 4
sHd, NULL& WFEHR U T
WA 3704 | o] Holl= Tt BBy FES WSS U

PyObject *PyMapping_Items (PyObject *0)

Return value: New reference. Part of the Stable ABL. A-&3}4, 2 A o0l
AN ZHFEL 7S L3I EZ ?:]141:} /\1_4]6}\33, NULLS

WA 3TN A ool F47t Bl 2BV R EL NEYL

A

2:3 rlr
ﬁ
oo
v
A

O|E{d[O|E] =2 EZ

53] o] el el o] B 2 AH§35H7] A T A7 9

int PyIter_Check (PyObject *0)

>

k.

Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to
pyIlter NextItem() and O otherwise. This function always succeeds.
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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.

int PyIter_NextItem (PyObject *iter, PyObject **item)
Part of the Stable ABI since version 3.14. Return 1 and set item to a strong reference of the next value of the

iterator iter on success. Return 0 and set ifem to NULL if there are no remaining values. Return -1, set item to
NULL and set an exception on error.

Added in version 3.14.
PyObject *PyIter_Next (PyObject *0)

Return value: New reference. Part of the Stable ABI. This is an older version of PyIter NextItem (), which
is retained for backwards compatibility. Prefer pyiter NextItem().

Return the next value from the iterator o. The object must be an iterator according to PyTter Check () (it
is 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.

type PySendResult
The enum value used to represent different results of PyIter Send().

Added in version 3.10.

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)

Part of the Stable ABI since version 3.10. Sends the arg value into the iterator ifer. Returns:
e PYGEN_RETURN if iterator returns. Return value is returned via presult.
o PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

Added in version 3.10.

7.7 HIH ZE2EEZE

gpo] oA AL = Sl o AAE sH w2 wjd s W ol T AA S AT o] e

AA A= W bytes @ bytearray, L8] Al array.array @} 2 47 &-413 o]

ol g x oju] A At} X MR} 2L S4TSR AA S BT+ s T
=
[e)

o3t §& 27 1ho] g ml7k YA, (obnhe) 2 w2 e ol o) S0
Futh of @ AFl A F7 B A glol A4 3ol A 25 R

Python provides such a facility at the C and Python level in the form of the buffer protocol. This protocol has two
sides:

« on the producer side, a type can export a “buffer interface” which allows objects of that type to expose infor-
mation about their underlying buffer. This interface is described in the section ¥ | 2 | = % A|; for Python
see python-buffer-protocol.

« on the consumer side, several means are available to obtain a pointer to the raw underlying data of an object
(for example a method parameter). For Python see memoryview.

bytes 9 bytearray9h 2 7R AA & SR W E Hol= AF FA 02 =S P hE Fox
FHs U Th ol 2 B0, array. arrayol 93 &5 & 4% BE ulo|= ghol B 5 Ut

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.

H 2] AE 3 o] 20] A 7F o AA ol tisl W2 E A el F 7HA7F sy th
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*owr s s* A 5 F S-S AFE St pyarg ParseTuple () (w1 B F o= 2=

o

2%, W57} B B8R OB pypurrer release ()E TEHFPUTE 1A 54 ghow
A9l o) 2 Theket 2AZL AT 5 AT

Added in version 3.12: The buffer protocol is now accessible in Python, see python-buffer-protocol and memoryview.

7.71 HI{ XA

W3 F2A(EE G W H7) = the A9 vtojy e tlolHE Ttojd eI n oA =S5t
PP oz FEFUTE =S, EAF QL (zero-copy) S8l WAUZ O Z AR E 5 Utk HEE £
29 Az 58S LA, Ao tolHE oM =21 mo A o}F A =& 2 g5y

o
R =Cgge 24T dd 5 Jdon, 29 AA gtolBe g2 Agy 7] Ao =223}17] 935 A A
HEe E5Y +5 137, o] B ¢ W2 ] (in-memory) 4] 02 L2314 tf o] 5 & A3t tl AH-8-2
TE JAFYTh

Shol 2l Q1E} m el B 7} 1% Sh T30 Ul o B § 3} el M3 pyobject EAE 7} o) e} w4 C
t g

FRAGYT o] & o v s A wEal BEAME = U HEE AR IRt et 28
=, W2 e] §AAE s S dF5UTh
A -8 8F= (exporting) A A& 2 sk et A1 32 W5 A 241 & FRSAAA L. HHE o,
PyObject_GetBuffer ()5 FZ3IHAI L

type Py_buffer
Part of the Stable ABI (including all members) since version 3.11.

void *buf
W3 BEof o) 7|ed =814 29 A2 71 71 & EAE. o] A2 A& A (exporter) 2]
st 2l A vRe E5 WY REAAYL F YFUTh Al E 501, 59 stridesE AMESHH
qolvne B2 2 7o d + A%k
AL g A, 2R E5Y A1FE 7t Pt

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.

E43 AL, PyMemoryView FromBuffer () YW PyBuffer FillInfo ()% A2 A A (fem-
porary) W 8] ¢, o] A= nurL Ut dRbH 2 2, Al F 8= (exporting) 2 2= o] A A&
A-8-317) gkofof ey,

Py_ssize_tlen
product (shape) * itemsize. < vl €9 A S, o5 w22
Wdo] A, A% BHoR BAHL Y w2l 4 7247 24 2 Lol gy
((char *)buf) [0] °I* ((char *)buf) [len-1] WL IM2aE AZXAS A3 &
Fog W7 gEE Feowt FEFUCE thRE ol st 8 3 pyBUF STMPLE Ev
PyBUF_WRITABLEY YT}

int readonly
W #7917 AL AXE el BEAAAUT o] BEE pyave_nrrrans Tl 12 Ao)H

ek,
Py _ssize_ titemsize
9 @ 49 & g7 (vlo]E)Yd Ut nunno] ot rformat Fholl & struct.calcsize ()
@) 2o,

Z Q39 AV A7} pyBUF FORMAT Z B2 §lo]l S Q ASHY, rormat-& NULLE A A H
A8 itemsizew o] A8 W FA 9 FhS S UTH
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shape©] Q2 ™, product (shape) * itemsize == len ¥ X| 7} A& A Y32 48[ A+=
itemsizes AFE3to] W HE & 4 95U

PyBUF_STIMPLE |\ PyBUF_WRITABLE 83 9] AIZ shape©] NULLO| W, AW A= itemsizes
FABtA itemsize == 1B 7FA S| oF STt

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== pypUr FORMAT Z |21 Z Ao E YTk
int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, bu £ 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-AHA g 2 Hralo] 2dE YJeEl = Z o] ndim® py_ssize t Bl F. shape[0] * ... *
shape[ndim-1] * itemsize< lend} Zrolof duTh
R F Ft-2 shape(n] >= 0& A TFH YT} shapeln] == 09 ¢+ 523 FY7F 223

c}. Z]—}\ﬂG]- ARLE Bstade FRIAAN L.
shape ¥ -2 2 1] AHo] 7] 2 7] 21891 o,

Py_ssize_t *strides

ZF Aol A Al 84 7 27 f18] AU vkl E 8 A3 8t 4 o] ndim®| py_ssize_t
uH o,

AER)E e dole) A4 4 AGITh Al A
28] A= strides[n] <= 09 ASE A& ok %
Az L

strides ¥} &2 ¥ Aol Al 7] A& At

Py_ssize_t *suboffsets

Eetol

b= JKe) R= s
KA AR A

Ao ndim® Py _ ssuzeft Bl . suboffsets[n] >= 0 H,n HA AL Eq—ﬂ' ﬂ FE e 2

SlEjo]la A H @ Z Al 72 o F = (de-referencing) & 7+ 32 JE1 | & ulolE 42 e Y

v -4 AHE Q=T e ﬁ%i(de referencing) 7} 2HA8 31 2] ¢Fololk &< L]-E]n;gq\:}(L = ]E’_a]
FoA Y ~ERIO|E

EEAH 2o %4‘5 (&, X7 Z25HA ko), o] =& nuLL(Z]EF) ol ofof

it

o] $% 2] W2 AL sfol 4 o] vl 4 ool 2] 2] (PIL)SI A AT e, o] 2] W 2 s

WA 2 8h= ol g ARA 3 W82 e i d = @'Z?ﬂ'”/‘]

void *internal
o] 212 A& sk (exporting) A A ol o] s WA o2 ALEH U oS 59, o] A2 AF A
(exporter) 7} B2 A A" T 4 9l ow, W3 7} S| Al 2 ol shape, strides 2 suboffsets ¥l & &
3l Al 3l oF 3f= ] of] Th & *“’/HJE z{xo st ol AFEE U th 2u A7} o] ghe WA A= <
Furh

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.
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772 HI 2™ K4

W3 = U7l pyobject GetBuffer ()& %*ﬂ A& 3}+= (exporting) A A =
Wwels] weld 2o B4bel 37 T8 4 glon g, AuAt A2
A7 317 430 flags 9148 AHS-FHI T

All py_bufrfer fields are unambiguously defined by the request type.

e
&

:
o
foh H
| =
>
ne
fy
<
In}

-9-0 =
e BE L flags®) FFS WA FI P LUHE GO 2 AN A FUTh oby, bus, len, iremsize,

readonly, format

PyBUF_WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers. For example, PyBUF_STMPLE | PyBUF_WRITABLE can
be used to request a simple writable buffer.

PyBUF_FORMAT

format DEE ATt AAE W, o] T & gtz A Yokt 28 ko,
o] P& = Wl A| NULL ©] o] oF FH T}

PyBUF_WRITABLES TS A Ao RE Zg|9t| & 4 Q5 Uth pysur SIMPLEO] 007 Aoxuz,
PyBUF_WRITABLES 5 H @ T 1R AR5 o] Zhhet 227] 7hs @t W9 S 832 = gl th

pyBUF_FORMAT must be |” d to any of the flags except PyBUF_S1MPLE, because the latter already implies format B
(unsigned bytes). PyBUF_FORMAT cannot be used on its own.

shape, strides, suboffsets

H2ele =2 FRE A ste il 1e B =T daste s UEg Ut 4 22 12 okl
A=W BE H] < zdgnh
23 | shape strides | suboffsets |
yes yes 2 Q51
PyBUF_INDIRECT
yes yes NULL

PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE

HAHog @ HT 5 e, AETGo|E AR E 237 218 A 7= )
o

], 93] &= C-21% o o] of Fh o,
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23 | shape | strides | suboffsets | Q154 |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEE=F
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C
=3 o
T H o
BEZSR e RS Ao Teha 23l o) A AYHUTh B A, M ZEET L AF ALS
At 23w Fel 12 AT
g EolA Ut FANA e A54g iUtk anAe d44L B9 99

PyBuffer IsContiguous ()5 & &3l oF gt

| 23 | shape | strides | suboffsets | 91254 | readonly | format |

yes yes Zg3sld | U 0 yes
PyBUF_FULL

yes yes F93H | U 1E==0 | yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U I1E==0 | yes
PyBUF_RECORDS_RO

yes yes NULL 8] 0 NULL
PyBUF_STRIDED

yes yes NULL U 1X=+=0 | NULL
PyBUF_STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 15E+=0 | NULL
PyBUF_CONTIG_RO

7.7.3 S5 I
NumPy-AE}!: shapel} strides
NumPy 2~ E} e =8A L XE itemsize, ndim, shape D strides® A2 U th

ndim == 0°] W, pbur7} 7} 7] = W28 Y X7} itemsize 27| 272 A= Yt o] A9, shape
J’]'StfldeSL —,—NULL?jl/]D]—.

ctrideTbnoLol®, M AL BE Y C ol S AR Th 28R o, 4 ul A et 2ol
0720 o & o] A 23 oF ok
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = * ((typeof (item) *)ptr);

ol AFBE o], burk AA vme B2 ho 2
g2 W REANLS A4 T 5 dsUth

i

AAE 7 Z 5 A5 Yt AlF A exporter) = 9]

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
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 <= 0:

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]l-1) for j in range (ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imaxt+itemsize <= memlen

PIL-AE}Q!: shape, strides 2! suboffsets
Al g2 9] of =, PIL 2~ E}Hel ] Aol = A9 9] o 2 28 744 2 7] 95) wetok b 2QE b 288 4

SUth A& 5], I 3- A CHl @ char v2]([2] (312719 2-2H Wl S 7He] 7] =270 9] 21 H
WEE & $% JdFUTH char (*vi2]) [2] [3]. suboffsets & A, o] F ZAE += buf«l Az Fi
e g e, MEee olx 9 o m X2 4 A= F N9 char x(2] (3] ¥1ES 7he] FUTh

< 1o] o} strides &} suboffsets 7} -2 wf, N-x}Q Sl A7) 78] 7] = N-2FQ v 9] @ 40 tjj 3
EAT 2 e B ok

void *get_item pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) {

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];

}

return (void*)pointer;
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7.7.4 H{m 2tH st

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ ¥ QlEj g o]~E X ¥
orow 02 wiEstUth 10] WiEE ull, pyobject _GetBuffer()7F AT Aot B3
dsUth ol e Y AATEYCH

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

0{1
rE
N
o
rE
it
K
K
o Y
o
fr >

Fart 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 BufferError, set view—>o0bj to NULL
and return -1.

A F3HE, viewE A 11, view->0bij = exporterol ] 3k A ﬂzi AAE, 08 vt Ut 8 ¥ &
‘?_‘r?—_l A3 2 2t & A8k A2 (chained) M5 BRAF] 42, view->obj <= exporter Al ©] AA| S
Az38F 4 Q) (W u A L2A 2 BHAL).

i

pyObject GetBuffer ()oll 3 AF A TEL pyBurfer Release ()ol] th3t T &3} #E o]
S ojoF FUTh malloc() B free () 9 FAFFULE ThebA], 2027} MR 2 Fd @ T,
PyBuffer_Release ()& éQ"‘ﬂ st EH_ S E3 oF Pt

void PyBuffer_Release (Py_buffer *view)
Part of the Stable ABI 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 ()& &3l DA & HF o o] & T &3t A2 ol Y tTh

Py _ssize_t PyBuffer_SizeFromFormat (const char *format)
Fart of the Stable ABI since version 3.11. Return the implied itemsize 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. viewZ 2] 9 W2 2] 7} C 2E} L (order7} 'c') 0| U} L E
2Et (order7} 'F') A5 o] AU E 5 b (order7F A ) 12 RERHEUTH 182 koW o0&
3y t). o] = A A 1;]—_

(Z

void *PyBuffer GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. 5= A view W7 9] indices7} 7}8] 7] = W 2 2] 4
Ut} indices= view->ndim Q1 & 29 v & & 7}8] A oF 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°ll 1= AE5H len ¥lo] EE view 2 HAFRIU T forr= 'c!
EE ' F(CaeYdEEX2ER AL )Y 5 A5t A&t oo] 913t a1, ol g 7} 9l oW
“ro) wakg Uk

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. srcol 9+ len B}O]EE pyfol] A< T O
order'C' BT P EE A (CABY EE XER 2B S EEE T Y
dE3tH oo] RigkE 11, o 2 7} 9l o —1 0] R YT}

o] = Jen = sre->len o) A 9 g o}

int PyObject_CopyData (PyObject *dest, PyObject *src)

18

2
o

27

A
)

dy

Y.
k.

4 e

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 W] @& Fo1 R 84T vlo|E 49} 0] R shape & &
A< (order7d ' C 281, order 7} 'F W X E R 2EFY) w4 O] HEo] E AE o] ER X F U th
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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 ol We} 27| 7} A o) DA H len 7] buf & =<3}
2] = & A (exporter) o] th et ¥ 5] 2 S A FUTh buf= 73 gl vho] EQ A AAE S| A
g},
flags A= 84 35 YeEbA YT o] @4 buf 7t 917 A8 0= A AL pyBUF_WRITABLEC]
flagsoll ‘A F o] YA ko™, F4 Fel L7 A Aot HE viewE A&t

On success, set view—>ob7j to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view—>o0b7j to NULL and return -1;

o] =7} getbufferproc®] DX 2 AF&-X W, exporter 7} A|-& 3} (exporting) A 2 A A = o] of 3111,
flags= =R A Fo zﬂg A o] of 61-1/] o} 22 A ¢F O W exporter 7} NULL ©] o] oF S T}

o
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CHAPTER 8

o] Ze] g 574 vhold AA AR AP Utk 2500 FRA F AAE ALt AL FL2
7o) old ) shol 4l T2 aslo] A A & wekt] SulE 88 /13X BAsA 2oE, uA Y
AAE FRs o FU T ol & 501, A7 AU AR FA st ™, pypict_check ()& ARSI A 2.
o] F-& stol A GO “FH» A Y A o YsUTh

ARz

°] XFOM AWste s AEE = AA 9 3L 9 2A AAHA R, g2 e R AA A
A ULLS FRISHA] b5 U Th nuLL-& SR w22 A4 fjnke] WSt QI E Z 2 E 7}
=422 5 Y5y

8.1 7|= ZAl
o] Aol A shol W @ AR 2 AZE AR voneo] T3l A Y T

8.1.1 & ZUA|
type PyTypeObject
Part of the Limited API (as an opaque struct). W38 S 7| & 5F= o] AR = AA Y C TZA.
PyTypeObject PyType_Type
Part of the Stable ABL ©] 212 @ 2128 & AR Juth; o] AF9| typed}t 22 AA Jth
int PyType_Check (PyObject *0)
A7 07} TEW AAOIA THAE 9] Q2B AE Tesro] B A4 W 00] opd L WET Tk
AR 508 M, o) e B4 4 5 R
int PyType_CheckExact (PyObject *0
A o7t 4 A1 A%, £ A1) A5 o] oh]00] o1 8 MHIE, TR R A
& WA o e FA A E UL,
unsigned int PyType_ClearCache ()
Part of the Stable ABL U3 23] 7| A1 & A Uth A9 HA el 25 wr3shych
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unsigned long PyType_GetFlags (PyTypeObject *type)
Fart of the Stable ABL Return the tp_f1ags member of type. This function is primarily meant for use with

Py LIMITED_API; 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 M7 REEH L o)Al long©] oF 2t unsigned long YUY T
PyObject *PyType_GetDict (PyTypeObject *type)
Return the type object’ s internal namespace, which is otherwise only exposed via a read-only proxy (cls.

__dict__). This is a replacement for accessing tp_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 ABIL. 3} 1719] R E A H 3o o3l Y AN A E T2 2 gt g9 o]
FEU Mol ZWAE FFTLE AT Foll= o] 48 TSl oF
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.

In free-threaded builds, Py Type Addwatcher () is not thread-safe, so it must be called at start up (before
spawning the first thread).

Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id (previously returned from pPyType_ Addwatcher ()). 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_AddwWatcher ().

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 whenever
PyType_Modified () reports a change to type. (The callback may be called only once for a series of con-
secutive modifications to fype, if _PyType_Lookup () is not called on fype between the modifications; this is
an implementation detail and subject to change.)

An extension should never call PyType_Watch with a watcher_id that was not returned to it by a previous call
to 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 Py Type Modified () to be called on fype or any type in its MRO;
violating this rule could cause infinite recursion.

Added in version 3.12.
int PyType_HasFeature (PyTypeObject *0, int feature)

& AA 07} 715 featureS A A3 0] obd S WSS U ¥ 7|52 DY HE S IZ F A

gt
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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.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL a7} bo] A B & o] & wiEght}.

This function only checks for actual subtypes, which means that __subclasscheck__ () is not called on b.
Call pyobject_IsSubclass () to do the same check that issubclass () would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL. & AR 9] tp_alloc €S 3 <1k A 2] 7). 35}o]
el 712 w2 @F wAUESS AFESt] A AAEAE @5t B E W8S NuLLE 275+
g,

PyObject *PyType_GenericNew (PyTypeObject *type, PyObjecz *args, PyObject ¥*kwds)
Return value: New reference. Part of the Stable ABL. & A2 tp_new €% 95 4wt A 2] 7]. &9
tp_alloc €@%& AHESto] A d2dAE Tyt

int PyType_Ready (PyTypeObject *type)
Part of the Sble ABL % 7} A& v} 2|t 271518 Seatew wE 3§ A7 0] o) of ¥A
=E 3’:€°H°]: ?Jq'ﬂr o] gt FY Hlolx S 2o AEH €XS FUHEUTE 4F Al oe
“W‘rﬁ}i, Q5 Al - “W‘rﬁ}i A E AT

0 Iz

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.

PyObject *PyType_GetFullyQualifiedName (PyTypeObject *type)
Fart of the Stable ABI since version 3.13. Return the type’ s fully qualified name. Equivalent to £"{type.
__module__}.{type.__qualname__}",0r type.__qualname__if type.__module__ isnot a string

oris equal to "builtins".

Added in version 3.13.

PyObject *PyType_GetModuleName (PyTypeObject *type)
Fart of the Stable ABI since version 3.13. Return the type’ s module name. Equivalent to getting the type.
__module___ attribute.

Added in version 3.13.

void *PyType_GetSlot (PyTypeObject *type, int slot)

Part of the Stable ABI since version 3.4. A A H & F o A&H 4 £ Qg E ¥istgy ). 277 nuLL
2 I3E2HYSFS VeI YL 22

oW, & % o] nuLLol A B 7k ESHA WS wl) W
Ao A 2AHE PG T4 JO2 ALY FY

o

hi»

slot QALS] 7}53) 3k2 pyType Siot.slote JFRIHIA L.
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Added in version 3.4.

WA 3.100 A HA: PyType_GetsSlot () cannow 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 () S AF&3lo] 3§ WS uf X
AE Py BEEH 2 E AAE S}

ZFo]A FG AdAH 2Eo] YO, TypeErrorE A A5} nULLS HFEHEHY T}

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 superclass.

See PyCMethod to get the class that defines the method. See PyType 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. Fo13 3 #AH B & “X}]A A E w3k Y o
PyType_GetModule () BI}o| PyModule_GetState () 5 &3+

Tl FH AAE B5o] gled, Typekrror & A4S nuLL & REHEU T
type©l] AAH ZE o] YAT, A 7Fnurn o] W, ol 9] & A 8A] ekal nurn S WY o
Added in version 3.9.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

Part of the Stable ABI since version 3.13. 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 PyCMethod calling convention.

Added in version 3.11.

int PyType_GetBaseByToken (PyTypeObject *type, void *token, PyTypeObject **result)

Fart of the Stable ABI since version 3.14. Find the first superclass in type’ s method resolution order whose
Py_tp_token token is equal to the given one.

« If found, set *result to a new strong reference to it and return 1.

« If not found, set *result to NULL and return 0.

e On error, set *result to NULL and return —1 with an exception set.
The result argument may be NULL, in which case *result is not set. Use this if you need only the return value.
The token argument may not be NULL.

Added in version 3.14.

int PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

This is Unstable API. Tt 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.
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SE

GobpaAE Y e R ASE YT

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec, PyObject
*bases)

ot

6Im|

O 3
=]

o

N

[

Ol=
—_=

i

rlr

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_basels] slots if bases is NULL, see below).

Metaclasses that override tp_new are not supported, except if tp_new is NULL.

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.

o] = MELR Fof| pyType_Ready () € &2 F YT

Note that this function does not fully match the behavior of calling type () or using the class statement.
With user-provided base types or metaclasses, prefer calling type (or the metaclass) over PyType_From*
functions. Specifically:

e _ new__ () is not called on the new class (and it must be set to type._ _new_ ).
e __init__ () is not called on the new class.
e __init_subclass__ () is not 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.

WA 3.109) A] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

H A 3.12 9] 4] ¥ A : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only type 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.

H A 3.149)| A ¥ 7 : Creating classes whose metaclass overrides tp_new is 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]| A ¥ 7 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only type 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.

H A 3.14 9 A ¥ 7 : Creating classes whose metaclass overrides tp_new is no longer allowed.

8.1. 7|8 A 131



The Python/C API, 2i2|A 3.14.0a7

PyObject *PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. Part of the Stable ABI. Equivalentto PyType FromMetaclass (NULL, NULL,
spec, NULL).

H A 3.129]| A ¥ 7 : The function now finds and uses a metaclass corresponding to the base classes provided
in Py_tp_basels] slots. Previously, only type 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.

H A 3.149]| A ¥ 7 : Creating classes whose metaclass overrides tp_new is no longer allowed.

int PyType_Freeze (PyTypeObject *type)

Part of the Stable ABI since version 3.14. Make a type immutable: set the Py_ TPFILAGS_TMMUTABLETYPE
flag.

All base classes of type must be immutable.
On success, return 0. On error, set an exception and return —1.

The type must not be used before it” s made immutable. For example, type instances must not be created
before the type is made immutable.

Added in version 3.14.

type PyType_Spec

Part of the Stable ABI (including all members). & 2] 3JF2 A2 dl= F=A.

const char *name
3 9] o] &, PyTypeObject. tpﬁname‘% ARt E‘ﬂ AHEE YT

int basicsize
If positive, specifies the size of the instance in bytes. It is used to set Py TypeObject.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. For negative basicsize, Python will insert padding when needed to meet tp basicsize’s
alignment requirements.

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 Py TypeObject.tp_itemsize. See
tp_itemsize documentation for caveats.

If zero, tp_itemsize is inherited. 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 itemsize is only possible in the following situations:

o The base is not variable-sized (its tp_itemsize).

o The requested PyType Spec.basicsize is positive, suggesting that the memory layout of the
base class is known.

o The requested Py Type Spec.basicsize is zero, suggesting that the subclass does not access the
instance’ s memory directly.

o With the py_71PFLAGS_1TEMS_AT END flag.

unsigned int £lags
& Z 1, pyTypeObject.tp flagss AASt= o AFEF Yth

=

Py_TPFLAGS_HEAPTYPE Z ] 17} A AF o] 9 X
Agoz ZHIE AAHFEYL

%]-'3‘?3, PyType_ FromSpecWithBases () 7]-
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PyType_Slot *slots
PyType_Slot F+RAY WlE. & &5 3 (0, N ol 98 T Yth
Each slot ID should be specified at most once.

type PyType_Slot
Part of the Stable ABI (including all members). B AAZA 7|5 A sl= 24|, €F D} 7L =2

HE 2Pt

int slot
<3 1D.

£ F IDE F Z A  PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods W PyAsyncMethods & B E o] &9 py HAFAE E9Ql o]E& AR

Itk A& =,
e PyTypeObject.tp_dealloces AASE= Py _tp_dealloc
e PyNumberMethods.nb_addS 4 d}+= Py_nb_add
e PySequenceMethods.sq lengths A3 '3]-—“—:— Py_sqg_length
An additional slot is supported that does not correspond to a PyTypeObject struct field:
e Py tp_ token
The following “offset” fields cannot be set using Py Type_Slot:
e tp weaklistoffset (use Py_TPFLAGS_MANAGED_ WEAKREF instead if possible)
e tp_dictoffset (use Py _TPFLAGS_MANAGED_DICT instead if possible)
e tp _vectorcall_offset (use "__vectorcalloffset__ " in PyMemberDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to support Python older
than 3.12), specify the offset in Py_tp_members. See PyMemberDef documentation for details.

The following internal fields cannot be set at all when creating a heap type:
e tp_dict, tp_mro, tp_cache, tp_subclasses, and tp_weaklist.

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues, use the
bases argument of PyType_ FromSpecWithBases () instead.

¥ A 3.99]| A ¥ 7 Slots in PyBurfferProcs may be set in the unlimited APL

WA 3119 A WA br_getburfer and bf_releasebuffer are now available under the limited
API.

WA 3,140 A ¥ 7 : The field tp_vectorcall can now set using Py_tp_vectorcall. See the
field’ s documentation for details.

void *pfunec
<39 ok AP R o] 22 ol th e 2AH AUtk
pfunc values may not be NULL, except for the following slots:
e Py_tp_doc
e Py tp_ token (for clarity, prefer py_TP_ USE_SPEC rather than NULL)

Py_tp_token
A slot that records a static memory layout ID for a class.

If the PyType_Spec of the class is statically allocated, the token can be set to the spec using the special value
Py_TP_USE_SPEC:

static PyType_Slot foo_slots[] = {
{Py_tp_token, Py_TP_USE_SPEC},
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It can also be set to an arbitrary pointer, but you must ensure that:
» The pointer outlives the class, so it’ s not reused for something else while the class exists.
o It “belongs” to the extension module where the class lives, so it will not clash with other extensions.

Use PyType_GetBaseByToken () to check if a class’ s superclass has a given token - that is, check whether
the memory layout is compatible.

To get the token for a given class (without considering superclasses), use PyType_GetSlot () with
Py_tp_token.

Added in version 3.14.
Py_TP_USE_SPEC
Used as a value with Py_tp_token to set the token to the class’ s Py Type Spec. Expands to NULL.

Added in version 3.14.

8.1.2 None ZHA|
None o] U8t Py TypeobjectE 3O R/C APINA A =S5 A &
(Coll A ==& Ar&3lA) AA olo]AEE] & HAAsH= A2 2 k2
7 e o
PyObject *Py_None

& EAE et = ol % None AA YU T} o] A= WA =T Gl 2 JUTh

B A 3.1200 A4 HA: py_None is immortal.

t}. None2 A ZFEo]7] u] &
z |- & PyNone_Check ()

Loy
Lo
me
flo

(]

Py_RETURN_NONE

Return Py_None from a function.

8.2 <X} A
8.2.1 M4 2|

BEAeE 429 2719 “long” A5 AA = FHF YT

ol & Al, 2 2] pyLong As* API= S 2k9} 28 &= Q1= (return type) -1 ¥H3SH T 234
A ABFH ™ pyErr Occurred() S AHE3HH AL

tjo

type PyLongObject
Part of the Limited API (as an opaque struct). ©] Pyobject 8] A B 2 slo| W A4 AAE YEPH YT
PyTypeObject PyLong_Type
Part of the Stable ABL. ©] PyTypeobject ALEHAE sho| W A4 -8 Vel TH o] A2 dlo| A
AZ9] int 2} Z-& AA Y Th
int PyLong_Check (PyObject *p)
Q1 2} 7} PyLongObject Ol W PyLongobjecte] A H & o]l & wk3kshyrtt. o] g¢= FA A5
g},
int PyLong_CheckExact (PyObject *p)
01X} 7} PyLongobject ©] AW PyLongObjectl] A H o] o}
4F
PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. vZX-E] A pyLongobject AA S W33} ALY,
A3 sk nunLg WY ok

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 ABI. Returnanew PyLongObject objectfroma 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 tZF ¥ A pyLongobject AA S
ukekst A U, A o) s nun 2 gty o

PyObject *PyLong_FromSize_t (size_t V)
Return value: New reference. Part of the Stable ABL C size_t 25 €] A PyLongobject AR S HF3Hs}
At Asf st nuLLg W o

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromInt32 (int32_t value)

PyObject *PyLong_FromInt64 (intb4_t value)
Part of the Stable ABI since version 3.14. Return a new PyLongOb ject object from a signed C int32_t or
int64_t, or NULL with an exception set on failure.
Added in version 3.14.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABI. Returnanew PyLongObject objectfroma C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromUInt32 (uint32_t value)

PyObject *PyLong_FromUInt64 (uint64_t value)
Part of the Stable ABI since version 3.14. Return anew PyLongObject object from an unsigned C uint32_t
or uint64_t, or NULL with an exception set on failure.

Added in version 3.14.

PyObject *PyLong_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. v2] A4 RE 0 2 BE] X} pyLongobject AAE
w2k3) 7 o, Al o) 3 nunn-S Wk o)
PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABI. Return a new PyLongObject 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 str 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
a ValueError. 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.

& TR

PyLong_AsNativeBytes () and PyLong FromNativeBytes () functions can be used to convert a
PyLongObject to/from an array of bytes in base 256.

PyObject *PyLong_FromUnicodeObiject (PyObject *u, int base)
Return value: New reference. TA+ 2 udll = FUIE A A|FAE vto]# A gto =2 HET
e,
Added in version 3.3.
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PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABL. ZQIE] pE H¥] 3lo| W A5 w5yt EQH
k2 pyLong Asvoidper ()5 AHE8te] Atghol A 238 4 A5 Th

PyObject *PyLong_FromNativeBytes (const void *buffer, size_t n_bytes, int flags)

Fart of the Stable ABI since version 3.14. Create a Python integer from the value contained in the first n_bytes
of buffer, interpreted as a two’ s-complement signed number.

flags are as for PyLong AsNativeBytes(). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign bit.
Passing Py _ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PylLong FromUnsignedNativeBytes (). Other flags are ignored.

Added in version 3.13.

PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_bytes, int flags)

Part of the Stable ABI since version 3.14. Create a Python integer from the value contained in the first n_bytes
of buffer, interpreted as an unsigned number.

flags are as for PyLong AsNativeBytes (). Passing —1 will select the native endian that CPython was
compiled with and assume that the most-significant bit is not a sign bit. Flags other than endian are ignored.

Added in version 3.13.
long PyLong_AsLong (PyObject *obj)

Part of the Stable ABIL. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,
first callits __index__ () method (if present) to convert it to a PyLongObject.

Raise overflowError if the value of obj is out of range for a 1ong.

o8] Al -1 a3t T B3 AL A AW pyerr occurred() E AFLTAAA L.
¥ A 3804 ¥ A:Use  index () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AS_LONG ( PyObject *obj)

A soft deprecated alias. Exactly equivalent to the preferred PyLong_AsLong. In particular, it can fail
with OverflowError or another exception.

WA 3.14 5 €] 5 x| & : The function is soft deprecated.
int PyLong_AsInt (PyObject *obj)

Part of the Stable ABI since version 3.13. Similar to PyLong AsLong (), but store the result in a C int
instead of a C long.

Added in version 3.13.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABIL. Return a C long representation of obj. If obj is not an instance of PyLongObject,
first callits __index_ () method (if present) to convert it to a 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 -1& WUt RS E A AW pyErr_occurred ()& A Al 2.
B A 3.80| A W 7: Use __index__ () if available.
H A 3.109]| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *0bj)

Fart of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__ () method (if present) to convert it to a PyLongObject.

Raise overflowError if the value of obj is out of range for a 1ong long.

136 Chapter 8. LA x| AS



The Python/C API, Zi2|A 3.14.0a7

olg] Al -1 WEAF UL RE AL A AT pyirr occurred () S AHE A Al L.
B A 3.80 4 ¥ 7: Use__index__ () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __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, first call its __index__ () method (if present) to convert it to a PyLongObject.

If the value of o0bj is greater than LLONG_MAX or less than LLONG_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.

ol e Al -1S WUt R34S A A pyerr Occurred () S AFEBHIAl L
Added in version 3.2.
¥ A 3804 ¥ A:Use  index () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
Py _ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL pylong® C Py_ssize_t %8S 933U T} pylong2 PyLongobject] A2HE

2-0jof gy,
pylong 2 %)\'C’] Py ssize t2] WM& WU overflowError & WHAIAI YT}
o & Al -1 & ¥ Ut} RS2 Al ASHe W pyErr_occurred () S AR SN Al 2

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABI. 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 2] Al (unsigned long)-1g WU th R3S A At WA pyErr occurred ()& AH&3HA
Al L.

O

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABI. pylong®] C size_t 82 W3t} pylongS PyLongobject?] QA2 E Ao
oF gt}

pylong-’] Zro] size_t 9] WY E ¥lojyH overflowErrors H]‘/‘g/\] Yt
AN Al (size_t)-1S WU RS A A W pyErr_occurred() S AFRSHI Al L.
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.

o 2] A] (unsigned long long)-1< ¥IstgtUcth Re XL A A M pyErr_occurred () S AF

g3l e

WA 3104 HA: 22 pylongE ©]A| TypeError 7} oFY 2} overflowErrorS YA Al 7 L Th
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Part of the Stable ABL. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject, first call its __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.

Oﬂ a /\] (unsigned long) -1 ‘ﬂ':ﬁ_—@'q E]— E’_Z_Z}‘é*% 7<ﬂ 7‘15]'3# =] PyErr_Occurred ()% /\]'%5]'/1\:}
Al L.

B A 3.80| A ¥ 7: Use __index__ () if available.
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¥ A 3.109]| 4] ¥ 73 : This function will no longer use __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, first call its __index__ () method (if present) to convert it to 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.

o #] A] (unsigned long long)-1< W3ttt RS A A pPyErr_occurred () & AF
gHA 2.

WA 38 A ¥ A: Use  index () if available.

¥ A 3.10)| A *H 7 : This function will no longer use __int__ ().
int PyLong_AsInt32 (PyObject *obj, int32_t *value)
int PyLong_AsInt64 (PyObject *obj, int64_t *value)

Part of the Stable ABI since version 3.14. Set *value to a signed C int32_t or int64_t representation of
obj.

If the obj value is out of range, raise an OverflowError.
Set *value and return 0 on success. Set an exception and return —1 on error.
value must not be NULL.
Added in version 3.14.
int PyLong_AsUInt32 (PyObject *obj, uint32_t *value)
int PyLong_AsUInt 64 (PyObject *obj, uint64_t *value)

Fart of the Stable ABI since version 3.14. Set *value to an unsigned C uint32_t or uint 64_t representation
of obj.

If obj is not an instance of PyLongObject, first call its __index__ () method (if present) to convert it to a
PyLongObject.

« If obj is negative, raise a ValueError.

« If the obj value is out of range, raise an OverflowError.
Set *value and return 0 on success. Set an exception and return —1 on error.
value must not be NULL.
Added in version 3.14.

double PyLong_AsDouble (PyObject *pylong)
Fart of the Stable ABI. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.
Raise overflowError if the value of pylong is out of range for a double.
o2l Al -1.02 vkttt RS XS A A pyErr_occurred () & ARSI Al L.
void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the Stable ABIL. 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 Al NuLL& ¥HEEU T RS & A A W pyErr occurred ()& AHEIFA Al 2.

Py_ssize_t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py_ssize_t n_bytes, int flags)

Fart of the Stable ABI since version 3.14. Copy the Python integer value pylong to a native buffer of size
n_bytes. The flags can be set to —1 to behave similarly to a C cast, or to values documented below to control
the behavior.
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Returns -1 with an exception raised on error. This may happen if pylong cannot be interpreted as an integer,
or if pylong was negative and the Py_ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less than n_bytes, the
entire value was copied. All n_bytes of the buffer are written: large buffers are padded with zeroes.

If the returned value is greater than than n_bytes, the value was truncated: as many of the lowest bits of the
value as could fit are written, and the higher bits are ignored. This matches the typical behavior of a C-style
downcast.

0 Iu

Overflow is not considered an error. If the returned value is larger than n_byfes, most significant bits were
discarded.

0 will never be returned.
Values are always copied as two’ s-complement.

Usage example:

int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBytes (pylong, &value, sizeof (value), -1);
if (bytes < 0) {
// Failed. A Python exception was set with the reason.
return NULL;
I3
else if (bytes <= (Py_ssize_t)sizeof (value)) {
// Success!
}
else {
// Overflow occurred, but 'value' contains the truncated
// lowest bits of pylong.

L J

Passing zero to n_bytes will return the size of a buffer that would be large enough to hold the value. This may
be larger than technically necessary, but not unreasonably so. If n_bytes=0, buffer may be NULL.

0 Iz

Passing n_bytes=0 to this function is not an accurate way to determine the bit length of the value.

To get at the entire Python value of an unknown size, the function can be called twice: first to determine the
buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBytes (pylong, NULL, 0, -1);
if (expected < 0) {
// Failed. A Python exception was set with the reason.
return NULL;
}
assert (expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc (expected) ;
if (!bignum) {
PyErr_SetString (PyExc_MemoryError, "bignum malloc failed.");
return NULL;
}
// Safely get the entire value.

(TH5 sl el Aol A)

8.2. ==X} Al 139



The Python/C API, 2i2|A 3.14.0a7

(o1 sl o] A ol A Al <5)

Py_ssize_t bytes = PyLong_AsNativeBytes (pylong, bignum, expected, -1);
if (bytes < 0) { // Exception has been set.

free (bignum) ;

return NULL;
}
else if (bytes > expected) { // This should not be possible.

PyErr_SetString (PyExc_RuntimeError,

"Unexpected bignum truncation after a size check.");

free (bignum) ;

return NULL;
}
// The expected success given the above pre-check.
// ... use bignum

free (bignum) ;

L J

flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast, or a
combination of the other flags in the table below. Note that -1 cannot be combined with other flags.

Currently, -1 corresponds to Py ASNATIVEBYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.

Flag Value

Py ASNATIVEBYTES_DEFAULTS

0
Py_ASNATIVEBYTES_BIG_ENDIAN

1
Py_ASNATIVEBYTES_ LITTLE_ENDIAN

3
Py_ASNATIVEBYTES_NATIVE_ENDIAN

4
Py_ASNATIVEBYTES_UNSIGNED BUFFER

8
Py_ASNATIVEBYTES_REJECT NEGATIVE

16

Py_ASNATIVEBYTES_ALLOW_INDEX

Specifying Py_ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is reserved.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting 128 with
n_bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py ASNATIVEBYTES UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size calcula-
tions. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer is later treated as
signed, a positive input value may become negative. Note that the flag does not affect handling of negative
values: for those, space for a sign bit is always requested.

Specifying Py_ASNATIVEBYTES_REJECT NEGATIVE causes an exception to be set if pylong is negative.
Without this flag, negative values will be copied provided there is enough space for at least one sign bit, re-
gardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.
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If Py ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its __index__ ()
method will be called first. This may result in Python code executing and other threads being allowed to run,
which could cause changes to other objects or values in use. When flags is —1, this option is not set, and
non-integer values will raise TypeError.

0 Iz

With the default flags (-1, or UNSIGNED_BUFFER without REJECT _NEGATIVE), multiple Python inte-
gers can map to a single value without overflow. For example, both 255 and -1 fit a single-byte buffer and
set all its bits. This matches typical C cast behavior.

Added in version 3.13.
int PyLong_GetSign (PyObject *obj, int *sign)
Get the sign of the integer object obj.

On success, set *sign to the integer sign (0, -1 or +1 for zero, negative or positive integer, respectively) and
return 0.

On failure, return -1 with an exception set. This function always succeeds if 0bj is a PyLongObject or its
subtype.

Added in version 3.14.

int PyLong_IsPositive (PyObject *obj)
Check if the integer object obj is positive (obj > 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’ s positive and 0 otherwise. Else set
an exception and return —1.

Added in version 3.14.
int PyLong_IsNegative (PyObject *obj)
Check if the integer object obj is negative (obj < 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’ s negative and 0 otherwise. Else set
an exception and return —1.

Added in version 3.14.

int PyLong_IsZero (PyObject *obj)
Check if the integer object obj is zero.

If obj is an instance of PyLongObject or its subtype, return 1 when it’ s zero and 0 otherwise. Else set an
exception and return —1.

Added in version 3.14.

PyObject *PyLong_GetInfo (void)

Fart of the Stable ABIL. On success, return a read only named tuple, that holds information about Python’ s
internal representation of integers. See sys.int_info for description of individual fields.

On failure, return NULL with an exception set.
Added in version 3.1.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

This is Unstable API. It may change without warning in minor releases.
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Return 1 if op is compact, 0 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 (); for others fall back to a PyLong As* function
Or PyLong_AsNativeBytes ().

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.
Added in version 3.12.

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.

Added in version 3.12.

Export API
Added in version 3.14.

struct PyLongLayout

Layout of an array of “digits” (“limbs” in the GMP terminology), used to represent absolute value for arbitrary
precision integers.

Use PyLong_GetNativeLayout () to getthe native layout of Python int objects, used internally for integers
with “big enough” absolute value.

See also sys.int_info which exposes similar information in Python.
uint8_t bits_per_digit

Bits per digit. For example, a 15 bit digit means that bits 0-14 contain meaningful information.
uint8_t digit_size

Digit size in bytes. For example, a 15 bit digit will require at least 2 bytes.

int8_t digits_order
Digits order:

« 1 for most significant digit first
» -1 for least significant digit first

int8_t digit_endianness

Digit endianness:
« 1 for most significant byte first (big endian)
« -1 for least significant byte first (little endian)
const PyLongLayout *PyLong_GetNativeLayout (void)
Get the native layout of Python int objects.

See the PyLongLayout structure.

The function must not be called before Python initialization nor after Python finalization. The returned layout
is valid until Python is finalized. The layout is the same for all Python sub-interpreters in a process, and so it
can be cached.
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struct PyLongExport
Export of a Python int object.

There are two cases:
e If digitsis NULL, only use the value member.
o If digitsisnot NULL, use negative, ndigits and digits members.

int64_t value

The native integer value of the exported int object. Only valid if digitsis NULL.

uint8_t negative

1 if the number is negative, 0 otherwise. Only valid if digits is not NULL.
Py _ssize_t ndigits

Number of digits in digits array. Only valid if digits is not NULL.

const void *digits
Read-only array of unsigned digits. Can be NULL.

int PyLong_Export (PyObject *obj, PyLongExport *export_long)
Export a Python int object.

export_long must point to a PyLongExport structure allocated by the caller. It must not be NULL.
On success, fill in *export_long and return 0. On error, set an exception and return —1.
PyLong_FreeExport () must be called when the export is no longer needed.

CPython & A}A)): This function always succeeds if obj is a Python int object or a subclass.

void PyLong_FreeExport (PyLongExport *export_long)
Release the export export_long created by PyLong Export ().

CPython =& A} A: Calling PyLong_FreeExport () is optional if export_long->digits is NULL.

PyLongWriter API
The PyLongiriter API can be used to import an integer.
Added in version 3.14.

struct PyLongWriter
A Python int writer instance.

The instance must be destroyed by PyLongWriter Finish () Of PyLonglWriter Discard().
PyLongWriter *PyLongWriter_Create (int negative, Py_ssize_t ndigits, void **digits)

Create a PyLongWriter.

On success, allocate *digits and return a writer. On error, set an exception and return NULL.

negative is 1 if the number is negative, or 0 otherwise.

ndigits is the number of digits in the digits array. It must be greater than 0.

digits must not be NULL.

After a successful call to this function, the caller should fill in the array of digits digits and
then call PyLongWriter Finish() to get a Python int. The layout of digits is described by
PyLong_GetNativeLayout ().

Digits must be in the range [0; (1 << bits_per_digit) - 1] (wherethe bits_per_ digit is the num-
ber of bits per digit). Any unused most significant digits must be set to 0.

Alternately, call PyLonglriter Discard () to destroy the writer instance without creating an int object.
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PyObject *PyLongWriter_Finish (PyLong Writer *writer)
Return value: New reference. Finish a PyLongiiriter created by PyLongliriter Create ().
On success, return a Python int object. On error, set an exception and return NULL.
The function takes care of normalizing the digits and converts the object to a compact integer if needed.
The writer instance and the digits array are invalid after the call.
void PyLongWriter_Discard (PyLong Writer *writer)
Discard a PyLongiriter created by PyLongiriter Create ().
If writer is NULL, no operation is performed.

The writer instance and the digits array are invalid after the call.
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PyTypeObject PyBool_Type

Fart of the Stable ABI. This instance of Py TypeObject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
07} pyBool_type FolW & BAFUTH o] B4t I AU
PyObject *Py_False
to]H False AA. o] AA= wAE7F R EE YUt
WA 31204 HA: Py Falses EH YUY}
PyObject *Py_True
gto] A true AA. o] AR = WA= Q3 2 E Y
WA 312004 A Py Truets EEYYTH
Py_RETURN_FALSE
oA py_ralsed WHEEY T
Py_RETURN_TRUE
o)A py_TrueE RFEEYTH
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL v®] =2] Zkoll W&} py True W} Py Falsed ¥ISHSH
Y.

8.2.3 Floating-Point Objects

type PyFloatObject
This subtype of PyoObject represents a Python floating-point object.

PyTypeObject PyFloat_Type
Fart of the Stable ABI. This instance of Py Type0Ob ject represents the Python floating-point type. This is the
same object as £loat in the Python layer.

int PyFloat_Check (PyObject *p)
Q1 A}7} pyFloatobject W PyFloatObjecte] A H & o] H ZF
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int PyFloat_CheckExact (PyObject *p)
QAL 7} PyFloatobject O] Al Rt PyFloatobjectl] A B &L olyw & wiagyt}, o] g+ 3
A AF I,

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL stro] £ 214 3t
S A, A9 3HA NULL.

PyObject *PyFloat_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. vZ €] pyrloatobject AA|E WE AL, A9)3t4H
NULL.

o
N

18+ 2 pyrloatobject AA =

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 but has a __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 3804 ¥ 7A: 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 float®] F U=, 47k, A zko] A AR
structseq A2 B AE el EUTh 38 3 rloat.nE FHAHE L 77 QU T},

double PyFloat_GetMax ()
Part of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

i
ke
g
ok

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.

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, 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: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if x is a NaN or infinity.
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e -0.0 and +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, this is -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.

824 44 K|
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type Py_complex

i

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.

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)
Cry complex & A3 F+ B A49] g8 vigkshyt)
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Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
Cry_complex THG ARG o] F B2 Aol & Wb th
Py_complex _Py_c_neg (Py_complex num)
Return the negation of the complex number num, using the C Py complex representation.
Py_complex _Py_c_prod (Py complex left, Py_complex right)
Cry_complex T@S ARRSEo] F B0 o whagyrh
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
Cry_complex THS ARRSFo] F Hao] g vbaghyrh
If divisor is null, this method returns zero and sets errno to EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
Cry_complex E#E AHE3Fo] num ] exp A5 A F-& v th
If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.

Set errno to ERANGE on overflows.

oho|M A Z M sa

type PyComplexObject
o] Baa AAE UE = pyobject ] Al H .

PyTypeObject PyComplex_Type
Part of the Stable ABL. 0] PyTypeObject AT AE ulo] W B A4 3-8 Ve Y Ut glol A Al &9
complex®} 22 AA YUt}

int PyComplex_Check (PyObject *p)
AA}7} pycomplexobject W PyComplexObject®] Al B ol FZ vttt o] g4+ A4
AEFUTh

int PyComplex_CheckExact (PyObject *p)
Q1A 7} PyComplexObject ©] A W, PycomplexObject] A H F3 o] of & uislsht}). o]
e T AT R

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 ABIL. Return a new PyComplexObject object from real and
imag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble (PyObject *op)
Fart of the Stable ABI. Return the real part of op as a C double.
If op is not a Python complex number object but has a __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
tocall PyFloat_AsDouble () and returns its result.

Upon failure, this method returns -1 .0 with an exception set, so one should call PyErr Occurred() to
check for errors.

& 3.130)| 4 ¥ 7A: Use __complex__ () if available.
double PyComplex_ImagAsDouble (PyObject *op)
Fart of the Stable ABI. Return the imaginary part of op as a C double.

If op is not a Python complex number object but has a __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
tocall PyFloat_AsDouble () and returns 0.0 on success.
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Upon failure, this method returns -1 .0 with an exception set, so one should call PyErr Occurred() to
check for errors.

B A 3,130 4] W 7: Use __complex__ () if available.

Py_complex PyComplex_AsCComplex (PyObject *op)
B3 opQ py_complex Fh< HFEHE U T}

If op is not a Python complex number object but has a __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__ () is not defined then it falls back to __index__ ().

Upon failure, this method returns Py_complex with real setto -1 .0 and with an exception set, so one should
call PyErr Occurred () to check for errors.

B A 3.80 A W 7: Use __index__ () if available.
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8.3.1 HIO|EY ZH&|

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] pyobject®] A H G o]yl npo]E D AAE vEFH YT

PyTypeObject PyBytes_Type
Part of the Stable ABL. ©] PyTypeobject? AAH A= glo]H vlo]|EYE &2 YEbI YT gfol X
AS9 bytes & 2 AA YUt}

int PyBytes_Check (PyObject *0)
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int PyBytes_CheckExact (PyObject *¥0)

AR 07} wpol 2 AR o] A ¥, vl £ o] A1 Fe) <
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PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. A E3}H ZoE v BEXEe EALE S 2H= A
Wpo| £ & 212 & WFEkeh 1, A5 S NoLL-& WEHEHU T 7] M4 v worr o] ok o] of gk
AN b o,

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_tlen)
Return value: New reference. Part of the Stable ABL. A &3} Frol v EXL ] BALE o] 11 Do) 7} len?l
A} whol =61 AA|E wHEel 1, A1) 5P nunL-2 MPEFRLI e vk oss o), whel 2 & AR 9] ) &S
2713} A syt

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABI. C printf ()-2E}Y format 214937 71 49
ARE wobd, Ak ol ol =@ A79| 2718 A 45131 1 ol Ghol TR el = A7) &
eyt 7 Qb= C Polo ok &t format EALE O] Q= W EAE &3] th-35f of
Pk 585 L £ EAL b 2%k
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=Y 2% | 8 e

%% n/a e % EA}.

5c int ot BlolE, CintE T3 Yth

$d int printf("sd") &} F5FUct.!

su unsigned int | printf ("su") & TS}t

$1d long printf("s1d") &} 55 gc}t!

$1lu unsigned long | printf ("s1u") & 553}

Szd Py _ssize t | printf ("s$zd") <} E53 ).

$zu size_t printf ("szu") & 53}t

$i int printf ("si") & FS3Hc}.!

X int printf ("sx") 2} 53 E]—.]

$s const char* g9z C &x+ HH o.

%p const void* CEZAE 1634 B, ZAZY printf 7} o|H AFE Y =X 9
daglel BlHE 0x 2 Al AR o] HAAHTHE S A9 st AY
printf ("sp") & FSFUT

AT 4 gt TY FAE £ EALE] UriA) S BE A3 ARlo) Tk Bk A w5,
27h Qe FAH U,

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)

e

off
rr

Return value: New reference. Part of the Stable ABL. A &3] T 7]2] QA5 FHoltl= A2 Al
PyBytes_FromFormat () 31]— Z_:I’%L] 1’/]-

PyObject *PyBytes_FromObiject (PyObject *0)

Return value: New reference. Part of the Stable ABL. W] ¥ Z2 EZ& T3 5t= AA 0] Hio|EE A S
Llsia g =

Py_ssize_t PyBytes_Size (PyObject *0)

Part of the Stable ABIL H}o]E & A A 0o] Zo]E wistg ).

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 ABL. 02] W&ol th 3l Z B & uiststuth E 2 El=1len(o) + 1HIOJER ZTAH
0] Y5 W HE 7 Yt ¥ 3 9] npA] EIJT’ HRo] E= thE | (null) v}l E7F A=A ol FA o] B
ddYtt AA 7} pyBytes_FromStringAndSize (NULL, size) & ARE3SFo] WHF W&o A 0‘1‘7}'
Shl o o] |5 5 A a4 9 o), 2SS A A 2 Btk 07} hol = A7) 7} ol

PyBytes_AsString ()< NULL= Y23}l TypeError& WA Al 7 Yt}

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)

Part of the Stable ABIL Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.

length 7} noLso| W, Wol =@ AR £ B D vho) £ X 5 glerith vof 190 g
-1S H36} 1l valueError & WA A AU T}

buffer= obje] W7 W3 & 71| 7] A H =, €0l 5712 vhol E7F 29 Ut (lengtholl =
or&th. A A 7} pyBytes_FromStringAndSize (NULL, size) S ARRSlo] W w5 o]
ﬂwﬂﬂﬂHE*ﬂﬂHL°ﬁﬁﬁ+%%%ﬂﬂﬂHLﬂﬁwﬂowﬂﬂﬂEdﬂﬂﬂﬂ
PyBytes_AsStringAndSize ()= -1 ¥WFE3} 1 TypeError= WA U th

WA 35004 WA ol ol i, who| 2 Aol d who] E 7} 23 o] 9107 Typerrror 7k AT

.

2~
753“!‘

A QAL (d, u, 1d, lu, zd, zu, i, x) N A: - S 2= AUEE Q= &S vyt
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void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL. bytes©l] newpart®] W&< GIE < A vlo]E Y AAE *bytesol] W5 UTH &=
A7 A ZFZE AU T} byteso] ol A Foll EH& %}- = Ytk A AA 7 BrEol A £ glod,
bytesol| th a3t of| A 2= o A3 W2 A AL *byres ] 3k L2 AE U A d35 o 97 A H
e},

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

=
10
-

=
NU

Part of the Stable ABI. Create a new bytes object in *bytes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

PyObject *PyBytes_dJoin (PyObject *sep, PyObject *iterable)
Similar to sep.join (iterable) in Python.

sep must be Python bytes object. (Note that PyUnicode Join () accepts NULL separator and treats it as a
space, whereas PyBytes_Join () doesn’ t accept NULL separator.)

iterable must be an iterable object yielding objects that implement the buffer protocol.
On success, return a new bytes object. On error, set an exception and return NULL.
Added in version 3.14.

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
Resize a bytes object. newsize will be the new length of the bytes object. You can think of it as creating a new
bytes object and destroying the old one, only more efficiently. Pass the address of an existing bytes object as
an Ivalue (it may be written into), and the new size desired. On success, *byfes holds the resized bytes object

and 0 is returned; the address in *bytes may differ from its input value. If the reallocation fails, the original
bytes object at *bytes is deallocated, *bytes is set to NULL, MemoryError is set, and -1 is returned.

8.3.2 HIO|E HHLY ZHX|

type PyByteArrayObject
o] pyobject®] A B 3 1}o] A bytearray Al & VHEFH U T
PyTypeObject PyByteArray_Type

Part of the Stable ABL. ©] PyTypeObject Q2B A= 50| A bytearray & -2 Y EFH U T dho] A Al &9
bytearray$} 22 A A YUt

& dAtoiaz

int PyByteArray_Check (PyObject *0)
A 07} bytearray 2} | ©] 7] L} bytearray & 2] A B & A~EHAH 2 wiEg ). o] = At
Azeho.

int PyByteArray_CheckExact (PyObject *0)
A A| 07} bytearray 2} A] o] X ¥k, bytearray & 2] A H & AAE A= oby i H-S w33t} o] g4
4 Az e,

Z]™ API g

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W ¥ Z2 EZS Z&A3E= 4ol A4 (o) 25 H
M A M| 2 & bytearray A A& =25 th
A3 8td, NuLL-S HHEHEL AL o9l & A A U T

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. Part of the Stable ABL string=} 1 Z 9] (len) & M & 2 bytearray 2 A & 5

vk,
A ehe, nonL & WS o9 & 4G T

O
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PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. B}o| E v & a &} b5 o] o] £ o] | Z & bytearray 2
e
Asjah, ors g a9l & A4 g o,

Py_ssize_t PyByteArray_ Size (PyObject *bytearray)
Part of the Stable ABL NULL 3 E]E &3t & byrearray 2] 3. 7] & WFHsHU T}

char *PyByteArray AsString (PyObject *bytearray)
Part of the Stable ABL. NULL 3 Q1 ¥] & 2213t & bytearray 2] W& & char 8] & & ¥I3tshu o}, Hk3ty]
] 2ol &= 24 ol 3e] W kol E7} 2745 T,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

rr

Part of the Stable ABIL. Resize the internal buffer of bytearray to len. Failure is a —1 return with an exception
set.

WA 3.149 4 ¥ 7 A negative len will now result in an exception being set and -1 returned.

a2
olmarE E£EE 6 M-S s XAHE &AsHA eksUTh
char *PyByteArray AS_STRING (PyObject *bytearray)

PyByteArray AsString() 3’»]- -?r/\]'%]'xl ols Oﬂ a = 715] /\}"GW %J;Q 1’] 1’/]—

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
PyByteArray_Size ()&} FAFSHA| Bt o 8] & AAFSHA] &5 U T

8.3.3 KL|ZE A FAd!
SLIZE i

5} m 3.30] 4] PEP 393&

73 g 2dS AREsko] AAl
U3ac B2 W92 g st A T84 3} EEL_?_]Eﬂ-l 8, 256 X+ 65536
mw o] g SWa A9t dsUth 194 o8, mE TAEE 1114112 (A4 U7

9] u who] o] of T,

UTF-8 representation is created on demand and cached in the Unicode object.

i JEiin]

The Py_UNICODE representation has been removed since Python 3.12 with deprecated APIs. See PEP 623 for
more information.

FLZEH

T2 gol oA FURE FHA AR E = 72 FUZE A4 9 th

PyTypeObject PyUnicode_Type
Fart of the Stable ABI. This instance of Py TypeObject represents the Python Unicode type. It is exposed to
Python code as str.

type Py_UCS4

type Py_UCS2

type Py_UCS1

Part of the Stable ABL. o] &2 7}7} 24| E, [6H]E U 8H|E Q] EAE £33l 7]o] SEI RS
Re AT S AT typedef YUt G FUIE ZAE AT =, py_vcssE AHE Al L

Added in version 3.3.
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type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject
o] pyobject A B P52 to|W FUIZE AX S Uep UL A8 ZE 7 =
A8l dte RE AP &4:7} pyobject ZQEE F et uigstn 2 2y AL A= 2k g th
Added in version 3.3.
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 0bj is a Unicode object, but not an instance of a subtype. This function always succeeds.
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_UCS?2 *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

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
PyUnicode_ KIND () Wl 2 &22] 3+ vi&sh]
Added in version 3.3.

B A 3.120]| 4] ¥ 7: 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
Unicode 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”
representation (not checked).

Added in version 3.3.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write the code point value to the given zero-based index in a string.

The kind value and data pointer must have been obtained from a string using PyUnicode KIND ()
and PyUnicode DATA () respectively.  You must hold a reference to that string while calling
PyUnicode_WRITE (). All requirements of PyUnicode WriteChar () also apply.

The function performs no checks for any of its requirements, and is intended for usage in loops.

Added in version 3.3.
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Py_UCS4 pyUnicode_READ (int kind, void *data, Py_ssize_t index)
74 A (canonical) & & data(PyUnicode DATA () 2 VLS E)oA T ZAEE H UL AANY
FH] (ready) T & 0] T35 A k5t
Added in version 3.3.

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 ABI o] oo upet ExFF o]
a9 ko o HEey )

WA 3. 9011*1 W7 FAFL o] 4] (ready) =] A kS W, o] = Y= Py _FatalError ()& &

a4 eFr o,

unsigned int PyUnicode_IS_ASCII (PyObject *unicode)

< w3kgh o}, A A identifiers.

fol
)
1>
e
B
o
(2
iR

Return true if the string only contains ASCII characters. Equivalent to str.isascii ().

Added in version 3.2.

FUIEL TR 24 24 S AZTIT 7P A5 28 AL Fhol W Ao HhehC g4ol vl wE &
SEET EEEE TS E i

int Py_UNICODE_ISSPACE (Py_UCS4 ch)

ch7b B B2} Q1A of] whe} 1 o] 1k oS WhEFE Tk
int Py_UNICODE_ISLOWER (Py_UCS4 ch)

ch7} 2 F 2 A A of] whe} 1 0]uh 0 REE3H T
int Py_UNICODE_ISUPPER (Py_UCS4 ch)

ch7} 22k A Al of] whe} 1 0] uh 0-& REE3H T
int Py_UNICODE_ISTITLE (Py_UCS4 ch)

ch7} A% A o] 2 B4l A of) whe} 1 o)1} 0 vk Tk
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)

ch7v & v B2 A o whet 1 o) o0& WhgH o
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)

ch7F 10 A1 A of w2} 1 0] 05 WHEhehy ot
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)

ch7} T A (digit) FAF1 A of] whe} 1 o] v} 02 WkShehy o)
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

ch7} 5= A} (numeric) 2} A of] whe} 1 0]} 0-& WHEHgH Y o}
int Py_UNICODE_ISALPHA (Py_UCS4 ch)

ch7} &3psl #2191 ) of] whet 1 o]} 02 wkEkE o)
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int Py_UNICODE_ISALNUM (Py_UCS4 ch)

ch7t A} ZAAA of] whe} 1 0] 05 W o)
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)

Return 1 or 0 depending on whether c# is a printable character, in the sense of str.isprintable ().
Th APL&= wiHE 25 FAF HEtol| AR 4~ 5 U th
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)

AFAE JSE E2FchE W TH
Py_UCS4 py_UNICODE_TOUPPER (Py_UCS4 ch)

HEAE A3 E2FchE R TH
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)

A5 Aol ~2 HEH FA chE vt
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.

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.

Th2 APIE A}§-3lo] 2 A0 EE U8 & d5Uth
int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)

ch7} A2 A 0] E QA &2t} (0xD800 <= ch <= 0xDFFF).
int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)

ch7} A8 A2 A o] E ¢l x] &¢lgt} (0xD800 <= ch <= OxDBFF).
int Py_UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)

ch7} 319 A ZA o] EQIA] Blgt T} (0xDCO0 <= ch <= OxDFFF).
Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py_UCS4 low)

Join two surrogate code points 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; OxDBFF] and low must be in
the range [0xDCO00; OxDFFF].

FLIZE EXE ddar HHA

FUIZE A5 e 7|2 A A2 A0 AN 23 H T3 APIS AHS 3 A 2
PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. M| U = AR S W5 U th maxchar-& ZAFE ol s x| AA At T =
ZoEooF gt} ZAFZEO 2 127, 255, 65535, 1114111 A| Ao A 7} 7172 o= &8
2 o)z}
T AR .

On error, set an exception and return NULL.

After creation, the string can be filled by PyUnicode writeChar (), PyUnicode_CopyCharacters (),
PyUnicode_Fill (), PyUnicode WRITE () or similar. Since strings are supposed to be immutable, take
care to not “use” the result while it is being modified. In particular, before it’ s filled with its final contents, a
string:

o must not be hashed,

e must not be converted to UTF-8, or another non-‘“canonical” representation,
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« must not have its reference count changed,
« must not be shared with code that might do one of the above.

This list is not exhaustive. Avoiding these uses is your responsibility; Python does not always check these
requirements.

To avoid accidentally exposing a partially-written string object, prefer using the PyUnicodewriter AP, or
one of the PyUnicode_From* functions below.

Added in version 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_f size)
Return value: New reference. 501 A kind(7} 53t 3t2 Pyunicode KIND()°l] &3 w3k
PyUnicode 1BYTE KIND S Y UTHE ME-E FUIE AAE W5 U} buffer= kind ol o}z
G 1,2 5 4uko] E 9 size T o] Wi A 7] A oF it
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.

5l
=1
o

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object from the char buffer szr. 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 size <0,
e stris NULL and size >0
W A 3.1290 A ¥ A : str == NULL with size > 0 is not allowed anymore.

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:

8.3. A|H H
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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 long or unsigned long

11 long longor unsigned long long
J intmax_t Ooruintmax_t

z size_t orssize_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- = =4

version

Speci-

fier

% n/a The literal % character.

d, i 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.
const char* or Y-Z2CExFujd.
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 £ yields.

A PyObject* ascii () 2 &3 A3

U PyObject* FUZE AA.

v PyObject*, FUZE AA i = A5UTh o= A v 7] ez A d-
const char* or FECEAWE (R HA w7 H47FNurn o] | AR U T.
const wchar_t*

S PyObject* PyObjectistr()%f?:%?_ 7&4—4

R PyObject* PyObject_Repr ()—% §§:} 7§Jﬂ—

T PyObject* Get the fully qualified name of an object type; call
PyType_GetFullyQualifiedName ().

#T PyObject* Similar to T format, but use a colon (:) as separator between the module
name and the qualified name.

N PyTypeObject* Get the fully qualiied name of a  type; call
PyType_GetFullyQualifiedName ().

#N PyTypeObject* Similar to N format, but use a colon (:) as separator between the module
name and the qualified name.

0 Fx

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 "sv" (if the PyObject*
argument is NULL), and a number of characters for "$A", "$U", "$s", "$R" and "$Vv" (if the PyObject *
argument is not NULL).

0 Iz

Unlike to Cprint£ () the 0 flag has effect even when a precision is given for integer conversions (d, i, u,

o, X, Or X).

W 32004 MA:
W A 3.300 4
WA 3404

"s11an 9k vs11unof B X Qo] 274= AF
WA relin, ns11in B vszin o] Bk A Qo] 271 QF U h
w7

: "%Sll’ II%AH, "%Ull’ n%vn, "%S"’ "%Rll ()ﬂ q%?l. L-" H]ﬂ, )gUE]E :\;‘)__UHE1 Z]%]_O] _%_7]_
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sk

H A 3.12 9] 4] ¥ 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.

WA 3.139| A ¥ 7 Support for $T, $#T, N and %#N formats added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. A &3] T 719 QA5 Hsltt= 4
PyUnicodefFromFormat()E}EEQQUlL]U%

o

A 2] &t

m]o

PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABI. Copy an instance of a Unicode subtype to a new true
Unicode object if necessary. If objis already a true Unicode object (not a subtype), return a new strong reference
to the object.

FUIEL0]o] HE Y o]9] o] AR = Typebrror& YA U T
PyObject *PyUnicode_FromOrdinal (int ordinal)

Return value: New reference. Part of the Stable ABI. Create a Unicode Object from the given Unicode code
point ordinal.

The ordinal must be in range (0x110000). A ValueError is raised in the case it is not.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A1 JE A A objE FUIZE A2 =2 tZJ )

bytes, bytearray @ 7|} Hjo| EL & 7—’1“1]"5 2 encoding ©l| Wt errors 2 A 2] 3 of| B A B S
AHgete] HE Y 1/]1:}, = thwunno] 8 4 3, o] A% QA HH o] AE 7B 7S AR YT (XA
S8 U Fd & AR A L).

friz= A

API= o & 7} Q)
AT

void PyUnicode_Append (PyObject **p_left, PyObject *right)

Part of the Stable ABIL. Append the string right to the end of p_left. p_left must point to a strong reference to a
Unicode object; PyUnicode_Append () releases (“steals”) this reference.

On error, set *p_left to NULL and set an exception.
On success, set *p_left to a new strong reference to the result.
void PyUnicode_AppendAndDel (PyObject **p_left, PyObject *right)

Fart of the Stable ABI. The function is similar to PyUnicode_Append (), with the only difference being that
it decrements the reference count of right by one.

const char *PyUnicode_GetDefaultEncoding (void)

Part of the Stable ABL  Return the name of the default string encoding, "utf-8". See sys.
getdefaultencoding ().

The returned string does not need to be freed, and is valid until interpreter shutdown.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. +U T E= AR Aol& I &= XAEZE w33t}

On error, set an exception and return - 1.

Added in version 3.3.
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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.

The string must not have been “used” yet. See PyUnicode_New () for details.
Added in version 3.3.

int PyUnicode_Resize (PyObject **unicode, Py_ssize_t length) ;
Fart of the Stable ABI. Resize a Unicode object *unicode to the new length in code points.

Try to resize the string in place (which is usually faster than allocating a new string and copying characters),
or create a new string.

*unicode is modified to point to the new (resized) object and 0 is returned on success. Otherwise, -1 is returned
and an exception is set, and *unicode is left untouched.

The function doesn’ t check string content, the result may not be a string in canonical representation.
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)

B2 BAEE AUt fill_charg unicode[start:start+length] o &1t}

fill_charo] A+4 At 2AHE ot A AU, FAL Ol € ] 4] Fx7F o Asfgyh

The string must not have been “used” yet. See PyUnicode_New () for details.

715" 24 5 et A, o2 Al -1& REsta o 9l & A Y o

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. Write a character to the string unicode at the zero-based index. Return
0 on success, —1 on error with an exception set.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object’
s reference count is one). See PyUnicode WRITE () for a version that skips these checks, making them your
responsibility.

The string must not have been “used” yet. See PyUnicode_New () for details.
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.

Return character on success, —1 on error with an exception set.
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. On
error, set an exception and return NULL.

Added in version 3.3.

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.
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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.

ZAL QI

ku
ol

A =AY AP L 5] LG AANA L HAES Y B 5 dHUTh
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. %+= 2 o] = 2} VxWorks 2] UTF-8 o] L}
2 SAE2Y dA 2AY A2 PY FAES I G FULE A A5 = o] A 7]& "strict”
"surrogateescape"(PEP 383) U T} Ul AT &= errors 7} NULL O] W "strict" o8] X &8 7] & A&
Fh e 9 P Bilok AW Y EAE 28 5 5 Th

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and error
handler.

This function ignores the Python UTF-8 Mode.

& T B

Py_DecodeLocale () ?;,—/F—

Added in version 3.3.

WA 374 HA: o] T oA =R O] =EE AL Bl surrogateescape ol 2 A 2] 7] ol A
2AY 9=z ‘j_‘}_ /\]-% st} o] Aof=, Py_DecodeLocale () ©] surrogateescape o AF&5 911,
A BEAY AT G2 strictol AHEEH AFUTH

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_DecodelLocaleAndSize (), 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. +UIE A& t=Z o] =9}
VxWorksol| A/ UTF-8 2 Q1T YGStA Y, T2 S P Z oA IR AL AFZH oz AFHTYTh X
LE = of|#] A8 7]= "strict" &} "surrogateescape" (PEP 383) ¢ Ut} QI T = errors 7} NULL

oW "strice e} A2l 718 AL T bytes AA S WA unicode’= W AT 2 FAHE
=8e 4 g5

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error handler.

This function ignores the Python UTF-8 Mode.

e o 1Y)

Py_EncodeLocale () &4*.

Added in version 3.3.

WA 3704 WA o] T4 oA =R o] =E AL Bl surrogateescape ol & A ] 7] o] A
EAY JdIYE AR h o)A o= Py EncodeLocale () ©] surrogateescape o AHR-E 9 11,
AR AL AT G2 stricto AFEE JF YT
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TjY AlAE olF gl

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 () as the conversion function:
int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the Stable ABL. PyArg_Parse* 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 an address of a C variable of type PyObject* (or PyBytesObject*). On success, set the
variable to a new strong reference to a bytes object which must be released when it is no longer used and return
a non-zero value (Py_CLEANUP_SUPPORTED). Embedded null bytes are not allowed in the result. On failure,
return 0 with an exception set.

If obj is NULL, the function releases a strong reference stored in the variable referred by result and returns 1.
Added in version 3.1.
WA WA A= F A S ol It
To decode file names to str during argument parsing, the "os" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABIL. PyArg_Parse* converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface - to str using PyUnicode DecodeFSDefaultAndSize (); str ob-
jects are output as-is. result must be an address of a C variable of type PyObject* (or PyUnicodeObject*).
On success, set the variable to a new strong reference to a Unicode object which must be released when it is
no longer used and return a non-zero value (Py_CLEANUP_SUPPORTED). Embedded null characters are not
allowed in the result. On failure, return 0 with an exception set.

If obj is NULL, release the strong reference to the object referred to by result and return 1.
Added in version 3.2.
WA 36004 A 27 A4S dolEd Ut

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABIL. 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 ().

e ] 1Y)

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 ABI. Decode a null-terminated string from the filesystem
encoding and error handler.

If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
W A 3.690 A ¥ 7 : The filesystem error handler is now used.
PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. 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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e ] 1Y)

Py_EncodeLocale () &4.

Added in version 3.2.
W A 3.69 A W 7 : The filesystem error handler is now used.

wchar_t xX|¥
Aot EHF| et wchar_t A ¥
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_f size)
Return value: New reference. Part of the Stable ABI. 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
weslen (). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
Fart 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.

W A 3.79]| A ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

LH e
ol i e £E8 93 C2 44D Wg 29 AFL AFFU o F ZHEL BF hg F2EL
5o 44 A8 4 A5

Th2 AP T ¥ % 7o) 914} encoding 7 errors & A 30, WA sex () £A4D AA A A AES
22 o gt

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 2l=errors 2 AR F =, TP el FoJH 7|2 A2 & AR TS ulste vl E AE S
AUt 25 W Zdol] thk 7= ol 8 A 2l “strict” YU T} (ValueError 7} AT .

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.
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OEI I‘.’T"_EI

The following macro is provided:

Py UNICODE_REPLACEMENT_CHARACTER
The Unicode code point U+FFFD (replacement character).

This Unicode character is used as the replacement character during decoding if the errors argument is set to
“replace” .

The- Auk 38 APISI U Tk
PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABI. 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 I = AA| & AFZ Y3} 23E 5}o] A bytes
WA Z QU T} encoding 3} errorsi= § U 35 encode () HIA =29 -2 o] 59 w7 W49l T2
oW uieh, AR T2 sho] W T e 8|4 2228 AR Eho] 2315 Utk 2elol A o273
& NuLL & 9k o)

UTF-8 ZH|

<2 UTF-8 9 APIY Yt}
PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. 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. consumed7} NULL©] ¥, PyUnicode_DecodeUTF8 () A

2 S 28U o). consumed 7} NULL©] o} U, S 30 B A S UTF-8 HFo| E A| 2= o # &2 X 2 FH A

Rtk oelat ol =& T YA o] U7 LW vko] = 5 consumedol A ZH Uk,
PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. UTF-8-& AFg3}o] U I = AAE QAFZ Q3L

A= vho] A bytes 2| = RESHHU T of 2] A 2] += “strict” U Th FH o A o 2] 7} AY 1 NULL

2 whaHgh ok,

The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t >“size)

Part of the Stable ABI since version 3.10. +UZ X A A 2] UTF-8 ¢1Z Yo T :} ZOHE W,
AFYH FFHO F7|E (Hlo]E B9 &) sizeol] A1 &I T size °1><}L NULLE 4 AF YT o] A%
A7 A= A kU WHEE W o= oE d IE 2AETZF A=A o ARl T3 =7

9 ko] £7b F7h U Tk (el £33 A 2 eh.
On error, set an exception, set size to -1 (if it’ s not NULL) and return NULL.
The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

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.
B A 3704 HA: v133 2 o)A char *7} o}y 2} const char * YUY Th
¥ A 3.109)| A ¥ 7 : This function is a part of the limited API.
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const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize () 9]— z;]_-x] T 5_7] = ﬂ 754'5']-11 ?%"fj—\\/] U]-

A RBx

This function does not have any special behavior for null characters embedded within unicode. As a re-
sult, strings containing null characters will remain in the returned string, which some C functions might
interpret as the end of the string, leading to truncation. If truncation is an issue, it is recommended to use
PyUnicode_ AsUTF8AndSize () instead.

Added in version 3.3.
WA 3704 ¥ 9832 o] A| char * 7} oY 2} const char * Y UTh

UTF-32 3 Hl

22 UTF-32 24 APIY U t}:
PyObject *PyUnicode_DecodeUTF32 (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 JH B ¥ B2} Y oj| A size H}O] EE
gagsty g FUZE AAE UL errors(vurL o] obU W) = ol 2] A 2E Fo itk
7)1 E ZF-& “strict” Y U }.

byteorder 7} NULL o] o}, T) &= A A H v}o|E £ A& A2l T ZH 2 A &gy )

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 7F00] 11, Y& t o] E] Q] -2 4n}o] E7} Hlo]lE <=4 & A](BOM) ||, t] ¢ 7} o] v}
O]E AHE ;‘ﬂ};}ﬂlBOMO 734’]"”‘14—?—5 _E_x]_oaﬂq] ‘ET/‘]’H X] O}A‘/]r/} *byteorder7]’ 10114'
Lo]®l, B wle] = ¢4 EAZF & el Abg Ut

98 T, *byweorder= A o] ol A B vl £M = AAH L)
byteorder 7} NULLO| ¥, ZE& Y| o]E]| H A = Z A2 T}
Fdlof| A of| ] 7} g 6HE NnuLL-S WU T
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 9|
W, PyUnicode DecodeUTF32 ()X B % 2+ 3 Y th consumed 7} NULL ©] o} 1 W,
PyUnicode_DecodeUTF32Stateful () = —7.5—3“ B9 UTF-32 vlolE A FA(VFE 42 Ud
oj ol 2] A] ¢k= vlolE )& o2l 2 A2stA] ks UTh o3 vlo]|EE YA HH A ¢on
TIYHE vlolE = consumedoﬂ A ZE Yt}

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©]E] H v}o| E <=4 2 UTF-32 9179
Shol 4l wpol = £} L MG T} £244E §4BOM vk 2 A< ok, o2 A
dUth Zg oA o 9] 7} g5 nuLL S WS o

A}§-3ho]

o
=
2] 8] &= “strict”

UTF-16 24

2.2 UTF-16 29 APIQ YT}

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-16 2.2 Q1 T H ¥ 3 X} Yo A] size U} EE
YR gsha Y fULE AA S HBGUTh erorstunnol b w) & ol A2l el ek
7)1 8 2k “strict” ] U t}.
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byteorder 7 wurL o] SFUH, TR T = X A H Hlo] & £ S Aake] O ZH-E Al AU

*byteorder == -1: little endian
*byteorder == 0: native order
*pbyteorder == 1: Dbig endian

*byteorder 7} 00] 1L, §] & o] o] E] 9] A Z 28}o] E7} Hlo] E =] £ A] (BOM) ©| ¥, ] I B+ o] vt
O|E AR MEE 1 BOME 23 FUIE FAL o B A A k5t *byteorderﬂ 1o}
1ol BE HFo|E oA ZAI7F o EAFE UTH (\ufeff U \ufffe #AH7F U th.

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULLO| ¥, T H-& Y| o]E]| B = A] = Z A &g T}
relo] A o) 7 A SH e nons - wHEE o,
PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_f size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABI consumed 7} NULL ©]
W, PyUnicode DecodeUTF16() A B % ZF 3k Y o} consumed 7} NULL ©] o} 4 H,
PyUnicode_DecodeUTF16Stateful () < —_‘?—3'04 B2 A UTF-16 vlolE AR A (7} &4 vlo]
EFUZTAHAZANE L HE A2l stA st ol HolEx I P A ko
[P EEARS H}O] E 4= consumed | A 75 U Tk

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©] E] H v}o]| E <=4 2 UTF-16 91 7 9 & AF&-3}9]
sto] vpol E FAE S RS T FAE -2 34 BOM nta 2 Al &g o of| 8 A 2] & “strict”
Aurch FE oA of &) 7} 8 51 nuLL-S BFEHE U T

£5

UTF-7 3

<2 UTF-7 29 APIY Yt}
PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
UTF-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
2 5 AT T consumed 7} NOLL O] OFU] W, ¥4 %94 8 UTE-7 base-64 442 o &) = 4 2154
‘E%Qb]“%- olZ gt Hlo|Ex YA YHA gkow I H HfolE = consumedOﬂ A& yth

KLIZE olAaHO|= 2|
2L “F1F T o] A A o] = (Unicode Escape)” T 9 APIY U T}

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. 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 Z & o] A A o] Z & ALL3to] FUZE AA S
2157 5} 23 bytes 271 2 WG T o2 A2l “suier Jrick. 7oA 9] e
NULL< WFSHeh o}

i
>

| RLIZE o|2AI0|Z= T

oSS “A A FU T E o] A A o] = (Raw Unicode Escape)” 3 & API U t}:
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PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
Raw-Unicode-Escape encoded string st. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. YA] FUZE oA o] E ALE5te] FUZE
AANE AT QG AIHE bytes A =2 w2t ol 2] A 2] “strict” Ytk Zd o A o €] 7}
S nULL S WHEE R T

Latin-1 32 &l

=< Latin-1 29 API} U th: Latin-12 25 25670 2] R U= Aol s st Q5 Fofl Lol A
oS % 5837 k.

PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. 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 ABI. Latin-12 Al-&3to] U ZE AAE A FZ P52
A3}E 7ho]d bytes 2| 2 wHeHetu T of 2] A 2] & “strict” U Tk FE ol A] o 2] 7} A 6‘? NULL
2 wakgh,

ASCIl 2 &

=< ASCIL 29 APIJ Ut} 7TH| E ASCI H| o] B & 5§ Ut} th& € ZEE o2 E A4 g Ut

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_f size, const char *errors)
Return value: New reference. Part of the Stable ABI. 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. ASCII S A}-&3te] FUIZE AAE Q7352
27H5 5}o] A bytes 214 2 W T o 2] A 2l “striet” Q]I T, o] A oll2] 7} 8 8 woL
2 wrakge,

0

EXL Y 3|

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 supportthe __getitem__ () mapping interface; dictionaries
and sequences work well.

g g 2E 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 ABI. 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 ©] |, Latin-1 D] o] AgH Utk 28R 9O mapping-S H]— olE /\1 (01 A
255 Atol S B E 3 FyIzE & }°ﬂ, AT UIZE ATZ fAHUTH E+ None 2 & 1j 33 3
o Th w3 X] o2 o] E% H}o] E (None, 0xFFFE B "\ufffe' & W] & A%l of g},
LookupError & RS 2) S A9 5 A G |B o Aels o] o el S AN AT
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)

Return value: New reference. Part of the Stable ABIL. 5= 0] 2 mapping A A& AF&3te] FUIZE AA =
Q1519513 A3HE bytes 242 BRI T, o & A 2] “strict” A LIt 3ejol 4] ol 9] 7} A 5
NULLS ¥Hhsh o}
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mapping AR FUITE A5 A4E bytes AA, 00 A 255 Alo] Q] A4 &= None & & UHT’J‘BH 0]=
i th Noneof] v E = AR opy gf v P = A] 922 FAF A5 (LookupError & ¥+
“golH A gk miB” o7 A F o] o2t AT Th

e TY APIE FUTSE SUTE R WP erhs Gl A A

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. =X} v 3 €| o] E& R 3lo] ExFS HEs
A3 FUZE AAE rrg Uy 2ol A of 9} 7} iy s nuLL = Wy o

g Hlol22 FUIZE Mg A4S FUZE AT A5 None(EA7F AHAH =5 gt of o
5] oF T}
Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well. Un-

mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors= T E ] A 2] AR Q1 o] QJuiTh. 7] 2 2] A 2§ AHSFL ek i d S A

fI=2 2 MBCS 2

}-2-2 MBCS Z.d Aplc,gqn} AR Y= Lo A uk AL 4 9 © 1] Win32 MBCS %%71—% AH-g-3t o
W2 FEF Y h MBCS(XE+ DBCS) &= @A 3huh7t ofhyer 139 Feja ol o stiA L. o4
AFFL Fd S APt 7174]4 ARE AL A A ol o3 Ao Y Th

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 sfr. 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.  con-
sumed 7} NULL ©] W, PyUnicode_DecodeMBCS () A8 T Zr3tUth.  consumed 7} NULL ©] oFu] ¥,
PyUnicode_DecodeMBCSStateful () 2 23] A3 (lead) H}o|EE U I HSIA] L1 I HH vlo|E
=7} consumed ol A 75 U t}.

PyObject *PyUnicode_DecodeCodePageStateful (int code_page, const char *str, Py_ssize_f size, const char

*errors, Py_ssize_t *consumed)

Return value: New reference.  Part of the Stable ABI on Windows since version 3.7. Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code_page.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & AF&-3o] 4
FE AAE JQZ DGt 2HE 3ol bytes AA 2 ket nh. ol A2l “strict” Jy ot 2
o Al o] ] 7} Y 8F ¥ nuLL-g RESHR U T

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.

HAMERL &R
HMESR} =R &

TE AR} AL (AFoIA EALoletn SALUTH 2% 5 9o
ALk 345 wah o

EFnvrnoly -1S 9HEshy o}

lo
\I:lo
2 ¢
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PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)

Return value: New reference. Part of the Stable ABl. = EAgG L o]o] 2] 3} N2 FUIE
AL S Al FUTh

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py ssize_t maxsplit)

Return value: New reference. Part of the Stable ABL. X4 & £353le] fUTZE EX4E gl2EE A
YU sepol nuLLo] B, BE Bul 22 Bapdo] A Eako] £A BT 137 o, £
TEA A o] ol th H th maxsplit & o] S F UTEH S50l W, Al gho] AR H A %5
Utk FEAE 47 el ase] 2oH A Ut

On error, return NULL with an exception set.

Equivalent to str.split ().

PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)

Return value: New reference. Part of the Stable ABI. Similar to PyUnicode Split (), but splitting will be
done beginning at the end of the string.

On error, return NULL with an exception set.

Equivalent to str.rsplit ().

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

Return value: New reference. Part of the Stable ABI. 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_Partition (PyObject *unicode, PyObject *sep)

Return value: New reference. Part of the Stable ABIL Split a Unicode string at the first occurrence of sep, and
return a 3-tuple containing the part before the separator, the separator itself, and the part after the separator.
If the separator is not found, return a 3-tuple containing the string itself, followed by two empty strings.

sep must not be empty.
On error, return NULL with an exception set.

Equivalent to str.partition ().

PyObject *PyUnicode_RPartition (PyObject *unicode, PyObject *sep)

Return value: New reference. Part of the Stable ABIL. Similar to PyUnicode_Partition (), but split a
Unicode string at the last occurrence of sep. If the separator is not found, return a 3-tuple containing two
empty strings, followed by the string itself.

sep must not be empty.
On error, return NULL with an exception set.

Equivalent to str.rpartition ().

PyObject *PyUnicode_dJoin (PyObject *separator, PyObject *seq)

Return value: New reference. Part of the Stable ABlL. = % separator & A-&3to] FAFE A/ A 2~E A4
i A% FULE BAG S wEEYh

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)

Fart of the Stable ABI. 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), 0 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)

Part 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.
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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 chinunicode [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.

Added in version 3.3.
WA 379 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 ABIL 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 ABIL. 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. & B X4€ & v w5t 2+zF 2H 7242 Zof th3] -1, 0, 1 & ¥k )

h =2
o] Bt A A] -1L WEEE g, a2 857 Y8 pyErr Occurred() S 38 oF T}

& TR

The PyUnicode_Equal () function.

int PyUnicode_Equal (PyObject *a, PyObject *b)
Part of the Stable ABI since version 3.14. Test if two strings are equal:

o Return 1 if a is equal to b.

o Return 0 if a is not equal to b.

e Seta TypeError exception and return -1 if g or b is not a st r object.
The function always succeeds if a and b are st r objects.

The function works for st r subclasses, but does not honor custom __eq__ () method.

T 27

The PyUnicode_Compare () function.

Added in version 3.14.

int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py_ssize_t size)
Part of the Stable ABI since version 3.13. Compare a Unicode object with a char buffer which is interpreted
as being UTF-8 or ASCII encoded and return true (1) if they are equal, or false (0) otherwise. If the Unicode
object contains surrogate code points (U+D800 - U+DFFF) or the C string is not valid UTF-8, false (0) is
returned.
o] gt A& & A A 7| A] kE Ut
Added in version 3.13.

int PyUnicode_EqualToUTF8 (PyObject *unicode, const char *string)

Part of the Stable ABI since version 3.13. Similar to PyUnicode_EqualToUTF8AndSize (), but compute
string length using strlen (). If the Unicode object contains null characters, false (0) is returned.

Added in version 3.13.
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int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

FPart 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 A& TAANTNA AU

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op

)
Return value: New reference. Part of the Stable ABL. & U 7= E2}9 S F 53 4] A (rich comparison)
33 ThS 5 BHUbE Wk ok
o o) 7} WA B NULL
e Py Trueor Py_False for successful comparisons

e Py NotImplemented in case the type combination is unknown

Possible values for op are Py_G7, Py_GE, Py_FEQ, Py_NE, Py_LT, and Py_LE.

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)

Return value: New reference. Part of the Stable ABL. format=} argsol A A EA+E AAE w33 o}
o] AL format % argsSt AR LT

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Fart of the Stable ABI. 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)

Part 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.

(Clarification: even though there is a lot of talk about references, think of this function as reference-neutral.
You must own the object you pass in; after the call you no longer own the passed-in reference, but you newly
own the result.)

This function never raises an exception. On error, it leaves its argument unchanged without interning it.

Instances of subclasses of st r may not be interned, that is, PyUnicode CheckExact (*p_unicode) must
be true. If it is not, then — as with any other error — the argument is left unchanged.

Note that interned strings are not “immortal”. You must keep a reference to the result to benefit from interning.

PyObject *PyUnicode_InternFromString (const char *str)

Return value: New reference. Part of the Stable ABL. A combination of PyUnicode FromString () and
PyUnicode_InternInPlace (), meant for statically allocated strings.

Return a new (“owned”) reference to either a new Unicode string object that has been interned, or an earlier
interned string object with the same value.

Python may keep a reference to the result, or make it immortal, preventing it from being garbage-collected
promptly. For interning an unbounded number of different strings, such as ones coming from user input,
prefer calling PyUnicode FromString () and PyUnicode_InternInPlace () directly.

CPython & A}A: Strings interned this way are made immortal.

unsigned int PyUnicode_CHECK_INTERNED (PyObject *str)

Return a non-zero value if str is interned, zero if not. The st argument must be a string; this is not checked.
This function always succeeds.

CPython -3 %} A]: A non-zero return value may carry additional information about sow the string is in-
terned. The meaning of such non-zero values, as well as each specific string’ s intern-related details, may
change between CPython versions.
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PyUnicodeWriter
The PyUnicodewriter API can be used to create a Python st r object.
Added in version 3.14.

type PyUnicodeWriter

A Unicode writer instance.

The instance must be destroyed by PyUnicodeliriter Finish() on  success, or
PyUnicodeWriter Discard () On error.
PyUnicode Writer *PyUnicodeWriter_Create (Py_ssize_t length)
Create a Unicode writer instance.
length must be greater than or equal to 0.
If length is greater than 0, preallocate an internal buffer of length characters.
Set an exception and return NULL on error.
PyObject *PyUnicodeWriter_ Finish (PyUnicode Writer *writer)
Return the final Python st r object and destroy the writer instance.
Set an exception and return NULL on error.
The writer instance is invalid after this call.
void PyUnicodeWriter_Discard (PyUnicode Writer *writer)
Discard the internal Unicode buffer and destroy the writer instance.
If writer is NULL, no operation is performed.
The writer instance is invalid after this call.
int PyUnicodeWriter WriteChar (PyUnicode Writer *writer, Py_UCS4 ch)
Write the single Unicode character ch into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
int PyUnicodeWriter_WriteUTF8 (PyUnicodeWriter *writer, const char *str, Py_ssize_t size)
Decode the string st from UTF-8 in strict mode and write the output into writer.
size is the string length in bytes. If size is equal to -1, call strlen (str) to get the string length.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
See also PyUnicodeWriter DecodeUTF8Stateful ().
int PyUnicodeWriter_WriteWideChar (PyUnicode Writer *writer, const wchar_t *str, Py_ssize_t size)
Writer the wide string str into writer.
size is a number of wide characters. If size is equal to -1, call weslen (str) to get the string length.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
int PyUnicodeWriter_ WriteUCS4 (PyUnicodeWriter *writer, Py_UCS4 *str, Py_ssize_t size)
Writer the UCS4 string str into writer.
size is a number of UCS4 characters.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
int PyUnicodeWriter_ WriteStr (PyUnicodeWriter *writer, PyObject *obj)
Call Pyobject_Str () on obj and write the output into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
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int PyUnicodeWriter_WriteRepr (PyUnicode Writer *writer, PyObject *obj)
Call PyObject_Repr () on obj and write the output into writer.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_ WriteSubstring (PyUnicode Writer *writer, PyObject *str, Py_ssize_t start, Py_ssize_t
end)

Write the substring str[start:end] into writer.

str must be Python st r object. start must be greater than or equal to 0, and less than or equal to end. end must
be less than or equal to st length.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_ Format (PyUnicode Writer *writer, const char *format, ...)

Similar to PyUnicode_FromFormat (), but write the output directly into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_ DecodeUTF8Stateful (PyUnicodeWriter *writer, const char *string, Py_ssize_t length,
const char *errors, Py_ssize_t *consumed)

Decode the string st from UTF-8 with errors error handler and write the output into writer.
size is the string length in bytes. If size is equal to -1, call strlen (str) to get the string length.
errors is an error handler name, such as "replace". If errors is NULL, use the strict error handler.

If consumed is not NULL, set *consumed to the number of decoded bytes on success. If consumed is NULL,
treat trailing incomplete UTF-8 byte sequences as an error.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

See also PyUnicodelWriter WriteUTFS8 ().

Deprecated API
The following API is deprecated.

type Py_UNICODE

This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform. Please use
wchar_t directly instead.

W 3304 WA o] WA A, o] AL W A] F}o] 9] “Y - (narrow)” L} “2}o] = (wide)”
FUIZE=EWHA F o= A A=A w2t 16HE Fo| 328 E Fo]AdF U Th

Deprecated since version 3.13, will be removed in version 3.15.

int PyUnicode_READY (PyObject *unicode)

Do nothing and return 0. This API is kept only for backward compatibility, but there are no plans to remove
it.

Added in version 3.3.

WA 3.105 €] 9 A & : This API does nothing since Python 3.12. Previously, this needed to be called for
each string created using the old API (PyUnicode_FromUnicode () or similar).

unsigned int PyUnicode_IS_READY (PyObject *unicode)

Do nothing and return 1. This API is kept only for backward compatibility, but there are no plans to remove
it.

Added in version 3.3.

WA 3.14 5 €] 3] 2] : This API does nothing since Python 3.12. Previously, this could be called to check
if PyUnicode_READY () is necessary.
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8.3.4 5E 4A|

type PyTupleObject
o] pyobiectd] B BL sto] M EE AME thehg o,
PyTypeObject PyTuple_Type
Part of the Stable ABL 0] pPyTypeobject AAE A= vto] A F& -8 Yepd Ut slol 4 A%
tupled Z+-2 AA YUt
int PyTuple_Check (PyObject *p)
pARE AR AT FE B A1 o) Aadad 2L BAFUT o B4E T4 4TI,
int PyTuple_CheckExact (PyObject *p)
Pt BE AAOIA T, BE W A2 P9 drbat oy Fe BT o B4k A
gt
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. Return a new tuple object of size len, or NULL with an
exception set on failure.
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. Return a new tuple object of size n, or NULL with an
exception set on failure. The tuple values are initialized to the subsequent n C arguments pointing to Python
objects. PyTuple_Pack (2, a, b) isequivalenttoPy_Buildvalue (" (00)", a, b).
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABI. Take a pointer to a tuple object, and return the size of that tuple. On error, return -1
and with an exception set.
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Like PyTuple_ Size (), but without error checking.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABI. 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.

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(...)) Of PySequence_GetItem().

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple_Get Ttem ()2} 8|S 38}FA| 2, Qx5 2913} X] k<5 U]

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. Part of the Stable ABIL. Return the slice of the tuple pointed to by p between low
and high, or NULL with an exception set 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 ABI. p7} 7]—ﬂ 7= EZ 9 pos 2] 2] o] AA| ool T3 2+

=z /\1—?:}
2 WS T pos7t WY S Hojyd, 1S WSSl IndexError 92

9l ST A3 ek o
4.

=
=

=
=

0 #x

ol ool E F2E “FAL” FF= T AAANA F20l olv] A= Tl thdt

H U t}(discard).

oY
BN
f
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void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)

PyTuple_SetItem() -Tq' H]-j\—\ﬁ]—xl 1:"1’, oﬂ H 737\}“‘5 5']'X] 9%—'»911] /\HE‘{?: %‘TZ_—L% iﬁ% U:H *lﬂ‘* /\]-—g-ﬁﬂ o]:

.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

0 Iu

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.
I\

A Az

This macro should only be used on tuples that are newly created. Using this macro on a tuple that is already
in use (or in other words, has a refcount > 1) could lead to undefined behavior.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
FE 2718 2451 0] 8T 5 AU newsizets
2131 o AX B2, Aol thal B2} S 9l wu
ol 5] 422w o A2 AHBIA YN L. FEL S .
522 I FEL MEE A0 AZASPAAL, B BEAY BT 4TS
WA FeolE TEL, 0] A3gko] o] 4T TEY] A3} 2oL ARAAE
. o7k B e Ak wA o fle) <p s k5] LT A ShE, 1 & WEeh, o8 Ui
A A3}, MemoryError U SystemError& A Al YT}

- o 3.
oo
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o
8l
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o
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8.3.5 XA A|REA A

T2 A Al 2 (struct sequence) 2 A= namedtuple () A9 C 5712 YU & o E g
of AT 4 e ABEPUTE FRAANALE HE2 Y, HA 5S4 724 A4
Easiag

PyTypeObject *PySt ruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL. o}&j ol A ™ H desc®] Ul o]E| 2 N2 F+ZA A|dH

28 w5yt 23 39 AA2HAE pyStructSequence New () 2 T 4 Q5T

=] =
'TTE—

5] ©
1N &3S

Return NULL with an exception set on failure.

void PySt ructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc®2 T2 N A2 types A A e oA 271313 o

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
Like PyStructSequence_InitType (), but returns 0 on success and —1 with an exception set on failure.
Added in version 3.4.

type PyStructSequence_Desc
Part of the Stable ABI (including all members). W5 T+ZA) Al @2 o] wEeEl AR E =33 o).
const char *name

Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain the module
name.

const char *doc
Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *fields

Pointer to NULL-terminated array with field names of the new type.
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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 PyObject*. The index in the rfields array of the
pPyStructSequence_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 Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField
Part of the Stable ABI since version 3.11. o] Y= HEHZ GAF7] Yt 2= o] 59 54 ZL

WA 3904 WA: o] char *oA AAE Y5 Yt)
PyObject *PyStruct Sequence_New (PyTypeObject *type)

Return value: New reference. Part of the Stable ABL. PyStructSequence_NewType () &2 TE type 2]
ArdAE wsUth

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. Part of the Stable ABI. Return the object at position pos in the struct
sequence pointed to by p.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.
PyObject *PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. Alias to Py St ructSequence_GetItem().

A 3.139 A X 7 : Now implemented as an alias to PySt ruct Sequence_GetItem().

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. FXR A A A2 po Qdl XA posoll Q= T=E ko2 AATY T
PyTuple SET_ITEM()3} BpZZFA R, o] AL A Z-& A2EAE 22 uff vk AFg-3f oF ).

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

0 Ix
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void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Alias to PyStructSequence_SetItem().

H A 3.139 A ¥ 7 : Now implemented as an alias to Py St ruct Sequence_SetTtem().

8.3.6 Z|AE ZHA|

type PyListObject
o] pyobject® A H L stoly 2|2 E A& YEFY Ut

PyTypeObject PyList_Type
Part of the Stable ABL 9] PyTypeobject AAEAE ulo] W 2|AE 3-8 YEFY UL o] AL glo]
AZ9] 1ist o 2 AA Yt
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int PyList_Check (PyObject *p)
p7HEI2E AU B AE o AH P AadAad 8 vt o] g4+ 4 e
int PyList_CheckExact (PyObject *p)
p7tEIAE Aol Atk ] AE o] A H PO B AT obE S g o] 4= A
A2

PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. A-&3}d Z o] len Q1 A B|2EE, A3} H NULLS
e
0 Iz

If len is greater than zero, the returned list object’ s items are set to NULL. Thus you cannot use abstract
API functions such as PySequence _SetItem () or expose the object to Python code before setting all
items to a real object with PyList_SetItem() or PyList_ SET I1TEM(). The following APIs are safe
APISs before the list is fully initialized: PyList_SetItem() and PyList_ SET ITEM().

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL. listol| A 8]~ E A A 9] Z o] & RESHgU T o] 8|2~ E Aol gl len (1ist)
o} 553
Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.
PyObject *PyList_Get ItemRef (PyObject *list, Py_ssize_t index)
Return value: New reference. Part of the Stable ABI since version 3.13. Return the object at position index in

the list pointed to by list. The position must be non-negative; indexing from the end of the list is not supported.
If index is out of bounds (<0 or >=len(list)), return NULL and set an IndexError exception.

Added in version 3.13.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABIL. Like PyList_GetItemRef (), but returns a
borrowed reference instead of a strong reference.

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. 8]|2~E 9] ol A~ mdexoﬂ =34 ES jeme 2 AAT YT AZsH 0
HESHR U T} index 7} H S WU W, -1 & 1§¥6h_ IndexError o2& A3 th

itemol] 3t F2E “FAL” FS T AXY F2E0 ojn Sl FEo

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
3] AAF Q= ryrist_Setitem () MAE A, duld o2 o)A Y-Ro] = A g ~E

o A28 o

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

it

RRS

0 #x
o] Uﬂii%itemqltﬁ‘i%i% ‘T X7, pyList_SetItem() I+ B8 HAEH = FE o 3t
A2 E WA FFUthliss o i X e F2e F5E doFd Yk
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int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABIL. &% jtem2 2| 2 E list] G index 2ol AUt} A 23H4H 02 ¥t
Utk At -1 H]—FJ—‘(S]-_]_ dle]E AT} 1ist.insert (index, item) ol 3T}
int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 8] A E [isto] Fof| A A item-< 71Ut 53 0 vy o} A ol s d
-1 ketal o 9] S AA YT list.append (item) o S| B U
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 Alo]oll Q& AAES 35t
Y A2EE ustshy o} Aol nuLL S WS et o2 E A A ST} 1ist[low:high i
Uth g2 E ZARE QY A8 AP A g5t

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)

e

S, g
oft
o

Part of the Stable ABL low %} high AFo]9] listE Bto]l A& itemlist®] W&o 2 A g}
list[low:high] = itemlistol] 3% EL\JD]- itemlist= NULL ¥ & Q=4 ¥ g 2rEQ Y&
UEr Ut (Egtol 2 AAD. AFetd 05, AdfstE -1& R th 2|2 E ZoARE 9 <ld

42 AEHA syt
int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of iferable. This is the same as PyList_SetSlice (list, PY_SSIZE_T_MAX,
PY_SSIZE_T_MAX, iterable) and analogousto list.extend(iterable) or list += iterable.

Raise an exception and return -1 if listis not a 1ist object. Return O on success.
Added in version 3.13.
int PyList_Clear (PyObject *list)
Remove all items from /ist. This is the same as PyList_SetSlice (list, 0, PY_SSIZE_T_MAX, NULL)
and analogous to 1ist.clear () ordel list[:].
Raise an exception and return -1 if /ist is not a 1ist object. Return 0 on success.
Added in version 3.13.
int PyList_Sort (PyObject *list)
Part of the Stable ABL list %52 A At2] o A B Ut AFstd o5, A3 etd -1 ek th
o] AL 1ist.sort () & FS5ITh
int PyList_Reverse (PyObject *list)
Part of the Stable ABL list®] 322 2| 2H2] ol 4 51 AU th 458 02, Ao she 1.2 wEgh
T} o] A& 1ist.reverse () 9]— =3t}
PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL [ist2] W82 E3t5t= A 5= AA & vidg oy,

tuple (list) & S5 FUh

=

8.4 ZH|o|L] 2|

8.4.1 ElAML{2| ZHA|

type PyDictObject
o] pyobjecte] AH P2 stold gMie] AAHE Yed YT
PyTypeObject PyDict_Type
Part of the Stable ABL. ©] PyTypeobject AA2H
R ASY dict & 22 AA Gt
int PyDict_Check (PyObject *p)
p7}dict A7 o] AL} dict Fo] B Fe] gl e A
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int PyDict_CheckExact (PyObject *p)
p7}Fdict ZAA) o] A 9k, dict B o] A H 3o ¢
3o,

PyObject *PyDict_New ()

Return value: New reference. Part of the Stable ABL. | &
£ WEF .

s U, A9l & ¥ nuLL
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. ¢}7] A& 22 ZA|3t= 7S 9 3} types
MappingProxyType AAE WIE st T}, o] A& 01 LA o 2 n)
TS HAS] As) HE veE

A ZH=F = A
e = AREE Y E}.
void PyDict_Clear (PyObject *p)
Part of the Stable ABL 7] & YA g9 & 7]-3t %2 8|34t}
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. @A 1 2] poll key7} £38tE] o] Ql=2] At} po] FE-0] key2} A X3} H 1
= W&k, 282 Fo 02 WY T ol 2™ ~1& WU T o] & -ﬂroVﬁ EAA key in
poESdUTh
int PyDict_ContainsString (PyObject *p, const char *key

This is the same as PyDict_Contains (), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObject*
Added in version 3.13.

PyObject *PyDict_Copy (PyObject *p)

Return value: New reference. Part of the Stable ABL. p} Z+& 7]-3k
Fuch
3} .

O 37 L=
L

rr

A G E e
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val
Part of the Stable ABL. B A U ] pol| val& key 712 AT Ut} key= sl A] 7Fsdll o Tt 28X
o0 W Typerrror 7} WHARHITh AE5HE 02, A ohH 1S WIAFI T o] F4= valol T3
Nz2 T2 G5t
int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)

Fart of the Stable ABI. This is the same as PyDict_SetItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*
int PyDict_DelItem (PyObject *p, PyObject *key)

failure

Part 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 0 on success or —1 on

int PyDict_DelItemString (PyObject *p, const char *key

Fart of the Stable ABI. This is the same as PyDict_DelItem/(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result

Fart of the Stable ABI since version 3.13. Return a new strong reference to the object from dictionary p which
has a key key:

« If the key is present, set *result to a new strong reference to the value and return 1
« If the key is missing, set *result to NULL and return 0

» On error, raise an exception and return —1
Added in version 3.13.

See also the PyObject_GetItem () function
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PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. Return a borrowed reference to the object from
dictionary p which has a key key. Return NULL if the key key is missing without setting an exception.

0 #x

Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored. Prefer
the PyDict_GetTtemWithError () function instead.

¥ A 3.100]| 4] ¥ 7 : Calling this API without an attached thread state 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 ABL. o] 2] & A8} A| &= pypict _GetItem()9
Hy gt o2 7 A st o 9l & A A%t nuLLS S U T 7|7 gl o2l & A A
oF 31 NULLS ¥FEHE Y T}

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem(), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

0 #x

Exceptions that occur while this calls __hash_ () and __eq__ () 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.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)
Part of the Stable ABI since version 3.13. Similar to PyDict_GetItemRef (), but key is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.
Added in version 3.13.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] Z1-2 3ol 3 9] dict.setdefault () &F Z5 Yt &x3t
A, 9 Y poll A keyoll | ot k= W th 7] 7} dictoll $12 W, g defaultobj = 4 Y = 11,
defauliobj 7} YR O 0] F4- keys] A F4-2 23] B AL A 5402 B o4l
ER L P
Added in version 3.4.

int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_value, PyObject **result)
Inserts default_value into the dictionary p with a key of key if the key is not already present in the dictionary. If
resultis not NULL, then *result is set to a strong reference to either default_value, if the key was not present, or the
existing value, if key was already present in the dictionary. Returns 1 if the key was present and default_value

was not inserted, or 0 if the key was not present and default_value was inserted. On failure, returns -1, sets
an exception, and sets *result to NULL.

For clarity: if you have a strong reference to default_value before calling this function, then after it returns,
you hold a strong reference to both default _value and *result (if it’ s not NULL). These may refer to the same
object: in that case you hold two separate references to it.

Added in version 3.13.
int PyDict_Pop (PyObject *p, PyObject *key, PyObject **result)

Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if the key
missing.

« If the key is present, set *result to a new reference to the removed value if result is not NULL, and return
1.
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o If the key is missing, set *result to NULL if result is not NULL, and return 0.

o On error, raise an exception and return —1.
Similar to dict . pop (), but without the default value and not raising KeyError if the key missing.
Added in version 3.13.

int PyDict_PopString (PyObject *p, const char *key, PyObject **result)
Similar to PyDict_Pop (), but key is specified as a const char* UTF-8 encoded bytes string, rather than
a PyObject*.

Added in version 3.13.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. G A 8]2] R E -E& ¥ 3}3}= pyListObjectS
whEsh .

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. 9 8|9l 2 & 7|5 £ 33}&= pyListObjectS
uhEHghL o)

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. S A1 8] po] B E S £8l+= pyListObjectS
LlaaiaBiag

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL. M U 2]of] 9l& =52 +& W&yt ol gy gl thal len(p) 2
T HUh

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part 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 0 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.
ofE EH:

s N

PyObject *key, *value;

(

Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

MUz pe olE el d Foll MAsiA
< b skA R 7] A o] WA A 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()) A
return -1;
}
PyObject *o = PylLong_ FromLong (i + 1);
if (o == NULL)

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
return -1;

if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;

}

Py_DECREF (o) ;

The function is not thread-safe in the free-threaded build without external synchronization. You can use
Py _BEGIN_CRITICAI_ SECTION to lock the dictionary while iterating over it:

Py_BEGIN_CRITICAL_SECTION (self->dict);
while (PyDict_Next (self->dict, &pos, &key, &value)) {

}
Py_END_CRITICAL_SECTION() ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)

Partof the Sible ABL 91 A7) b% ol 1= S, 71-% & SH el aol 24T B b
A B AY PyMapping Keys ()@} Pyobject_GetItem()S A QdtE = AR L &= A5}
override 71 oW, ao) 9 71 Aol bl A A B 717} oW wAE W, 18A oW a%h I
A3E 717 & W5 Aol 27 Uk 4B S1E 08 Wekel L, o2l 7k B s -1 8 whakgh o)

int PyDict_Update (PyObject *a, PyObject *b)

Part of the Stable ABIL. ©]+= CoJ|A] pyDict_Merge (a, b, 1) 231, T WA 2 x}of “keys” ] E
2 REZF Qs W pypict Update ()7} 7]-3k 2o AlA2of H s o] E1 2l lE sH7] gkethe A
A2 5t H, sFo] Mo A a.update (b) & FAFGUTE A3 8HH 02 WHEhstar, o & 7F ¢ et 1=
shgkgh o,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)

Part of the Stable ABL seq29] 7]-gk o2 v e aE AASAY HUTh seq2= 7]-3F o2
275 201 29] O E{2] B AAE AR SHE ol e 2l 2 A A 6l oF T th 55 7|7} 9.8, override
7} Zrol ¥ mpA|eto] FEjstal, I A ko A MR VL S FUTh AF Al 0= WHEstaL, of| 9] 7t
A E 12 AT S5 sho] AS o B U T (e gt A9))

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seqg2:
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 (). In case 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 0 on suc-
cess, —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 0 on success or —1 on error.

Added in version 3.12.
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int PyDict_Unwatch (int watcher_id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher_id by PyDict_Addwatcher () will
no longer be called when dict is modified or deallocated. The dict must previously have been watched by this
watcher. Return 0 on success or —1 on error.

Added in version 3.12.

type PyDict_WatchEvent

Enumeration of possible dictionary watcher events: PyDict_ EVENT_ADDED, 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 event is PyDict_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 main-
tain 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 eventis 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 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.

8.4.2 Zigh A

This section details the public API for set and frozenset objects. Any functionality not listed be-
low is best accessed using 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 PyObject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is 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 30| A set §-& YEN = pyTypeobject?] A2—H AT
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PyTypeObject PyFrozenSet_Type
Part of the Stable ABL ©] 212 3}o]|# frozenset -2 YEN = PyTypeobjectd A2E AU T
e ¥ A AR E RE shol A Aol Bl g EAE M AF Ik i AN 2, AHA Gt BE
SEEEESEEP TR L),
int PySet_Check (PyObject *p)
p7hset AT A1 Go] Axdzw FS BBFUL) o] P4t G4 AT LTk
int PyFrozenSet_Check (PyObject *p)
p7]— frozenset 7—115‘1] ‘/]' /‘%E Sé" ﬂ Sl~HA~™ 7;(:}‘% Sl ‘;}"] TJ’ o] ‘;jf‘/l\‘*‘f 63'/}]' Aé%‘;}]/] 1’4—
int PyAnySet_Check (PyObject *p)
p7tset AA, frozenset A & A H o QA Ad S Rkt o] &4+ FA AT H
U,
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 AR} frozenset A o] A ¥ A B PO JAAEHA = of W ZHg vkt th o] g4+
%4 43T

int PyFrozenSet_CheckExact (PyObject *p)
p7} frozenset AAOI AR, A8 o] QAT AL oh B HS WL o Bt G4 AT
Uk,

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterable©l] 23] W5 E o= A 2L set
2 WA O iterable-® 2SN AL VS A5 wois D 4 9) Sorw A A Ee,
) 5he v B T erableo] A 2 o) B # 2 o] oFU W Typerrror & W4 A AU T
AR DS BAY HE 8 T T (cmset (2)).

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABIL iterableol 2]l ¥IgtH AANE £33 22
frozenset S BFEHSHU T}, iterable 2 M 2 S ¥l frozenset2 WHS 7] Y3 nurn € & IS5 TH A
T ohu A 432, A58 NoLL S WG T iterableo] A o] €2 o] obui T 2
e A=

set O] frozenset 9 AAAEH A

91T

Py_ssize_t PySet_Size (PyObject *anyset)

S50 A8 el Ararze o3l B Fg AR E AT 5

rlr

Part of the Stable ABL. Return the length of a set or frozenset object. Equivalent to 1en (anyset). Raises
a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
ol g AAF gl pyset_size ()9 WA E A

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL. 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 tempo-

rary 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.
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= & set oJU 2R A E Fo] AaR 0= AT 5 YA T frozenset oL T A H 39

s"adE AT 4 gy h

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABI. Return 1 if found and removed, 0 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 ABI. setol] S0 9+ 2] o] A Ao thsl A} FZE vkst
okaL, setoll A AA S A AZ U Ashshd nunn S R Tk f 9o 1] 01 29, KeyError &
LA G UTE ser©] set oJu T A H ] ALE AT} ob YW systemError ‘ﬂ“ﬂ/\l Ayt

int PySet_Clear (PyObject *set)

Fart of the Stable ABI. Empty an existing set of all elements. Return 0 on success. Return -1 and raise
SystemError if set is not an instance of set or its subtype.

8.5 B4 24

8.5.1 g A

shol 4l #4oh HAR R 744 F457F A5

type PyFunctionObject
ool AL £ C T2,

PyTypeObject PyFunction_Type
O] AL pyTypeobject®] 2B xoln dhol o4 P UEbiUth dhold Z g TJefu o A
types. FunctlonType_E %% 1’4—

int PyFunction_Check (PyObject *0)
07} 84 AR (PyFunction Type 3) W ZL vk} u) 7] W4 nunL o] ofy o] of 3T}, o]
PP TR

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. T = AR code2}t ATH A & A E w3t T} globals= 4o A
AA 2T 5 Gl A W7} 9l A g ol o] of T Th
The function’ s docstring and name are retrieved from the code object. __module__ is retrieved 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__ at-
tribute 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. < AR ope} AFH T &= A& wiraghoh
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. < AR opet ATH A gV 8] & ¥H3-shy 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. S5~ A op2] QA A} 71 EZFS ¥IstghU T} o] = QlApo] EZ o]}
NuLL 9 g AssYh

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
4 A ope] A7k 7122k A FU T defaulis= By None o Lh FE o] o] oF T th.
A7 58 systemprror® WA AL -1S W T,
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. &5 2R op2} AHH S 2 A
A7 52 4 1Tk
int PyFunction_SetClosure (PyObject *op, PyObject *closure)
G AR opsh AWH FEAZ AR T closure= py_tone o] 1} A AR 9] FEo]ofof Fujrh.

A5 39 systemError S WA A 7] 1 -1 ¥ksHE T},

it

Ry o) o] 212 nuLL o A

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 3 A A| op2] o] = E] o] A& wrEshyt} o] 22 71 g A v v
NuLL € 5 sy

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
S AA ope] A =H o] A& DA F YT annotations& G A ] 8] L} Py_None ©] o] oF LT},
A5 819 systemError & WA A 7] 2L -1-& WEEHFY 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 Pyrunction_Addwatcher () for the cur-
rent 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:
e PyFunction_EVENT_CREATE
e PyFunction_EVENT_DESTROY
e PyFunction_ EVENT_MODIFY_CODE
e PyFunction EVENT _MODIFY DEFAULTS
e PyFunction_ EVENT_MODIFY_ KWDEFAULTS

Added in version 3.12.

8.5.
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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.

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 event is 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_liriteUnraisable (). 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 QUAEA HME ZHA|

A~"EA YA EE pycrunctiond] T3k 2 o] W PyCFunctlonE ZY 2 AR o AAd= A2 W
?}\414- ]7‘(_-/] PyMethod_New (func, NULL, class) a EHZJ]‘?}‘%Q'

PyTypeObject PyInstanceMethod_Type
o] pyTypeobject AR AE ol H AAHA HAE FS ettt gte]d 22 3ol & =&
H 2 sy

int PyInstanceMethod_Check (PyObject *0)
o7} 2" A AW IS vbEsUt) (PyinstanceMethod Type @ YU TH. w7 A
NuLLo] obu]ofof Fich. o] Bt §4 4F I Ch

PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. M| QA12E A~ Bl A= AR E ST funces 929 8 E AA Y
o funcw= A2V A2 HA =7t S2E o T5E - dUTh

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. Q1 2~8 2~ WA = im3} AFH S A A S 913,

rlr

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2.5 ZAAME 9| 3}= PyInstanceMethod_Function ()2 i3 & B A.

8.5.3 HIAME ZHA|

m A= A2 (bound) o AA AT HN ==
2= A g2 (unbound) WA = (S Ao A2 H “ﬂ/“]E)}i o+ A
PyTypeObject PyMethod_Type

o] pyTypeObject 2B NE 3ho] M MM E & UePY LT o] A2 Fho]# T2 T3¢ types.
MethodType & ==F Ut}

186 Chapter 8. 14 ZHx| HS



The Python/C API, Zi2|A 3.14.0a7

int PyMethod_Check (PyObject *0)
o7t A E AR M FL v Ut (PyMethod Type 8 JUTH. 1] 7] W= nuns o] ofu] o] oF 3t
yrtt. o] g A 43T

PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M| 28 WA= AAE Z& =t} funch 9lojo] Za]E Ax|o|H, self
WA= AZFH o & A2 AYYT funce A EZI S22 o SE2E T AU self=
NULL ©] ofy] of of gh .

PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth W] A =2} A 39 g AR = HE3kgh o).

l

Y

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2.5 A AFS 3] 8F+= PyMethod_Function ()9 W32 ¥ A.
PyObject *PyMethod_Self (PyObject *meth)

Return value: Borrowed reference. meth M| ] =2} AFAH A2~EHAE T

il

rﬂ

gL c

e

PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2.5 A AFE 3] 8F+= PyMethod_Self () Q] W2 Z WA,

8.5.4 M ZHx|
AN oE ATz B BSE PRI O ASH T, 01D A, T8 A
S8 A A7k B oI H T S A ek 7t 2w za|ole] Aol Mol A M AR B 9] 3
ol e 3 5 58 ek ol A e A2 A0 el A %98 glo] AL
o123 A A9 & 2% (de-referencing) & 414 RO 7= 2R el o] A ql0] AR FUTH AA2 A
257 AFxHA stk A AAl= ohE 3o %%ﬂﬂ = ?%Q Yt
type PyCellObject
A AA ol AHEE = C FZA.
PyTypeObject PyCell_Type
A Ao A B A,
int PyCell_Check (PyObject *ob)
ob7} A AAE g WU Tl ob+= NuLL o] ofy o] oF FU T o] = A AT T
PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 3f< E33l= Al A AA S wH& 37 93y o). of 7)) M4 NULL
% Sz,
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell.J WL vty th cell2 NULL Y = YS5 U T cello] A AR 7}
OhLy B, N2 N8} of 28 A Fh ok
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell®] W82 ¥13}3} 2] 9l cell o] NULL ©] ofd A9} Al A ¢l A &=
29154 b4 o,
int PyCell_Set (PyObject *cell, PyObject *value)
A AR celle] WEE valueZ 23T Uth o]F A 3@ Ao Az &l st ZZE AT}
value’= NULL ¥ & 2,1%1/] t}. cell*=NuLL o] o}y o of gt T},
A2, 0 MAFHTE cello] A 277} opU, o9 & AR 2 1S WATIT
void PyCell_SET (PyObject *cell, PyObject *value)
A AA cell® ZHE valueZ A AU X 3
03411 T cell-& UL ©] ob] o] of 331 AL 217
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8.5.5 I E i
= A7) CPython T89] A5F A% AZYUTH 2 AAE obd Fol Fol 9x Fe A 7H5 8
F= golglE UeErd Yk
type PyCodeObject
T AAE 2B ste v AHREH = AA S CF2A. o] o de= AdAEA HAE 5 dsUTh
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 (closure) variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

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

Return the position of the first free (closure) variable in a code object.

¥ A 3.13 4] ¥ 7 : Renamed from PyCode_GetFirstFree as part of Unstable C API. The old name is
deprecated, but will remain available until the signature changes again.

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) A M 7: Added qualname and exceptiontable parameters.

H A 3.12] 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)
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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.

Added in version 3.8: as PyCode_NewWithPosOnlyArgs
WA 3.119 A 7 : Added qualname and exceptiontable parameters.

WA 3129 A ¥ 7: Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is depre-
cated, 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 Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_oftset)

Return the line number of the instruction that occurs on or before byte_of fset 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 exception 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 (closure) variables. On error, NULL is returned and an
exception is raised.

Added in version 3.11.

8.5.
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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.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode 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 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. Other-
wise, the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.

If event is PY_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_liriteUnraisable (). 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.

8.5.6 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.
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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 PyObject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

B A 3.120]| 4] ¥4 7: Renamed to PyUnstable_Eval_RequestCodeExtralIndex. The old private name
is deprecated, but will be available until the API changes.

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]| 4] ¥ 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]| 4] ¥ 7 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated, but
will be available until the API changes.

8.6 7|E} ZHA|

8.6.1 ml! ZHR|

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 ABL. o]u] &+ L] ud 7|E A} fd2 golA
93 ARE w5 YTt A} name, encoding, errors X newline2 71 2 2k5 AF&-35H7] 98 nuLn & 4
A5 Y TE buffering2 712 3t= AH&317] A8l -1 € 5 AFUTH name-2 FA = 31, o] A W A 749
TS A8 FAFE YT Ash Al nunn& 9ESHE U o} Q1A thdk o] AR S A 2 0. open ()
5 AAE BB
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A Az
sho] 2l 2EH o A4 MY ASE AAD YOonE 08 £79 3} 7 &2} T
oA o] 7] 28 £AHTAT = A5t (7h Hlolg o] o4 23 =)

WA 32004 MG name S| EEFES FA G
int PyObject_AsFileDescriptor (PyObject *p)

Fart of the Stable ABL. 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 £ileno () 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]) ¥ S5t} o] 4= A X
polA & &5 d5Uth pe 3L AA U readline () PINEZF A= 99 AA D = 5 Uk
nol oolw, 29| Aolsh BAR] AT & 2L ALUTh no] 01T T7, n ko] = o] 4L 5}
oA JA dsUth =dAT Fol vigE = U F A BF, 3L 2ol SA =EstE Rl
ARG o] W Ut Ze{ubnol 0BTk Ao W, Aol AAGle] T ES JAT 7Y ol FA
T 23 EoFError 7 WA U o)

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A 5-H handler S 53| 7] 7] M-E AL E = io.open_code () 8] WA ol 52 2| 4 2] gt}
The handler is a function of type:

typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)
Equivalent of PyObject *(*) (PyObject *path, void *userData), where path is guaranteed
to be PyUnicodeObject.
userData EAE £ F %52 ALY, F i
©shold AHlE A4 FxsE ok g,
L orAog AdFE o A4REH 2 ZE ) T AT Y A (frozen) sys.moduleso] YT L&A
ZhotUztd & Ad Sol 2 B Edl= AL 93U L.
o] A=W, A AA L AT , 0]29] pyrile SetOpenCodeHook () ol Tt &
As| g As) Al B 12 ukehela e Z e e 7 27815 9o Wl o 98 A g o,
o
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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 flags is Py_PRINT RAW;
if given, the str () 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& oY AA poll &Yttt AF3std 02 ¥k3tatu, Asfstd -1
S L E L EEPCE LRI

£

o

8.6.2 2= il

PyTypeObject PyModule_Type
Part of the Stable ABL ©] pyTypeobject AAE 2= vlol W BE &S YeEbd Ut o] AL types.
ModuleType O & o] Z 2 7o =Z&FH T}

int PyModule_Check (PyObject *p)
p7t2E AA 1 AU ZE AA 2] B Fojd Fa vty o] e G 3T
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int PyModule_CheckExact (PyObject *p)

p7t 2E AA VAR, pymodule_Typed] AH Fo] opd FS & UTh o] e FFE4FTH

Ut
PyObject *PyModule_NewObject (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.7. Return a new module object with

module._ name__ set to name. The module’ s _ name_ , _ doc_ , _ package_ and _ loader_
attributes are filled in (all but __name__ are set to None). The caller is responsible for settinga _ file
attribute.

Return NULL with an exception set on error.
Added in version 3.3.
A 3404 M. _ package__and __loader__ are now set to None.

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule_ NewObject ()2} B]S=3}A] 9F, name ©]
fUFRE A thA UTF-82 A7 G H Ex9GYuch

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module2] ©]& ¥ 7S F+38 3= 91 8 A A
E vk o] AAl= 2E AAY __dict o EPFRES} Z5 Ut module©] BE AA (=
25 A A B )7} ob YW, systemError 7} A 8} 31 nuLL o] WEEHE U T
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly manip-
ulate a module’ s __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)

Return value: New reference. Part of the Stable ABI since version 3.7. Return module’ s __name___ value. If
the module does not provide one, or if it is not a string, SystemError is raised and NULL is returned.

Added in version 3.3.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule GetNameObject ()&} B]S2S}A|HF rutf-8' 2 AT P H o] &
syt

void *PyModule_GetState (PyObject ¥module)
Part of the Stable ABL. 59| “ZH”, & BE& 44 A @FE W2 £5& 718 7]+ 2 nuLL
S W3S T} pymModuleDef.m_sizeS R FFA]A Q.

=]

pul

o

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. 25 0] W50 A pymoduleper T2 Ao th 3t Z Q1 EJ L} E o] Ao oA BE
o] A 2] 93 %o W NULL-S WFEH U T

PyObject *PyModule_GetFilenameObject (PyObject *module)

Return value: New reference. Part of the Stable ABI. Return the name of the file from which module was
loaded using module’ s __file _ attribute. If this is not defined, or if it is not a string, raise SystemError
and return NULL; otherwise return a reference to a Unicode object.

Added in version 3.2.

const char *PyModule_GetFilename (PyObject *module)

Part of the Stable ABL. PyModule_GetFilenameObject ()2} BRI R ‘utf-8° 2 A1 FHH 5}
Ll g =

WA 328 HAEH: pyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule GetFilenameObject () instead.

)

o
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CaE X735}

25 AAE Ao S RE (278 S YRS 25 2ol nel @) ol A5k
&7} PyImport_Appendinittab ()& AH&8te] F7FA) ol A ¥k ol U th ZpA g W
extending-with-embedding & 234 Al 2.

2718} 4= F JO AXEXAE pyModule Create () o] AL 23 BE A& vr3ks 7 o, Ao
FZA AR S t,l}g‘rs}oq “ohebA 27132 2 J3 4 Qs

type PyModuleDef

Part of the Stable ABI (including all members). 25 A& == d Q3 &
BE A 2A. dvtg oz 7+ 259 vl °] Pl Ao w 27|31 AT

PyModuleDef Base m_base
Always initialize this member to PyModuleDef HEAD_ INIT.
const char *m_name
A ZE2| o] F.

const char *m_doc

Py _ssize_tm_size

%*OEH%ZM*. Aol ofd pyModule GetState () 2RI T 4= Qe BEE v 2 Ao
FAE F AFUTE o] 22 oY AR Az A RES AMEIHE A %?}78‘}711 THE
HD}

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_rree function has been called, if present.

msize® 12 AYSHE BEC] A JE)E 27wl B AHZHE A DA ghrh
=594

S7bobd groz AA4SE BES oA 2718 & & drke Ko
o S ATk L 2T S0l o st A Gk

ZFA 8 U8 PEP 31212 #2314 A 2.

E
ox
fuj
=2
i)
ko
R
i
N

PyMethodDef *m_methods
PyMethodbef L 71EH v ZE 7F 5 HolEol e 298, 7t floed nun d
& %o

PyModuleDef _Slot *m_slots
A 27135 A% A g, (0, nuLL) FEoE FRH UL OEA 27)3E AMS
& uf], m_slots= NULL ©] o] oF gF1] t}.
WA 35004 |7 ¥ 3.5 o] e, o] WH7F 3 nuiL g AAE e, ok 2ol 49
5 9% U th

inquiry m_reload

Zraversepr()c m_traverse
E AAS GC A T 25T G ), 2264 R 2 | 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.

WA 3904 M7 25 JEi7 29E 7 Aol te 229 A dsdth
inquirym_clear
2E AR GC A = & A7 (clear) T}, L3R 90 H 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).
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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.

Like Py TypeObject. 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 |7 e A7 2FE 7] doll e 225 A gsUth
freefunc m_free
25 AA & oA Soll 2= ), 2264 ¢ H 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.

3904 M7 25 JEi7t 29H 7] Aol v 229 A dsdth

g 273 g B A48 A4 e g ¢ syt o 2 kA 27)3P 2haL s, v
T o

PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create2 () 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 ABL def2] A 2] ol w}2}, AP1 ¥ A module_api_version-<
AR stel Al BE AANE HEUT AP HAo] AW FA ALzl HAT QXA FoH,
RuntimeWarning% ‘%}/‘E /\] ;Q ‘4 I}]—

Return NULL with an exception set on error.

0 Iz
o] B4t UlRE pymodule Create ()2 Al AFE3) o AU t); 843 B2 3 uf vt A} &34
AL

Before it is returned from in the initialization function, the resulting module object is typically populated using
functions like PyModule AddObjectRef ().

CHEFA| =218}

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
created, 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
object (using e.g. using PyModule GetState ()), or its contents (such as the module’ s __dict__ or individual
classes created with Py Type_ FromSpec()).
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oA 27135 A 357] Y8, %713} g4 (Pynit_modulename) = H] o]
PyModuleDef Q2B AE vld3t] o} ‘ﬂi}lﬂ 7] Ao, pyModuleDef 912 5 g
of Z27]3}s) oF i th:
PyObject *PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 25 A7l 3 FZ I +5
< HtE A Hashs Sut2 A 27|31 sho]H A A o] Al U th.
defE pPyobject* 2 N AE St AL, of 2 7} @A 81 nuLL & HESHEH U T
Added in version 3.5.
25 A9 9 m_slots ¥ = pyModuleDef_slot XA 2] vl €& 7}E] A oF Tt}
type PyModuleDef_Slot

int slot
ofzf A H AHE 7He e 7 FolA AEd, £ X 1ID.
void *value
X IDol| ek 1 o w7t EebAl =, €59 7

Added in version 3.5.
m_slots | -2 id7} 09l €F 0 7 £ g3l of gt}
g bR EF gL e 2ayth
Py_mod create

E A AAE 7] Hl EEFH = TS AZATUL o] 59 value EAE = th3 T2
*1“5‘2_ Z2t= S5 vhE A ok Py Tth

PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] St PEP 4519] Ao & t) &, ModuleSpec SIAE AL R E Ao E WUt Al BE AAE
‘ﬂ-:?_]—ﬁ‘]—ﬂ u, ol 21 & A 4 8t nuns 2 W) oF g ot
o] 3‘:}_/'\_1_ _»]/\U}‘Oi O;(]—SHo]:‘Gqu E3 ] %__,_EEE]-}\] 01#56]%41/\]_‘?_']-@—‘?—}3?—27}

WS 4 Qlol A, 919] 9] sto]l W FES T8 oF HuTh
Shute] & Ao oA o8 py_mod_create EF S A AY 5 gE5 YT

Py_mod create'g A AR oW, XL E A= PyModule_New () S Ab
WE T} o 22 427 o ek specol A AT Th B B o] 9 wE el
Az Tzol A A ANl EAoz 245 42 A2g B R olgoz dEE D
= 37 g Ao

W8 AR 2ysoduie ypes) A28 L AR E Qe AEE B SEARE 44249

715 A Q=T RE HS AR 4 g5k 28U pyModuleber o NULLO] o} m_traverse,

m_clear, m_free; OO] O}ﬂ m_size; B+ Py_mod_create O]QQ/] {—_:_—\‘%0] %1.0_‘?];, PyModule_Type
Qe g a5 g o

ru{>

o
o

Py_mod_exec
EESAY oP 71 e

5L B8 AT AL oW REY T=E AR A
LI th: A b o o) G Sal Aok AAE Hael ST, Bael e e

24tk
int exec_module (PyObject *module)
o 2] 7§19 py_mod_exec X °] A A= H, m_slors v ol UYE}= A HE A 2] F YT

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.
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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 GII_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_SUPPORTED.

Added in version 3.12.

Py _mod_gil
Specifies one of the following values:
Py_MOD_GIL_USED

The module depends on the presence of the global interpreter lock (GIL), and may access global state
without synchronization.

Py_MOD_GIL_NOT_ USED

The module is safe to run without an active GIL.

This slot is ignored by Python builds not configured with --disable-gil. Otherwise, it determines whether
or not importing this module will cause the GIL to be automatically enabled. See whatsnew313-free-threaded-
cpython for more detail.

Multiple Py_mod_gi1l slots may not be specified in one module definition.
If Py_mod_gil is not specified, the import machinery defaults to Py_MOD_GIL_USED.
Added in version 3.13.

Al 2713}l o & A R W82 PEP 4895 FE Al 2.

d

X b
b 27138 ASE w1 obeol A b Bt 3R UL o5 AW ALE £
ged, olg S0l 25 AAE 5H0% 44T o) a8sUch 2ES 43 27335
PyModule_FromDefAndSpecTJr PyModule_ExecDef% E’_—‘,:— i%ﬁﬂ °]= ‘@-oﬂ -|Qr-°/] ]' Q /\]9_-

=
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PyObject *¥PyModule_FromDefAndSpec (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 FrombDefAndSpec2 () 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.

0 Ix

o] = UHE pymModule FromDefAndspec ()& WAl AFE3l oF gyl 413 & 2 S ujj 7
AHE3IA Al L.
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Added in version 3.5.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. defoll A/ AH RE A3 &5 (Py_mod_exec)S A 2| g Th

Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the Stable ABI since version 3.7. module®] S 2~E & docstring 2.2 A AUt} o] St
PyModule_Createl} PyModule_FromDefAndSpec= A8 35}¢] PyModulebef oAl EES WE uj
5o g TEH YT
Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Part of the Stable ABI since version 3.7. NULL & & functions ¥} 9 2] 345 moduleol 37+ttt 7|
5ol thEk Z}/‘ﬂ B YL L pymethodier APAE FZIAANL (B 2E o2 "'7]—o‘| a7
e, CE 73dH & f.\——zr “8F4 (functions)” = & H1-7<4 o7 R AR w7/ H4rE REL A
sfof, Bhol A E"EH/\J ML “ﬂ/ﬂ 2} %/\}"5}71] FsUth. ©] 34+ pyModule_Create L}
PyModule;FromDefAndSpec;z}+%§5TO1PyModuleDefOﬂA1Eit: 15

Added in version 3.5.
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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.

Example usage:

e )
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;

To be convenient, the function accepts NULL value with an exception set. In this case, return -1 and just leave
the raised exception unchanged.

The example can also be written without checking explicitly if obj is NULL:

s 2}

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;
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Note that Py_xDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

The number of different name strings passed to this function should be kept small, usually by only
using statically allocated strings as name. For names that aren’ t known at compile time, pre-
fer calling PyUnicode FromString() and PyObject_SetAttr() directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object.

Added in version 3.10.

int PyModule_Add (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI since version 3.13. Similar to PyModule AddObjectRef (), but “steals” a reference
to value. It can be called with a result of function that returns a new reference without bothering to check its
result or even saving it to a variable.

Example usage:

if (PyModule_Add (module, "spam", PyBytes_FromString(value)) < 0) {
goto error;

Added in version 3.13.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABIL Similar to PyModule_AddoObjectRef (), but steals a reference to value on success
(if it returns 0).

The new PyModule_ Add () or PyModule AddObjectRef () functions are recommended, since it is easy
to introduce reference leaks by misusing the PyModule Addobject () function.

p
0 Iz
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 xDECREF () value manually
on error.

Example usage:

-

PyObject *obj = PyBytes_FromString(value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
// If 'obj' is not NULL and PyModule_AddObject () failed,
// 'obj' strong reference must be deleted with Py XDECREF ().
// If 'obj' is NULL, Py XDECREF () does nothing.
Py_XDECREF (obJ) ;
goto error;
}
// PyModule_AddObject () stole a reference to obj:
// Py_XDECREF (obj) is not needed here.

WA 31388 X F: pyModule Addobject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

Part 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, 0 on success.

This is a convenience function that calls PyLong FromLong () and PyModule AddObjectRef (); see their
documentation for details.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

Fart of the Stable ABI. Add a string constant to module as name. This convenience function can be used from
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the module’ s initialization function. The string value must be NULL-terminated. Return -1 with an exception
set on error, 0 on suCCess.

This is a convenience function that «calls PyUnicode_TInternFromString() and
PyModule_AddObjectRef ();see their documentation for details.

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, 0 on success.

PyModule_AddStringMacro (module, macro)
module®| FA+4 5 F7H T

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, 0 on success.

Added in version 3.9.

int PyUnstable_Module_SetGIL (PyObject *module, void *gil)

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

Indicate that module does or does not support running without the global interpreter lock (GIL), using one of
the values from Py _mod_gil. It must be called during module’ s initialization function. If this function is
not called during module initialization, the import machinery assumes the module does not support running
without the GIL. This function is only available in Python builds configured with -—disable—-gil. Return
-1 with an exception set on error, 0 on success.

Added in version 3.13.

2= X3

St 2715 A dBZ e H AHAEA 23T e AEE RES UeUHh ol ysel
EE ool gt Ixwter »E AAE AT + =S Fh

o] FrE-L A 2735 AR st wHEol X RE oA ZEetA] Ut ¢ FoelA 1
Egol o /A ol = A7 Ayt

PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. & A <1 = 2] B of] t) 3] defoll A w5 o] R
25 AAE &SP ol A E=E AHE St WA BE AA|7F pystate_addModule () 2 Q1H
ZE g Aeo Ad=E o lojok ULt slE BE AAE 2 = gAY AHZE el o} F
AZ= A ko™, nuLL& 9 ok

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.3. &40l Add & AA = =
o|& Pystate_FindModule ()= &3l & AA|o| A2 T 5 =5 T
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The caller must have an artached thread state.
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Return -1 with an exception set on error, 0 on success.
Added in version 3.3.

int PyState_RemoveModule (PyModuleDef *def)

Fart 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.

The caller must have an attached thread state.

Added in version 3.3.

8.6.3 O|E{2{|0|E] ZH Al

Shol e % e Mg o Elel ol e AAE ABFUTH AA, AA2 ol dolHE _getiten ()
HNEE AYsts 99 AD2e A= UL S ZHE AA 9 £ 8 Al S (sentinel) ZF2 ]—3-'6}J_,
Al A2 ZE o tisl] FHES SE6H1, T8 AT gho]l vHEE uj ojE o] dS TR T

PyTypeObject PySeqIter_Type
Part of the Stable ABI. PySeqrter New ()2} W AJA 2 Fol al iter () WA 42 v d 1A}
L EEREEREEEEEP T )
int PySeqIter_Check (PyObject *op)
opS] Bol pysearcer_ typeo] W & EHFV, o B4t B4 4B U,
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. G¥F A] A2~ A A seq2} S| 2551+ ol E]d| o] B &
W3S T A A AT A B AT H A A A IndexErrorS Y0 7] W o] ¥ g o] A o] Zy T}
PyTypeObject PyCalllter_Type
Part of the Stable ABL. Pycalllter New ()2} iter () W& &9 F 212} & Alof o &) HI3kH o] H
g o] B A Aol th et @ A A
int PyCallIter_Check (PyObject *op)
op) WOl pycalicer rypeold FE BRFUTH o Bk A AT
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)

Return value: New reference. Part of the Stable ABL. A| 22 o] # o|H & w8 F Ul A
WS callable2 v 7] W4 Qlo] S5 4~ Q= RE oW 88 AR A &+
olg] | o] 4 9] th& FE-2 Rbal oF U th. callable ] sentinel €+ -2 Fh& ¥
saEUc.

o H

8.6.4 C|AIZIE| 2|
“Taage s AAe) Q8 = HES 71Ess AANGUTh TATL 8 A GAU e A%
ek

PyTypeObject PyProperty_Type
Part of the Stable ABL. W& 23 HE 5L 933 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABL
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABL
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)

Return value: New reference.
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PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI
int PyDescr_IsData (PyObject *descr)
23 YE A descr} ol E oS RES 71453 9.0W 00] ofd g NS, WAEE
71€std 02 S F UL desere U2 HEH A ofoF FUth &/ HAAbe st
PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABIL

8.6.5 =2i0|A ZHA|

PyTypeObject PySlice_Type

Part of the Stable ABL. & 2}o]A A & A, o] AL sto| A A &9 s1iced} 25T
int PySlice_Check (PyObject *ob)

ob7t & ehol 2 AA W FS WEFUTH ob nurs o] ob]ofof FuITh o] Bt F4 A F T
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. Part of the Stable ABI. 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 ABIL. Z 0] 7} length Q1 A| AAE 71 A 3}o], kol 2 A A slice ol A] start, stop L step
Qe 28 7EA G U lengrh B} 2 918 22 o 2] = M2l gk

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) 7158 AEET AA L 92 AT
WA 3204 W7 Aol &= slice vl 7] 42| v 7] M 4= 3 ©] pysliceObject* AH YT

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 ABIL. PysSlice Get Indlces ()5 &eA AUt} 4 o) 7} lengthQl AJ A5 7}
A 8to, & afo] 2 A sliceol| A start, stop D step A 22 714 @ 3, slicelengthol] & &Fo] 29] Z o] &
AR BAE ol A AL oul Sefol o) Azl AWH WA e w FU o

Return 0 on success and -1 on error with an exception set.

0 #x

ol g AVE XAT F A ANd2oE A g2 Aer P 322
PySlice_Unpack ()€} PySlice_AdjustIndices ()9 222 AT oo gt =

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength)
—< 0) |

// return error

}
<oz dAE U

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {

// return error

s
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);
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W7 32004 WA Aol slice W) 7] W49] v 7] 5> & o] pysliceObject* RFUTH

WA 3.6.190A4 HA: py_1IMITED_API 7} AAE o QA &AL} 0x030504003 0x03060000 (3

5L A] ¢F2) Aol Yt 0x03060100 0] A9 ke g2 A AE ¢ © W, pySlice_GetIndicesEx () &

PySlice_Unpack () U PySlice_AdjustIndices () & AR 5= UHELEE FaAF Yk QA A} s,

stop B step= 12 W F7FE Ut

WA 3.6.15E HAE: py_LIMITED_API 7} 0x03050400 X TF ZFA L} 0x030600003} 0x03060100

(2R ) Atolo] e & A ¢l O™ pyslice_GetIndicesEx () & H A H TP UTh
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. & 2Fo]2~ A A 2] start, stop W step Tl o] WHE C A4 =2

FZSHU T} pyY_SSIzZE_ T _MAXBE T ZFS Py _SSIZE T _MAXE F-83] =0]1,pY_SSIZE_T_MINH

T} 22 start 9} stop FH-S PY_SSIZE_T MINZE 2-83| :=0|1, -py_SSIZE_T_MAXE T} 2+ step S

-PY_SSIZE_T MAXE 283 =Yt}

Return -1 with an exception set on error, 0 on success.
Added in version 3.6.1.

Py_ssize_tPySlice_AdjustIndices (Py_ssize_tlength, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. X @ length 2 0] 2] A|A 25 7} 3} start/stop S 2}o] &
Qe Ag 2 AIUTh WIS Rolu Ad At Avk Sefolao] Heloh Ao Aoz FYYTh
Eefol2o Aol & Rt 4 AT YT FtolH T EE T 24 gFUTh

Added in version 3.6.1.

Ellipsis 24|

PyTypeObject PyEllipsis_Type
Part of the Stable ABI. The type of Python E11ipsis object. Same as t ypes.E1lipsisType in the Python
layer.

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py_None, it is an immortal singleton object.

A 3.1200| 4 ¥ A: py_E11ipsisisimmortal.

8.6.6 MemoryView ZHX|
nemoryview AL C 4 1] dElso] ~8 e AA Y} AR A LD 4 Yt Fol M AH 2
=Y
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. W 3] Q¥ | o] 2 & A|-F 3= 2 2] 9| A memoryview
AAE Btk obj7} 27] 7Hs S W Alg-& A W31, memoryview 2] A= ¢} 7]/22 7] 7} =] 41,
a7 ko 7] g ol At Al k] A wFoll whek e} 71/ 717k 2 4 5y Th
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. memE 315 ¥ 3 2 Al-83}9] mem-
oryview 21 A & W5 U th. flags= pyBUF_READ \} PyBUF_WRITE % 3 = AHF U
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. =] 2 W3 L Z A view S =
memoryview 21 A& 95 Ut} 7Hd3 vlol| E W H Q] B, PyMemoryView FromMemory () 7F A&

He g g
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PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ ¥ Q1B H| o] A& AHoJdl= AN ZHE B
gle] A< HI(‘C Y ‘F ortran order )  memoryview A & WU T H 2 e 7} A4 A o)A
memoryview A A= Qe W22 E 7te] AUt 284 ¢oH, BEAMR o] vhE 0] A] il memoryview =
A vhol =@ AA & Zhel Auich,
buffertype-2- PyBUF_READ Y PyBUF_WRITE & UYL 4+ 54 th

int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview 22| A & HH&-g T}
Utk of B4E B4 AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A5 AF ¥ ¥ 2] memoryview 2] B]-Z 7| B AR o] Z olE & = F Y T mviews HFE A memoryview
Q2E 2o of Fhinh o] W2z BE SetA gher A7 AAL|of gt 12 A) gho
CEEER R

PyObject *PyMemoryView_ GET_ BASE (PyObject *mview)
memoryview 7} 7] W e 2 st A F A A A o s = A E Y memoryview 7}

% Sz vsojzo

A= memoryviewd A H ZEPAE v

il
)

S
%+ 9

el

PyMemoryView_FromMemory () 1/]- PyMemoryView_FromBuffer () _‘;53]’—/,\—
H NULLS WS g T} mview= YFE X] memoryview Q1 2~ Bl 2 of of g T}

oM e oFgt F2E 17 AMZ AAFUTE o8 B2 E 45 FARE F AR 2AAA A7 Dol
&UTh A WA 2eka 2 A ol v, F WAL Abs e @ el AA ) meh) gL FuTh,

int PyWeakref_Check (PyObject *ob)
Return non-zero if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return non-zero if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return non-zero if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABIL. 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 ABIL. 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.
int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)
Part of the Stable ABI since version 3.13. Get a strong reference to the referenced object from a weak reference,
ref, into *pobj.
« On success, set *pobj to a new strong reference to the referenced object and return 1.
« If the reference is dead, set *pobj to NULL and return O.

» On error, raise an exception and return -1.

Added in version 3.13.
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PyObject *PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. Part of the Stable ABI. Return a borrowed reference to the referenced object
from a weak reference, ref. If the referent is no longer live, returns Py_None.

0 #u

This function returns a borrowed reference to the referenced object. This means that you should always
call Py _TNCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

Deprecated since version 3.13, will be removed in version 3.15: Use Pyweakref GetRef () instead.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to Pyiweakref_GetObject (), but does no error checking.
Deprecated since version 3.13, will be removed in version 3.15: Use Pyeakref GetRef () instead.

int PyWeakref_IsDead (PyObject *ref)

Test if the weak reference ref is dead. Returns 1 if the reference is dead, O if it is alive, and -1 with an error
set if ref is not a weak reference object.

Added in version 3.14.

void PyObject_ClearWeakRefs (PyObject *object)
Fart of the Stable ABI. This function is called by the tp_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.

void PyUnstable_Object_ClearWeakRefsNoCallbacks (PyObject *object)

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

Clears the weakrefs for object without calling the callbacks.

This function is called by the tp_dealloc handler for types with finalizers (i.e., __del__ ()). The handler
for those objects first calls PyObject _ClearweakRefs () to clear weakrefs and call their callbacks, then the
finalizer, and finally this function to clear any weakrefs that may have been created by the finalizer.

In most circumstances, it” s more appropriate to use PyObject_CleariWeakRefs () to clear weakrefs instead
of this function.

Added in version 3.13.

8.6.8 =
o] AA AFg-of th 3k A4 8 A B = using-capsules & 2 3] Al L.
Added in version 3.1.

type PyCapsule

This subtype of PyoObject 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. 79l | 3+ 5} 3] x} (destructor) == 3. o] F A FoF Ut}
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[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_Destructor % 9] o] 0] = pycapsule New () S FR I A L.
int PyCapsule_CheckExact (PyObject *p)
QA7) pycapsuico] d & B FUT o Bt T A2,
PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference Part of the Stable ABI. pointerE 7] €3} 81+ Pycapsule2 W5 Y th. pointer
AA=nuLLo] ofd = QlE YTk
Asfstd, ol 9 & A A st nunL S WY o
name FAFE 2 nuLL o) U -G &3 C EXFG o 3 ZAEH Y 5
< Aeitt 8 725 of of U th. (destructor W5l A s A
destructor Q1 A7k nunn o] ofU W, AE o] 3t F u] HAES 2R}
o] &S REL oEFHERE X A5E W, nameS modulename.attributename & X A &f o &
Uttt o2 A std tfE R E 9| pycapsule_Import ()5 AR5t &S AXE & 5 J5YtT}
void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABIL. & ol 21 24 pointerZ 7} A -2 Ut} A4, ol &S A A 5+0 nuLLS B3
o,

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 strcmp () to compare capsule
names.

£ Uth NnuLLo] oY, o] 2

i et xo

folr >
rlr
30
)
°
O

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL. 7] & ol A ZH A o3 x5 wragh o). A9 s, o9 & 4 A3 nuLLS
whak g o,
Mg ol vuLL I AE 2= AL A YU o] AL nuLL W ZEE b4 S WUt
W 35+3) 38l Pycapsule Isvalid() YW PyErr Occurred() S AF&SHAAl L

void *PyCapsule_GetContext (PyObject *capsule)

Part of the Stable ABL €0 A3 @A AdA2ES Mk Asfstd, o9& 448k nuLL
< T
Aol nuLL AEAES 2h= A2 FH A YUt o] 212 wuLL ket

=
a-
U(;] Q“&] ’3]-3% Eﬂ PyCapsul e_IsValld () \/]' PyErr Occurred() = /\]'—%-

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL. & ol AZH AA| o] & &gt A, o2& H A3 nuLL S
sk o
AgolnuiL o] 52 Ze AL FHAYUE o] A2 wunL W FEE thA BT 5 vbE U T
w33 stad PyCapsulefIsValld () Y PyErr_oOccurred () S AFESHA Al 2.

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 pointer 5 WU TH A9 61 H, o &) & A8 53 nuLL S HHEHU T
WA 3.3 A ¥ 7 : no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] G2 3 A€ A A E 3t 83 <& nuLLo] ofUd,
PyCapsule CheckExact ()2 E3}33, nuLL o] obd EQE 7} A ZH 1, YH o] = o] name 7 7
o AU (FE oS v st W 3 AE = pycapsule GetPointer () S JFZ
ERRED

off
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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.

AR 7L FEst AL o] 53 gAeH 00] obd kg vkt 282 RO 02 Wk T
o) g A5 314 gk
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W 5-2] AV AE Z Q€ E context 2 4 A SH T},
B3 02 W ok A9 shE 00 oh ZHS WHkSIT o9 & AR P Tk,
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule V| 5-2] 5}3) A}E destructor 2 /3 7 ] o}
338t 0= WU TH AslstE 00] obd 3 WSt of| 9 & A A F ok
int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABL. capsule Y 5-2] 0] &2 name 2. 2 A At} nurLo] oy ™, o] &2 A& H T}

—-—EH FAH ook Ut AEol AFH o] A nameo] NULL ©] oFU W, o] & 3| A| 5l 2 A = 3HA]
Haciiag

4g3hE 0 WB T Th A 5HE 00] ol kg MBS o) 9 & 4

ol
s

Yk,

K

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABIL. capsule W5-2] void ¥ Q1 E] & pointer 2 4 A3t} Z QB &= NULLO] o} d 4
BESlEY

3348 02 MU TE A 5HE 00] obd g WHEHsh o 9] & A Pk,

8.6.9 Frame Objects

type PyFrameObject
Part 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 | 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>.
int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.
¥ A 3.119) A ¥ 7 : Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)
Return value: New reference. 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)

Return value: New reference. Get the frame’ s £_builtins attribute.
Return a strong reference. The result cannot be NULL.

Added in version 3.11.
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PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Return value: New reference. Part 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)

Return value: New reference. 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)

Return value: New reference. Get the frame’ s £_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 f_lasti attribute.
Returns -1 if frame.f lasti iS None.
Added in version 3.11.

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

Return value: New reference. Get the variable name of frame.
o Return a strong reference to the variable value on success.
o 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)

Return value: New reference. Similar to PyFrame GetVar (), but the variable name is a C string encoded in
UTF-8.

Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

Return value: New reference. Get the frame’ s £_locals attribute. If the frame refers to an optimized scope,
this returns a write-through proxy object that allows modifying the locals. In all other cases (classes, modules,
exec (), eval ()) it returns the mapping representing the frame locals directly (as described for 1ocals ()).

Return a strong reference.
Added in version 3.11.
WA 3.139 A ¥ 7: As part of PEP 667, return an instance of PyFramelLocalsProxy._Type.

int PyFrame_GetLineNumber (PyFrameObject *frame)

Fart of the Stable ABI since version 3.10. Return the line number that frame is currently executing.
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Frame Locals Proxies
Added in version 3.13.

The £ _locals attribute on a frame object is an instance of a “frame-locals proxy”. The proxy object exposes a
write-through view of the underlying locals dictionary for the frame. This ensures that the variables exposed by
f_locals are always up to date with the live local variables in the frame itself.

See PEP 667 for more information.

PyTypeObject PyFrameLocalsProxy_ Type
The type of frame 1ocals () proxy objects.

int PyFrameLocalsProxy_Check (PyObject *obj)
Return non-zero if obj is a frame locals () proxy.

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.

8.6.10 M|L4|O|E{ ZHH|

A e ole AA = stolH o] Al d o] g oE o] HE FASH7] f8ll AHE st A Juth dutd o=
PyGen_New () = PyGen_NewWithQualName ()% Ug/\] X—‘],,‘l ﬁ%fﬂ'*‘r} 7}1 O] O]'q B]’» %l"% ‘%—_JE(yield) 5.]'

£ @42 ol g o] =5te] mE AU
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type PyGenObject
A al ol e AR ol AHEH = C F2A.
PyTypeObject PyGen_Type
Al ol 8 A Aol of b= B AR
int PyGen_Check (PyObject *ob)
ob7F Al gl o8 AA ™ 2 E2FUTH ob=NuLL o] obU] o] of Pt o] T At 4y th
int PyGen_CheckExact (PyObject *ob)
0b®] @G o| pyGen_typeol FE EHFUTE obe NULLO] o o] ok Gt o] e FAY AT
ek,
PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame Z3 A ol 71 9LSE A Al U &) o] ] AA & W5 o] WHEgh T} o] Sh4=
frameoll & F2E T UTh A= nULL o] oy of of Zhu T}
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame AR ol 719+ A A v & o] E] 2 A & whE o] WhEsl=d], _ name_
7} qualname__ 5 name ¥ qualnameZ AR Ut} o] 4= frameol )3 T2 E S Ut} frame

Q7= oL o] of] o] o g .

8.6.11 TIERE| ZHx|
Added in version 3.5.

FFE AA = async 7| HEZ AA
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type PyCoroObject
228 AR o AH§H = C T2

PyTypeObject PyCoro_Type
29 AR ol § gk o A,

int PyCoro_CheckExact (PyObject *ob)
0b®] Bo| rycoro TypeolW H& WHFUTH bt v S GHULh of G5t T4 AT T
Uk,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame BAE 7|00 2 A IFE AA| & THE] A 9EHEYTE _ name_
I} qualnamei 2 name I qualname 2 A Z U t}. o] <= frameol U)o 22
A= NULL Y 5T

8.6.12 ZHIAE Hip ZHF|

Added in version 3.7.

WA 3.7.1004 W7

0 Ix

o] 3.7. 104 = AEHAE HS C APIS A W o] pycontext, PyContextVar W PyContext Token
WA pyobject LIAEE A= S HAHAG UL o & =

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void) ;

ZFA| BF &L bpo-347625 R A L.

(.
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fifo
L

o] Ao A& contextvars BE 5t -8 C APIC| o aff AFA| 3] A T
type PyContext
contextvars.Context AR E YEIY & d A5 = C FZA.
type PyContextVar
contextvars.ContextVar A& YEIY = o] AFRE = C 24
type PyContextToken
contextvars.Token AA|E YEIY & H) A REH = C 7 ZA.
PyTypeObject PyContext_Type
context 32 Ve = & AA).
PyTypeObject PyContextVar_Type
AesE WS Be GEpiE B 2.
PyTypeObject PyContextToken_Type
AesE Ws B2 P el 3 4.
PR ELY
int PyContext_CheckExact (PyObject *0)
07} pycontext_Type WOl B BAFULL o nuiLo] o]olok I Th o] Bt F4 AT
FU ok
int PyContextVar_CheckExact (PyObject *0)
o7} pyContextvar_Type @Ol F& FHFUTH o= NULLO| oy o] of gt o] T4 At
45k
int PyContextToken_CheckExact (PyObject *0)
07} PyContextToken Type @ o]H Z& =& EZUth o= nNuLLo| o}y o]oF Tt} o] 4= At
A2

AdaE A Be) T

LI

PyObject *PyContext_New (void)
Return value: New reference. M2 Y1 AEAE AR S
U},

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. AEH cix ZHAE AR 9] F& EALES vt Ut} ol g7 & 3d
NULL-S WHEHsh o}

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. AR 2~d| & AL AE 9] ¢ BALE S w51}, of 2] 7} & A 61 NnuLL
= RESHgU T}

int PyContext_Enter (PyObject *ctx)

=

=t} o &7} A E e nuLL 2 wk3ket

int PyContext_Exit (PyObject *ctx)
cx AHAEZ M EA5}eT o] A A 2ES A 28 =9 A4 Ad2ER HAFth 47 Al
2 WL, oe A -1 wagT
int PyContext_AddWatcher (PyContext_WatchCallback callback)

Register callback as a context object watcher for the current interpreter. Return an ID which may be passed to
PyContext_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.14.
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int PyContext_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyContext_AddiWatcher () 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 3.14.

type PyContextEvent
Enumeration of possible context object watcher events:

e Py_CONTEXT_SWITCHED: The current context has switched to a different context. The object passed to
the watch callback is the now-current contextvars.Context object, or None if no context is current.

Added in version 3.14.

typedef int (*PyContext_WatchCallback)(PyContextEvent event, PyObject *obj)
Context object watcher callback function. The object passed to the callback is event-specific; see
PyContextEvent for details.

If the callback returns with an exception set, it must return —1; this exception will be printed as an unraisable
exception using PyErr FormatUnraisable (). 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 3.14.
AE2E W5 T
PyObject *PyContextVar_New (const char *name, PyObject *def)
Return value: New reference. M| ContextVar 21A|E W5 U TH name v} 7] 4= A EZ2AHA AT T
HI15H08 AHEHUTh def 7] = AEAE A, 7| 23S A AT = JF U T nuLL2
7123 S AUk ol 72 s, o] = nunn e BEERhY o
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AU AE W5 12 A GUTh 2330 o ol# 7L AR -1 S BB, kol YA 9
galol ol 7 A eHA] ko oS W Tk
AYAE W57 BAH W, value s 1AL 7171 = EAE AL HUh AR AE A4 2AR A
ko, value+ tha< 7+l Iy th
o default_value, NULL ©] o} H;
o var®] 712k, nuLL o] ofu;
e NULL
NULL D WS Al €] 5L, o] S A R E W Tk
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. @A ZAEAE A var?] 7k valueE 2 AUt} o] H Aol o gk Af
£2 2 & whakal AL, ol el 7h Ak g whehgh o
int PyContextVar_Reset (PyObject *var, PyObject *token)

var AEAE W49 A E okenS W3Sl Pycontextvar Set () T2 A9 A E A A A gt}
o] = AF Al o= HEEHetaL, o ¢ Al -1& WY o)

8.6.13 DateTime ZHA|

Various date and time objects are supplied by the datet ime module. Before using any of these functions, the header
file datetime.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.
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type PyDateTime_Date
This subtype of PyObject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyObject represents a Python datetime object.

type PyDateTime_Time
This subtype of PyObject represents a Python time object.

type PyDateTime_Delta
This subtype of PyObject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of PyTypeObject represents the Python date type; it is the same object as datetime.date
in the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of PyTypeObject 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 object as datetime.time
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeObject 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 Py TypeOb ject represents the Python time zone info type; it is the same object as datetime.
tzinfo in the Python layer.

UTC % 2E°ll QA 2817 93t a2 =

PyObject *PyDateTime_TimeZone_UTC
UTCE UEY = A ) AZFEL WSS T datetime. timezone. . utc 2} 22 214 Ut}
Added in version 3.7.

R S

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} PypateTine_ DateType WolW & B FUTh obi nuno] ool Futh o @4t
W4 4P

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 B o] ZS Z8Z1 T} ob= NULL O] o} o] oF T}, o] g
4 4BEh

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.
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int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime TimeType B oA S 8 Z1t} ob= NULL O] o} o] of gujtT) o] 4=
B4 43k

int PyDelta_Check (PyObject *ob)

Return true if ob is of type PyDateTime DeltaType or a subtype of PyDateTime_DeltaType. ob must
not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_pDeltaType @Ol I EHFUTE ob= NULLO| o}y ofoF ). o] T4
F4 43T

int PyTZInfo_Check (PyObject *ob)

Return true if ob is of type PyDateTime TZInfoType orasubtype of PyDateTime_TZInfoType. ob must
not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime_TZInfoType & o]H S Z 8 Z Ut} ob+w= NULLO] oFYo]oF SHU T}, o] 4=
g+ Ay

AAE HEE a2

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 3 H d, ¥, 2] datetime.date AAE ¥FHg o}

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. AR A d, 4, 9, A, &, & W u}o] 3 2 % 9] datetime.datetime AR S
HHEHg o,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. A A H d, ¥, 4, A, &, &, n}o]3 2 % 9 fold2] datetime.datetime
A& wEgh o}
Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. A3 H A], &, 2 W u}o] A & % 9] datetime.time AA|E ¥}
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A1 A H A], &, %, 0lo] 32 % Y fold®] datetime.time AA| S W33+
Yk,
Added in version 3.6.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

Return value: New reference. A/ A H 4, 2 W ulo] 32 % & Ve = datetime.timedelta 2} A
E viEstuch 23 vfo]a 2 %9 27l datetime.timedelta A Ao Tl AHE HYo] J=E=
EEREPRE RIS

PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset A A2 JEFY A= o] E0] gle 14 2 Z A9 datetime.timezone
AR E e E T
Added in version 3.7.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)

Return value: New reference. offset 2 A2} tzname name &2 Y EFY R = 1174 2 Z Al Q] datetime.
timezone AA S & &t}

Added in version 3.7.
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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)
¥ int2, 3 Wk th

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1o A] 12744 9] int, 92 wkekaghoh

int PyDateTime_GET_DAY (PyDateTime_Date *0)
194 31747 9 int 2, 92 w3k}

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)
05 23712 9] int 2, A] & vk3k3h ).

int PyDateTime_DATE_GET_ MINUTE (PyDateTime_DateTime *0)
0FE 597+A] 9] int &2, & WHEHehy o}

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
02¥ 597} 9] int2, 25 w33 ).

int PyDateTime_DATE_GET MICROSECOND (PyDateTime_DateTime *0)
0%5-E] 9999997} %] 9] int &, ulo] T & 2 E w33t}

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] 2377 9] int 2, A| S ¥k3kh o).

int PyDateTime_TIME_GET MINUTE (PyDateTime_Time *0)
0F-E] 597bA1 9 int 2, &2 WH-g th

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
0FE] 59744 9] int 2, 25 wkeHg ok,

int PyDateTime_TIME_GET MICROSECOND (PyDateTime_Time *0)
0%-E] 9999997} %] 9] int &, ulo] T & 2 E w3t}

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, in-
cluding subclasses. The argument must not be NULL, and the type is not checked:
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int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of| A1 999999999 7} 2] 9] int 2, & += wrs o},
Added in version 3.3.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
0F-E] 86399717 9] int &, & 55 kg ).

Added in version 3.3.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
001l 4 9999997} 2] 2] int &2, wo] 2 & % & w33ty o).
Added in version 3.3.
DB APIE 7 #3l= BRE2] A& H I =
PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. Create and return a new datetime.datetime object given an argument tuple
suitable for passing to datetime.datetime.fromtimestamp ().
PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. Create and return a new datet ime . date object given an argument tuple suitable
for passing to datetime.date.fromtimestamp ().

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)
Part 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 Py TypeObject*, and args canbe a PyTupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args__ is set
to (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"}

e o 1y

The data model method __class_getitem__ ().

Added in version 3.9.

PyTypeObject Py_GenericAliasType

Part of the Stable ABI since version 3.9. The C type of the object returned by Py_GenericAlias (). Equiv-
alent to types.GenericAlias in Python.

Added in version 3.9.
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See Python Initialization Configuration for details on how to configure the interpreter prior to initialization.
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 Functions that initialize the interpreter:

— Py _Initialize()

— Py _InitializeEx()

— Py_InitializeFromConfig()

- Py _BytesMain ()

— Py_Main/()

— the runtime pre-initialization functions covered in 3} o] % % 7| 8} 42 4]
. T T

— PyImport_AppendInittab ()

- PyImport_ExtendInittab ()

— PyInitFrozenExtensions ()

— PyMem_SetAllocator ()

— PyMem_SetupDebugHooks ()

— PyObject_SetArenaAllocator ()

— Py_SetProgramName ()

— Py_SetPythonHome ()

- PySys_ResetWarnOptions ()

— the configuration functions covered in 3} o] % % 7]} -4
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« AW
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— Py _IsInitialized()

— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()

— Py_GetCompiler ()

Py _GetCopyright ()

— Py _GetPlatform()

Py_GetVersion ()
— Py _IsInitialized()
- TEE:
— Py_DecodeLocale ()
— the status reporting and utility functions covered in ¥}-0] % % 7] 3} -4
o g dFa}
— PyMem_ RawMalloc ()
— PyMem_RawRealloc ()
— PyMem_RawCalloc ()
— PyMem_RawFree ()
« Synchronization:
- PyMutex_Lock ()

— PyMutex_Unlock ()

0 3Ix

Despite their apparent similarity to some of the functions listed above, the following functions should not be
called before the interpreter has been initialized: Py_EncodeLocale (), Py _GetPath(),Py_GetPrefix (),
Py _GetExecPrefix(),Py_GetProgramFullPath (), Py_GetPythonHome (), Py_GetProgramName (),
PyEval_InitThreads(),and Py_RunMain().

53 FdSAlolstrl A A 774 it stk 7124 oz, ol el as

W, 2 2 34 AFH A5 dUth dE Eol, be
A8}1 -bb= Py _BytesWarningFlag =22 A A3t}
int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used instead,
see Python Initialization Configuration.

bytes U bytearray @} str<, E+= bytes = inte} 8| u] ZE w3y stych 2X Tt I A Y
2ol oE s wa s

bgHom 4P

Deprecated since version 3.12, will be removed in version 3.15.
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int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used instead, see
Python Initialization Configuration.

27 dud 28 AUt (JEZHAE, Ao d 400 2.
-d &A1 3} pyTHONDEBUG 37 W42 A A Ut

Deprecated since version 3.12, will be removed in version 3.15.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used instead,
see Python Initialization Configuration.

00] obyl ho AH W, oML 22 BES JEE T pye UL 281 37 U
-B 3413} PYTHONDONTWRITEBYTECODE 37 W42 A A= U],
Deprecated since version 3.12, will be removed in version 3.15.

int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig warnings should be used
instead, see Python Initialization Configuration.

py_Getpath ()X BE ZAA F2E AN o o WA A2 ZAISHA edsUTh

AEo =]

Private flag used by _freeze_module and frozenmain programs.

Deprecated since version 3.12, will be removed in version 3.15.

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 &7 W71 o] QA o Exld s AAEW 12 AT}
Zej27}00] o}, PYTHONHASHSEED 373 W4E 9 o] v Y sjA] A1 =2 273U}

Deprecated since version 3.12, will be removed in version 3.15.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used instead,
see Python Initialization Configuration.

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-ESt-1 FAo R AP UTh

Deprecated since version 3.12, will be removed in version 3.15.

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see Python
Initialization Configuration.

~2PE A WA QAE AL AL -c § 4L AL T, sys.sedinZh HE YR Bo) x| ebel e}
EAagE}EYS A8 7 sl Y RER Sojzhth
A s

EM;G%}Q];].

Deprecated since version 3.12, will be removed in version 3.15.

-1 23} PYTHONINSPECT &

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead, see
Python Initialization Configuration.

-1 t‘/\:] oz /37(—]%1/]1-/]_
WA 3128 A =F.
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int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. i solatedshould be used instead, see Python
Initialization Configuration.

Ze] ez stol L AP Fe REO|A sys.pathe 2T HEL] f B g x A2
site-packages U] @ B 2] = X 3}3}X] b5t}

-1 gAeE AP Y
Added in version 3.4.
Deprecated since version 3.12, will be removed in version 3.15.

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.

PYTHONLEGACYWINDOWSFSENCODING 37 W47 v|o] QA & Exg g dAEH 12 AA s}
ZLA| 8 Y 8-S PEP 5298 F 234 A S

7}8-43: Windows.

Deprecated since version 3.12, will be removed in version 3.15.

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 $H74 W7k H]o] Q1A k-2 FAld 2 A= 12 Aot
AA 8 Ul -&-2 PEP 5282 2314 Al L.
7F8-43: Windows.
Deprecated since version 3.12, will be removed in version 3.15.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site import should be used instead, see
Python Initialization Configuration.

B Esite YEEL} o]0 £1bE = sys.pathd Ao E FE54 Q1 22
iteE YA H R Y2 E Fuf = o] 22 v AT YT (
Vd/\]i).

%5
s gAew ARR YT

(ECRRE]
=

B g ssh ok =9 U
ﬂﬂ }—EZ]U‘] site.main ()

=2 [
[0}

Deprecated since version 3.12, will be removed in version 3.15.
int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user site_directory should be used
instead, see Python Initialization Configuration.

“rY *f site-packages 121 2| & sys.pathol F7}5FA &5t
-s8} -1 34, 181 PYTHONNOUSERSITE &7 H4 2 A AFH Yt
Deprecated since version 3.12, will be removed in version 3.15.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used
instead, see Python Initialization Configuration.

-0 A3} PYTHONOPTIMIZE &7 42 AAFH YT
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Deprecated since version 3.12, will be removed in version 3.15.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig.quiet should be used instead, see Python
Initialization Configuration.

31 REAANE A&dd W WA A& FASHA] 5T
—gxAoZ AFF YT}
Added in version 3.2.

Deprecated since version 3.12, will be removed in version 3.15.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used instead,
see Python Initialization Configuration.

stdout I} stderr AE H-S W H g s|A St = 73A et}
~u ¥4 7} PYTHONUNBUFFERED 37 W2 A A Ut).

Deprecated since version 3.12, will be removed in version 3.15.

int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig. verbose should be used instead, see Python
Initialization Configuration.

B3] 27159 winich, 2 =9 91X (3L 9 o] v}
HrhaAg god, RES AAS W AAE s 2 5
55 Ao B AR E AT

A W45z A48

Deprecated since version 3.12, will be removed in version 3.15.

E)E BEASE FIAAE A FUH 2
of gt HIAAE ATk £ FF A

1o o

-v &3} PYTHONVERBOSE &
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void Py_Initialize ()

Part of the Stable ABL 3}o] 2 QIE| =2 B & 27 5ghth. Fol W g sl S8 m2 1A
=, THE 5ho] W/C APL §5 2 AL 37] Aol S2 3 o Btk @ 747 o 2]= stol 1l = 7] 3} 7]

CELRRES

This initializes the table of loaded modules (sys .modules), and creates the fundamental modules builtins,
__main__ and sys. Italso initializes the module search path (sys.path). It does not set sys . argv; use the
Python Initialization Configuration API for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

Use Py_InitializeFromConfig () to customize the Python Initialization Configuration.

0 Iz

AEQoA, 2L RS o _TEXTIA] 0_BINARY & W A FUT}H C HEFY S AR 3= 249 o]
ol Akgoll = G e HH YT

void Py_InitializeEx (int initsigs)

Fart of the Stable ABI. This function works like Py Tnitialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which may be useful when CPython is embedded as part of a larger
application.

Use Py _InitializeFromConfig () to customize the Python Initialization Configuration.

9.3.
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PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration, as described in PyConfigS AF-8-3F = 7] 5}
See the 3} o] %1 % 7|5} 724 section for details on pre-initializing the interpreter, populating the runtime
configuration structure, and querying the returned status structure.

int Py_IsInitialized()
Part of the Stable ABIL T}o]# Q€] 2| |7} 7|3} glod zl(() o] o} )L ukEtsl, TR ko
74751(0) ‘i‘l‘%@’qﬁ} Py _FinalizeEx () 7]— =5 —?— Initialize/() 7} T/]—/\] =4 UHU]—Z]
AL wagh

int Py_IsFinalizing()

Part of the Stable ABI since version 3.13. Return true (non-zero) if the main Python interpreter is shutting
down. Return false (zero) otherwise.

Added in version 3.13.

int Py_FinalizeEx ()

Part of the Stable ABI since version 3.6. Undo all initializations made by Py_Tnitialize () and subsequent
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 (). This is a no-op when called for
a second time (without calling Py _Tnitialize () again first).

Since this is the reverse of Py_Initialize (), itshould be called in the same thread with the same interpreter
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.

Note that Python will do a best effort at freeing all memory allocated by the Python interpreter. Therefore,
any C-Extension should make sure to correctly clean up all of the preveiously allocated PyObjects before using
them in subsequent calls to Py_Tnitialize (). Otherwise it could introduce vulnerabilities and incorrect
behavior.

o] R4z 12 1A O F 2 AFHUL U 88 T2 290] §8 T2 29 A BhA) A2

@ ol % e AR AL S vk FAos £E9 % St ool Bl e (L DL

o A shol 4l JE| Tl EE 2ET 98 T2 IUL DLLE IR E 3] o] ol wo] TR wE

W2 S AT AL 5 dFUth $8 ZEIWCIA MR e] F5E B S ATAE S8
E2e

= e £ A e é—lg ;ﬁ%ME}.

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. Interned strings will all be deallocated regardless of their
reference count. 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 Initialize () and Py _FinalizeFEx () morethanonce. Py _FinalizeEx () mustnot be called recur-
sively from within itself. Therefore, it must not be called by any code that may be run as part of the interpreter
shutdown process, such as atexit handlers, object finalizers, or any code that may be run while flushing the
stdout and stderr files.

z2gH8Ss 2857 2401] s}o] A o A st

Q1 A} gl o] ZFAF o|HIE cpython._ PySys_ClearAuditHooks S ZHAIA] Yt}
Added in version 3.6.

void Py_Finalize ()
Part of the Stable ABL. ©] 212 Py FinalizeEx()2] o] AT} 535 = w3t gt
T,

int Py_BytesMain (int argc, char **argv)

o
|
>
ol
rr
=z
2

Fart of the Stable ABI since version 3.8. Similar to Py_Main () but argy is an array of bytes strings, allowing
the calling application to delegate the text decoding step to the CPython runtime.
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Added in version 3.8.

int Py_Main (int argc, wchar_t **argv)

Fart of the Stable ABIL. The main program for the standard interpreter, encapsulating a full initialization/final-
ization cycle, as well as additional behaviour to implement reading configurations settings from the environment
and command line, and then executing __main__ in accordance with using-on-cmdline.

This is made available for programs which wish to support the full CPython command line interface, rather
than just embedding a Python runtime in a larger application.

The argc and argv parameters are similar to those which are passed to a C program’ s main () function, except
that the argv entries are first converted to wchar_t using Py_DecodeLocale (). Itis also important to note
that the argument list entries may be modified to point to strings other than those passed in (however, the
contents of the strings pointed to by the argument list are not modified).

The return value will be 0 if the interpreter exits normally (i.e., without an exception), 1 if the interpreter exits
due to an exception, or 2 if the argument list does not represent a valid Python command line.

Note that if an otherwise unhandled SystemExi t is raised, this function will not return 1, but exit the process,
as long as Py_InspectFlag is not set. If Py_InspectFlag is set, execution will drop into the interactive
Python prompt, at which point a second otherwise unhandled SystemExit will still exit the process, while
any other means of exiting will set the return value as described above.

In terms of the CPython runtime configuration APIs documented in the runtime configuration section (and
without accounting for error handling), Py_Main is approximately equivalent to:

-

L

PyConfig config;
PyConfig_InitPythonConfig(&config);
PyConfig_SetArgv (&config, argc, argv);
Py_InitializeFromConfig(&configqg);
PyConfig_Clear (&configqg);

Py_RunMain () ;

In normal usage, an embedding application will call this function instead of calling Py Initialize(),
Py InitializeEx() Of Py_InitializeFromConfig () directly, and all settings will be applied as de-
scribed elsewhere in this documentation. If this function is instead called after a preceding runtime initializa-
tion API call, then exactly which environmental and command line configuration settings will be updated is
version dependent (as it depends on which settings correctly support being modified after they have already
been set once when the runtime was first initialized).

int Py_RunMain (void)

Executes the main module in a fully configured CPython runtime.

Executes the command (PyConfig. run_command), the script (PyConfig. run_f£ilename) or the module
(PyConfig.run_module) specified on the command line or in the configuration. If none of these values are
set, runs the interactive Python prompt (REPL) using the __main__ module’ s global namespace.

If PyConfig. inspect is not set (the default), the return value will be 0 if the interpreter exits normally (that
is, without raising an exception), or 1 if the interpreter exits due to an exception. If an otherwise unhandled
SystemExit is raised, the function will immediately exit the process instead of returning 1.

If pyCconfig.inspect is set (such as when the -1 option is used), rather than returning when the interpreter
exits, execution will instead resume in an interactive Python prompt (REPL) using the __main__ module’ s
global namespace. If the interpreter exited with an exception, it is immediately raised in the REPL session.
The function return value is then determined by the way the REPL session terminates: returning 0 if the session
terminates without raising an unhandled exception, exiting immediately for an unhandled SystemExit, and
returning 1 for any other unhandled exception.

This function always finalizes the Python interpreter regardless of whether it returns a value or immediately
exits the process due to an unhandled SystemExit exception.

See Python Configuration for an example of a customized Python that always runs in isolated mode using
Py_RunMain ().

9.3.
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int PyUnstable_AtExit (PylnterpreterState *interp, void (*func)(void*), void *data)

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

Register an atexit callback for the target interpreter interp. This is similar to Py_AtExit (), but takes an
explicit interpreter and data pointer for the callback.

There must be an attached thread state for interp.

Added in version 3.13.

9.4 ZTEMA A oi7H Hp

void Py_SetProgramName (const wchar_t *name)

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

(B2HYGW) o] Pk py mnivialize 7k AG LR T2 7] Aol E2H ofoF Tk, A
FIElO) A 22289 main () F5o) B axovio) AR G FAF UL (B0 = B
BT, o 212 by coiraih (S obelS] CHE ool ABm ol el A 5o ﬂra g s}o] 4
webel shol Helel S 2 o) AHEE ULk 712 22 pychon Y1k olx}u Zeade AW
kg0 MARA b A AFa0 007 BUL ool TR wﬁokww sho] A
Nz e E o] Tt o 4Fas] YL WAt Fach

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.
Deprecated since version 3.11, will be removed in version 3.15.

wchar_t *Py_GetProgramName ()

Fart of the Stable ABIL. Return the program name set with PyConfig. program name, or the default. The
returned string points into static storage; the caller should not modify its value.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.
B A 3.109)| 4] ¥ 73 It now returns NULL if called before Py_Initialize ().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig Get ("executable")
(sys.executable) instead.

wchar_t *Py_GetPrefix ()

Fart of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a num-
ber of complicated rules from the program name set with PyConfig. program_name and some environment
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.base_prefix. It is only useful on Unix. See also the
next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.
B A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig Get ("base prefix")

(sys.base_prefix) instead. Use PyConfig Get ("prefix") (sys.prefix) if virtual environments
need to be handled.

wchar_t *Py_GetExecPrefix ()

Part of the Stable ABIL. Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with PyConfig. program_name and some en-
vironment variables; for example, if the program name is ' /usr/local/bin/python’, the exec-prefix is
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'/usr/local'. The returned string points into static storage; the caller should not modify its value. This
corresponds to the exec_prefix variable in the top-level Makefile and the ——exec—prefix argument to
the configure script at build time. The value is available to Python code as sys.base_exec_prefix. It
is only useful on Unix.

A $42349019 1Y I95) 3§ B8R0l D G2 =2l
= At A XA, FRE T5A 3 YL /usr/local/plat A H E g9
AAEL ZHESHA L2 /usr/localoﬂ @X]%‘ T d5Yth

YA 02 YN, EHFL HEA 0|9 2 E o) AF TS 27 1T o 5 0] Solaris 20

< AAE AP 3= Sparc 7| AES T2 ZHEF O E 73323} A) 9, Solaris 2.x S 41 3 31+ Intel 7] A

E0E 2dEZ oY, 528 A= Intel 71 Al = EZAZTYYULE T2 &F AAY M=

DT AT QUA e e EAEE YU 9§94 £ AN DE ool o

o] 3t A|aH” o] x| Aeko] YT Th= 7] ul] & | prefix 2} exec-prefix= 2] u] 7} %igu:], b Bz g

AR5V 23498 ol ol = T ShA e FAF FA2 LA #2442 ek ol
Amahee] A shol 8 W Aol 554 T,

A" FE Rp= /usr/local/platE‘ Zt ZAE sl o2 3t Al A"l o g AR A SAE

7ol /usr/local S F-F 6% = mount L} automount L E 1S LA = vH S 4 AUt

This function should not be called before Py Initialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py_Tnitialize().

Deprecated since version 3.13, will be removed in version 3.15: Use

PyConfig Get ("base_exec_prefix") (sys.base_exec_prefix) instead. Use

PyConfig _Get ("exec_prefix") (sys.exec_prefix) if virtual environments need to be handled.

wchar_t *Py_GetProgramFullPath ()

Fart of the Stable ABI. Return the full program name of the Python executable; this is computed as a side-effect
of deriving the default module search path from the program name (set by PyConfig.program name). The
returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.executable.

This function should not be called before Py Initialize (), otherwise it returns NULL.
B A 3.109)| 4] ¥ 7 : It now returns NULL if called before Py_Tnitialize().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig Get ("executable")
(sys.executable) instead.

wchar_t *Py_GetPath ()

Fart of the Stable ABIL Return the default module search path; this is computed from the program name (set
by PyConfig.program name) 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
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 Initialize (), otherwise it returns NULL.
B A 3.109] 4] ¥ A It now returns NULL if called before Py_Tnitialize ().

Deprecated since version 3.13, will be removed in version 3.15: Use
PyConfig_Get ("module_search_paths") (sys.path) instead.

const char *Py_GetVersion ()

Part of the Stable ABL. ©] I}o] % Qe Z g E] 9] ¥ A& w3t} o] AL &3 28 Exd guUrth

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.31" ]

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.

9.4.
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const char *Py_GetPlatform ()

Fart of the Stable ABI. 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'. On macOS, 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 sto] R ¥l ol th g 3 4] A1 2t 2L & Wk, o & 591
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

M BAGe FH AFAE e PUth BB g SANA L P UTh of He Shol A
F XA sys.copyright 2 AR 4 5T}

const char *Py_GetCompiler ()

Part of the Stable ABL. 7] 5ho] 8l M AL sl o] AL H ATde] FAS 25 7ZRA] w3
U o & 59
["[GCC 2.7.2.21" }

s FAE 2 A AFAE AU S22 3 FAMAE P YT o] 32 IholA
FEOA MG sys.versiond SE=Z AFF YTl
const char *Py_GetBuildInfo ()

Part of the Stable ABL. @A 5} o] 21g] Z 8| E] Qg A9 A
ANE MBI ol 2 5

rﬂ

A WF oM T Ut d A 7ho| o 8t

["#67, Aug 1 1997, 22:34:28" }

wkghd 7 } = A AZLE AU, T2k e FAMAE G FH U o 72 ol
FEA Mg sys.versiond R Z A|FHUch
void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

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

arge D argvell 719N A sys.argvE AAZTULE o] i/ A4 T2 main() TG0l AEH
A3 FAFSEA g, A WA 35 o] Ilo] A B Z 2 HE SAY = A8 3‘r°é ol opUgt A d ~3
HE 3t Fxsfof stth= ApojFo] JFUTh AT 2T HETVF Yo, argvd] A HWH gE2

M EADY 5 A5 UT o] B} ays. argy 271 80] AT SFH, £y raraizrror () B A Sl
AWAA 2SS FAFUTH
updatepath 7} 0 ©] H, o] 7] 7} X 7} o] 8+4=7} 3F= BE 4 YUt} updatepath 7} 0 °] o}, T4+ T}

dareg]Eol et sys.path® A FYTh

¢ 71 2THE o]F0largvi0] o E ALHY, 2ITHETL = HAE Y A A&7}
sys.path ol F7Hg Yt

¢ 19 GOW (F, arge7}00] Ak argv 0] 0] 1% 3 o] £ 7hel 71 O W), sys.path
ol W EAR o] 2 7HE Uk, ol @A A e e (.0 & %ol F7h5E A 2o oh

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

0 Ix
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.

3.13 o)A HAANM =, pysys_setargv() & ZET F A WA sys.path 845 FFOE A A

o] 22 EHE AL 5 AFUh oI Fol T3 ALg o
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UPyRun_SimpleString("import sys; sys.path.pop(0)\n"); JJ

Added in version 3.1.3.
Deprecated since version 3.11, will be removed in version 3.15.

void PySys_SetArgv (int argc, wchar_t **argv)
Part of the Stable ABL This API s kept for backward compatibility: setting PyConfig.argvand PyConfig.
parse_argv should be used instead, see Python Initialization Configuration.
o] 4= python IHZH 7 182 AZFHA = T wdatepath 7} 12 2 A A
PySys_SetArgvEx () A E‘j A= sk T}
Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
W 3.400 A WA 7 updatepath 3% -1 et ohE U T
Deprecated since version 3.11, will be removed in version 3.15.

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.
712 “F7 gEge, & 2% stol groju g AAE A FUh A AL or=
PYTHONHOME = ZZ 3 Al &
DA EEagg QPSS i ol WA A P A Aol G002 Trbe 2AAE
ZFel Aok FUth stol i ez o] ZE= o] A g2 WA sHA syt
Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

Deprecated since version 3.11, will be removed in version 3.15.

wchar_t *Py_GetPythonHome ()

Part of the Stable ABI. Return the default “home”, that is, the value set by PyConfig. home, or the value of
the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.
B A 3.109)| 4] ¥ 73 It now returns NULL if called before Py_Tnitialize ().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig_Get ("home") or the
PYTHONHOME environment variable instead.

9.5 AQE AENQI MY OlE{Z2|E| &

Unless on a free-threaded build of CPython, the Python interpreter is not fully thread-safe. In order to support multi-
threaded Python programs, there’ s a global lock, called the global interpreter lock or GIL, that must be held by the
current thread before it can safely access Python objects. Without the lock, even the simplest operations could cause
problems in a multi-threaded program: for example, when two threads simultaneously increment the reference count
of the same object, the reference count could end up being incremented only once instead of twice.

webA, GIL= 853 ~¥ = “* gpol W AA | A 25t AL oo R/CAPL -8 22T 5 Jdvhe +f
Hol dFUth A AdS 2tetr] A AdH 2z He F7 Ao AU E RS AZFYT (sys.
BN L), S 5h G710} 2712 22 AR B2 YO Aol o
brhE shol 4l 2el =k A 5 gl o,

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called

PyThreadState, known as a thread state. Each OS thread has a thread-local pointer to a PyThreadState; a
thread state referenced by this pointer is considered to be artached.

setswitchinterval () %
of

WA= sAH R, IF
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A thread can only have one attached thread state at a time. An attached thread state is typically analogous with
holding the GIL, except on free-threaded builds. On builds with the G/L enabled, attaching a thread state will block
until the GIL can be acquired. However, even on builds with the G/L disabled, it is still required to have an attached
thread state to call most of the C APL

In general, there will always be an attached thread state when using Python’ s C API. Only in some specific cases
(such as in a Py_BEGIN_ALLOW_THREADS block) will the thread not have an attached thread state. If uncertain,
check if PyThreadState_GetUnchecked () returns NULL.

9.5.1 Detaching the thread state from extension code

Most extension code manipulating the thread state has the following simple structure:

Save the thread state in a local variable.
. Do some blocking I/O operation
Restore the thread state from the local variable.

o] AL vl AubA o] o] A] o] B TrBhel7] S8 B Abel Wl A E AT T

Py BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py END_ALLOW_THREADS

Py_BEGIN_ALLOW_THREADS WA 2+ A 85 F €1 £A4F A9 A& AdF U
Py END_ALLOW_THREADS M| 2+& &

Ao B2 vs I S Yh

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation
PyEval_RestoreThread(_save);

Here is how these functions work:

The attached thread state holds the GIL for the entire interpreter. When detaching the attached thread state, the
GIL is released, allowing other threads to attach a thread state to their own thread, thus getting the GIL and
can start executing. The pointer to the prior attached thread state is stored as a local variable. Upon reaching
Py_END_ALLOW_THREADS, the thread state that was previously atfached is passed to PyEval RestoreThread ().
This function will block until another releases its thread state, thus allowing the old thread state to get re-attached
and the C API can be called again.

For free-threaded builds, the GIL is normally out of the question, but detaching the thread state is still required for
blocking I/O and long operations. The difference is that threads don’ t have to wait for the GIL to be released to
attach their thread state, allowing true multi-core parallelism.

0 #Fx

Calling system I/O functions is the most common use case for detaching the rhread state, but it can also be useful
before calling long-running computations which don’ t need access to Python objects, such as compression or
cryptographic functions operating over memory buffers. For example, the standard z1ib and hashlib modules
detach the thread state when compressing or hashing data.

9.5.2 TO|MO| BHEX| S A=

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’ t hold the GIL, because
they don’ t have an attached thread state.
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If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating an attached thread
state before you can start using the Python/C API. When you are done, you should detach the thread state, and finally
free it.

29

filo

A5 02 £YFUT C 2

rln

PyGILState_ Ensure ()@} PyGILState Release() &4TE= o 2

gEo A Fol i S T &8s A d HEFE HEH % %14 o

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 automatically by
Py_Initialize()). Python supports the creation of additional interpreters (using Py_NewInterpreter()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork()oll CHst F=2| AlSt

29 = oﬂﬁﬂ# HopF EOHE TR H2Crork() & Al 28 =9 FAYYTLE fork () & AHE
e dREY A ad s, TR 27 2338 Fo] 235 A g =v 2R T 1%%%
A ] 3l of 3h+= W 3 CPython HEF o] A H BE Ae] BFof 7A 4 A 4 vt

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.

o2 B E 28 =E7F AR v AR 2 E 38 CPython o] A ERS] ”F/H 7} os. fork () & PERIZFA| 2 A A 5HA|
Aogojof S Jujgyrct o] AL A A Z BB} TFE B E pylinterpreterState AR ol &3+
£ B £ PyThreadState 7“?4] £ stold g Aol A Sh= AS o m i th o] 23} “v] Q17 Q1 E| 2] E] 9
E43 E"* © & 93, fork () = CPython A9 HEIY o] Pef Z7|31H QB Z 2] B9 “nf| 21” A8 o A
‘?}E%E]OW]EEL‘%D} fi 013} A= exec() 7t L Fo SA TEH = BF-HUth

9.5.4 Cautions regarding runtime finalization

In the late stage of interpreter shutdown, after attempting to wait for non-daemon threads to exit (though this can
be interrupted by KeyboardInterrupt) and running the atexit functions, the runtime is marked as finalizing:
_Py IsFinalizing() and sys.is_finalizing() return true. At this point, only the finalization thread that
initiated finalization (typically the main thread) is allowed to acquire the GIL.

If any thread, other than the finalization thread, attempts to attach a thread state during finalization, either explicitly
or implicitly, the thread enters a permanently blocked state where it remains until the program exits. In most cases
this is harmless, but this can result in deadlock if a later stage of finalization attempts to acquire a lock owned by the
blocked thread, or otherwise waits on the blocked thread.

Gross? Yes. This prevents random crashes and/or unexpectedly skipped C++ finalizations further up the call stack
when such threads were forcibly exited here in CPython 3.13 and earlier. The CPython runtime thread state C APIs
have never had any error reporting or handling expectations at thread state attachment time that would’ ve allowed
for graceful exit from this situation. Changing that would require new stable C APIs and rewriting the majority of C
code in the CPython ecosystem to use those with error handling.
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e CEY RES A AU ol i AH =Y HE WAL W P AR o ASEE B 5
type PyInterpreterState

Part of the Limited API (as an opaque struct) S) X]—
ety 22 gz gy £t A=
ol FxAoll= 7 A7 gl

Ae|z B0 £33 2E Ee AE e HE

2, 92 9 7 eA ST 2L ZRA A AEE
A5 S, 1 B0 oL A 552 B Ieh A% DI F w58 o]0 21e] 2] o] 2o
gl o BAglol BE Ad = oA T35 ok

type PyThreadState

Fart 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} 21 & 31] k= | A9 g4,
o] M 3,67} o] A W Ao A, o]

H A 3.901 A4 W A: o)A o] e obF AL ;A BF U
H 2 3.700| 4 WA o] &

W\
otre o)Al py_tnitialize () o] & EEH A, RS He JH
<287k ls Yk

27k £ 314 o H GILS W5 A% th

WA 32004 HA: o] 7
WA 395E 32 .

St = & py Initialize() Ao TET 5 IS5 Y
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PyThreadState *PyEval_SaveThread ()

Fart of the Stable ABI. Detach the attached thread state and return it. The thread will have no thread state
upon returning.

void PyEval_RestoreThread (PyThreadState *tstate)

Fart of the Stable ABI. Set the attached thread state to tstate. The passed thread state should not be artached
otherwise deadlock ensues. zstate will be attached upon returning.

0 Iz

Calling this function from a thread when the runtime is finalizing will hang the thread until the program

exits, even if the thread was not created by Python. Refer to Cautions regarding runtime finalization for
more details.

¥ A 3.149]| A ¥ 7 : Hangs the current thread, rather than terminating it, if called while the interpreter is
finalizing.
PyThreadState *¥PyThreadState_Get ()

Part of the Stable ABIL. Return the artached thread state. If the thread has no attached thread state, (such as
when inside of Py BEGIN ALLOW_THREADS block), then this issues a fatal error (so that the caller needn’ t
check for NULL).
See also PyThreadState_GetUnchecked ().

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadsState_Get (), but don’ t kill the process with a fatal error if it is NULL. The caller is
responsible to check if the result is NULL.
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Added in version 3.13: In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABI. Set the attached thread state to tstate, and return the thread state that was attached prior
to calling.

This function is safe to call without an atfached thread state; it will simply return NULL indicating that there
was no prior thread state.

e Bat s 2 AGAE LSS, A8 AEZH e T8 A btk

PyGILState_ STATE PyGILState_Ensure ()
Fart of the Stable ABIL. Ensure that the current thread is ready to call the Python C API regardless of the
current state of Python, or of the attached thread state. This may be called as many times as desired by a
thread as long as each call is matched with a call to PyGILState Release (). In general, other thread-
related APIs may be used between PyGILState_ Ensure () and PyGILState Release () calls as long
as the thread state is restored to its previous state before the Release(). For example, normal usage of the
Py BEGIN_ALLOW_THREADS and Py END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the attached thread state when PyGILState_ Ensure () was called,
and must be passed to PyGILState Release () to ensure Python is left in the same state. Even though
recursive calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure ()
must save the handle for its call to PyGILState _Release ().

When the function returns, there will be an attached thread state and the thread will be able to call arbitrary
Python code. Failure is a fatal error.

0 Iz

Calling this function from a thread when the runtime is finalizing will hang the thread until the program
exits, even if the thread was not created by Python. Refer to Cautions regarding runtime finalization for
more details.

¥ A 3.149]| A ¥ 7 : Hangs the current thread, rather than terminating it, if called while the interpreter is
finalizing.

void PyGILState_Release PyGILState STATE)
Part of the Stable ABIL. ©] A 01] AE3J RE YL AT UL o) 5 &
PyGILState_Ensure() @2 oA Z Al/]r/]-(:/_a\/]- dutA o 2 o] A
¢Fol A, GILState APIS AF-&-3HU o).
PyGILState_Ensure ()o] thet RE &L 728 Ag T oA pycrLstate_Release () o] Y3 &
42 ol ok g ok

PyThreadState *PyGILState_GetThisThreadState ()

Part of the Stable ABIL. Get the attached thread state for this thread. May return NULL if no GILState API
has been used on the current thread. Note that the main thread always has such a thread-state, even if no
auto-thread-state call has been made on the main thread. This is mainly a helper/diagnostic function.

o, sho] o] Alel = o9

AVE| e 5 2 Aol 2] 221 2] A

int PyGILState_Check ()
Return 1 if the current thread is holding the G/L and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return
1. This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory
allocation functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or
otherwise behave differently.

Added in version 3.4.
O azs dWtdom 3 A EE glo] AFSFH YT o] A A vz o A AFS o & oA 2.
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Py BEGIN_ ALLOW_THREADS
Part of the Stable ABI. 9] ]2 2% { PyThreadState *_save; _save = PyEval_SaveThread();
234G Uth A& 237 E2TH ] 5ol FHAIL; FIWE = Py END_ALLOW_THREADS
wh=2 9} X3 ok GITh. of T ol T3 A HEL A E BEIAAA

Py_END_ALLOW_THREADS
Part of the Stable ABL ©] W] 2 2 & pyEval_RestoreThread (_save); }2 Z&FAF UL 2E=5E35
7t 235 o] Qo FY s AIL; o] A py_BEGIN ALLOW_THREADS W] A 22} U X|3f| oF FTh. o]
vl 3 2 of) o 3 2pA| g &2 9 & RS AL

Py_BLOCK_THREADS
Part of the Stable ABL. ¢] W] 3 & = pyEval_RestoreThread (_save); =& Z3F2Uth 2= 52357}
Q= Py END_ALLOW_THREADSS} 55 g4t}

Py_UNBLOCK_THREADS

Part of the Stable ABI. ©] }j 2 £ &= save = PyEval_SaveThread(); & ZZFUth od=FZ35 9}
W4 A Ao] 9l Py BEGIN ALLOW THREADSS2} =S3FUTh

©
O
()]

API
Py_Tnitialize() ] %o T&5 o]oF gt}

: Py _Initialize () now initializes the GIL and sets an attached thread state.
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PylnterpreterState *PyInterpreterState_New ()

Fart of the Stable ABI. Create a new interpreter state object. An atfached thread state is not needed, but may
optionally exist if it is necessary to serialize calls to this function.

Q1 &} ¢l o] ZHA} o]l E cpython.PyInterpreterState_NewsS WA Al Z Y Th
void PyInterpreterState_Clear (PylnterpreterState *interp)
Fart of the Stable ABI. Reset all information in an interpreter state object. There must be an artached thread
state for the the interpreter.
01z} ¢l o] A} o] Wl E cpython.PyInterpreterState _Clears AJAI YT

void PyInterpreterState_Delete (PylnterpreterState *interp)

Fart of the Stable ABL. Destroy an interpreter state object. There should not be an artached thread
state for the target interpreter. The interpreter state must have been reset with a previous call to
PyInterpreterState_Clear().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

Fart of the Stable ABI. Create a new thread state object belonging to the given interpreter object. An attached
thread state is not needed.

void PyThreadState_Clear (PyThreadState *tstate)

Part of the Stable ABI. Reset all information in a thread state object. tstate must be attached

WA 3904 HA: o] &= o] A PyThreadState.on_delete TME TEF U} o] A=,
PyThreadState_Delete ()X &3 5T

B A 3.130)| A] ¥ 7: The PyThreadState.on_delete callback was removed.

void PyThreadState_Delete (PyThreadState *tstate)

Fart of the Stable ABI. Destroy a thread state object. tstate should not be atfached to any thread. tstate must
have been reset with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)

Detach the attached thread state (which must have been reset with a previous call to
PyThreadState_Clear ()) and then destroy it.

No thread state will be attached upon returning.
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PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % & & A E] sstate2] A A 2 A& 7HA 81t}

Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & ZZ Al &

tstate must not be NULL, and must be aftached.

Added in version 3.9.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Fart of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread state zstate.
tstate must not be NULL, and must be attached.

Added in version 3.9.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. T}o]| 8 A& & A e) sstated] 1B = 8] E] S 7}FA & U th

tstate must not be NULL, and must be atfached.
Added in version 3.9.

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state zstate.

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 fstate suspended by the
PyThreadState EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.
Added in version 3.11.

PylnterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. A A QB Z 2| E & 7143 Yt}

Issue a fatal error if there no artached thread state. It cannot return NULL.
Added in version 3.9.

int64_t PyInterpreterState_Get ID (PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. Q18] Z 2B 9] 117 IDE ¥isghct. 234 =4 o 2] 7}
WA S -1 0] RESEE] 31 of| 3 7 A AW H Y o

The caller must have an artached thread state.
Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABl since version 3.8. A E] Z | B d o] ¥ 7} 42 4= 1= A v g & vyt
o] T, 7h NULL- WHEHSHH ol 9 = B A ek A ¢k EE A AHZ Y HE AU E AT 5

qichz 7Hg s of g ch.

o] AL o] dHZBHE A AR E A ASE= ) AV oF 3= PyModule _GetState ()5 T
Alsk= A o] obd Yt

Added in version 3.8.
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PyObject *PyUnstable_InterpreterState_GetMainModule (PylnterpreterState *interp)

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

Return a strong reference to the __main__ module object for the given interpreter.
The caller must have an attached thread state.
Added in version 3.13.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int
throwflag)

EEEERREE

throwflag W) 7} W= A & 1B 9] throw () WA Zo A AFEH U T 00] o |, #A)] o] ] S5 A 2]

gt

W2 3,900 4 W A: o] Al S sstate v 7 W45 2 T,

W A 3.119) A ¥ 7 : The frame parameter changed from PyFrameObject* to_PyInterpreterFrame*.
_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

=99 37k 248 AU

PEP 523 “CPythonol] Z & ¢ 7} API 717 & 254 Al 2.

Added in version 3.9.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval frame)

zeq J7t P58 4Tk
PEP 523 “CPython°l| =& ¢l 37} API 717 & IR 314 Al L.
Added in version 3.9.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABI. Return a dictionary in which extensions can store
thread-specific state information. Each extension should use a unique key to use to store state in the dictionary.
It is okay to call this function when no thread state is attached. If this function returns NULL, no exception has
been raised and the caller should assume no thread state is attached.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Fart of the Stable ABI. 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 an attached thread
state. 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.

W A 3.7 A ¥ 7 : The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Fart of the Stable ABI. Attach tstate to the current thread, which must not be NULL or already attached.

The calling thread must not already have an attached thread state.

0 Iz

Calling this function from a thread when the runtime is finalizing will hang the thread until the program
exits, even if the thread was not created by Python. Refer to Cautions regarding runtime finalization for
more details.
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B A 380 A W A PyEval RestoreThread(), Py END_ALLOW_THREADS() 9
pPyGILState_Ensure ()8t QBAEHEE JA =R ow, AEZ e E 7} stoldelA o] 3+ &5
S EHH ER ¥ =E FETEYTH

W A 3.149]| A ¥ 7 : Hangs the current thread, rather than terminating it, if called while the interpreter is
finalizing.

PyEval_RestoreThread()E (LW E7F 27|35 A] S%S w22 G4 ALEE 5
Eigal ABh=

void PyEval_ReleaseThread (PyThreadState *tstate)

A

r
N

Fart of the Stable ABI. Detach the attached thread state. The tstate argument, which must not be NULL, is only
used to check that it represents the attached thread state — if it isn’ t, a fatal error is reported.

PyEval SaveThread ()= (AP E7}F 27|31 A & Ao X ah) GAF AT 4 9= 7143 T
Ut
9.6 ME QE{=Z2[E X|&
R Rl Ae, e shol W el e BT ATk, 28 TR AL, oA W 2L 28 =04
ole) 57 AT 2 el B & HEolof st A7l dwUth A QB ZelElE 194 4 A= T
‘w7 dHZ e E e dEdo]l 2713E o EoAlE A MA dHZZE YUTE H52 ZEA| 20
A gt ol H e ZHYUTH A B JEZEHL} G, wQl R E% gH = Al2d Ao 22
DgdmeAs A LS BEUT 9 At 275 59 AL 2R Aoz derg
E}O]%B}Zﬂ O]/\‘j T ol 3A] o] i,——_L_B] E{?JIJE]- PyInterpreterState_Main () t‘ﬂ"{y\—l_ 7/4\-/] AL of] o 3
FZAEE RS T}
PyThreadState_Swap () &5 AF&3to] A B Qg Z g 7ho] A& 4~ JdF Ut T2 st E AL2-5)

of MHE T 33 & % gl ok
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 0 then the sub-interpreter will use its own “object” allocator state. Otherwise it will use (share)
the main interpreter’ s.

If this is 0 then check_multi_interp_extensions mustbe 1 (non-zero). If this is 1 then g7l must
not be PyInterpreterConfig_OWN_GIL.

int allow_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.

int allow_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.

int allow_threads

If this is 0 then the sub-interpreter’ s threading module won’ t create threads. Otherwise threads are
allowed.
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int allow_daemon_threads
If this is 0 then the sub-interpreter’ s threading module won’ t create daemon threads. Otherwise
daemon threads are allowed (as long as allow_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.
int gil
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 PyInterpreterConfig OWN_GIL then PyInterpreterConfig.use_main_obmalloc
must be 0.

PyStatus Py_NewInterpreterFromConfig (PyThreadState **tstate_p, const PylnterpreterConfig *config)

MABEJHZEHE UL o] A2 Jlojx I = A& 935k (AY) &d3s] E8d FFJUth
53, A JH =2 Hol= 7] EE builtins, _main__ Y sysE XT3, RE YXE H BREY
ME, S AL 25 Uth 229 25 H o] E(sys.modules) T B E A A Z (sys.path) &
AU A FA o= sys.argv A7 FUTH AMER EE 10 2EF 3tY A4 sys.stdin,
sys.stdout ¥ sys.stderr= ZFUTH (D, 22 ¢ 34 7|<AE F2FUoh.

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 attached. Note that no actual thread is created; see the discussion of thread states below. If creation of the
new interpreter is unsuccessful, fstate_p is set to NULL; no exception is set since the exception state is stored in
the attached thread state, which might not exist.

Like all other Python/C API functions, an attached thread state must be present before calling this function,
but it might be detached upon returning. On success, the returned thread state will be artached. If the sub-
interpreter is created with its own GIL then the attached thread state of the calling interpreter will be detached.
When the function returns, the new interpreter’ s thread state will be attached to the current thread and the
previous interpreter’ s attached thread state will remain detached.

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 = O,

.check_multi_interp_extensions = 1,

.gil = PyInterpreterConfig OWN_GIL,
i
PyThreadState *tstate = NULL;
PyStatus status = Py_NewlInterpreterFromConfig(&tstate, &configqg);
if (PyStatus_Exception(status)) A

(Th2 sl o] A of] Al
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(o1 sl o] A ol A Al <5)
Py_ExitStatusException (status);

Note that the config is used only briefly and does not get modified. During initialization the config’ s values are
converted into various Py InterpreterState values. A read-only copy of the config may be stored internally
onthe PyInterpreterState.

44 REL UL 2o (M) Az 2o 245 Utk

o« A 273 E /\]-3-‘6]-3; E9 A%, odE E9] pyModule FrombefAndSpec (), ZF Q1B X
SEjol ool BES) BE AR DO AT 2ASH UL C 2 B AT Aol WaT ol
25 A 2l 3%%14‘4-

o DA 273 E AR SHE REY AL, o E E9] PyModule_Create (), 7 EFo] A2 o

, 2E 9y ee] (¥2) Aol AFE YT

Az B 7t e 2= ‘%IEE%“HM‘H ol 271345 L o] BANEY W&

' A ¢ (A

%Ltk mebA B E GAelel AR S

o BRSO, 3] S 5 A D64 % AT o1k 10} %ol 4TS S AA D).
o] AL A Z BB 7} Py _Finalizekx ()@} Py _Initialize () S T&5to] &A3 thA] 273}
H I3 FPALATE TG o dojupE= A thEof FY3FAAL; o] AL, FA9] initmodule
@b oAl BaF ULk ohaA 218k9 AN, o= C 22l 443 A9 Wew
SEEEE R T L N

PyThreadState *Py_NewInterpreter (void)

Part of the Stable ABI. 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 arfached. When the call returns, there will be no attached thread state. All thread states associated
with this interpreter are destroyed.

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.
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9.6.2 {12} Fo| Al
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Also note that combining this functionality with PyGILState_* APIs s delicate, because these APIs assume a bijec-
tion 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.

9.7 HIS7| &£

Mol e melE e W] AL Bl W AUSe] AU ol # YL B £AE 9
void Z V¥ Q1A1o] el S 2 F o).

int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the Stable ABL W ¢l QlE|Zglg] A EoX T&5T T4E o gt AF3HH 00] B3t
5 AL func= W 2 X SEF 7] A8l ol F7HE YT Al Al ol2] A7 glo] -1 ] vk
Utk

qEROZ Foll Yo, funce arg A /\]-—9—‘6]-03] = 1|9

S FE i R AT AR R e
g

o HpOlE S = A A

» with the main thread holding an attached thread state (func can therefore use the full C API).
func must return 0 on success, or —1 on failure with an exception set. func won’ t be interrupted to perform

another asynchronous notification recursively, but it can still be interrupted to switch threads if the thread state
is detached.

This function doesn’ t need an atfached thread state. However, to call this function in a subinterpreter, the
caller must have an attached thread state. Otherwise, the function func can be scheduled to be called from the
wrong interpreter.

A 3z

AL W SWE AP F 8, A5 E FF YU funcst b5 B %e] EEATHE B
Ao GEUTh Mol 2SS 28 52 A9 Fole ulml, A28 T o] uhEhE 7] Ao
func7t B2 A Fruieh. o FE ANH O 2 1219 C 2 So| A Shol W FEE TETE
o A 3hA) ST B4, PYGILSare APIE AH§5HA A 2

Added in version 3.1.

WA 39o04 WA: o) 47 el ol & W, fune FE ol W2 AT =]
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238 Chapter 9. X7|3}, mfo|da|~0|M U AB=



The Python/C API, Zi2|A 3.14.0a7

stol 4l e mel e Z2std Y3t 49 F4 715 AN A R A A5E DL AT
225t i 8 Amel A 24 E7e A8 U

o1 C AE ol £ E AFIA LEd Yol 24 AT} o] A £29 FHE AME T3 BB}
QM= Fehi, A A% C B4E 52T 5 UsTh ALY B ol m e HEE MR A 3k
Utk dEsl o] Ak 4 §4E AU EEE AT S YR S, 4 Foo] Haw e /R oJulES
o1 WA ol A 57 34 Gl HuD A3} 2yt

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 ob-
ject 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:

what2| 2t arg2| 2|0oj

PyTrace_CALL A} Py None.

PyTrace_EXCEPTION sys.exc_info () oA WHEHH ol Q] K1,
PyTrace_LINE &} A} py_ None.

PyTrace RETURN T E A} 7]] HLEhE] = 7k = ol Q] 2 913 A o] W NULL.

PyTrace_C_CALL <
PyTrace_C_EXCEPTION %
PyTrace_C_RETURN <
PyTrace_OPCODE &} A} Py None.

int PyTrace_CALL
S v A = o o g AR i%“’l Hus Ak Al e ol gfoll thek A} &5 o] R wfl py_tracefunc
kol theh what W78 ) gk AlF el ol § kol the olH el o] H o] AL s =z <]
Tholyl wiolE T =2 9 Zﬂoi Aol 7] wi ol Has A k5ol o] st Al L.
int PyTrace_EXCEPTION
A7 NSl Py tracerunc ol thSF what Wi 7] A49] 2k S S = AdE = =
ol A wlolE Z =7} ﬂﬂﬂ % ol ] 7} A E wf wharoll Hef o] gror TESFH U o] A9 23
£ o2l Aotz ) o] AE o] H A7) = ﬁ%ME‘r AL 7t AutE o] Zt e Yo' ke o)
Eulo] 52H U 24 gt ol2] @ oW E S ATtk Z2adelol B2 s s
int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc 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.

int PyTrace_RETURN
ol vty H 1 & uff py tracerunc 5ol )3 what v 7 H42] 2k
int PyTrace_C_CALL
CEr7tZE9H e & uj py_tracefunc 5ol th gt whar v 7} 2] 3k
int PyTrace_C_EXCEPTION
C oA Q7 BANES ) Pyt racerunc T50l & whar o) 7§ ¥ 5=2] gk,
int PyTrace_C_RETURN
C 7139 e u Py tracefunc &5of t) 8k what v} 7] H42] ZL.
int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code 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.
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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.
The caller must have an attached thread state.

void PyEval_SetProfileAllThreads (Py_fracefunc func, PyObject *obj)
Like pyEval SetpProfile () but sets the profile function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

The caller must have an artached thread state.

As PyEval_SetProfile (), this function ignores any exceptions raised while setting the profile functions in
all threads.

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 function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace C_CALL,
PyTrace_C_EXCEPTIONOr PyTrace_ C_RETURN as a value for the what parameter.

See also the sys.settrace () function.
The caller must have an attached thread state.

void PyEval_SetTraceAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetTrace () but sets the tracing function in all running threads belonging to the current inter-
preter instead of the setting it only on the current thread.

The caller must have an artached thread state.

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in all
threads.

Added in version 3.12.

9.9 Reference tracing

Added in version 3.13.

typedef int (*PyRefTracer)(PyObject*, int event, void *data)

The type of the trace function registered using PyRefTracer SetTracer (). The first parameter is a Python
object that has been just created (When event is set to PyRe f Tracer CREATE) or about to be destroyed (when
event is set to PyRe fTracer DESTROY). The data argument is the opaque pointer that was provided when
PyRefTracer_SetTracer () was called.

Added in version 3.13.

int PyRefTracer CREATE
The value for the event parameter to PyRe fTracer functions when a Python object has been created.

int PyRefTracer DESTROY
The value for the event parameter to PyRe fTracer functions when a Python object has been destroyed.

int PyRefTracer_SetTracer (PyRefTracer tracer, void *data)

Register a reference tracer function. The function will be called when a new Python has been created or when
an object is going to be destroyed. If data is provided it must be an opaque pointer that will be provided when
the tracer function is called. Return 0 on success. Set an exception and return —1 on error.
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Not that tracer functions must not create Python objects inside or otherwise the call will be re-entrant. The
tracer also must not clear any existing exception or set an exception. A thread state will be active every time
the tracer function is called.

There must be an attached thread state when calling this function.
Added in version 3.13.

PyRefTracer PyRefTracer_GetTracer (void **data)

Get the registered reference tracer function and the value of the opaque data pointer that was registered when
PyRefTracer_SetTracer () was called. If no tracer was registered this function will return NULL and will
set the data pointer to NULL.

There must be an attached thread state when calling this function.

Added in version 3.13.

9.10 & ClH{AH X|&
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PylnterpreterState *PyInterpreterState_Head ()
Aelz e g e AA 2] B2 mEd Jle AAE Hadnh
PylnterpreterState *PyInterpreterState_Main ()
Wl ol Qe e B Ale) A1 & Wi oh
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aelz 28 e AR BB interp 0] 2] tha U E 2z E AFH A &gy
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9.11 AglE 2&H XHEA XH

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.

A thread state does not need to be attached when calling these functions; they suppl their own locking.

Python.hof|i= TLS API A o] 235 o QIA] ¢kl FstHAl L, 8= 28 AFAE AHEsted
pythread.h& Z 3} oF g}

0 3z

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.
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9.11.1 A EY XHEA (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.

e ] B

“CPython®] ~#=-2 4 A F4AE 93 A 22 C-API” (PEP 539)

type Py_tss_t
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