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#define PY_SSIZE_T CLEAN
#include <Python.h>

oletsH 2 EEIAHE AFFEF=AS YU} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 181 <stdlib.h> (A& 753 29

Far: sholi e AR A|~HY] & oﬂtﬂ l FFE M A= AA7 e AT lonz 223 HE
o]ze T3] A 01] Python.h & ¢l
Python.h & AFFE3817] Aol /¢ PY_SSIZE_T_CLEAN & B3t 2S A3t o] ja = of T 3
A G AL 12 7 EA TS S RSN L

5

Pythonh® B E AL AL A ZNE = RE o252 (23H B2 3y = FoH AL A9))py B _py
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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 in-
stallation 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 £ ix include the platform specific headers from
exec_prefix.

Co+ A8 AHE & 5] A/C API 7} C BHS AHg-3he] 395 9lol = 36 AT o] extern "c" 2 AP A
AAE ALTThe Gol Aok PUT. Crr 014 SHOWC AP & 1837 A3 ST 248 AL

m°" filo
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PyMODINIT FUNC

Ry}

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

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

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

bi

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spam_module) ;

}

Py_ABS (X)
x 9] AAGES WHFUh
Added in version 3.3.

Py_ALWAYS_INLINE

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

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

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

If Python is built in debug mode (if the Py_ DEBUG macro is defined), the Py ALWAYS_INLINE macro does
nothing.

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

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

Added in version 3.11.

Py_CHARMASK (c)
AAF= A = [-128, 127] Y0, 255] Abo] 8] Zdrof of . o] |2 2 &= unsigned char & 7j&
J9c 8wk
Py_DEPRECATED (version)
7 A] (deprecated) A A o] AFE S Al 2. o] A EZ = A E o] 5 ol Y A8 oF T th
oA A :
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[Py_DEPRECATED(S.B) PyAPI_FUNC (int) Py_OldFunction (void) ;

WA 3804 W7 : MSVC A9 F7H 54t
Py_GETENV (s)

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

Py_MAX (X,y)
x oy Abol o] H Uit ek eyt
Added in version 3.3.
Py_MEMBER_SIZE (type, member)
(type) F+ZA) 9 member & T 7] & vlo]EE W3S T,
Added in version 3.6.
Py_MIN (Xx,y)
x 9hy Afole] 4t wEE L)
Added in version 3.3.
Py_NO_INLINE

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

Usage:

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

Added in version 3.11.
Py_STRINGIFY (X)
ECEAERE J3IYT} o 50| Py_STRINGIFY (123) 2 "123" & w33 o},
Added in version 3.4.

Py UNREACHABLE ()
JrAor cdd Qe ZE F27H IS Aol ol IR E AR U L. A E 501, switch 2o
Al 7}‘_6}35 Zrol case % oﬂfﬂ T A= Aol default: ZoA AL 4 J5 U T} assert (0)
T abort () YA AFESHA Al 2

]2 BT oA o] Uﬁii ALYt ZEE H A3 et Egol Hm 228 5 glv Z= o i $
AOE YA o E Lol mlagE B]_ B ToA GCCY _ builtin_unreachable() &
ZAFH Uk

Py_UNREACHABLE () & % WH&hahA] QA ¥k _Py_NO_RETURN & A A SHA] g2 485 T3
Aot

T A2t 7he Aol RA w9 A Ao £ 5 9l AP, o] w2
Utk o€ 501, vl &2 27 B5sAG AJ 28 Fo] o 3 9
At Al Al HE Bste= 2o E5UTH SEANA Y E B
AT 5 s Uth

Added in version 3.7.

Py_UNUSED (arg)

9] v ALG QAR AbEste] HAutd Y AaE FAFYTCE oAl int func(int a, int
Py_UNUSED (b)) { return a; }.
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Added in version 3.4.

PyDoc_STRVAR (name, str)
S2E oM A§ 7Hs & name o 2 o] 9 WSS YT Sho]Hlo] S2EY glo] e ek
Wo] ghe Hlo e AUtk
P]EP 7o YAIH AAE spo] M SAEF Qlo] MESHY] 98l PyDoc STRVAR § SAEF o AFS-3F
AN

S A

=

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

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

PyDoc_STR (str)
o] EAL O3 EAED S AT SAEH o] A3} o) e e W EALL A
Futh
PEP7 o JAE AA Y SAE Qo] So]Hg e 5 JE SAEYS YAZ 0 pyDoc STR
2 A Al L.

A A

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

14 73, 9 22) 2 2% A%

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

E‘: ol A= (ol Br2Ae) @ (hype) 3 FE 35 (reference count) & 7FA AL Q55U TH 2 A 9
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The reference count is important because today’s computers have a finite (and often severely limited) memory size; it
counts how many different places there are that have a strong reference to an object. Such a place could be another object,
or a global (or static) C variable, or a local variable in some C function. When the last strong reference to an object is
released (i.e. its reference count becomes zero), the object is deallocated. If it contains references to other objects, those
references are released. Those other objects may be deallocated in turn, if there are no more references to them, and so
on. (There’s an obvious problem with objects that reference each other here; for now, the solution is “don’t do that.”)

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

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

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

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

e

2 R 3A

ol

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.

M2 5E ol Al B §2 2 U W T4 b5 A0l A5tk 5t AN e B2 8
FASE, 204 2 S5 A5 U F2E EAE AL §ool H2E A2T W AP 4t AL
F2E LRI ARLE o3 YL AA FEohE AL AT
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PyObject *t;

t = PyTuple_New

(3)7
PyTuple_SetItem(

(

(

3

t, 0, PyLong_FromLong(1L));

t, 1, PyLong_FromLong(2L));

t, 2, PyUnicode_FromString ("three"));

PyTuple_SetItem
PyTuple_SetItem

ol 71X PyTuple SetItem() + PyLong FromLong () 7} HFE&el A2 E ZnlE2 & HJFJ- A A

2 of off gt

A2 EAAE AL AAE M E AR E FAE= T4 E 23] Aol py_INCREF () & THE FRE
7?%1 LEH AR IAAAL

17

RO A, pyTuple_setreen() & REO 48 Y& #U2 PUAUG FEL 2H 42
IIHﬁ—Oil PySequence_SetItem() I PyObject_SetItem() © HFZo 84 t}
PyTuple_SetItem() & AF W5 Y& FZoll v AREF of of Fth.

HAEEANQE S Y YuY I pyList New() S PylList _SetItem() S AHR3] WS 4 95U Th
SHARE AAZE o] FA {FE EE HAEE WA A BrE BT diEd AR ES 4 AL
(format string) 2 A A &= C o2 HE Tr5ojd = Q= AW 8 sk Py_Buildvalue () 7F A

= T

So], 9]0 T B2 MCE The mE g A 4 5L T l= A= A= guh)

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

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

Py_ssize_t i, n;

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

for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t (i);
if (!index)

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

return 0O;
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long

sum_list (PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; 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;

(H& sl o] Al ol Al )

10 Chapter 1. 7))
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(o1 s o] A ol A A <)
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

142 ¥

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

type Py_ssize_t
Fart of the Stable ABI. A signed integral type such that sizeof (Py_ssize_t) == sizeof (size_t).

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

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

item = 0
dict[key] = item + 1
thee e oule] 39 C mEYyoh:
int

incr_item(PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

/* Use Py _XDECREF () to ignore NULL references */
Py_XDECREF (item) ;

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
return rv; /* -1 for error, 0 for success */

}

o] JJAl= C goto w9 F&H ALHHS HAF U o] A= SHsH Oﬂﬂ% A el stz 91

PyErr ExceptionMatches () & PyErr Clear () & AR W I} Py XDECREF () & AFE3SFA A

3t gl NULL 9 £ E e & AR e BAYYTE (1F ﬂ°“”X'EXEd”M
[e]

Py_DECREF () &= NULL FZ9} vpAd 55 doUrh) o] A S ¢35 d 4751 Qe xS
H§olet] A8ele WA NULLE 2 7@?‘5}% Aol Tt v A = ket g -1 () & A
Ha vk 2 Eo] Aed Foop e oz AFg Ut

1.6 z}o]x w37

4 A AS T D] shol W A =2 S QY S AZEvho] AR oF S BhA] F 3 BAE

sho] A Q1H = ﬂEH =713}, 1ﬂ7 obnt= nhE e d AdUth AB =z H | ti 22 752 AH =z E 7t
718} 8 o) Fol AHgF 4 YT,

HAJA 2718 e Py_Initialize () YU o] FFE 2 E‘_ FHoBE 275 L) E R
builtins,__main__, 283 sys & AAATYT E 2FE F» ﬁi (sys.path) & 27 ;]_51-\,]14_

(e .

o XN

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

Py_DEBUG

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

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

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

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

C API Stability

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

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

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

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

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

These are discussed in more detail below.

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

2.1 Unstable C API

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

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

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

15
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2.2 HF A & =23 ulelE] e o] x

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

2.2.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’s C API. Extensions that only use the Limited API can be
compiled once and work with multiple versions of Python. Contents of the Limited API are 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_APT to the value of PY_VERSTON_HEX corresponding to the lowest Python version your
extension supports. The extension will work without recompilation with all Python 3 releases from the specified
one onward, and can use Limited API introduced up to that version.

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

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

2.2.2 Stable ABI

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

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

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

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

By leaving out the Py_LIMITED_APT definition, it is possible to compile a Limited API extension with a version-
specific ABL. This can improve performance for that Python version, but will limit compatibility. Compiling with
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Py_LIMITED_APT 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.

2.2.4 Limited API Caveats

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

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

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

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

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

e PyArg Parse()

* PyArg ParseTuple ()

* PyArg ParseTupleAndKeywords ()

e PyArg UnpackTuple ()

2.3. Platform Considerations 17
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PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()
PyArg ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()
PyBuffer FillInfo()

PyBuffer_ FromContiguous ()
PyBuffer GetPointer ()

PyBuffer IsContiguous ()
PyBuffer Release()
PyBuffer_SizeFromFormat ()
PyBuffer ToContiguous ()
PyByteArrayIter_Type
PyByteArray AsString()
PyByteArray_ Concat ()
PyByteArray_ FromObject ()
PyByteArray_ FromStringAndSize ()
PyByteArray_Resize ()
PyByteArray_ Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()

PyBytes_Size ()

PyBytes_Type

18
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e PyCFunction

* PyCFunctionWithKeywords

e PyCFunction_Call ()

* PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()
e PyCFunction_GetSelf ()

e PyCFunction_New ()

e PyCFunction_NewEx ()

* PyCFunction_Type

* PyCMethod_New ()

* PyCallIlIter New/()

e PyCalllter_Type

e PyCallable_Check ()

* PyCapsule_Destructor

* PyCapsule_ GetContext ()

e PyCapsule_GetDestructor ()
* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_New ()

* PyCapsule_ SetContext ()

e PyCapsule_SetDestructor ()
* PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

* PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
* PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

e PyCodec_IncrementalDecoder ()
* PyCodec_IncrementalEncoder ()

e PyCodec_KnownEncoding ()

2.4. Contents of Limited API 19
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* PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
* PyCodec_Register ()

e PyCodec_RegisterError()
e PyCodec_ReplaceErrors ()
e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors ()

e PyCodec_Unregister ()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()
* PyComplex_ImagAsDouble ()
* PyComplex_RealAsDouble ()
* PyComplex_Type

* PyDescr_NewClassMethod ()
* PyDescr_NewGetSet ()

* PyDescr_NewMember ()

* PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

* PyDictKeys_Type

* PyDictProxy_New ()

* PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type
* PyDictValues_Type

e PyDict_Clear()

e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_DelItem()

e PyDict_DelItemString()

e PyDict_GetItem()

e PyDict_GetItemString/()
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e PyDict_GetItemWithError ()
* PyDict_Items ()

e PyDict_Keys ()

e PyDict_Merge ()

* PyDict_MergeFromSeqZ ()

e PyDict_New/()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString()

e PyDict_Size /()

e PyDict_Type

* PyDict_Update ()

* PyDict_Values ()

* PyEllipsis_Type

e PyEnum_Type

* PyErr BadArgument ()

* PyErr BadInternalCall ()

e PyErr CheckSignals ()

* PyErr Clear /()

e PyErr_Display ()

* PyErr DisplayException()

e PyErr ExceptionMatches ()

e PyErr Fetch()

* PyErr Format ()

* PyErr FormatV()

* PyErr GetExcInfo ()

e PyErr GetHandledException ()
e PyErr GetRaisedException ()
e PyErr GivenExceptionMatches ()
e PyErr NewException ()

* PyErr NewExceptionWithDoc ()
* PyErr NoMemory ()

e PyErr NormalizeException ()
* PyErr Occurred/()

* PyErr Print ()

* PyErr PrintEx ()

2.4. Contents of Limited API 21
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PyErr_ProgramText ()
PyErr_ResourceWarning ()

PyErr Restore()

PyErr_ SetExcFromWindowsErr ()

PyErr SetExcFromWindowsErrWithFilename ()
PyErr SetExcFromWindowsErrWithFilenameObject ()
PyErr SetExcFromWindowsErrWithFilenameObjects ()
PyErr_SetExcInfo/()

PyErr_ SetFromErrno ()

PyErr SetFromErrnoWithFilename ()

PyErr SetFromErrnoWithFilenameObject ()
PyErr_ SetFromErrnoWithFilenameObjects ()
PyErr_SetFromWindowsErr ()
PyErr_SetFromWindowsErrWithFilename ()
PyErr_ SetHandledException ()
PyErr_SetImportError ()

PyErr_ SetImportErrorSubclass()
PyErr_SetInterrupt ()
PyErr_SetInterruptEx()

PyErr_SetNone ()

PyErr_SetObject ()
PyErr_SetRaisedException ()
PyErr_SetString()
PyErr_SyntaxLocation ()
PyErr_SyntaxLocationEx ()

PyErr_WarnEx ()

PyErr WarnExplicit ()

PyErr WarnFormat ()
PyErr_WriteUnraisable ()
PyEval_AcquireLock ()
PyEval_AcquireThread /()
PyEval_CallFunction()
PyEval_CallMethod ()
PyEval_CallObjectWithKeywords ()
PyEval_EvalCode ()

PyEval_EvalCodeEx ()

22
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PyEval_EvalFrame ()

PyEval_ EvalFrameEx ()
PyEval_ GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BRufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError

PyExc_FloatingPointError

2.4. Contents of Limited API
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PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError

PyExc_TypeError
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e PyExc_UnboundLocalError
* PyExc_UnicodeDecodeError
* PyExc_UnicodeEncodeError
* PyExc_UnicodeError

* PyExc_UnicodeTranslateError
* PyExc_UnicodeWarning

* PyExc_UserWarning

e PyExc_ValueError

* PyExc_Warning

* PyExc_WindowsError

e PyExc_ZeroDivisionError
* PyExceptionClass_Name ()
* PyException_GetArgs ()

s PyException_GetCause ()

e PyException_GetContext ()
s PyException_GetTraceback ()
* PyException_SetArgs ()

e PyException_SetCause ()

e PyException_SetContext ()
s PyException_SetTraceback ()
e PyFile FromFd()

e PyFile GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_ Type

e PyFloat_AsDouble ()

e PyFloat_FromDouble ()

e PyFloat_FromString /()

* PyFloat_GetInfo()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

* PyFrameObject

* PyFrame_GetCode ()

* PyFrame_GetLineNumber ()

* PyFrozenSet_New ()

2.4. Contents of Limited API 25
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PyFrozenSet_Type

PyGC_Collect ()

PyGC_Disable ()

PyGC_Enable ()

PyGC_IsEnabled()

PyGILState Ensure()

PyGILState GetThisThreadState ()
PyGILState_Release ()
PyGILState_ STATE

PyGetSetDef

PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AppendInittab ()
PyImport_ExecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_ExecCodeModuleObject ()
PyImport_ExecCodeModuleWithPathnames ()
PyImport_GetImporter ()
PyImport_GetMagicNumber ()
PyImport_GetMagicTag ()
PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear()
PyInterpreterState_Delete ()

PyInterpreterState_Get ()

26
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e PyInterpreterState_GetDict ()
e PyInterpreterState_GetID()
* PyInterpreterState_New()

s PyIter Check ()

e PyIter_ Next ()

e PyIter_Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert ()

* PyList_New/()

e PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

e PyList_Size()

* PyList_Sort ()

e PyList_Type

* PyLongObject

¢ PyLongRangelIter_Type

* PyLong _AsDouble ()

* PyLong_AsLong()

* PyLong_AsLongAndOverflow/()
* PyLong_AsLongLong()

* PyLong_AsLongLongAndOverflow ()
* PyLong_AsSize_t ()

* PyLong_AsSsize_t ()

e PyLong _AsUnsignedLong ()

* PyLong AsUnsignedLongLong ()
* PyLong AsUnsignedLongLongMask ()
* PyLong_AsUnsignedLongMask ()
* PyLong _AsVoidPtr ()

* PyLong_FromDouble ()

* PyLong_ FromLong()
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* PyLong_FromLongLong ()

* PyLong FromSize_ t ()

* PyLong FromSsize_t ()

* PyLong_FromString/()

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

e PyLong_GetInfo ()

* PyLong_Type

e PyMap_Type

* PyMapping Check ()

e PyMapping_GetItemString()
* PyMapping_HasKey ()

* PyMapping HasKeyString()
* PyMapping Items ()

s PyMapping_Keys ()

* PyMapping_Length ()

* PyMapping_SetItemString()
* PyMapping Size ()

* PyMapping_Values ()

* PyMem_ Calloc ()

* PyMem Free()

* PyMem Malloc ()

* PyMem Realloc ()

* PyMemberDef

e PyMemberDescr_Type

* PyMember_GetOne ()

* PyMember_SetOne ()

e PyMemoryView_ FromBuffer ()
* PyMemoryView_FromMemory ()
* PyMemoryView_FromObject ()
* PyMemoryView_GetContiguous ()
s PyMemoryView_Type

* PyMethodDef

* PyMethodDescr_Type

* PyModuleDef
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e PyModuleDef_Base

¢ PyModuleDef_ Init ()

* PyModuleDef_Type

e PyModule_AddFunctions ()

e PyModule_ AddIntConstant ()
* PyModule_ AddObject ()

* PyModule_AddObjectRef ()

e PyModule_ AddStringConstant ()
e PyModule_ AddType ()

¢ PyModule_Createl ()

* PyModule_ ExecDef ()

* PyModule_FromDefAndSpecZ ()
e PyModule_GetDef ()

* PyModule_ GetDict ()

e PyModule_ GetFilename ()

* PyModule_GetFilenameObject ()
* PyModule_GetName ()

s PyModule_GetNameObject ()

e PyModule_GetState ()

* PyModule_ New ()

* PyModule_NewObject ()

e PyModule_SetDocString/()

e PyModule_Type

* PyNumber_Absolute ()

* PyNumber_ Add ()

* PyNumber_And/()

e PyNumber_AsSsize_t ()

* PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_ Float ()

* PyNumber_ FloorDivide ()

* PyNumber_InPlaceAdd ()

e PyNumber_InPlaceAnd()

* PyNumber_InPlaceFloorDivide ()
* PyNumber_ InPlaceLshift ()

e PyNumber_ InPlaceMatrixMultiply ()
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PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()

PyNumber_InPlaceRemainder ()

PyNumber_InPlaceRshift ()

PyNumber InPlaceSubtract ()

PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor ()
PyNumber_Index ()
PyNumber_ Invert ()
PyNumber_Long ()
PyNumber_Lshift ()
PyNumber_MatrixMultiply ()
PyNumber Multiply()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive()
PyNumber_Power ()
PyNumber_Remainder ()
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()
Py0OS_getsig ()
PyOS_mystricmp ()

PyOS_mystrnicmp ()

30

Chapter 2. C API Stability



The Python/C API, 22] ~ 3.12.4

e PyOS_setsig()

* PyOS_sighandler_t

* PyOS_snprintf ()

e PyOS_string to_double ()

e PyOS_strtol ()

* PyOS_strtoul ()

* PyOS_vsnprintf ()

e PyObject

* PyObject.ob_refcnt

* PyObject.ob_type

* PyObject_ASCII()

* PyObject_AsCharBuffer ()

* PyObject_AsFileDescriptor ()
* PyObject_AsReadBuffer ()

e PyObject_AsWriteBuffer ()

e PyObject_Bytes ()

e PyObject_Call()

* PyObject_CallFunction()

e PyObject_CallFunctionObjArgs ()
* PyObject_CallMethod/()

* PyObject_CallMethodObjArgs ()
e PyObject_CallNoArgs ()

* PyObject_CallObject ()

* PyObject_Calloc()

* PyObject_CheckBuffer()

e PyObject_CheckReadBuffer ()
e PyObject_ClearWeakRefs ()

s PyObject_CopyData ()

* PyObject_Delltem()

* PyObject_DelIlItemString()

* PyObject_Dir ()

* PyObject_Format ()

e PyObject_Free ()

* PyObject_GC_Del ()

e PyObject_GC_IsFinalized()

* PyObject_GC_IsTracked()
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* PyObject_GC_Track ()

* PyObject_GC_UnTrack ()

* PyObject_GenericGetAttr ()
e PyObject_GenericGetDict ()
* PyObject_GenericSetAttr ()

* PyObject_GenericSetDict ()

e PyObject_GetAIter ()

* PyObject_GetAttr ()

e PyObject_GetAttrString()

s PyObject_GetBuffer ()
* PyObject_GetItem()

e PyObject_GetIter ()

* PyObject_GetTypeData ()

e PyObject_HasAttr ()

e PyObject_HasAttrString()

* PyObject_Hash ()

* PyObject_HashNotImplemented/()

* PyObject_Init ()

e PyObject_InitVar()

* PyObject_IsInstance ()
* PyObject_IsSubclass ()
e PyObject_IsTrue ()

* PyObject_Length ()

* PyObject_Malloc ()

* PyObject_Not ()

* PyObject_Realloc ()

* PyObject_Repr ()

* PyObject_RichCompare ()

e PyObject_RichCompareBool ()

* PyObject_SelflIter()

* PyObject_SetAttr ()

e PyObject_SetAttrString()

* PyObject_SetItem()
* PyObject_Size()
* PyObject_Str()

e PyObject_Type ()
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e PyObject_Vectorcall ()
e PyObject_VectorcallMethod()
* PyProperty_ Type

¢ PyRangelIter_Type

* PyRange_Type

* PyReversed_Type

* PySeqlter_New/()

* PySeqglter_ Type

e PySequence_Check ()

* PySequence_Concat ()

e PySequence_Contains ()
* PySequence_Count ()

s PySequence_DelItem()
* PySequence_DelSlice ()
* PySequence_Fast ()

e PySequence_GetItem()
* PySequence_GetSlice ()
* PySequence_In()

e PySequence_InPlaceConcat ()
* PySequence_InPlaceRepeat ()
* PySequence_Index ()

e PySequence_Length ()

* PySequence_List ()

* PySequence_Repeat ()

* PySequence_SetItem()
e PySequence_SetSlice ()
s PySequence_Size ()

* PySequence_Tuple ()

e PySetIter_Type

* PySet_Add()

e PySet_Clear()

e PySet_Contains ()

e PySet_Discard()

e PySet_New ()

s PySet_Pop ()

e PySet_Size()
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PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewIype ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()

PyThreadState_Delete ()
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* PyThreadState_Get ()

* PyThreadState_GetDict ()

* PyThreadState_GetFrame ()

* PyThreadState_GetID()

e PyThreadState_GetInterpreter ()
* PyThreadState_New ()

* PyThreadState_ SetAsyncExc ()
* PyThreadState_Swap ()

e PyThread_GetInfo()

* PyThread ReInitTLS ()

* PyThread_acquire_lock ()

* PyThread_acquire_lock_timed()
e PyThread_allocate_lock ()

* PyThread_create_key ()

* PyThread _delete_key ()

* PyThread delete_key_value ()
* PyThread_exit_thread()

e PyThread_free_lock()

e PyThread_get_key_value()

e PyThread_get_stacksize ()

e PyThread_get_thread_ident ()
e PyThread_get_thread_native_id()
e PyThread_init_thread()

e PyThread_release_lock ()

* PyThread_ set_key_value ()

e PyThread_set_stacksize ()

e PyThread_start_new_thread()
* PyThread tss_alloc ()

* PyThread_ tss_create()

e PyThread_tss_delete ()

* PyThread_tss_free()

* PyThread tss_get ()

e PyThread_ tss_1is_created()

* PyThread tss_set ()

* PyTraceBack_Here ()

* PyTraceBack_Print ()
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e PyTraceBack_Type

* PyTuplelIter_Type

* PyTuple_GetItem()

e PyTuple_GetSlice ()

e PyTuple_New/()

* PyTuple Pack ()

* PyTuple_SetItem()

s PyTuple_Size()

e PyTuple_Type

s PyTypeObject

* PyType_ClearCache ()

* PyType_ FromMetaclass ()

s PyType FromModuleAndSpec ()

* PyType FromSpec ()

e PyType_FromSpecWithBases ()

* PyType_GenericAlloc ()

s PyType_GenericNew ()

* PyType_GetFlags ()

e PyType_GetModule ()

* PyType_ GetModuleState ()

* PyType_GetName ()

e PyType_GetQualName ()

* PyType_GetSlot ()

* PyType_GetTypeDataSize ()

* PyType_IsSubtype ()

e PyType_Modified()

e PyType_Ready ()

* PyType_Slot

* PyType_Spec

e PyType_Type

* PyUnicodeDecodeError_Create()
e PyUnicodeDecodeError_GetEncoding()
e PyUnicodeDecodeError_GetEnd/()
* PyUnicodeDecodeError_GetObject ()
* PyUnicodeDecodeError_GetReason ()

e PyUnicodeDecodeError_GetStart ()
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e PyUnicodeDecodeError_SetEnd()

* PyUnicodeDecodeError_SetReason ()

* PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd ()

* PyUnicodeEncodeError_GetObject ()

* PyUnicodeEncodeError_GetReason ()

* PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd ()

* PyUnicodeEncodeError_SetReason ()

* PyUnicodeEncodeError_SetStart ()

* PyUnicodeIter_Type

* PyUnicodeTranslateError_GetEnd/()

* PyUnicodeTranslateError_ GetObject ()
e PyUnicodeTranslateError_GetReason ()
e PyUnicodeTranslateError_GetStart ()
* PyUnicodeTranslateError_SetEnd/()

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

* PyUnicode_AppendAndDel ()

e PyUnicode AsASCIIString/()

e PyUnicode_AsCharmapString/()

* PyUnicode_AsDecodedObject ()

* PyUnicode_AsDecodedUnicode ()

* PyUnicode_AsEncodedObject ()

* PyUnicode_AsEncodedString/()

* PyUnicode_AsEncodedUnicode ()

® PyUnicode_AsLatinlString/()

e PyUnicode_AsMBCSString()

* PyUnicode_AsRawUnicodeEscapeString ()
* PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

* PyUnicode_AsUTF16String()

* PyUnicode_AsUTF32String()

* PyUnicode AsUTF8AndSize ()
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PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString/()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCITI ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTFl16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()

PyUnicode_FSDecoder ()
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e PyUnicode_Find()

e PyUnicode_FindChar ()

¢ PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
* PyUnicode_FromFormat ()

* PyUnicode_FromFormatV ()

e PyUnicode_FromObject ()

* PyUnicode_FromOrdinal ()

e PyUnicode_FromString ()

* PyUnicode_FromStringAndSize ()
e PyUnicode_FromWideChar ()

* PyUnicode_GetDefaultEncoding ()
* PyUnicode_GetLength ()

e PyUnicode_InternFromString ()
e PyUnicode_InternInPlace ()

e PyUnicode_IsIdentifier()

e PyUnicode_Join ()

* PyUnicode_Partition()

e PyUnicode_RPartition ()

e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

e PyUnicode_Replace ()

* PyUnicode_Resize ()

* PyUnicode_RichCompare ()

e PyUnicode_Split ()

e PyUnicode_Splitlines ()

* PyUnicode_Substring()

* PyUnicode_Tailmatch ()

e PyUnicode_Translate ()

e PyUnicode_Type

* PyUnicode_WriteChar ()

e PyVarObject

e PyVarObject.ob_base

* PyVarObject.ob_size

s PyVectorcall Call ()

e PyVectorcall_ NARGS ()
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PyWeakReference
PyWeakref_ GetObject ()
PyWeakref_ NewProxy ()
PyWeakref NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()
Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py BLOCK_THREADS

Py _BuildValue ()

Py _BytesMain ()

Py CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()
Py _EnterRecursiveCall ()
Py Exit ()

Py FatalError ()

Py_FileSystemDefaultEncodeErrors

Py_FileSystemDefaultEncoding

Py_Finalize ()
Py_FinalizeEx()

Py _GenericAlias ()
Py _GenericAliasType
Py_GetBuildInfo ()
Py_GetCompiler ()
Py _GetCopyright ()
Py_GetExecPrefix()
Py_GetPath ()
Py_GetPlatform()
Py GetPrefix()

Py _GetProgramFullPath ()
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* Py GetProgramName ()

* Py _GetPythonHome ()

* Py_GetRecursionLimit ()
* Py GetVersion()

* Py_HasFileSystemDefaultEncoding
* Py _IncRef ()

e Py Initialize()

e Py InitializeEx()

e Py Is()

* Py IsFalse()

* Py IsInitialized()

e Py _IsNone ()

e Py IsTrue()

e Py _LeaveRecursiveCall ()
* Py Main()

* Py_MakePendingCalls ()
* Py NewInterpreter()

* Py NewRef ()

* Py ReprEnter ()

* Py ReprLeave ()

* Py SetPath()

* Py SetProgramName ()

* Py _SetPythonHome ()

* Py_SetRecursionLimit ()
e Py _UCS4

e Py UNBLOCK_THREADS

e Py_UTF8Mode

* Py VaBuildValue ()

* Py Version

e Py XNewRef ()

* Py _buffer

e Py_intptr_t

* Py ssize_t

* Py_uintptr_t

* allocfunc

e binaryfunc
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* descrgetfunc

* descrsetfunc

* destructor

* getattrfunc

e getattrofunc

s getbufferproc

e getiterfunc

* getter

* hashfunc

e initproc

e inquiry

e iternextfunc

e lenfunc

* newfunc

* objobjargproc

* objobjproc

s releasebufferproc
* reprfunc

e richcmpfunc

* setattrfunc

* setattrofunc

e setter

* ssizeargfunc

* ssizeobjargproc
* ssizessizeargfunc
* ssizessizeobjargproc
e symtable

* ternaryfunc

* traverseproc

* unaryfunc

* vectorcallfunc

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

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

int Py_Madin (int argc, wchar_t **argv)

mde&MwﬂlJzoﬂ e Mo Zz2 1, o] AL go]lHE WA= =2 a2WL 3
AlsdYth argetargy i 7] = C 22 I3 main ( ﬂ’\oﬂ AdE = A7 J 3 dAEE 2
STk T (B A4 2712100 1% wear 12 98 L1 ch) 21745 5ol £ 88 4 9150l §ol5joF
FUTHEA G AR B =o] Fhe) 7= BRG] WES 4 AF A ehEUh. Az Ao
=, o8] glol) SRS W e g2 0, o9 2 A3} AE| T e} E R W 4, v} WS BEo] fEA
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Note that if an otherwise unhandled SystemEx1it is raised, this function will not return 1, but exit the process,
aslongas PyConfig. inspect is zero.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () 3 S AFSFA] 2t argve= BFo] E X1 9] v & Yt}
Added in version 3.8.

int PyRun_AnyFile (FILE *fp, const char *filename)
ob& PyRun_AnyFileExFlags () & ©<=3td Qg o]~ YTt closeit-S 02 2 flags= NULLZE A
AE AEE dAE Y
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
obe]l PyRun_AnyFileExFlags () o ©<=3tE AE 3 o]~ J Ut 0] 22 closeir JAAHE 022 HAHH
gez A F o

int PyRun_AnyFileEx (FILE *{p, const char *filename, int closeit)
olel PyRun_AnyFileExFlags () 9 ©@std AEFH o2 dUth o] A2 flags AAHE NULLE A4 9
FHE EARUS

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), re-
turn 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 "?27?27?" 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 Aol Wal _ main_ EE Ol A] commandoﬂ A slolW A FEE AYPSUTE  main
o] 2A)31A] ko v Ut AF3d 02, o2 7} ‘”"“ B —18 3Rt ol E 7t QLo W, o 9
AEE A& ol glsyth flagse] o vl&= ol & 7942_'0‘}’“7‘]

Note that if an otherwise unhandled SystemExit is raised, this function will not return —1, but exit the process,
aslongas PyConfig. inspect is zero.

int PyRun_SimpleFile (FILE *fp, const char *filename)
ob#] PyRun_SimplerileExFlags () & ©@<=3ld A g F o] A~ AU T} closeits 02 2, flagsS NULLE
AE gez dAF

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob# PyRun_SimpleFileExFlags () & ©<=3}H AE o]~ d Yt} flagss NULLE A A H A=
FAFUTH

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.

¥ AR, oo utol Vel mE2 @ofof FUITH] E £o] fopen (Filename, "rb™)). I
S e, oL L SR L AS s e S AR A B & Aauth

int PyRun_InteractiveOne (FILE *fp, const char *filename)
obell PyRun_InteractiveOneFlags () & ©<stE QA EH o] A2 YUt flagsS NULLE A H 4]
2 I AFYTH

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

Read and execute a single statement from a file associated with an interactive device according to the flags argument.
The user will be prompted using sys.ps1 and sys.ps?2. filename is decoded from the filesystem encoding and
error handler.

9o 4B 0% AYL w08, 497 O W 1 L FE 24 o2 dod shojais] Yn

Wl Z 5 errcode.h AIZF T 3l Q= o = (errcode.h¥ Python.hof A]
ANFF =38R g7 'IH“"Oﬂ ReRoR%] '—E.Baﬂ"'ﬂ AFF =3l of ol Fo Al L.
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int PyRun_InteractiveLoop (FILE *fp, const char *filename)
o2} PyRun_InteractiveLoopFlags () & ©<3lH A H o]~ YUt flagss NULLE A A A A

HE dAs Ut
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 .ps1 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. ZZ EE}Y] int func (void) ¢l S+4E 78] 7| =& A A S = JF5 YT} o] g
t oA QB zYH =EmEs} RF AH L H T HE dol A SR AL A En g 52
Atk vk 32 FAIFH UL o] F2 A A sk 22 spol M & I E S Modules/_tkinter.c
oA st ZAAH JE|ZEH Y ZFZEE T2 oW E F 29 5§35+t A2 & dFUth

% 1)

~

[

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

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

Z 2 EEY] char *func(FILE *stdin, FILE *stdout, char *prompt) ¢ &£ 7l8)7|%
5 ARSI, JAEZHY ZEZEA DY I ES et ASH= 72 5 4B S 5
A5 Ut o] g NuLLe] ol AL promprs €8I U2 Alvd 2F 48 Lo 48 =2
ol A3 AL S v Aot Zlthg Utk ol £0], readline REL o] F& At &

AR A & &4 7152 AFFUh

A3}E= pyMem RawMalloc () ©|U PyMem RawRealloc () &2 S FH FAFE o] AU, o & 7} A 8l
© ¥ NULLo] o] oF F ).

WA 34004 HA: A= PyMem Malloc ()oY PyMem_Realloc ()2 2 S H3lE oAl
PyMem_RawMalloc () ©]Y PyMem RawRealloc () & & g3l oF gk}

¥ 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. ©}# PyRun_StringFlags ()9 @&<3}H g d oAUt o] AL flags
ENULLE AAd AHZ dAS U
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompilerFlags
*flags)
Return value: New reference. flagsZ A A H AL e S 15 AFR319 globals¥} locals A Z A A H
AERE A strof| A shol M Aax FEF APt globals= YA g o] of of Tt} locals= 7H =3
ZREZS FHGERE AA N D 5 JdFULh M A sans A2 FES FE BASE U AMR
SoF ot A E2e AR BT
FEE AP AH/E told A2 wkgkst A, o 9] 7} A 5 NULL-S WHE Y T
PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}&] PyRun_FileExFlags ()2 ©W<3tH Qg H o]~ Y YT} cdoseitS 0
O 2, flagsE NULLE A H e 2 dAFUTH
PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int closeit)
Return value: New reference. ©}8)| PyRun_FileExFlags ()2 ©<std Qg o]~ 4 Yt} flagsE NULL
24449 JHz AT UL
PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)

Return value: New reference. ©}& PyRun_FileExFlags ()2 ©<3tH Qg F o]~ Y YTt closeits 0
o= A48 ez GAF T
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PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int
closeit, PyCompilerFlags *flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from fp
instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem encoding
and error handler. If closeit is true, the file is closed before PyRun_FileExFIlags () returns.

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

Return value: New reference. Part of the Stable ABL. ©}8) Py_CompileStringFlags () 2] @<3lH A H
o]~ YUt flagsE NULLE A FHE AElZ FA T}

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Return value: New reference. ©}#| Py _CompileStringExFlags () 9 ©@<3ld Qg o]~}
optimizeS -12 AR E JE 2 §-X 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.

R4 optimizets B L2l A5 £ 22 AFFUTE 1 G -0 FHOE £ AAY A zel
o HA3 S AP h BAA 4%% 0 (A3} fl; __debug__7F3h), 1 (1A A o] Al A5 1L
__debug_ 7t AR Ee 2 (F2EHEAAFGYH dYth
Added in version 3.4.

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. o] A& F & AR} A W4 W 29 Hapwlk 9l
PyEval_FEvalCodeEx ()9 T34 Qg H o)A Ytt th2 QA= NULLE 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. =o)X F 712 93 EA S Ao A, v|g] AydEH Z &
AAE F7HUrch o] &3 2 A W gAY e, A1 #©49 Hﬁé A, A7) wi G, 71 =9}
7183k 719 E A8 AR 712g gl L A 24 FER FAE Y

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Return value: New reference. Part of the Stable ABL. A3 Z & JS F7lstUt} o] d vidxe s34 S
3%}, PyEval_EvalFrameEx ()2 ©@<3td Qg o]~ gyt

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwﬂag)

Return value: New reference. Part of the Stable ABL. o] 212 Slo] A QA Z 2| E Q] W Ql, FLu]X] ¢k sk
YLiTh A% 279 /o) AT T= AA7L 29N oo meh o= TES 4k 558
A eh F 7} throwflag v 7 \_‘r = WA Z FAZ 5 ST - FolH, 97 SA Bt = =

ek Al el e 8 A7) throw () vl Ze) AHgH Uk

A 34004 A7 o] e oAl A A9 & =88] MBI A AAEA AJASFET =92 a HH I
oJ g 2
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int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
ol e FA Bt ZAdY SHIE WAL, 4Fetd Fe, Aol AXlS WU
int Py_eval_input
A28 BAAL 918 shol A £ A 75 py_Compilestring ()7 B2 A& FU T
int Py_file_input
SOl HE ol g2 240 e
W7 AHEFUTE A2 7] sl A £ TEE A
int Py_single_input
S FF= AT spold R A #7155 Py CompileString ()3 @A AR Th thah4] A H
22 Fxo] AL8H = /1YY Tk
struct PyCompilerFlags
o)7L Ao Le B 1E T ol A8 PRAYYG DA AAAR W e A ine
flagsi AGE 3, =71 AT = A9 PyCompilerFlags *flags® AEH Yt} o] A%, from
__future__ importE flagsE AT = S5 Y}

Whenever PyCompilerFlags *flagsis NULL, cf_flags is treated as equal to 0, and any modification
dueto from _ future_  import is discarded.

int cf_flags
Aodd .
int cf_feature_version
of _feature_version-> F- to] W ¥} A Y Ut} PY_MINOR_VERSIONS & % 7|3}5] o] oF gt}
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
WA 3.8 MA: of feature_version BE=E F7F 5 U T
int CO_FUTURE_DIVISION

flagsoll A o] R]EE A A 31 PEP 2389 w}} Ui=7] A Az} /& “A 4 U= 7] (true division)” 2 )] A] =
=% ok
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The functions and macros in this section are used for managing reference counts of Python objects.
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.

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

Use the Py SET REFCNT () function to set an object reference count.
WA 3.1090 A A : Py_REFCNT () is changed to the inline static function.
W A 3.119]| 4] ¥ 7 : The parameter type is no longer const PyObject*.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

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

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

When done using the object, release it by calling Py_ DECREF ().
The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XTNCREF ().
Do not expect this function to actually modify o in any way. For at least some objects, this function has no effect.

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

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

For example:

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

can be written as:

[self7>attr = Py_NewRef (obj) ; ]

See also Py ITNCREF ().
Added in version 3.10.
PyObject *Py_XNewRe£ (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.

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.

7ZJ 3.: 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.

T
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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.

Itis a good idea to use this macro whenever releasing a reference to an object that might be traversed during garbage
collection.

W A 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 ABI. Indicate taking a new strong reference to object o. A function version of Py_ XTNCREF ().
It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *0)

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

Py_SETREF (dst, src)

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

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

Py_DECREF (dst) ;
dst = src;

The safe way is:

[Py_SETREF(dst, src);

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

Added in version 3.6.

WA 3.12 4] ¥ 7 : The macro arguments are now only evaluated once. If an argument has side effects, these
are no longer duplicated.

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

Added in version 3.6.

WA 3.129 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 D

ofl 2] A 2]

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).

TFAARSR, o] FAIZ]& Al 7HA AA 2AE 2 AP Ut o] &, o9 3t 2 Ed o] A o] gl
JQHCS”ﬂﬂﬂ%ﬁﬁNMLﬂ%¢&VwﬁﬂﬂﬂJ“HZﬁ%lﬂﬂﬂﬂﬁﬂq =
3 o] NULLo] W NULL©] o} Ed o] AW S 717 4= gl ).

528 U3 Bt ddtel Dok Aok, Auslow ol 78 Et
Gk ol ] AR el A2l 8w 98 A5 A W R E e n¢hd A2 B AR
Weh g Aol e % e o & Aol Ysitk; o2l & A2 @ 7S A gere ) A0 A8 A
Qoo Fuick. o H 2 Q18] WEsE, TEANA ol el 7t HAH G L Felt Aol FLFU S
H 2314 AL A5 57 HFSEA) SO |, shol /C APIY] the 7k BEo] o =@ h = A58 o 4

gov &5 gt o R A 4 g,

(

#31: ol # EA7) & sys.exc_info () ¢ A7k obduith At ok ZAE A ¢k (meba] o A3 Azt
Z Q) oS0l Pt e, FAs 49 F (@b A F0E) o9 S nagy

5.1 A} #]-%-7]

void PyErr_Clear ()
Part of the Stable ABL ol 2] A 7] & A3 Ut g A 7]7F A= of A dod a7 syt
void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABl. & E o]~ & sys.stderrE QI23l1 o8] BAI 7] & ] Ut o7t
SystemExit 7} o} 8F o] Aol Eo]Aamlo] QI E X 911 ulo] M L FE M AL SystemExit
AAE 2o o3| A QA o8 ZE=2 FEHUTH
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AN} TA 717 AAD Aol mes o] F4E BHFYAL. TR B0 W AP o7 TG

pat

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_valueand sys.last_traceback
are also set to the type, value and traceback of this exception, respectively.

H A 3.120]| A ¥ 7 : The setting of sys.last_exc was added.
void PyErr_ Print ()
Part of the Stable ABL. PyErr_PrintEx (1) 2] 4.
void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & 2] o] 2] 2} obj A A}E AF-23}9] sys.unraisablehook () & T& 3}

This utility function prints a warning message to sys.stderr when an exception has been set but it is impos-
sible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs in an
__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 0bj is NULL, only the traceback is
printed.

ol FLETETuf & A o] ofoF T h
W A 3.49]| 4] ¥ 7 : Print a traceback. Print only traceback if obj is NULL.
B A 3.80| A ¥ 7 : Use sys.unraisablehook ().

void PyErr_ DisplayException (PyObject *exc)
Part of the Stable ABI since version 3.12. Print the standard traceback display of exc to sys . stderr, including
chained exceptions and notes.

Added in version 3.12.

5.2 o 2] WY A]7]7]

ol s AA 29 oY FAIZIE AASHE U Ego] gUTh AYE A, oy T F IR
FAF return Eo| A AFS S NULL EZ QB E wk3kghy o}

rlr

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 'ut£-8"'.

void PyErr_SetObject (PyObject *type, PyObject *value)

Part of the Stable ABL. ©] 3+ PyErr_SetString () T} fr AR gk, o 9] €] “gh7of] ts)] 1] 9] s}o]
A ANE ARG+ AFUth

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABI. o] <= of| 2] E A 7] £ 4 A3 NULLS WHEhgy o).
exception-> ko] R o] 9] Fefj 20 of T}, formardt F5 v ) WA= o 2] WAIA S 2= ] =&
ol HUth; PyUnicode FromFormat () oA e 22 o] w9} gh= 7"\ YUth. formar-S ASCII Q1 75 &
gA9 0,
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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} Z2A| %}, 71 7|
0] 1Ak Al va_list Ax4E A gITh
Added in version 3.5.

void PyErr_SetNone (PyObject *type)
Part of the Stable ABI. 0] 212 PyErr_SetObject (type, Py_None)d &9 Zd Itk

int PyErr_BadArgument ()
Part of the Stable ABIL. ©] 2]
th, o 7| Al message= 5

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. ©] 22 PyErr_SetNone (PyExc_MemoryError)
o £ 2 UG; NULLS W& A AA @F FeE RV 5T 0 return
PyErr_NoMemory () ; Bt2l & 4 15U T

L PyErr_SetString (PyExc_TypeError, message)d =
9 A2 W ditol 2FH A YErE YT 22 R & dh

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. Similar to 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 ()&} FAFSIA W, F 7Y FdH S Hot= &
F7F AN o ol S A7) 7] Al F AR SRy AR E F T
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 GetLastError (), then it constructs a OSError object with the winerror attribute set to the error code,
the strerror attribute set to the corresponding error message (gotten from FormatMessage () ), and then
calls PyErr_SetObject (PyExc_OSError, object). This function always returns NULL.

1A A=
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.

5.2. o) &) WA x]7]7] 55



The Python/C API, ¥ &) 3.12.4

PyErr SetFromWindowsErr () & A ™, SAYA D o9 ¥ XASE= F7F w7 H47}

PRASIN

7HeA A=

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 . fsdecode () ) and passed to the constructor of OSError as a third parame-
ter to be used to define the £i lename attribute of the exception instance.

7H83 AR
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 £1 1ename attribute of the exception
instance.

7HeA A=

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

*filename, PyObject *filename?2)

Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetExcFromWindowsErrWithFilenameObject ()9 FAFSIA T, F WA 3pd
AE Wwobs YUt
7184 A=,
Added in version 3.4.

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErrWithFilename ()} FAFSHH, TAA L o FL AAFdE= 3
7h o) 47k U e
7184 A=,

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

Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportErrorS WA A 7]E& #HY

AU Th msge= ol 9] 9] WA A EAL R AP Ut S thNULLO| @ 5 Sl<5, name} pathi= 247}
ImportError?| name¥} path JJEZ|HEZ APt}

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 () < u]$
A28} A vk, o] Shr= WA A TmportError] AH S8 A FE 4 5T

Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

A o 2 °ﬂ tf st 5} 4 (file), = (line) ¥ 2 Z Al (offset) FEHE DAYt EA o2 7} syntaxError
Zhot W, 7] ERREE A A5, olg] A4f sk Ala'lo] €] 7} SyntaxErroretal A ZHeHA
o,

Added in version 3.4.
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void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

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

Added in version 3.2.

void PyErr_ SyntaxLocation (const char *filename, int lineno)

Part of the Stable ABI. Like PyErr_SyntaxLocationEx (), butthe col_offset parameter is omitted.
void PyErr_BadInternalCall ()

Part of the Stable ABL. ©] A2 PyErr_SetString (PyExc_SystemError, message)d U ZTAY
Ut} o 7] A message= W5 ALF(C & S0] 3Fo]K/C APL &) o] AR QAR 355 &S e

Yk iR g e

5.3 3 i3 sto

o] & AFE Sl C ZEoA FE TAFUAI L. 3to] M warnings EEolA YR W {FAS ?3 =
Tk AuLA 0 2 syssiderrol] 1 WA A S AT TH 2Lk, A AL AT E 2] 2 ABTHE S
AW e = Qe o] A9 L7 igtynt B FX ] A2 Qe o] et ol o & LAY A 71 = A=
7Feuh ol e 7 2 shA] oF o nkgh %k—% o]z, of ] 7} LA -1 d Ut (B WA A7 A =
A5 =41} 691 ) o] §-2 AT 5 Gt o AL =AY L) |9l 7h BT, T2 AL FAA)
ol 9] A2l FAoF T TH (S Bol, 253 2 F py prcrer ()31 ol gEe ABTh,
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 73 11 WA X & 23 Ut} category QA A= A1 HE(o}g & FRIAAAI L)Y
NULL ] U T}; message Q1A= UTF-8 & A ZHH Ex1d9 J Y th stack_level > 280 =8 & A|&35=
Utk e A8 =g dox AR A F F& Zof|A] A7 FA I T} stack_levelo] 1 0] W
PyErr Warnkx ()5 $&3+= 4,2+ 1 99 &4, 55
A1 WFEE PyExc_Warning®] A B Z@2o]oF Yt} PyExc_ Warnlngt PyExc_Exception
o B ZFHPAYYLE 712 A3 HSF = PyExc_RuntimeWarningJUth EF Jlo|d A HEE
ojFol xE AT ol A" A ez AFH U
73 3L A o] o] T gk A}A| 3 141%—8,W<‘:1rr1in<_:15 EEAYASHEE = AEAAA -w s S FEAI L.
A3 Ao E 93 C API= g5 YT
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)

Part 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 of the Stable ABL. PyErr WarnEx () 2 A3 SR 2, PyUnicode FromFormat ()< AF&3}o]
T YA RS ZRE YT} formare ASCI Q1 T H 21 ¢ th

Added in version 3.2.
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int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format

s er)

Part of the Stable ABI since version 3.6. Function similar to PyErr_WarnFormat (), but category is

ResourceWarning and it passes source to warnings.WarningMessage.

Added in version 3.6.

5.4 o2 47| 23]38}7]

PyObject *PyErr_Occurred ()

Return value: Borrowed reference. Part of the Stable ABL

Test whether the error indicator is set.

If set,

return the exception fype (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.

&A= GIL& 23l of Fu

3
A
ME ZHAD 5 lojA Hlas Asistr] dsuth)

of| 2] 9} vl W B} A] vpH Al L Al PyErr ExceptionMatches () S ARG A

1. (Ze 2 o9l o] A5 o 97k Fef 2 ThAl AR 0] ALk, o F ot ol 9] 9]

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc)$ &%

o} ol 9] 7 AA 2 A 2 Wi e T2 oF Tyt o 2] 7F D SHA] eF gk o™ w 2] A

S

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL given o 2] 7} exc®] o 2] 3} 4 X 5tA S ¥t} exc”}
giveno] A B ZFef20] QA AY w % Fs HAFUTH exc7t FEolH, FEoll S+
(LI AME FEEAAZLR)S XS A8 AU

PyObject *PyErr_GetRaisedException (void)

(T, o

°|

S AA o™,

T EE 9 ¥

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);

}

o B

PyErr GetHandledException (), to save the exception currently being handled.
Added in version 3.12.
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void PyErr_SetRaisedException (PyObject *exc)
Part of the Stable ABI since version 3.12. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

7 11: 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. W7 3.125-¥] 9| X| & : Use PyErr_GetRaisedException () instead.
F47) A2 A ) W42 o2l EXN )& AW ol £A717F 49 A sksow, Al W

=

=
B NULLE AT AR ow, AL AW 2 Aol the B2 E ol o] £FFITh
gk 2 e o] AA L § AR 18 A) 4 W= NULLY & 9%

Z31: 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. W 3.125-¥] 9| X| & : Use PyErr SetRaisedException () instead.

Set the error indicator from the three objects, fype, 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.)

Z31:  This function is normally only used by legacy code that needs to save and restore the error indicator
temporarily. Use PyErr_Fetch () to save the current error indicator.

void PyErr_ NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL. ¥ A 3.12 5 €] 9| X|H : Use PyErr_ GetRaisedException () instead, to avoid any
possible de-normalization.

=7 4RI M, okele] pyirr retch () 7hNHESHE e ) AFEHH AL F A
Se) o A o A5k rvale g Fohse] AAHAT of T o] F o] A% 2 -
3 ol A8 T 5 5ot gtol olul iakE ol Yo, ok AE AojuA) Ptk AAD
Ao A B Sls AP,
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Z+31: 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)

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

ZF31: 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)

Fart 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.

ZF31: 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().

. o] T dNHo R o g At ZEAA AMSEHA Gtk 238, ZET} 9
9 FEHE YA E AZsta HddoF & ) AHEE - AdsUth ol AHE SHAY A-HE
PyErr_SetExcInfo () S ARSI Al 2.

Added in version 3.3.

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

FPart 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 ().

b
o

A o] Fes dWtHo® oo E HEste s ZEA AHEHA syt 232, Z=
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Aols) GHE QAT AT BANol T A4S 5 A5UTh o9 AHE Ao
PyErr_GetExcInfo ()& AF&3IA4 Al L.

Added in version 3.3.

WA 3.119 A W7 : The type and t raceback arguments are no longer used and can be NULL. The inter-
preter now derives them from the exception instance (the value argument). The function still steals references
of all three arguments.

5.5 Al A zst7]

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

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

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

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

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

ZF31: The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_SetInterrupt ()

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

ZF31: This function is async-signal-safe. It can be called without the GIL 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_DFLor signal.SIG_IGN), it will be
ignored.

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

ZF31: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.
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Added in version 3.10.

int PySignal_SetWakeupFd (int fd)
o] $BYE T4t A1do] 4D Wbk A 1d MBI B vl EE /S5 & 3 N EAE
ARG fde v] Bz 7 olofof FUth o] A9 3 /&A1 BTk
* -1 Tse ]%”ﬂﬂb}i} o] Zlo] 7] ”EH"‘LJDP. o] A ol W signal.
set_wakeup_fd () 9 S5 3A B, ol 8] WA YEUE fdt KRS 3 A eatolok Gtk @
S Q) 2E o] A% 5 2 o oF Tk,

WA 35004 A A=A, Fee oA 2A WS ALF U

5.6 <jlo] F

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL ©] F 2 2] 34+ A of|2] FeHiaE s vk
Ut} name A A= A o219 o] 2, module.classname 412l C XY o]o]oF S th. base} dict
o1 xt= dHtx o 2 NULLY Yth o] 27 3 Exception(Coll A PyExc_Exceptiono @ AN AT

S Q&Uthel A st 8 2e 2 AR} wEol Ak,

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. A| 28 of| 2] Zej2o] S2EZYS PGA o4+ dr}
= AL AYSHE PyErr NewException ()3 2% UTh: doco] NULLO] 0]—14 , o] el Ok
soegew AgRyo

Added in version 3.2.

5.7 ol 2] A

PyObject *PyException_GetTraceback (PyObject *ex)

Return value: New reference. Part of the Stable ABI. 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 ¢ 2] 9} A& H Ed o] AM S phE A Q) A2 HPy_Noned AHRBHA A 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 oj|2] 9} A#H AAAEE o2 A AT Th ]—?—Eﬂ]EﬂNUL
Zhols) 9128217 SeIBHE & DA stk ol A2 axel B
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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.

void PyException_SetArgs (PyObject *ex, PyObject *args)
Fart 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.

58 FUIE ol g A A

02 e ColA FUFRE o9& e 45k ol AHSF Ut
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. Part of the Stable ABL. encoding, object, length, start, end 2 reason 9 E €] HEE
A3} UnicodeDecodeError AA|E Tt5 YTl encoding® reason2 UTF-8 2 Q1 FZ QP H E 214 <)
Y.
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 520] R of| 2] A A 2] encoding o] E 8| H-EE ¥k}
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 520] R ol 2] 21| 9] object o] E 2] R EE WIS o).

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
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int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABIL. F=0] X1 of| 2] A A 9] start ) E B HEE 7} 2FA] *startol] ¥l X] ] t}. start= NULL
o] ohu]olof Rtk 4B 5HE 0L, A shu -1 vk,

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)
Part of the Stable ABIL. 20X ol 2] A A 9] start N E B HEE start 2 DA YT AF5HH 0, Aojstd
12 Mg o

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. 0] 71 o] 2] AR ] end o] E B8] HEE 7FA 244 *endol] v X 3F U T}. end+= NULL O]
oFu] ol ok gtk A4F3H 02, A5 ~12 Wagch

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. S0 R o] 2] AA| 9] end ) E B HEE end2 DAYt} A3}
18 o

1=
(@]
z
>
)
o
12

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z£0] X1 o]l &] A 2] reason o] E 2] H E & wi3kgh o},

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 ABL. F0] R of| 2] A A 9] reason X E B HEE reason & 4 A t}t. HAF5HHE 02,
Asiste -12 wEg o

5.9 77 A o]

o F G 510l 9 34 2 E ol N C 4 EoA AT A
FEZMEA Shold BEE TEA Gt A7 8T Ghold ZEL A dolg 4502 FAYY
h. &= Z2EZ o] A X% 2 & A g st7] 2ol p_call FHA = B LA A5yt
int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. | 2 C & &) & 435 & 11 3= A HS AT}
If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using PyOS_CheckStack ().
If this is the case, it sets a MemoryError and returns a nonzero value.
I8 o g A Algkel] =23 A AUt o] 3%, RecursionError7F AR E 3100] ofd
grol viskg Ut 192 ko, 0°l Llxia=RBk=
where'= A7) Z o] A3t & Q 8t RecursionError WA A]of] o]o]E YU " in instance check"2}t
22 UTF-8 1338 #Ad o] o oF i th.
B8] A 3.90]| 4] ¥ 7 : This function is now also available in the limited API.
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void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py _EnterRecursiveCall() < % 8 %1 th
Py_FEnterRecursiveCall () 9 Zt A& 2 T Z&ult} ok H A 5 &5 o] oF gr}.
WA 3904 H
Aol 3l tp repr& EnlaA LE e W 5 A Z%ﬂﬂé

SO, tp_repre L YA S5 AAE F A3 oF Feh g T F
AP, o] 52 reprlib.recursive_repr () o e+ C 55 & ?31/]1;].‘

7 : This function is now also available in the limited API.

.

2
=°l 7%

int Py_ReprEnter (PyObject *object)

Part of the Stable ABL. =38 7FX]317] 913l tp_repr 738 Al& Al & YL

AA 7} olu] AglE o, g4 Fo A4S uEdd Yt o] A tp_repr FEL =8-S YERY =
TAE AAE vk of Ut oA & S0, dict AA = (...} E WAL list AA=[...1 8
vkekehy o}

A7 Ao 2l 4= 29 A4S wsgd Ut o] A9 tp_repr +HL YHEA © 7 NULLS
1L }3) of g ok

234 gow, P02 N

o, ¥ T 513 tp_repr +HE AAACZ ALSEH 4 AH5 YT
void Py_ReprLeave (PyObject *object)

Part of the Stable ABL. Py_ReprEnter ()&
WA 5 Z6f of i th

FE2FYth 08 W3el= Py _ReprEnter () &0t}

510 T3 9 9]

All standard Python exceptions are available as global variables whose names are PyExc__ followed by the Python ex-
ception name. These have the type PyOb ject*; they are all class objects. For completeness, here are all the variables:

Col= zho] A o] & ==
PyExc_BaseException BaseException 1
PyExc_Exception Exception Page 66, 1
PyExc_ArithmeticError ArithmeticError Bage66
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedEr ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedEr ConnectionRefusedError
PyExc_ConnectionResetErro 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

e STel A A%
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% 1- oA ol Aol A A%

Col= sho] M o] 2 S
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError RRES 1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError 1
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsynclteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodekEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErr UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

Added in version 3.3: PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError 9
PyExc_TimeoutError+ PEP 3151 wa} =& A5 Yt}

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

22 pyExc_OSErrorol thst 534 ¥4 JdYrch:

Col=

PyExc_EnvironmentError
PyExc_TIOError
PyExc_WindowsError

br
[

[

PolRe the BE ool vt wo]x Fefaduth
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WA 33004 WA ole L

EE:

e

Eo] o Folls

U,

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

Col= sho] A o] & =5
PyExc_Warning Warning g
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.:
2 Az 2o Folg Utk A A2l 7] M| 22 Ms_WINDOWS 7} A o H Q&R Bl AESLo] o] & AR EE ZEE HE A L.
3olAL e BE A W Fo vloja ZH gt
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6.1 & A A -+l E

PyObject *PyOS_FSPath (PyObject *path)

Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the 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 aslong asitisa 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 '2?2?2"'.

This function must not be called before Python is initialized.

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ =3 Ao Y A E =45 =

T fork ) U A Z2AAE BASE fARE 48 S2317] Aol &8 ok Ptk fork () 7
o) E A ' o A uk AFE 715 Fy T

ARL: Cfork() BEL (V] QI = E9)) ] Q7 e me gk o] £o] A of FuTh.
PyOS_BeforeFork () =

Added in version 3.7.
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void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M|~ 3 & ;.l—‘:} Y5 AFe] & 78 Al 5
S A BAZE A FHEAS AR, fork O Y AA Z2A LS &
SEN T R ZZAN2A EEF o F UL fork ( 7]— Ao H A AH o X gk AR 7153

A Cfork() 3&FL (W] ” AAE ZelEle]) v 1" Aw =o ARk o] o) A of Ttk
PyOS_AfterFork_Parent () & U}E7FA] Y4 U th

Added in version 3.7.

void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. T2 M| 2~ _—TL_E S YR g =g A=
AATE T4 fork () AA ZEAAE BASHE G F4E 520 ¥, Z2AAT} Tl
A= HE v Ezﬂ 7he/d ol o ApA Z 2 A Ao A :‘ZE"H oF ¥yttt fork()7FE A
PAPN- 28 PSR- IpAR- I RS RS E o

Zil: C fork() T&2 (‘v 17 QB Z 2] B]9]) “vf| 17 2 =of A gk o] £ o] A of gt
PyOS_AfterFork_Child () & u}z7FA Yot

Added in version 3.7.
o ®B7]:

=

os.register_at_fork ()= ]— ]—L PyOS_BeforeFork (), PyOS_AfterFork_Parent () ‘;—l

PyOS_AfterFork Child()oA S&E AL&X AL slo]H d4+E 5= & 4+ 54t}

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). Z2A 2 23 & A1 YR Je) & FAle= T sfol#
4

AHZE B 7} AS AS AT 28 T2 A| 20X S E5 of of Pyt A A3 s o] A 2 A 20
Erqd, ol FrESET A7 glsUTh
WA 3 7HE HRF: o] 4= pyos AfterFork Child()E thAE Q5

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 ABI.
PyOS_sighandler_t PyOS_getsig (inti)

Part of the Stable ABIL. 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 A; 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)
Part of the Stable ABI since version 3.7.
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- U This function should not be called directly: wuse 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 _PreTnitialize () function.

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

MZ G 2ol B X} (wide character) wAFE ol tf st A HE ¥ Ut W R E A
PyMem_RawFree () S ARSI Al L. size 7FNULLO] o} U, d E XS A2 8F o] & BX 45 *size

o 71 Zg .

g3y oy w2 e & o 8] A] NULL-S RFHE U T size7} NULL O] of YW, W2 8] o ] A] *size
7} (size_t)-12 AAFHI, YA ol A (size_t)-22 AHH YT

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

Cﬂﬂﬂﬂﬂﬂﬂlﬂm_uﬂi%ﬂﬂﬂ%ﬁﬂﬂ%4%@%%

EAL S utolEL R thA QR Y W Py _EncodeLocale () B5E AL A L.

o 17

PyUnicode_DecodeFSDefaultAndSize ()&} PyUnicode_DecodeLocaleAndSize () &4
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.

W A 3.80] A XA : The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy_windows_fs_encoding is zero;

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

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+DC80..U+DCFF are
converted to bytes 0x80..0xFF.

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

error_pos 7} NULL©| o} ¥, *error_post= AF A (size_t)-12 AAFH 1, A7 Y of| 2] A] 2 35}A]
RS A e Az A FH YT

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

Hlo]|EX L 9ol = BEx} BExd 2 tA] I Y38 W Py Decodelocale () S48 AL 2.

7431 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.

o 17
PyUnicode_EncodeFSDefault ()E}PyUnlcode EncodeLocale () 5‘;
Added in version 3.5.

6.1.

g AA e e 71

Mo



The Python/C API, ¥ &) 3.12.4

WA 3.79)| A ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

W A 3894 W 7A: The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy_windows_fs_encoding is zero.

S
6.2 A 29 g
sys REY] 71%% C LEC A A2 T 4 97 s R E FEPuTh BE U5 s = A FEA
=3E A dE =z 2= sys ZE2 g F o gyt
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL. sys EE oA A A names ¥F33FA L, &4 5HA
o o9 S A sA ¢kal NULLS RE g T
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL. v7} NULL®] o} 3t sys 259 names vE 27 Y th NULLO|H name-2 sys
EEo A ARl Uth 4F8HE 0, ol 8 Al -12 WkSkehyTh
void PySys_ResetWarnOptions ()
Part of the Stable ABL. sys.warnoptionsE& ¥l g|2EZ A AATYT} o] &= pry Initialize()
ojdo =&+ A5 Uth
void PySys_AddWarnOption (const wchar_t *s)
Fart of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.
sE sys.warnoptionso] 7}t A3 BH g AE| JFE FHH Py Initialize () o] H
ol & T &3 oF Fuith
HA311EE H A=,
void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.
unicodeS sys.warnoptionsol &7}y th
Fa: o 4= @A CPython +3 & FolA AEF 5 ¢l
Py _Initialize()o|A warningsE FA|Z o2 AZE 517] Ao 5
AE V5S35 5+ s v deddo] 83 271357 doll= 258 7 W&t

WA 31158 A F.

_14

void PySys_SetPath (const wchar_t *path)

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

sys.pathE SHF AN A2 FEAH(FHENAM = 1, A=A ) B FEY FE gEook

S parhol A e Azl BlaE AAw AR

WA 3117 E F 2 4.
void PySys_WriteStdout (const char *format, ...)

Part of the Stable ABL formatC. 2 7)€% = &8 A4S sys.stdoutol] 7|3t} &g o] WA 3}
ek o9 BASA el BRI L),
= =

formare- ENE £ AL F 2718 10008h0] = o] 32 A9 of Fi k- 10008ke] = o] o] =,
22 2Ado] U 53], 0| AL FA 8 %s” ERo] Slol AL L ol Th “%.N>s"E
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=

A ghsl oF Ut} o 7] A <N>2 <N>of tf 2 29l E dAE Q] o 37]& ¢ & ul] 100041}9]
FET A4E AASYUTH ER %P E FIAAN L, o}F 2 FAE £ 2] &

-

P
:L]_EL
o
>~

7F A8 A sys . stdout 7t A F o] QLA ko, U H v A A= A A (C FF) stdoutol] 7] =

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. PySys_WriteStdout () 22X 9 thAl sys.stderr o]t stderrol 1]t}
void PySys_FormatStdout (const char *format, ...)

Part of the Stable ABL PySys_WriteStdout() & F AF 8k Sk 4 o] 2 7, H Al A &
PyUnicode FromFormaty ()& A&kl sk v A A& Qele] Aol z Ap=A) gk,

Added in version 3.2.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout () Z X2, Al sys.stderr o]} stderrol %1t}
Added in version 3.2.

void PySys_AddXOption (const wchar_t *s)

Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.
xoptions should be used instead, see Python Initialization Configuration.

sE X FA JYPO R FF FHFIL PySys GetXOptions () 7FRHESHE @A 54 v ol 74
th o] @ Py _Initialize () o] £E& F d5UTh
Added in version 3.2.
WA 3115 29,
PyObject *PySys_GetXOptions ()

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys ._xoptions2} -FAFSHA, —X
A9 @A g E vy o2 7} A ek, NuLL o] ¥hEkE 11 of| 9] 7} A A ok

Added in version 3.2.

int PySys_Audit (const char *event, const char *format, ...)
BESH TOR A} ol MIES WA HUTE AT A 02 sk ) A o9 S A 3te] 00] ofy
e Hhehehy ok

S o] F7tE Ao, formar 7] EF A
Py_BuildValue () oA AH&H A3 2
Ud, &g 84 FZol F7HE Yt (W =W

Note that # format characters should always be treated as Py_ssize_ t, regardless of whether
PY SSIZE_T CLEAN was defined.

sys.audit ()2 Fo|H Z =8} F L3 755 P T
Added in version 3.8.

WA 3.8.20] 4 ¥ 7 : Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure. If the

runtime has been initialized, also set an error on failure. Hooks added through this API are called for all interpreters
created by the runtime.
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userData A E = F T2 AP UL & 5= o2 dEdolA 352 = oA, o] ZAHE
stol A e & A H Fxetd ¢t F

o] 4= py Tnitialize() oA & o}
2o ¢2]il Exceptiono X A B Fe/4 A oS 2
ol &= oAl A (silenced) 94551 Th).

The hook function is always called with the GIL held by the Python interpreter that raised the event.

Z AL D3 AP 3 AW 2 PEP 578 F23H41A1 2. o MIE S A7) = HEHI T BF ghol Helel
Pt A ol ME ol as o] gtk A S W E-2 2 B A Aol Ut

A} glo] ZAL oMl E sys.addaudithook= TAYA Y]

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 (). args is
guaranteed to be a Py TupleObject. userData is the argument passed to PySys_AddAuditHook().

Added in version 3.8.

6.3 ZZ A A A o]

void Py_FatalError (const char *message)

Fart 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.

ul(f
o

A

b

59 of

rlr
r |

Py_LIMITED_API {227} F |5 o] YA & 3 py _FatalError () T4
AHE o2 2 8+ M ZEE A g Yt

HA 39004 M7 : g o] FE AT 22 FUh

void Py_Exit (int status)

Part of the Stable ABL. @A) ZZ A 25 ZF3 T} o] AL Py FinalizeEx () S SE3 S BE
gho] B¢ 2] &4 exit (status) & EEHUTH Py _FinalizeEx ()7} ol#l & EAISHH, 35 A E)
12002 A4 gt}

W2 36904 W7: shol d el Al o] Aol A9 ol e] 7} B R Al A ek,

=
S

int Py_AtExit (void (*func)())

Part of the Stable ABL. Py_FinalizeEx ()7} &8 A8 & SFTUL. A T4+ AR gl
TEH T gk WhEEkA grotoR itk H 32709 A2 F4E T5F 5 A5k S50 4F 3t
W, py_AtExit ()£ 0= WUy distd -1& kg y et vpx gt S59 J2 et WA

= Aof sojai o] U F ool d e A o] A o]
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PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABI. This is a wrapper around Py Import_Import () which
takes a const char* as an argument instead of a PyOb ject*.
PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABI. ©] &4 PyImport_ImportModule ()2 H A H
YU h
WA 33004 WA o] 72 e 2EE A2 E a2 Bad A SA ARAJAS U 28
gto] A 3300 =, g WAl o] 29 FH oA & 9 F5o2 A Y7 w2, o] g
S48 542 He dear) vt
PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
Return value: New reference. R ES UYF¥E Ytk YA glolH &4 import_ () EF
A5 E 4 &Yk
W e X E " BEoIUFH A A A MR X, s Al Al o9 7t A" NULLY
Ytk __import__ 9¥ upZ7RA &2, v o] YA 2 fromlist7} A5 A] ¢h= 3, 3 7] A o] Al H R 5 o]
245 %9e w9 15}%%" 2391 371 A Gyt
1=

A= PyImport_ImportModule () A8 443 2E AA S A Agc}

:og

g

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. R ES YFTE Syttt BF
__import__ () @57t o]l 4 E A H &5 W B, W ol 4 _ import_ () E 3
7R AAYE 4 dFUTh

WE G QT W REI AR A A0 B AL A, w5 A o197 2 NULLY
Ut __import_ () & uRZMAE, ¥l o] QUA] -2 fromlist 7} Al-g= A 9= Sk | 7] A 9] A B BRE 0]

2ATRE e TR g A9 AL
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_ImportModulelLevelObject ()&} v
3FA) 2k name S f- U F = A A UTF-8 2 17 HH F2F Yyt

2 33004 | level?] 55 32 e 885 A d5UHh
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABIL. 0] A& S| “AXE =T T8 T E3= 14F 2 H

o] 2Pt (FAIA QL level 02 AH-Eot=H], A dE2EE Sth. @A A9 _ builtins__

°ﬂ Qe __import__ () FFE ZTEFUTLH o= A AA ol BAH YXE S5 AHESte] JdEETL
SEDEEE S

o Bt 94 29 UEEE ASTU,

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABl. 25 -& T}A] 2 & (reload) Ut} ThA| 2 =9 259
ek g e A, Al Al 97 A8 NULL S SR o (o] w) 2B o W E] EA T oh.
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PyObject *PyImport_AddModuleObject (PyObject *name)

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. & °] S | Fel= 2E AAE
1L T} name QA= package.module FAd 4 JdHUth dA ZE gAY &R &5
3, gloed AR BhEo] 28 YAy Adduch Ao Al ool & A quh— NULL-S WHSHgH o}

i o B RES EEAAY JEE oA gtk REol ofd 2E54 ke, W nE
AAE AA UL REES T E O]—E:] W pyImport_ImportModule ()oY 1 WY = 3tUE AL
5}”/\]4— name°ﬂ/ﬂ Hog FHH o] Fo = A H 37 A £ 2 & o|n] SR 3HA] k=thH ThE o] 2] ]
FEUth

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABL. Py Import_AddModuleObject ()£} H]5=3}] gk,
name< FUZE AX thAl UTF-82 Q17 H A9 Yt}

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

Return value: New reference. Part of the Stable ABL. 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 SourceFileLoader otherwise.

The module’s ___file_ attribute will be set to the code object’s co_filename. If applicable, __cached_
will also be set.

o B4 olvl QEE STk BES T RS RES B 2Eshe w3
PyImport_ReloadModule ()& i

T
i)
rlo

H
TR o) AW, o) 6] BE ol A A e A A T2

Fan
=
name®| package .module F412] &

o 45| ol A kg th

PyImport_ExecCodeModuleEx ()@} PyImport_ExecCodeModuleWithPathnames () & %3
Al }\]

-

WA 3.129)| A ¥ 7 : The setting of __cached___and __loader___is deprecated. See ModuleSpec for
alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

Return value: New reference. Part of the Stable ABlL. PyImport_ExecCodeModule () 3} FAFSHA 9, &
AAY _ file. OJEZHEE=NULLO| oty pathname 2. 2 4 A U th,

PyImport_ExecCodeModuleWithPathnames () & ZZR3IHAI AL

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

*cpathname)

Return value: New reference. Part of the Stable ABI since version 3.7. PyImport_ExecCodeModuleEx ()2}
FAFSHA B 285 AA) 9] _ cached_ o]E ] HE = NULLO] oFY A cpathname 2. 2 4 A Ut} A
7}A] J—’F% o] A o] AZEE = AYPUTh

Added in version 3.3.

WA 3.120 A ¥ 7 : Setting ___cached___is deprecated. See ModuleSpec for alternatives.
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PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

Return value: New reference. Part of the Stable ABL. Py Import_ExecCodeModuleObject ()%} +AFs}H
A 2, name, pathname 2 cpathname2 UTF-8 2 Q1 JH EA+E A Ut} pathname?] 7}o] NULLZ A A H
-7 ¥ gkol cpathnamel| X 2kopst=A] Lrofuf el il e

Added in version 3.2.

WA 3.39]4] WA : Uses imp.source_from_cache () in calculating the source path if only the bytecode
path is provided.

H A 3.129]| A ¥ 7 : No longer uses the removed imp module.

long PyImport_GetMagicNumber ()

Part of the Stable ABIL. Ske] % vko] £ 5= 59 (2 . pyc 39) 9] v} ) ¥ 5 (magic number) £ N2
th M2 HF = vlolE T 51A 9] 2L 4ulo]|Eo] g E Qlt] ol ulo| E A 2 25 oF gt of 2
Al -1& vhshehy ot
WA 33004 WA A A] -12 wkska] o)

const char *PyImport_GetMagicTag ()
Part of the Stable ABL. PEP 3147 3 4] 5}o] ¥ ulo|E & 3} o] 29| v} 2 B} 7 Ex}¥ S vkshat o).
sys.implementation.cache_tag¥ Z-& AT S ¢l o] T4 thAl AFL2-3] oF THol] G- 3 A L.

Added in version 3.2.

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABl. 25 #&g|o] AH&EH = d- Y2 (Y sys.
modules) & HFEHgU T} o] A2 QA E Z gl B uith S 5F= A, Aol Fo 4 Al L.

PyObject *PyImport_GetModule (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.8. 0] X o] 502 o|n| X E H BES
Wk th 2 Eo] ol JEZE F A g NULLS WEEEHA| uk of 2= A A 5kA] gk Tth 239

A5 NULLS MBS o e 2 A g
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©] 8} o] 59 = 2 Z 1 & (frozen module) 2 & = 3o}
AFetH 18, RE A XMW 0, 2730l At o2& At -1 vt 227}
B4ed ) d2E A R0 M2 PyImport ImportModule ()& A& A 2. (X4
o] 5ol FYFAHAL — o] = BEC] olv] YXE HYS w A EEFT})
Added in version 3.3.
WA 34004 HA: __file OEPRE+ U+ EEo AARHA gs5UTH

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABI. PyImport_ImportFrozenModuleObject ()2} B]523FA 2 nameS f-U I &
AA A UTF-82 A FZJH EAF Yt}
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struct _frozen

o] AL freeze FEH B E| (Fo]| MW 2~ |EZ 2 Tools/freeze/E FRJFAAN )7 AANI ZZ2Z2 L E
a3 gy E A 724 3 F dUth Include/import.holl Y= B = ohxd 25Uttt

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

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

const struct _frozen *PyImport_FrozenModules

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

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

Part of the Stable ABL 7] &9 U *& E’.% HolEo & REL 271Utk oA L
PyImport_ExtendInittab ()& A= A s 5, Blo]ES 348 4 glod -1S uk3t
FUth A 252 nameo) et ol 522 A2 E F F )0 H, initfunc FFE A5 AIET Y2 ENA
TEHE 273 R AU Py Inltlallze () ol &3 oF &t

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 _inittab *newtab)

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

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

6.5 tlo| &l n}ar | ¢

©|¢)% $H L C FE b marshal BET 2E dlol 8 F412 485l ALsE AN Y T 45 AES
SHUT sk B4 0% oo B S 2 B9t tlo] Bl ThA] 2 ol AR T 5 9 27k Bt s
ule 9 ool B8 A 4she ol A-8H £ L dlolve] BEE dojop g

57 ghe 239 vhol =71 WA A3 ek,

EE2F 7}x] H A 9] ] o] ¥

o] P4 ADFYUTEH: B - 02 JAA A WAolal, A 12 oAt o
uhaFe & Q| (intern) H EAIE S FH UL WA 2E B 5 24 A g3l vlel v ] A4S AT
Ut} Py_MARSHAL_VERSION-2 A 3 & 4]& Yepd Ut (A 2).
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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)
stol A AA| values file2 vHFIFU T versione 31 @ A& VERY U T
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. UFFH value %3S Z 33 vlol|E Y AR E vt} versionS 3tY
342 ey o,
e B8 S nhEE e Thal 92 5 dSUTh
long PyMarshal_ReadLongFromFile (FILE *file)

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

of & Al, 423 of|&] (EOFError) & At -15 W&
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, A2 o) 9] (EOFError) & AR 8kl -1 WY o
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
of & A], 2 A3l 9| Q] (EOFError, ValueError & TypeError) S A A 117 NULLS W& T}

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.

of & A], 2 A3l o Q] (EOFError, ValueError =+ TypeError) S A A 8117 NULLS W& T}

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data”} 7}2] 7]+ len M} 0| EE EZ33}+= vlo|E B3 2] Ho|E] 2E A
shol#l A & wakgh o).

o & A], A A3l o Q] (EOFError, ValueError ¥ TypeError) S A A St NULLS WHEghU o)

6.6 QA TE LA G 75

F A HAEE THE o {8 Th 71 B B9} of| Al = extending-index o] 915 U th

3}
1
sl 3t = A2 A /N9 PyArg ParseTuple (), PyArg _ParseTupleAndKeywords () U
= BE oA QlR}bol| B3 AV S o) g o AR E = =W A D (format strings)
LEW BALL o2 2 G0l ool 22 WS AS T
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ZW 2AL L2070 o] ] “ W 9] (format units)” = A F Ut LW T = Shute ol AAE A
Uth dibd o e od FA 232 {59 29 o AldadUnh 2 7R 9 S AlLeta, e w4

o v gk, kg A oA, <l
9 9919 DX 5= shol A AA Fueh

SR EE R

o2 % EWE AR A% A B2 A2z A o] AA2 T4 AHUTh BHH UL o]
Jofol et 94 AF4E ATE Bas} dsuh

D) WAIH A gk 7 ¥ FE NULE S 25 A g

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

e Formats such as y* and s* fill a Py_buffer 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 PyBuffer Release () after you have finished pro-
cessing the data (or in any early abort case).

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

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

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

Besides thisbf__releasebuf fer requirement, there is no check to verify whether the input object is immutable
(e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the data).

ZF31: For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before including
Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_ tifthe PY_SSIZE_T_CLEAN
macro is defined, or int otherwise.

s (str) [const char *]
FFUZE AAE TG S C ZAHE tB.%‘r?Jl%D} 71 FAE e 2AH = A7
At 221 ZOE Wao] AFF YL C 29 NULE 229 Yt quOlé*i

Sl i
FE ZIREE XFoHA] grofo Futh; 2 ohH ValueError ol o] 7 HAFUTE FUFZE AR+
"utf-8' A I Y2 AR Sl C EAE 2 HEH Yt o] Wisto] AudlW, UnicodeError 7} WA gt
Utk
Zy: o] TYL nfolELRF AA S HolE o] A U5 Tth 3 Al a"H AR E WolSo|l o] 2 C
B9 & HEsl8 Y, PyUnicode _FSConverter ()£ converter2 0s& 3 ,\% AFR3E= Aol 25 YT

W7 3504 WA o] Aoz, ghol EAEAA WZE 4 Z= 2AET} A TypeError 7}
DAY E U

s* (str T vlo| E L7 A A) [Py buffer]
o] zW 2 Hlo| EAF{ A ot FUIZE AAE HolEPUth TEATLAF S Py _buffer
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72AE AgUTh Yok gyz=

°|
AAE rutf-8' AET

)

3% A3 CEALE W FHNUL ol 8 R 4+ )
2 AHg3tel C ¥ DR MEF T

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.

z (str I = None) [const char *]
s} ul %3k A B, o] A AR A Noned £ = G, ©] 9 C EIAHANULLE B4 th

z* (str, H}o] E ¥ 5 74 4| &£ = None) [Py_buffer]
s* &} v 3HA g, 3o 1“4 AA = Noned 5 A5UTh o] AF Py _burfer +XAY buf W7k
NULLZE A A= Yt}

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
s#2}F B2 BHA| W 3to] W A= Noned %= 5 U o] F-¢C 2AE7kNULLE AP YT

y (2] 7] A-& n}o] E P 7 A) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a ValueError exception is raised.

WA 35004 WA o) Aol ol = Mol A WA vho] 7} B AH W Typerrrorsl BAHS
S1=8

y* (Hto] E< 5 74 A]) [Py_buffer]
s*9] o] WS FUTE AR 7} ohel who| EAF AR vk wolS YTk upo]Ule Bl o] E| & ol
o]t A Wy Ytk

y# (read-only bytes-like object) [const char *, Py _ssize t]
s#9) o] WYL FUIE AR} okl whol EAFH AR B worE YLk,

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

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a byt earray 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 PyOb ject*.

w* (8] 7]-227] vlo] E < 7 74 A|) [Py_buffer]
o) AL Y7257 W3 AL o] 8 FASE RE ANE N ETUG. TEAARY by_burres
AL AGUD W0l U2 9 vl E21 T8 stk B EAE WL T AL B
PyBuffer_ Release () S Z&d)|oF gt}

es (str) [const char *encoding, char **buffer]
s o] P FUIEE FAHHE AF Y=t AHEF Yt WA NUL vfo] E7} £3he A] ok
RERCR e ey e

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 ()2 223 37| H]¥E 93sl1, AF L o] E o] ¥F o Bt A| 2
B A A B e B gt B A o B AL S el s WA R A A%
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PyMem_Free ()& ZZ&8|oF gt}

et (str,bytes = bytearray) [const char *encoding, char **buffer]

Hiol E E2td AAE thAl Q1A 933 FAA U= HE Aot eso Z2FUth Al 732
Hho| E E2td AA 7 i) A2 AgE AR 9P AR Soha 7Y v o

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s#2] o]l MY L FUIEE ZA M AZ I Y st vl AHEFUTH es 23 22, o] 132 NUL

242 25 42 dolHE 3§ T
It requires three arguments. The first is only used as input, and must be a const chaxr* 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. 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.

% 714 A5 s} gk

*buﬁ”erf[—NULL ) 51 = 7]"3] 7|9, u“l‘“f 2a3t37]9 tﬂrﬂ% —‘?:_]'%]'_]'—17-, oz JdFgd tlolHE
EALSLAL *buffers ME TFE 2EGAE FRIIEE AFFULE S22 AHE T EFE A E
A 817] 918 PyMem_Free () S T &3] oF T Th

do
R
i
R:J

“buffer 7k NULL O] obd 3£ Q1E1E 7}e] 719 (o] v] &H W 9)), pyarg ParseTuple ()2 ©
5% A S Shuffer_length®] % 7k W3] 272 A A g ch 28 o A H B0l 6 w5
B NUL 253Utk v 37 286 24 ¢ oW, valueError7F A A S Ut}

T AT B5F, tbuffer_length= T3 NUL Hlo] ES A 9|3 12 d oy o] Zojz= AP Yt

et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer length]
HlolE Bx1Y AAE oA YA 2 SHA Utk HE A9 st es#9 25Utk tiA, 73L&
wpol = B AUl WAw AR RS AL AT A4 F o

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

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

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

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

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

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

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

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

k (int) [unsigned long]
Convert a Python integer to a C unsigned long without overflow checking.
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L (int) [long long]
Convert a Python integer toa C 1long long.

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

n (int) [Py_ssize_t]
ol BFECPy_ssize t2 HIAFUTh

c (Zo]1¢] bytes == bytearray) [char]

Convert a Python byte, represented as a bytes or bytearray object of length 1, to a C char.

A 3304 WA : bytearray AAE {3t}

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 £loat.

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

D (complex) [Py_complex]
glolW B AL E CPy _complex FZRAZ HAESHh

7€t A

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.

0& (object) [converter, anything]

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

[status = converter (object, address);

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

converter 7} Py_CLEANUP_SUPPORTEDES ¥F&ls}w, <12}
o] §igt7)of oju] A FH WEeE HAT 7|3 & AT
H == NULLo] B YT addresse= 98 T3 &2 3=

25
WA 31904 ¥ 7A: py_CLEANUP_SUPPORTED7} 37} 9%

T2 v o] A5 AvfstH F AR S 25
g JH Ut o] F WA S E A, object U 7))

p (bool) [int]

AgE o] =232 H A E (£ 8 Y predicate) 3t 12 232 553 C /A
_Laq/qo] z]-o]tr]mtili 7;5\0113 oi/ﬂzhslqr,]. rEe 3} M
=g HAES = ol U3 A8 Y &2 truth S 254 A)
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Added in version 3.3.

(items) (tuple) [matching-items]
AR Aol iemsel] Sl 3 D8] S0l kol A ALl of Prfeh C A iemse] A 2
w90l g3l oF FUTh A AL R WAL D 5 U Th

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

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

Wb e BAE 29 BAGeIA v dEUth $HE BE Al AL e £ ggth 158

shol @ A7} 2 A= el A A7 A E Al e U Th A8 A QA s ek ¢ Ws
7 Bgro 2 27)8hH ojof T — A8 A ARA A AR A @b wl, pyarg parseluple ()L
CHsol fgg =LA euyr.

$
PyArg ParseTupleAndKeywords () A-g: 3to]# A} 8| AEQ Un R QA7 7|9 AL IS
eI U T 81, RS A9 A8 AR A8 dojol s, | £ 34 TA RALAA § %ol

2| A= o] of gL T},
Added in version 3.3.

ZW Y P 2rE L= 7oA Bt & F9 AL 2 ol wl A A oA T o] 52 E AR U T
(PyArg_ParseTuple () ©] ‘ﬂ“g/\] 7)< @]ﬂ-‘ﬂ “AFH ).

ZR S F2EE o 7oA 2EUTh AluEE F 2 EAE 2 71 ol 2] WA A] & of 2] WAl A] thAd
o WAAZ AEF YT 2k ; = AZE AU

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

o3t Fol ALH £ F7} e U EAD o3 Fo| AR £ We] Fholok Ptk o] EL A
FEo] ghe At ol A Utk A9 29 w9 Bl aso ) 48 B, oy ) Mss gegio R
A= B A A9 ATk o) A9 sl =9 whsl ol vl A AE A A X shof gk

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 corre-
sponding to that and the following format units are left untouched.

o

AP| &4

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL. 9] 2] w7} ¥ uk A A4 2 F 3t 49 7] s
S48l 22 MR Th A, AR MEea 4 e o9l AN P

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL  7}W 7159 QA XRX7F oty valistE WolEQduts= AE AL,
PyArg ParseTuple ()3 54t}

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords[], ...)
Part of the Stable ABL. ] X9} 7] ¢ & vl 7} L—,—% BEE XA U4 2 Ho= 4 ) H4E L&
BT kemords AL AR o) B 015w FUEEEERSER PR

2 e Tk 4B A2 MaT Tk A, AAE WA 409 o9 5 A

uw
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WA 3604 HA: 2] A]-2-8 w7 W=o g X o] F7h= H YT
int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords[],
va_list vargs)
Part of the Stable ABL.  7}W 7§59 QA A7F oty valistE WolEettE AL AL shH,
PyArg ParseTupleAndKeywords () & 54T}t
int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Swble ABL A= Ax GAULY s BADAA HAF YLk
PyArg_ParseTupleAndKeywords () 7} A S EH A &&= 74 g o0
o] AAFE Sael ] WU
Added in version 3.2.

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

Part of the Stable ABL “0] d 2B} D" 3429 Q12} 2|2 E S £8) 8l U] A5 & F — o] &2 Tho| A
30| A Al A METH_OLDARGS M7} M & £4 vl =& AHEste AU th A L=l A v 7f
W TR A AR A2 AR A #, BFE AHzZ Y e gRR I HE odl &
Aoz Aot A= E LA JAF U 22, the FEE Ballohe A e dol glon,

TR BH O A% AT S dFUTH

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
Fart of the Stable ABI. 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 _weakre f helper module for weak
references:

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

L

o] QA A PyArg UnpackTuple ()] 3 TZL PyArg ParseTuple ()o 3 T2 &7 A
Aog F5dYLh

[PyArg_ParseTuple(args, "O|O:ref", &object, &callback) ]
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6.6.2 7 =

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

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

Py Buildvalue (% B4 FEE PHAAL FUTh E9 EADo] & o) 29 1)

e Fel B
o &, uo

HAe Wt 7FES FEAUL 29 FAL o] v]o] Yl ™, Nones RE& YT A 85] shute
G E 23EY, g =W AUt 7| Edts AR 7 Folol A viEst Utk 37700 1 J-ﬁ—
NS E S s, £ EAES BEE FOAAL.

s s# W] AAH, 2] ¥H 7t olE & L= AR ol AFst7] 150 UH7H 22 A9 ),
2adhdol EV}E AU 2 E3 A Al St H%H—Py BUlldValue()7]- 1= 7 5] o] JOH 2
254 F5UTh 2, o829 TEhmalloc () £5 50 GDE RS py Fuildvalue ()
AGsHH, ot Py Buildvalue () 7} HIEE W ol 2] Eo] F=7 | W E 3101] 08 free () 2 52
o oF ot

th Ao, 88 P42 27 ‘?_]"?4?4‘4‘3]' (52 235 ¢to 22 =9 ok 7} ukske glol A
AA FAUT [REZ] 4 FES AZL C e FdYth

A &Fols, |, 28 W die 20 FAL A FAFUT(BHA T s#ot 2 2 I Yol A=
obduth. o] A& 2 FAE S F U 7] GA dEE U AR 5 sy T

s (str T += None) [const char *]
e8! AT YL AG] Y-FE CEALL so W str AR E WBFUTH CEAD 29
B 7} NULL o] ¥, None o] AH-&-F Yt

s# (str or None) [const char *, Py _ssize t]
tutf-g' Q39S Ak} C#AAT 1 L) S Fhol Ml str AR 2 WHFUTL C EAL E
AE 7k NULL O™, A o] 7} F A F] AL None ©] ¥HHg Y ot

y (bytes) [const char *]
o] A4S C EAYL o] M bytes AR 2 WaFUTE C 24 E 7} NULLO| W, None o] kg
gtk

y# (bytes) [const char *, Py _ssize t]
)AL CEXLI 2 Ao 8 3ol ARz WAFUTE C £24d EAE 7} NULLO| W, None o]
uhEhg Yo

z (str = None) [const char *]

seZsdnh

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

s#} 25U

u (str) [const wchar_t *]
G U FE (UTF-16 2= UCS-4) Ul ©] B 9] 9-Z & wchar_t HF & sjo]AH $UFE AA = A3}
Ytk $U T = W5 ZAE 7} NULLO] W, None o] ¥H3g U T},

u# (str) [const wchar_t *, Py _ssize_t]
U E (UTF-16 == UCS-4) tl o] w59} 1 Aol & Ffo|H fFUIE AAE Aot
USE #3 ZAE 7} NULLe| |, o] 7} F- A5 Al None ©] RE2H 145}.

d

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

set 25U

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

s#3 25Uk
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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 to a Python integer object.

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

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

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

K (int) [unsigned long long]
Convert a C unsigned long long to a Python integer object.
n (int) [Py_ssize t]
Cpry ssize t& vtolX 42 ASF T
c (Z o] 12] 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 f1loat to a Python floating point number.

D (complex) [Py_complex *]
CprPy_complex +ZA& Fo|q E4 47 HEgh).

O (object) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incremented
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 *]
08} ZLHU T
N (object) [PyObject *]

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

0O& (object) [converter, anything]
Convert anything to a Python object through a converter function. The function is called with anything (which
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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]
Ce) A ALE FB S7E L2 sholdd FER W

rit

.

[items] (1ist) [matching-items]
Catel DAL FE 57} 22 sol 4l | AE 2 WBF L),

{items} (dict) [matching-items]
C3hol AlAE shol A G Ve 2 W Th A48 C gt 2H AL 942 shte] 3= e
Z7)sho], 247k 7)9) gko = Al g U T

Aol ol & 7F Y2 H, SystemError 99 7} A A= 11 NULLo] W3 Ut}

PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. 7} 7]4=2] Q1 &7} o} va_list & WolEQth
AL s, Py Buildvalue ()9 L3 Uch

:_—LU
sl

r{n

rr
o
o

6.7 £t Mgt} £l

22 A3 2O E Bzl 282 938 3k,
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

Part of the Stable ABL. R F 219 format 3} 37} QA Aol wheh size W} EE WA == sir2 S 3}
Fea2 7 solA snprintf(3) & EAAL

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABL. £ ™ & 219 format I} 7} QA A} B& ygof| e} size B0 ESE YA YEE 2
S8t FH2 7w d sllolA vsnprint£(3)F HAAL

glol B & 8] &4 snprintf () & vsnprintf (

PyOSisnprintf()ﬂ-PyOS vsnprintf () x2=C =
A7t A BoA Gt e 4B SA4E B A9

AU 259 B AA =AM & CF
Uk,
The wrappers ensure that str [size-1] isalways ' \0' upon return. They never write more than size bytes (including
the trailing '\ 0 ') into str. Both functions require that str != NULL, size > 0, format != NULL and size
< INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL, 0, ...) which
would determine the necessary buffer size.
o F4E) W g(v) S T3} 2ol 34 of o Pk
*0 <= rv < size @, 28 HT JFIHoH v FX7}serell 71 EFH AF5 U (strrv] e T3
"\0' Hfo]E x1191)-
crv = size 9 W, £ Aol FHT AFHAW rv + 1 o= W7 BL Pk
str[size-1] 8 oluff '\o'Juth
s rv < 0 Qw7 p2 Jo] Yol kU Th oWl % str(size-11S '\0" o A B sre] L] A=
ol ) ek Uth ol Aeka 1L S8 S A Eo uhe} ThEU T,
e Bt 2AY SPA EADeN A 222 AL AT Tk
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Fart of the Stable ABI. Convert the initial part of the string in str to an unsigned long value according to
the given base, which must be between 2 and 36 inclusive, or be the special value 0.
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Leading white space and case of characters are ignored. If base is zero it looks for a leading Ob, 0o or 0x to
tell which base. If these are absent it defaults to 1 0. Base must be 0 or between 2 and 36 (inclusive). If ptr is
non-NULL it will contain a pointer to the end of the scan.

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

See also the Unix man page st rtoul (3).

Added in version 3.2.

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

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

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

Added in version 3.2.

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

FPart 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.

enaptrol NULLO| W, AA] EAHA S MBAFUTH BAGo] BE 447 £a4e] fES FAo] ohH
ValueErrorE WA 7|31 -1.02 ¥4 1—§]-?g-1/]14—

endptr ©] NULL O] o}, 7153t & W2 EAE & W83l *endptro] MBS A 932 3 AR £2+&
ZHI7I=5 43Ut EAE e 27 A AHET BE &84 *ZH FragEH ] Y™, *endptr
o] BAtE Y A1 &E 7hel 7| =5 A A5kl ValueError & 8 A1 71 1L -1, 05 W ot

s7} floatel] A8 7) o] Y7 2 & Uebd wf (o1& E0f, o2 SAF A "1e500" 7t 28 BAL
?:]1/]11}), overflow_exceptionﬂNULL ol (A& ?ﬂ- H 5 9} 3HA) Py HUGE_VAL< RHgHe}bar, oj™
del= dA3A FuUth 21 A oW, overflow_exception 30| o 2] AAE 7}e] A oF
ok 2 o9 Hl*g’\]ﬂ_’ 1.0 WYt F A EF, HEE g oY A WA 2AE
7] 71 =& *endptr& A A gt

HEF T E oy 7 BT (& S0 22 75 o), AEg ol o & AR 1.0
Lla2aiaBh=

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 ABIL. Convert a double val to a string using supplied format_code, precision, and flags.
format_code="'e','E',"£','F','g",'G' X "r' FSojofp Ut} 'r' 9] A, Al=H precision
2 00jofob oo ZAFULE 1t EY TEE BE repr () FAE AF U
flags*=Py_DTSF_SIGN, Py _DTSF_ADD_DOT_0 H=+= Py_DTSF_ALT Zx& 07 o] A or & 5= A5
Ytk

¢ Py_DTSF_SIGN-Z val7} 57} obd w = 34 vishe 2214 el 3 247 e+ A 5

k.

e Py_DTSF_ALT + “EH A guﬂ g 7L A
PyOS_snprintf () "#' A A X} o] thst AHAE ZARFHA L.

ptype©] NULL©] ofyw, Z Q€ 7} 7}g] 7]+ 3t Py _DTST_FINITE, Py_DTST_INFINITE FE+&
Py _DTST NANv'G}UrE “%ﬂﬂ o], val7} *ﬁ%@%—‘?&#E'E%NaN%‘% vrERE U T

L EAd A

Kl
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Hhek g2 W ebE FAL o] & bufferol TRk £ Q1E ©]
g2 o

A, W3] Astd NuLLYg Utk &A=
A& oF gtk

o}
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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 st rcmp () except that it ignores
the case.

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

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

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.

Added in version 3.2.
type Py_uhash_t

Hash value type: unsigned integer.
Added in version 3.2.

type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().

const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
Added in version 3.4.

PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.

] B7):
PEP 456 “Secure and interchangeable hash algorithm”.
Added in version 3.4.

90 Chapter 6. 22 ¥]


https://peps.python.org/pep-0456/

The Python/C API, ¥ 2]~ 3.12.4

6.9 2| &YX

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. & ZH A Zdojt AR A3 Fol L Yol
oW 2= e o] Bz 2 H 9 builtins ] YA 2] & vE-g

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A3 Z & 2] x o W4 g2 E wheks)
A, AA A¥ 5 =8 o] gled NULLS REHEH ok

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A3 Z#| o] Ao W4 I E vt
Ak, A4 A8 F91 =& o] oW NULLS BT T

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. @A 2] 2~ g = At o] =& Y& wH3shyt}. A X
A Fo Ze el glew nuLL YUY Th
PyThreadState_GetFrame ()& R34 Al L

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL func7} &<, 2|~ = A2EHA AR A funcd] o] ES ¥I3sty, 18 ¢koy
funce] @ o] o] &< W T,
const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL func®] 3ol wpet A FA4 - vk th w3t gholl &= 35 2 wA =9 <),
“ constructor”, * instance” X “ object” 7} ZH Ut} PyEval_ GetFuncName () 2] A3} 8} o]ojE ol

func®] A7 o] Fth

6.10 79 554 ¢ A9 g

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. |2 Zd AM g2 S E3h T}
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first in the
list of search functions.

int PyCodec_Unregister (PyObject *search_function)
Fart of the Stable ABI since version 3.10. Unregister a codec search function and clear the registry’s cache. If the
search function is not registered, do nothing. Return 0 on success. Raise an exception and return -1 on error.

Added in version 3.10.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL. 2] A ¥ encoding°l] 3] 5EH T o] =X u}&} 1 o]y 02 HIEgHY T} 9]
e I AATFU

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. &9l 7€ 7|4l 21 3t APIL

object=errorsZ 2 2] F ol #] 2] 2] & AF&3Fo] XA H encodingol] 3l T AH A7 T2 ALH
Utt Zdlof] Fod 712 & A&7 13l errors7ENULL A 5~ 5 Uh A HE F2  glod

LookupErrorE WA Z YTt
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PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. & ¥l ¢ 74l t] 7] APL

object<= errors= 7§ 2] ol 2] A El WS AR S 21 F encodingoﬂ s A g3y g2 ALy
Ytk Zeof] Fojd 712 S AFR-317] A8l errors7h NULL D = FUTH ATZHE 2S¢ glod

LookupErrorE WAAI Y 1’4—

6.10.1 ¥4 = 3] API

S Foll A, encoding RAE & BT ARAE HEEHO 2IFHBE, o] IAYUZES T ITY 23]+
2B A2 F2oA A BUTh 28 0] 910 W, KeyError7h 445 1 NULLO] WEE 1]
PyObject *PyCodec_Encoder (const char *encoding)

Return value: New reference. Part of the Stable ABL. 5=0] A encoding®] 3t A1 7 45 7143 Yt}

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 5=0] A encoding® ] 3t t] 29 +5 714 3 Yt}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X A H encoding®l] ™| 3t IncrementalEncoder A&
7HA &Ytk

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X A & encoding®l] ™| 3t IncrementalDecoder 1A &
A -g Tk,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABI. X A & encoding® ™} 3t St reamReader W EE] S+E
744U,

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABIL. X A ¥ encoding®l] ™} 3} St reamWriter W E ] T-E

744 g Ut

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

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

Part of the Stable ABL. X ¥ name & 2 o & #| 2] W T errors 5

e e aYY s g selsd g sy, dasras 3
TR AGHANS o o] 2 F4E ST

1,]1:]— 3/1:410] ol 3 1’461-/\
=3 of| name©] error T 7H

i L
l-OlA IE.?‘.';

Z W e 3 g9 9l A} & UnicodeEncodeError, UnicodeDecodeError K =
UnicodeTranslateError? QA AEHAE WolEol=t, A7l ¥ & Ex4 H} OoJE 9 AFA
o} ol 5o UE FALIA] Lo BT ARE F1 S (o] HEE 2FelE Bri
fru = oo AAE F2sHAR). W FoX o9& 37\]7]74‘4, A 7F A= AlE 2] A 2k
Ao EALolA ALY L A A2l of Sl 2B AL ARIHE A4S THAE T T2

F22 whae of gt
4F3HH 05, ol 2 -1 Rk ok
PyObject *PyCodec_LookupError (const char *name)

Relurn value: New reference. Part of the Stable ABL name 22 S =9 o2 g W &5 25T}
5% 92 NULLo] AR B 4 A, oluh swict” o] th et o2 A2l EH o]
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PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE o] 2] 2 A A 7] U Tt}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABL. 253 =& 4

o

v

A3, GUIE o8 FATY

s
-

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL -4 ZE 2l

Ry

9 o2& 2 U U+FFFDRE X33t}
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U ZE 2171 o 2] & XML 2} &=z 2 X33}
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -FUZE QA7 o] 2 E W & A] o] 2A| o] Z (\x, \u
Y\ 2 AT
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. S+ ZE <13 o &
Aol g X2 th
Added in version 3.5.

i

\N{...} ol

6.11 Support for Perf Maps

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

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

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

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

Will call PyUnstable_PerfMapState_Init () before writing the entry, if the perf map file is not already
opened. Returns 0 on success, or the same error codes as PyUnstable_PerfMapState_Init () onfailure.

void PyUnstable_PerfMapState_Fini (void)

This is Unstable API. Tt 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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o) B Bt AR W3} FAA, T FUAD 57 A7) 32 (I8 Bol, BE %4 Y we B E
A2 F) shold AR 24 AT, 285 A b A Bol AL H, ko] A o8l 7 F I

PyList_New ()& THE QAT g5 0] o}2] NULLO] ofd Fro® AAE A 92 g 2E AR e} Lo, A=

27135 2] -2 AR WOHH“ o] &+E AT 5 st

71 AA) =2 & F

PyObject *Py_NotImplemented
ARE g 2ol tisl] Aike] S A ka2 &l vl AHE-H = Not Implemented 2 E.

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py_ Not Implemented from within a C function (that is, create a new strong reference
to Not Implemented and return it).

Py_PRINT_RAW

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

the repr ().

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

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABL 09l attr_name JEg|HE7} oW 1S, 28 A ko
sto] % ¥ A hasattr (o, attr_name) ¥ F5FUTh o] T+ T4 A4
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ZF31: Exceptions that occur when this calls _ _getattr_ () and __getattribute_ () methods are
silently ignored. For proper error handling, use PyObject_GetAttr () instead.

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

Fart 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 PyOb ject*.

Za Exceptions that occur when this calls __getattr__ () and __getattribute__ () meth-
ods or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *0, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. 21 A] 09| A attr_nameo] 2}= o] E2] o] EZ| R EE 714
FUth 4Z3tH o] EE R E g, A3t NULL-E BHEH U T o] A2 vlo] A £ H 4 o.attr_name
I F5 U

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

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

PyObject *PyObject_GenericGetAttr (PyObject *0, PyObject *name)
Return value: New reference. Part of the Stable ABL. & 213 9] tp_getattro €F o X = ¥l o]
2 B E A E (getter) T, AA 9] (Thd) __dict_ o Q& o] EgHER ol e} A A 2] MRO -]
A= Feh2o gAav gl gle t2ZHEE Z5Uth descriptorsoll  °FF AAH, HlolH 23|
Hi Qads ojeg HERT SASA T, ul Hold tAaade e 184 vtk 194 god,
AttributeErrorZ} A g ol

int PyObject_SetAttr (PyObject *0, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. AR ol th3l, attr_name©] 2= 0] 29 JJEZHE ZtS v o= AA YTt 4
Al 2] & DAY A 7] A1 -1-5 RS T A E et 02 RSt o] A2 Tfo] M £ o.attr_name
- vo} 55 gy
If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using PyOb ject_DelAttr (),
but there are currently no plans to remove it.

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

Fart 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().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & AR 2] tp_setattro&Fol BlXT &= 4Hl o] E 2] HE A ¥ (setter) 2} & 2] E
(deleter) §. 7121 o] MRO®| Q= Z el 0] A2 oA tlo] 8 Haa g e S 2, 2w ol
g2 gy Qe B RES AASHA Y AAIsh= A H T YT 23] ¢od, A9
(AThe) __dict_ oA o2l RE7} AAH A AR E U 42 00] MEE 1, 197 gow
AttributeErrorZ} A3kl —1 0] 9ESHg T

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

WA ool W, attr_name©]l 2= 0] 52 AAEEFEE AA T A Al 1S &3} o] A
gtolH B3 del o.attr named} ==3hT}

rlo

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

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict___ Y23 HE] 2] A E] (getter)
2 9% QAo 78, e se 9 BETh

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__ YT HE S M E (setter) S Y3 dutA ol &, o]
FAL YA e] A2 8 dabA kLo
Added in version 3.3.
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict___ of the object obj. If there is no __dict
exception.

, return NULL without setting an

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 0] and 02 using the operation specified
by opid, which mustbe one of Py_1.T, Py_LE, Py_EQ, Py_NE, Py_GT,or Py_GE, corresponding to <, <=, ==,
=, >, or >= respectively. This is the equivalent of the Python expression o1 op 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 ABI. Compare the values of o/ and 02 using the operation specified by opid, like
PyObject_RichCompare (), butreturns —1 on error, O if the result is false, 1 otherwise.

ZF31: If ol and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_EQ 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 (ob7,
format_spec).

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

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A A] 0] AE 3 A4t AZstd 4149
F3g, A9 st NULLE WU T o] AL Thol W B4 repr (o) & F5 U Th repr()
ol o8 EEH YT
WA 34004 W7 o] FollE oAl tiM L o] A o] Z3FE o] Jlo] & o9& 285 HE| A AEF
ok
H

%
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PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference Part of the Stable ABL PyObject_Repr ()X ™, A 0o 224 23S 7
ABAT, \x, \u E\U o] 27 o] 22 AL B PyObject Repr () o] R F A Aol A u] ASCII
E78 ol A0l T e, o) 212 shol 8200 A Pyoniect_repr (o) S5 MAT A% FAE £
Qe G ascii () hA Bool 93] E2F T

PyObject *PyObject_Str (PyObject *0)

Return value: New reference. Part of the Stable ABL. A ] 0o 2149 TS A4 AF Al 2
EAL, A3 A NULLS Y TH o] AL ol W A str (o) G FEHYUTE str () W F
o3, WekA print () B4ol SJHAE T2 T

W 3404 WA o] o= oAl (2 o] A o] 23 o] 9lo] &4 o9& 283 e A =
3o,

PyObject *PyObject_Bytes (PyObject *0)

Return value: New reference Part of the Stable ABL. 21 A]] 02] v}o|EE %3
=, 4FstA vto] EE AA & g Ut o= o7 A5t obd wl 3hol X
Ut} bytes (o) & &8, 07} AgolH OO ZE 271§]'% o] EE A T4l

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Ayt A3 e NULL
X3 A bytes (o)} 553
TypeError 7} HLA@@-L] c}.

3 rﬁl
mIo

Part of the Stable ABL. Z 3| 2 derived7} 28 2~ clsQ} 5 L3 A Y clsoll A A FH P o™ 18 wih3ksha,
227 om0 AR ole 7 LA SR 12 WA o,

57} BB W, cls®] B E =) ofs) AAZF AR UCH Aol = shke] AALlA] 12 WEsHE At
1ol Ha1, 2% ¢kow ool YT

clsol __subclasscheck_ () WIAE7F Qo™ PEP 31190 AHE 2 A B S 2 A E FHE5])

Al =gk 2384 ?%iﬁ,derlvedﬂz g TR AE SR o cls?] B ZH2AYUTH S
cls.__mro__ o 3% o] gJHFUrLh

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 S 2= cls@] A B 29 Qa8 2oy 13 ¥E3Hst 1
02 WEEsrU T ol g 7} 8 ot -1 vhEstal o 2] & AAZ o
ds7h FE 0|, clse) L E B2 ol ) AAAF S BB Uk Aol kel Akl A 1L HBelE Aok
1052 ,1&‘;‘] oro ™ 0o] HUth
cls9]l __instancecheck__ () WA =7} 1™, PEP 31190 AW E & B e A S 3
A T=g Ut 2584 ‘E‘%gtﬂ inst= Sl STk clsS A B S AL of clse] AA"H YY)

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

—|~
01&5
D)
§2
[o
)

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

Py_hash_t PyObject_Hash (PyObject *0)

Part of the Stable ABL 7] 02] &) Al gt A 4betn Magh oy AssiE —12 Megt o A
_4_ ]/y] _Laq/\]hash Q,Ecb‘qu_

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

rlo

Py_hash_t PyObject_HashNotImplemented (PyObject *0)

Part of the Stable ABI. Set a TypeError indicating that t ype (o) is not hashable and return —1. This function
receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter
that it is not hashable.
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int PyObject_IsTrue (PyObject ¥0)

Part of the Stable ABL. A A 02 Fo & 7331 18, 122 ko 0L visg ) o] AL mlo| A
#94] not not 09}5‘:““4‘3} Agjstd -18 g}

int PyObject_Not (PyObject *0)
Part of the Stable ABL 23] 0% %02 25541 02, 184 GO W 1 NG Th o 22 shol 4

F84 not o9 FEFUTE A5 12 WP T,

PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABL. When o is non-NULL, returns a type object corresponding to
the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression t ype (o) . This function creates a new strong reference to the return value. There’s really no reason to
use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeObject*, except
when a new strong reference is needed.

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 ABI. A A 02] 4 o] & vlstsh ). AA o7} A1 o} 3
Aol R e, Al S 1ol B i o| 2 Aol 8

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

22 Ao, AW
(0) S+ 55 Fuich.

ZEEZ
&4 len(

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. A keyol] 3] @ 3t= 09] R AE Wi AL Ao A
NULL= RHEU Tk o] 242 vho]d 2d 4 o [key] 9t F5FUTH

int PyObject_SetItem (PyObject *o, PyObject ¥*key, PyObject *v)
Part of the Stable ABL. | keyS 3k vell W3tk A5 A] o &1 S TP 7] 2L 15 W&o 4
FoHH 05 WEERtU Tk o] AL FtolW FF olkey] = v FEF UL o] vl thd 2 E
A4 G5

int PyObject_DelItem (PyObject *o, PyObject *key)
Part ofthe Stable ABL A ool| A A Al keyoll th &t v 38 = A AUt Afstd -1 ¥y tt. o] 22
ol £ del olkeyl & F5dYT

PyObject *PyObject_Dir (PyObject *¥0)
Return value: New reference. Part of the Stable ABI. ©] 22 g}o] A 3321 di
Hgha BARe) (10198 5 k) P AES WAL, o2l 7} 9l o o,
NULLO]®, 3}o]d dir () 3 Hlseshn], @A A < (locals) 9] o] 555 WUt} o] 737, A3 = ¢l o]
A3l o] QA ko NULLO] W3tE] X9t pyErr Occurred ()= A

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] A2 ulo]|#H 3 A iter (o) 2 53Ut AA
QU xpol] T & A =& o] B o ] & HHES ALY, A A7} o] o] o] el ol Bl o Wl AA] A7 S BT,
AAE olH Y olE & 4 gloW TypeErrorE WA A 7] 11 NULLS WHESHU T}
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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)

Fart of the Stable ABI since version 3.12. Get a pointer to subclass-specific data reserved for cIs.

The object o must be an instance of cls, and cls must have been created using negative PyType_Spec.

basicsize. Python does not check this.
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_TTEMS_AT_END.

On error, set an exception and return NULL. TypeError 1is raised if o does not have

Py TPFLAGS_ITEMS_AT END set.
Added in version 3.12.

[kl

72 SEZ2EF

CPython& F 71 & =2 B2 A AUt} pp_callz} ¥ B = (vectorcall).

721 tp_call =22 & F

tp call ARsE 2o daBAE ZYBYUD SR ABL R 24

rlr

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

sho] 4l =] callable (*args, **kwargs) 9 fAHHA, 913 ARHE 918 523} 79

S 7
g4 2] S A8 5to] B2 T Th args= NULLO| oFujo]of Fhich (a7l oWl ul REe
A T 719 = A7} Q2B kwargs= NULLY 4 Az o).

o] T2 ip_callol| A B AH§F = Zlo] obg Ut tp newsh tp init® ARFE o] ¥ Aoz APt
To call an object, use PyObject_Call () or another call API.
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7.2.2 Mg Z(Vectorcall) 2

Added in version 3.9.

HEZ Z2EZ2PEP5SINA 2 &S oV A F7t 22822 =9 A5 YT

43 FAe R Chybone Gefgol AUHT U2 T3 03 eS¢ QBT T 1AL JATT
Z o] ob Ut TS B A| AR &AL (PyObject_call ( /\]._&—5].}] SVl callﬁ A ALY ). o
S, ME B E AR FAAE L a8 7 AT o U, E 8 o] B R EEE AB A A
o] 28 E2 FYsHA AEsloF FUth o] & Hs A8 H = HH2 tp_call S PyVectorcall_Call ()&
AAFE AUtk ol Zlo] e Xk

AT MEBL A FALE 2L U7 YRS tp call S WEA] A ok Pl ok

P

WA 3,120 4 A7 : The Py _TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’s
__call__ () method is reassigned. (This internally sets t p_call only, and thus may make it behave differently than
the vectorcall function.) In earlier Python versions, vectorcall should only be used with immutahble or static types.

p_call 2 =P ATHA S 2t ME B TANA L FBUTh o & Sof, I EEA} o 23] AAE A%
R} kwargs S AU 2] 2 A @ ok 3k, AH 2L AL o] 7 GBIk
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 *(*wvectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Part of the Stable ABI since version 3.12.
* callable>- T =% & AA YUt

- argse 912 ARG T A E WL A= At hoz A C I YY)
OIA}7F 9o NULLY 5~ Q54 th

« nargsf= 913 QAke] Fo]
PY_VECTORCALI_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall NARGS ().

o kwnames= 7] = <1z} 9] o] && ¥ Ttsl= EZ Q)
THA] 23l kwargs “HQQJ 7]. ol ol F =2 —E—Z}"é(stroluﬂﬂﬁg
o 148 oF Btk 719 = 127} 90 W, kwnames= A NULLY 4

PY_VECTORCALL_ARGUMENTS_OFFSET
Part of the Stable ABI since version 3.12. ©] Z#] 17} W B = nargsf Q1 Aol DA WA, 25 E A= A A
©% args (-1 & WAL S AF UL F amt DT AEAA 97 1000] oFd U Th-& 7Fel 7 ek,
9 & E A= vhekel 7] Aol args[-1] g ¥g B oI5 oF 3T}
PyObject_VectorcallMethod () & A%, o] Z# 2= 4l args[0] 0] HAFH 5=

Jo.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALI_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to
make their onward calls (which include a prepended self argument) very efficiently.

el 2s) o] of oFst

B
5T,

oo

o

o
=4

32

Added in version 3.8.
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ZL: CPython3.890 A4 ¥ 2 APIS} ¥l 4t Sboll WEo] B2 o] B0 S0 AT 4 %Y
t}: _PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArg, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg. B3 PyObject_VectorcallDict+¥ _PyObject_FastCallDict

EAFTHAFTULE old o] 52 o8] el Jle Mz olF2 Bz Aggyrh

A Al
p_call& AN§E of, 3| T E 2= Aol s 48T 87 915U th: CPythone mp_call& M3t &%
A$ Py _EnterRecursiveCall () 3 Py_LeaveRecursiveCall () < AF-&3SU T}

EEARAE A8, AHES AL T2 Afode 184 st I35 2
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall 2 AH&-3l oF g4t}

oL

ko
o
)

#E) 2 A ¢l API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Part of the Stable ABI since version 3.12. ¥ E1Z nargsf AA7}F o] XA, AA| AR} 5 wirEshy ) A A
=% s guTh:

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

a9}, $F #4298 Pyvectorcal 1_NARGS #48 AHE-3 of o,
Added in version 3.8.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t B E 22 EZZ A 9eHA ko (Fo] AYsHA FAY AT A7F 2 A51A] 7] wlf & o)),
NULLS &3tk 2382 oF o H, opoll A78E WEHF T4 208 S Rigtyth o] 4= o9&
LAY A7) A] k5 T
O] AL op7t HE ZFE& X Y3}=A & &A3t= v +2 7831, PyVectorcall_Function (op) !=
NULLE #lste] +3 & 5 st
Added in version 3.9.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Part of the Stable ABI since version 3.12. 5Z3} DAV 2o 2tz 0] A Y X2} 7|9 = AAZ callable]
vectorcallfunc & &3t

This is a specialized function, intended to be put in the tp_call slot or be used in an implementation of
tp_call. It does not check the Py TPFLAGS HAVE VECTORCALL flag and it does not fall back to
tp_call.

Added in version 3.8.
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7.2.3 74 A &= API

Various functions are available for calling a Python object. Each converts its arguments to a convention supported by the
called object — either #p_call or vectorcall. In order to do as little conversion as possible, pick one that best fits the format
of data you have available.

e B LS bS8 B4 E SR AYUTH AT UGS A HYANE GRS,

gl 295 args kwargs
PyObject_Call () PyObject * &= g A 2]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneAryg () PyObject * 1 A —
PyObject_CallObject () PyObject * HFZ&/NULL =
PyObject_CallFunction () PyObject * 9 (format) —
PyObject_CallMethod () obj + char* 2 (format) ——
PyObject_CallFunctionObjArgs () PyObject * 7}¥ (variadic) —
PyObject_CallMethodObjArgs () obj + name 7} (variadic) —
PyObject_CallMethodNoArgs () obj + name = —
PyObject_CallMethodOneArqg () obj + name 1 A =
PyObject_Vectorcall () PyObject * WHZE e Z
PyObject_VectorcallDict () PyObject * WHZF g A 2]/NULL
PyObject_VectorcallMethod () arg + name HE = W g =

PyObject *PyObject_Call (PyObject *callable, PyObject >“args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. FZ argsZ o1 %1 QA A} S A 8] kwargsE Fo] A
o]2 9= oxtg Z#E Flo| W AA callable2 E%fﬂ'b}r/}

argsie NULL®] o} ojok &Utt | 917 28 glod ¥l RES ARSI 2. o] S e At Es
A ¢k o W kwargs= NULLY 4 954Ut

4FotH T& A5 vighelar, Ao st o 9l & I A 7] 3L NULLS RFghety o
o] AL t}2 vo)lW AT T3} callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)
Return value: New reference. Part of the Stable ABI since version 3.10. Q1 &} §lo] Z&] & ulo| W AA callable
= 2P Ak le] 28 E Fold AAE TEste M aEF
Beotd & AR WEsta, AsfetE o9 & WY A7) AL NULLS W o)
Added in version 3.9.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 23] 1719 Y 2] A2t argE 7] Y & ¢z} glo] F 8| & ntol W A A callable
& 323
4EotH T & 435 nhghetar, Aafshd o 9| & 2 A 7] 3L NULLg Rhghehy ot
Added in version 3.9.
PyObject *PyObject_CallObject (PyObject *callable, P\'Object *args)

Return value: New reference. Part of the Stable ABL. & argsol] 9|3l o] X Q2 Z]E o] H AA|
Callable & 5 G ILY 47 B e 7 P08 args NOLLE) 2 81os] o,

k!

folr

ﬂ!I

< AIE wigetal, Al st o 9] & S A 7] 1 NULL-ES RE-shy o)
o] AL thx Ftol M A 55 F Tt callable (*args).
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PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABI. 7} 7] 4= 9] C oxt® FHE .1]- o]l M AXA| callable&
SE3Uth C A= Py BuildvValue () 2B W BX1E S AR5 7<= Yt} format-2 NULL
A 5 90w, A} AT A gL e,

st T A4S whetal, Asfshd o] & WA 7] 3L NULL= RHH§HU o

2 gL ol AT TS5t} callable (*args).
Note that if you only pass PyOb ject* args, PyObject_CallFunctionObjArgs () is a faster alternative.
WA 34004 A formare] o] char *ol A HAEAHF YT

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Part of the Stable ABL 7} 7] 42] C QA R}FE AL-2-3Fo] A A 0bj 2] nameo) 2=
;]ﬁi HAEE 3EFULL CAAE 5Z S AAF 3= Py Buildvalue () TW EXERE 7|&
H .

format-& NULLY 4 9l 2

435 52 ANE Va3

O
-

iy
o] 7l

k

, A7 AT H A 52 UERE YTk
2l , Asshd o o] & YA 7] 3L NULLS Wby o
o] AL tha vtoj W A4 F AU obj . name (argl, arg2, ...).
Note that if you only pass PyOb ject* args, PyObject_CallMethodObjArgs () is a faster alternative.
W 3.4 X HA: name} formare] B ©] char *o|A HAH JAHFUTH

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

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

435t 35 235 whEetal, Aufstd o &) & A Al 7] AL NULLS WHHhu o)
o] AL th= ol A A} FSF YT 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 PyOb ject* arguments.
The arguments are provided as a variable number of parameters followed by NULL.

AEetd T 235 ek, A e o 9l & A A7) 3L NULLS: WH-y T
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

A} glo] el A MA| obje] MAEE EEFUTE o 7| A WA = 0] 52 namedl| A T}o] A EXE A A
Z AFE YL

HEoE 5% A%E W5, Ahshe ol 9] & WA )L NULLES HBG Tk,
Added in version 3.9.
PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

S A A arg® 3Fol W AR obje] MM ES TE2FUTE o714 WA E o] 52 nameol A 3ol
A AA &2 AlSEH Y

et 3 295 vhEela, Al s o 9] & WA Al 7] I NULL-S WH-ghy o)
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. Z2] & stolW AR callableS T Z3TUtTh QAdAtE
vectorcallfunc & 25 Uth callableo] W B =& X QD SFY, callabled] A= AEZ 445 A H

T

o]N-
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35 5F ATE NS, Ao S o 9 S YA ) 2 NULLE S T
Added in version 3.9.

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
AA AAZF B 2 22 EZH A2 DA SHA T MU 2] kwdictz HEH 719 E AALE callable<
=AU args Wi E-2 91 2] A ARRE 2 o

WEAo R 48E s 2 EET B g, IS Akeof U Th WehA, o] B4k SEA A
o] 719 = QA2 AT FH 7L YAV el AA T, A2 Atel thE FE o] 9L vk AHE3 o

.
Added in version 3.9.
PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Fart of the Stable ABI since version 3.12. Call a method using the vectorcall calling convention. The name of
the method is given as a Python string name. The object whose method is called is args/0], and the args ar-
ray starting at args/1] represents the arguments of the call. There must be at least one positional argument.
nargsf is the number of positional arguments including args/0], plus PY_VECTORCALL_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.

RFEE 5% ArHE WSk, As) e o 98 Al 7] T NULLS whekghu o,
Added in version 3.9.

724 5% XY API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL A7) 07} 28 1A EUTh AR/ 28 oW 12, 1A ¢ow 02
gkt U . o] e A 43 dyth

7.3 A Z2EZ

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. AR 07} A L2 EZ-S A 2ohd 1S 93sla, 122 o™ AR L uksehy
o o] F4E A AT T
B 38014 W7: 07l AE2 A5 12 W T

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l¥} 025 ©] 3t A7}, A9 A] NULLES WHESHU o}
o] 2 sol W B4 o1 + 029} FEFUT

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL ol | A 025 i A3, A3 Al NULLES WHEHE Y T}
o] AL ol W FF A 01 - 028 FEZYTh
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PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l3} 025 &3S+ A3, A3 Al NULLES WHEHE Y o}
0|21 shol M EHA o1 * 029 55 Lk

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 338 FASE Z L}, Ao A
NULL= W&y th o] 212 shold 2@ 4 o1 @ o298 F5dYth
Added in version 3.5.

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

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Return a reasonable approximation for the mathematical
value of ol 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 / 02.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l-& 022 = YW X}, A3 Al NULLES 9FHgU o}
o] & oM TAA o1 % 029 FEFUTH

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. W% &< divmod () &
< Ytk o] A2 stol W E @4 divmod (o1, o2) & FEFUTH

PyObject *PyNumber_Power (PyObject *ol, PyObject ¥02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W& &4 pow () & =X .
HHERU ok o] 21 Thol W 8 A pow (01, 02, 03) & FEHULH 74 03= AEHA
£ FAsE, I A2lof py_Nonegs ABEHAHAIL (039 NULLS A std AR w2 A A7)
A oh.

PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 09] 2 2] Zk(negation) &, A 9] A] NULLES Wk
FUth o] AL oW EA 4 —o9k F5FU T,

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. & A] 05, A 3] A] NULL-& ¥FHEHU T} o] A2
x2A4 +o8t FFIUT

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 02] @B zko| U, A3 Al NULLE WwHeg o). o] A
Sho] A E @ 4] abs (o) 9 B 53 Th

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL 3-8 A] 02] ¥] E HFA (bitwise negation) <, A 3] A] NULL
2 WU T o] AL Fhol W EHA ~09 FEFUT

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)

Tz Al 2. Adfshd NULL

)
RS
=~

rlo

Return value: New reference. Part of the Stable ABL 38 A] 0l& 02WHE YEO0F A ZE 3 A&, A
A NULLS WS o] 22 sho] A EHA o1 << 029 FSFHUTH

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. 3-8 Al 0l & 02THE S EZ£ 07 A2 E 3t 235, Al 1)

A NULLS #hehgh ) o] 12 slo] W B84 o1 >> o029} F5FTh
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PyObject *PyNumber_And (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 0l 3} 022] “H] EE 3= 2] 3 (bitwise and)” <, 4! 7
Al NULL= BFHEU T o] 212 sho]d R84 ol & o295 dYTh
PyObject *PyNumber_Xor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 013} 022] “v] E ¥ vl E} & 1= 2] 3} (bitwise exclusive
or)”Z, A3l Al NULLS RHU th o] AL gtold 2H 4 o1 » 029t F5HUTH
PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B| E ¥ =2] }(bitwise or)” <, A 3
Al NULL& R U T o] 212 shojd &84 ol | o295 dYrh
PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l3} 02E B3t 237}, A3 A NULLES HF3HgHU T} o]
A4HE ol o] A1 G 8 A AF2] ol A (in-place) 3 H Ut ©] A2 o] W £4 0ol += 029 F5F Uk
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l | A o2& " 23}, A3 A| NULLES HF3HHU T}, o]
A4S ol o] A1 A8 A AFe] ol A (in-place) T3 U Th o] AL 3hold £ 01 —= 028 F5HYTH
PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l3} 02E 33+ 23}, A3 A| NULLS ¥F3HSHU T}, o]
A4S ol o] A1 A8 A A}2] o A (in-place) 3 Y T ©] 2 P < FolW £ ol *= 029 TS FUTh
PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 01T} 025 33 & F A
NULLS WH3HU o} o] A4k ol o] A5 A 212 ol A (in-place) <33 5 Y T 01 2
6= 029} 55 Uk
Added in version 3.5.
PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l-& 022 i 824 & Z o] (floor) U, A 1] A] NULL
2 WERF Tk o] A4 o7 A A3k Al 22 ol Al (in-place) 5B B U Tk ©] 2L Sho] A £ o1 //=
028} TS Th
PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical value
of ol divided by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers
are approximate; it is not possible to represent all real numbers in base two. This function can return a floating

point value when passed two integers. The operation is done in-place when ol supports it. This is the equivalent of
the Python statement 01 /= o02.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject ¥02)

Return value: New reference. Part of the Stable ABIL 0lS 022 & U X1},
o] A4k olo] A A8 A| A} ol A (in-place) 5 FF U Th ©] A 3ol

g,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 S pow () & FZ 34 /x] . A3 sH NULL
S w3t o] A ol A A A A o) A (in-place) = U Th 0] AL 037} Py_Noned
EH stol M 7 ol **= 029}, 1F A O pow(ol, 02, 03)Y AA}e ‘ﬁﬁiﬂr T @Y o3
= 7AW, 2 Aol Py_Noneg AETAA L (030] NULLS Agstd Z2H v 2] ANA7t

A o).

Al Al NULLS WheHgh o
M EF ol 3= 028t 55 F

L
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PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject ¥02)

Return value: New reference. Part of the Stable ABL. A& A] 0l S 02WHE YZE 0 Z A ZE 3 A5, A5
Al NULL& REhtu o) o] A4RE ol o] A|48HHA Al ZFe] ol Al (in-place) 33 B Yt o] 21 sho]d &3+
ol <<= o029} FFFYh

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al o1& 02WHE L EZ 0 F A|ZE 3 A5, A3
Al NULLS REHhU T} o] A4S ol o] A Y 3tH A 2} o A (in-plaCE) 4—?%49 Ytk o] 22 sto]d 4

ol >>= o029} FTFYh

PyObject *PyNumber__InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL A& Al 013} 022] “¥] E ¥ =] 3 (bitwise and)” <, A1 3
A NULL WP o o] AAFE ol o] A 95 A A2l ol Al (in-place) 5@ 8 LIk, ol A2 5o] 1 £
ol &= o029 F5 3T

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “v] E ¥ vl €} & 1= 2] & (bitwise exclusive
o), A3 A NULLE WS TF. o] Q412 of o] A SHE A 22 o] A n-place) 538 F U Th. o A2
ol £} ol "= o298t FEdYTH

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B| E ¥ =]} (bitwise or)” <, A 3
A NULLE WP T, o] @42 ol o] A 131 A xk2] ol A in-place) 58 F U TF. o] 22 5ho] 1l 3
ol |= o029 F5 3T

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A| A AR 2 HEH 05, A9 Al NULLS ¥FE}
STk ol 22 ol A4 int (o) %55 Tk

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A5 A| float A & HEH 0E, A9 A] NULLE ¥
Utk o] 2.8 3ho] A EAA] float (o) 2 55T Th

PyObject *PyNumber__Index (PyObject *0)
Return value: New reference. Part of the Stable ABL A& A] 3to]# intE A EH o5, A3 Al NULLES HFS}H
Ut A3 Al TypeError o 2] 7} @A g o}
WA 3.109 A ¥ 7 : The result always has exact type int. Previously, the result could have been an instance of
a subclass of int.

—

PyObject *PyNumber_ToBase (PyObject *n, int base)

Return value: New reference. Part of the Stable ABI. 7§4\—na ]—,—baseE A %H A Mo B 21E S whEehY
t}. base A A}=2,8, 10 £ 16% shbo] ok Ptk A =169 7 J%‘r% EAHE2 '0b', "00"
Tl rox'o AL 4/\]1}7} 247} ool B4t nO] JJrO] %% 1nt7]- OM WA PyNumber Index ()&
Y

Py_ssize_t PyNumber_AsSsize_t (PyObject ¥0, PyObject *exc)

Fart of the Stable ABI. Returns o converted to a Py_ ssize_t value if o can be interpreted as an integer. If the
call fails, an exception is raised and -1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError or
OverflowError). If 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 O otherwise. This function always succeeds.
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74 N IJAr=Z2EE

int PySequence_Check (PyObject *0)
Fart of the Stable ABIL Return 1 if the object provides the sequence protocol, and O otherwise. Note that it returns
1 for Python classes with a __getitem__ () method, unless they are dict subclasses, since in general it is
impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL A& X] A A2 098] AR 55 wigtatar, A
E¥A len (o) & F5dYTh

PyObject *PySequence_Concat (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 022] o] o] & 0] 7| & HI3}
NULLS ¥HEHRHUTh o] A€ Thol W EAA ol + 029} S5 T

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| 2 A A 05 count ¥ W13 AE wisl A,
A5l Al NULL-S ¥hhtU oh o] 212 Sho] @ A o * count 9t 55 ?J'L] T/}.

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 022] o] o] £ 0] 7] & W3
NULL-Z ¥H&3Uth o] A4R2 017} A4 5HE A X}E] ol A (in-place) =3 U t}. ©] A
ol += o028t FEFUh

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. Al 2~ A o0& count H WHE
A3 Al NULLS ¥E3HgU o). o] A4S o7} 2] A& A &L ol Al (in-place) =3
@A o *= count}FSIYTH

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
Return value: New reference. Part of the Stable ABL 09] i A& @ A E ¥I3ts} A, A s NULLS Y3
Uitk o] 22 shol A @A o[ 1] 9 55 F It

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL. A| @2~ AR 02 i12}i2 Ao 9] &8fo] ~E HkEksl 7 U,
A5 ahR NOLLS REE T o] 22 Bhol M BB o[i1:12) 2 B ST

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *V)
Part of the Stable ABL. A A vE 09] i W] Q4 0of tf ?}3}\4 D]- A slH o] & WA 7)1 -1 utS
HUTh A2 e 02 MAT T o] AL Tol M ERo(1] - vob BEFULL of B vol B2
Fx2E FAA s

If vis NULL, the element is deleted, but this feature is deprecated in favour of using Py Sequence_DelItem().

)
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bel 12 Wk
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rlo
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E?‘J

int PySequence_DelItem (PyObject *o, Py_ssize_t 1)
Part of the Stable ABL o A9 i MA] 242 AA Uy Austd -1 w33t} o] 2L slo| &
& del olil¢tFTHU

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
Part of the Stable ABL. A| @2~ AR vE A B2 AR 09 ilo| A i2 Ato] 9] &efol 2o th Y gt o] AL
ol EFoli1:12] = veFSFYTh

int PySequence_DelSlice (PyObject *0, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL. A| 2~ A A 09] ilo| A i2 AFo]9] £Efo] A& AA gt} Ausd -1 vk}
Uth o] A2 glol £ del o[il:i2]8 &5 FYTh

L
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Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 09l = value?] & W&t} =, 0[key] == valued WE3dlE=keyd 5
ek oh Asfetd -1s ‘ﬂ%@ﬂ‘:‘r- Ol 21 FFol 8 A o.count (value) & 55 FUth

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 0| value7} )= 2] &gt} 09 &&= 37 valueet 2o 1S 1}% 17,
a7 ko 02 Nk Th o2 Al -1E& WY T °l = jJr 1% E@4 value in oY
gt

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL. o[i] == value® WZ3l= A WA el A iE visgt) o g Al -1& ¥
Yt} o] AL stol M EHA 0. index (value) & 5534 I‘/},

PyObject *PySequence_List (PyObject *0)
Return value: New reference. Part of the Stable ABL. A] A2~} o] E] &
w35 AL AF S E NULLS 9y T vkElE gl AE = A2
FHA list (o) Y FFHYTH

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL. A]| A2 o]EHHE o0} Z2 YRS 7 &
whghel A v, Ao sk NULLg REG U T o7 FE oW, A2 xRk a1, 29 A oF
o] AR &2 WS o Puich o AL shol A R4 tuple (o) 9 55 FhTh

PyObject *PySequence_Fast (PyObject *o, const char *m)

Return value: New reference. Part of the Stable ABL. A]| @21} o]E 2 & 0& T} E PySequence_Fast* AYQ
Pl A AR T 5 9 AR WU AR A D2 ol e Eo] o E mE WA A AR
A&+ TypeErrorE WA A U th A ) A] NULL-S BHEHE T}

PySequence_Fast* &4¥ 07} PyTupleObject Y PyListObjectetal 7FA S 0] Hlo]E B =
ol 4 Ao wh ol o] 8 A o] B BT

CPython & Al AFF L2, o7} o] u] Al AU 2|2 E ™, vhbg U o
Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)

rit

09} 2 WG AR e AR
ez WAk %

r{o s

Returns the length of o, assuming that o was returned by PySequence_Fast () and that o is not NULL. The
size can also be retrieved by calling PySequence_Size () ono,but PySequence_Fast_GET_SIZE () is
faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Return value: Borrowed reference. 02] i A & 425 ¥I313l=4), 07} PySequence_Fast ()l &3l ¥F3t
5 %13, o7k NULL O] obU w, i7k A el oAl 7Hd F ok

PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject 3Z Q1] 2] 3H vl 4 & WF&stU . o7} PySequence_Fast () o &3] ¥F&= 9117, o7} NULL
o) ol 2k AR FY o
BaEe] 277 WA W, ARTe] F5 DL ANMAL 5 ol 793414 2. weba, D27
WAE 5 gl Buel e S i EAE S AL EHAIAl L.

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)
Return value: New reference. 02 i A Q45 WEs ALY, A3sd NUL

PySequence_GetItem ()2 W2 3 Alo] X0k ool N3] PySequence_Check ()7

i, 95 AT g 2 A S,

-
o=

[e]
o
>,
ok
X
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75 jd =2 EE

PyObject_GetItem(),PyObject_SetItem() & PyObject_Delltem ()T TZRI}HAL.

int PyMapping_Check (PyObject *0)
Part of the Stable ABI. Return 1 if the object provides the mapping protocol or supports slicing, and 0 otherwise.
Note that it returns 1 for Python classes with a __getitem__ () method, since in general it is impossible to
determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL 48 A A7 02] 7] 42 ¥8ka} i1, A5} -1 WL T}, o] = sho W B4
len (o) & F5FYTh

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

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

int PyMapping_DelItem (PyObject *o, PyObject *key)
This is an alias of PyObject_DelItem().

int PyMapping_DelItemString (PyObject *o, const char *key)
This is the same as PyObject_DelItem(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObject*.

int PyMapping_HasKey (PyObject *0, PyObject *key)

Part of the Stable ABL w33 Z} Aol key 717} Qo™ 15 Rb&hslal, 29 %] Fo ™ 02 RE& YT o]+
stold EHA key in o9 5 UL of Tt B4 AF T
Z31: Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper error

handling, use PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)
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 PyOb ject*.

ZF31: Exceptions that occur when this calls __getitem__ () method or while creating the temporary st r
object are silently ignored. For proper error handling, use PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL. A-Z3}4, 24| 0] 7] 8|2EE ¥3-shyt}. A 9314,
NULLS ¥HHghy o),
WA 3704 MG o]l & 7t Bl 2EY &S vHESUTH

PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL. A-&35td, A4 09 3t 2| 2E
NULL-& HFEHgh o)

WA 3TN WA o] el & Gk P AEL FES NBYS U
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PyObject *PyMapping_Items (PyObject *0)

Return value: New reference. Part of the Stable ABL. &3}, AA| ool] Y= & HArEE

=
o714 7t 2L 7 g A TFHE FE AU AshshE, nUILE BEF ok

WA3T0A WA ol Aol e Fot el aEU FES B@RE U

7.6 o|EHolE]l T2 EF

>

ek

=3 olE el o H & A8 A8 F §4t 9

int PyIter_ Check (PyObject *0)

Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to PyIter Next (),

and 0 otherwise. This function always succeeds.

int PyAIter_Check (PyObject *0)

Part of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator protocol,

and 0 otherwise. This function always succeeds.
Added in version 3.10.

PyObject *PyIter_Next (PyObject *0)

Return value: New reference. Part of the Stable ABIL. Return the next value from the iterator 0. The object must be
an iterator according to PyTter_Check () (itis up to the caller to check this). If there are no remaining values,
returns NULL with no exception set. If an error occurs while retrieving the item, returns NULL and passes along

the exception.

ol olH £ o|H o] EstE F2E FAste W, C ZEE old Ao & Hojof

PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

/* release reference when done */
Py DECREF (item) ;
}

Py_DECREF (iterator);

if (PyErr_Occurred()) {
/* propagate error */
}
else {
/* continue doing useful work */

}

type PySendResult

The enum value used to represent different results of PyTter Send ().

Added in version 3.10.
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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:
* PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
* PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.
Added in version 3.10.

7.7 ¥ =2 & F

A
= H
ol W& bytes $bytearray, 183l array.arrayf} 22 45 G o] LdH Ytk A4 2leo| B
2l= olm A Ay A A 22 S5 ER A g2 A s sy

57 AR, (obnhE) 2 W 2] W] o3 SN AEE TEY 54 FHEY
Fglol 4 Wl 9a 25 Aol ek gk,

W2 C vy 222 FA08 olge 7|52 AFdUT o] ZREZ & F 7HA S0

shol Mol Al M-8 4 Sl o AR L 58 v 22 WG w0l 3 AN 28 7
rra
o &

i)
9,
re
o,
oldt
2
>
rlr
of
(i
B -
S =)

. *é‘éz} o A&, @ o] “w 7 °1EM] ojx”S Y Hd 4 9]
S5 QA Yt o] dE s o)aE w3 AA iﬂl A o]
o ¥R SO, AR S| FA] SH Tl ol B ol th g Z A
Utk (el & S WA= w7 ¥
bytes 2} bytearray®} -2 tkst A& o5 W E vlolE A F FA o g =St o
7V53dUth; ol & 0], array.arrayo] 98 &5 = 242 HE HlolE Zro]l B & IS5y th
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.

W3] QB o] 28] A H] A7 Th A AR el WA E At g el F A7 Qg th

o Z0LE 7] W4 ZE PyObject_GetBuffer ()& T8t

o, 2389 AA I E MY AHE =2
A 4w E .

£ 27 913 o1 ¥ A PEE A3

e

,,
+
30,
fy

> m{)«
30, E?l_ﬁ
rlu
ofh
fuj
bt

—

ofr
filo

*wx IEE sx P A F & 2 JYE AFR o] PyArg ParseTuple ()(2E 1 A 23 HS S

EF 8 H 7o ZR%HA oW pyBuffer Release () S T E&doFdUch 21284 oA ko

W3 PER (L B3] 0 ) & b2 A9 o]V Bl HE shol A m 2 weh o) Al 1B s 3
02 FEFUh &, B 9t (erocopy) ool MAUZ O ST 4 d5UTh e BES
23 58S A8 A, 499 Ho| 82 Thol A mx aemo A o} 47 =2 5 Y&tk vmels
CEgel 2 45 WAL S gom, £ A eholne el Ags 7] Ao 24317 918 A vwe] 25
FE 913, Vo] B 2 91 v % el (in-memory) § 4 0 = P25 vlolHE A2 ol AE 2% AUk
shol A QIE Z el 7k B ohe th o] vl ol B D), W3l pyobject EAH L ob e B C T
ZA Y. o1 B3l v ¢ AL WET HAE £ AT ¥ E ke Qe A da B e,

[e)
e § AAE wE 5 U
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type Py_buffer

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

void *buf
W Beo ofa) 714H oA T2 AL A1) 7)e EAE. o] AL AB A (exporter) ] SR
£2)2 0B 8% ) RE QA 5 A5tk A 50), £ srridesE AW ghol

PyObject *ob7j
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 (). Thefield is the equivalent
of the return value of any standard C-API function.

E43% A9 R, PyMemoryView FromBuffer () W PyBuffer FillInfo ()% ZA¥R LA
(temporary) M3 2] 7§, o] BE=+&= NULLY YT L¥EA O 2, A 8F= (exporting) 2 A = 01 Al
A2 ALE-34] SFokok .

Py _ssize_t 1len
product(shape) * itemsize. 9L WEY AL, R WY E
Qo) 2%, Q1% EAew HAHGE w24 P27} 2A 2 2
((char *)buf) [0] °lA ((char *)buf) [len-1] HL ] AA
Jom w3/ HNE A5A0 FEGUG ARE 0 03
PyBUF_WRITABLEY YT}

int readonly
W37} 917] A4 AA S dehls EA 7 QU Th o] BEE pyaur wRITABLE Zo) 1E A o)
U,

Py _ssize_t itemsize

49 =2 g7 (b}o] E) YUYt} NULLO] oFd format Zkoll &% struct.calcsize ()

o]

=

3} 24Ut

o ]
u

T

2y rXL

3l of| Q). 28| A7} PyBUF_FORMAT Z3 1 Qlo] 3 & R S, format-S NULLE A AT

, itemsizet: ]3] defl FA9 & ZHYTh
shape©] Y2 W, product (shape) * itemsize == len BX7} A% A Y3t 20 A=
itemsizeE AHEEt] M HE BT P F T

PyBUF_SIMPLE ©| Y PyBUF_WRITABLE 82 39 ZAI}Z shape©] NULLo| W, AH A=
itemsizeE FASIA itemsize == 12 7}A S oF T}t

> ofy

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] - = pyBUF _FORMAT Z#| 1 =& AojF Ut
int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is O, buf points to a

single item representing a scalar. In this case, shape, strides and suboffsets MUST be NULL. The
maximum number of dimensions is given by PyBUF_MAX NDIM.
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Py_ssize_t *shape

n-2H vld 2 W REe o RS YelU= 2o ndim®| Py_ssize_t Bl Y. shape[0] * ... *
shape[ndim-1] * itemsize+ lend} Zro}ok gt}
E ¢ & shape[n] >= 0% AP UL shape[n] == 0 A= SHT FY7H A2

o} A S AR = H ek n] g S FRIAA L.
shape W - 2] 2bol Al €171 7184 .
Py_ssize_t *strides
ZH Ao M A 848 7hA L 7] Al AU vhol E 8 Al g st 2ol ndim®] Py_ssize_t
<.
~ETOlE e Qole) B4 5 YT Ak
48| A= strides[n] o] A o
BRI 2.
strides M2 40 2ol A) 97] A8
Py_ssize_t *suboffsets
Zo] ndim®| Py_ssize_t W94, suboffsets[n] >= 0 WH,n WA A4S w2l AFH 2 =
OlE| ol 1L A H @ = Al 2F-8 o I = (de-referencing) & Z+ E Q1] o] B & ulo] E 2 YEFE U T}
29 B A ZES o Z % (de-referencing) 7} WA 8} 2] $kolof S LJERY U T (A% v = g

. =

2o He AET 0| E),

o3
=
=

A gk o ™), o] B & NULL(Z] 23} o] o] oF T .
A F U ol el 8wl 2 ol oA

void *internal

o] -2 7] 35 (exporting) A A o &3] 34 © 2 AHEH ). o] & So], o 22 1F 2 exporter)
7FASE OA A" = o, W37} s A2 ol shape, strides ¥ suboffsets ¥l B2 3 A 3| oF
steAlod e 2 25 A Zste ol AFEF Uth 2u A7t o] ghe A= G Huth
Constants:
PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers of
multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_ND IM dimensions. Currently set to 64.

772 W3 QA F

W3] ) Pyobject_GetBuffer ()8 B3] A B SH: (exporting) AR 2 13 292 WA A5k o)
2e9 el H T2 Babgol 2A BHE 5 GO R, £uAE (B 5 s FHT A RIS AF ]

A3l flags AAE AHEFU T
All Py_buf fer fields are unambiguously defined by the request type.
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02 F == flagse] G &S IX &7 A EulE Fo g QYA ok YT} obj, buf, len, itemsize, ndim.

readonly, format

PyBUF_WRITABLE
readonly BEE AojdUth AR, Al FA=Hl=A] 27] 7158 9 & AlFsHA Y
SRS o Sl o 8 A o R A 8] B A S S A A
‘{'\_ 9}\]] E,_]_—y E—E ﬁ\_ﬂlx]'oﬂ ﬂ]‘B‘H %T&/\é% _IQ'_;(]——HO]: —?j_]/]q_'
PyBUF_FORMAT
format BEE Aottt AAEH, o] A& ul=A Yo FUch 18] ¢o,
o] I & = ¥l= A] NULL ©] o] oF &t}
PyBUF WRITABLES The Aol BE Zejaeh| 2 2 Utk pysur SIMpLEo] 002 Hejs e,
PyBUF_WRITABLES S d ZdlO2= /\]__9_510_1 7}%»}&7] i [ P Py

=

=
PyBUF_FORMAT-2 PyBUF _SIMPLES A28t 499 Za) 22t E 4 95Ut PyBUF_SIMPLE-Z o] u] 3 A]
B(FE gl vk E)E ol v g ok

shape, strides, suboffsets

Aofshe Bl 1t BAEs gasts £ HREUTh 2 Fe 1t 2 ool e

w2 =2 2
Y2 REHE

3 shape | strides | suboffsets |

yes yes 234
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE

23T s e, 2B E AHE 2 E 2H A ¢4V E FuTh
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2% | shape | strides suboffsets | <4 |
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
B 2%
BEE7Fe 22 o Hof Sl 2ol s s AHuUth B, W R EEZ2 A5 AR EH =
zge a2 ABUT
BE LA Uk A5 A 22 Q542 dedU 2vAE 9542 BRAs] A9
PyBuffer IsContiguous ()& Z&3loF gth
| 2% | shape | strides = suboffsets | 9144 readonly format |
yes yes Zg3td | U 0 yes
PyBUF_FULL
yes yes Zg3td | U l1E=0  yes
PyBUF_FULL_RO
yes yes NULL 8] 0 yes
PyBUF_RECORDS
yes yes NULL U 1E=0  yes
PyBUF_RECORDS_RO
yes yes NULL U 0 NULL
PyBUF_STRIDED
yes yes NULL U 1E=0 NULL
PyBUF_STRIDED_ RO
yes NULL NULL C 0 NULL
PyBUF_CONTIG
yes NULL NULL C 1E=+=0 NULL
PyBUF_CONTIG_RO
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7.7.3 Ezsn]g
NumPy-~€}2l: shape 3} strides

NumPy 2~ E} vl o] :=28]& 2= itemsize, ndim, shape W strides® 2] Yth

ndim == 0°]®, buf7} 72| 7= W B8] 9| X7} itemsize 379 2222 S|4 H U ©] B¢, shape
I} stridest BE5F NULLYYtTh
strides7} NULLOIW, W92 EF n-Xd C ol 2 s g Uch 28 okom, Avate thg3) 2o] n-
A2l v ol A 28 oF T T

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

il

oA AFRFol, burt WA WE BE el B
oz Moo REAS A T4 gtk

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

AXE e D 5 9% Utk AT A (exporten) & ©f

mn

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]l-1) for j in range (ndim)
if strides[j] <= 0)

imax = sum(strides[]j]* (shape[j]-1) for j in range (ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imaxtitemsize <= memlen

PIL-~€}Y: shape, strides X suboffsets

ARE G5 2o 5, PIL 26t s Dol &= A4 b 84 E 7H- 2 7] 938 uhetof ?ﬂL A 23E
ALUTH o & So], At 3-21Y CHl ¥ char vi2][2][3]1=2712 2-3-¢ vl 2L 7}8] 7] =272 ZolH
MEE 855 JdFUTh: char (*v[2]) [2] [3]. suboffsetsEfﬂOﬂ/ﬂ o] & jL_?lEi‘— bure] A2 HEo
gul= E 4 e, W2 o= A oAy uixE 5 e F WY char x| WS 7he gy T
oF-S-2 NULL©] o} strides &} suboffsets 7} 912w, N-x}-g o1&l A7} 78] 7] = N-i}-?rj uﬂoaﬂsl S840 gk =
AE]E kel F YY)

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

(tH& slo] Aol Al<)
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(o] A sl o] Ao A A<)

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];
}
I3

return (void*)pointer;

7.7.4 W3 B2 84

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ ¥ Qe H| o] A~ & A Y
0L wstgtUc}, 10] wi3tE ulf, Pyobject_GetBuffer ()7}
ol v T 4FdYTh

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

Part of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>o0bj to NULL and

return —1.

A3, viewS A931, view>obj S exportero] & A Fxw 443, 02 WY L‘D} 23e
2 A 2 2] o] @ A5} 2 2 (chained) W] 3 B A9 A%, view->obi e exporte rejal o] AAE
Aza QU (o A4 128 BAL).

PyObject_GetBuffer ()o 3t BF A T&-2 PyBuffer Release()o] et &7 B
o] Folof FUTh malloc () 3 free () 9 FAFRUTE whebd, £ua7k w2 448 o+,
PyBuffer Release()E 73@('3] o T E3f of Ytk

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 () S &) Q2] 932 W30 o] F4E &= AL Yyt
Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

Part 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. view= 2 2] 5 w| & 1“4 7}C 26} (order7} 'C') ol U} R E T AELY

(order7} 'E') A& o] ALt & F St (order7h 'A")W 1S RESHU T 297 ¢koH 02 WY TH
] -61—/\ = ‘6]—/\]— /H E_‘?‘J—qq

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)

Part of the Stable ABI since version 3.11. 12 view W3 9] indices7} 7} 7] = W2 8] 992 7FA S U Th
indices= view->ndim Qg A0] g & 718 Aok gt
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int PyBuffer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the Stable ABI since version 3.11. buf°ol] 1= AL H len B} EE viewZ B AU T} fort= 'C!
Erp (CaBY Eb EEU A8 24D 5 YgUth JB5HE 00) B 3, e glow -1
o wHakE o},

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. srcoll 9+ len V0] EE bufol] A< i@ii B AUt} order=
O EE R R AN(CABY BE ZEU ARY $A EE E 5 D 5 dFvth 430 o
o] Wkghe 17, of 2 7} QLo ~10] vkSkE Yt}

o] == len = sre->len©] ™ 4 9| g T

int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and or
Fortran-style buffers.
0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char

order)

Part of the Stable ABI since version 3.11. strides W] @S 0] A QAT v}o| E 2} 0] R shape &2 A<
(order7} 'C'WH C 26tY, order7} 'F'H T E QE}O]) v g 9] H}O]E 2Egol= & A2 Yt}

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int flags)
Part of the Stable ABI since version 3.11. readonlyl| W2} 2~ 71 7Vs/d ol AAH len 379 buf & ==38H =
Z11+Z}(exporter) o thal M3 £ 4€ el gtk byt F3 P vl =9 A2 AT U
flags AA= 27 S YebdUth 1J¢tmﬁ}iﬂﬂ£°Eﬂ%QﬁPﬁmzmHm%Ml
flagso] B o] A oW, G4 Fe) 17 A G thE viewE AT

On success, set view—>0b7j to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view->o0b7j to NULL and return —1;

o] &7} getbufferproc] LF 2 A5 W, exporter 7} A| -8 3= (exporting) A | 2 A 7 = of of &}, flags
ETAEA A AR % %5] oj o Fruth. 1 ¥ A] ¢F O W exporter 7} NULL ©] o] of g T},

78 Y W3 Z2E&F

ERENERE EE
o G4t shol W 204 “whe 3] m2 2 APL AR R o] & th Thol W 3ol AL o] mREFo| Ht
S G2 D 014 & A hE YHEE of ¢ ) WA Z2EEE EHA
T2 5] WL AW, WA E AT W 2L AU £HE AR 4+ fg T
A = PyA
]

Z
ra,
o
b
e
it
T
e}
o
il
rf
S

w2} A, PyObject_GetBuffer ()(BEE y* W w* & A= rg_ParseTuple () Al |9
) E 28] Al i WS BE ZHA LA, W RE AT 5 e

T Eo= Zlo] E5 YT

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL E7} 7]k 9] & © 2 X188 4 9l 9]7] A& vl = 2] 91 2o )& E AL B N3
Ut obj AR Q) A TR E 2 015 Qe sl o] A2 2| Ashof ST AEEY, 02 whEhsa
SR JXZ DA, buffer_lens W3 Zol= A FUth ole] Ao, -1 ke, TypeError
S AZFEYLL

"U

yBuffer Release ()&
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int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 919] 9] tlo| B & 2 3Ha1= 2] 7] A8 o = 2] 9] 4] o] th 3 2 QI E) B MBS T obj
Qb T A IWE 917] 7hs 3 Qe s o] 28 A Ushof FLith AT, 02 MBS, buffer
w22 A2 AA 3, buffer_lene W3 Dol 2 AAFFUtt ol Alef|, -1& ¥F8Halal, TypeError
£ AR

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL 07} & M| ZHE 2]7] 7} v QA EH o] A2 A Y3hH 1S w3t
RFOH, 0L NI T o] A5t P AF T Th
ol = WMIAE ZHAH LI A 1L 3, T FTE TE5= T BASE 9= JAR
FYSAAI L. o] HE o] thAl PyObject_GetBuffer () S AFRIHI A L.

= ©v—

tyth 234

o
°

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. 227] 7} gt v 2 2] 9] X] of] tf 3t Z A EJ & WU th obj A A= &Y A IHE,
AW H QAE | o]~ E A A of FUT FF S, 05 WEEESHL, bufferE W R 2] 91X 2 A Bk,
buffer_leng W3 Z o] 2 AAFUTt o & Ao, -1& W¥3}al, TypeErrors A Fch
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CHAPTER 8

0
yt}; shol W =2 13 A 7»‘17?1% ‘:‘é?}%tﬂ iﬂ}a 3 é } A FABHA] ¢hrh, ¥
S oF gt o & Sof, AA 7 M e el ﬂols}aﬂf&, PyDict Check ()& AF&3}4]
A AA Fo] “FKH A H FdH o] AFUTh

-
i

= 2 79 QA ANHA T, e F5E S ET AR
S151A] ohguith NULLE AR W el o 5|2 9ol el Qe z el o]

8.1 7] A
o] Aol A= shol A & AA St 42 E A Noneol Hh3) A FU T

8.1.1 & 7

type PyTypeObject
Part of the Limited API (as an opaque struct). W38 S 7| & sF= o] AR = AA Y C 24

PyTypeObject PyType_Type
Part of the Stable ABL. ©] 212 & A & AA| JUth; 5ho] A AlF 9 typedt 22 AA A th

int PyType_Check (PyObject *0)
A 07} £5W AR A T Fo] AxbAB 23ksto] W AA W 00] obd gh2 WA T e
2E 490 WA of I3t I AF T

int PyType_CheckExact (PyObject *0)
2 07 9 AR ) AW, 22 AR An o] oh] 7 00] bl g WA T BHE wE FF 02
shekghUTh o] $4 A AF R Th
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unsigned int PyType_ClearCache ()
Part of the Stable ABL. Y5 23] 7§ A] & AU th A2 oA e 1 & viskgh o}
unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABIL. Return the tp_ f1ags member of type. This function is primarily meant for use with

Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited API.

Added in version 3.2.
WA 3404 WA ¥3E3 L o] A 1ongo] o}y Bt unsigned long$ YT
PyObject *PyType_GetDict (PyTypeObject *type)
Return the type object’s internal namespace, which is otherwise only exposed via a read-only proxy (cls.

__dict__). 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 nec-
essary and indirect access (e.g. via the proxy or PyOb ject_GetAttr ())isn’t adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their own types.
Added in version 3.12.

void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL. @3} 2 A9 R E A B o tfj 3t
Evpiols FUAE FEOR £ Tt o] T4
int PyType_AddWatcher (PyType_WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to future calls to
PyType_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.

Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id (previously returned from Py Type_AddWatcher ()). Return O on suc-
cess, —1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher_id that was not returned to it by a
previous call to Py Type_AddWatcher ().

Added in version 3.12.

int PyType_Watch (int watcher_id, PyObject *type)

Mark rype 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 consec-
utive 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_Wat ch 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 fype or cause Py Type_Modified () to be called on type or any type in its MRO;
violating this rule could cause infinite recursion.

Added in version 3.12.
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int PyType_HasFeature (PyTypeObject *o, int feature)
B AR 07} 715 feamre AAFE 00] ok L WAFUTH Y /)5 DY HE Fe) 12 BAH
Y,

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} b2] A B & o] F-& vistsh o).

°of Fe AAl ME FW AAF YL F, __subclasscheck () 7Fbell sl =25 A 5k
issubclass () 7} 385t AN 22 AAE e Pyobject_ IsSubclass ()5 T &AL

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL. 8 A ] tp _allocEF< s 49t A8l 7]. sfo]#
o] 712 W Ee] FF W AUSES AHE st Af A2 AE 6t BE W8S NULLE 2733t
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)

Return value: New reference Part of the Stable ABL. & A9 tp_new €22 93 Lul A2 7). 9
tp_allocEF S AFRSIA A Q2 AE u].:qr/]_

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABIL. & 7| A& vl gy} =73 &
§‘€°H°]: gt o ?&—’Ft P o] Wo]x FEao A FEHH
F Al -1 Hkgstal o 9l & AT

25 @ A7 o thal o] A =S
S22 27U AT A 02wk,

Z31: 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 par-
ents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags then it must
implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s name. Equivalent to
getting the type’s ___name___ attribute.

Added in version 3.11.
PyObject *PyType_GetQualName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s qualified name. Equivalent
to getting the type’s ___qualname___ attribute.
Added in version 3.11.
void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. A1 A H &3l A5 g A HE &gl 277 NULLO| |,
z29

=
& Fo| NULLO| A} =7 G & 51 92 ) 7H W42 SEFUS UYEbYUTh 332 gubg oz
43 26 449 B4 Joz A2F g,
slot Q12}2] 71538 7h-& PyType _Slot.slot< FFZSHAA L.
Added in version 3.4.

WA 3109 A HA: PyType_GetSlot () cannow accept all types. Previously, it was limited to heap types.
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PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. PyType_FromModuleAndSpec ()5 A& 35to] & 1l
49 B3 BAd B E AA S AT

FAXN YA AAH ZE0| 9lO W, TypeErrore A3t NULL HHEHgHU T

il

2]

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 Py Type GetModuleByDef () for cases when
PyCMethod cannot be used.

Added in version 3.9.
void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. FolZ d3 A dd 25 AAY AHE wragd )
PyType_GetModule () A3}ol| PyModule GetState () & T&dt= ]—E 771 4 Ytk

Folx P Add 5ol 1o, TypeErrors A4 33 NULL& WH&HtU th
typeoll A&d 25 o] YARE BN 7FNULLO| |, ol 2] & A A 8HA] oAl NULLS WY o
Added in version 3.9.
PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule_GetState () to get module state from slot meth-
ods (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 PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

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

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or O if a new tag could not be
assigned.

Added in version 3.12.

oS et F2AE 7 8 e d ARSE Ut
PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec, PyObject
*bases)

Part of the Stable ABI since version 3.12.  Create and return a heap type from the spec (see
Py_TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL, the metaclass is
derived from bases (or Py_tp_base[s] slots if bases is NULL, see below).
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Metaclasses that override t p_new are not supported, except if tp_new is NULL. (For backwards compatibility,
other PyType_From* functions allow such metaclasses. They ignore tp_new, which may result in incomplete
initialization. This is deprecated and in Python 3.14+ such metaclasses will not be supported.)

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If bases
is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If that also
is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a mod-
ule 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] &= MEE Foll PyType_Ready ()& EE&Fth

Note that this function does not fully match the behavior of calling t ype () or using the class statement. With
user-provided base types or metaclasses, prefer calling t ype (or the metaclass) over PyType_From* functions.

Specifically:
e _ new__ () isnot called on the new class (and it must be set to type.__ _new__ ).
e __init__ () is not called on the new class.
e __init_subclass__ () isnot called on any bases.

* __ set_name__ () isnot called on new descriptors.
Added in version 3.12.
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return value:  New reference. Part of the Stable ABI since version 3.10. Equivalent to
PyType_FromMetaclass (NULL, module, spec, bases).
Added in version 3.9.

W A 3.100] A] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

W A 3.129 4] ¥ 7 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_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 t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides t p_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABI. Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

W A 3.12f| A ¥ 7 : The function now finds and uses a metaclass corresponding to the base classes provided in
Py_tp_base[s] slots. Previously, only t ype instances were returned.
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The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

type PyType_Spec
Part of the Stable ABI (including all members). 8 2] 35 o sF= +=xA.
const char *name
9] o] &, PyTypeObject.tp_names AR+ o AHEH Ut
intbasicsize
If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.tp_basicsize.
If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition to the su-
perclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory reserved this
way.

W A 3.129)| A WM 7 : Previously, this field could not be negative.

int itemsize

Size of one element of a variable-size type, in bytes. Used to set PyTypeObject.tp_itemsize. See
tp_1itemsize 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 i temsize is only possible in the following situations:

¢ The base is not variable-sized (its tp_itemsize).

e Therequested Py Type_Spec.basicsize is positive, suggesting that the memory layout of the base
class is known.

e The requested Py Type_Spec.basicsize is zero, suggesting that the subclass does not access the
instance’s memory directly.

e With the Py_ TPFLAGS_ITEMS_AT END flag.
unsigned int £lags
@ EW 2, PyTypeobject.tp _flagss Aot ol AHEFH UTh
Py_TPFLAGS_HEAPTYPE Z#|27} AAE o] YA 4O, PyType FromSpecWithBases () 7}
AEor ZYPIE HAATYH
PyType_Slot *slots
PyType_Slot FZAS M E. 5 €% % {0, NULL}ol &3] T E5g Ut
Each slot ID should be specified at most once.
type PyType_Slot
FPart of the Stable ABI (including all members). @ 2] A B A 7|5 AoJ3t= 124, X 1D 3 £ HE
233
int slot
<= 1D.
€% IDE FZA PyTypeObject, PyNumberMethods, PySequenceMethods,

PyMappingMethods W PyAsyncMethods & BE o] Eof py_ HFALE £9¢l o] &S
AFESU L o & S0,

e PyTypeObject.tp_deallocS AAS=Py_tp_dealloc
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e PyNumberMethods.nb_addZ A7 d}= Py_nb_add
e PySequenceMethods.sq_lengthS A SF=Py_sqg_length
The following “offset” fields cannot be set using Py Type_Slot:

* tp_weaklistoffset (use Py_TPFLAGS_MANAGED_WEAKREF instead if pos-

sible)

e tp_dictoffset (use Py _TPFLAGS_MANAGED_DICT instead if possible)

e tp_vectorcall_offset (use "__vectorcalloffset_ " in PyMem-
berDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to sup-
port Python older than 3.12), specify the offsetin Py_tp_members. See PyMemberDef
documentation for details.

The following fields cannot be set at all when creating a heap type:
e tp_vectorcall (use tp_newand/or tp_init)
e Internal fields: tp_dict, tp_mro, tp_cache, tp_subclasses,and tp_weaklist.

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,
use the bases argument of Py Type_FromSpeclWithBases () instead.

WA 3994 ¥ 7 Slots in PyBuf ferProcs may be set in the unlimited API.

WA 31194 WA : bf _getbufferand bf_releasebuffer are now available under the limited
API.

void *pfunc
229 Qb AU Th R o) AL Bl o E A Qo).
Slots other than Py_ tp_doc may not be NULL.

8.1.2 None 74|

Note that the Py TypeOb ject for None is not directly exposed in the Python/C API. Since None is a singleton, testing
for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None
The Python None object, denoting lack of value. This object has no methods and is immortal.
B A 3.120| A W7 : Py_None is immortal.

Py_RETURN_NONE

Return Py_None from a function.

8.2 57 23

8.2.1 H+ A

e Qo9 A719] “long” B+ AA = AP UTH

H Al, HHE9] PyLong_As* APl A8} +RE & 4= gl (return type) -1& R TH RS &
AsteE ™ PyErr Occurred ()& AFE3HA A Q.
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type PyLongObject
Part of the Limited API (as an opaque struct). ©] PyObject ] A B &-& glo|W A4 AAE vep iy

PyTypeObject PyLong_Type
Part of the Stable ABL. ©] PyTypeObject A2EHAE wlo]H A4 8 el YUt} o] AL slolA
A9 int e} 22 A Y

int PyLong_Check (PyObject *p)
AA7} PyLongObjectolu PyLongObject o] A B Yol F& W&yt o = 3 43
e},

int PyLong_CheckExact (PyObject *p)
0127} PyLongObject ©] AW PyLongObjecte] A H & o] ofy
Ehcoinsi=g

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. v2 2 €] A} PyLongObject A& ¥+3H8}A U, A 1)
& NULLS wh3hghy o}

The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

)

1e)
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o
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PyObject *PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABL. C Py_ssize tZF ¥ A PyLongObject A A& 1}
oA, Asf st NULLS REES U T

PyObject *PyLong_FromSize_t (size_tV)
Return value: New reference. Part of the Stable ABL. C size_t Z% €| A PyLongObject AR S HI3+31A
w, A3 i NULL-S WU o)

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. Part of the Stable ABI. Return anew PyLongObject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. ve] A4 R R o 2 ¥ ] A] PyLongObject AA S
Hkehsh A o, A 9l 8l E NULL-S HEE S o)

PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABI. Return a new PyLongOb ject based on the string value in
str, which is interpreted according to the radix in base, or NULL on failure. If pend is non-NULL, *pend will point to
the end of s#r 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 st is not NULL-terminated following the
digits and trailing whitespace, ValueError will be raised.

o B

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().
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PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. ZAFE uoll Y= FUIZE X9 A|FAE 1}o)

Added in version 3.3.
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PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABL. 3 Q

[

]
PyLong_AsVoidPtr ()& AH&3te] A3gholl A 23]
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long PyLong_AsLong (PyObject *obj)

Part of the Stable ABI. Return a C 1 ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convertittoa PyLongObject.

Raise OverflowError if the value of obj is out of range for a 1ong.
g Al -1& WU Th R3S A AStH W PyErr Occurred () S ARSI Al L.
¥ A 3804 WM A: Use  index__ () if available.
H A 3.109 A ¥ 7 : This function will no longer use __int__ ().
long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject, first
callits __index__ () method (if present) to 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.

ol Al 1L WAF YT REAS A ATE Y PyErr Occurred () & A& L.
B A 3804 HA:Use_  index_ () if available.
¥ A 3.109]| 4] ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Fart of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range fora long long.

el Al -1& WUt R34S A AW pyErr Occurred () S A8 Al L.
B A 3.80 A W7 : 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 ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_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.

off & Al —1 & W&t RSAES A ASHE Y PyErr Occurred ()& AFE3HI A L.
Added in version 3.2.
B A 3.891A WH7A: Use___index__ () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
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Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABI. pylong®] C Py_ssize t 82 WrE3U Tt} pylong2 PyLongObjectd] Q12H
2ofof gk,
pylong®] Fkel py_ssize o] M9 E WojUd overflowErrors S A ] Yth

off & Al -1 & W&t RSAES A ASHE M PyErr Occurred ()& AFE3HI A 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] A] (unsigned long)-1S¥IE3Uth RS A S A ASIEYH PyErr_Occurred ()& AF&3HA
Al L.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABI. pylong®] C size_t %8S QI3 Tt} pylongS PyLongObject ] QIAE A o] ok
3 o,

pylong®] #kel size_t] WM E Yo overflowErrors WA Yt}

ol Al (size_t)-1& W&FUth R34S A AW PyErr_Occurred () & AHESHI A L.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Fart of the Stable ABI. ReturnaCunsigned 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< ¥yt Re A4S A ASE Y PyErr Occurred ()&
BN L.

HA 3194 HA: 29 pylong= ©] A TypeError7} ofy g} OverflowErrors WA A A Yt}

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Fart of the Stable ABI. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

If the value of 0bj is out of range for an unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

o 2] Al (unsigned long) -1 ¥yt B3 AS A A H PyErr_Occurred () S AR5
AL

B A 3804 HA:Use_ index__ () if available.

¥ A 3.109]| A ¥ 7 : This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Part of the Stable ABL. Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 2] A] (unsigned long long)-1< ¥yt Be A4S A ASE Y PyErr Occurred ()&
AR5 A 2.

B A 3.80 4] Y17 : Use  index__ () if available.
¥ A 3.109)| A ¥ 7 : This function will no longeruse __int__ ().
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double PyLong_AsDouble (PyObject *pylong)
Part of the Stable ABL. 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.
oA Al -1.0& W&tk 5 A& A ASe W PyErr Occurred() S AFESHAA L.
void *PyLong_AsVoidPtr (PyObject *pylong)

Fart of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an
OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

o3 Al NULLS RE& Utk 255 Al Ase d PyErr Occurred() € AHSSHY AL L.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

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

Return 1 if op is compact, O otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers. For
compact values use PyUnstable_Long_CompactValue ();for others fall back toa PyLong As * function
orcalling int.to_bytes().

The speedup is expected to be negligible for most users.
Exactly what values are considered compact is an implementation detail and is subject to change.

Py_ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

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

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.

Otherwise, the return value is undefined.

8.2.2 2] AA

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_Falseand Py_True.
As such, the normal creation and deletion functions don’t apply to booleans. The following macros are available, however.

PyTypeObject PyBool_Type

Part of the Stable ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same object
as bool in the Python layer.

int PyBool_Check (PyObject *0)
07} PyBool_Type ol & 85Ut 9]

PyObject *Py_False

AT

w2

rr

2~
T

The Python False object. This object has no methods and is immortal.

WA 312004 W7 : Py_Falseisimmortal.
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PyObject *Py_True

The Python True object. This object has no methods and is immortal.
¥ A 3.120 A M A : Py Trueis immortal.

Py_RETURN_FALSE
Return Py_False from a function.

Py_RETURN_TRUE
Return Py_ True from a function.

PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL. Return Py_True or Py_False, depending on the truth
value of v.

8.23 H&5 A4H AA

type PyFloatObject
o] Pyopiecte] AH §L sto] A B5 £44 AR E Ve

PyTypeObject PyFloat_Type
Part of the Stable ABL. ©] PyTypeObject 12" A= glo|H HE A4 F& eI U, o2
o] A A Zo) A float 2k 22 AA At}

int PyFloat_Check (PyObject *p)
I} 7} PyFloatObject W PyFloatObject? A B 3 o]
U,

int PyFloat_CheckExact (PyObject *p)
AR 7} PyFloatObject o) AR PyFloatObjecte] B L& ofd S vistdh ) o] 4= 34F
4E gk,

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL str2] £A}4 3t2 7|HWtC & pyFloatObject AAE
s A A9 8HE NULL.

PyObject *PyFloat_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. v2 5. €] PyFloatObject AAE WE AL}, A9)s4d
NULL.
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double PyFloat_AsDouble (PyObject *pyfloat)
Fart of the Stable ABIL. 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 a
float. 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.

B A 3.80 A W7 : 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 ABIL. float®] AW =, <=7k, H A g0l A3 ARE
structseq Q12125 E2F T 35 59 £loac.nE AL G A7 I,

el
U?i‘
B
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double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

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
7754 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 O on
little endian processor.

Return value: 0 if all is OK, —1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:
¢ What this does is undefined if x is a NaN or infinity.
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.
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Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in little-endian
format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The PY_BIG_ENDIAN
constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on little endian processor.

Return value: The unpacked double. On error, thisis —1.0 and PyErr_Occurred () is true (and an exception is set,
most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

%) g Foz RHYT: sk ol 2230 B

glo] o] B AR CAPIOA 2 o F €
Eag g el e CF2AY YT APl F 7 7 Z9 T 5

Ao, e b A

2
A& FrE ATTU

CrzAZAY Basd

w7 MR o]y FRAE WolEolu AFE W3EE e
tHE Utk o]= API AA oA Q& Ut

type Py_complex

i3

AHE 53l Iz ke o g

shold Bad AR 9 g HEo] I C PEA. Had AME ORE RE F4E o Fo] 72
Ae 98 wx 2GR AP5A A4S The T el Aol Py

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
Cpry_complex @G ARG to] F H250] g kg roh
Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)
Cry complex BUE A§] F Bap 2ol MEFTh
Py_complex _Py_c_neg (Py_complex num)
Return the negation of the complex number num, using the C Py_ comp1ex representation.

Py_complex _Py_c _prod( v_complex left, Py_complex right)
Cpry_complex Hg ARG Slo] F B2 o MhagYrh

Py_complex _Py_c_quot (Py_complex dividend, Py_ complex divisor)
CPy_complex 2dZ AH§3to] 7 A4 52 g

If divisor is null, this method returns zero and sets errno to EDOM.
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Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
CPy_complex 8-S AFR3} nume exp AEA| w2 vkakgh o}

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.

shold A 2 A o] B 4%

type PyComplexObject
sho]m B a4 A E U pyobjecte] AH W,

PyTypeObject PyComplex_Type
Part of the Stable ABL. ©] PyTypeObject A2E A= Tlo]lH B4 4 3-8 e U TH 3ho|A A 59
complex2} Z+-2 A A Tt

int PyComplex_Check (PyObject *p)
1A} 7} PyComplexObject Y PyComplexObjectd] A H & o]
AF gk

int PyComplex_CheckExact (PyObject *p)
A7} PyComplexObject O] A RY, PyComplexObject?] A/ B @ o] oby™d 2 whahghyrt. o]
G 4k A g,

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py _complex 322 M2 & ulo| W B4 AA & w5t

B
s
o
rE
rlt
i
<
v
-
%
-+
rlr
o
ox

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABI. real ¥ imag@ M 22 PyComplexObject A& Wk
.

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)

Fart of the Stable ABI. Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)

BT opd] Py _complex 32 ¥F3Hghy o}

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 —1 . O as a real value.
B A 3.80 4] Y17 : Use  index__ () if available.

8.3 A|A X AA|

ARz AR S DA A A o] A oA =9 B Th of B ML shol A dlofe] 1
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8.3.1 nlola g A A

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] Pyobjecte] AH §L 5ol wlol 2 AAE e

PyTypeObject PyBytes_Type
Part of the Stable ABL ©] PyTypeObjectl] AA2BE A= slo| A vlo]EE &S el UL Jhol A A&
o] bytes 22 AR Yt

int PyBytes_Check (PyObject *0)
A o7} vl 2 AR o) Ark ik 2 Ho] A1 Fo] AAEAT FS WG Th of T4t A
AE T

int PyBytes_CheckExact (PyObject *0)
A 07} whol £ AA o] A\, wpo| £ o) HH W] ATz o FL AT o] ot
4 43P ok

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABIL. A 3351 Zto 2 v BX G o] BEALR S zH= X blo|EY
A2 weet 1, Av e e NuLLS MaEh o) wl ) W4 v NULL o] ofy] o] of FuiTh; A AbelA
Hacinie s

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 33t Zho] v g9 EAlE o] 11 ZAo]7} len?l
A ko] AA S WL, A s el NULLE WU T v noLLo] |, ulol = A A o) &L
Z271319 A k5 uth

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

Return value: New reference. Part of the Stable ABI. C printf ()-2FE}
AALE Wroba, A3 sfo|x vlo|EE Ao 37| & Asbstar 1 <t
vrsksh o b QA= C o] o oF 31 formar SA GOl Q= Ul &
545 = EW BAE OS24 oh

d ormat B2 7 R4 9
o kol EE vlo = AN E

A5 3} 4 23] o) 33 oF 3o,

| =R &4 | 3§ | 4 ‘
%% n/a e E % &4}
Sc int g vlolE, Cint2 EE S Ut
3d int printf ("s$d") & S5}
$u unsigned int printf ("su") ¢ F53c}!
$1d long printf (" %1d")9}%% gyt
$1lu unsigned long | printf ("slu") & F5gYct!
$zd Py_ssize_t | printf ("%$zd") & S5}
$zu size_t printf ("$zu") & S5}
%1 int printf ("si") o} S5t
$x int printf ("sx") 2} S5t
$s const char* E;_‘-%—E C Zx+ HH o,
5p const void* ¥ 1674 . ZHEL printf/l ¥ AFHE Y=X] 9
”J&‘” o] E]Ei‘“'* Oxi A& go] ARt A2 Al g stas A9
printf ("sp") 2t F5 LY
AAT 5 G 2% BAE 90 2AQe] ViR Bio] B A3 Ao] 102 BA A BT,
27} AR FAH U T

VA% AR @ i 0 o) A 0 B 1k AREE AAHE GF Pk

o]N-
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PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] F 719 QA& FH3lth= A S At e
PyBytes_FromFormat ()3 2% Uth

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABl. ¥ L2 EZ & 3= A A 08 Hlo]EE RH S
wrEhgh o

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL. H}o]EF 1A 0o] Z o] & whaghth

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 tf 3l X & wl& gt £ E len(o) + 1HJER FTAH
09 YR W= sbe ot W59 npA 8} vho] &= b2 d (null) B} £ 7} hXMl A glol B
ddUct AA| 7t pyBytes_FromStringAndSize (NULL, size) & ARE3Slo] Whg whEo R A7
ofUH tlolBl & A A= <t HUth &2 fAA= < H HD}. o7} HPOlE d AA7F o |,
PyBytes_AsString ()-& NULL- WH8H8}al TypeErrorE WA UTH

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Fart of the Stable ABIL. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.
length 7k NULLO] B, o] EQ AR = 1 FE A vro| 2§ TR 5 G U Th BoF 1Rk Pt -1
S W8Sl valueErrorS WA AU T
buffer = 0bj) | 191 & 71171 4] 5] o, ol 71 vho] £/} 8 L o lengihol = E 9 7] o
sUrth. AR 7} pyBytes_FromStringAndSize (NULL, size) & ARE3to] g whEo] 3 F27F
Shy 7 ol Bl 543 A & F Tk BRL A AN AL % F Uk ob7} uho £ AA 7} obul
PyBytes_AsStringAndSize ()& -1& H]'E]'O]'_]_ TypeErrorE A} /\] 7Y th
WA 35 A WA o) Ao, whol = A o & Hpol E7} Z @] o 9.0 W TypeError7h WA Y
Yk,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL bytesol| newpart®] W &< g SlIE 9l A} vlo]EE AR E *bytesol] THH U T T=A7}
M F2E 2FTUT byres®] ol A groll thet %‘ié FHUS A AA 7 RSl 5 QLS W, bytesol]
kol A 2= o] A 3] M A aL *hyres®] S NULLE A HUth A2 g o9 7 A FH Uk

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
Part of the Stable ABI. Create a new bytes object in *byfes containing the contents of newpart appended to byfes.
This version releases the strong reference to newpart (i.e. decrements its reference count).

111}

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
“EHrdol= EFota vlolEd AR 9 275 WA= =
Wl ALB B A 2 bytes 7} o o] TE ] bR Riol] def A 98 ¢ ATk A8 A AL AT
vlolEd A A 9 # 742 7k 19] ofd wj o] g E TE i% Sk 22 ol E d Ut 7] vlolE T A A9

222 hale(W 82 7128 4+ 5 the 4 ﬂ?‘f} A, gete A 2718 AEdUh 4 Hd, thytes
£ 2707 WAE vhol e AAE 24 B 7 00] WEH T *hyes] 2ot AT OHE 5 A
o A @ o] Afsta, thytesoll Y= D HEO|E R AA = S SNA = 3L, *bytes7F NULLE A A H 1L,

MemoryError7} A A= m -1 0] wigg Ut
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8.3.2 nlo|E ujjd A A

type PyByteArrayObject
o] Pyobjecto] A H &2 3}o]H bytearray A | & WEFH U T
PyTypeObject PyByteArray_Type

Part of the Stable ABL. ©] PyTypeObject A2~E 2= 3ho] 4 bytearray 32 VERFY U T} 3ho] A Al &9
bytearray2} 22 AA Ut

L ERE EE]

int PyByteArray_Check (PyObject *0)
A A 07} bytearray 2 | ©] A L} bytearray 3 2] A H 3 AAEHAY FH2 wissh ) o] S A AR
o,

int PyByteArray_CheckExact (PyObject *0)

A A o7} bytearray 74 A o] A TF, bytearray o] A H § AW A= of ¥ F-& vk gyt o] T4
g AFY )

27 API 32

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W ¥ Z 2 E & T8 3l+= 429 AA (o) ZHE HA
M 2 & bytearray AAE & S th

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. string=} 71 24 o] (len) 2 5] A 2§ bytearray 2] A &
s Ut AsfshE, NuLL o] RESh Yt

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. H}F°] E vl & a 2} b5 ©] o] £ o] A 22 bytearray & HF3}+
ot

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABIL. NULL Z B S &2 3t & bytearray] 2 7] = wr&g] ).

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL. NULL 3% ] & &3t & bytearray] Ul-&-& char ] & 2 w3kt ). vk3ts)
v ol = g o9 d nio]EVF F7hg U th

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABIL. bytearray®] W5 ¥ 9] 27| & leno & Z A 3T}

rlr

s

o ulaEE S5 S 95 S 5 s 2 S HelatA sy
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray_ AsString (), but without error checking.
Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.
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5}o] M 330 A] PEP 393 733} o] &, S
B W= ﬂﬂ&ﬁﬁﬂ g Eede -
ol st S A7 dFUThH 2182 god, I ¥
gk

UTF-8 representation is created on demand and cached in the Unicode object.

A55te] AR fU 2
L%@ﬁ6mwﬂT4
E5 1114112 (AA] U E ¥S]) Hlgho]o] of

rO

Zk31: The Py UNICODE representation has been removed since Python 3.12 with deprecated APIs. See PEP 623 for
more information.

DERS

TS ol oA FURE FH| AFREHE 7B fFUTE A4 FYYrch:

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the Stable ABL. o] § 5L 717} 320 E, 16H|E W U] E Q] B2 £33}7|o] 2EII RS gl
R4 W 912 ypedef JUTh FA FUDE BAE AT ul, by_UcssE A 2.
Added in version 3.3.

type Py_UNICODE

2 ZYF et 168 E P oL} 328 E 2l wehar_t 9] typedef U th.
W 33004 WA o] 7 WAl A, o 218 W= A sho] He] “uf 2% (narrow)” L} “2ho] = (wide)” 1]
E WA F o= A AP eA o weh 161 E F ol 320 E F ol 5y th

type PyYASCIIObject

type PyCompactUnicodeObject

o] A

type PyUnicodeObject

o pyobject AH PES sholf FUTE AAE etk AY RE Ao, FURT AN S
H e BHe BE APL 47} Pyopject T B S 5k a2 20 A5 A o Ry,

Added in version 3.3.

PyTypeObject PyUnicode_Type

Part of the Stable ABL ©] PyTypeObject QAA2HAE Flo]H F-4
strZ =g Ytk

HJ

= We eyt shold 2Eof

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always succeeds.
int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always succeeds.
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int PyUnicode_READY (PyObject *unicode)
Returns 0. This API is kept only for backward compatibility.
Added in version 3.3.
A 3.105- 5 3 x| = : This API does nothing since Python 3.12.

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)

Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the “canonical”
representation (not checked).

Added in version 3.3.
Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)
Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right function.

Added in version 3.3.
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode_KIND () W3 229 gt widshyrct
Added in version 3.3.
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 into a canonical representation data (as obtained with PyUnicode DATA ()). This function performs
no sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer as
obtained from other calls. index is the index in the string (starts at 0) and value is the new code point value which
should be written to that location.

Added in version 3.3.
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)

T+ A (canonical) & & data(PyUnicode DATA () E AL Y Z2)oA T EAEE JH5 YT AANY
FH] (ready) TZ 0] 3= A 5 UTH

Added in version 3.3.
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Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)
Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_ READ () if you do multiple consecutive reads.

Added in version 3.3.

Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)
Return the maximum code point that is suitable for creating another string based on unicode, which must be in the
“canonical” representation. This is always an approximation but more efficient than iterating over the string.
Added in version 3.3.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the Stable ABL. o] A 2] o u}g} Ex}go] F&31 AlHA}olH 18 vrEshy ), A A identifiers.
%7 ko 0 Wt
WA 3.900 4 WA AL o] ] (ready) = A ¥ 3k& W, o] F¢E = Py_FatalError ()& ZE3}

A ekt

FUTE 2454
FUIEE e B4 S4S ATFYTE A A5 DS AL shold T4 wheC 4ol s =
e Az Bal ST+ EUTh

int Py UNICODE_ISSPACE (PV UCS4 ch)

ch7} B 2211 Aol W} 1o] 1} 08 W T,
int Py UNICODE_ISLOWER (Py UCS4 ch)

ch7} 4B Aol W} 101} 02 W .
int Py UNICODE_ISUPPER (Py UCS4 ch)

ch7} B 229 A ol W} 1] 1} 02 WhEHgh T,
int Py_UNICODE_ISTITLE (Py_UCS4 ch)

ch7} A % 7 o] & BA}Q1 o] W} 10] 1} 02 WA T
int Py_UNICODE_ISLINEBREAK (Py UCS4 ch)

ch7} & ¥HE B2l A o we} 1o] 1} 02 W T,
int Py_UNICODE_ISDECIMAL (Py UCS4 ch)

ch7} 10204 #2117 o] W} 10]1} 02 Whag T
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)

ch7} T 3 (digit) £} A o] whe} 10] 1} 02 whEEH T,
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

ch7} 522} (numeric) #4417 o]l W} 10]1} 02 ¥HEHEF T}
int Py_UNICODE ISALPHA(Py UCS4 ch)

ch7} 25l 21 A o] whe} 1o] 1} 02 wHEkEh T,
int Py_UNICODE_ISALNUM (Py UCS4 ch)

ch7} @57 B A AR o whe} 1o] 1} 02 wHEkgh T,
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int Py_UNICODE_ISPRINTABLE (Py UCS4 ch)
7t Q3 5T EAAA o Wl 101} 0 & MBI T AT 5 gl BAL, A4 A5 Aoz
25 5H ASCIL 23] o] 2+ (0x20) & A19) 331, 1] .2 22} ¢ o] €] ] o] o] A] “Other” 1} “Separator” &
Qo8 2T (o] 2ol A 4] 7bs & BRI repr () o EALeo] tla] T2 w] o] A7 o]z
] 2] ¢rofof 3= BEX Lo F-2 34 Al L. sys.stdout©]Y sys.stderrd] 7]ESH EXLE 2] A2}
#Ho] glsyth)

Ch3 APLE WHE 21 B A 8ol AT 5 YTk

Py _UCS4Py_UNICODE_TOLOWER (Py UCS4ch)
AEAE HEH A chE HE U T
WA 3358 AAF: o Bt R Aol WS ASHU L

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
YEAR MEE BA i BB,

WA 335E | AF: o] e A Alols B2 A

<
my

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
AL Aol 22 HEE 2 chE W3 o
WA 335 A7 o] e e Aol B S AR th
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.
Th APIE AME-3He] A2 A0l ES OHE 4 gl th
int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)
ch7} A2 A o] E Q1A &2 T} (0xD800 <= ch <= OxDFFF).
int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)
ch7} 9] AZA o] E AR &Ag ) (0xD800 <= ch <= 0xDBFF).
int Py UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)
ch7} 3] A2 A o] E AR &Yt} (0xDCO0 <= ch <= 0xDFFF).
Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py UCS4 high, Py_UCS4 low)

Join two surrogate characters and return a single Py UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair. high must be in the range [0xD800; OxDBFF] and low must be in the range
[0xDCO00; 0xDFFF].
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FUZE #4934 2

FUTE AR E BET 7R A D2 S0 A 25 The APIE ALB A A 2

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

AsF T

)AL AN FUZE AAE EFote= o AFEH = PHH YU o] F4E AMSste] Be AAl= 37 E
24 % A&y

Added in version 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

Return value: New reference. 591 A kind(7} 5 3t 3t PyUnicode KIND ()°l 23] w3}
PyUnicode_ 1BYTE _KIND SYUHEZ MZ2E FUZE AAE T5 YT buffer= kind ol w2}
A 31,2 == 44Fo] E 9] size TP o] vl €& 7FE] A oF Ty th

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 UCSI range, it will be
transformed into UCS1 (PyUnicode_1BYTE_KIND).

d
h=1
U

Added in version 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. Create a Unicode object from the char buffer str. The bytes

will be interpreted as being UTF-8 encoded. The buffer is copied into the new object. The return value might be
a shared object, i.e. modification of the data is not allowed.

This function raises SystemError when:
o s5ize <0,
e stris NULL and size > 0
H A 3.129)| A ¥ 7 : str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString (const char *str)

Return value: New reference. Part of the Stable ABL. 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 ABI. 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.
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5. Length modifier (optional).
6. Conversion type.

The conversion flag characters are:

| Flag Meaning \

0 The conversion will be zero padded for numeric values.
= The converted value is left adjusted (overrides the O flag if both are given).

The length modifiers for following integer conversions (d, i, o, u, %, or X) specify the type of the argument (int
by default):

Modifier | Types \

1 long orunsigned long

11 long longorunsigned long long
J intmax_t oruintmax_t

z size_torssize_t

t ptrdiff_ t

The length modifier 1 for following conversions s or V specify that the type of the argumentis const wchar_t*.

The conversion specifiers are:

Con- 3 =

version

Speci-

fier

% n/a The literal % character.

d, i Specified by the length  The decimal representation of a signed C integer.
modifier

u Specified by the length  The decimal representation of an unsigned C integer.
modifier

o Specified by the length  The octal representation of an unsigned C integer.
modifier

x Specified by the length ~ The hexadecimal representation of an unsigned C integer (lowercase).
modifier

X Specified by the length  The hexadecimal representation of an unsigned C integer (uppercase).
modifier
int A single character.

s const char* or Y-8 CEAnjd.
const wchar_t*

) 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() & &3 27}

U PyObject* SUFIE=E AA.

\ PyObject*, FUIRE AANULLE 5 A5Uth e+ i vz ez A d-
const char* or ZEZCEXuwd (A HA w7 M4 7FNULLo]E AFEH Y Th.
const wchar_t*

S PyObject* PyObject_Str ()< <3 A3}

R PyObject* PyObject_Repr ()< &%t A3}
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ZF31: The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes or wchar_t items (if the length modifier 1 is used) for "%$s" and "$V" (if the PyObject * argument
is NULL), and a number of characters for "$A", "$U", "$S", "$R" and "%V" (if the PyObject * argument
is not NULL).

ZF31: Unlike to Cprint £ () the O flag has effect even when a precision is given for integer conversions (d, i,
u, 0, X, or X).

W 32004 | "e11dm ek ns11um ol thek Al o] 74 A5yt

WA 33004 WA s1in, vs11in g nszino] 3k A 9o] 27bE Ql4ruiTh

]:H;‘(j 34oﬂjﬂ ]:H7é]: S" "O/A" no U" no V" "/S" no Ruoﬂ I;’H'b‘], L—‘i]:]]g_ XJI\EI?T_L:_ EL_UHE1 ;(]%o] _%__7]_ﬂ
SN

A5

WA 3.129] 4] ¥ 7 : Support for conversion specifiers o and X. Support for length modifiers § 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.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 7]9] AAE HolthE= A2 A9 std
PyUnicode_FromFormat ()3 5 <4 gth

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABIL. Copy an instance of a Unicode subtype to a new true Unicode
object if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference to the
object.

FUTEL 0]8] B Y 0]9] 9] AA= TypeErrorE LA YTh

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A1 QJH A2 ohjE FUIZE AAZ t]Z G}
bytes, bytearray @ 7| €} vlo]E LR A A= Fof ncodmgoﬂ w2} errors2 A28 o8] A E

A
A3t DY H Utk E ThnuLnel B 4 91, o] 4% els ol 2k 71 kg A o (AR
y&e Yy g 7dE IFxsAA2).

A= =

frfUzZE AAE 233 b8 2 & AA & TypeError7F AR H =5 Futh
APIE o2 7} oW NULLS WU oy & AhE ek AA 0 Fx SIeE FaAd Yol 3G

U,
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. F+UTZE AR Zdo|& F & £ EZ WEsh
Added in version 3.3.
Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

Copy characters from one Unicode object into another. This function performs character conversion when necessary
and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

Added in version 3.3.
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Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)

B2 EAE S A YT fill_charg& unicode[start:start+length] ol &Yt

fill_char°o] 2+2 o 2AE T A AU, BAHL el = o] 8] Fx7 o A gy

715" A 8 WSt A ol 8] Al -1 RSt o &) & B Al Y ok
Added in version 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

Part of the Stable ABI since version 3.7. &AL EALE $U T EAY L2 PyUnicode_New () S S35
HEofoUTE FUZE AL E¥olnE, FALE S F-Fot AL ob & #f A] 3HA] ghofof g th

o] G4t unicode?t FUILE AA A, Ae 271 89S Mol kA, AR 7E FATHA 58 5 A
=, %z 947H1 A7) FAg o,

Added in version 3.3.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Fart of the Stable ABI since version 3.7. Read a character from a string. This function checks that unicode is a
Unicode object and the index is not out of bounds, in contrast to PyUnicode_READ_CHAR (), which performs
no error checking.

Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of unicode, from character
index start (included) to character index end (excluded). Negative indices are not supported.

Added in version 3.3.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Part of the Stable ABI since version 3.7. Copy the string unicode into a UCS4 buffer, including a null character, if
copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is smaller
than the length of unicode). buffer is returned on success.

Added in version 3.3.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the Stable ABI since version 3.7. Copy the string unicode into a new UCS4 buffer that is allocated using
PyMem Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always has
an extra null code point appended.

Added in version 3.3.

AL JNFTY

AR =AY AT P L A te] LG AANA £ HAEES UnY T 4 AFUTh

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. 2t= 2 o] = 2} VxWorks 2] UTF-8 o] 1}
oE 2UEe A4 =AY Ande BARE g ch A% e A2 7)E vsericen s}
"surrogateescape"(PEP 383) Y U T} U ZH &= errors7F NULLO| W "strict" o2 27| & A&
FUThare ¥ BAIZ Briok oAt Y BAE £ 5 Giuh

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and error
handler.

This function ignores the Python UTF-8 Mode.
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o B7]:
Py_DecodeLocale () &4
Added in version 3.3.

WA 37004 WA o] s ofA] kEgo]=E A9 8tAl surrogateescape ° 2] A g 7] AR
EAY AFIYGE AL ST o] Aol =, Py DecodeLocale () ©] surrogateescape®| AFHR-E 11,
A 2ALD ARG strictol AHEH 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_DecodeLocaleAndSize (), but compute the string length using strlen ().
Added in version 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. U ZE AR & <t= & o] & 9} VxWorks
of| 5| UTF-8 & A1 F J et AL}, th2 SR EZoA A EA Y AF Do E AT G A A== ol A
2] 7]&= "strict"Q} "surrogateescape"(PEP 383) Y Ut} Q1 FAH = errors7]— NULLo]® "strict"
o] 2l 718 ALE Tt bytes A4S MBI unicode'= N H 4 EAE EHE 5 itk

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error handler.
This function ignores the Python UTF-8 Mode.

o B

Py_EncodeLocale () &4

Added in version 3.3.

W2 37004 W7: o] Gt o)Al =2 o] =8 A2 81 surrogateescape el A2l 7o) B
249 d7Ys }\]—-9-?:]-141‘/]— o] A= Py EncodeLocale () ©] surrogateescape®] A5 1,
A 2AD AFYL strictol AHEE IS UL

=

&

o /\]_)_\_EJ

2 A

Functions encoding to and decoding from the filesystem encoding and error handler (PEP 383 and PEP 529).

To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:
int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface — to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output
as-is. result must be a PyBytesObject* which must be released when it is no longer used.

Added in version 3.1.

WA 3.600A4 WA A 27 AAE D
A 78 24 Fo %Y )52 strx Pagsew, nosr WANE ASH
PyUnicode_FSDecoder ()& W3 42 A3 oF gy ).
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface — to str using PyUnicode_DecodeFSDefaultAndSize (); str
objects are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

Added in version 3.2.
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WA 36004 WA 42T A E Bl Yt

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABL. 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 ().
o ®B7]:

Py_DecodeLocale () &4

WA 3.69 A W7 : 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 ABIL. Encode a Unicode object to the filesystem encoding and error
handler, and return bytes. Note that the resulting bytes object can contain null bytes.

If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().
o ®B7]:

Py_EncodeLocale () &4

Added in version 3.2.

W A 3.69 A ¥ 7 : The filesystem error handler is now used.

wchar_t x| ¥

A Qete ZREZ o] st wchar_t A Y:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t 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 wcslen ().
Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)

Part of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size wchar_t
characters are copied (excluding a possibly trailing null termination character). Return the number of wchar_t
characters copied or —1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t * string is null-terminated in case this is required by the application. Also, note
that the wchar_t * string might contain null characters, which would cause the string to be truncated when used
with most C functions.
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wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output string
always ends with a null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_t string might contain null characters, which
would cause the string to be truncated when used with most C functions. If size is NULL and the wchar_t * string
contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_New (use PyMem_Free () to free it) on success. On error, returns NULL
and *size is undefined. Raises a MemoryError if memory allocation is failed.

Added in version 3.2.

WA 3.7 A ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

S99l Cce 449 % 29 2 ATTUG ol RAEL B UL FLEL 5
NES
=]

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls should use
PyUnicode_FSConverter () forencoding file names. This uses the filesystem encoding and error handler internally.

o] A2l emrors 2 AAH 2o, Zelo] tha) Aol T A% Ae) B AL FL vl e wuLLE 4AY S5
AU Th LE U Ze o] o3 7] of ] A 2]+ “strict” 9 U T (ValueError 7} HAZI T,

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

S AN
ThE& 4k 39 APIY Y T

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the encoded
string str. encoding and errors have the same meaning as the parameters of the same name in the str () built-in
function. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. U Z & AA|E 2 Z W5t A3}-E ubo] A bytes A 2
WSSt U T} encodingT} errors= U I E encode () WA EQ ZH2 o] 59 w7 He 2L Qujgdy
b A8 9L shold mE @A 2= 8 AHgshel 2317 Utk E oA o 9] /4 51 NULLS
whe g o
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UTF-8 24

£ © UTF-8 7 APIY Y t}:

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 szr. 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 ABI. consumed7} NULLO]| ™, PyUnicode DecodeUTF8 ()
% 5 A o). consumed 7} NULLO] ohU]#l, $3) 29 5 UTE-8 who] £ Al st o el = A 2lw 4] ¢

C—

SUrth ol g ute| EE I H A 9k t A Y H vlo| E = consumed ol A 7¢H Ut

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-8-& AF&35to] fFUZ = AAE <7 O]—I’_ a3}
s}o] A bytes A A 2 HEEHgHU T}, of| 2] A 2] &= “strict” YUt ZE of| A o] &] 7} HA3 5 NULL2 HESH
ek,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Part of the Stable ABI since version 3.10. §-U Z X A A 2] UTF-8 <1 7 o] tj
JH 8239 37 E (v} E B 2) sizeol] A &g ). size Q1A= NULL Y
A A syt vt W oo =t d IE ZRJAETL J=A o BA
F7PA U (sieo] 35 A L o),
of 2 7} g 8h i, NULL©] of| &) A7 7 A WHEE] 31 size7}F A G 2] g5 T

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.

=
=

S}F
H

22 o> ol

Added in version 3.3.
A 3704 HA: ¥ L oA char *7} o}Y 8 const char *Juth
¥ A 3.109]| A ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode AsUTF8AndSize ()9} ZA| v 27| & A A3HA &5 YTt
Added in version 3.3.
WA 37004 WA 22 o]A| char *7} o}y gt const char *JYth

UTF-32 29

<2 UTF-32 =49 APIY Y t}:

PyObject *PyUnicode_DecodeUTF 32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-32 2 ¢l 2 H B 3 E2} G o] A size B} o] EE T
gt g FUZE AAE WY Th errors(NULL O] obY W) = ol ] A8l & Fo gt 7] B3k
“strict” Y U] t}.

byteorder7} NULLo] ofU W, O] F T &= X A H Hlo| E £ A& AFLdto] 1) 7Y LS A 23 o}

Hy

l

2l
*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: big endian
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*byteorder7t00] 11, Y& o] E] 2] %-& 4H}o] E7} H}o] E <A A (BOM) ©] ¥, T] T 7} ] H}o] E
*HE A& 3 BOM2 23 FUIE AL o] BAE A k5o *byteorderﬂ -1°]tp 104,
BE o] A EAI7F & ol Hag
A= F, *byteorder= Q7 U] ] E] 9] Zo A A violE A2 A H U
byteorder 7} NULL O] W, -2 Y| o] E]| B <= A R E & A] ZFshU T,
el A o 2] 7} B o NULLE HEEF R Tk

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 ©| ¥,
PyUnicode_DecodeUTF32()A ¥ % Z 3 4 th consumed 7} NULL ©] ©oF 4 9
PyUnicode_ DecodeUTF3ZStateful () % —'?_—?5“ 29474 UTF-32 HlolE Al BA(VFE 42 U
ojEolZ 7] = HlolE )& oY E A A gFUth ol Hlo]lE I YHA oy
t] T 9 nlo] E == consumed | A 7FE YT}

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] o] E] B v}o]| E <= A & UTF-32 Q1 7P & AH-&35}o] 1}
o] nio| E F21E & w3t T FAE 2 4 BOM vha 2 A2t of 8] A 8] = “strict” Y U T}
Do 4 9] 74 B NULLS W .

UTF-16 =9

S8 UTF-16 24 APIY 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 7 H ¥ 3 Ex}H o A size v} o] ES
U5 o FU RS A4S g o) erorsqULLO] ob 7)ol 2] A 2 E A g, /]2
Zr& “strict” Y U t}.

byteorder7} NULLo] o} W, T T = X A H "ol E A & ALg3lo] T Z YL A &3t}

*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: big endian

*byteorder7F00] 11, Y& o] E] 2] %-& 2H}o] E7} H}o]| E A £ A (BOM) ©] ¥, T] T = o] Hlo]E

THE A5 BOM2 23} FUIZE FAD o FAFE A %%SHD}. *byteorderZ} -10]L} 10]1
EE vl E A A7 EAME YT (\ufeffb \ufffe A7 HUh.

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULLO| W, T -2 Y| o] E]| B oA R EZ A| ZHshu T,
oA o &} 7} A 3t NULL-& RE U o
PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©| W,
PyUnicode_DecodeUTF16 () 8 3 2 3 Y 1’/} consumed 7} NULL ©] o} U H
PyUnlcode DecodeUTF1 6Stateful () & '5?5“ B 44 UTF-16 v}ol E AP A (7 &4 vl ol

TUH R AZACNE HE A= Zia]?’}?‘] ‘E%GHE}- ojZ gt Hlo|Ex YA YE A Fon
E]_]:’_%]Q H]—O] E 4= consumed©l| A7 U th.
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PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] o] E] B v}o] E &= 2 UTF-16 A3 Y& A-8-3}¢] 1}
o| X Hpol E #AE-& WY th FAE 2 4 BOM uta & A| 2t ol 2] A 2] = “strict” Y T}
T ol Al o 2] 7} A 8FH NULLZ REEHS Y oh

UTF-7 29

t}-&-2 UTF-7 9 APIY UT}:
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 ABI. consumed7} NULL®|®, PyUnicode_DecodeUTF7 () A
8 523Ut consumed”} NULL o] ob U, &3] B 74 3k UTF-7 base-64 A A2 of| 2] 2 2] 2] 5] A] k5
Utt olf st ulo] E= f I Y E A okow t Y H ulo] E 4+ consumed ©l| A 7¢H U Th.

T

E o]&FA 0] 4

Jo
v
H
[k

kv

22 “FUFIE o] 27 o] Z (Unicode Escape)” 7 & APIY U t}:
PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. 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 FE o] 27| o] Z & ALE3lo] FUIZE AAE
AT 3t AIE bytes 2 A = WhEgUoh ol 8] A g “strict” YU th ZE o A of 9] 7} w3
NULLS ¥FEHgHU o)

oS & “QA] U FE o] AHA o] i (Raw Unicode Escape)” 72 API¢ U t}h:

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 str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. 4A] FUFE o|AFA| o]z & AL&3lo] FUIE AAE
A7 st AIE bytes AA 2 WE2HgUTh ol 2] A 2] “strict” J Ut} Z o A] o 9] 7} A st
NULLS RHSHE T
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Latin-1 7.9

2& Latin-1 29 APIY YU t}: Latin-1-& A2 256702 FUIZE Ao s st QA7 Fof Zdof A

o5l 545 e

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-1-& A}-83lo] U ZE AR E QA FGst AHE
g}o] % bytes A 2 WHEFU T} ol 2] 2] 8] & “strict” Y U TF ZEof| A ¢ 9] 7} 3 5 NULLS WHEHE
Uk,

ASCIl 7.1
& ASCI 9] APTY Ut 70| E ASCI H o] B ?F 5] 8- U th. 12 B& I =+ o8 = A4 gtk

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL Create a Unicode object by decoding size bytes of the ASCII
encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCIIE A}83le] FUIZE AA & AFZ Y3t 2AE
51014 bytes 27 2 WHEFEL T, o 2] A 2] = “strict” $] U TF. 7oA o] 9] 7h A 5hE NOLLE: MR
e,

A 2

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

e g 29 APIY U th:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the encoded
string str using the given mapping object. Return NULL if an exception was raised by the codec.

mapping©] NULL©| ¥, Latin-1 t] & o] A& Yttt 13 A 25O mapping-& ¥}O] E A 5= (001 A] 255 A}
o9 AP E FUZE FAYE, AT (FUZE A2 A H U th B+ None & 2 v 33} o g o} v
= A 922 v o] E] H}O] E (None, OXFFFE = '\ufffe' & vf3 5= 2%l ol g}, LookupError
E Fdste )2 Ao A G2 g o g Ay o] oy E A YT
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)

Return value: New reference. Part of the Stable ABL. 5=0] R mapping A A& A1&5to] U ZE AAE A=
J5tal AIHE bytes A = qHEHR Y o} ol 2] A 2] & “strict” YU Th ZE o A] o] 9] 7} HA & NULL =
Ll R

mapping A A= U E A5 S bytes A A, 001 A 255 Ako] &] A BE=None & & v F5f of g th.
Noneof| 3 = = 2127k opy] 2t v 3 = 2] ¢k F A Al (LookupErrorE F438he 2) + “A o5 A

A
R g o A2l o ol g 7p g g ok
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g T APIE FUZ=E FUR=R g ek dol A S8
PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)

Return value: New reference. Part of the Stable ABL. &2} v 3 €| o] & A &35} EAES H3tst A3
U= A7 S wekghch, Zelo) A of 27} bl s nuLLE Wk o).

g HolE2 FUIZE N AFE FUIE A5 A5t None(ZA7F A H =5 g o o o3 s

oF 3t}

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.

errorsie TE O A 9] QA o vl ATk, 71 ¥ o] A2 S AHE T EhE NuLLY £ QU e

9=% & MBCS &

i)

22 MBCS Z 4 API Ut} A Q= oA vk A& & —’} 9J 2™ Win32 MBCS H 37| &
Z-#@th. MBCS((E & DBCS) & WA 87} ol e} A S22 ool §o 814 A & thAF A=
& At 1A AHg A Aol 3 gelF Tk
PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by
decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference.  Part of the Stable ABI on Windows since version 3.7.  consumed
7} NULL©] ¥, PyUnicode DecodeMBCS ()X 3 23 th  consumed 7} NULL©] oYy W&
PyUnicode_DecodeMBCSStateful () & &3] A& (lead) H}O|EE T I Y3 A] ¢ t]TJH n}
o] E 47} consumedoll A7 Yt}

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & A}-&3}o] U Z =
AAE A7 stal AFE FHo] A bytes A 2 W3R o} of| 2] A 2] <= “strict” U TF. T o A o]l 9] 7}
WA & NULL-S Hhekh o)

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object
using the specified code page and return a Python bytes object. Return NULL if an exception was raised by the
codec. Use CP_ACP code page to get the MBCS encoder.

Added in version 3.3.

Chg APLE 910) §U TS A2 EAL S (AHA BALol et AU h A2 T 4 9o 4 2a
U= A} AT BB,
ol 9] 7} Iy st B NULLo| v -15 Rha gy oh
PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABL. 5+ A4 & o] o] 2] 3] M2 FUIE FALE S

A5 g o,
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PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABL. 2L B33lo] S FE E214E g A~EE Al 23y
o). sep©] NULLO| ®, BE 39 F-2 Ao ] E&o] SaPUrh 137 GO, Fof 2l TR A A
23o] Aotk Hh maxsyplit £o] £HFUTh S50l W, Akl AR A ath FREAE
23} el seo £ 4 BTk

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_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABI. 520 X separatorS A}-&5to] EXG A|AAE A48
A7 fum= #AA S BEThh

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.

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 chin 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.

Added in version 3.3.
WA 3. 79| A ¥ 7 : start and end are now adjusted to behave like unicode [start :end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

Fart of the Stable ABI. Return the number of non-overlapping occurrences of substr inunicode [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. Part of the Stable ABI. Replace at most maxcount occurrences of substr in unicode
with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)

Part of the Stable ABL ¥ £ w8l 747t 22, 22, 2ol tal -1, 0, 12 WHEF T,
ol e AT Al -1& AR E, A& &S] A8l pyErr_Occurred()E TEWMoF FUTh
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Fart 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] B4 o9 & LN A A ek
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PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op
Return value: New reference. Part of the Stable ABI. T+ -fU I = E X4 -& %5 3} 8] I (rich comparison) 3} 31
2 % e vk o
+ oj e} 7} A 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 GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Part of the Stable ABI. formatZ} argsol| Al M| B4 A A & ¥H3shU T} o] A&
format % args%}-FAFEYTH
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Part of the Stable ABIL. Check whether substr is contained in unicode and return true or false accordingly.
substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

Fart of the Stable ABIL. Intern the argument *p_unicode in place. The argument must be the address of a
pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is the same
as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and creating a new
strong reference to the interned string object), otherwise it leaves * p_unicode alone and interns it (creating a
new strong reference). (Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral; you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *str)

Return value: ~ New reference. Part of the Stable ABIL PyUnicode_FromString ()3
PyUnicode_InternInPlace ()2 2%, 9 € (intern) & A FUIZE A4 AA Y, T2 TS
7171 ol doll A8 B BAY Aol the A (L H) B2 E WL,

8.3.4 & AA

type PyTupleObject
o] Pyobjecte) A BL shol M FE AAE Ve,
PyTypeObject PyTuple_Type
Part of the Stable ABL ©] PyTypeObject QIAEAE o]l B2 S eyt slo] A A =9
tupled} Z-& AA Y th.
int PyTuple_Check (PyObject *p)
pARE AR AL R Pl AR P dadaw FL EHFUD o] B4e I AT
int PyTuple_CheckExact (PyObject *p)
PPt RE A AW, B2 Yo K o] ArBAE o FL BelFUT o] Yot B AT
U,
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 27| len €1 52 A A, A3 A] NULLS WU T}
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. =.7] n €1 A} £Z AR} A3 A NULLS BFshghu o)
a =

FZ 32 ol AAE 7He 7 —Ur#n Mol C oAtz 27]3 g Ut PyTuple_Pack (2,
Py_Buildvalue (" (00)", a, b)9E53rh
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Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL 52 24| of] o & = E] & HtolA], T F&2 =27]

f

Wy o

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RE pe] 2718 MR Tk o] 27]1% NULLo] oh 3 FES 7kl A of Gtk ol § AAbe A A
FEyrh

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(...)) or PySequence_GetItem().

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py Tuple_GetItem ()%} H]s=3}A| gt QAALE &l 5HR] 9

)

Uk,
PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABI. Return the slice of the tuple pointed to by p between low and

high, or NULL on failure. This is the equivalent of the Python expression p [ low: high]. Indexing from the end
of the tuple is not supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABIL. p7} 7]-3] 71 = BZ 9 pos 9 X ol AA o0 hE FRE YT AZstH 0E
wrEstuU th pos7 HY S Hloj U, 1S W3S IndexError 98] & A A gt

Fa: o] o S FRE “FX L TS AE AN FZof olv] = FHA s FRE
B g U t}(discard).

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple_SetItem ()3} BIZBFA T ol HAME 314 o 2L FE& AL wf* 7 ARE-3) oF

gk

ZF371: This function “steals” a reference to o, and, unlike Py Tuple_SetItem (), does not discard a reference
to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

%8 278 2455 o AT 5 A5 UTH newsizes FE A2 o7 Hunk.
3 ol AX B, A7 el F27h ek 9L wuk A s ok g Tk FEol I=
q]maﬁowqﬂo4&aﬂwNM9E§%;@ﬂﬂHﬂﬂﬂwaﬂ Yt ©
FEL LA FES VEE 0% 44N L, B § REA L BYUh 43
BT 2eho]AE ZEL, po] Agto] o B4 527 A 2ThL A A £ & BT
“p7h B2 3HE AR AW A pt 310 B U Th AN S, -1 MESH, spE NULLE A S,
MemoryError Y SystemErrorE WA A Ut}

fifo rftt rlo

o i°~ 4
s,
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8.3.5 T7XA| Al A2 A

FZ A A A (struct sequence) A A= namedtuple () AAY CE/FEYUTH S oJEHEE &
BT = = ABaYUTh FRA A BAAE U8 E, A 5 122 A|1B 2 ¥ Bsojof dyth

ol
otk
Ny
=2

PyTypeObject *PyStructSequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL o}2jj o] AW H desce] Ho|HEZ M2 T2 A/
e wsUth 23 39 AAE A= pyStructSequence_New () & e 4 5 U T

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
descZ T2A A A2 3 nypes AR A A 27|13 T

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitTypel} TR 9 AZ3H 0L, Aafstd -1 vidshch
Added in version 3.4.

type PyStructSequence_Desc
Part of the Stable ABI (including all members). 3+5 FZ A A| A2

(

BEEETEEL LNES

[e:

const char *name

Name of the struct sequence type.

const char *doe

Pointer to docstring for the type or NULL to omit.

PyStructSequence_Field *£ields
Pointer to NULL-terminated array with field names of the new type.

intn_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.
const char *name
Name for the field or NULL to end the list of named fields, setto Py St ruct Sequence_UnnamedField
to leave unnamed.
const char *doc
Field docstring or NULL to omit.
const char *const PyStruct Sequence_UnnamedField
Part of the Stable ABI since version 3.11. ©]| & = AElE GAF7] Y3t = 0|59 E4 ZL
WA 3904 M7 : o] char *ol A WA J5UTH
PyObject *PyStructSequence_New (PyTypeObject *type)
Return value: New reference. Part of the Stable ABL. PyStructSequence_NewType () &2 THE rypes]
A2HAE WU
PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABIL p7} 7}8] 7)== 2 A A B 29 Y ] posoll Y=
AR E Tl EUTh WS AN SR A gk
PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem ()3 S5 |32 2,
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void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. FZ A AlA 2 po Add X posol = B=E 3 o2 AAHT Y
PyTuple SET_ITEM()3} u}zt7}A &, o] 212 }\HE—?- AEAE = - o uk AR5 oF 3 T}

Fa: o]l FrEool T FxE UL

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), butimplemented as a static inlined function.

Fa: ol ool i F2E“FH U

8.3.6 2|2~ E 7|

type PyListObject
o] pyObject®] A H &L stolH g 2E A S e Ut
PyTypeObject PyList_Type
Part of the Stable ABL. ©] PyTypeObject AAE A= ntolH |2~ E S YJEYLU T o] AL nlo)
A= 1iste} 28 AA YTt
int PyList_Check (PyObject *p)
pHEAE ARG P 2E o AR W dadaw 2 WEgh T o B4e 34 43U
int PyList_CheckExact (PyObject *p)
p7h A 2E ARl AT P2 o) Ar Yo Axbaz) oW FE RBFULL o] Ba T4
sl
PyObject *PyList_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A4 &3} Z o] len A A 8] ~2E 5, 43 3}H NULLS

whehgh o,
3 leno] 0K TF I, HHEHe EléE Ao 5 NnuLLE AP UL wEid RE 5
PyList_SetItem ()2 AA AAZ HAB}7] Ao PySequence_SetItem ()2} & FAF API
G2 AEAAY ol M Do) AAE w2 5 AT

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL listol| A 8] 2E A A 2] 4ol & v3tst}; o] &= | 2E AA o oSt len (1ist)

o} FFFULH
Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABIL. [ist7} 7}2] 7] = ] 2 E ol A index $] X .4 AA =
Llaaashad Hxl E 257 otd oo FUTh; glaES] EoARE Y- AL A dFUTh
index7} 912 # o]} (<0 E = >=len(list)), NULL-L ¥F8H3} 31 TndexError o 9] S A4 g},
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Return value: Borrowed reference. Similar to PyList_GetItem (), but without error checking.
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int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL 2] ~E9] Q1|2 indexol 9l F5& item > 2 AR T Th AF3he 0L v
141;]- lnde-x7]'t§’ﬂ% ‘3\;‘01]4' —1,—?'_ H]’ﬂ"(f]’_]_ IndexError o;‘ﬂ_g] /v] Zé‘éj—”p]_.

il o) e itemo] 3 FXE“FAL” G e AX Y 2l2E ov] = FFol hd x5

WP Utk

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
ole] Al PyList_setltem()S] AR 4. AWHO R o] W W&o gle A B 2EE A9

o] A8 Uk,

e o) I 2 = itemol] Sk FRE “FX A7, PyList_SetItem() I B thAIE &= T tf g
Az WY A FsUthlist o i A e F2E FFE Loy Yk

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABl. &2 jtfemS 8] A E list2] Q& index 2ol Ao} AZsHd 02 vkstshy ol
At -1-& 9HEslal 9] & AAF T} list.insert (index, item) o Sl Gyt

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABIL. 2] 2~ E [isto] 2ol A A iteme 7} ch A-23Hd 02 vksshyoh; Ao st -1
2 857 o918 AAFUTh 11 st . append (item) o eI Tk

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 AFo]ofl Q= AA S 3
252 e e, A SHE NULLS WHBS L o) 918 A4 Ttk List [lowshign) o SRk
2 e BolARE Y AEe 05 A e ok

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABI. low2} high AFo] 9] liste o]l 2~ & itemliste] V&2 2 AAF T} 1ist [low:high]
= itemlistol s Bt itemlisti= NULL ¥ # A=, §l s E«l e vebd Ut (EEtol
AHAD). /335 05, AsstH -15 RESRUTh 2|2 E Zo AR E 9 Qd 2 A 49 A syt

int PyList_Sort (PyObject *list)
Part of the Stable ABL list &-5-& A Z}e]o| A FE Ut ZFstd 0, AWf3td 15 933y}
o] A& list.sort () & =53

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list®] @52 A Ae] oA A AFUTH AFstd 02, Aofstd -12 vk
o] AL list.reverse ()} =gk

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL liste] W8 & 83+ Al T2 AAE w33y
tuple (list) 2} 553yt

o
Hl
o
o,
|
ACH

o]N-
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8.4 ZE| ol A

8.4.1 g1z AA|

type PyDictObject
o] Pyobjecte] NE L shol A B el AAE e o).
PyTypeObject PyDict_Type
Part of the Stable ABL 0] PyTypeobject 2B A% shold G4 2 B2 e ch o] A& gho] 4l
A5 dict & 22 A JTh
int PyDict_Check (PyObject *p)
p7}dict A4 o] A} dict B A H B AaB AW 22 AT o] Tt T4 AT T
int PyDict_CheckExact (PyObject *p)
p7hdict A o] A ¥, dict B9 A1 G o] AR AE oh @ FE MR Th o) $4E 34 4T T
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. M| 22 ¥l DA 8| & w35t A, A9 shd NULLS
ukgk g o,
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. ¢]
MappingProxyType A& WU} o] A& ¢
4L AR A HE Wt ASR U
void PyDict_Clear (PyObject *p)
Part of the Stable ABL 7]& "YU g|e & 7]-3F 42 8|3 Ut}
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL € A 1] 2] poll key7} 3= o] Q=% &<l . ]
Wk, 232 koW 05 WUt ol g —12 WUt o] FfolH FH A key in p%}
T U
PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABIL p2} 722 7]-7k A2 Z&sl= A 9 8 & wiragh o).
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. YA 2] pol| valS key 71 2 44U T} keyx= sl A] 7153l oF Ut 18X
to ™ TypeError7h AT AEaH 02, Anetd 12 WaghTh o] F4= valol T3t
Az2 322 FsUTh
int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part 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 PyOb ject*.
int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if itisn’t, TypeError
is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on failure.
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 PyOb ject*.
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PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. & A €] pol| A 7] 7} keyQl A A& ¥+3-3 T} key
717} o ol9] & A sHA ekl NULLS HEghehy T

ZF31: Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead.

WA 3.100] 4] ¥ 7 : Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. | 2] & A3} ¢+ PyDict_GetItem ()Y
HgQJuth o] 7F A s o 2] & A st NULL HHSHE Ut 717 glod o 9 & A A A ¢
NULLS ¥H3h3hy o}

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

ZF31:  Exceptions that occur while this calls __hash__ () and __eq__ () methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError () function with
your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] 212 3ol ¥ -2 29] dict.setdefault () & Z5H5 Yt &A314,
g1 g poll A keyoll 3l B3t= ZHS WU ). 7] 7} dictoll QLC W, 2k defaultobj 2 AY Y =) 11, defaultobj
AR o Bt k] A R4S 23 W UL A SR B oA @ W
37 o
Added in version 3.4.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. YA g9l R & B S F33}&= PyListObjectE
ukekghu o,

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABl. A 8] RE 7|& E 33} PyListObjectE
whehgy o

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. A Y g po] BE 3t X385t PylListObjectE
ShEHgU )

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL g4 120l Q= 32o] £ waF . o] = G 2lo] B3t len (p) 9} 55
.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Fart of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_ t referred to by ppos
must be initialized to O prior to the first call to this function to start the iteration; the function returns true for each
pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue should either
point to PyOb ject* variables that will be filled in with each key and value, respectively, or may be NULL. Any

references returned through them are borrowed. ppos should not be altered during iteration. Its value represents
offsets within the internal dictionary structure, and since the structure is sparse, the offsets are not consecutive.
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s

il

H:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

t

pac)
flo

YA pi ol B0l 4 Fol WA A oL FLTh DAY S o] E el = B uf ghe WA
HABA T, 7] G go] WA A i A TR E Uk o] B EW:

“

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (0) ;
}

L

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL w13 7] bE o] ]2 o] = 31 A, 7]-3t -2 B A1 2 aol 71 T b DAY
s

H
B AV PyMapping Keys ()& PyObject_GetItem()E A Qo= BE AA L 4 IS5 UtTh override
7 Zol®, adll A& 71 o] boll A A St 717 Yo wA= L, TR RO a9 A Xt 7] 7}
R w7 o] 2k Utk AF et 02 whketar, o 9] 7 i sk — 1S vESEU T
int PyDict_Update (PyObject *a, PyObject *b)

Part of the Stable ABI. ©]& Col|A] PyDict_Merge (a, b, 1)%} 23, F HA QA x}o “keys” o] E 2] H
EZ Q=W PyDict_Update () 7} 7]-3k 28] Al 2o sl o] H & o] E 3}A] =t Ak Al 3hd,

gto]# ol A a.update (b) & FAFRUTH AF5HE 05 RESLaL, ol 9] 7} 38 8 12 Wk T
int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq?2, int override)

Part of the Stable ABIL seq22] 7]-7k 422 AU E oS AASFA Y BT UTE seqg2= 7]-7FL o2

253hE o) 29] o H & AAE AP o) H el & A A o oF Itk T2 77} 910, override7}

ol WA eto] FEletar, 23 2] ko A A 7L stk A Al 0= RE&SkaL, o 9] 7 Ay sk

12 WMEFL L S5 ol ML o @5 THE 3t Al2)

def PyDict_MergeFromSeq2 (a, seg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = wvalue

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.
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int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_AddiWatcher (). Return O 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.

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 O 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 eventis PyDict_EVENT_ADDED or PyDict_EVENT_MODIF IED, new_value will be the new value
for key. If event is PyDict_EVENT_DELETED, key is being deleted from the dictionary and new_value will be
NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into it. To maintain
efficiency of this operation, per-key PyDict_EVENT_ADDED events are not issued in this case; instead a single
PyDict_EVENT_CLONED is issued, and key will be the source dictionary.

The callback may inspect but must not modify dict; doing so could have unpredictable effects, including infinite
recursion. Do not trigger Python code execution in the callback, as it could modify the dict as a side effect.

If eventisPyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the about-to-be-destroyed
dictionary will resurrect it and prevent it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be inspected.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception using
PyErr WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.
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8.4.2 2% 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 (includ-
ing 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] 22 d}o| H set & YEIN = PyTypeObject? A2EH AU T
PyTypeObject PyFrozenSet_Type
Part of the Stable ABI. ©] 22 d}o]# frozenset ¥& YENE PyTypeObject?d A2EH A
g W B MR 2 E shold Aol 8 EA A AEY, A, A B
SEEEEEEET E R 8ch
int PySet_Check (PyObject *p)
p7tset AU AE o] A2 AE FS gttt o] b 4 43 dUth
int PyFrozenSet_Check (PyObject *p)
p7} frozenset AAY A B o] A~ ZE wEg Ut} o] = A A3 gy}
int PyAnySet_Check (PyObject *p)
p7t set A, frozenset A T A H o] Adxdad FS WAL o] g4+ 4 AT
Y,
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.

o}.

rlr L

i

int PyAnySet_CheckExact (PyObject *p)
prhset AAY trozenset AR A W, A1 G| AABAL ol W 2 MBI} o Bot T4
AF g,

int PyFrozenSet_CheckExact (PyObject *p)
p7tfrozenset AA o] AR, A B GO AT A= ob W ZZ Wi T o] = 4 AT doh

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL iterable®l] 23] ¥I3LH A& Z35t= N2 set S
WU T} iterable-> M 22 W A S W57 98] NULL & 5 sy Tth ”1'5}‘1] A A2, Al
S8 NULLS S O ierableo] A . o] €] 2] o] o}1] ¥ Typerrror S B AN AU A AR
AYgE BEAZ = F8&FUth(c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterable®] 2] &) ¥I3tH AA & £33 22 frozenset
2 uksstu o}, iterable-2 M E-& 9 frozenset2 TS 7] Y8l NULL ¥ 4 QS5 Ut A25HH A A e,
A9 51 NULL S MR o). ierableo] LA % ol E] 2] B o] op B Typesrrord WA WU

19

8.4. HElol A 167



The Python/C API, ¥ &) 3.12.4

set oY frozenset?] ALEHA T T59 AH PO Adxdnof H3) tf o a2 E AL S 5
AsF Utk
Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABI. Return the length of a set or frozenset object. Equivalentto 1en (anyset) . Raises
a SystemError if anyset isnot a set, frozenset, or an instance of a subtype.
Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
oA AAF Qe Pyset_size () o] W3 Z 4.

int PySet_Contains (PyObject *anyset, PyObject *key)

Part of the Stable ABIL. Return 1 if found, O 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 ABI. 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 set is not an instance of set or its
subtype.

= T set oW IR A H o IA®H 2o = AL S 5 AT, frozenset oL T A H F g

daol= M d o syt

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL. 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 ABL setol] S0+ 2] 9] A of o3 A} 2xE vtesla,
seto| A A& A A G U Aot NULLS WU Th Fjte] vlo] 1o, KeyErrorg WA
Utk seto] set oju L A H GO ALY AT} ob Y™ systemErrors WA AU T

int PySet_Clear (PyObject *set)

Fart of the Stable ABL. Empty an existing set of all elements. Return O on success. Return -1 and raise
SystemError if set is not an instance of set or its subtype.

shol 4 g9 B B 71 B4} QS U
type PyFunctionObject

ool AL £ CTRA.
PyTypeObject PyFunction_Type

o] A& PyTypeObject ] QIAR Aol sho] A g &S Yepy Ut dhol X =2 T2 o A types.
FunctionTypel & =&F YT}
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int PyFunction_Check (PyObject *0)
07} 4 WA (PyFunction_Type §) W < R th v 7] ¥4 NULL O] ofu] of oF F T}, o]
P g AT

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. T= A A| code2} AFJH A &< AR E ¥E3sHU T} globals= ol A A A
2% % gl A W7t 9 g o] ofof Pk,
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_
attribute is set to the same value as the code object’s co__qualname field.

Added in version 3.3.
PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. 35 A A ope} A FH I = AAE 93T}
PyObject *PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. <+~ A op&t A#E A 918 E whaHgyoh

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.
PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. < AR op2] 12} 7)1 B ZHS wka3tu ). o] = QA1) EZ o]} NULL
9 5 Qgruich
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
G4 AR ope] A7} 718 ghe 4G Th defaulist= Py_None ©| Lt F-Z o] of o Frieh,
A8l systemErrorE WA 7141 -1& HHESHU 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 AR op2t AAH S 2 A E ¥13hgh o} o] 21 NULL o] v} Al 2 A
o FEL 5 A5y
int PyFunction_SetClosure (PyObject *op, PyObject *closure)
34 A4 opsh ABH 22AE QAT dosure’= Py_None o]} A 7] o] FZ o] o] of gt
A5t systemErrorg YAYA| 7131 -13 WEEgHU T}
PyObject *PyFunction_GetAnnotations (PyObject *op)

Return value: Borrowed reference. 3+ A op2] o] = H| o] A& ¥H3HghU T o] AL 7HH 9 A v 2] Y NULL
o 2~ 9T}t
27T XK\ .
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int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
S A A opQ] o = H| o] S A A T Th annotations> © 4 2] L} Py_None ©] o] of g .
A 9|3t SystemErrorE WA 7121 -1-& HHE3H 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 (). Incase of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.12.

int PyFunction_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id previously returned from PyFunction_AddWatcher () for the current
interpreter. Return O on success, or —1 and set an exception on error (e.g. if the given watcher_id was never
registered.)

Added in version 3.12.

type PyFunction_WatchEvent
Enumeration of  possible function  watcher  events: - PyFunction_EVENT_CREATE
- PyFunction_ EVENT_DESTROY - PyFunction_EVENT_MODIFY_CODE -
PyFunction_ EVENT_MODIFY_DEFAULTS -PyFunction_EVENT_MODIFY_ KWDEFAULTS

Added in version 3.12.

typedef int (*PyFunction_WatchCallback)(PyFunction_WatchEvent event, PyFunctionObject *func, PyObject
*new_value)

Type of a function watcher callback function.

If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_value will be
NULL. Otherwise, new_value will hold a borrowed reference to the new value that is about to be stored in func for
the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects, including infinite
recursion.

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 _WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.
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8.5.2 JJAHA WA & A

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunct ion to a class object. It
replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
o] PyTypeObject ALHAE Fho] A JAAHA WA E P& YepYuth ghojH 22 3o+ =
A FE U
int PyInstanceMethod_Check (PyObject *0)
o7t 12"t HAE AAE IS WP Uth (PyInstanceMethod_Type 3 YUTh. wj7) HE4=
NULLO] ohjef ok gtk o] T4 G4 4B U Th
PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. Return a new instance method object, with func being any callable object. func is the
function that will be called when the instance method is called.

e
i)

~

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. A 2~8E 2 WA = im3} AAH st A A & w3yt
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2.5% 7 AME 3|3}+= PyInstanceMethod Function ()9 W3 ZE

w7,

8.5.3 WA & A A

m A = A4 H (bound) T AA Gt WA=+
A2 = A k-2 (unbound) WA = (Fe & AA o] AZH wIA =)
PyTypeObject PyMethod_Type
o] PyTypeObject A2HAE Shol A WA E & YeERY U] o] A2 sto] sl TR T3¢ types.
MethodTypeZ =<5 U Th
int PyMethod_Check (PyObject *0)
o7} WA= AT 2& MR T (yiiet hod_Type B AU Th. w7} W4 nULLO] ol o] of 2]
th o] = F AT FUTH
PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M 22 WA= AAE S8 F YT} func
HAEZF AAE oo & AARHAYYT funce PIANE7F S EE o
obujol of .
PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth Wl A =2} A#H Sk A A& wiagh ot
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2% FAAME ¥ 3l= PyMethod_Function ()9 W32 & WA,

golel Felg A ol v, self =
g ¥4 th self = NULLO]

fop 1
o

PyObject *PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. meth W| A =2} AAH AA~EHAE g o)
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2% FAAMSE 9|8l PyMethod_Self ()9 W32 ¥ A.
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8.5.4 A A

0 AL ofe) Ammo| A BB WS E TEHE U SR U ol 8 WAk, e A5 A
A7 G AU B8 I A2 m e A W g 9 NESE 22 2T
Aol th gk Fx7F g Ut gholl AM 26k, A A A 2] Al *é‘oﬂ 239 ghol AHgYth ol g A
A ] A 2 (de-referencing) = A/ H vlo| E F =2 K EJ9] o] QT AN A A5 om 32
A gk A AL 08 2ol §894E L
type PyCellObject
A AR ol AHEE = CF2A.
PyTypeObject PyCell_Type
A Aol ke @ A,
int PyCell_Check (PyObject *ob)
ob7h A AW 22 BT T obi= nULLo] o] o] of Tk, of B W4 AE T O
PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 3f2 S+t A A AA S W5 ¥t} w7 A= NULL € 5
A5 Yt
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] U-8-S HF3Hg o},
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell®] V&2 ¥F3}3} %] 9l cello] NULL©o| o} d A9} Al AR QA&
shol 517 oh45 ] o,
int PyCell_Set (PyObject *cell, PyObject *value)
A AR cell®] W-&Z valueZ 273 Fth o] ZA st Ao AR W&ol thet Fx2E s Al U Th. value
£N0LL 9 4 5] B, celli= NULLO] oFu]of of gl ek AL A 7} oL 7, ~10] LS L. A F 3,
0o ¥kghg yth.
void PyCell_SET (PyObject *cell, PyObject *value)
A cell®] 98 valew AT BE A5 249 A $1, BAS AT DA ol Fol A A

934U T cell-2 NULL O] ob] o] of 5} AL 217 o] of g ok,

8.5.5 7= 7|

FE A= CPython 7A 2| A& A7 AZ AU ZF A A
Holel g vhebg ok
type PyCodeObject
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PyTypeObject PyCode_Type
This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
Py_ssize_t PyCode_GetNumFree (PyCodeObject *co)
Return the number of free variables in a code object.
int PyCode_GetFirstFree (PyCodeObject *co)
Return the position of the first free variable in a code object.
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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 31194 ¥ 7 : Added qualname and exceptiontable parameters.

¥ A 3.129)| A ¥ 7 : Renamed from PyCode_New as part of Unstable C API. The old name is deprecated, but
will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int

kwonlyargcount, int nlocals, int stacksize, int flags,
PyObject *code, PyObject *consts, PyObject
*names, PyObject *varnames, PyObject *freevars,
PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)

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

Similar to PyUnstable_Code_New (), but with an extra “posonlyargcount” for positional-only arguments.
The same caveats that apply to PyUnstable_Code_New also apply to this function.

Added in version 3.8: as PyCode_NewWithPosOnlyArgs
WA 3.119 4 ¥ 7 : Added qualname and exceptiontable parameters.

¥ A 3.120]| 4] *H 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 Except ion if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int

*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.
Sets the value to 0 when information is not available for any particular element.
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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
PyBytesOb ject 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 er-
ror, NULL is returned and an exception is raised.

Added in version 3.11.

PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an exception
is raised.

Added in version 3.11.
int PyCode_AddWatcher (PyCode_WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be passed to
PyCode_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.12.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode_AddWat cher () for the current inter-
preter. Return O on success, or —1 and set an exception on error (e.g. if the given watcher_id was never registered.)

Added in version 3.12.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY_CODE_EVENT_CREATE -
PY CODE_EVENT_DESTROY

Added in version 3.12.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)
Type of a code object watcher callback function.

If eventis PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized. Otherwise,
the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.
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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 WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.5.6 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_RequestCodeExtralndex (freefunc free)

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

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra and
PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored under the new
index. Use Py_DecRef () when storing PyObject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

WA 3.129 4] M 7 : Renamed to PyUnstable_Eval_RequestCodeExtralndex. 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 0 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

WA 3.129] A ¥ 7 : Renamed to PyUnstable_Code_GetExtra. The old private name is deprecated, but
will be available until the API changes.
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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 0 on success. Set an exception and return -1 on
failure.

Added in version 3.6: as _PyCode_SetExtra

H A 3.1290 A ¥ 7 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated, but
will be available until the API changes.

8.6 7|e} A

8.6.1 v}l 73]

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 i o 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]|n] d# ¢+ 49| ud 7|&A} fdZ go] A vt
AAE 25Ut A} name, encoding, errors D newlineL 71 23S AH2317) Y&l NULL & 4 95
buffering® 712 3k& A& A -1 A 5 AT name BAH 1, o] A W) Ahe] THIL 9z
FAFH U A3 Al NULLES H&%‘rﬂ‘% o} Aol th et o A4S AL 1o.open () T ATA
Bz oA 2

;1

)

=)

WA 32004 HA: name Q) EZHEE FA T

int PyObject_AsFileDescriptor (PyObject *p)
Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its value
is returned. If not, the object’s £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]) 3} S 53Ut} o] 4= AA p
oA &=L g5 UL pE FY AR readline () WA EZ Y 998 AR D 5 J5UTh nol o

01“4 Z9] Zol2} BAGle] FE3] =S ‘2475‘/]‘4 nol 0Kt} W, nulo] E o] 4 5t A ¢
Gtk BHA 2| WAL 5 AR T AT BT, 51 2o] 24 £ W Aol 0E
5]‘41_/]' J#vnol oRp 2o, Aot #A glo] st & AT 31 Y Lol HA] =281 EOFError

b g o
int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A2 % handlerE S3) 7] H4E AL 3 EE io.0open_code () & 4ukAQl =28 2] A o gk}

The handler is a function of type:
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type Py_OpenCodeHookFunction

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaran-
teed to be PyUnicodeObject.

userData EREH = £ St 2 AGFHUrh Z 4= 02 HeElYoA TE2E S 9lomg o] ZAEHE=

Shol 1 AFHhE A7 2 5hE 9 8 UL,

21 A= ¢l A Y (frozen) sys. modules°ﬂ Qo &#H A
= o

Ao oieha % 4% 5ol Az e %é Edle A8 Tl
Aot Zo] AAL W, A ASFAL AT 4 glon, o590 pyFrile SetOpenCodeHook ()ol tist &
S ot o A B 1 S e alel o ol E) 7 £ 545 961 ko5 A e

[«

2]
ol @ Py_Initialize() Ao T&d = FAFY .
o1z} glo] A} oMl E setopencodehookS BHAY A Z U T}

Added in version 3.8.

—

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the Stable ABL. 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 repxr (). 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 ZA+Q s& 3+ AA| poll U TH A&t 0 9H8kstar, Avjshd 13 wk2
Utk AE35 o 7 AF g Ut

8.6.2 X5 7 A

PyTypeObject PyModule_Type

Part of the Stable ABL. ©] PyTypeObject AA2H
ModuleTypel 2 3ol =2 I3 o = ZF th

[>
rr
&L
£
%
il
Y
ol
tlo

UERd Ut o] 22 types.

int PyModule_Check (PyObject *p)
p7t 2E AA ) AU EE AR 9] A B Fold FZ W&t} o] g4 A 4 th

int PyModule CheckExact (PyObject *p)

p7t B AR o) A%, Pyiodule_Types) AH ol ol & WAFI T o] ot B4 43T
oy

PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ ] E 8| HE 7} namel 2
AARAE AN g AAE 9ttt 259 _ name_ ,_ doc_ ,_ package_ % _ loader_ o]

E)REAAYA UL name_ & AT BT None O 2 HAFUTh: __file o|EelHES
AZ s AL T2 AUk

Added in version 3.3.
WA 34004 H7A: _ package_ 2 loader_ 7}Nonel & AAFH Ut}
PyObject *PyModule_New (const char *name)

Return value: New reference. Part of the Stable ABL. PyModule NewObject ()2} 8] <3}A] ¥k, name ©] -
U= A8 v UTF-8 2 91298 #7419 9o
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PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module2] ©] & F7FHS 33 3l= Ay A A
HERU T o] AAl= 2E AAY __dict_ A ERFESL ZFUTh module©] RE AA (Ee B
AR A H 8)7} o}, SystemError 7} & 811 NULL o] ¥FEE U Tk
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. module®] __name___ < ¥F3-gh o).
Ego) AlFstA gAY, AL ] oFUH, systemError 7} ¥4 8Fal NULL O] WHehg Ut
Added in version 3.3.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule GetNameObject ()2} H]Z3A T 'utf-8' 2 AF P H o] 55 w1t
il

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 2 &9] “AH”, & & A4 Al @FH W2 855 7l 7= ZAEH Y NULLS
WSSt T PyModuleDef.m sizeS FZR I A L.

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. & ©] WH50]Z pyModuleDef T2 Ao Ulst ZAE Y B E o] H L oA THE09]
A A ¢k gk o™ NULLS Wk T}

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL. module®] __file_  o|E&|HEE A& 35} module
o) 29 5h9) o] £2 WA Th Bo)H A AYAY fUTE FADo] ol ¥, systemErrorE
LAY A 7] L NULLS WEgU o 23 4] ¢od U I E Ao thet FxE w3t

Added in version 3.2.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABL. PyModule_GetFilenameObject () 2} H]S23}AT ‘utf-8° 2 Q17 Y H sd S
wHEHghU o,
WA 328E H X PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.

)

C2E %73

2 AAE QAR B BE (25 B8 YRS BF 2o
St~ 7} PyImport_AppendInittab ()& AF&3Fe] F715) ol A Wt
extending-with-embedding & ZZ 3} Al L.
2713} 4= BE Y JAAEHAE pyModule_Create ()9 AE3t1 A1 28 A S v A, A 9
T2A AAE Eete] ‘oA 27138 LT 5 AU TH
type PyModuleDef
Part of the Stable ABI (including all members). 25 A S Wt =0 QI FEAHAHE TG
Ho] 2. Antdow 7 wEd ofa) o W] AA o 271348 Wk b duinh
PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.
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const char *m_name
M 2EL ol 5.
const char *m_doc
REY S2EF; YUA O 8 pyDoc STRVARE WHEo| X SA2E® WS 7F AR H U T
Py_ssize_tm_size
REE AHE AA AAo] old PyModule GetState ()2 X3 T 4 JE=EEE v 2 g Ao
FAE 7 JFU o] AL o2 A H AHZ e HoA ZES AHEdhe A GASHA T

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ £ ree function has been called, if present.

m_sizeE -18 AASH BEo| A AEHfE 27w AR Az 2B E A LsHA] ghethe
=i
S47bold o A RES T 27]31 & 5 gtk Eolu] Aefel] AL H 71wz e
ok2 AU th thh A 27|30l = 2 o] oldm_sizeZ} E LSk
ZLA| 3 Y -2 PEP 31218 FR A A 2.

PyMethodDef *m_methods
PyMethodDef o2 7|€H £ BE 5% T H ol ol thgh X AE. F7t lew nuind 5
U ok

PyModuleDef _Slot *m_slots
oA 27132 A S X 4 g, (0, NULL} FEoR
], m_slots= NULL©] o] oF gF1] t}.
W7 35004 WA WA 35 o] Ao, of W7} G nurLE AAH o, theT o] Aol
<=1t}
] .

inquirym_reload

=

ol

SEEUCL d9A 273 & AR S

traverseproc m_traverse
BE A7) GC B 5 T2 A §45ul, B25hA 90w NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately 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 O and the module state (as returned by
PyModule_ GetState ())is NULL.

WA 39004 A BE GH7E 837 Ao He 359 A a5y th
inquirym_clear
25 AAY GC A Foll &= Al (clear) &<+, B 25}A] ¢ko W NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately 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 O and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

WA 3904 M7 2E FE7E EEE 7] Aol e 2S5 A FF U
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Jfreefunc m_free
25 AA @G A Sl TEF Tt B2 3HA] 2 NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately 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 O and the module state (as returned by
PyModule_GetState ())is NULL.

WA 3904 M7 2E FE7F EEH 7] Aol He =25 A FFUT

chebA 2713}
B 278 %45 BE AAE 44 BED M £ A5UTh o A2t 278 eka s, e 5
25 A4 345 F e Aeh

PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Part of the Stable ABL def 2] 2] ol whel, API ¥ A module_api_version<

Aol A BE ANE BEUL S Al A8 F Arlzee Was A o,
RuntimeWarningg& A Al ZA Yl

Fa: ol e i FE PyModule Create ()& WAl ARGl o duth; 243] 22 & wfj vk A& 514

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule AddObjectRef ().

oA 273}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is created,
and the execution phase, when it is populated. The distinction is similar tothe __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
PyType_FromSpec ()).

CheA 271518 ALgSle] WSl 1 BE BEL AU QEnelHE AN Ao AUtk thE BES
°% 0%
E

£=2
R B

=UA0R §A%E AL QiAo
oA 27135 23357 f8l, 2713} &
PyModuleDef A2 AE WL w3t 7] Ao, PyModuleDef ﬂﬁ?ﬂé% 08 42 AJL3519
271880 oF gk

PyObject *PyModuleDef_Init (PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 25 A7 937 Iz A +&

entEA Bashe Suk= A 27348 shel 4 A ol A gk
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def S PyObject*Z |2 E S} A Y, o 2] 7} A 3 NULL
Added in version 3.5.
B2 E A9 9 m_slots = PyModuleDef_Slot 7+Z A o] vl AL 718 A oF gy t}:
type PyModuleDef_Slot

fifo

skargh o,

int slot
ofef A AE 7hs 3 3 SolA A8 E, &5 1D.
void *value
ZIDof| whet 7 Y mrt EetA =, &1 9 7k
Added in version 3.5.
m_slots M| B2 id7} 091 &F 202 FE 3l oF g th
A 7R e R B2 v 2eUth
Py_mod_create
AA A& 7] A8l T2 = T2 AL FULE ol €59 value TAEH = th 4 22 A8
x‘t 5 7he Aok Fth:

PyObject *create_module (PyObject *spec, PyModuleDef *def)

\l

o] 4= PEP 4519 A2 S th 2, ModuleSpec AAAEH A9 BE A& W& Uth A 2 E AAE
HEe3 A L of 9] & A A 83 NULL-S HEEHS) oF gy o}

o] F4=FHAador FAHMoFFULEH E3] T2 RES A dXE S8 A|L5HE B3 F=7}
Ak o= 9lol A, g oje] mlojW FEE T &5 ¢ H Ut

Py_mod_create® ]Z43]-7<] oo QAIxE éi}{— PyModule_New () S AFRolo] dul 2 & AR S
VLT ol 22 2 7} obUl e specol ] A AT, B4 R 50| 9 B F A9 E #RHEA RE AT
FEAA N ARl SO0z 245w ARY Y2E Fol e o] EOR YTE D 5 AL T ]

Aggdch

HESLE AR 7F pyModule Typel] A28V d e = glsUth d2E #3 oJERE 243 ¢

715 AQol= 3t BRE S AR 4 5yt 28]y, PyModuleDefo] NULLO] o}bd m_traverse,
m_clear,m_free; 00] 0]—14 m_size; == Py_mod_create 0|29 &£F 0] Q2 PyModule_Type
NESS RS A e ke

Py_mod_exec

BES A7) 93 £2H L B8 AF G ol AL 3
FUTh: AA R, o R4k 2ol A% A5 E BEA 2R

int exec_module (PyObject *module)

o1 7§ 9] Py_mod_exec £3-0] A F = H, m_slots W Aol YEbt= AR A 2] F Ut
Py_mod_multiple_interpreters

Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main interpreter’s GIL.
(See isolating-extensions-howto.)
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oAl 2713}l o & A R W82 PEP 4895 2514 Al

A

N

N

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See isolating-
extensions-howto.)

This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is not specified, the import machinery defaults to
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED.

Added in version 3.12.
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o 285Ut RES YA3 27358 ¥ PyModule_FromDefAndSpecd}

PyModule_ExecDefE BT S &3] of ol 72314 Al 2.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FromDefAndSpec?2 () 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.

FHa: o] ¢ tFEE pyModule FromDefAndSpec ()& WAl AF&sloF Ut S4ls] 28T
uf) 7k AR 34 Al 2

Added in version 3.5.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3.7. def ol A1 A ZLE A3 &£F(Py _mod_exec)< ATt}
Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. module®] 5 2>E ¥ & docstring®. 2 A A3} o] Sh¢+=
PyModule_Createl}PyModule_FromDefAndSpec= A& 31o] PyModuleDefol A R ES & uff
A5 o7 TP Ut

Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABI since version 3.7. NULL % & functions ¥ B 2] S+=5 moduledl] 3718t} 7] 8 350
)3k ApA & W82 PyMethodDef A A S FEFAAL (FF & o5 T 7l W 2oll,CE
HAH BE 7F “T (functions)” = AR 0 = A WA v 7] -2 R 52 A, oo S 29 <
2B A WA=} FAFSHA W5 Y. ©] Sk PyModule_CreateU PyModule_FromDefAndSpec
S AF831o] PyModuleDefol A RES HE W AH5 22 SEH YT

Added in version 3.5.
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A9 g
BE 278 %500 2738 A8eE 49U RE A S2o 4 559 G409 2738
A A9 e, BE AH 27518 £9 1 08 B2 AT 5 ALt

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Fart of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function which
can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

.

The example can also be written without checking explicitly if obj is NULL:

p
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;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
Added in version 3.10.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value on success (if
it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

ZF31: Unlike other functions that steal references, PyModule_AddObject () only releases the reference to
value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

Example usage:
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-
static int

add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0O;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Stable ABIL moduledl] A4 A4 nameL & F 713Ut} o] H 4= 2 E 9 273} 4o
A ALET % AT 2] Al 12, 4 F5HE 08 BT

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL. module®l| &AL A5 name2 2 F71HUth o] He] g+ 1 E .4 %713} 34
N AREE = AFUTH £ AL values NULLE 2 uof byt o 2] A 13, A3 Al 0= Hhshety E‘r-

PyModule_AddIntMacro (module, macro)
module o] it A48 ZAFULL BT L macool A AU B S o
PyModule_AddIntMacro (module, AF_INET) S AF _INET k€ 713 int A4 AF_INET-S module©l|
FAgUh oY Al -12, 435 02 AT T

PyModule_AddStringMacro (module, macro)
module®| FA+2 55 F7HUTh

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. module®| & A& F7FUth R A S E pyType Ready ()8
$&£3to] g AAE glo) Do) =TT} 3 714;1]_4 ol2e A tp_name-/] upz] gk LA Q 4o A
7hAF UL o2 7 #g sk E -1, A ehd 05 v oh

Added in version 3.9.
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PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. & A 18] Z ] €] of] T3l def ol A] THE| A &
A= E’}%‘r?}%ﬁ“/‘r o) YAMNEE AL H WA BE AR 7} PyState AddModule () & AE Z g
e ol A2 01 L ofof ?J‘%D} A 2E AAE 7;%% T RAY JAE Z 2B AEjol 012 dAH
ke W, NULL-S WFSHe U Th

int PyState_AddModule (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3.3. 30l A 2H BE AAE A= E Fefol]l AZ Tt o=
PyState_FindModule ()& E3] & A 0“7‘1]/\ T AEE G

SehA 27]818 AHgBte] BHE BE ol 9 EH7h o
SGolHME BES IJIETE B & AT o7 PyState_AddModule% TEstrE, BE 27
e TUT @A 2T 25 A4 273 225 2%
le P BelRt BAAHA S0 Aot o] e FE Ot
ZE ﬂﬂﬂ A3t Yot AUt (A H T2t AL, 283 AdE] Al EHTSPZWUHH%
tz3to

RN

av]
‘~<
n
(w
V)]
8
(D
r—r_]
-
D
o Q.
=
O
Q.
C

ot

=219 401' R

Added in version 3.3.

int PyState_RemoveModule (PyModuleDef *def)

Part of the Stable ABI since version 3.3. defol| /] &)X =& 2
AEetd 0, Adfotd -1& &t

S E A= GILS HF3f oF &t
Added in version 3.3.

AE QB2 e Aol A Al A g o,

8.6.3 olE|#|o|¥ A

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the __getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.

PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqIter New ()} W& A/ A Fof] 3t iter () WZ 49 & ezt
B 410] oo w2hE o] Ejel o &} AA ol e | AA.

int PySeqIter_Check (PyObject *op)
ope] Bo| pyseqiter Typeold & EFeFUTh o] T+ T3 4FFUTh

PyObject *PySeqIter_New (PyObject *seq)

Return value: New reference. Part of the Stable ABL. Q¥F A| A2 A A seqt A 25351 olEld| o] E &
s T A F a7 AR AT YA AAbolA IndexErrorS Yo7 o] g o] A o] Byt
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PyTypeObject PyCallIter_Type
Part of the Stable ABL. PyCallIter New ()2} iter () W3 42 F Q) & Ao 93] vidH o] g |
SEEEEEEEEE]
int PyCallIter_Check (PyObject *op)
op®] Fol pycalliter Typeold & FHF UL o] 4+ FFATHU
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL. A| -2 o] & o] B & S8 F Yt} A WA vij7) A
z}

callable2 | 7] W= Qo] & 4 J= R E ol ZE 7“231 A= AS5ULH &L olE g ol A
9] o8 &=-& ut3s) oF stk callable©) sentznel.ﬂ- e 1-?4-'6}“4 olg]#lo] o] 2 H UTH

8.6.4 tJA3aYE AH)

“aag e s A7)0 A8 o EelRES 71 &she AR AUTh 2ASS ¥ AR G4 eel d5yTh
PyTypeObject PyProperty_Type
Part of the Stable ABL. W& U2 HE FE 933 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.
int PyDescr_IsData (PyObject *descr)
Return non-zero if the descriptor objects descr describes a data attribute, or O if it describes a method. descr must
be a descriptor object; there is no error checking.
PyObject *PyWrapper_New (PyObject*, PyObject™*)
Return value: New reference. Part of the Stable ABI.

8.6.5 <zfol2 A

PyTypeObject PySlice_Type

Part of the Stable ABI. & 2}o]2 AA| 9] & AA|. o] AL Fo|H A =9 slice} ZH5 Yt
int PySlice_Check (PyObject *ob)

ob7} <ehol 2 ARW F WU T ob NULLO] oholoF Fwh o] Bt T AT T,
PyObject *PyS1lice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. Part of the Stable ABL. A/ A H Fto 2 M 22 &£to]l2~ AAE viE sy}

start, stop 2 step | 7} \_—rt e o5 ol A A2 AEERES] o2 ASEHYLTEL B

NULL & 4 9105, o] A Noneol 8% o EelREO LS H UL A AAE B 5

= Wy
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the Stable ABL 2 ©] 7} length?1 | AXE 7H 61, Seto] 2 A A sliceol| A start, stop B step $1E]
2E 7FA S UTH length Bt 2 QWA E o8] 2 A gy th

Returns O 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 /152 MM I A= ke AUk,
#3200 4 873 Al slice vl 7} W49] vl M4 G pysliceopiect* AU T

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step, Py_ssize_t *slicelength)
Part of the Stable ABL. PySlice_GetIndi ces ()5 £&93HA A gyt Zo) 7} lengthQl A|BAE
7} 5k, & 8ol 2 A A sliceol| A] start, stop E step Q1 f*‘/\ S 7}A 2.1, slicelengthol| & 2fo] 29 Aol &
AT 991 E Hol i dlel 2t Ank s ohol 9] H2ish AuH Ao LYok

4t 05 kst ol # | o9& A sk -1 Ry Tk

Fa: o P 75 2T + A Ad2dde -SR] Fe Aew 7}22}‘4‘3}- TEE
PySlice_Unpack ()@ PySlice AdjustIndices ()2 22 tA|F oo gt =

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

ergow AU

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
I3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 W7 Aol = slice Wi 7} 2] vi 7} ¥ 3 o] PySliceObject* PFUTH
WA 361004 HA: pPy_LIMITED_APIZ} AAH o] YA AL} 0x030504003 003060000 (3
e} A 9F-S) Abolut 003060100 o] A Zto 2 A AE 9 0™, PySlice_GetIndicesEx () =
PySlice_Unpack () & PySlice_AdjustIndices () & AF&3t=vlaz 2 F3AF Yt} QA A} s,
stop R step= o2 M 7P ULk
WA 3.6.1 58 dAE: Py_LIMITED_APIZ} 0x03050400K T} 271} 0x030600002} 0x03060100
(ZFeHA o) Atolo] ro 2 A QoW pyslice_GetIndicesEx () & A H Tyt

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 9] start, stop & step H| o] 8 HHE C ATZ =
SUth PY SSIZE T MAXHTF = 3FE PY SSIZE T MAXE X83] Zo|31,PY SSIZE T MINHTH
Z+2 start 2} stop S PY_ SSIZE T_MINZ Z83] 0|1, -PY_SSIZE_T_MAX®R T} 2H2 step 7S
-PY_SSIZE_T_MAXZE 283 =Y Yrch
o -1, 4F3tH 02 vyt
Added in version 3.6.1.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. | @ length Z 0] 2] A|A2E 7} 4 5}9] start/stop & 2}o] 2 &l A~
& 2 PUTh 998 Holw Qe At dub Sefol2e] Moo A YAl oz Ak

<ehol2d] Zol & vtk 34 43 d Ut shold ZEE S &34 st
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Added in version 3.6.1.

Ellipsis 7 A

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py None, it is an immortal. singleton object.

B & 3.120| 4 WA Py _Ellipsisisimmortal.

8.6.6 MemoryView 74 x|

nenoryview AA & C4& M3 QEls o] 28 TE AX 2 vhAAA = 12D 4 At oW AN v d
.
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. W 3 Q1 ]| o] 2~ & A58+ 2 A ol A memoryview 2
AE syt 0bj7F 227] 74 @ W 9] Alg& A 95k, memoryview A A= ¢ 7]/227] 7k H 41, T A
orowl 7] A-g o) ALk A2 AL Awkol wal ¢17)/227] 71 2 4 95T
PyBUF_READ
Flag to request a readonly buffer.
PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. mem= 35 ¥ 3]  Al-8-3} o] memoryview
AAE WUt flags= PyBUF_READ \} PyBUF_WRITE % St E 4 5 U Th
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. 1A W 3 L ZA| views =
memoryview 2 A & w5 Ut} ZFASE vlol E W ¥ 9] A ¢, PyMemoryView FromMemory () 7} A&
9 P43 o,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ ¥ QA E]H| o] A& Aol st= A ZHE 229 A%
A3 (‘C’ Y ‘Fortran order 2) 2 memoryview 2 A & w5 U o). W 2 2] 7} 944 o] M memoryview 2 A =
A2 w2 el g el Ptk 1A ohow, BAIE o] 5o} 2] 1 memoryview A} Ho] 2% 24 &
el gk

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
A A obj7} memoryview 21 A A FH-& Wkt A A= memoryviewd] AH FAE vt
th o] e Y AT FUTH

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A=A} ] 3] 2] memoryview 2] B Z 7] BAFE O] Z O EE E&EF Ut myiews HFE A] memoryview 21
ARxoop UL o] Ml ARE F2 FRASHA Foern g A AAbsfioF duth, 282 oW S &

Agel A&

i

+ sy
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PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] ¥t o 2 St A F A A A s = QA E Y  memoryview 7}
PyMemoryView_FromMemory () L} PyMemoryView FromBuffer () ";;]'—/,\— = sty = ‘?}%O% Zﬁi
© W NULLZ Y o} mviews YFE X] memoryview 912~ El A of of gt}

Hol e obet H2E 17 ARZ A AP okt B2 A FAsE F 2R PAAA AR Dol A
o A WA e e 22 A o],
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int PyWeakref_Check (PyObject *ob)
ob7} 2 AR 22N AW 2L MBI o] B4k G4BTI

int PyWeakref_CheckRef (PyObject *ob)
ob7t BE AAW FS VB o] T4+ T4 4T TYh

int PyWeakref_CheckProxy (PyObject *ob)
ob7t ZE A AA W B MBI o] B4t G4 AT HI

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABL. 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.

PyObject *PyWeakref_GetObject (PyObject *ref)

Return value: Borrowed reference. Part of the Stable ABI. Return the referenced object from a weak reference,
ref. If the referent is no longer live, returns Py_None.

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to PylWeakref_GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Fart of the Stable ABI. This function is called by the t p_deal1oc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 &

o] Az Ab-gof o 3t ZHA| 3 A B = using-capsules S F R34 A L.

Added in version 3.1.

type PyCapsule

This subtype of PyObject 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 ABIL. 7§ < i o] 3} 5}3] 2} (destructor) =M &, o] & A Ao Yr}:

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_Destructor 9 2] o] u]= pyCapsule New () S FZ A L.

int PyCapsule_CheckExact (PyObject *p)

AR} Pycapsuleo] W FE S F UL of 4+ 4 AF Tk

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

Return value: New reference. Part of the Stable ABL pointerE 7€ 3}3}+= PyCapsules 5 Y th. pointer
A2H= NULLO] obd = 5y Th

Asish, ol 9] & A4 skl NULLS RHE Y o
name &4 Q-2 NULL o] U} # 8 8H C w2 ofl t 2k 2 A o 5= 915 th NULLO] of ¥, o] ZAH 2
o] <

AEHTh _,_EH T A = of oF g t}. (destructor Yo A AT == Ad5ULh)
destructor Q1A7F NULLO] o} U ®H, g o] 32 o] &S AARE TESHUTH

o] A& & RES JJEYHER AASH W, nameS modulename.attributename & A A 3] oF T
o} o]‘_%qﬂ] 3 2 2 E 9] PyCapsule Import () 2 AF23te] LS AZLE 34 95U

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

ru[o

Bl iy

Part of the Stable ABIL. 7} & ol A &% pointerE 7} A S th A3 31H, o 9] & 4 A 31 NULL
Yo,

The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule is
NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

Part of the Stable ABL #€oll A48 AR 37 A& vk ch A s, o) 95 A4S NUILS
ukekghu o,

%0 NULL 19 A48 25 AL FWAAUT o AL NULL B IS8 tha BESHA BEUTH
H&3] 38l PyCapsule_IsValid() Y PyErr_Occurred () S AFE3HA Al L.

void *PyCapsule_GetContext (PyObject *capsule)

Part of the Stable ABL #9) A48 @A AW AES MU Th Ashshd, o9& 4 FIL NULLS
shghghu o

A€ NULL AHAES Zhe A2 A JYth o] A2 NULL W T =5 Oha B o5 vhgyth
W3] sl8l W Pycapsule IsValid() W PyErr _Occurred()S ARSI A L.
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const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL Z] €0l 2173H AR o] 55 WrFth A, o ] & 44 5t NULL-S REE
sl )
A40|NULL 0 82 2 22 FHAY Y th ol AL NULL U TEE T e BT
S8l W PyCapsule IsValid() W PyErr_Occurred()S AF&3II A L.

]

d
ofr

void *PyCapsule_Import (const char *name, int no_block)

Fart 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.

335t €2 W pointerE WFEHUTh A etd, o €] & A A s NULLE WHERH T
W A 3.3 A W7 : no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Part of the Stable ABL capsule©] +2 3 A< AAE ddgyrch FE3 AEL NULLO] ofYH,

PyCapsule_CheckExact ()5 B33}11, NULLO] ofd E QB 7} A &= 1, YF o] 5 o] name 1 7}
T AU (F€ olg= Hlaste Wl e BE = pPyCapsule GetPointer ()5 F%

A2

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.

AA 75 EFT AL o] 3} YA 51 00] obd ghe MBFUTE 1RA) oW 02 WU Th of
S Ao s 5
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule 52 ARNAE ZAEE context Z 4 A g T}
435Hd 02 I h A5 00] obdd g WAL o) 98 4 FL ek,
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W52 3}3] A= destructor 2 73 7 gt}
dFshd 02 WU o Asfsd 00] opbd gt whekslal o 9] & A A o
int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABIL. capsule W 5-2] 0] &-& name® 2 4 AUt} NULLO] o} U™, o] &2 g H T} 2
FA S ojor gt fgol AFH o] A nameo] NULLO] o} ™, o] & S| A &}2 1 A/ =544 5 Tth

43ehd 02 W ok A5l he 00] obd g whakska o9 AT ok
int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Part of the Stable ABL. capsule Y 5-2] void 2 Q1 €] £ pointer 2 4 AT} ZQE]&= NULLO] o}d 4= AH

vt
35 02 WA A3 5hE 00] ohd gL kst o9 S 4 T,
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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 types . FrameType in the Python layer.
¥ 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.
H A 3.119 A ¥ 7 : Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
Added in version 3.9.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s f_builtins attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
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)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by a
generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.
Added in version 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s f_globals attribute.

Return a strong reference. The result cannot be NULL.

Added in version 3.11.
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int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
Added in version 3.11.

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)
Get the variable name of frame.

» Return a strong reference to the variable value on success.
¢ Raise NameError and return NULL if the variable does not exist.
¢ Raise an exception and return NULL on error.

name type must be a str.

Added in version 3.12.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)

Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.
Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).

Return a strong reference.
Added in version 3.11.

int PyFrame_GetLineNumber (PyFrameObject *frame)
Fart of the Stable ABI since version 3.10. Return the line number that frame is currently executing.

Internal Frames

Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame

The interpreter’s internal frame representation.
Added in version 3.11.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

This is Unstable API. Tt 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.
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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 Az o]e] A

Ael o8 A= sholm o AW el o E ol el ol BB TR S8 A& A ATE IR
PyGen_New () B2 PyGen_NewWithQualName ()& YA A O Z S &3= Zlo] ol e}, S ¥ (yield)
3he @48 ol E el o] = dhe] w5 o ATk,
type PyGenObject
Al al ol e AR ol AHEH = C F2A.
PyTypeObject PyGen_Type
S EEDEEEEE EEE EE
int PyGen_Check (PyObject *ob)
ob7h A #l o] B] A7 W F& 5l FUTh obis NULLo] ohU o] of S Th o] S WA BT
int PyGen_CheckExact (PyObject *ob)
0b®] B o] PyGen_Typeol W 22 E¥FUTH obi NULLO] oho]of FTh o T4t A 4B
g},
PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame ZAA| ol 7]¥FaE A A @l o] g AA S wEo] ¥IEg Yt} o] 4=
frameo| 3 F2 S F Ytk AA}= NULLO| oy of of Pt
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame 2} Aol 7]1Wkst A Al & o] ¥ AA & s 01 Hhekel=tl, __name_
3 qualname_ E name L qualnameZ 723Ut} o] &= frameol 3 FZE XU} frame

Q2= NULL o] of o] of g ok

8.6.11 I F¢l A x|

Added in version 3.5.
229 AA = async 7P EE AAE 457 s A9 o
type PyCoroObj ect
=9 AR o) A £ CPEA.

PyTypeObject PyCoro_Type

22 Ao o Fehs @ AA.
int PyCoro_CheckExact (PyObject *ob)

0b) Fo| PyCoro_Typeo]d FE WHEH T ob NULLY 4 YU T ©) Bt A 4 FHI
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. frame 44| S 7|t 2 A T FE AR E HE]A 93Ut} _ name_

3} qualname_ 2 name 3} qualnameZ 72 3 Ut} o] St frameol B3 F2E S YT frame
AA= NULLY 4~ Sl Y Tk
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8.6.12 A¥ A& W4 A H|

Added in version 3.7.
WA 371004 HA

Za:  FolHW 3710 RE AHYAE WL C
PyContextToken YAl PyObject ZAEHE AL 3IEE H

API 9] A ™ o] PyContext, PyContextVar U
A
[¢]

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void) ;

ZFA 8 W82 bpo-347625 F 2] A L.

o] oAl contextvars ZES 913 -&8 C API| i3] AFAH5] A g3yt

type PyContext
contextvars.Context AAE eI = o] AFR S = C 24

type PyContextVar
contextvars.ContextVar AA|E YEtY & 0 AH&5 = C F+ZA.

type PyContextToken

contextvars.Token ZAE Y= o] AF_E = C XA
PyTypeObject PyContext_Type

context & Vel = & A A
PyTypeObject PyContextVar_Type

AHAE H4 §& e = & AA.

PyTypeObject PyContextToken_Type
AHAEHS EZ TS 1/].1:/].1,]]‘—33 A A.

LR ELE

int PyContext_CheckExact (PyObject *0)

o7} PyContext_Type 3o & Fe]F YT} o= NULLO] ofYofof Ut} o

U,

int PyContextVar_CheckExact (PyObject *0)

o7} PyContextVar Type @ ol F= EHF U ot NULLO] ok ojof FUth. o] S 4
4y
int PyContextToken_CheckExact (PyObject *0)
o7t PyContext Token_Type @O & EFUTE o= NULLO] ohyojof FUtt. o] e F4
43 e
AE~E A A
PyObject *PyContext_New (void)
Return value: New reference. M| 2-& Q1 ZAEAE AR E w5 th o 2 7} #4334 H NULLE R T
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PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. A'@H ctx AR AE A A 9] &

2 wrEg

EALE S vyt o 2 7} YAy S NULL

rlo

PyObject *PyContext_CopyCurrent (void)

Return value: New reference. AR 28| = AT AEQ 4o BALE S w5t} of 2 7} 28 5HE NULLS
wrEhgh o
int PyContext_Enter (PyObject *ctx)
An 2elee) A4 AEAER ad AR FITh AF A 02 WS, ol 2] A ~1& wakgh ok
int PyContext_Exit (PyObject *ctx)
o AU AE S AT o)W Y2 A 2 =0] AA) AHAER BAFUCE AT A 02

HE2FahaL, o ) Al -1 HhEFshLU )

AE2E W e

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. Create a new ContextVar object. The name parameter is used for introspection
and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no default.
If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
A 2E Wl g HAgUTh 288 ool B s -1 wekska, ghol
glol ol el 7k sk ehow 0 Wk ok
A8 2 W57 AT W, values 121 S 7He) 71 LA FF U Th A AE Werb A A
value'= &< 7He] Yt

* default_value, NULL ] o} H;

=A%

32
A

82

od

)

* var®] 7|3k, NULLO] of
e NULL
Except for NULL, the function returns a new reference.
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. Set the value of var to value in the current context. Returns a new token object for
this change, or NULL if an error has occurred.
int PyContextVar_Reset (PyObject *var, PyObject *token)

var AR AE H5 9] A E woken W8S PyContextVar _Set () @2 Ao AH| 2 A Ay}
o] g+ AT Al 0= WFEELAL, ol 2] A -1 RESHGHU T

8.6.13 DateTime 7 )|

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.

type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.
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type PyDateTime_Time

This subtype of PyOb ject represents a Python time object.
type PyDateTime_Delta

This subtype of PyOb ject represents the difference between two datetime values.
PyTypeObject PyDateTime_DateType

This instance of Py TypeOb ject represents the Python date type; it is the same 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 42 A 257] 98 w22

PyObject *PyDateTime_TimeZone_UTC
UTCE YE = A7t A S ES WE3gU T}, datetime. timezone . utc 8 22 A A J Yt}
Added in version 3.7.

C RS EER

int PyDate_Check (PyObject *ob)

Return true if ob is of type PyDateTime DateType or a subtype of PyDateTime_DateType. ob must
not be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime_DateType ¥ ol & FF YT} ob= NULLO] o} o ok T, o] T A4t
A ARle

int PyDateTime_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DateTimeType or asubtype of PyDateTime_DateTimeType.
ob must not be NULL. This function always succeeds.

int PyDateTime_CheckExact (PyObject *ob)
0b7} PyDateTime_DateTimeType § o™ & 5815 UTh obE NULLO] of]ofof FU T}, o] T4
P4 431tk

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime TimeType or a subtype of PyDateTime_TimeType. ob must
not be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime_TimeType o)A & &85 YT} ob= NULLO] o} oo gyt o] St g4k
Al :'_‘6‘1—14 T;]-

o o H .
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int PyDelta_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType or asubtype of PyDateTime_DeltaType. ob must
not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
0b7} PyDateTime_DeltaType BolW #& S % UTh obt NULLO] of]o]of FUTh of 4
P4 dF T

int PyTZInfo_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TZInfoType or a subtype of PyDateTime_TZInfoType. ob
must not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime TZInfoType BolW & E2FUTH obs NULLO] o ofof Ut o] s
P AT FYh

AR E e )R

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 H A, ¥, 49 datetime.date AR S wiashh

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. A9 A, 4, &, Al, B, 2 W ulo]|T 2 22| datetime.datetime AA =
uhghghu o

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. A9 3, 9, 4, A, &, &, ufo]Z &% 2 fold®] datetime.datetime
A4 & W o,
Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Return value: New reference. A/ JH Al, &, & W ulo] 3 2 22| datetime.time 1A E W& th
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A A A], &, %, 0to] 22 % W fold®] datetime.time A A wi3tstych
Added in version 3.6.
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. AR A 4, 2 D nfo]|3 2 % & eI & datetime.timedelta AA =
vty 23 ufo]l 2 2 29 27} datetime.timedelta Ao 3] AW E HL A== FF
a7} =8 Uk
PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset Q1A+ 2 LEF ] = o] 0] gl
AA2 Bl

Added in version 3.7.

ot

A 22 A9 datetime.timezone

rlr

PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset 2 A2} tzname name 2. 2 U EFUY A= 14 2 ZAQ datetime.
timezone AAE 3 F1th

Added in version 3.7.

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Dat e, including sub-
classes (such as PyDateTime_ DateTime). The argument must not be NULL, and the type is not checked:

198 Chapter 8. 74 244 A

o]N-



The Python/C API, ¥ 2]~ 3.12.4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
¥l int 2, & WEFh

int PyDateTime_GET_MONTH ( PyDateTime_Date *0)
1941 12741 9] int &, 92 ¥kt o)

int PyDateTime_GET_DAY (PyDateTime_Date *0)
194 317bA] 9] int 2, <& Whshghu o}

Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime_DateTime, in-
cluding subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
028 237} 9] int 2, A1 S ¥Hekg o).
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
058 597kx] 9 int 2, &< Wy o
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
05E] 597}A] 9] int 2, =& w33}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
0+-E1 999999 7}#] 9] int 2, nfo] T2 2 & wEgth
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 sub-
classes. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
0R¥] 237479 int 2, A2 HHEHgh o,
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
058 597kA] 9] int &, &< Wy ot
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
0¥ 59712 9] int2, 2 & 33}
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
04 E} 999999 7}%] 2] int 2, nfo] A2 2 & Whahgh ).
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
Added in version 3.6.
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).

Added in version 3.10.

Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta, including
subclasses. The argument must not be NULL, and the type is not checked:
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int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)

-999999999 o] 4] 999999999 7} 2] & int £, ¥ 4~E ¥kE-st t}.
Added in version 3.3.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)

0] 86399714 2] int2, 2 45 g th
Added in version 3.3.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)

00l 4] 999999 7} 2] 9] int &, vlo] T 2% & wisgh o}
Added in version 3.3.

DB APIE 783l 259 Wol & g vjaw:

PyObject *PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. datetime.datetime. fromtimestamp () o] AE3}= o] 2 &3k A H
Z 2 N datetime.datetime AA|E W& 9SS o}

PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp () o] AZst= o A st A FZ2=2

M datetime.date AA|E WS vigshy o}

i

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Fart of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python class
types.GenericAlias. The origin and args arguments set the GenericAlias‘s _ _origin__ and
__args___attributes respectively. origin should be a Py TypeObject*,andargscanbea Py TupleObject*
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:

L

-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

o ®H7]:
The data model method ___class_getitem__ ().

Added in version 3.9.

PyTypeObject Py_GenericAliasType

Fart of the Stable ABI since version 3.9. The C type of the object returned by Py GenericAlias (). Equivalent
to types.GenericAlias in Python.

Added in version 3.9.
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z7|3}h shold e Aol d B 28| =

= API =5 A}2-317] Aol py_Initialize () 45
ERCEEG %aﬂﬂ%MD}
atoj o] 2713} 7] Mol th & A 22T+ A5 Uth
s 73 e
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py _SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
* AHE
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— Py _IsInitialized()

PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()

— Py_GetCompiler()

— Py_GetCopyright ()

Py GetPlatform()
— Py_GetVersion()
s FEEE:
— Py_DecodeLocale ()
o W R A}
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

A oS = py Tnitialize () Aol £F38H ¢ @Ytk Py EncodeLocale (), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath(), Py_GetPythonHome (),
Py _GetProgramName () B—J PyEval_InitThreads ().

B & S o Alejg Ut
Ao g F a7 AAFHYE, W S FAH AFA I+HY oAE 59, bt
Py BytesWarningFlag 2 12 AAS3 -bb= Py _BytesWarningFlag S 22 A AdYrct

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used instead, see
Python Initialization Configuration.

bytesY bytearray® str, E=bytesE int v & ] Z1E Pt 282t I AY Z
o o2} W g o,
-bFAdez AR
WA 3128 A g,
int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used instead, see
Python Initialization Configuration.

TEEAZIUHA 289 AU (AR AL, A3 A9 o=,
-d 243 PYTHONDEBUG &7 W4 AP YUth

WA 31257 X 4.
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int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used instead,
see Python Initialization Configuration.

00] obdl gho= AAFW, ol AL 22 BES JEE T pyc LS 28T 54 P&k

Hﬂj .22 E HAH.
int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig_warnings should be used
instead, see Python Initialization Configuration.

Py_Getpath ()l g AM A2 S AN wf o 2] WAIAE EAISHA] U
Private flag used by _freeze_module and frozenmain programs.
WA 3128 A=,

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 H7hvlo] A b2 ZAHE 2 AAFHH 12 AT
Z# 27F00] o} ¥, PYTHONHASHSEED 37 W& ¢lo] v siA| Al =& 2713} T
WA 31258 FH A H.

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.
-E9t-I FA oz A3g YU
WA 3128 A=,

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see Python
Initialization Configuration.

/\i%E7} ] tHRH x}'E ;1(__ E’]AL]ch ‘%/\d% /\}——%—T:F_:,I-IIH’ Sys.stdin7} Eiu]gi E_O]Z] ?%’E‘]E]—E:_
23T PYEV HHPS AP I O3 Y = Sty

-i %43 PYTHONINSPECT 374 W42 AUt}
W7 3125 E H A H.
int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used instead, see
Python Initialization Configuration.

—i 1:1/‘5' o7 /\47(4%1/]1—/]_
WA 3127 H A H.
int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. isolated should be used instead, see Python
Initialization Configuration.

©
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A RER 3}
packages U] 2 & 2]

=
ST AR AAE Y

e Agdunt EoA sys.patht 2T HEL Y H 2 E AHEAH] site-
e

Added in version 3.4.
W7 31258 525
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} n]o] 9] k2 gz AAEH 12 AA 3}
ALA| 3F 22 PEP 5298 Zz 34 A £
7Hd A=
WA 3125 2 E.
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 37 W47} nlo] Qx| & Bxdz dAsd 12 A3}
A% 8- PEP 5288 2251414 2
A4 AES.
WA 3125 3 A=,

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used instead, see
Python Initialization Configuration.

2 E site YFEQ} o]0 £HIE = sys.pathd Ao]E LA 9l 2 &S v|&Asksh ) =3 ‘/]’Toﬂ
site¥ uﬂ/\w oZ YXE Fu% o] YT 2ZS N BAFFUTH(ERA W site.main() &
TEFYAL).

~sgMoz AP
WA 3128 F 2 4.
int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user_site_directory should be used
instead, see Python Initialization Configuration.

A8} site-packages T HE & sys.pathol 71814 5 U T
-s8& -1 34, 181 PYTHONNOUSERSITE 37 W42 AAFH Yt}
WA 3125 H 2] H.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used
instead, see Python Initialization Configuration.

-0 &3} PYTHONOPTIMIZE 37 W52 A4 Uth.
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W7 3125 # 2 E
int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig.quiet should be used instead, see Python
Initialization Configuration.

038 R AT AAT WA HAA S BASA 25T
—g2HAoz AAFH YT}
Added in version 3.2.
WA 3125 A .

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered stdio should be used instead,
see Python Initialization Configuration.

stdout 7} stderr 2 E H-S ¥ 3 F 3| A| St =& A g}
-u 343} PYTHONUNBUFFERED 37 W2 AAH Ut}

WA 3128 # A2 4.
int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig. verbose should be used instead, see Python
Initialization Configuration.

Rgo] 271908 Wi, w29 92 Ghd Rl g
2 gow, BES AAT u AAE & 7 5o
G e]ol o3 3 12 AT AT

-v &7} PYTHONVERBOSE 347 W48 AAgUrth
HA 3125 H A H.

)E EASE HAAS A Pk 2k o
WANE SAGT, B S5 A 1

B2E
ol &t

9.3 ¢le] = ale] 27]|3}¢} slo]da]A o] A

void Py_Initialize ()

Part of the Stable ABL. 3}o]| A 18] Z 2| & 2 7|3} gt} glo] WS WAst=
So] #/C APL 848 AF-8-317] Aol 52 oF T TH B 714] ol 8] & so] 4

olAL 2rH RE Ho]E(sys.modules)S 7|35}, 7|HE & E‘bUlltlns, _ main__
= u].tqr,]. w3 RE AN ﬂg(sys path) S 27|13 Yth sys.argve AA A 5T}
0] E YA = PySys_SetArgvEx () S AFRSHAA L. (Py_FinalizeEx () & 1?‘1_%1 T E5HA] &)
FHAZ $E5Y ob ¥ 45 1A 5T vk %1}01 RFUTH 2713} Qjﬂfﬂ"?ﬂ 2|7 A Q1 o &
Ayt

Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.

ﬂ —|—'

F: A=A, 25 ZEE 0_TEXTO|A O_BINARYE HA UL C HEFA S Aot 259
H] glo] W AR = J S l HYth

void Py_InitializeEx (int initsigs)

Part of the Stable ABL ©] <=3 jnitsigs7} 10| Py_Initialize () A8 253U T} inirsigs7} 0]
Alad A 719 2713 55 AvF =, FeolHol e of 188 5 5yt

Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.
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int Py_IsInitialized()

Part of the Stable ABI. S}o] % Qe Z 2] g7} 27|35 gl o™ 2 00] o)L w¥iE3st, 22 A ¢
AR 0)E ¥FE ST Py FinalizeEx () 7V 329 &, Py Tnitialize ()7} A €€ 0

7212 wrakgh o,

1)

[e)
7} A

=

intPy_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 Initialize (). Ideally, this frees all memory allocated
by the Python interpreter. This is a no-op when called for a second time (without calling Py_Initialize ()
again first).

Since this is the reverse of Py_Tnitialize (), it should be called in the same thread with the same 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.

ol g4 oy 7HA o)fFZ AFHUGY U S8 2200 $ {8 =229 AAE DM A 28]

%1 Fo] WS thA] Al FHE L A S 5 dFUTh EXMEE‘:EL" A+ Bhel B g g (=& DLL) of| A

ol A ZHE 23 S8 =2 1 DLLS A2 E 3§17 Z4<>ﬂJJr 144 0] Q%&Et [RERIE=S

Bﬂxﬂﬁ}"f AL FIdFULE S8 Z2 AN R F4E& FE= A NS S8 2R S
8317 Al J%Ol““ﬂ/ﬂ st B E w2 E Al A A Yy

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 modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py_TInitialize () and Py FinalizeFEx () more than once.

o1z} glo] ZHA} o]l E cpython._PySys_ClearAuditHooks & WA Al YT}

Added in version 3.6.

void Py_Finalize ()

Part of the Stable ABIL. 0] A& Py _FinalizeEx ()9 o|dA ¥ AT T35 = vl3} 2HS Z A= v A Y
Y th

0.4 =2 A2 AA w7 W4

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

ol = (&3 UMW) Py _Initialize () Ao EE3) oF FUTh str.encode () o4&} 22 91
2, BF 100 AHEE Aol A& AFFUTh

PYTHONIOENCODING & A 4 2] (overrides) 3+ 12, 7 W47} 25314 942wl W7 (embedding) .=
7H10 A5 Aoj & 5 gl= S Fhch

encoding /= errors'= PYTHONIOENCODING W/E X 7| B ZH (T2 A A o w}e} thEUth S AHL-317)
el NuLL e o U Tk

sys.stderr< o] (£ th2) A3 B ¢l o] B4 “backslashreplace” ol 2] *] 2] 71 & Aol
Al )\] e}
=] 0

9

ofr
-
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Py _FinalizeEx ()7} EE%H W, o] 4= py Initialize()o thst & &0 JS v 7] ¢

3l ThAl %5 of oF BT,

BetE 0 WEe T, o Al (o2 So] QBT e} o] 273k & 5%)00] opd e B
U,

Added in version 3.4.
HA 3115 A F.

void Py__SetProgramName (const wchar_t *name)

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

(EZHThY) o) F4Epy Initialize ()7FAF2R T25 7] Ao $&5 of
NA Z2 ¥ main () FFoll hetargvio] AR gE delFUTh(ol= —Erx}i A2 oh.
°l74—Py GetPath ()9}0}?4%4 e f&?oﬂﬂ AelZele] A st} #AH ol A HERY o)
BejeE 2t o AHEFUTh 7 RS python' UL A 22 wWS AR Bk )&ol
W 75 %) %t AA A4 0207 Bt gfol= BAH S 7he Aok Yy th dholx e ZEE 9
FEf o] Ao yES AAsA FEUh

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.
HA 3115 9 X =,

o gttt Iz 2

wchar_t *Py_GetProgramName ()

Part of the Stable ABL Py_SetProgramName () 2.2 AR H 22 I3 o|F o]y} 7| EZF-S Hisksh o).
W FAE 2 A A AFAE T RUYh A e A s g Th

This function should not be called before Py Initialize (), otherwise it returns NULL.

B A 3.100)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPrefix ()

Fart of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’,the prefixis ' /usr/local'. The
returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys.prefix. It is only useful on Unix. See also the next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Part of the Stable ABL. A X9 ZRNZ-Z254 3o o3t execprefixS ¥ UL o] AL
Py_SetProgramName () L2 ARH T2 I 0] I IR 2 Ao o] 5435 1A S T 3
HAUth dESEojzzad 0]—5—01 /usr/local/bin/python' o] ¥, exec-prefix+= ' /usr/local’
Uit e B L 4 AGLE e AUTh BEAE S FAAAE e HUTE o) 249
4% Makefile?| exec_prefix 42} 1= A] configure 2T FHE Q] ——exec—prefix X}
sk o] g fold FE oA sys.exec_prefix® AR g AFUTh FH2oA T 7§
o,

vl 73 : exec-prefix= SR F THA L (71 A vq'o]J/}“‘—o ghol B gl g]) o] th& v E g E g
A X E off prefixe} chEUth Gyl A XA, ZEZ £42 FDL /usr/local/plat A H E 9
ARANEH D ZHE ZPHF 3G /usr/locald] X2 4 JAH5Y T

Ak o 7 WA, THEL =gl Az ES o AF T 2F YT & £ Solaris 2.x &
AAE A3 sk Sparc 7| AES 22 A F O E HF3HA T, Solaris 2.x 5 A 3= Intel 7] Al & T2
SdFolH, Bl52E AYstIntel 71 A= E o2 ZAZ YU 22 F AAY A=Z & F
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AgBE AN hE TAFS P T 1] FU2 29 AAE T olobr] JUth; ol el
A2xele] A7) Aol U th 7] mh ol prefix 9} exec-prefixt | 7] 7} Lo, Wl A% 44H Utk
At g shold vlo|E DS 3L ERE S YA Lol G5 HAA L (T ol 5L Aot A e
-85 Tol 4l W Aol = F5 A AT,

m
u]ﬂ

A2’ FHE A= /usr/local/platg ZF FRE0 s b oY A|2H o ® A SHA =
7ol /usr/localS FHoE= mountL]- automount T 2 13- LA F= H S o 7,'4\?:]141:]—

m[o
f

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 ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABL 3}o] % 28] v} o] AA) =2 13 o] &
Py_SetProgramName () 22 AAHUTHOA 7|2 2 &
o} WeE EAE S AA AZLE 7 AUth A
FE A sys.executable® AFEE = 95U th

filo
r]I
it
d
T
T
o,
Y
flo
m

233 o299
o2 ALEY

24 7 e
22 A A= S F Tk of %S sfol

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

] A 3.100)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Part of the Stable ABIL. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, '; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

void Py__SetPath (const wchar_t*)

Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_ search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should
be separated by the platform dependent delimiter character, whichis ' : ' on Unix and macQOS, '; ' on Windows.

_1— sys.executable©o] Z2 1 W AR A=E (Py_GetProgramFullPath() & ﬂz%]-/\‘/\] =
MAE 1 sys.prefix® sys.exec_prefix7} B UYEE ST} Py Initialize()E &3
2 -éﬁ%”m o] A= A2 A A EH s YT

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

Az QAL YEA R BAHBE, SEe] $RY F T2 TFAAL 5 A5k
HA38NA WA o)A =2 T o] E thAl =2 78 AA AE7}sys.executabled] AFEE U TH
WA 3115 2 E.

const char *Py_GetVersion ()

Part of the Stable ABL ©] Sho] 2 SIE) ZelEje] WAL wHakgT). o] AL a3 2L BT

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]1"
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The first word (up to the first space character) is the current Python version; the first characters are the major and
minor version separated by a period. The returned string points into static storage; the caller should not modify its
value. The value is available to Python code as sys.version.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Fart of the Stable ABL. 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. @Al 3to] % W A of] th &t 54 A=A FAL-S vk, o & £
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

NS E A2 A AFAE 7P UL S22 32 SN S YULh o] 2 stojH I =
oAl sys.copyright & AR 4~ 915U h

const char *Py_GetCompiler ()

Partof the Stable ABL @7} 510 A2 W=k o) A4 Aokl TAE BBE A B
q—’ Oﬂ% =

["[GCC 2:Tc2:2]"

i
KU
[

WEE B4 AA 4GS AU A e AN E FFUTh o] G shol
oNA W sys. ver51on/] —ri A== Ut

const char *Py_GetBuildInfo ()

Part of the Stable ABL. @A I}o]l A Qe Z g A2E A0 A| AL HE QL HE Idxn @ A 7ko] o gk
AEE MRS & S

["#67, Aug 1 1997, 22:34:28"

e Tz} o AR AZAE UL T2 7S S-S AL ok F UL o] e holm =
oA M4 sys.versiond IR Z AlFH Tl

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Fart of the Stable ABIL. 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 R argvell 71‘11'3]1/\1 sys.argvE AAFUTE o] M7} e 22 I main () Fol A

U} ARSEA L B A 5o sto] M QB Z el H S E/\F/]S}: A3 shdo] ofst A Pd AT HE

ds F=xs) °]: b Aol ol dFUth AP 2aHETL f,ﬂ,argv./] AR g5 R EA

g £ &Yt o] 47}t sys.argy 27|13 AW B, Py FatalbError () S AHEae] X8 A Q)

= FA Y TH

updatepathﬂ— 0°] ¥, o 7] 742 7} o]
)5l whet sys.path® 8 Y
* 7| 23 YEY o]F°] argv (0]

path 2ol F7Hg Yt

o I8RO (F, arge7t 0°] At argv[0] 0] 7]£ 34 o] 5& gl 7] A] 2 W), sys.path
Qo] ¥l E X} o] F7FE Yt o]+ A Y g (".")E doll 718t AF 2H Utk

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

folz
=4
S}

F7} 3= BE A YUt updatepath 7} 0 0] o} W, She= T2
4

|o

2 A2sW, ~2a29E7 e Ude e Ao 427k sys.
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See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

Z31: It is recommended that applications embedding the Python interpreter for purposes other than executing a

single script pass O as updatepath, and update sys . path themselves if desired. See CVE-2008-5983.
3.1.3 o] A Wl M s, pySys_setArgy ()& Z&T 5 3 WA sys.path 84F $F 22 A A8
22 a0Es de 5 AFUY, ¢ S0l s A8 st

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]

Added in version 3.1.3.
WA 3115 w2 E.
void PySys_SetArgv (int argc, wchar_t **argv)

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

o] 3t4 = python QA EH ZZEH 7} -12 A ZH XA A= 3 uwpdatepath7} 12 A A H
PySys_SetArgvEx () A% 2E g th

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
B A 3.4 A WA : updatepath 3L -1 Wt oS Ut}
W7 3115E F A28,
void Py_SetPythonHome (const wchar_t *home)

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

71 "JE“E%% S ZF ol grolBe g AAE AAF Uk IR ALY n=

PYTHONHOME < Z+Z 314 /\]9_
i 22282 d8SE 5ol WAL Gk A4 ARao) Y00 B $AAR
Zhel Aok gt shold AH 22| H o == o] A4l WEe WAsHA dsuTh
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
WA 31178 2.
wchar_t *Py_GetPythonHome ()

Part of the Stable ABL. 7] & “&”, & Py_SetPythonHome () o T3 o] S Z o) A 4
=) 9l o} PYTHONHOME 37 W <r9] 2 whabaty o).

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 ().

210 Chapter 9. %73}, slo|da|Alo]d & Ag=


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2008-5983

The Python/C API, ¥ 2]~ 3.12.4

9.5 A¥ & Jegt A el =g &

shol 4l Iz H & A3 2= FARA FHUTH the 2dE vhold =2 P A A A,
shola AR ol kA AA 25k7] Aol BA 2 =7k BRSH o} s Ao} dlEmelH % 5L GlLoleta
S A So] YUtk % glolt, 14 IR d AUEAE nF 2u= seIdold BAE Ao S

YU o8 Sof, F 2d =k BAC) 2 AA FE ASE F/AAW, Zx A5 F Wol ohd &

HoE S 748 5 ¢ %‘45}.

wet A, GILS F =3 éaﬂ_‘z gl olo]l A AR oA ZE3HA L 5ho] W/C AP 45 T2 5 JYrtE F
ol JFUth A AAFS 257 A dHZeHE AV HoE A8 E A AZFYT (sys
setsw1tch1nterval()‘—5_’._-7;‘3]'5_3]-/,‘3 AlR). L gtd 7y a7 e AAAAN EZ A 1/0 A

NE AT B2, 1E e O shol il AdEst A58 & Ak

o]l ¥ AE]Z B El= PyThreadState 2= Hl o] E 2 A Y o] 28 = ¥ £ 7] (bookkeeping) @EE AR
Ut dX) pyThreadState & 7} 7]& 3ty A W4 = Q5 ULt PyThreadState Get () & AH&3}
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Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

o] AL T AWk A o] o] A o] & Beshal 7] a3 Ao W22} EAFU T

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW _THREADS W3 21 A &
Py END_ALLOW_THREADS W32+ B

Ao gL g TER FFPIG

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

o] 550 Z3 WALt ZHUTh A A ZelE 2o] A A= Abe ol ok £
ol AR Uth 22 AT Ad = A S A ), o] AT 7] Aol FA) 28 = AE) A E 7EA S}
SFFUTHTIE 2Bt EA) 22 S50 A W5 Ao g S ARE S5 97
A, 22 5ata AU AHE 29T ), 2= e ZAHE AGer] do 2L Y5
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9.5.2 sto|o] RhE ] ¢ A=

48 o8 APICH chresaing L8 A8 £ MR aels gull A5 oz dad o
Ao EAE =7t SHEUTE 2L, 2=} COA BE
Q1= A AR ehol He el o] )8, GILS HR3k7) ¥, 152 A3 27

ol gt A oA Fhol M ZEE T E8N oF 3t W (T YA AF T A 4R 2ho] B 2] ol A A5 5= 9 API
O] dREIFHYTH, WA A E A AR FRE UEAA dH= E]Ei"ﬂ oy st ~¥ =& 553 TS, GIL
2 8503, A O 2 sho W/C AP ALE S AR5} A0 el = Ate) EAE S A G, EH
o= e EAEE AL AL, GILE HAD L, AT 2 2 = e 4% 725 A5 oF g ch
PyGILState Ensure ()@ PyGILState Release() 4= 99 RE FAYE xE o2 £33t C

s 2o A FolH g T &= dWHAd FEFE v Esyth

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_TInitialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork() ol th 3t o] 213}

g o s FHIFF ETHE TR H2Cfork () & A 2HEY AP YT fo
”1 2o Ardol A, ZRAAT 22 Jmﬂfza%%}-g-malmzzﬂwq o]
+ % 3} CPython AEFY o] A3H BE AE] EFof A2 < JFE v Urh

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.

e 2 E 2 E7F AR T AR ‘IEPCPython./] el AEl 7t os. fork () & u 7R 2 A A A
R2]# of of T o v gtk ol A2 WA A zelE o) o R E SN i
th& B PyThreadstate A& JJrOlLJ'EHﬂOVq st As 9 l%“%ﬂ} o] Z1 3} “w 217 Q1 E| 2z 2] E 9
= J—%éoi Ql3l, fork () = CPython A HE}Y o] £ aﬂé 71815 o H 2 g el “H o” AH E o ATt
FEHolofFUTh §dT o9t exec() 7t L T 2A TE2HE ALY UTH

k()5 A3k
%

52 Aok
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U2 Ceg IEE A8t Ay ol AHz2HE R wl 7P dRbd o2 Ag = 33 Sy th

type PyInterpreterState
Part of the Limited API (as an opaque struct). ©] A& F+Z =
WUtk 22 dezeee £3ht 2=t 2E dels ¥ b4 02 fR $E2 FFTUL o
TF2A = 37 W7 sy
O JHZEH £ 2= AR Vs R, €Y Sl Ve S 22
A stals, AFolls obF AR FokA FsuUth A AdH 22 H F2 ofH AdE x| Eo &3
A=A ol BA ol BE 2 =oA F/F UTh

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:

PylInterpreterState *interp
This thread’s interpreter state.
void PyEval_InitThreads ()
Part of the Stable ABL o} Z = 34| 9= | X & g4,
shol 2 363} o] A W Ao A, o F57 EA3A) FOW GILE WEAF U
WA 39004 WA oA o] T ol AYE £ WA b,
WA 3700 A WA o] Fat oA by Tnitialize() o] 93] ZEF AN, AHRE HE AP 55T
287k i
WA 32004 W7 o] B4
W 3,97 w2 H.
int PyEval_ThreadsInitialized()

Part of the Stable ABL. PyEval_InitThreads ()7} SE€F oW
GILg H 7oA 1L T2 5 ojA, dd 2 s AP o] ZAPI S =< 3] Js5te v A 5
&k
WA 37004 M A: GILE o|A| Py _Tnitialize()ol o8] 2738 Yrh
W 3,957 w2 H.

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (WFETHH) A< Qe Z 2l e 2L A6t 28 & A S NULLE A A A5,
ol d 2d = B (wULLo] obd Y th € MUt Fo] e, A ~e =Tt ES f 53 olof
.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL. (W& thd) Ao ol =Z 2 &L 353510
S e AT Zo] YrS o ATk, A4 2| =7} of
RFoH 32 Al b B g o

rr

Ui Py_Initialize () Ao & 4 glsUTh

2 ¥ = A8 S NULLO] o}y ojof
B 53HA FgkoloF Fuh, 13 A

s

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You canuse _Py_IsFinalizing() or sys.is_finalizing () to check if
the interpreter is in process of being finalized before calling this function to avoid unwanted termination.
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PyThreadState *PyThreadState_Get ()
Part of the Stable ABL. &2} 28| = Aej & vkt th A e =z glg §& Efafjof Fuch | 28
E AZef7ENunneld A g Al ol H 7 B Y o (T A EEA7ENULLES S 27 gl U Th.

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. @A) A# & AE]E Q 2} sstate(NULL Y 5 Q5 U TH 7} Al &23t= 28 = Al 9
gtz tych Ao Az ey 52 Hff of st s Al ¥ A b5y Th

= e adE 28 AFALE ARSI, A H AE 2B ot 8 E A Fs Ut

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABL. @AX] 2~d| =7} glo]He] A Ay A A =Z2|g 3 FA Qo] glol A
CAPIE 32 2 /H YA FAFULE ol A 2 BFo| PyCrrstate Release () o B
SEN AL 2L AH A PIE=EDZ AY HFTESE S YSsyth dutdoz Ag s A
Bl 7} Release() Aol o] A A2 B YT = 8t pyGILState Ensure ()€ PyGILState _Release ()

3 E 7t g E ~g = #EH APIE AFSE £ A5 UL o9& E9], Py BEGIN_ALLOW_THREADSS}
Py END_ALLOW_THREADS W29 A} A8L 385 ‘45}

¢

Hke gk2 pyGILState Ensure ()7} L5 A W] 2= AEjof st EFH s «“HE7 oo, 3
o] A o] 2 e Q== e PyGILState _Release () & AgHolof gUth A7 T&0] 3&
Hogs, ol AL OETL—’,\— JFYTt- PyGILState_Ensure ()] T ZF 15 TE2 2419

PyGILState,Release Ol zE2 A8 A=2 Al oF FUth

g7t B, A4 A9 SE GILS A5 499 shol 4 A= 5EF 4 AUtk e
94 Q) ol & ¢ ek,

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You can use _Py_TIsFinalizing () or sys.is_finalizing() to check if
the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

void PyGILState_Release (PyGILState_STATE)
Part of the Stable ABL o] ol 5 3 2E AL AU o] 3% Fol, shol i) Arjx o
PyGILState Ensure () & o] A3} 71’/\‘4‘:]' (2 LREF 0 2 o] el = T & Al Al ¢ A A
orolA{, GILState APIE Al-& 3L t}).

PyGILState_Ensure()o] Y3 BRE TEL 28 ~H oA PyGILState Release () o] that &
23} 42 o)%) oF Ttk

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABL. ©] /\Eﬂ o A ~F = AHE AUt A ~d = o A GILState API7}F
AFR-E A 9koko W NULLE HH3 S 4= 95Ut | Q A E oA A% A E AME] $ < (auto-thread-
state call) ] —’Fﬁ“ﬂ A ok Ao E, v A == Gt o] gt 2 H = AE| 7 9l gl oAl L
AL 72 = oA gtk

int PyGILState_Check ()

A 29 E7FGILS HA5ha 9.0 W 12 WHEkshn 194 koW 0 WHEHhU T o] B4 obF wu}
BEE2HENA SE2T 5 5T Stol A8 E e 7 27185 93 EA) GILS B fF3ta =
wv 18 g o o AL F2 ELu/AT @YUtk A& Sol 29 AdAsy e AT
ol §88 5 e, GILo] 7 Athe A T8 3247 U A& S ALY 284
god =i =S T4 dsuh
Added in version 3.4.

O azs gdutdgog 3 Au & glo] A Ut o] A A wjZ oA AL o] & ZFO Al 2
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Py BEGIN_ALLOW_THREADS

Part of the Stable ABIL o] W 3z =B
PyEval_SaveThread(); & EFE Yth o= =
E2¥ Py END_ALLOW_THREADS W32 2 2} & X] 3] o}
EER K

{ PyThreadState *_save; save =
7k 2gF o] Ygol feltAA2; Hn
yrth o] ja =) sk AAS 82 AE

Py _END_ALLOW_THREADS
Part of the Stable ABL. ©] W] 3 2 = PyEval_RestoreThread(_save); }Z &ZAH Ut 2=5235
7} Z28E o] 9o GBI AIL; ol A Py BEGIN ALLOW THREADS W 329} X3} of ]t} o
v 2 2 of] tf 3 ZHAI 3 W -2 91 & FR A L.

Py BLOCK_THREADS
Part of the Stable ABIL. ©] Wl 2 = PyEval_RestoreThread (_save); & ZZFFgYrh: d=5Z357}
%= Py END_ALLOW_THREADSS} 55 3UTh

Py UNBLOCK_THREADS

Part of the Stable ABI. o] ]2 £+ _save = PyEval_SaveThread(); & &ZFUrth: =525}
W Mol gl Py BEGIN _ALLOW_THREADSS} 55 YT

RS Py Initialize() o|%o] T&F oo gt}
WA 37 A WHA: Py _Initialize ()= oA GILS %73tk
PylnterpreterState *PyInterpreterState_New ()

Part of the Stable ABL. A} QIE] Z 28] AE] AA|E v Uth A9 A =zeg S EFT 28+ A,
ol o et T &S A3}l of ot BHFT 5 s th

Q12} glo] ZHA} o] E cpython.PyInterpreterState Newd WA YT}
void PyInterpreterState_Clear (PylnterpreterState *interp)

Part of the Stable ABIL. 1Bl Z 2] €] AE] 2142l R E AR E AL ATUL A9 gz g F2 H53
oF 3t}

Q1 2} §lo] ZFA} o] Wl E cpython.PyInterpreterState_ClearS WA Yt}

void PyInterpreterState_Delete (PylnterpreterState *interp)

Part of the Stable ABL. Q1E] Z 2] ¥] e AA & st Utk G A=z e S 2 f
Qe Z 2]E] AElE PyInterpreterState_Clear ()°ll EHU} ol TEE ANEARH

o]
a

)
=
o}o

o0

Loy

yoh
o}.

0,

%) rU?L‘
o
i)

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the Stable ABI. o] 2l o1& Z 2] §] 2] A of| f—%]—t A 2= A AA S WS o)
HE2HGT AL QAT o] B4l B 52 ARSI W BT 5 A
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 28| & AE] AA e RE ARE AJAAITYLE A A=z e 2L B {3 oF
ek
WA 39004 M. o] T4 = o]A PyThreadState.on_delete ML ST &3t} o] A&,
PyThreadState_Delete () Oﬂ A ZEIFUTH

o A=

S

void PyThreadState_Delete (PyThreadState *tstate)

Part of the Stable ABL 2~ = A8l AR & k99 th A dezely 2o ey de 950k
28 = Ael= PyThreadState_Clear ()o] thdt ol d T &2 A A
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void PyThreadState_DeleteCurrent (void)

A v AEE st st A ez g ES A TYTt PyThreadState _Delete ()2} v}
ANAR, A9 Az g 2L §AT IR g5tk 295 AEl= PyThreadState Clear () ol

etk ol d 22 AL AH JofoF Futh
PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % 2~ d &= A sstate®] A A 28 A2 7FA 34 th
Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame ()& ZFZ3IAAA L.
fstate= NULL©] o} o] oF gt}
Added in version 3.9.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % 29 = A e sstate] 1173 28 = A E] A HAE 7HAJ

Ut
tstater= NULL©] o}1] o] of gt}
Added in version 3.9.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}0] % 28 = ALE] sstate®] Q] Z 2 EH & 7FA 3 U th

tstatex=NULL©] o} o] oF gt}
Added in version 3.9.

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.

Resume them using the PyThreadState_LeaveTracing () function.
Added in version 3.11.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state #state suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.
Added in version 3.11.

PylnterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. @A 18] Z 28| & 7} A& th

A shol 4l 2ol = Aej7k AL AA A zelel 7t gow A9 el g BTk NULLE
ukeke 4 Qs

T EA+E GILS B 538 oF gyt
Added in version 3.9.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the Stable ABI since version 3.7. Q] Z 2] B 9] 117 IDE wtaghvth. 28 A st o 2 7 A
S - 10] e 2 of 2 7} 24 o,

S E A= GILS H-f3) oF gy th
Added in version 3.7.
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PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABI since version 3.8. QE|Z2|E|H o7} A F=E =~ J+=d H15] . ©]
T4 7FNULLE e of 22 WAl A Sk B A QUEl zelEE B e S AR 5 flrh
7133 oF S ok,

o] A2 FFo] e Z e e e HEE A3k ul AFS-3l oF 8F+= PyModule_GetsState ()& A
Sk 2o obyU ok

Added in version 3.8.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int throwflag)

43—”0].137]—6]— _,]‘o‘i

throwflag V) 7) W42 AVl o] E]2] throw () WA Zol A AHEH U TH: 00] obL T, AA) ol 22 A2l
e},

2 3.90 4 A A o)Al & sstate Wi 7 A E H U Th

WA 3.119| A ¥ 7 : The frame parameter changed from PyFrameObject* to_PyInterpreterFrame*.

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

void

=89 B2 $5E AR
PEP 523 “CPythonol Z&| ¢} 7} APl 7P 2 X344 A L.
Added in version 3.9.

_PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval_frame)
=e9) B g5 AP
PEP 523 “CPython]] Z & <] 7} API #7175 R34 Al L.
Added in version 3.9.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABL. &-7o] ~g| = Ae] AR E &g
AU g E draguth 2 &322 gAY o A& A 7“’5}“ o AHSE I 71 & AHSS)

AA 2= AEE A S S QS u] o] 45 TE T Y o] 7 NULLES HHEHELE, o &
WA 2] A S EA = WA AE = A E AFSE S 5 %i"/‘rﬂ 7H & oF Ft}.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Part of the Stable ABIL. Asynchronously raise an exception in a thread. The id argument is the thread id of the
target thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent
naive misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the
number of thread states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL,
the pending exception (if any) for the thread is cleared. This raises no exceptions.

WA 3.7 A ¥ 7 : The type of the id parameter changed from 1ong to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Part of the Stable ABL. A <] Ei e 2 =5t AA) i ]E AE] S tstate 2 A A U T} sstate=
o] A ko]

ol ofu] Zol glow, w
APel 7h 2 g o

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You canuse _Py_IsFinalizing() or sys.is_finalizing () to check if
the interpreter is in process of being finalized before calling this function to avoid unwanted termination.
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WA 3894 WA PyEval_RestoreThread(), Py _END_ALLOW_THREADS () %
PyGILState Ensure ()¢ dAHEZ A ow, Az g7t sto]d el o] d df+= 5t
TEHAE A 2= FEEYh
PyEval_ RestoreThread () = (AHE7} Z7)13H A YL w24 FAALS £ J= 71402
Squt.

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. @] 28| = A ] E NULLE AL AT A Az &L AT YLE 2
o] dof wE o] Fofof star AA A =7k B3l oF itk NULLO] ofy o] oF St sstate Q1 A= A AY
28 = A E e A FA st T AR E YTt — 23 A gdow, A A o # 7 Rag Yyt
PyEval SaveThread () (AHE7} 271348 A 4 Aol 24 B4 ST 4 9 145 T5
Utk

void PyEval_AcquireLock ()
Part of the Stable ABL. A< QB Zg]g] 22 S TE 2L o] Ao ©rE o] H o] ok Tt} o] A =0
o] Zo] glowl, 3 AHel7h AR o,
HA 3278 HAG: o T A 2d= FHE BASGA sk oAl
PyEval_RestoreThread ()Y PyEval_AcquireThread ()& AH&3HA4] Al L.

3 "HeYo] gfojde| A o)A & uf] A B oA o] TB4E STEFHH, Ag BV} gol Mo o) wE
o] A7 gt AH s 2P UL 94 P E5E X

sys.is_finalizing() & A& 35te] o] &4+ & S
A T 4 o,

f

i
=)
N
2
=2

WA 389 A WA PyEval _RestoreThread(), Py _END_ALLOW_THREADS() %
PyGILState Ensure ()9 4RAFHEE JBAFgom, Az g7} sto]d g A o] A = Z<F

SEHE AR 2 =2 2o
void PyEval_ReleaseLock ()
Part of the Stable ABL. 19 QIEJZ 8]H &3 AT th 52 o] Aol st=ol H of of Futh

HA 328E #dx8: o 5+ dA 2d= AHE BAGA GF5Uch Al
PyEval_SaveThread ()Y PyEval_ReleaseThread () S A& S Al L.

9.6 B ez elE] 2|9

o2 A9, &g stol A ZHu S AYUthel 22 Z 2 A A, o] #H T2 A Eof A of g
59 dEze0E nEolob st A9/ A% ULk A8 Az e 18 T4 IES T

“HlI” AH Z 2+ dErdo] 2713E w R0 A= A WA dHzgHYYth BEE ZEA XA
gt atolA A ZelH duth A B QB Zee et g, vl e ZejEe Al1d Ao 22 /3
moas Ao AYS 2D BU Aed 2715 59 A8S Foby dugow Ay sol el
ol Zot A QA Z BB YUt} PyInterpreterState_Main () 4w 2129 Aejo] thdl = A E

PyThreadState_Swap () @58 AH&SFo] A H B 22| H 2o d&d 5 5 Ut ths 48 AHE- 3o
RE T 5 B 4 A th
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.
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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 O then check_multi_interp_extensions must be 1 (non-zero). If this is 1 then gil
must notbe PyInterpreterConfig OWN_GIL.

intallow_fork
If this is O then the runtime will not support forking the process in any thread where the sub-interpreter is
currently active. Otherwise fork is unrestricted.

Note that the subprocess module still works when fork is disallowed.

intallow_exec
If this is O then the runtime will not support replacing the current process via exec (e.g. os.execv ())in
any thread where the sub-interpreter is currently active. Otherwise exec is unrestricted.

Note that the subprocess module still works when exec is disallowed.

intallow_threads
If this is O then the sub-interpreter’s threading module won’t create threads. Otherwise threads are
allowed.

int allow_daemon_threads
If this is O then the sub-interpreter’s t hreading module won’t create daemon threads. Otherwise daemon
threads are allowed (as long as a1 low_threads is non-zero).

int check_multi_interp_extensions

If this is 0 then all extension modules may be imported, including legacy (single-phase init) modules, in any
thread where the sub-interpreter is currently active. Otherwise only multi-phase init extension modules (see
PEP 489) may be imported. (Also see Py_mod_multiple interpreters.)

This must be 1 (non-zero) if use_main_obmallocis 0.
intgil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:
PyInterpreterConfig DEFAULT_GIL
Use the default selection (PyInterpreterConfig SHARED_GIL).
PyInterpreterConfig_SHARED_GIL
Use (share) the main interpreter’s GIL.

PyInterpreterConfig OWN_GIL

Use the sub-interpreter’s own GIL.

If this is PyInterpreterConfig OWN_GIL then PyInterpreterConfig.
use_main_obmalloc mustbe 0.

PyStatus Py_NewInterpreterFromConfig (PyThreadState **tstate_p, const PylnterpreterConfig *config)
A ABRIHZHE WEUTh o] AL sto] I = AP 93 (AY) &xs] 289 S JTh
53], A Bz 2 Holl 7] 2E builtins, _main_ Y sysE XS], BE JZE H 59
ME, EZHAS 25 UL 229 25 H o] E(sys.modules) I} BE AMN AZ(sys.path)®= ¥
Adueh A #730lE sys.argy A5 §EUTh AL EF V0 229 319 AR sys.stdin,
sys.stdout ¥ sys.stderr& ZH5 Yt (o, 22 35 91 71&xE ZZ2 .

e

The given config controls the options with which the interpreter is initialized.
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Upon success, tstate_p will be set to the first thread state created in the new sub-interpreter. This thread state is
made in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, zstate_p is set to NULL; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this function and is
still held when it returns. Likewise a current thread state must be set on entry. On success, the returned thread
state will be set as current. If the sub-interpreter is created with its own GIL then the GIL of the calling interpreter
will be released. When the function returns, the new interpreter’s GIL will be held by the current thread and the
previously interpreter’s GIL will remain released here.

Added in version 3.12.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = 0,
.allow_exec = 0,
.allow_threads = 1,
.allow_daemon_threads = 0,
.check_multi_interp_extensions = 1,
.gil = PyInterpreterConfig_OWN_GIL,
bi

PyThreadState *tstate = Py_NewlInterpreterFromConfig(&config);
.

Note that the config is used only briefly and does not get modified. During initialization the config’s values are
converted into various PyInterpreterState values. A read-only copy of the config may be stored internally
onthe PyInterpreterState.

4 B EL ThE T} 2ol (N 2) Bz e E ghe] FRE U
o ThHA 27|32 AFR B BREY A S, oS S0 PyModule FromDefAndSpec (), ZF Q1 Z g
Holl sl Bx2 25 AA 7Sl A L 27|13 g Ut CoE AR A figvtolHi BE
A7) 7] BB UTh

o THA 27| E AL BEY AL, dE S0] PyModule Create(), B4 & o] A< 9
TE Do, AFAORE 27|39 31, BE Y& Y9 (E2) AHEol AP UTE T (A R)
zE REEo| 27|35 1 o] EAMHES & o7 Tt

o mebA BE GAU e AR (A8 8zl g gkl
xlo], 97 e 3 &&gca 15 Th (o) v 29} F o] A1 3He BR A L),

d

b ook fob o ok

2 ez e/} Py FinalizeEx ()9 Py Initialize ()8 &Z31o] A3 thA] 27
5 38 AT E T dojits AT 2o G FHAA L ; o] AL, A9 initmodule
7} BhAl ok oA 27)38k9} npRTIA &, o] = C 5] A AT NG W o]y S
2 o] w] gt}

i <> id S o

1o ©

PyThreadState *Py_NewInterpreter (void)

Part of the Stable ABIL.  Create a new sub-interpreter.  This is essentially just a wrapper around
Py _NewInterpreterFromConfig () with a config that preserves the existing behavior. The result is an
unisolated sub-interpreter that shares the main interpreter’s GIL, allows fork/exec, allows daemon threads, and
allows single-phase init modules.

void Py_EndInterpreter (PyThreadState *tstate)

Fart of the Stable ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread state
must be the current thread state. See the discussion of thread states below. When the call returns, the current thread
state is NULL. All thread states associated with this interpreter are destroyed. The global interpreter lock used by
the target interpreter must be held before calling this function. No GIL is held when it returns.

Py _FinalizeEx () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.
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9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig () youcan create a sub-interpreter that is completely isolated from other
interpreters, including having its own GIL. The most important benefit of this isolation is that such an interpreter can
execute Python code without being blocked by other interpreters or blocking any others. Thus a single Python process
can truly take advantage of multiple CPU cores when running Python code. The isolation also encourages a different
approach to concurrency than that of just using threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means not sharing any objects
or mutable state without guarantees about thread-safety. Even objects that are otherwise immutable (e.g. None, (1,
5) ) can’t normally be shared because of the refcount. One simple but less-efficient approach around this is to use a global
lock around all use of some state (or object). Alternately, effectively immutable objects (like integers or strings) can be
made safe in spite of their refcounts by making them “immortal”. In fact, this has been done for the builtin singletons,
small integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complications that come
with free-threading. Failure to preserve isolation will expose you to the full consequences of free-threading, including
races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate between them
safely (not break isolation) and efficiently. The runtime and stdlib do not provide any standard approach to this yet. A
future stdlib module would help mitigate the effort of preserving isolation and expose effective tools for communicating
(and sharing) data between interpreters.

Added in version 3.12.

9.6.2 W12} F2| A

Au Qe mel e (3 i AHZE) L 2L me A a0 Aiol /] W], 1E 2] Ao S HA 0
MY AE Solos close HTEATTHYALE g He I AY (42 g o
Ao %) A8 u 4 AT (A5 A H el 6] ol o] F e £ g o), A% gl A=
ﬂEdﬂ%é#&ﬁﬂﬂ»1~%%dh%ﬂzﬂﬂ4ﬁﬁy@§@$%&%g L e
S A8 B el EolA] BE AAE TE (N 2) Az H 9 o] F F 44T+ gk Ao
5] oF F U Tk

Ap B ZelE Ao e S B, WA, AAES EE FHAE BRAA YES 5UD 7S
71elok itk o2 g AR o oo A& YE AL FEH (A1) AHzH| ==Y BE G4
qelo] Fare v A 4 7 e el ASA A2T 4 AL AAE T 2E AT SRR

T2

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_FEnsure () 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.
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HE7) 49

HQl ez ey A =of vlE 7] ¢S HUl=wAUSZ] AlFg Yt o83 &2 T ZAH 2} void
ZAH Axe] A S AT
int Py_AddPendingCall (int (*func)(void*), void *arg)

3l 3

Part of the Stable ABL W9l A ZE|E] 2H =X TET T+ E
funce W 2E =o)X 225 7] H8f ol 7 U Th Asf Al o
=

BEALE Foll GO, funce arg AAHE AHESE] A= W< 2l
4ROz AHs = shol A N uw B HE A0 E

» vhol = 5= A A
o W A=k A OlE el 22 B AEA (EkA funcs AR C APLE AHS

]_
funcs AF 5 02, A3k o A FA 12 WA oF FLth. func th
AR Aoz o) Aol SUHA A, A A zelE Sol AN 2=

]’
A8 T2E & s yTh
o g AAsts o AA 2= AR B2sHA] ko, A dE e H o] B34 vt
MBJAHZEE A o] F4E FE5H W T2V GILS Bfaok gt 282 koW, 34 func
7t EEE dE zeHA A EEH =% oA ofd 5 dFYTh

A ol AL T SUA AL {ED AT AU st 5D @ kel TEAG
B GEUTh B9 AHEA XA 52 AW Fol2h wlan, N AH SZo] W 7] o]
it S e B eh o] G DA S Qo] C A EA ol 8 S $ aet
A gokA) STk thA, PyGILSiate APIS AHE5HIA 2.

Added in version 3.1.

MA39004 A3 o) B} A2 AR TGN 39T, func G ol WA AR T Ael o
257 @3 AR Az EH A 2R S o obg Utk oA 7 AH ez el Ee AA o okl

Fold dEZ L zeRdgn AW 24 7158 A2 A8 R A A5z A4S AT =2
s} 3, Tl 8 Av el A B4 = o] ALgE U Th

Aelslo]aes 4 7 cdz

wAe gho|d & F 4 el Hud A3 Z5Uth

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace CALL, PyTrace EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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what2] gk arg9) ¢ n)

PyTrace_CALL 34} Py_None.

PyTrace_EXCEPTION sys.exc_info () oA WIEHH o9 A H.
PyTrace_LINE A} Py None.

PyTrace_RETURN SE AN A MEE = g, B ol 2 e 2l o] W NULL.
PyTrace_C_CALL TE5E S 4A.

PyTrace_C_EXCEPTION X &%+ g4 AA|

PyTrace_C_RETURN S=FHE g 44

PyTrace_OPCODE A Py None

int PyTrace_CALL
Gz gt A ZE o] RS AL, Al ol B o tid A o] B
ol th ?F what v 7] R 5=2] gk Al o] B kol T g o] B #| o] B o] YA
HpolE I == o] Alo] HF o] U7] wljEoll Hi= A eb5oll o] st AL

int PyTrace_EXCEPTION

W] Py_tracefunc
3

= Qo) sho]

A7t LAY S vl py_tracefunc Fol ek whar 7] 9] gk 29 e AYPH = 2
ol A vlolE =7t 2 2ld & o9 7 A E u] wharol] 3l o] oz TEF Ut o] A9 T=
o 9] Autz Qlsf uho]d 2~ o] 5317 S uff Z o]

£ ALV o917} A5} o] 7 zel o2
TEEUS 34 et ol g ol ES SAd YT 22t d s 2284 st
int PyTrace_LINE

The value passed as the what parameter to a Py_t racefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting f_trace_lines to 0 on that
frame.

int PyTrace_RETURN
ol vy e 1 & ul Py tracefunc 5ol th Sk whar v 7] RS9 L.
int PyTrace_C_CALL
CadgrtsE5 el & u Py tracefunc &5 t) 3 whar v} 7] Ha9 7L
int PyTrace_C_EXCEPTION
C&goA] A7 HANS w] Py tracefunc 5ol t) 3 whar vl 7] Ha9] 7L
int PyTrace_C_RETURN
C st Wil & wl| Py_tracefunc &0 B 8t whar v} 7] H=2] Z.
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.

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.

FEAE GILE 258k glojof T,
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void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetProfile () but sets the profile function in all running threads belonging to the current in-
terpreter instead of the setting it only on the current thread.

T E A GILE B Arstar 9lofof Futh

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_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

See also the sys.settrace () function.
TEAE GILE R331aL 9lojof ).
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.

ST E A GILE B Ayskal 9lofof §uth
As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in all

threads.
Added in version 3.12.

9.9 ¥JF v A A ¥

o] FFE2 A UM A ETAA T AMESLY] 98 A Y
PylnterpreterState *PyInterpreterState_Head ()
A¥z ey A AA =2 2laE] HEd e AAE YT
PylnterpreterState *PyInterpreterState_Main ()
H ol Q1| Z 2 g A AAE vk
PylInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Az 28 ) AA =2 2l2Eo A interp o] %] th= A E 2z 2|8 AE) A S wh&agu ok
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
AH Z 2 interp2} BHAHA 28 & g AENA A A pyThreadState Aol T st ZAEE WHEH
U,
PyThreadState *PyThreadState_Next (PyThreadState *tstate)
& pyInterpreterState AR o £5t= ZE 2~dE AR 2| 2EA state 0] =2 th

/\PEH AAE W& Th

T
e

[>

=
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9.10 A¥t 22 A &4 A ¥

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 Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

ol YT E TSI WCILS HFT 2R

Python.hol & TLS API /\1 o o] 235 of

QEUTh 152 A S2 AF Y h
2ol folBAN L, 2UE 28 AFAE A e Y

i

Al

30
82

ZF31: None of these API functions handle memory management on behalf of the void* values. Youneed to allocate and
deallocate them yourself. If the void* values happen to be PyOb ject*, these functions don’t do refcount operations
on them either.

9.10.1 A= #*] A X (TSS - Thread Specific Storage) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

Added in version 3.7.

o B7]:

“CPython®] 2~ g =-2 2 A4 E § 3 A 22 C-API” (PEP 539)

type Py_tss_t

o) A4 FxE AU 719 FHE Yehie, Fo 55 TLS TR we 22k & 9o, /]9
%718 A E VEhhE Wi BET} QU th o] FRAGE 3 WAk fEdth

Py_LIMITED_API7} B )= 2] ¢k2 ull, Py tss_NEEDS INITE o] §2] A=A dto] 3LFH T}

Py_tss_NEEDS_INIT
ol AR L Py tss_t W5 % 7|3} A} (initializer) & A Ut} o] Wl E = Py LIMITED_API| A
Y= 2] kol Frol st Al L.
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Py_LIMITED_APIZ =% 373 2 &0

Py_tss_ t-/] EZJ ‘6‘1—%]—

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZ % 7|3}9 33 22 A o] k& whaks}
A, 54 &9 A5) Al NULLE S o

void PyThread_tss_free (Py_tss_t *key)
Part of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after first

calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

ZF31: A freed key becomes a dangling pointer. You should reset the key to NULL.
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A =

of g5 Wi/l WS key: NULL O] oy o] of 3 Th T3 Fo3 py tss_t7t

PyThread_tss_create ()2 27|13} % X k¢t O W, PyThread_tss_set ()2 PyThread_tss_get ()9

F2e He w4 gk

int PyThread_tss_is_created (Py_fss_t *key)
Part of the Stable ABI since version 3.7. 51X Py_tss_t7} PyThread_tss_create () & Z27|3}5 ¢}
2% 00] obdl g WETUT

int PyThread_tss_create (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z 7|3}l A-&3Fd 0 k2 WU th key QA7) 718 7] &=
%ol Py_tss NEEDS_INITE 27|35 A o™ F2ho] JoH A eFFUTh o] e 22 7]l A]
MEAoz 523 4 Agth- olu 271548 7o s 320 ol e A% A Fov] ZA
&S wrsghy o

void PyThread_tss_delete (Py_fss_t *key)
Part of the Stable ABI since version 3.7. TSS 7)1 & AHA| 5] RE AF EoA 7] FHH S A A st
719l 2713 ZHl & 271315 A ez M AT YT E}J/]Q 7| PyThread_tss_create () 2 THA|
z2715ke 4 A5yt ° 3‘—?5 ZELS 1A iR Ao 2 $5E 5 YFUTEH-oln] st " 7] o] tf 3l
S2o ol A oA Pt

int PyThread_tss_set (Py_tss_t *key, void *value)

Fart of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)

Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.

9.10.2 ~# = 23 A% (TLS) API

WA 3 75E A FH: o] API= ~#| = A &4 (TSS) APIZ th A U Tk

F3: o] MAY APIE int 2 A AAE & 45 Gt PA R Vo H B TLS 7|7} 4ol g EAELS
AA Sk ol e} & BB, pyThread_create_key () Ad) AW FA AT B, L TLS
Pt oG BAFAN BF obP el A 54 g,

oA AFe T3 FAR A3l, o] MY APIE A FL = A AHE8l A= ¢k g Ut
int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)
Part of the Stable ABI.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Part of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.
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void PyThread_ReInitTLS ()
Part of the Stable ABI.

<
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Added in version 3.8.

Python can be initialized with Py_TnitializeFromConfig () and the PyConfig structure. It can be preinitial-
ized with Py_PreInitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
=718}, spold e Aol E 2 Ex FREAHA L.

o B7]:

PEP 587 «“3}o]# 7|3} 1£43”.

10.1 Example

T A RE A AYE = AHR AL A o] sho] 9] of:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;

PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(TH& sl o] A ol A1)
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(o1 s o] A ol A A <)
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
I3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* Ex<€9] glaE,
length7} 0 ©] o} U W, ifems= NULLO| of] o] of 3} B E X} L2 NULLO| ofv] o] oF gt}
HAE:
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item=g listol 5+ 7Fg T
o] §48 BEoel W shol M AFA 273}a of Fui T,
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item< list2] index©l] 4+ <] g o
index7} list Z o)Xt 2 AL 204, itemS listol] 37} (append) g1 t}.
index must be greater than or equal to 0.
o] 48 EEFHEH s AL A 27183 oF Gk,
FZA e
Py_ssize_t length
Z|l2E Zo].

wchar_t **items
= =
Bl AE FEE.
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10.3 PyStatus

type PyStatus
2713} &= el A%st

AN 3%, A HE BEC F45 o1 EL AFT 5 AFUTh

TEA L=

rlr
4
BN
oX,
o
=2,
v
A
rlr
o
i

int exitcode

TE IE. exit () o IAEH AL
const char *err_msg

o & A A].

const char *funec

F=9] o] 5, NULLY 4 5 Ut

PyStatus PyStatus_Ok (void)
iy

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
v g dsf (e 7).
PyStatus PyStatus_Exit (int exitcode)
AR FE =R ol A FRFULh
JeE A elshe B4
int PyStatus_Exception (PyStatus status)

A7 AU bW FRAYAT el o2 Aok gtk AE o

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7 S5 AU
void Py_ExitStatusException (PyStatus status)

status7} & 5. 0] H exit (exitcode) & S EF YT stams7} ol 2] o] A ol & WA A & A3+ 0
olold £g8 Fx & £F3 T} PyStatus_Exception (status) 7F00°] o}d wf 2t & &3] oF

o
Zy: YrRrAo 7 ulo]WL pyStatus. funcE AASIE= d= W22 5 AFL35}E= ¥4, func/F NULLE
AAE AEHE He= o= g8 A
o :
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PyStatus alloc (void **ptr, size_t size)

{
*ptr =

PyMem_RawMalloc (size);

if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}

return PyStatus_Ok () ;

int main(int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);
return O;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

AR P 2B B

void PyPreConfig_ InitPythonConfig (PyPreConfig *preconfig)
shel 2l 74 0.2 A T4 & 27131 o,

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Aeld 7FHo2 Ad A4S 273 T

EL

= .

int allocator

Name of the Python memory allocators:

PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
PYMEM_ALLOCATOR_MALLOC (3): usemalloc () of the C library.
PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using --without-pymalloc.

vl ie] FelE FRe Al L.

Default: PYMEM_ALLOCATOR_NOT_SET
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int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to O, set coerce_c_localeand coerce_c_locale_warn members to O.
See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: —1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
00] ofy™, C 2A L o] A2 wf Far7} Eyd s
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig. dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_mode to 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.
A=A AR ARG 75 FUTh #ifdef MS_WINDOWS AR AEF 57 Z=o A
A< Th
Default: 0.
int parse_argv
OO] 0]—\4 Eﬂ, Py _PrelInitializeFromArgs () 3]— Py PrelInitializeFromBytesArgs ()«
Aul shol Mol Y Z QAL PR LA} A 2L PO argy A4 PR EAFY
th B8 & AAE FRH A L.
Default: 1 in Python config, 0 in isolated config.
int use_environment

Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut £8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: —1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
¢ Set the Python memory allocators (PyPreConfig.allocator)
* Configure the LC_CTYPE locale (locale encoding)
* Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
shol e A 271 8hshe B
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A Aol A shol & AbE 2713k Tk
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
preconfig At T3 | Al Shol S AR 2 7] 3} 3 T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
preconfig A Aol A shol & APH 27139 Tk
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

S &A= PyStatus_Exception ()3} Py _ExitStatusException() & AF&3te] o3y E£28)E
A28l of Fuich,
For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () © Py Prelnitialize() ©] &9l Py InitializeFromConfig() ©]Z
of &3t A& B R TFFAE AAT & Ads5YTh PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETO 2 MAE W py Prelnitialize() Ao & 4 J5Yth

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,

whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
shol e 747 918 TRl shebn] e & E3ehe TR
When done, the PyConfig Clear () function must be used to release the configuration memory.
T2A wA =
void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)

Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
glol= B sr-& *config_strZ BAFEU T
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int arge, char *const *argv)

Set command line arguments (a2 rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wechar_t **items)

Qlol= B B AE listE length®} items 2 4 A gt}

Preinitialize Python if needed.
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PyStatus PyConfig_Read (PyConfig *config)
BE sjold PAL AayTh
ojn] 27|39 B=+ WA HA gFUTh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3100 A WA : The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 WM A : PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py TnitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)
774 P22 S s Ayt
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration

(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyConfig method:

* PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

ol A= -4 i%x}—h PyStatus_Exception () @ Py_ExitStatusException () & AF&3dFo] o2

(A F5)E A2l oF Fich
FZRA JE:
PyWideStringList argv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0] isequal to L"-m" (python -m module), prepend the current working directory.

e If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.
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¢ Otherwise (python —c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
Added in version 3.11.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to 0 and configure_c_stdio isnon-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin G WY B2 dYPYn
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —bb command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.
Added in version 3.10.
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int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
Added in version 3.11.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
* L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_ stdio equals zero, disable buffering of stdin, stdout and stderr streams.
e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] oby ™, stold 7t R =5 &3t}
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.
Default: —1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
00] ohul W, 2 A o 23 B4 FEl9l B CESREE

Set to 1 by the PYTHONDUMPREF' S environment variable.

27

rln
i
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.

238 Chapter 10. s}o]® %273} A


https://peps.python.org/pep-0552/

The Python/C API, ¥ 2]~ 3.12.4

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0] o}y, A| & A] faulthandler.enable () = St}
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latinl).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
¢ Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if
legacy_windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

* "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
9] A T A
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.
wchar_t *home
ol & v E .
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
0°] ol d, dEE IS 223 Pyt
Setthe 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.
int inspect
~EPEY HHS AP F 54 BER Sojghth

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys. stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.
Default: 0.
int install_signal_handlers
Install Python signal handlers?
Default: 1 in Python mode, 0 in isolated mode.
int interactive
If greater than 0, enable the interactive mode (REPL).
Incremented by the —i command line option.
Default: 0.
int int_max_str_digits
Configures the integer string conversion length limitation. An initial value of —1 means the value
will be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of O disables the limitation. Values greater than zero but less

than 640 (sys.int_info.str_digits_check_threshold) are unsupported and will produce an
€erTor.

Configured by the -X int_max_str_digits command line flag or the PYTHONINTMAXSTRDIGITS
environment variable.

Default: —1 in Python mode. 4300 (sys.int_info.default_max_str_digits)inisolated mode.
Added in version 3.12.

int isolated

If greater than 0, enable isolated mode:

e Set safe_pathto 1: don’t prepend a potentially unsafe path to sys.path at Python startup, such
as the current directory, the script’s directory or an empty string.
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e Set use_environment to 0: ignore PYTHON environment variables.
e Set user_site_directoryto 0: don’t add the user site directory to sys.path.

o 3}o]# REPL2 U84 ZEZE oA readlines YXE A E 7] £ readline 7+ &3}
3= g,

Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also the Isolated Configuration and PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

A= Lo ek AL 7H5 U Th #ifdef MS_WINDOWS A 2E 959 E4 Ao AL S

AUtk
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
00] o™, F 8 Al 3ol X pymalloc W 5 2] &Akol] th gt A E D=
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the —--without-pymalloc option.
Default: 0.

wchar_t *platlibdir
Platform library directory name: sys.platlibdir.

Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
Added in version 3.9.

W A 3.119]| 4] ¥ 7 : This macro is now used on Windows to locate the standard library extension modules,
typically under DLLs. However, for compatibility, note that this value is ignored for any non-standard layouts,
including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys .path) as a string separated by DELIM (os .pathsep).

Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.

PyWideStringList module_search_paths
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intmodule_search_paths_set

Module search paths: sys.path.

If module search_paths_set is equal to 0, Py _TnitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (module_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
GEEEEDRES
 0: Peephole optimizer, set __debug___ to True.
¢ 1: Level 0, remove assertions, set ___debug__ to False.
e 2: Level 1, strip docstrings.
Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable value.
Default: 0.
PyWideStringList oxig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig _argv listis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py GetArgcArgv () function.
Default: empty list.
Added in version 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig_Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, O in isolated mode.

WA 31094 W 7A: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Need a debug build of Python (the Py_DEBUG macro must be defined).
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, O in isolated mode.
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Part of the Python Path Configuration input.
A 3.119] A ¥ 7 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argv if available and non-empty.

* Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX en-
vironment variable.

NULL®]®, sys.pycache_prefix+ Nonel & A A H Yt}
Default: NULL.
int quiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive mode.
Incremented by the —g command line option.
Default: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by the
Py_RunMain () function.

For example, it is set to script .py by the python3 script.py argcommand line.
See also the PyConfig.skip_source_first_1ine option.

Default: NULL.

10.6. PyConfig 243



The Python/C API, ¥ &) 3.12.4

wchar_t *run_module

Value of the —m command line option.
Used by Py RunMain ().

Default: NULL.

int show_ref_count

Show total reference count at exit (excluding immortal objects)?

Setto 1 by -X showrefcount command line option.

Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import

A& site BES YZE FY7P?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site .main () if you
want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_import.

Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.

Default: 0.

wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8 mode is non-zero.

* Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.ut f8 mode is non-zero, or if the LC_CTYPE locale
is “C” or “POSIX”.

e "strict" otherwise.
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int tracemalloc

Enable tracemalloc?
0°] o}y ™, A]ZF A] tracemalloc.start () S T&3 o)

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.
int perf_profiling
Enable compatibility mode with the perf profiler?
If non-zero, initialize the perf trampoline. See perf_profiling for more information.
Set by —X perf command line option and by the PYTHONPERF SUPPORT environment variable.
Default: -1.
Added in version 3.12.

int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.

intuser_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, O in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.

Incremented by the —v command line option.
Set by the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

warnings B E 2 sys.warnoptions& 9 o2 7 yt: uwA 2 pyconfig.
warnoptions &5 7} WA HAAE = warnings. filters® 3 WA FE o F Ut} (7}
=2 AED.

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.
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intwrite_bytecode

If equal to O, Python won’t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.

sys.dont_write_bytecodes= write_bytecode® WA H ZFo 2 x7|3g Ut}

Default: 1.

PyWideStringList xoptions

Values of the —X command line options: sys._xoptions.

Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

B A 3.99A4 M7 : show_alloc_count EZ} A AS IS5t

10.7 PyConfigE A}-&3t 2 7]3}

shol e 27188 B4

PyStatus Py_InitializeFromConfig (const PyConfig *config)

config T-/3 | A stol W& 2 7|3t

S E A= PyStatus_Exception ()3} Py ExitStatusException() & AFR3e] oo (B £8)E

A2l o gt

l

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called

before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

=23 o5 AAHE ol

void init_python (void)
{
PyStatus status;

PyConfig config;

PyConfig_InitPythonConfig(&config);

/* Set the program name.

Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,

L"/path/to/my_program") ;

if (PyStatus_Exception (status)) {

goto exception;

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception(status)) {

goto exception;

}
PyConfig_Clear (&configqg);

(H& sl o] Al ol Al )
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(o] A sl o] Ao A A<)

return;

exception:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters.
Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from the

configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) A
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception(status)) A
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

(TH& sl o] Aol Al )

10.7. PyConfig& A}83 % 7|3}
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(o] A sl o] Ao A A<)

status = Py_InitializeFromConfig (&confiqg);

done:
PyConfig_Clear (&configqg);
return status;

10.8 Azd +4

PyPreConfig InltIsolatedConflg()ﬂ— PyConfiqg InitIsolatedConfig() T4+ Al2H oA

shol & Aelshe PAS BEUTh o2 Sol, ol 42 $-§ =z o] 5] 9.

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.

10.9 s}o]lx 4

PyPreConfig InitPythonConfig ()@} PyConfig InitPythonConfig() &5 dutao|AAH &
Sape A8 A9 shol A WE S 9 A4S BE U

7 W49 B3 F AAE vhol A S AT ol AHEE & W, A 74 WS s FAPY

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConfigels AR F4L A% ole B 2Y5of AUtk
S EESOLE

PyConfig.home

— PyConfig.platlibdir

— PyConfig.pathconfig warnings

— PyConfig.program_name

— PyConfig.pythonpath_env

- @A Zd yEEe]: A A2 E 27 A6l

— (PyConfig.program_nameol|A) Z21W AR A2E A7) YstpaTH T4 Wy
— _ PYVENV_LAUNCHER__ 37 ¥

- g = % A2 HKEY_CURRENT USER <2} HKEY_LOCAL_MACHINE ¢J
“SoftwarePythonPythonCoreX.YPythonPath” o} 2] o] Q&= A 2~EE S S8 2203 HZE (9
714 XY = sto]H A gy,
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c BETA=HEE

— PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search _paths_set is equal to 0, module search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

Set pathconfig_warnings to O to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

base_prefixlt base exec prefix BEZF AR R oW, 27t prefix} exec prefix® ZF< A

%3 ok

Py_RunMain ()3} Py_Main ()< sys.path& ¢ grh:
=

e run_filename©] AAE I _ main__ .py 2ZHEE X35t= gy dE B oW, run_filenames

sys.path &l %ﬂf&‘% t}.
e isolated’}0o]d

~ run_modulee] A4 W, @A) U] E sys.path RO 2L A HAHAE A2 5
oW o A% 37 S th

- run_filenameo] AR W, 3 QW) T AE 2l S sys.path Fol F T
- 397 @ow, ¥l 229 L sys.pach Fol 71T,

site_import7F00] ol site BEE9| sys.pathE +A3E + JHFYY. user_site_directoryZ}
09] o}y a1 AR #}9] site-package U] N E] 2] 7} &R 31 W, site RE2 AFR A9 site-package T] H E] 2] & sys.
pathol 7} th.

chet 2e 74 o] A= Aol AL H Tk
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (F4Y2 A8)
If a . _pth file is present:
e Set isolatedto 1.
e Set use_environment to 0.
e Set site import to 0.
e Set safe_pathto 1.
__ _PYVENV_LAUNCHER__ 3} W= PyConfig.base_executabled AAR3+E= o A L2F YUth
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10.11 Py_RunMain()

int Py_RunMain (void)
Hag Zolu FAINA AAH W (PyConfig.run_command), 2T E (PyConfig.
run_filename) B BE (PyConfig. run_module)< A3}
R

EAHO R, 183 -1 §4L A4 T u, REPLES A G ok
w0 2, o] AL shol dekel = BHi exit () @40l AT

2 o

Py Runvain ()& AHESte] B4 Ae) REGIA AWE & AR F ) shol W) o & Tholw 2L A2
/\1}\]__,0_

H

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
gfo| o] =7 st7] Ao, Al HE & AAE 7HA U

See also PyConfig.orig_argv member.

10.13 cojohA] 2713} u]-g-71 73 2 API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
 “FH 4 (Core)” 2 7|3} DA, “Z] £ 3k2] n}o] W™
- WZY;
- W&ol
- 1,}]21—_,,]. 2
- sys BEL REAC 2w 273bE U (8 So]: sys.pathi o} EA5A FAUTH.
« “Z(Main)” 27]8} h7, Sho] Wo] ¢ 3] 2781 Utk
- importlibE A X3}t F+A U}
- A= 7Ae A4FUTh
- Al2d A71E AT U
- sys BE 271385 s FUT (& £9]: sys.stdout ¥} sys.pathE TFUTh;
- faulthandler®} tracemallocd} Z& M A 71 %L &A1 33t}

- site RES JdZE It}

|I~|
FIN

2 = (frozen modules);

I

RSN
- oo

57 24 A AP

e PyConfig._init_main: ifsetto 0, Py _TnitializeFromConfig () stops atthe “Core” initialization
phase.
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PyStatus _Py_InitializeMain (void)

“Fr 2713 DA R o] F 51, stold 2735 R I
“%) 40" BA ) A= o} PR BEE JEE 342 ¢ importlib BEO| PN A EUTh 2 P L5
DA AT 48R 42 742 AR5 24371 99 sl ol A EEANARE S
o, AH82} A2l sys.meta_path Y ZE (importer) L} YZE T 524X 4 AdH5YTh
It may become possible to calculate the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

“3 4 SA 7 A 2 95 A hkruinh: o] ACIA R AT 5 931, T olo] TR gopof i
A3 o1 740 @kgUc, APLS ¥ 510l 9 A Aoz BAFUT: 428 37 AP A E
w7k QAAEA APIE £ S AUAAT 5 A&,

“8) 4173} 5 2718} WA Aol A sl W EE AW FH= oAl

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_ InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);
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cHAPTER 11

111 718

gho] o] W& g Fe]of= BE Fto| A ALt ul o8 F2E 3= 837l  (private heap) = FHHH Y T}
o] ‘3]“‘711 o] el stol A W 2] A Aol 5] WRAH SR o] Foj YUt stol A W B 2] &A=
AZRE 31, b B A e 5A AEe A Belol B SWE A A2 e P4 848
AR 3 9%k

71 e oA, 9A HlE e @At 29 AAY wRe FeAret FE ALt vEl goll BE
vl F& HolHE Z%XJ‘BV]OH FES T2l A=A FAF YT GA Wz FFA f e, oY 7H-4
AR WAL 22 AN ES 2 AR B E4ol T nT v Te Bel AL TALU
OEHE =9, AT tE ’\E\‘ﬂxl STFNGLEE/FNHEAFTS AR, A5 A= Y HolA EAE,
FEEE Qﬁﬁﬂﬂ— 2 A #elg Ut webA stol W R g HAe| A= 45 A2 AAE S A
LR S P EEE LT REE CEELN =Y

stol & 3 o] #el& AE z e AHA 9 -Jﬂ THH W, AP A= F R v R ES s AA 2AHE
FAH0 R 2ART G, AE AT Ao 5 Grhe AL o sl 5 Ae] 58T sho) A AA|s) 7|k
HWEHHE AT F T2 o] Aol YEH Sho] H/CAPL 45 F3l 3ho]x vl 2] He] 2] 8 o
we} a8 U o

H B2 &S 38R}, S A A C ol Bl glo A WEW &4E dhol s 7“24101] &l A dysA] oot
oF3Utl:malloc (), calloc (), realloc () Y free( _‘1371] "5]'13]"1] AZ g dugESs Fdsty
S 1ol A5 5] o], C RIS 5ol 8 el AeIA o] T B | WS A AIAE =
gk 2 the Al Ale} 2ol iE HH o' C glol Bl g @FAE AFS St Wk E52 A A

st A g = syt

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;

(Th= S o] Aol Al
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(o] A H o] A | A AL
free (buf); /* malloc'ed */
return res;

2] &gte] ol s A 2jg Ut stold vl R 2] #eE] At

In most situations, however, it is recommended to allocate memory from the Python heap specifically because the latter
is under control of the Python memory manager. For example, this is required when the interpreter is extended with new
object types written in C. Another reason for using the Python heap is the desire to inform the Python memory manager
about the memory needs of the extension module. Even when the requested memory is used exclusively for internal,
highly specific purposes, delegating all memory requests to the Python memory manager causes the interpreter to have a
more accurate image of its memory footprint as a whole. Consequently, under certain circumstances, the Python memory
manager may or may not trigger appropriate actions, like garbage collection, memory compaction or other preventive
procedures. Note that by using the C library allocator as shown in the previous example, the allocated memory for the
I/0 buffer escapes completely the Python memory manager.

o 17
PYTHONMALLOC 7 W3 ARg-3to] spo] o A ARG 8t vl B8] EEAS 748 4 95y
1

PYTHONMALLOCSTATS 37 W4+ A 2% pymalloc 2 )] o} L} (arena) 7} 2HE o] 2 uj o}
pymalloc ™| 5. 2] Zex A et ol A2 5 5T

T},
931 FE A

o =

lg 0
offt
)
]

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These do-
mains represent different allocation strategies and are optimized for different purposes. The specific details on how every
domain allocates memory or what internal functions each domain calls is considered an implementation detail, but for
debugging purposes a simplified table can be found at /ere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

* Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the GIL. The memory is requested directly to the
system.

¢ “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the G/L held. The memory is taken from the Python private heap.

* Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the Python
private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching specific
deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated using
PyMem_Malloc ().
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11.3 9] ¥z g Qg d o] A

L 3t4 AL A A H
S

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc () and free();
calmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

Added in version 3.4.

m°"

P kol th ek A s Uk o] e A= GA-MA, GILe AL B2 E

void *PyMem_RawMalloc (size_tn)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.
0ule]EE 8 A 8W 7158 PyMem RawMalloc (1) o] Al &3 9 ZAH 7458 A3 NULLO]
obd E QB E WU Th ml Rz ojH A o2& 27319 A 5T

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

07}¢] @ A&vF0Hto]E 379 @ 42 @ H3hd PyMem_RawCalloc (1, 1)°] Al 29 A4 7}
S5t 13 NULLO] obd EZ QI E S wkEgh o)
Added in version 3.5.

void *PyMem_RawRealloc (void *p, size_t n)
pZt 7t 7l = MR E 59 F7|Envlo]ERZ 2 AFYTH WE2 o) AR ME-E 379 &gk el
A WA A ey
p7FNULLO| ¥, 35 PyMem_RawMalloc (n) & S5 no) 0 2oy, 2eg B2 37)=
ZAF A S A E A = 9, vhEE Z Q= NULLo] obd Y th
p7FNULL©] o} 8} pyMem RawMalloc (), PyMem RawRealloc () F¥ PyMem_ RawCalloc ()l
03 ol 4 52l o) ukekE 2ol ofof gtk
QA o] A3, PyMem RawRealloc ()& NULLES WSSl p
ZAHE FAFHYTh

void PyMem_RawFree (void *p)

p7F 7tEl7l= W REE EEE AT Y. pE PyMem RawMalloc (), PyMem RawRealloc()
I = PyMem RawCalloc ( 5t o] d &2 W3 Aolojof Ytk 28 AL

3

o

o] wlze] ol of

rlr
)

B
Jo

PyMem_RawFree (p) 7} &

Hglow, 3o A ehe 5o ol ch

AN EE
p7FNULLO| |, o} 2 & 35 2] ok<51 Tt

11.4 w2g] Qe o]~

ANSIC Z&o] whel 2d 8 59 A9 oulo] EE @ st uj o] =L x| A3} -2 st 1 3HL uho] A 7 of A
H 2 g & a5t A 6= o AR 4 IS5t

7132 vl & 2] & As pymalloc | 2] S FAHE AHE U T

AT o 4T ALY e GLE FAHF FuiTh

HA 3604 AA: 7|2 @FAF+= o] Al Al malloc () B4l pymalloc YT
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void *PyMem_Malloc (size_tn)
Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
OHlo] EE 2 F o} PyMem_Malloc (1) ol thAl &€ A H 7Heotd L3 NULLo] obd X HE
WU Th MR = oW Ao g E 273 A ks T

void *PyMem_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

07§e] @ AvoutelE 37]9] 845 8338t PyMem_Calloc (1, 1)°] Al Z&H AA A 7H53td
I3 NULLe] ofd ZQTEE Wk gy

Added in version 3.5.
void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 712)7) = W2 ] B0 278 nufol 2 2AFU T Y &L o] AT 28
279 A% el A A AH A Faych

p7FNULLO| W, $&-2 PyMem_Malloc (n) 3 55 FUTH 134 il no] 03 2o, w2 e EE9
7= ZAFHA W HAEH A = oy, 3 2 A E = NULLe] o YT

p7FNULLO] o}k S} pyMem Malloc (), PyMem Realloc () Be¥ PyMem Calloc ()o] thsk o] A &
Z o] Jt&st 7 o] of oF Fh th

23 0] A3, PyMem Realloc ()& NULLE W31 p o] A W2 2] g ol th3t Fa 3
= $Ag

void PyMem_Free (void *p)

H

w

o1 H

Fart of the Stable ABL p7} 7Fe]7]l& W ReE EE5& HAFUh pE PyMem Malloc(),
PyMem_Realloc () B+= PyMem_Calloc ()°] thdt o] & & o] vigkst Aojojof gt 187
%7 PyMem_Free (p) 7} A S EFH oW Ao A ¢S 52 o] dojdyth

p7FNULLO| |, obf A= P A kst
HYE Sal b2 22 @ AF a2 7t Algg Uth TYPEC] ZEC
PyMem_New (TYPE, n)

Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer cast
to TYPE*. The memory will not have been initialized in any way.

odtl
o
v
o
i)
=2
Jo
1o
o
>
>,
fo

PyMem_Resize (p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

AL C AA 7] 2R YUTh pE T4 T DB YT o2 & A e o W ze) e Fee Y
pel el gk AT L.

void PyMem_Del (void *p)

PyMem_Free ()2 25Ut}
E G, 9lo] U AE C AP B4 AL 5HA b, shol W v e SRAE A 23] 99 e v aw
Aol AT 22U, o] 5= AHESHE Fho] A ¥ A S 7FR A 2 &= viold 2] T 8H/d o] 1 A A hobA
g ZEAAE AAH AF YT

¢ PyMem MALLOC (size)
e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)
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e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem DEL (ptr)

3 w9l 54

o

AR thg B4 AEL shol A Yol A

ZF31: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

712 AA @A = pymalloc W 2 2] ZAHE AHE U T

il o] g

it

A8 w = GILE frA 8 oF FyTh

void *PyObject_Malloc (size_tn)
Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
Oufo] EE 843w PyObject_Malloc (1) ©] HA TEd ZAXH 7He st A3 NULLO] ofd &
A E Wt yrh MlRg s i Ao gE 27319 A st

void *PyObject_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

0719 2 Aurou} 1E 3719 845 233} Pyobject_Calloc(l, 1)°o Al T2H AAH 7}
s 5P A NULLO] obd ZQTE & whk ey,
Added in version 3.5.

void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL p7} 742] 71 vl 2 2] B5o] 27]% nupol 2 2 AU TH YL o A3tk 22
3719 H &3 WA= HAH A gsUth
p7FNULLO| ¥, &2 PyObject_Malloc (n) I S53Ut}; 22X 4ol 0 o, g &
29] 27 2 9= A v S A E A ek, whekE 2 Qe NULLo] oF LTk
p7FNULL®] o} 8 pyObject_Malloc (), PyObject_Realloc () F¥ PyObject_Calloc ()l
o sk o] A T Z ol o &) wkEkE A o] o of Frr}.
83 0] A9 e, pyobject_Realloc ()& NULLE WF&31al p= o] A W& J o st a3
ZAHE FAF YT

void PyObject_Free (void *p)
Part of the Stable ABL p7} 78] 7] = w22 E22 sjA gt o) B2 L pyobject_Malloc(),

PyObject_Realloc () B+ PyObject_Calloc ()ol th3l o] A S Eof o3l vtd s A ojojof gy
th 287 ALY PyObject_Free (p) 7t o] Aol 32 Qo™ HH A 2 S 2to] ot}

P7ANULLOI |, ob 7 A= 595 A g
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11.6 7)% W22 TgA)

T4 SIE= PyMem_RawMallo PyMem_Malloc PyObject_Malloc
gy A e "pymalloc" malloc pymalloc pymalloc
[ =3 B AR =1 = "pymalloc_debug malloc+ Y ¥l pymalloc+Tl¥ pymalloc+T|H
A A
"malloc" malloc malloc malloc

pymalloc §l= v = 2
=

EEE!

pymalloc §l+=
1=

"malloc_debug"

malloc+ ¥

malloc+ TH 1

malloc+ TH 1

He:

¢ Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc ()

and free ().

e pymalloc: pymalloc memory allocator.

e “+ debug”: with debug hooks on the Python memory allocators.

“Debug build”: Python build in debug mode.

11.7 w2 e] Fgat AHgA} % <]

Added in version 3.4.
type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

3= Bp

void *ctx A AR ARz Agd AHE A e &
=

void* malloc (void *ctx, size_t size) W2y B2 g3t

void* calloc (void *ctx, size t nelem, 002 27|3d yEg EE8 TG

size_t elsize) sy}

void* realloc (void *ctx, void *ptr, size_t Hr2g E2S YA} a7 A

new_size) ot

void free(void *ctx, void *ptr) HE2eg EE5S AT U

B A 3.50] 4] ¥ 7: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new

calloc field was added.

type PyMemAllocatorDomain

PR DERE L P E R R DF

PYMEM DOMAIN_RAW

=1~
Eiga
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* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM_DOMAIN_MEM
e
e PyMem Malloc(),
* PyMem Realloc()
e PyMem_ Calloc /()
* PyMem Free()
PYMEM DOMAIN_OBJ
e
e PyObject_Malloc/()
e PyObject_Realloc ()
e PyObject_Calloc()
e PyObject_Free ()
void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
ARE £ Qe e 25 FYAES 7HAG U Lh
void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
Add sl me] &5 A A G
A FFAt= vt EE 24T uf /-3 NULLo] obd Z I EE whEE| oF i Tth

For the PYMEM DOMAIN_ RAW domain, the allocator must be thread-safe: the GIL is not held when the allocator
is called.

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in different inter-
preters that do not share a GIL.

A FFA7E o] ol Y™ (o] SFAE TSR] o), PyMem SetupDebugHooks () &4E &

Z3to] A 2} 9ol U 2 5 thA] A X3 ofF Fu T

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A: PyMem_ SetAllocator () does have the following contract:

e It can be called after Py Prelnitialize () and before Py _TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () hasbeen called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other arbitrary
one is not supported.

8] A 3.120] 4] ¥ 7 : All allocators must be thread-safe.
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void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem_SetupDebugHooks () function is called at the Python preinitial-
ization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release mode
(ex: PYTHONMALLOC=debug).

The PyMem_SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

AR A A

* Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem Malloc ().

¢ Detect write before the start of the buffer (buffer underflow).
¢ Detect write after the end of the buffer (buffer overflow).

¢ Check that the GIL is held when allocator functions of PYMEM DOMAIN_OBJ (ex: PyObject_Malloc())
and PYMEM DOMAIN_MEM (ex: PyMem_Malloc ()) domains are called.

o217} WA s, Yy 1 F-2 tracemalloc BES AFESte] e 5o §dd o] EFo]alS
7FA 54Ut tracemalloco] Stold WR 2] &1tg 4 Folu WR e &0 F4F wfj vk Eg o] 2w o]

FA YU

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1: ] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

pl[—-2*S:-S]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-S]

API identifier (ASCII character):
e '"r' for PYMEM DOMAIN_RAW.
e 'm' for PYMEM DOMAIN_MEM.

e 'o' for PYMEM_DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
p[0:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
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PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting a
smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

PI[N+S:N+2*S]
Only used if the PYMEM_DEBRUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t. If
“bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run, to
capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is the only
place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact. If
they’ ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The other
main failure mode is provoking a memory error when a program reads up one of the special bit patterns and tries to use
it as an address. If you get in a debugger then and look at the object, you’re likely to see that it’s entirely filled with
PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning uninitialized
memory is getting used).

WA 3.69 4 M7 : The PyMem SetupDebugHooks () function now also works on Python compiled in release
mode. On error, the debug hooks now use t racemalloc to get the traceback where a memory block was allocated. The
debug hooks now also check if the GIL is held when functions of PYMEM_DOMAIN_OBJ and PYMEM_DOMAIN_MEM
domains are called.

WA 389 A W 7: Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Windows
CRT debugmalloc () and free ().

11.9 pymalloc &=}

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It uses
memory mappings called “arenas” with a fixed size of either 256 KiB on 32-bit platforms or 1 MiB on 64-bit platforms.
It falls back to PyMem RawMalloc () and PyMem RawRealloc () for allocations larger than 512 bytes.

pymalloc is the default allocator of the PYMENM_DOMAIN_MEM (ex: PyMem Malloc ())and PYMEM DOMAIN_OBJ
(ex: PyObject_Malloc ()) domains.

obal BRAE T 42 AT o)
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
e IR Ao WM malloc () free ()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).
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1191 pymalloc o}elv} Sekat A8 7 4 o]

Added in version 3.4.

type PyObjectArenaAllocator
ot FFAE 71 & sk ol AHE F2A. o) FRA = Al A2 =7} 5Tk

B BE

void *ctx R A ARz A9E Aeq Ada
=

void* alloc(void *ctx, size_t size) size H}o] E 9] o} S &Fsht}

void free(void *ctx, void *ptr, size_t olg| = | A gk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

olelu B AE A%t

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
ofel i} wAE AA T

11.10 tracemalloc C API

Added in version 3.7.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc R EA @FH v e E5& FAFUch

229
HEFH 02 VBHIL, o2l 7h LA (F AL A B W2 E FHA RHEUD 12
RE2F kU o tracemalloc ©] W] & 315 gl o™ -2 & Wk ok
W% e 5ol o) AT W, /& 758 AATU
int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

tracemalloc EEoA EFH vEe E53 FH AFYUE &

SHA] FF Ut

tracemalloc ©] ¥] #4315 ¢l oW -2& whghslal, 137 9Fo
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-2 e A B A QUTE VO ¥ H 7L A WA B4 AT ARt Fold Pl BRHES
A 248 QU ok

PyObject *res;

)

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;
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3 AF F5 S A4S 2L D=k

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

99 % 7HA] oo A, W = B4 22 A ol 3 BE B 2T ol KA L. AA 2, A ThE
FPAE ERTAFO AL BIEES, 7ol - v 2] API )Y 2] & ALg 3
AL AU, 0 FE AA20E T A9 o2 7} 9) % Shbe A2 e golA 45 5e
el The BRAE £ o] A

char *bufl = PyMem_ New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —-- should be PyMem Free() */
free (buf2); /* Right -—- allocated via malloc() */
free (bufl); /* Fatal —- should be PyMem_Del () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are allocated
and released with PyObject_New, PyObject_NewVar and PyObject_Del ().

JAEL CE AL AR B A 5T T A Aol e ke B M A9 APk
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PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.
PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type and
initial reference. Returns the initialized object. If type indicates that the object participates in the cyclic garbage
detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.
PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ©] ZA-& pyObject_Init ()7} £33t 2
S 5 Y8, /b 27 A7) Dol FHE Z7)5hgh k.
PyObject_New (TYPE, typeobj)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The caller will own the

only reference to the object (i.e. its reference count will be one). The size of the memory allocation is determined
from the tp_basicsize field of the type object.

Z+
Z

i

PyObject_NewVar (TYPE, typeobj, size)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp_itemsize field of
typeobj. This is useful for implementing objects like tuples, which are able to determine their size at construction
time. Embedding the array of fields into the same allocation decreases the number of allocations, improving the
memory management efficiency.
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void PyObject_Del (void *op)
Releases memory allocated to an object using PyOb ject_New or PyOb ject_NewVar. This is normally called
from the t p_dealloc handler specified in the object’s type. The fields of the object should not be accessed after
this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
o] WA None 2 2 =& & AA. o] Ao th3 A2 B7hs) & pPy_None AR E AL A
o 4] 2~ 8 oF g o,

o B

PyModule_ Create ()
3 mES sty v

1221 7|2 AA 3 nja=z

All Python objects ultimately share a small number of fields at the beginning of the object’s representation in memory.
These are represented by the PyOb ject and PyVarOb ject types, which are defined, in turn, by the expansions of
some macros also used, whether directly or indirectly, in the definition of all other Python objects. Additional macros can
be found under reference counting.

type PyObject
Part of the Limited APIL. (Only some members are part of the stable ABI.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In a
normal “release” build, it contains only the object’s reference count and a pointer to the corresponding type object.
Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be casttoa PyObject*.
Access to the members must be done by using the macros Py REFCNT and Py_ TYPE.

type PyVarObject
Part of the Limited APL. (Only some members are part of the stable ABI.) This is an extension of PyOb ject that
adds the ob_size field. This is only used for objects that have some notion of length. This type does not often
appear in the Python/C API. Access to the members must be done by using the macros Py_ REFCNT, Py_ TYPE,
and Py_SIZE.

PyObject_HEAD
Aol7} WotA] k= AAE et = 2R = AAE o AHEH = w22 YU th PyObject_ HEAD
v 22 o3 o] 2 Utk

[Pyobject ob_base;

9 pyobject AHAE TR L.

PyObject_VAR_HEAD

Asg vttt Pol7h The AAE Vel M2 e F& AAT w A48 & 922 YT PyOb-
ject_VAR_HEAD v 2.2 = t}-23} 2] #7391 th:

[PyVarObject ob_base; ]

9 pyvarobject A AE FRIFAA L.
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int Py_ Is (PyObject *x, PyObject *y)
Part of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is vy in Python.
Added in version 3.10.

int Py_IsNone (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None in
Python.

Added in version 3.10.
int Py_IsTrue (PyObject *x)

Fart of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True in
Python.

Added in version 3.10.

int Py_IsFalse (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the False singleton, the same as x is Falsein
Python.

Added in version 3.10.
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

WA 311904 HA: Py TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
A 0] P o] typeo]™ 0°] obd Fhg W&AF Yk 23 A ko 02 REH YTy Py _TYPE (0) ==
typed? 5 A
Added in version 3.9.
void Py_SET_TYPE (PyObject *0, PyTypeObject *type)
A7) 09] WL typeo. 2 AAFY T,
Added in version 3.9.

Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the Py SET SIZE () function to set an object size.

WA 311904 WA : Py_SIZE () ischanged to an inline static function. The parameter type is no longer const
PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AA 0] T 7L size2 A AFTUT).
Added in version 3.9.
PyObject_HEAD_INIT (type)
AL AZE Pyobject WO 278 rox g £ AR YT o AR E the oz BAPY)
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_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

1222 g A= 79

type PyCFunction

Part of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this type
take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python. The
function must return a new reference.

F4 Ade g 2HU:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the Stable ABL. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:
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PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

Added in version 3.9.

type PyMethodDef
Part of the Stable ABl ( mcludmg all members). B33 2] A EE 7|<dts ] AR S = LR A, o] XA
=AY 2=7t st
const char *ml_name
Name of the method.

PyCFunction ml_meth
Pointer to the C implementation.

intml_flags
Flags bits indicating how the call should be constructed.

const char *ml_doc

Points to the contents of the docstring.

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyObject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

e 2e 5% FHo) dfUth
METH_VARARGS

This is the typical calling convention, where the methods have the type Py CFunct ion. The function expects two
PyObject* values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg _ParseTuple () or PyArg_UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH _KEYWORDS,
METH _FASTCALL | METH _KEYWORDS and METH _METHOD | METH_FASTCALL | METH_KEYWORDS.

METH_VARARGS | METH_KEYWORDS
olZ 3t & EHJ7} Je= wHAHEE PyCFunct ionliithKeywords & olo]of YT} o] &4t A A9
) 7H 7]%@14@ self, args, kwargs. &1 7] A kwargs’= BE 719 € Qz}e] g o] AL} 7| Y =
o1 x}7) 9l Uﬁ NULLY &= 95 Uth 7] s dUlA O 7 PyArg ParseTupleAndKeywords ()5
ARgSho] A=l Ut

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

Added in version 3.7.
WA 3.109 A *H 73 : METH_FASTCALL is now part of the stable ABI.
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METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

Added in version 3.7.

METH_METHOD
Can only be used in the combination with other flags: METH METHOD | METH_FASTCALL |
METH_KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that contains
the method in question. The defining class might be a superclass of Py_TYPE (self).

WA E= pycMethod & o]ojofdl=d], self F o defining_class QAX7}F 79 METH_FASTCALL
| METH_KEYWORDSS} 5y th

Added in version 3.9.
METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to prevent
a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject* parameter representing the single argument.

O % A%E 2 E FAL G o 85 A O Seheol WA=S B LG R I ebd
5o Ao Feole A8+ Pyt ole @ 2ol 5 A0 s Fol A WA=l sl AAT 5
91Utk

METH_CLASS

HAEs Fof Adxdarbobd § A7 A A i faz AEg Uk classmethod () W3
THE AR T ) E ol A AT FAE 2ol A (class merhods) & BE £ 6 A8 U
METH_STATIC
HAER FY Axv a7t otd NuLLe] 3 HA v/ M2 Adg Utk staticmethod () WA 34~
SRS o BEo) A= AT FARE A A vl X = (static methods) S W= T AHEH U T
Stel ThE A4t 2L WA E o] 28 /M e Ao tAl W=7} 2 25 =4 E Aol gt
METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named ___contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the

wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.
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PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python callable object. The
caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked. self
can be NULL.

The callable object’s __module___ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be set to
None or NULL.

o H7]:
function._ module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

Added in version 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

Return value: New reference. Part of the Stable ABI. Equivalent to PyCMethod_New (ml, self, module,
NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (ml,
self, NULL, NULL).

1223 Y2 ol BT HE JA =

type PyMemberDef

Part of the Stable ABI (including all members). Structure which describes an attribute of a type which corresponds
to a C struct member. When defining a class, put a NULL-terminated array of these structures in the t p_members
slot.

Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [ ] array.
The string should be static, no copy is made of it.
int type
The type of the member in the C struct. See Member types for the possible values.
Py_ssize_t of fset
The offset in bytes that the member is located on the type’s object struct.
int £lags
Zero or more of the Member flags, combined using bitwise OR.

const char *doe

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is defined using
PyDoc_STR.

By default (when £ 1ags is 0), members allow both read and write access. Use the Py_ READONLY flag for read-
only access. Certain types, like Py T STRING, imply Py READONLY. Only Py_ T OBJECT_EX (and legacy
T_OBJECT) members can be deleted.

12.2.
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For heap-allocated types (created using Py Type_FromSpec () or similar), PyMemberDe f may contain a def-
inition for the special member "___vectorcalloffset__ ", correspondingto tp_vectorcall_ offset
in type objects. These must be defined with Py_T_PYSSIZET and Py_READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset__ ", Py_T PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

bi

(You may need to #include <stddef.h> foroffsetof().)

The legacy offsets tp dictoffset and tp_weaklistoffset can be defined similarly using
"_dictoffset__ " and "__weaklistoffset__ " members, but extensions are strongly encouraged to
use Py_ TPFLAGS_MANAGED_DICT and Py_TPFLAGS_MANAGED_WEAKREF instead.

WA 3.129 4] ¥ 73 : PyMemberDef is always available. Previously, it required including "st ructmember.
h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Fart of the Stable ABI. Get an attribute belonging to the object at address obj_addr. The attribute is described by
PyMemberDef m. Returns NULL on error.

WA 31294 W7A: PyMember_GetOne is always available.  Previously, it required including
"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Part of the Stable ABI. Set an attribute belonging to the object at address obj_addr to object o. The attribute to set
is described by PyMemberDe f m. Returns 0 if successful and a negative value on failure.

WA 31294 W7H: PyMember_SetOne is always available.  Previously, it required including
"structmember.h".

Member flags

The following flags can be used with PyMemberDef. flags:

Py_READONLY
Not writable.

Py_AUDIT_ READ
Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the o £ fset of this PyMemberDef entry indicates an offset from the subclass-specific data, rather
than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize. Itis
mandatory in that case.

This flag is only used in Py Type_ S1ot. When setting t p_members during class creation, Python clears it and
sets PyMemberDef.offset to the offset from the PyObject struct.

W A 3.100] A4 ¥ 7 : The RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED macros available with
#include "structmember.h" are deprecated. READ_RESTRICTED and RESTRICTED are equivalent to
Py _AUDIT_READ;WRITE_RESTRICTED does nothing.

WA 3.129] A4 ¥ 7 : The READONLY macro was renamed to Py_READONLY. The PY_AUDIT_READ macro
was renamed with the Py_ prefix. The new names are now always available. Previously, these required #include
"structmember.h". The header is still available and it provides the old names.
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Member types

PyMemberDef . type can be one of the following macros corresponding to various C types. When the member is
accessed in Python, it will be converted to the equivalent Python type. When it is set from Python, it will be converted
back to the C type. If that is not possible, an exception such as TypeError or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr ().
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32 o] & Cd Python type

char int
Py T BYTE

short int
Py_T_SHORT

int int
Py_T_INT

long int
Py_T_LONG

long long int

Py_T_LONGLONG

unsigned char int
Py_T_UBYTE

unsigned int int
Py_T_UINT

unsigned short int
Py_T_USHORT

unsigned long int
Py_T_ULONG

unsigned long long int
Py_T_ULONGLONG

Py _ssize t int
Py _T PYSSIZET

float float
Py_T_FLOAT

double float
Py_T_DOUBLE

char (written as O or 1) bool
Py_T_ BOOL

const char* (¥) str (RO)
Py_T_STRING

const char[] (¥) str (RO)
Py_T_STRING_INPLACE

char (0-127) str (*%)
Py_T_CHAR

PyObject* object (D)

Py_T_OBJECT_ EX
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(*): Zero-terminated, UTF8-encoded C string. With Py_T_STRING the C representation is a pointer; with
Py_T_STRING_INPLACE the string is stored directly in the structure.

(**): String of length 1. Only ASCII is accepted.
(RO): Implies Py_ READONLY.

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

Added in version 3.12: In previous versions, the macros were only available with #include "structmember.h"
and were named without the Py__ prefix (e.g. as T_INT). The header is still available and contains the old names, along
with the following deprecated types:
T_OBJECT
Like Py_T_OBJECT_EX, but NULL is converted to None. This results in surprising behavior in Python: deleting
the attribute effectively sets it to None.
T_NONE
Always None. Must be used with Py_ READONLY.

Defining Getters and Setters

type PyGetSetDef
Part of the Stable ABI (including all members). ol st Z 2 HE] 2L ANAE Hodl= FFA.
PyTypeObject.tp_getset &F o 3t AW T XA L.

const char *name
JEelRE o
gelter get
C function to get the attribute.
setter set
Optional C function to set or delete the attribute. If NULL, the attribute is read-only.

const char *doe
/K~] Eu 7<4 = ao

void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*gettex)(PyObject*, void*)
Fart of the Stable ABI. The get function takes one PyOb ject* parameter (the instance) and a user data pointer
(the associated closure):
HFoE A RS MBS, A A o 919 T NULLS W oF Fuch
typedef int (*setter)(PyObject*, PyObject*, void*)
Part of the Stable ABI. set functions take two PyOb ject* parameters (the instance and the value to be set) and
a user data pointer (the associated closure):

JEBHEE AA G ok B A% F A v} Wes vunLg Ut 4eeid 02, Aned 445
ol 2] 9} B —12 ke of Tk,
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12.3 | A A

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions, but
do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

QAR UL EEY R AT FUTH 271712 o) 72 8 AR BE 59 ke A7) w2,
22 CE5 EAHOIL A7) B9 75 % 4L RES FAFUT o] A= B AA o] =S AA 3

AR BT BEE T2RANA JE e <At 2 2u g,

the o) 2hek Fx 9o, o] AL pyTypeonject o] 9 nlsh AHgol thet 5 AL AT Eh

1231 7k Bz

“tp _g_%”

-

277,2

PyTypeObject &5/ 3 N P EEERe 4
EPagc
CTDI
<R> tp_name const char * __name___ X X
tp_basicsize Py _ssize_t X X X
tp_itemsize Py _ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py _ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * ANE EF %
tp_repr reprfunc repr X X X
tp_as_number PyNumberMethods * ME E&F %
tp_as_sequence PySequenceMethods * ANE &5 %
tp_as_mapping PyMappingMethods * NBE &5 %
tp_hash hashfunc hash X G
tp_call ternaryfunc call X X
tp_str reprfunc _str__ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc _ setattr__, _ delattr___ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long XX ?
tp_doc const char * __doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It . _le ,_eq ,_ne , X G
_ gt . _ge
(tp_weaklistoffset) Py_ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc __next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
oh2 3l o] ] o] Al
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E 1- ol slol AolA A%

PyTypeObject & #2771 3 EL A T/olEERHE A
51_2
CTDI
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_ ,_ delete_ X
(tp_dictoffset) Py ssize t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ? 2
tp_new newfunc _ new__ X X ? ?
tp_free freefunc X X ??
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] void * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
[tp_watched] unsigned char
1 (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<2R> (as a prefix) means the field is required (must be non-NULL).
“0”: set on PyBaseObject_Type
“T”: seton PyType_Type
“D”: 7] B (X I NULLE A" 3-)
X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots
Also see the inheritance column ("I").
w4
X — type slot is inherited via *PyType_Ready* if defined with a *NULL* value
% — the slots of the sub-struct are inherited individually
G - inherited, but only in combination with other slots; see the slot's description
? — 1it's complicated; see the slot's description
YR &Ee Ul =R E 23] A AL 5 EFH 0 F&Hol F 34N L.
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B &%
&2 3 S A=
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __iadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__ __ rdiv-
mod___
nb_power ternaryfunc __pow__ __ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift  _ rlshift
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ __rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc __floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index___
nb_matrix_multiply binaryfunc __matmul__  __ rmat-
mul__
nb_inplace _matrix _multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __ setitem__,
__delitem___

T s o] Al ofl Al
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& 2- 0|7 F o] Ao A A%
&3 E P
sqg_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___
__delitem__
sg_contains objobjproc __contains__
sqg_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf_releasebuffer

getbufferproc()
releasebufferproc ()

12.3. & A
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£ 5 typedef

typedef | 7] 4= 3 Pl
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
280 Chapter 12. 214 3+& =] ¢
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PyObject *
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AAT WG obel 25 o npedel & FE I L.

12.3.2 PyTypeObject # 2]

PyTypecbject?] T2 A A 2| Include/object .hol A 2& 4 YU Th %2 B E A%, o8
4ol g R

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;
(th =l o] A ell Al
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(o] A sl o] Ao A A<)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObiject;

12.3.3 PyObject &

The type object structure extends the PyVaroObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_ Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

Py_ssize_t PyObject .ob_refecnt

Fart of the Stable ABI. This is the type object’s reference count, initialized to 1 by the PyObject_HEAD_INIT
macro. Note that for statically allocated type objects, the type’s instances (objects whose ob_ t ype points back to
the type) do not count as references. But for dynamically allocated type objects, the instances do count as references.

As:
o] BE+ A H Yol o ALH A k5T
PyTypeObject *PyOb ject .ob_type
Part of the Stable ABL. 0] A2 & 9] §, = v e} & (metatype) Y U T} PyObject_HEAD_INIT W= & 0j

e AR 2713 W, 32 WA S 7 ¢PyType_Typeo|ofof dyth 22}, (Aol =) A=A
A 7Hs ok Bt B A C R 2E JHest B RES A, ALY FES 27 A7) ok g A
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233t Wk, F 22 NULLES PyObject _HEAD_INIT W2 &2 2 ALslal, the &S 53 5}7)
Aol 252 2713} g A oA BES YA AR 27]3 et AYUTh o] AL dbd oz v
Zol #yH Ut
[Foo_Type.ob_type = &PyType_Type; ]

This should be done before any instances of the type are created. PyType_ Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_ t ype field of the base class. PyType_Ready () will not change this
field if it is non-zero.

As
ol B AlH YPor FEHUrTh
PyObject *PyOb ject . _ob_next
PyObject *PyObject ._ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

A%
o] BEt AR ol o)a A% E A 5T

12.3.4 PyVarObject &%

Py _ssize_t PyVarObject .ob_size
Part of the Stable ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.
As:

o] BEL A1 Fo o3} F55 A AU Th

oft

12.3.5 PyTypeObject &5

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char *PyTypeOb ject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module globals,
the string should be the full module name, followed by a dot, followed by the type name; for built-in types, it should
be just the type name. If the module is a submodule of a package, the full package name is part of the full module
name. For example, a type named T defined in module M in subpackage Q in package P should have the t p_name
initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key ' __module_ '.

12.3. & A 283



The Python/C API, ¥ &) 3.12.4

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made

accessible as the __module___ attribute, and everything after the last dot is made accessible as the __name___

attribute.

Aol oW, AA| tp_name BEE_ name_ o]EZHEZ IANA T4 9 o1, module_ OE
SREL A E A etk AR e o2, G elol BAA SR AAE A S o). ol
AHEY FS9F T Itk A4S SFYTh 3 pydoc & 2 THE 2E AP A o ‘/‘roﬂ-t»]x] °}’\‘4‘jr

o] BE & NULLO] obyofof Fth PyTypeobiect ()N fLaHA AL A= YUt (FAIH
tp_itemsizeE AL staL).

AL
o] == ME Fof o) F&5E A dF Ut

Py _ssize_t PyTypeObject.tp_basicsize

Py _ssize_t PyTypeObject.tp_itemsize

o] BEE A P AxT A F71S vhol £ W AN 5 AU Th

F7HA 7Y Fo] AUttt 2 o] JA2-HAY FL20tp _itemsize BEF 1L, 7
?_]ﬁ‘?ji\--/] '%01]‘; 0ol ol tp itemsize BEZ} JYF5UTE A Zo] Al o] FP,
AIAElAE tp basicsizeZ AAH = 2 3715 Z+5 4t}

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_ s i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

4 (alignment) o] Tt &+ 31 AR 74 do] & 54 HHo] BRI, tp_basicsize gl
Al e ojof Fuch o: o] double WES FHSE F= NP FATE tp_itemsizerw
sizeof (double) YU} tp_basicsize?} sizeof (double)d 7 HEE = 22 22
2w e ATk (o] Aol double] AE 27 AFgoleta AU TH.

7Ha do] AAHE AT} Qe BE H9] A9, o] =& NULLY] ofu]of of T,

AS

o BEE AL G o) BE2 JEH Yk Mol 2G| 00] obd ep itemsizer} Slod, Al e
2 ANB oA tp_itemsizeE T2 00] obd gto & A st A2 A SHA] k5T (W] o]
Tl wpet th2 7] = Fyoh.

P

destructor PyTypeObject .tp_dealloc

AL " b3 2 (destructor) ol th 3 £ E. (S E Noned Ellipsis? ZFAH) Fol o
AXPA7L S S A S A FEF BAFSHA e T, o] T8 Al oF Furh ?} A2 okt

Fd AR

[void tp_dealloc (PyObject *self);

|

The destructor function is called by the Py_DECREF () and Py_XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (using the
freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s tp_free
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function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE flag bit set), it is permissible
to call the object deallocator directly instead of via tp_ free. The object deallocator should be the one used to
allocate the instance; this is normally PyObject_Del () if the instance was allocated using PyObject_New
or PyObject_NewVar,or PyObject_GC_Del () if the instance was allocated using PyObject_GC_New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS_HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_ DECREF () ) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

As:
o] EE AH Poz Ao
Py _ssize_t PyTypeObject.tp_vectorcall_offset

D3 tp ca119] B E&A A )+ W EZ (vecrorcall) 22 EZS R3] AR E T &5
T3 = AdAEHAE 4o Tk AEld @ =AU Th

2

r|r
fifo

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Py_TPFLAGS_HAVE_VECTORCALLES AA3l=RE Tt tp callx ARG oF3l, 3T
vectorcallfunc 2} #AFH T F TbE ook STt p_call& PyVectorcall_ Call ()& A A3}
c}:

WA 3804 WA A 38 o] Holl =, o] X9 o]F ol tp_print AFUTH Fo] 2xo A&, FL 2
ol4) 3t o] AFH 5y th 3ol # 3.0 A 3.77}A] &=, A& A ¢k sk th

H A 3.1290| A ¥ 7 : Before version 3.12, it was not recommended for mutable heap types to implement the vec-
torcall protocol. When ausersets___call__ in Python code, only #p_call is updated, likely making it inconsistent

with the vectorcall function. Since 3.12, setting __call___ will disable vectorcall optimization by clearing the
Py TPFLAGS_HAVE VECTORCALL ﬂag.

A

This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALL flag is not always inherited. If
it’s not set, then the subclass won’t use vecforcall, except when PyVectorcall_ Call () is explicitly called.

5 7o)
gy

getattrfunc PyTypeObject .tp_getattr
get-attribute-string SF4=of] T gk A B0 & 3Z Q1 ],

12.3. & A 285



The Python/C API, ¥ 2]~ 3.12.4

o B=: AR UG U AAD 1), tp_getartro B4 2A AF AN, o] EPHE o] 2L A
Far] 10 ol S A A £ 8 ol el A e ol Hlel

As:
Group: tp_getattr, tp_getattro

o]l BEE tp getattrot A AH Fof o FLF U B F2 ME F9 tp getattrit
tp_getattroZt EF NULLY uf] Bllo] A A tp_getattrdt tp getattros BF A<E53Yt)

setattrfunc PyTypeObject .tp_setattr

o= e AT AAE 93 Faol et AE A T,
ol 2= HAHNEUNY. A, tp_setattro T2 A FFSAIRL A EZRE |52 A
F517] 918 ool 1l EAL AA A C EALE Wol 5ol F4 8 el A o g o,

A

Group: tp_setattr, tp_setattro

ol E+& tp_setattrogt FA A E Fol Y3l AEHUTE AE FJ2 XMHE F9 tp setattr
tp_setattroZ}F B NULLY uf #l o] 23 of] A] tp_setattrﬁ— tp_setattrogs BF AESU T

PyAsyncMethods *PyTypeObject .tp_as_async

oA olslolE 23 v 5 ) o] elol ZEEEL PR AT AAH HEE TS
ZAFEAN N AL, AT WEL 15/ 47 22AE BEHAA L
Added in version 3.5: ©] A= tp_comparel} tp_reservedl YHY
As:
tp_as_async = AEHA AW 23H == EF o2 ALH YT
reprfunc Py TypeObject .tp_repr
W 4 repr () & FASFE Faol T A9 A Q.
MWL Pyobject_Repr ()3 Z5Uth:
[PyObject *tp_repr (PyObject *self);
L ALY FULE AN YA G o) ¥Ao2 o Gt eval( ol 49T
Y9 B0l Fol AW 2L ¢S 1A AAE WAAE EAEE wasol U o Aol Ao
Gow, <2 AR >R Bk AL BB o szt o] ZAAIA A D} g 2
224 golo gunh
A
o) BEt A Yoz 44H T
Nz
o) W= AAFHA o, <vs object at sp> BAle] Bapdo] BT UL of 74 tsi B o] &
o2, spe AA 9 HEe Fa2 AEYTh

PyNumberMethods *Py TypeObject .tp_as_number

FAZZEZS FTASE AA 0wt FAE B =2 236t 27 FRA O e A H. o] BEE A
WA FzA oA 2y ol
A

tp_as_number BEE FEH A GARL 23E des/EA o FEH U
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PySequenceMethods *Py TypeObject .tp_as_sequence

NA2Z2EBS TASE AR 0IE BAD D=8 TS F7h 720l I £AE. o] BEE
A A2 AR F2A A A}

Al

tp_as_sequence YE+ AHH A GATH TH d=E=/EF o2 A5 Ut

PyMappingMethods *Py TypeObject .tp_as_mapping

MY ZEEEe TASRE AN HAY g £t
A7) T2 A A AP e

As

tp_as_mapping BEE A&H A A v £¥E F=t A8 oz FEH Uk

ZF A e 2 H. o] == v

1

hashfunc PyTypeObject .tp_hash

W g hash () & T3 ol vk A g g 2 AH.

X WL pyobject_Hash ()& 25Ut

[Py_hash_t tp_hash (PyObject *);

‘4§%@%*°%%§°iﬂﬂﬂﬂ Tolof Ui Th; 81 A ghg Al AkshE B¢k ofl 8] 7L A shd P
o] 9] 2 A AstL -18 WHEa) of Ttk

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNot Implemented ().

o] x = B oA A YA EL] F&EE AHEH7] Y3 Pyobject_HashNot Implemented ()&

YA Ao 7 dAE 4 AdFUth o] AL gfo]lH =F| A2 _ _hash__ = Noned} 353 2o =2 4
Z o], isinstance (o, collections.Hashable)¢| FalseZE &8}l2A ¥35HA gyt Hit] e
A= vpRA Gtk - ghol i F o] 2ol __hash_ = Nones A48 tp_hash &% |
PyObject_HashNotImplemented ()& AR P Yt

As:

Group: tp_hash, tp_richcompare

o] B = tp_richcomparest TA AH ol g3 AEFUth: AHE B9 tp_richcompare}

tp_ hash7} EFNULLY U], B §& tp richcompare®} tp_hashE BT A<ShUrt)

ternaryfunc PyTypeObject.tp_call

AA TEL TAE 5ol thg A8 A ZAE. AF 7 Fe) B o] ohw nuLL o] o] of Fith AW e
PyObject_Call ()3 Z5Yth:

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); J

A
o] A== AMH Fo=z AJLH UL}

reprfunc PyTypeObject tp_str

WA Ai str() 2 FASE Tgo) s A A £ AE. (stre ]Zﬂ Folm, str()C 13 A
AR EN PRI L AUAL yopjec str (& TEAG AA FAE £,
PyObject_Str () o] A871& LE¥UH)

ANWL pyobject_sStr ()3 ZEUTH:

[PyObject *tp_str (PyObject *self); J
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T A U FUZE AR E e of Futh T2 A FolA X, print () ol o 3 A2
Fo)7] w2, AA 9] “H 52 FAD 2 F ol ofof Pt

As

ol e ME Foz A&H Ut

7123k

ol BEE AASHA o, FAE 2L weet] sl pyobject_Repr()°] EEFH Y

getattrofunc PyTypeObject .tp_getattro

oJE g HE 9] 7] (get-attribute) TF5=of] T 3+ M e A Z Q1 E,

MWL pyobject_GetAttr ()3 25U th:

[PyObject *tp_getattro (PyObject *self, PyObject *attr); ]
AulA o 7 o] DEE pyobject_GenericGetAttr ()& AAR3E Aol Ay}, AR oJEH
EE ZE 9UEA P TG
As
Group: tp_getattr, tp_getattro
ol MELE tp getattrd B AH Fo] oo ASFUT: NH G| tp getattr
tp_getattroZt EF NULLY w] B L& wo]|AH A tp_getattrd} tp_getattrod: EF A
S
713k
PyBaseObject_Typeuses PyObject_ GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro
EelRE AT AAE 98 Bool e A A EAH.
AL pyobject_Setattr () I ZaUrth:
[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value); ]
8, value® NULLE AR50 o] Ee]HES A 21 WA A3 oF Fuith ANMH O 2 of

]— 2 v
BT B pyObject_GenericSetAttr ()2 AA3F= Zo] He g Ut} AA A EGHEE A=

=2— =

Qube ol g PRI Th
A%:

Group: tp_setattr, tp_setattro

o] T = tp setattrd A A B o o A=FHUth: AHEH 9 tp setattrd}
tp_setattroZ} ESF NULLY W], A B HL2 g|o]AY A A tp_setattrT} tp _setattrod BF A
PR

7)1 &3k

PyBaseObject_Type uses PyObject_GenericSetAttr ().

PyBufferProcs *PyTypeObject .tp_as_buffer

o
N
-
N
)
=
4
L
]
rO
)
o
i)
I
rlr

W3 QEjslo] A% P HsE Aol v HAR BEE EeE
W3 AA| LA oA A gyt

As:

tp_as_buffer @EE= AEE A A ul 2319 Fr = /@A o 7 AL YT
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unsigned long Py TypeOb ject .tp_£flags

ol g ZH 1Y N E npAIdUTh AR Sl 2= 5 Ao tist i E Y] ES vERY Y
t num
é

3F
or
mber, tp_as_sequence,
o
= —

=7 § RS dephs

D].\;].E nEL 0:1/\].7(-1 oiﬁl/\l—zxﬁz‘s}z]‘_ }/\)\-E—] & 714;4]( —'% -
tp_as_mapping D tp_as_buffers &3 F2EH = S FZRA)Y E
ol AR H Ut ol# 3 S v ETVF Qlew, o] A o] i?‘v‘}% ‘
0°] U NULL 3t 2t 21 o2 Zhs) of Futh

A%

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the
tp_traverse and tp_clear fields, i.e. if the Py TPFLAGS_ HAVE_GC flag bit is clear in the subtype and

the tp_traverseand tp_clear fields in the subtype exist and have NULL values. .. XXX are most flag bits
really inherited individually?

7)1 &3k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE.
H|E ufA3:

TF3 M E vhs ot A 25 o] AU T ol B2 | AUAE BAOR 3] o rlags BEY S
A4 &Yt W32 pyType HasFeature () P Zel L ghp} fE F S tp->tp_flags
& £7100] ohui7] el g o)

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). In this case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREF’ed when an
instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’
s ob_type gets INCREF’ed or DECREF’ed). Heap types should also support garbage collection as they can
form a reference cycle with their own module object.

As:
7
Py_TPFLAGS_BASETYPE

o HlEE Y2 ThE Yo o] 2P o AT 5 IS W ARF L) o] W= AR A ghow
o] oz AE P WE 5 §&UTh(avad] “final” 2 e 29} F AL D,

A
277
Py_TPFLAGS_READY
o] H|E & PyType_Ready ()l &3] & AA 7} #4435 27182 w] A4 Ul
Al
222
Py_TPFLAGS_READYING
o] HM|Ex PyType Ready ()7} & AAE 27)3}5t= ¢ AAHF Ut
A%

??
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Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section <=2+
78] A] 4=%] A ¢1. This bit also implies that the GC-related fields tp_traverse and tp_clear are
present in the type object.

As:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together withthe t p_t raverseand tp_clearfields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_ TPFLAGS_HAVE_STACKLESS_EXTENSION.

Al

7

Py_TPFLAGS_METHOD_DESCRIPTOR

o] NI E &= A 7} A A H A 92w A = (unbound method) 2} 3 5233 Ry U th
o] e 17} type (meth) o] A= H:

e meth._ _get_ (obj, cls) (*args, **kwds)(obj”} None©o] o}d w]) = meth (obj,
*args, **kwds) %} &5 oF Pt

e meth._ get_ (None, cls) (*args, **kwds)=meth (*args, **kwds)}Z53|oF
ot
H .

o] Z# 1+ obj.meth () & 22 Yl WA E TZo )3 H AIE 7155 Futh: obj.
methol] B3t QA “o1 24 A v A = (bound method)” 2 3| & w5 ] ¢k5 U th

Added in version 3.8.
A

This flag is never inherited by types without the Py TPFLAGS_ TMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a ___dict___ attribute, and that the space for the dictionary
is managed by the VM.

If this flag is set, Py TPFLAGS_HAVE_ GC should also be set.
Added in version 3.12.
As:

This flag is inherited unless the tp_dictoffset field is set in a superclass.

Py_TPFLAGS_MANAGED_ WEAKREF

This bit indicates that instances of the class should be weakly referenceable.
Added in version 3.12.
A

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

290

Chapter 12. 23] 78 2



The Python/C API, ¥ 2]~ 3.12.4

Py_TPFLAGS_ITEMS_AT_END
Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’s memory
area, at an offset of Py_TYPE (obj) —>tp_basicsize (which may be different in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not variable-sized.
Python does not check this.

Added in version 3.12.

As:

This flag is inherited.
Py_TPFLAGS_LONG_SUBCLASS

Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

o] E# 1 Pyrong Check () 9 2L F5ol A ol g Au ZehzaA A%
S ol AEE T o @] 8 58 AAE pyobiect Isinstance ()% e Ak @A} u}uﬁ}a
Uek Mol A 458 A8 B B cp rlagsE A A3 AN oF FUTh 1

298 A AS 4851 LEAALRE E AAL) § 3ol w2 259

Py_TPFLAGS_HAVE_FINALIZE
OJH|E& tp_finalize EXx°| @ FXA S o AFFYUth
Added in version 3.4.
HA38FEE HAAH: JAE|Z B & tp_finalize £X 0] A & Fx2A o Aol 714317 of
zol, o]l Ee 1+t 28 A gEUTh

Py_TPFLAGS_HAVE_VECTORCALL
o]l MEx a7t WEHZ =
tp_vectorcall_ offset< x5}
As:
This bit is inherited if tp_call is also inherited.
Added in version 3.9.

E
ot

2EEZe 7 W A48 ud AAT WE2
Al
H

W A 3.120f 4] ¥ 7 : This flag is now removed from a class when the class’s __call__ () method is
reassigned.

This flag can now be inherited by mutable classes.

Py_TPFLAGS_IMMUTABLETYPE
This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.

PyType_Ready () automatically applies this flag to static types.
As:
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This flag is not inherited.
Added in version 3.10.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new___ key in the
type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static typesif tp_baseisNULL or sPyBaseObject_Typeand tp_new
is NULL.

As:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

ZFa1: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make tp_ new only succeed for subclasses.

Added in version 3.10.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

Z+31: Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

As:

This flag is inherited by types that do not already set Py_ TPFLAGS_SEQUENCE.
o B

PEP 634 — Structural Pattern Matching: Specification

Added in version 3.10.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Sequence, and unset
when registering collections.abc.Mapping.

23 Py TPFLAGS_MAPPING and Py _TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

As:

This flag is inherited by types that do not already set Py_ TPFLAGS_MAPPING.
o B7):

PEP 634 — Structural Pattern Matching: Specification
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Added in version 3.10.

Py_TPFLAGS_VALID_VERSION_TAG
Internal. Do not set or unset this flag. To indicate that a class has changed call Py Type_ Modified ()

7d1: This flag is present in header files, but is an internal feature and should not be used. It will be
removed in a future version of CPython

const char *PyTypeObject .tp_doec
o] & AA o h3t FAEH G A F 5t NUL-F 8 C ZAL
A2E2o)A __doc_ ERHERZ =EFUTh

A%
o] == ME Fof o) F5E A FUTh

traverseproc PyTypeObject .tp_traverse

g
r>~
)
o~
Hl
ro
)
£
rr
o
i)
ofh
1o

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, void *arg); :

spol o] 7hu) Al =3 A Aol th @k AA T A B = A =2k 7hi] A =] A ol A gk 5 syt

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

p
static int

local_traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Py VISIT()+ #Z <3 Zo4d 4= = Ao AT SEH o FYsIAHA L. self->key
AW = YA e, NULLol U Shol M EAF AW sl A BE ¢80 dR7HE £ AT

gitd o], W 7F Aol 29 dE7 2 = gtk A2 € duets, g AYE A8 gc EEY
get_referents () &7 I AL TS = R A EST S 4 Y5

731 : When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

Py VISIT()¥ local_traverse () Y visittarg W]7) H7b o] o] &Y AL 2 728U} T2 o] &2
o] A A Al L.
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Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py_TYPE (self),or delegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WA 390 A 3 dF T L tp_traverseoA]l Py_TYPE (self) S WEE Aoz 7o Y}
o] WA 34'01@01]/“]%,31140217E A3l, o] 2A 3t A B ZEj oA FEo] HAA T £ dF YT

As
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

E

int tp_clear (PyObject *);

tp_clear WH 4= 7HH] | *@7]01]/\1 A3 43
Goto, Al~’lY BE tp_clear ¥ —r7}7ﬂtﬂ—3 o] B
galo) R koW tp clear F4E A FIA]A L
w’SHD‘r =Zutoa L AR $3lo] 1A4Y
tp_clear ?}*“POE FES Efﬁff}% TS E7
tp_clears F&B}IA] Qole £L 1l o

tp_cleard] FRE The oA 9} 2ol shold AM Y 4 9l
ApA 83 3% sl ol o 2 Q1) S NULLE A7 8l of gk

Ho
rlr
A
ze,
fy
i
v

-

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self-—>kw) ;
Py_CLEAR (self->dict);
return 0;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with
the contained object). If it’s possible for such code to reference self again, it’s important that the pointer to
the contained object be NULL at that time, so that self knows the contained object can no longer be used. The
Py_CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_dealloc is called directly.

tp_clear B59 BEE B2 B2 FE o)/ W], F2 <ol FIL 5 9k ol d £A D
ot} shol Wl Ao} 2o xH AANE AT Dot oy e, £oH BE o AHE
B3k, 49 tp_dealloc 47} tp_clear® BEFHES A SHE Zo] Al 4+ YT

Bhos
vfol W o] 7pu) A =R A Aol th 3k AFA| B A B = A =35 7hu| A 3] A Dol A S 5yt
A
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Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit: the
flag bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc Py TypeOb ject .tp_richcompare

& -8 W) 3L &4 (rich comparison function) of] th g A &2 21 H. ¥ th3-3} 25Ut

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op); ]

A AR 7} M= pyTypeobjectol o8l Ao @2 AdxdaPo] RAFH YT

o] g Hla A (URHH S 2 Py_Truel} Py_False) & Whaksl of Fut}. W7l )= of 914
5o ™, Py_NotImplementedE RFSHo}al, ThE of 2] 7} A A NULLS WHebshaL of| & 2 A4S A A

ok o,
o2 A= tp richcompare®} PyObject_RichCompare () 2] Al WA QIALZ ALEEH &5 Aol

Yt

Cha | L

<
Py LT

<=
Py_LE
Py_EQ B

! p—
Py_NE

>
Py_GT

>=
Py_GE

Fetva s 1A AT JEE OS2zt g U h:
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
vl Aol wpeh, ol A Py _Truelt Py _Falsed WHEHFUTh VAL_AS} VAL B C Hl

AdAE =AE AE 5 JoloFFUT (S S0, Cint floatd = A5 UTh. Al AA AR+
PyObject_RichCompare () I AH 239 dite AZ U

of

The returned value is a new strong reference.
of 27k Ay sH, ol 9] £ A sFaL ol A NULLES WY o
Added in version 3.7.

Az

Group: tp_hash, tp_richcompare

o] A== tp hash A AB Fof &) AEFH Uk B 39 tp richcompare?} tp_hash7}
EEFNULLO|H A B & tp richcompare} tp_hashE A<&ShU T}
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7183k

PyBaseObject_Type provides a tp_ richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py _ssize_t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py_ TPFLAGS_MANAGED_WEAKREF should be used instead, if at all possible.

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

ol BEE tp weaklistSh EEA BN L; AL @ AA AA ol o oFe Axo] ik =

Utk

It is an error to set both the Py TPFLAGS _MANAGED_WEAKREF bitand tp_weaklist.

ke

ol B A B Fof o] A5 A vk of e YEH F 23S FREFHA L. A B o] o] R TAIZ A2
4 dFUTE o= Al E o] lol/\fﬂﬂrﬂr% oFsl =z EliE’Gﬂ‘:E AHE S o m Yo Bl
=84 tp weaklistoffsetS o AT L2, BA 715 A E5Uth

[mL

If the Py TPFLAGS MANAGED_ WEAKREF bitissetinthe tp_dict field, then tp_weaklistoffset will
be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iferator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

o] £ PyObject GetIter ()} 22 AWE ZsUth

[PyObject *tp_iter (PyObject *self); ]

A
o] A== AH Foz ALH U}

iternextfunc Py TypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iferator. The signature is:

[PyObject *tp_iternext (PyObject *self);

ol & o] ] 7} & X = W NULLS Qb3 oF §U T} StopIteration A&7 AAE 5, 184 &
= 5 Ut 2 o872 shE, JA] NULLS WHESE o U th I EAE o] F9 da"av)
olg g ol gt Al d Yt

ol o)) B tp_iter F4% Aok Shul, AP Tk () ol Aol E] b2k okd) ol
o]f AdAH A Z]—xﬂ = w3k oF 3ol

o] &4 Pylter Next ()2} 22 AW ZFUTh

A %
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struct PyMethodDef *PyTypeObject .tp_methods
o] Fo] Yt WA =S A A3} pyMet hodDef TR A AA NULL-Z 2 v Do th3t

e FEwth MiAE 23 dEE 238k o] My (ord] tp dictE 3

= o] 27b9 Uk,

Az

ol FEE A B o gof 45 A Ut (MAEE e MAUSS T3l ASH U,
struct PyMemberDef *PyTypeObject .tp_members

ol o] Ao dntdlolH W (B E5)E A A= PyMemberDefr T2 A9 % & NULL-
%Eﬂ%ﬂmﬂﬁﬂﬁiﬂﬁ

v o] FEnieh fiv g2 HEE 2ok Fo A B (o tp_dictE FER A L) ol Il

71Tk

A%

ol dEE AE o gl FEH A st (AW E dE vMAUES S 4
struct PyGetSetDef *PyTypeObject .tp_getset

o] o] AAHAY AN oEFYHEE MAFE= PyGetSetDef FZ2A Y A A NULL-ZE v g ol
o sk A e A 2 Q.

W) FB e, getset Tl A E S E et B GV (obe) ep_dice® BRI L) 0] FE
STt
As
o] 2EE AE Yol sl FE5H A UG (AE o EFRE
PyTypeObject *PyTypeObject .tp_base

W S0 A&5E = ol Ao tg AH A EAE. o] RN E, B A5w AAF U OF
Hso ek e 5aokel § AAE S402 Aok T Tk

2
)
o
bl
ro
o

B
o
>
>,
fo
=2

B
it}

Yoh.

rlr
v}

< WA

il
tjo

s FSgEdTh.

I-N'

i E£F 278 A9 2713} A o] AgF Utk C9NA = 27|3FA7) “F 4 A4 (address
constants) o] o} JI/]D]— ) E1§ BEA Ao 7 HEE = PyType GenericNew ()&} 2 34 A A A}
FETC99 F4a A-d YT

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObJject_Type is not required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

AINAO R, tp baser TG HEY 273} TFol A AA = oo Fth

Az

o] BE& A B Yol ol F5H A kU TH(E ).

713k

o] Jr 9 7| &7k sPyBaseObject_TypedUth(Fto|H ZE2 I M)Al = object F o= LA
o]

HUth.
PyObject *PyTypeObject .tp_dict
Fo} YA UL Py Type_Ready () ol &3] o 7)o A% Utk

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_Ready () has initialized the type, extra
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attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
add___()). Once initialization for the type has finished, this field should be treated as read-only.

Some types may not store their dictionary in this slot. Use Py Type_GetDict () to retrieve the dictionary for
an arbitrary type.

WA 3.129)| 4] *H 7 : Internals detail: For static builtin types, this is always NULL. Instead, the dict for such types
is stored on PyInterpreterState. Use PyType_GetDict () to get the dict for an arbitrary type.

A%
ol BE£ MH Fof Yol A&EH A FFUTH( 7] AYE AJEYFHEE

sl

filo
1

AU

rlu

o] FE7}NULLO| ™, PyType_Ready () =M 92 E 23Utk

Z3l: PyDict_sSetItem()& AHEAV T A o2 92| C-APIZE tp_dictE £ A 3=
A& A8k A] s

descrgetfunc PyTypeObject .tp_descr_get

“T 22 R E ger” Fpoll thE A E A E e,
4 MBS Tt g

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); ]

A%
o BEL A oz FEPUrh

descrsetfunc PyTypeObject .tp_descr_set

Oaa e g A4k AAlet7) 918 gol i3 Ae g 2.
F5 AP e 25U

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); ]

value A A= ZE-S 2431 7] 98 nuLLE A A Yok
As

o EEAu Yoz 4&PYrh

Py _ssize_t PyTypeObject.tp_dictoffset

While this field is still supported, Py TPFLAGS _MANAGED_DICT should be used instead, if at all possible.

o] Fo] B xe] AAHL WSS ZPSHE GAU |70, o] BEL00] of]u] AaE s s
dAY g g AdAaBaroA L EZAS XS} o] LEZAL pyObject _GenericGetAttr () o
A 8Bk

o BEE tp_dictS EFFHA BN L; TR P AR AR ol =g HEo] e gAY YUk
The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate mem-
ory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing an attribute
on the object.
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It is an error to set both the Py TPFLAGS MANAGED_ _WEAKREF bitand tp_dictoffset.
As:

This field is inherited by subtypes. A subtype should not override this offset; doing so could be un-
safe, if C code tries to access the dictionary at the previous offset. To properly support inheritance, use
Py TPFLAGS_MANAGED_DICT.

7123k
This slot has no default. For static types, if the field is NULL then no __dict__ gets created for instances.

If the Py TPFLAGS MANAGED_DICT bitis setin the tp_dict field, then tp_dictoffset will be set to
—1, to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init
OlA~E A %273 o] 3t A A ZQE.

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

4 g ket ggUh

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); ]

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

NULLo] ofd wl, tp_init 4= E Q3R zwEw], 9 tp new 57}
49 AAEAE MNBRF SRR o new B4} el W) AH Fo] o £ WS g AUAE
WS, ol tp_init 4% BEHA BRUTH to_newst A7) 3 AN W A2EAE UB
S, A B P tp_init7t SEFHYTH

Al 02 wiEtsla, ol g Alofl& -1& Hk3kela o9l & A F gy
Az

o] A== AH Yo g AEH T

7|83k

m]o
fol
e
olr
£
rO
>
)
fo [y

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
OAHE A SeF Shof T3 AR A ZQlE.

4 AHe e e

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); ]
A%

o] BEL A B Pol 3] H&H AW B AH P (Fehs RO BEo AL F) ot 455 A
iRy

783k

ERAXNE P AL, 0] B TF 3 IF AL A7 Q& FA PyType GenericAlloc ()L
2239tk

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.
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newfunc PyTypeObject .tp_new
Ol AE A /\g/H ol oﬂ I:HE]—/H el 2 32 Q1.

Ly f

F4 AEe e THU:

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); J

subtype 21712 WE AT 51 A1) G YTk s} kowds AL F $E9] 949} AN E A
UERA YT subtype©] tp_new 57 SE5 = I TS 8+ g2 FYSIAAIL; o] o AR
53011\313‘4‘;}(0}1]“}-‘4'3101 Sle g2 oldyrh.

tp_new ¥FE AA | TS a%'} 7] 813 subtype->tp_alloc (subtype, nitems)E &%
foF eta, 1™ v & “’J 83 WF T 27t 27|3LE s oF T bASHA FA S A Y 5 &
% 9 ZASE o inic A2 HAKoE YTk GBI 7, 2 99 A3 mE 27130
tp_newol| A 8= ook 3tal, 7FH P Y A thFE 27|35 = tp_ lnlti u| 5] A of g th

Setthe Py TPFLAGS DISALLOW_INSTANTIATION flag to disallow creating instances of the type in Python.
As

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

-

rd

7183k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

[freefunc PyTypeObject .tp_£free
Aot gk sl A g0l ot A A 2AE. A9L 07 2o

[Void tp_free(void *self); J

ol A} T3 = 278 A= PyObject_Free () YU Th

As:

o] A== AA NH Yol o5 AEHA W, TH HE P (FWA 22 WA AR )0l F455 A
uinh

S H

713k

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_ge
702 A 7)ol A BEF = sl ek AEl A E e

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to look
at the object’s type’s tp_ f1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have a
mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and 0 for a non-collectible
instance. The signature is:

[int tp_is_gc (PyObject *self); ]

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

A
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i}

o] 2

71832k

ln
rlr

AEgos g

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_ GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

wlo] 2% o) FE

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_lbases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

74 31: Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.

Al

o] Z

e o

EeASHA sy
PyObject *PyTypeObject .tp_mro
& Aol A A 2Fsho] obect 2 Bibi S48 Wlol 2 A2 £SHE B2,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
A
ol A== AEH A F U PyType_Ready () ol o8 Al = Al4bg Yt
PyObject *PyTypeObject .tp_cache
A A U Th 5 A S
Az
ol A== A& A dFUth
void *PyTypeObject .tp_subclasses
A collection of subclasses. Internal use only. May be an invalid pointer.

To get a list of subclasses, call the Python method __subclasses__ ().

H A 3.129) 4] ¥ 7 : For some types, this field does not hold a valid PyObject*. The type was changed to
void* to indicate this.

A%
o] A= AEHA Y5
PyObject *PyTypeObject .tp_weaklist
o] @ Aol tht oFFt FXE AT I Fx 2l = A4S A dFUh R A8

H A 3.129]| A ¥ 7 : Internals detail: For the static builtin types this is always NULL, even if weakrefs are added.
Instead, the weakrefs for each are stored on PyInterpreterState. Use the public C-API or the internal
_PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.

As
o] EEEFEHA FF U

destructor PyTypeObject .tp_del
ol A== HAFHAFUTE thAl tp_finalized AHGSAA L
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unsigned int Py TypeObject .tp_version_tag
A= FfAl ol Qe sk o] AREH U Th R A
A
ol dEE AEHA YsUTh
destructor PyTypeObject .tp_finalize
QIa®ls o] e Al o] A g4l thak A e A E e, A Y

the3 2 U th

[void tp_finalize (PyObject *self); ]

rlo
ofy

tp_finalizeZt AR W, A2 H & A2BAE o] defo = Fuf o) 2 & W 5E ) 7}
WA 5371 (2827 A2 % w3e] A3l A9 AR 7L 2T el 7] Ahel B2 H T
of i EolE, Hx e B7] Ao TEF ] 44 Aol Yt AR E RES BgF T,

o

<
tp finalizet WA o) AE)S WA ook Gt wehA Aasa) o
Aele A4 RS 0L H 25U

-

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% coo ¥Y

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

3L 7HH Al R E spol Mol N, tp_dealloc2 AAE WE &

CoAN ZE5E T ASUTGAAZ xSl 29 dR 71 H ™

H A ez 39 5 J5UT. tp_dealloco] TEFH = 28 == GIL(A S Qe =g
1

Interpreter Lock) & & F3t2 2, ulo] A API S &= A7 = A &5 Ut =9l 2
A7 2 CU C++ hol B ef gl o] AAE 313 3FH, tp_deallocs T &3 2 oA 1 AAE I =

gholB 2 g o] 7Hg 2 ARtehA] ek=A ol 8f of Pt
A

ol A= AH Yoz AEHE Ut

Added in version 3.4.

H A 3.8] A] ¥ 7 : Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.

o H17]:
“Qk 3k 2] 5ol de] Al o 4” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call__. If tp_vectorcall is NULL, the default call implementation using __new__ () and
_ _init__ () isused.
A%

ol =& AEH A dsUth
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Added in version 3.9: (Z E+= 3.8 ] 231X 9 3.95 € AF2F U thH
unsigned char Py TypeObject .tp_watched

Internal. Do not use.

Added in version 3.12.

12.3.6 Static Types

AFHOR, CREoA 4D B A (saic) YUtk F AH pyTypeobject TEAL LEA 4

A ol= 4l PyType_Ready () & A}%ﬁ}@l Z718g Ytk
A o7 stol oA ol H 3ol vl 3 o] Al st Ytt:

- A Y st Mol Az ARFUTE 5, ThE 452 A8 5 A5 YT
- 37 G AA (2 o5 A2E AL ohgUThE Bu AU Th stol Aol A @ AAe] o= HES

FAARAL ST 5 5 UTh
- AH G AR AR QEmelEol X FHE B, A8 A H e JEE ERFHA otk T th

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

.{

123.7 ¥ &

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement. Heap types have the Py TPFLAGS HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (), PyType_ FromModuleAndSpec (),or PyType_FromMetaclass ().

12.4 2} AA| -2 A

type PyNumberMethods
ol FRAE AA} £AF T2 EFS FASE ] AR FE F5ol g AL E B 3 FHE
S 22 B2 Ao A Ak FAF o] &9 B4 F AR U

T2A 39 E et 2EU

(typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;

(H& sl o] Al ol Al )
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} PyNumberMethods;

(o] A sl o] Ao A A<)

binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix_multiply;
binaryfunc nb_inplace_matrix_multiply;

ot
u

<
T

3 9]
Y
.

A

A
5t

=
U
34

o of

minﬁ—?iﬁ
o2 oot ofy ot

£ O &Koy
10, 0% @
i S 2 o

o el rfr

Lru

£ 2E Jditae 32 gQlsty, 283 HES AU (o=
g 39 dagdadynh. Fo13 3] ARkl el A4kl A ols A] gFo,
NotImplementedE Whehsl ofst, ok of 27} ¢ 8hw NULLS Hbehslal

Zr31: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_add
nb_subtract
nb_multiply
nb_remainder

nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods.nb_positive

unaryfunc PyNumberMethods.nb_absolute
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inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMet hods .nb_invert

binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods.

.nb_1lshift
.nb_rshift
.nb_and
.nb_xor
.nb_or

nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMet hods

nb_float
.nb_inplace_add
.nb_inplace_subtract
.nb_inplace_multiply

.nb_inplace_remainder

ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods.

binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

.nb_inplace_1lshift
.nb_inplace_rshift
.nb_inplace_and
.nb_inplace_xor
.nb_inplace_or
.nb_floor_divide

.nb_true_divide

.nb_inplace_floor_divide

.nb_inplace_true_divide
nb_index

.nb_matrix_multiply

124, A AA| F2A
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12.5 v g A 24

type PyMappingMethods
o] FxA o= AA L8 Z2EZS FH o= ]l AHE ok ol tid 2JAHE F5uth Al 7H 9
W7k gl o

lenfunc PyMappingMethods .mp_length

o] = PyMapping Size ()& PyObject_Size () oA AHEEH M, Z-& AW S 2ttt AA 9

Zol7} Aol H o] YA Fow o] 2L NULLE AR 4 A5 U

binaryfunc PyMappingMethods.mp_subscript
o] & 4~ =  PyObject_GetItem ()3}  PySequence GetSlice ()ol A A}
PyObject_GetItem() I Z& A WL zH Uttt PyMapping Check () &7 12
W, o S22 AR oFHIch 134 ghe i NorLe 4 YT

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem (), PyObject_Delltem(),PySequence_SetSlice ()
and PySequence_DelSlice (). It has the same signature as PyObject_SetItem (), but v can also be
set to NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

=
st

12.6 A A= A F2A|

type PySequenceMethods
o] TEAE AMN A AL ZREZLS FHE o] AL oHE S50 v g

kel

OEJ

[

fr
ot
fy

ot

lenfunc PySequenceMethods.sq_length
o] &4 PySequence_Size () 9k PyObject_Size ()M AFSHH, 22 A WS 25
sq_item¥} sq_ass_itemEeFS T3 =5 Add2E A st o ASH YTh

binaryfunc PySequenceMethods.sq _concat

o] &4+ PySequence_Concat () oA AHEEH T 22 MY S 25Ut nb_add €55 T3 <A
QAS A E3 &, + AR A = AR U T

L

o},

t
rok

ssizeargfunc PySequenceMethods .sq_repeat
o] 4= = PySequence_Repeat () AN ARG 22 WS 25U nb_multiply €% &
S FAE RS F, - AR AE AET L
ssizeargfunc PySequenceMethods.sq_item
o] 8+4 = PySequence_GetItem() Oﬂ A ALY 2o A 25Utk mp _subscript &

2L ° Eoﬂ R /‘4 (subscription) & A]Z= 38t &, pyObject_GetItem () A% A& Yth
PySequence_Check () @47} 1S wigste]d, o] £3 & A Yoyttt 238 % ko NULLY &
Sk,

Negative indexes are handled as follows: if the sg_Ilength slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sg_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] 8+4 = pPySequence_SetItem()oA AT W & AHE 215U mp_ass_subscript &
< & FE dH A E A =SS, PyObject_SetItem ()3 Pyobject_Delltem()NA=
R H Uk AR 7 s 07 A S A QoA o w of SE L NULLE B F 4 ATk
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objobjproc PySequenceMethods.sq_contains
o] ¥ PySequence_Contains () oA AHGE & Jlom 22 AW S Zr5Uth o] X2 NULLE
3A E 4 A5 Yt} o]uf PySequence_Contain
S,

binaryfunc PySequenceMethods.sq_inplace_concat
o] T4 = PySequence InPlaceConcat () A AALEH Z2 AYS 25
AR 2R3 T 1A »%E‘l—ﬁﬂ-oﬁo]: gyl o &EL NULL 2 dA = 5 9o o
PySequence_InPlaceConcat ()2 PySequence Concat () 22 ZM HAUT} nb_inplace add
£28 2ol 2A AAE AL AL F, 22 ol -0l ALEH U,

ssizeargfunc PySequenceMethods.sq_inplace_repeat

0
rlr
ne
ok
rlr
pay
o
P
o
2
N
X,
2
=)
[>
e
AV
rh

o] &4 = PySequence_InPlaceRepeat ()olA AFEEH 1 & AHE zZ5ych A W
A S ANAE £A%T TAS BB F FUh o SEL NUILE BA F £ YO
™, O]IIH PySequence_InPlaceRepeat () &= PySequence Repeat ()& %@E % Y 1‘4—
nb_inplace multiply £%% B3 %4 AAY FAS AES F, 32 g =I5 A8

Ak,

12.7 W3] A A 724

type PyBufferProcs
of TRAL W] L2 E 2o BLF F4ol B3t 2IEE FHUTh ZREZ L A FA (exporter) 2
RA7H U ol & 2ul A Aol & sk S ol T,

getbufferproc PyBufferProcs.bf_getbuffer
o B4o) MWL the st P Th

[int (PyObject *exporter, Py_buffer *view, int flags); J

viewE 71$-7] 915 exportero] th 2 flagsoll A AR £ 4 AL FUTE EAE (3) S A2 51, o] 4]
THL OhS DA S whEA] S aa of FuTh:

(1) Check if the request can be met. If not, raise Buf ferError, set view->obj to NULL and return - 1.
(2) £48 2= AFch

(3) WEW7] Ssiol g 7 7B E S 7 - Y th

(4) Set view—>o0bj to exporter and increment view->ob7.

(5) 0 Wt

exporter7} M1 3] FFAL9] A|Qloj v E ] dHo|H, F 7R FQ A AE AL 4 S5
* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference to
itself.

* Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a new
reference to the root object.
views) 78 BEL A4 vl 5] 7 2A o] ABH o] glomw, AT EH 2Ho Sk e FHL
AW 24 5 del dLuTh
py buffer FEANA 7te]7]& B vl e = AlFA A &otn] & ‘C ¥ 27} gloj A w 7kA]
g oF gttt format, shape, strides, suboffsets W internald 28| Ao Al= 7] AL

Y.
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PyBuffer FillInfo ()€ RE 84 F3& S0l=7 A2|stdA 13 vlo|EE WA E 4A =&

A= AU
PyObject_GetBuffer ()& °] &8 AM= 28| A & AdE A o)=Yt

releasebufferproc PyBufferProcs.bf_releasebuffer

o] o) e the s 2EUTh

[void (PyObject *exporter, Py_buffer *view);

2 PyBufferProcs.
teo BE FAL e 2L A

Ha A siA 23S Adgdde Ads siAE 2
bf_releasebuffer+ NULLY 4 54ttt 218X
oA DA & ST

() WEW7] Siol ek 7 7FLEHE YU

(2) 7ZF2E 700l |, viewst HHH R E w22 & S| A Tyt
ABAE G dncernal BEF A5 it 2 AUE 2AN T o] Yur AR
Q3 F A3 o] WA A wh, A H] 2h= e W3 9] AHES view A2 AYF 5 AL,

This function MUST NOT decrement view—>obj, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release ()€ ©] 71%5S ZAE M| A} & AHA o)A~ YT)

12.8 v]&7] AA F+2A|

Added in version 3.5.

type PyAsyncMethods
o] FxA = oldlolHE& vE 7] olEf ol B AAE FHSE vl 22T Tl T 2AHE HF
Utk

27 Aol E et 25U

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] o) e the s 2EYTh

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR 7 of sl o] B Zo] oh] W o] &£ NULLE AR T 4 A& YT

unaryfunc PyAsyncMethods.am_aiter

o Fpo AL e 2E U

[PyObject *am_aiter (PyObject *self);
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Must return an asynchronous iterator object. See __anext__ () for details.
AR 57 ool d ZREZLS TASA ghod o] £E L NULLE AT 5 AU

unaryfunc PyAsyncMethods.am_anext

o] o) HHe the s 2EYTh

[PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send

o] g4 Age e 2EUTh

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
Added in version 3.10.

129 &5 3 typedef

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)

Fart of the Stable ABI. The purpose of this function is to separate memory allocation from memory initialization.
It should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized
to zeros, but with ob_refcnt setto 1 and ob_ t ype set to the type argument. If the type’s tp_itemsizeis
non-zero, the object’s ob_ s i ze field should be initialized to nitems and the length of the allocated memory block
should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

o] Y4t ThE AsE s 27318 S 5kA) Sfoto FuTh £/ W= & FFE S PUTH 17
e newsl o %5 of of gl .
typedef void (*destructor)(PyObject*)
Part of the Stable ABI.

rlo

typedef void (¥ £reefunc)(void*)
tp_freed FAZRIIAIAL
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™*)
Part of the Stable ABL. tp_news ZZ A L.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_initE R34 A L.
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABL. tp_repr<& FZ34HAI L
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Fart of the Stable ABL. 2} 2| 9] 8 H o] EZ{E = vHhh
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the Stable ABL. A% ¢] W H o]EZRHE g+S A AU o] EZREE AHA] 612 ¥ value ¢ A+
ZFNULLZE A A FH Yt}

129. &
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typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. AA 2] HH ¥ o] Eg|HE ghS w33t}
tp_getattros FZIYA L.

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the Stable ABL A7) WHE o= HE 7k AT o] =2 BES A4 512 ¥ value A%}
ZFNULLE A A= YT}

tp_setattros FZIAI A L.
typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.
typedef int (*descrset func)(PyObject*, PyObject*, PyObject™*)
Fart of the Stable ABI. See tp_descr_set.
typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABL. tp_hashE FZR3}HA A L.
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompared ZZSHHA L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the Stable ABL. tp_iterE FZ3HA A L.
typedef PyObject *(*iternext func)(PyObject*)
Part of the Stable ABL. tp_iternextE ZFZ3}II Al L.
typedef Py_ssize_t (*1lenfunc)(PyObject*)
Part of the Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
Fart of the Stable ABI since version 3.12.
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
Part of the Stable ABI since version 3.12.
typedef PyObject *(*unaryfunc)(PyObject*)
Part of the Stable ABI.
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Fart of the Stable ABI.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.
typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
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12.10 <

th&2 ghol &l 3 oo st o duth of 7)ol = o g o] vhd o = ERbHQl AR o] 3 YT
dHE= 7R T A l% HojFUth o B2 oA, A8 H X U 25 A<= defining-new-types 2} new-types-
topics & ZZ U AL

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
bi
o A g 27]3AE AFS-SFE o] ZE (53] CPython L& Wo] 2o A) & & & 5 UTH

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */

5 /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

0, /* tp_getattro */

0, /* tp_setattro */

0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR ("My objects"), /* tp_doc */

0, /* tp_traverse */

0, /* tp_clear */

0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */

0, /* tp_iternext */

0, /* tp_methods */

0, /* tp_members */

0, /* tp_getset */

0, /* tp_base */

(TH& sl o] Aol Al )
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(o] A sl o] Ao A A<)

0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

oFat Fx, AaBs YA e U HAS A AR o

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
Py_TPFLAGS_HAVE_GC | Py_TPFLAGS_MANAGED_DICT |
Py_TPFLAGS_MANAGED_WEAKREF,

.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
(Th= s o] Aol Al)
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(o] A H o] A | A AL
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 238 7412 53 A 9

E¥ A2E BYIFE WIS A 83 A sfol ) A de oA Arol Y £ Gt v A
A9 Adol dagit. oe A g9 3 A5 A, B F OF AR
Aol e B2T Ao B A A 3ol o ol WA K A UL AT BRI ULk

N
4
o
=
ro
N

To create a container type, the tp_f1ags field of the type object must include the Py TPFLAGS_HAVE_GC and
provide an implementation of the tp_ t raverse handler. If instances of the type are mutable, a tp_ clear imple-
mentation must also be provided.

Py TPFLAGS_HAVE_GC
ol Zeja7t AAH F AAE A7 dHE FAS EFMoF dUh HOE SE o] H 3 AAE
A" ol AA gt skl5 U th

Aol U o) G4 F A F 4L 25 oF Fuich:
1. The memory for the object must be allocated using PyOb ject_GC_New or PyObject_GC_NewVar.
2. O AHE ool thet xS 2
Z 3o g ok
upH7EA| 2, A A 2] &S] Al X} (deallocator) += ¥ 528 1 2 A& S5 oF gy T}
L o2 A ov & Fxdhe BE7FF 83 5 7] Ao, pyObject _GC_UnTrack ()& SEdloF U h
2. AR o] ¥l e = pyObject GC_Del ()& A&dte] &g s Al = of oF T

ok

L9 rEAur 2735, Pyobject_GC_Track ()& &

al: Ifatype adds the Py TPFLAGS_HAVE_GC, then it must implement atleasta t p_ t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_ flags, tp_traverse and tp_clear fields if the type inherits from a class that
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implements the garbage collector protocol and the child class does not include the Py_ TPFLAGS_HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyOb ject_New but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyObject_NewVar but for container objects with the Py_ TPFLAGS_HAVE_GC flag set.
PyObject *PyUnstable_Object_GC_NewWithExtraData (PyTypeObject *type, size_t extra_size)

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

Analogous to PyObject_GC_New but allocates extra_size bytes at the end of the object (at offset
tp_basicsize). The allocated memory is initialized to zeros, except for the Python object header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

7J 3: The function is marked as unstable because the final mechanism for reserving extra data after an instance

is not yet decided. For allocating a variable number of fields, prefer using PyVarObject and tp_itemsize
instead.

Added in version 3.12.

PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyOb ject_NewVar. Returns the resized object of type TYPE* (refers to any C
type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py ssize_t.

void PyObject_GC_Track (PyObject *op)

Part of the Stable ABL 551717} % 23t ZH ol 1 2] Aol A opE F 4G Tk 57171 o171 A
e A 7r) AWD 5 YO BRE 2 AN & Bk AN R AN FUL tp_traverse Ael7]7hBA
S BE D= REAA Y TE ok Fith B YA BRI

2FE A AU
int PyObject_IS_GC (PyObject *obj)

A7} A A7) Z2EES TR 00] okl G WHEHEla, 2YA Show 0

o

ket o

o F4 7102 WIS Fhul A 7717 A A &
int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A § o] GC T2 EZE A3 op7} F A 7HH X = A 7] 7}
22 Fol W 12 Wkt 18 A g W 02 whekg U Th
o] 21 FFo] W T4 ge.is_tracked () ol S Th
Added in version 3.9.
int PyObject_GC_IsFinalized (PyObject *op)

Part of the Stable ABI since version 3.9. op2] AA| @ o] GC ZEEZ S L&} 7}8] A A 7] 7} opE o] 1]
vlojdglol = Fow 1S weaslty 23 A ko™ 0L whEkghy T
o) A2 B0 M B4 ge. is_finalized () ol SRFITH

Added in version 3.9.
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void PyObject_GC_Del (void *op)

Part of the Stable ABIL  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL. R 7|7} FA 3t ZAH oY AA AFANA op AAE A AT
PyObject GC_Track ()& o] Aol thall thA] ZEsto] 2 A Aol thr] 71 = Sl
oAl L. @ A AH(tp_dealloc A8 7)) & tp_traverse A 27| Abgot= BE7}
315 7] Aol AA ol tha o] E =6l oF It

A 3.8 A ¥ 7 : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been re-

moved from the public C APIL.

tp_traverse Ael7)E Thed 2L WY B4 vl WA E WolE YU Th
typedef int (*visitproc)(PyObject *object, void *arg)
Part of the Stable ABL tp_traverse A 8|79 AE% & WEX} St49] §. o] g¢-=
objectZ, tp_traverse e 71 Al A w7 H4E arg®E S5 o] of Pt} ol %
71l ) A & T A7) 9ol 2 BEA BB AL TUTH ARAT A BEA F5T A4
g 28+ Yok
tp_traverse A2 7] thx FolooF P}
typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL. ZA 8| o]\ AR o] &AM shpJUth 8- selfoll 23] 23H 2 AA|of] T3l visir
S48 T 2o oF a0, visirol) )2 /) W =R AR|9F A2l 7 2 A arg AU T visit BHE
NULL object QA2 & =31 <F Ut} visit7} 00] o} d 7k ¥k3kstd 1 Zho] SA] whalks of of gk T},
tp_traverse X8 7] ZAZL B31817] &, Py visIiT() AR AZE UL o] IR E A58 W,
tp_traverse F8L 9A7te] o] 2L W83 visit S arg® XA oF T Th:
void Py_VISIT (PyObject *0)
o7} NULLo] o} ™, 0 &} arg AALE visit ML Tt} visi7F00] ofd ZhS widstd, 14
WU T o] Wi AR S A S, tp traverse A2 77 th 3 Aok Ut

fol =2

©
=
=1

RS

o

-
static int

my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

L

tp_clear A2|7]& inquiry @ o] A AA| 7} & W o] W NULL o] o] o F .

typedef int (*inquiry)(PyObject *self)
Part of the Stable ABL % <82 AAAS 5 Y= B2 S AAFUE B9 A= 22 £HS A4
AT F Yong, o WASS 9 B YFUTh o MAEE 5EH T b
S Th(RA) Fxol ol by DECREF ()& SE8A] HIAIL). o] AA 7 B2 2Bl Fol skl 3l
FR717F FA S o] I =S T &Y Th

e
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12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)

Part of the Stable ABI. Perform a full garbage collection, if the garbage collector is enabled. (Note that gc.
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns O immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Part of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns the
previous state, 0 for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_Disable (void)

FPart of the Stable ABI since version 3.10. Disable the garbage collector: similar to gc.disable (). Returns the
previous state, O for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_IsEnabled (void)

Part of the Stable ABI since version 3.10. Query the state of the garbage collector: similar to gc . isenabled ().
Returns the current state, O for disabled and 1 for enabled.

Added in version 3.10.

12.11.2 Querying Garbage Collector State

The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gevisitobjects_t callback, void *arg)

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

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.

7ZJ31: If new objects are (de)allocated by the callback it is undefined if they will be visited.

Garbage collection is disabled during operation. Explicitly running a collection in the callback may lead to
undefined behaviour e.g. visiting the same objects multiple times or not at all.

Added in version 3.12.

typedef int (*gcvisitobjects_t)(PyObject *object, void *arg)
Type of the visitor function to be passed to PyUnstable GC_VisitObjects (). argis the same as the arg

passed to PyUnstable_GC_VisitObjects. Return O to continue iteration, return 1 to stop iteration. Other
return values are reserved for now so behavior on returning anything else is undefined.

Added in version 3.12.
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CPython exposes its version number in the following macros. Note that these correspond to the version code is built with,
not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY_MAJOR_VERSION
The 3in3.4.1a2.
PY_MINOR_VERSION
The 4in3.4.1a2.
PY_MICRO_VERSION
The 1in3.4.1a2.
PY_RELEASE_LEVEL
The ain 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.
PY_RELEASE_SERIAL
The 2 in 3.4 .1a2. Zero for final releases.
PY_VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

ol E  HIE (B Yt +A) % Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10. 0 is hexversion 0x030a00£0.
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Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant integer,
with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at run time.

Added in version 3.11.
R E Fo]Z 1] 3 &+ Include/patchlevel.hol] 7 2] 1t}
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APPENDIX A

>>>

2to3

A2t

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

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

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

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

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

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

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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argument (<1 2})
FrE o g (Ee s 2 ALY e
= 212} (keyword argument): T+ i%aﬁ A 2L7) gFof] &2 AR} (o:ﬂ% %01 name=) £+ **
ol 2 "HM el AgH = UA = () TZ2oA3Hs5 =
LT EBISE

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

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

9_]2]—§)\]—-9-9 1—;,:141;}, T3 ghol 2] ol o 91 e,
o] 39 7 H 2T FAQ A& QA Ao} w7/l A 4=2] X}o] &} PEP 3625 H A &

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

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

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

Ut} o ahe o n)7} HateiA e AL, ST 8o B A B fAY T

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

=
rd'

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

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

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g]2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s __anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

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

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

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

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_ TNCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (0} o] E & & 7 A))

W T2 EZ S AP C-A45 HAE Az E & 5 FUth o8 35 memoryview AR ES
EE09|1 bytes, bytearray, array.array AA &S 23Ut} Hlo|EL R AAEL2 vlo] 1 g
]3] OJE & thF = o 7HA] Aatsel A2 = A5 Ut %7'-—7:‘?, Hlo] 1 2 J‘rmi 7‘42]' AANZ S

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AHragtr 233k 7hH WS AR Q 2= bytearray E}bytearray/] memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
L33 YY; olA AE9 JZ = bytes bytes AA 2] memoryview 7} °1~1/]q

bytecode (B} o] E F &)

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

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

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

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

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

[callable(argumentl, argument?2, argumentN)

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

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

2 75 ddth 2astra =

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

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

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

W, Ae) s BAE T

\/J
>HM¢
e

XLSL‘ r*°

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

coroutine (i—?— gl)

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

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

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

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

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

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

we gy,

descriptor (t] A= %‘ E-])
Any object which defines the methods __get__ (),__set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because

322 Appendix A. &3



https://peps.python.org/pep-0343/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

The Python/C API, ¥ 2]~ 3.12.4

they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

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

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

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

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

docstring (52 E )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

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

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

ot
ol
i
-
30
rlr
i)
©
X,

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

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

expression (£ 3 2))

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

HEAoE, BE Sl THE
24 Eol vk U £

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

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

file object (3} 24 A)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

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

o
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open () ¥
file-like object (3}
54) 217] of

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

oy
mi

o 2

u::

g

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

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

The filesystem encoding and error handler are configured at Python startup by the PyConfig Read () function:
see filesystem encodingand filesystem errors members of PyConfig.

See also the locale encoding.
finder (3}21t))
AXEFH RES Y3 2 E Fod T AEstE= AA.

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for use
with sys.path_hooks.

See importsystem and import1ib for much more detail.

floor division (3 4~ U} A)
Vg A AER WFee 88 Uk A5 Uk AR // o8 Bol, #8411 // 4
o e 27t F AW, A% YA 2. 758 EFUTh (-11) // 47b-2.758 Y& 3k -30] Hoj
F-o] 8 of U th PEP 238 H A2

function (2+4)

SEAAA oJH FE EHFE €AY BFE. QAY T oA A} 7 ALEE 4 94|, vy Y
Aol A2 4= 5 Ut v 7] 4= & W A = 2} function A A = B A|
function annotation (g~ o] - €| o] A)
Qke} o] of | o] A

LR Rt
A

St ojH ol dutd o2 3 Sl E 2 ARREH YT o & 59, o] &5+ F /1Y int AAE who}
Y Ao 7gEa, FAY int ¥ g & Ao Eﬂwﬂuw

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

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

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

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

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] 2] 4~ A)

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

F g%tk

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

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

A 2ale g4 o vl U Th.

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

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

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

285

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

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

n

4. 52 oW 7He] AHEEA L

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

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

GIL
A A zefE % g HA L.

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

545U,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

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

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

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

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

immutable (£%)

importing (Y £ ¥)

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

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

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

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

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

interpreter shutdown (QJE]Z2]E] £ 8)

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

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

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

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

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

iterator (o] €] g o] €])

An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

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

key function (7] ¢)

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

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

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9 & 21 z})
o1z & BHA L.

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

lambda [parameters]: expression YU Th

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

Aggomn HAB 5 A5

list (2] 2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

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

Q

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

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

Il —“—4
— r[r
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A5 16375 (0x.) 52 XTFote ALY g 2EE v Uth if 32 AT 5 9)
89, range (256) o] Yl& EE 247 AggUch

loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.

)%

S

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252™").

On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2] o] 4] =)
E5 A= o uFA Al u$3t

mapping (7] 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path 9 @A o] BeFE sale. W A2 AT 42 A=e sholt] ¢ B of
9171 34 th Ve,

HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W €} 2] 2)
Zeag 2ol 2ea Aoe 22 ol F, ZAa G, MoA 2haSe BES UE
HEf Zelat o] Al AALE Wolq 2 A8 BEE 498 AU o
AAEL2 7|2 TS ATTZUL Ffo| S SHHA = Ea
Utk g 73 ARE AL A= o] = 2 Q
L .

I9
oy

o
Elrlr o®

1l
N
1
™
o
&
k
zo
N,
= rlr
i)

[> ko

LAY

In o

Fz i

2

o =

o

A

N

-

=

_)H_:

0%

o,
1Eyo 4

ol

L

method (W] A £)
Sl mky Qboll A FojH = g
A A (BF self gl EThH & 9l

method resolution order (W] A= 2 & 4= 4)

Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (2&)
Zo 2 A3 9 & @t AAl RE2 499 o)A A EE B ols T AU
RE2 Axd AApof 3l glojx o g 2EH YT
72 & HA L.
module spec (2§ A9))
BEEs 2EScH ASHE d2EAA AR S
ModuleSpec 9 AAE A,

tlo
i
k]
rlr
)
al(f

k

&7t importlib.machinery.
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mutable (7}H)
7hA AR = ghol M 4 QA vkid() + 985t
named tuple (V| Y & EZ)
“named tuple(M] 4 & FZ)" ol ehs S o= FEoA A& o5 B2 ol E8 R/
T Lo g ho AN T = 2 Z
Ae T AFYTh
time.localtime () # os.stat () 7} 93k 3 28], o8 WA P ol vJdE FEHYUTH =
T}2 o= sys. float_infoYUrt:

A~
T A

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

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

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

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (o]E327hH
T AGE = FA 0 4
B oh ot 5 o], 4 1 7o) SeIe] & B oS B Rk
Yt} o & E9, f,‘}f,‘—builti ns.open I} os.open () = =2 37
olF ¥ oWl BREo| & FH=AE L H A THEolA
t} o] & £E0], random.seed () =¥ itertools.islice() 1
|

SRR EPER T L

ﬁ
ol
N
! rlo
a0
X
s
I
fu
-
o
[t et
L ©
5
i_r“

=

LA qHE #7259 AH YR T 7|53 PEP 420 3 7] #]. o] & &7 s 7] A= B8] & AA 7}
RN TE YA, 53] __init_ .py FHo] glerm g A4t 3 7] A ok= Y th
25 T HASK.

nested scope (ZHH A7 2)
EHUR YA HFE FREe 5. A& 59, thE &5 HF A B H = utg &5 A=
HEES ARG IdS5ULE 1A 27z =7|EF oz = A2 75 E‘E, A2 HA Gethe
Zlof] 2] 3 oF @"/]T/P- A UL E2 7PF R 2Tz oA Qi FUTH VAR, A9 vy
A o] 5 F7HANA ¢ %‘4‘3]' nonlocal S HIZ AF o 2= A& &g th

new-style class (5+ 2 €} %EH )
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like ___slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.
object (Z4A))

Y
Ry
[>
o

FEHCIEREY ) S 2L FF (FAE) o] Aod RE HlolF. 3, BE FoEd
HFAAd Aol SR YUk

package (2 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___attribute.
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A 74 &} ol g T IIA] = HA Q.
parameter (7} 7] ¥H 52)
S (e UAE) oA ST S 5= e A (EE ol FS AAE) B AHJE ol B2
AEE. oA T7FY W AS7E A5 YT
o A X-719) = (positional-or-keyword): 9] =] 1A U 7] 9] = Q12 2 AGE 4= Q)&= AAE A AT th
o]

S Ao] 7|8 Bele] v AR e] ] o] & S

[def func (foo, bar=None): ... ]
» $1X]- & (positional-only): 1A Z W A2 5+ A= AAE AZIUTh A4 A& i/ls=

T AYY MiAAT FFol / wAE Tt 2 F o AT 5 AFUTh & S0 vkl A

posonlyl 3} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]
- A= G (keyword-only): A EZ T AFD 4 9 AAE A Gk /19 =0 A5

= ?:Lj\ ZqJ-J ) 7] B E o A kol Bube] 7 - T“H MHES UL +E I 2 T A F T
95Ut A& 01, o} ol A kw_onlyl &} kw_only2:

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

o 7F-9} 2] (var-positional): (C+2 PR 7| =5 ol S| A o] v] op5 o X 9] 2] AAxpEo B af) Alw2
T AE AA A2 do Ad2E AR U o w7 beE w7 o] Foll * & kel
=94 FoE F AdFUH A E ol HhEollA args:

>

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

« 7PA-71 9 = (var-keyword): (tF2 v 7] 01] )3 A o m] HlolS ol A 79l QRS o o)
S S ol T A9 AR A BT o] 6o At oA o El et
doll BoAA BYE s Uth A& %01 H«l of ol A kwargs.

SR AE A QRS 919 7 Rk ol AE Ao A B ARE L AT 5 AsITh
o1z 8o %] &5, Ql AL} wlj 7 H =2 2}po]of L} +=FAQ Z &, inspect .Parameter & &2, function
A, PEP 362% B A .

path entry (3 2 <N E 2])
A= 7% sele] 7h g3

path entry finder (7 2 dE 2] g}l
sys.path_hooks °f Y&
2RE 0 zl—‘— B]—tﬂ% ol

bl
m
]
td
|
il
o
L
N
Ho
:orl__r“
oY
Rl
ol
rlr
juies
kel
[m
oM,
fru
o
1o,
o
v
1o,
o
[

oy ==
e
R

X9, iy

N,
fu
-0,

m
Ach
3;
2
_I_4
[
o
S
re
ok
rlr
2,

MNEEL importlib.abc.PathEntryFinder of 1}

o
ks
o

path entry hook (%‘i deET )
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (73 2 7]4} 3}¢1 )
712 e A= Sl 5 F o], 2 E AR oA RES

path-like object (7 25 A A])
gd Aad 425 ey e AA. AE2F A= A28 JEY & str Y bytes A o] A
os.PathLike Z2EZS T d3l= A YUY os.PathLike Z2EF S A YstE= AA| = os.
fspath() @45 SEZH A str W} bytes L A|l2H A2z HIH f,\— g5y, Al os.
fsdecode () & os.fsencode () & ZZ str Ybytes 25 BAS=H AFRE 4 95Ut PEP

S19= EC\’JQ sy

&Y

XY
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PEP

gpold 7/d Al ¢k PEP<= sto] AfUE| o]l AEE AlFstA L sho] W Ee T Z2A|A EE o
et S 752 AEste AA A dUTh PEP= Al 750l et 23 7 AR 2AE

Alg-3l oF gy ot

PEP= T8 2R 715 Al st FA o e AR UE 452
FAE BE7] 9% 712 i AYUS AU PEP ZA A= AR

portion (3 4)

PEP 420 o A A9 8 A%, o] & F7k 7] Aol o] A 3k hipe] T el gl o] Sol gl HAEY
A% Gip 52 A5 = A% 75 gTh,

positional argument (9] X] 21 x})

AAE HA L.

provisional API (23 API)

7 API= £ gholHe g9 A7 T HAo2RE AF3] Aleld AdUth B solxe] 2
]

W7} ol A 2 ebA B, 3 A o] bl EAIH = o, 51o] A o] W e srin AZEThe A
oo §AHA g WAl Qo 4 gtk 1A WAL 2R d Ao dojyR L ge
AU — APLE 2 357] Aol $1 Frhsha 2R Al Aol WAH Aol uk Aol Ao}
7 API A 2 3=, A S8 o §A5 A b WAL “HFY 2B 0% o AT BE 429
Al el %A THAL fATE AW Foet RE AR AT

o) AR BE )BT LW AT FF ARH A LFol E AT A BT VAL 5 JEE

BhE Ut} o AP S U2 PEP 4118 9 U o)

provisional package (ZH3 o] 7] A])

T APLE BAL

Python 3000 (3} 0]% 3000)

oho] i 3x vl 32 2pQ1 o] W (M 39 w2 7F A w9 o]ofr|d Al Hof vkE0] ] o] Folth) o] A&
“Py3k” 2 Eo] 27 % ).

Pythonic (3} o] 2 t}-2)

£ Jloj 5ol A Qb A EL ARFA ZES THSHE t4L, ho] A Aojol A M A5 AHE
5 o] A 5L F7fo] i ofoltioju} = 2 of & Eol, so] Mol A AL 2 o]t AL for
28 Ao o He B RE 247 £R5E AYYUTh THE BL dojol & oA 7o T
Qorg, so o ol% A e AFEL 4o A 7L E B A8 E Ttk

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

o 2, shol ke W L ol %yt

for piece in food:
print (piece)

qualified name (3713} ] &)

REe] A Anzo A LEe) B H Feh, P v ES 2L AR G HAFE Yo PR
o] . PEP 3155 ol A Ao gtk A4 359 Fehao Aol 7318 o] B AR o] &
23Uk

>>> class C:

class D:
def meth (self):

(Th= S o] Aol Al
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(o] A sl o] Ao A A<)

pass
>>> C._ _qualname_
ICI
>>> C.D.__gqualname_
'C.D'
>>> C.D.meth._ qualname_
'C.D.meth'
.
CEA

BES 77l AHEE o, &3] A3 ol (fully qualified name)> 25 F 15 .lH RS
W BEZ 7t Hoz BEH o8 = : -

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are never
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (A 1t = 7] #])
__init__.py 3¢S E3st= g E 2l e 22 AEF 9l 9] 7] A.

ol T I7IA = HAL.

__slots__
Se)a e AT, AAEA O ENRESS A% F1E )Y AL AsdA AT B
AAGTOZH v = F/l A7rohe AE FUth 7] Q7= AR, o] H a2 Y2 Zut2 A A5 7
Z ke e PolohAl, Wm elo] Tighet S8 T2 ado A Be 49 dAH A} B 4R
St sk 2ol E5UTH

sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and___len__ (), butis considered

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

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (F ¢ A= 23 A)
olHH &l = 84 AAY dFE Aoty 2345 F2 A S wEst= 2438 U, results =
{c for ¢ in 'abracadabra' if c not in 'abc'}E=ExEY HAT {'r', 'd"1E WA
U t}. comprehensions & 3FZ 5H0 Al &

single dispatch (& 2 t] A3 x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T 2] x| 9] & FE.

slice (&g}o]2)

HE UL S RS YU AN GoIAL N8 SIFETADE HEAA G
variable name[l 3:5] A9 b A o Mo AHE F2oE FHFULL HEZE HE A3
HdE)Z7H2 YR de= Sllce 7—'1?4] £ Ao
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special method (5 WA =)

sto]H o] ol ofH AL, GIA T2, AP T u] EAF R TEHEWAE. ojd HA=EE F 719
WE 2 A& YU ol 52 2 JFUth S5 A= %Spemalnames o A E WA Jd5UTh

statement (Z7})
B A9 E (RE “B-E (block)) & FASHE REAUTL £ 234 o AL} 79 =2 AFgahe
o 71 +2E £ std Yt} 718 if, while, for.

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also fype
hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py TNCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

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

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

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

text file (2 A E 5}Y)

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

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

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

oE3E () o Z—F% =E ()

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

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

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

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

£ ohedt 2ol © 971 47 B 4 Jayh
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Color = tuple[int, int, int]

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

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k o] ' H| o] AL

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

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

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

BN
o
>
ko

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

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

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

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

field: 'annotation'

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

[count: int = 0

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

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

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

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

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

e
v
N
i
|
oy
rr
=
o
[m
K
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APPENDIX B

o] 417 A of] 3]

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

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

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

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

w
£
o
%
ruE:
_>a
o
ol
r
X
il

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

>

o A9} 2}ol Al

|".J.,

C.1 2ZEY o] Ia}

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

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

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

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

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL 3ol &3 8 Th 2 2 ZE 0] & AFT

4>l
o2
i glo

Guido®] A = 5}o] o] Wj 2 E 7H5 57 THE B 95 AR AAE A A=Y T,

C2 sjol ol A A5} A T A18517] §1 o] & ok

o] &} A ™ A= PSF License Agreement©]| W} 2fo] Al 71 Hof g Ut}

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

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

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

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.4 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.12.4 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

(tH& slo] Aol Al<)
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(o] A sl o] Ao A A<)

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the orig-
inal code:

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

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

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

C.32 427

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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The test.support.asynchat and test . support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.34 F7] &=

http.cookies &2 th53 22 Fo A2 234yt

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

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

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

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

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

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

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

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o] A ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

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

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>

(H& sl o] Al ol Al )

C3. =%

i
B
[t
(m

sojol that efol s g Sal 347




The Python/C API, ¥ &) 3.12.4

(oA s o] A e A A)
Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod ¢} dtoa

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

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

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

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

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

C.3.12 OpenSSL

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

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

1. Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

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

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

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

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

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

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

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

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

END OF TERMS AND CONDITIONS
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C.3.13 expat

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

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

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

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

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

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ~——~with-system-1ibffi:

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as—-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

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

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

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

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system—1libmpdec:

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

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

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

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

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

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

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

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

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

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

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

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

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

C.3.19 Audioop

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

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

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

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

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

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

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

C.3.20 asyncio

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

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

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

(H& sl o] Al ol Al )
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permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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..., 319
2to3, 319
>>> 319
__all__ (package variable), 75
__dict__ (module attribute), 178
__doc___ (module attribute), 177
_ file_  (module attribute), 177, 178
_ future_ ,324
_ import_

built-in function, 75
_ loader___ (module attribute), 177
_ _main_

module, 13, 205, 219, 220
__name___ (module attribute), 177, 178
__ package__ (module attribute), 177
__ PYVENV_LAUNCHER_ , 237,243
_ _slots_ ,332
_frozen (C struct), 77
_inittab (Cstruct), 78
_inittab.initfunc (C member), 78
_inittab.name (C member), 78
_Py_c_diff (C function), 136
_Py_c_neqg (C function), 136
_Py_c_pow (C function), 136
_Py_c_prod (C function), 136
_Py_c_quot (C function), 136
_Py_c_sum (C function), 136
_Py_InitializeMain (C function), 250
_Py_NoneStruct (C var), 266
_PyBytes_Resize (C function), 139
_PyCFunctionFast (Ctype), 268
_PyCFunctionFastWithKeywords (C type), 268
_PyCode_GetExtra (C function), 175
_PyCode_SetExtra (C function), 176
_PyEval_RequestCodeExtralIndex (C function),

175

_PyFrameEvalFunction (C type), 217
_PyInterpreterFrame (C struct), 193

_PyInterpreterState_GetEvalFrameFunc (C
function), 217
_PyInterpreterState_SetEvalFrameFunc (C
function), 217
_PyObject_GetDictPtr (C function), 97
_PyObject_New (C function), 265
_PyObject_NewVar (C function), 265
_PyTuple_Resize (C function), 159
_thread
module, 213

A

abort (C function), 74
abs
built-in function, 106

abstract base class (FAHlo]lx ZE ), 319

allocfunc (Ctype), 309

annotation (o] = H| o] A), 319

argument (2132}, 320

argv (in module sys), 209

ascii

built-in function, 98

asynchronous context manager (8] %7] Ad
2 E H2 A, 320

asynchronous generator (V% 7] A4 o] ),
320

asynchronous generator iterator (H] % 7]
Al el ol 8 o] el gl o] §), 320

asynchronous iterable (H]57] o]E#E£), 320

asynchronous iterator (H]% 7] ©]E & o] H),
320

attribute (MJEEHE), 320

awaitable (o]¢] o] E] &), 321

B

BDFL, 321

binary file (8}o] g 3}Y), 321
binaryfunc (C type), 310
borrowed reference, 321
buffer interface
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(see buffer protocol), 113
buffer object
(see buffer protocol), 113
buffer protocol, 113
built-in function
_ _import_ ,75
abs, 106
ascii, 98
bytes, 98
classmethod, 270
compile, 76
divmod, 106
float, 108
hash, 98, 287
int, 108
len, 99, 109, 111, 161, 164, 168
pow, 106, 107
repr, 97, 286
staticmethod, 270
tuple, 110, 162
type, 99
builtins
module, 13, 205, 219, 220
bytearray
object, 140
bytecode (H}o]E F &), 321
bytes
built-in function, 98
object, 138
bytes-like object (HFo]E A& AA)), 321

C

callable, 321
callback (%), 321
calloc (C function), 253
Capsule

object, 190
C-contiguous, 116, 322
class (Z82), 321
class variable (F#l2 W), 321
classmethod

built-in function, 270
cleanup functions, 74
close (in module os), 220
CO_FUTURE_DIVISION (C var), 47
code object, 172
compile

built-in function, 76
complex number

object, 136
complex number (B4 ), 322
context manager (AEIAE 3| A}, 322
context variable (AYAE HE), 322
contiguous, 116

contiguous (<), 322

copyright (in module sys), 209
coroutine (ZFH), 322

coroutine function (ZFHE &), 322
CPython, 322

D

decorator (H 2 d| o] g), 322
descrgetfunc (Ctype), 310
descriptor (HJ2ZHE), 322
descrsetfunc (Ctype), 310
destructor (Ctype), 309
dictionary

object, 163
dictionary (944 g]), 323
dictionary comprehension (YA g A=Zz3l

A, 323

dictionary view (A4 g H), 323
divmod

built-in function, 106
docstring (5F2~EH), 323
duck-typing (§ E}o]3), 323

E

EAFP, 323

EOFError (built-in exception), 176
exc_info (in module sys), 11
executable (in module sys), 208

exit (C function), 74

expression (E34]), 323
extension module (7% 2E), 323

F
f-string (fEAE), 323
file

object, 176
file object (< AA), 323
file—like object (Z}<F Z2A)), 324
filesystem encoding and error handler,

324

finder (3}91H), 324
float

built-in function, 108
floating point

object, 134
floor division (A4 U4, 324
Fortran contiguous, 116,322
free (C function), 253
freefunc (C type), 309
freeze utility, 78

frozenset
object, 167

function
object, 168
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function (&%), 324
function annotation (84 o]k Ho]A), 324

G

garbage collection (7}H]A] $4), 325

gcvisitobjects_t (Ctpe), 316

generator (A1 & °] ¥), 325

generator expression (AU olE &d4]), 325

generator iterator (A d °]El o] g o] E),
325

generic function (AHl g &), 325

generic type (AUH &), 32

getattrfunc (Ctype), 309

getattrofunc (Ctype), 309

getbufferproc (Ctype), 310

getiterfunc (Ctype), 310

getter (Ctype), 275

GIL, 325

global interpreter lock,211

global interpreter lock (A< <9l E = g ¥
=), 325

Fl

hash

built—-in function, 98, 287
hash-based pyc (G} A] 714k pyc), 325
hashable (| A] 7}%), 326
hashfunc (C type), 310

IDLE, 326
immutable (B%), 326
import path(Y4=x2E A=Z), 326
importer (Y *¥), 326
importing (Y 3EH), 326
incr_item(), 12,13
initproc (Ctype), 309
inquiry (C type), 315
instancemethod

object, 171
int

built-in function, 108
integer

object, 129
interactive (th3}3), 326
interpreted (A E Z 2 E|E), 326
interpreter lock, 211
interpreter shutdown (QEHZE|H £7),326
iterable (°|HHE), 326
iterator (o] Eld o] H), 327
iternextfunc (Ctype), 310

K

key function (7] &), 327

KeyboardInterrupt (built-in exception), 61
keyword argument (7]¥E <A}, 327

L

lambda (T}, 327
LBYL, 327
len
built-in function, 99, 109, 111, 161, 164,
168
lenfunc (Ctype), 310
list
object, 161
list (8|2 E), 327
list comprehension (E|2E AZE|3A), 327
loader (2H), 328
locale encoding, 328
lock, interpreter,?211
long integer
object, 129
LONG_MAX (C macro), 131

M
magic

method (WA =), 328
magic method (W] 2 W A &), 328
main (), 206,207, 209
malloc (C function), 253
mapping

object, 163
mapping (73), 328
memoryview

object, 188
meta path finder (WE} AE 3} 1), 328
metaclass (W EF =2 2), 328
METH_CLASS (C macro), 270
METH_COEXIST (C macro), 270
METH_FASTCALL (C macro), 269
METH_KEYWORDS (C macro), 269
METH_METHOD (C macro), 270
METH_NOARGS (C macro), 270
METH_O (C macro), 270
METH_STATIC (C macro), 270
METH_VARARGS (C macro), 269
method

object, 171
method (WA =), 328

magic, 328

special, 333
method resolution order (WA E ZAA <A,

328

MethodType (in module types), 168, 171
module

_ _main_ , 13,205,219, 220

_thread, 213
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builtins, 13,205,219, 220 P

object, 177 package (3] 7] A]), 329

searchpath, 13, 205, 208 package variable

signal, 61 all 75

sys. 13, 205, 219, 220 parameter (W 7]H4), 330
module (2 %&), 328 PATH, 13

module spec (RE £ d) 328 path
modules (in m?dule sys), 75, 205 module search, 13, 205, 208
ModuleType (in module types), 177 path (in module sys), 13, 205, 208

MRO, 329 path based finder (A2 7]% 3}91H), 330
mutable (7}H), 329 path entry (HZ AEF), 330
N path entry finder (A2 JdE g 5t H), 330

path entry hook (A& AEZ ), 330
path-like object (AZF A A)), 330
PEP, 331

plat form (in module sys), 209

portion (E4), 331

positional argument (%] €12}, 331

named tuple (M|¥9= 5&),329

namespace (0] 5 &7}), 329

namespace package (0|5 &7F 97| A)), 329
nested scope (FHH 237 2),329
new-style class (FF2EY 8 2), 329

i of

newfunc (C type), 309 pow

None built-in function, 106, 107
object, 129 provisional API (A API), 331

numeric provisional package (FA 3 7] A)), 331
object, 129 Py_ABS (C macro), 5

Py_AddPendingCall (C function), 222
CD Py_ALWAYS_INLINE (C macro), 5

object Py_AtExit (C function), 74
bytearray, 140 Py_AUDIT_READ (C macro), 272
bytes, 138 Py_AuditHookFunction (C type), 74
Capsule, 190 Py_BEGIN_ALLOW_THREADS (C macro), 211,214
code, 172 Py_BLOCK_THREADS (C macro), 215

complex number, 136

Py_buffer (Ctype), 114

dictionary, 163
file, 176

floating point, 134
frozenset, 167
function, 168
instancemethod, 171
integer, 129

Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.

buf (C member), 114
format (C member), 114
internal (C member), 115
itemsize (C member), 114
len (C member), 114

ndim (C member), 114

obj (C member), 114

list, 161 Py_buffer.readonly (C member), 114
long integer, 129 Py_buffer.shape (C member), 114
mapping, 163 Py_buffer.strides (C member), 115
memoryview, 188 Py_buffer.suboffsets (Cmember), 115
method, 171 Py_BuildValue (C function), 86

module, 177 Py_BytesMain (C function), 43

None, 129 Py_BytesWarningFlag (C var), 202

numeric, 129
sequence, 137

Py_CHARMASK (C macro), 5
Py_CLEAR (C function), 50

set, 167 Py_CompileString (C function), 46, 47
tuple, 158 Py_CompileStringExFlags (C function), 46
type, 7,123 Py_CompileStringFlags (C function), 46

object (AA), 329

objobjargproc (Ctype), 310
objobjproc (Ctype), 310
OverflowError (built-in exception), 131, 132

Py_CompileStringObject (C function), 46
Py_complex (Ctype), 136

Py_DEBUG (C macro), 14

Py_DebugFlag (Cvar), 202
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Py_DecodeLocale (C function), 70
Py_DECREF (C function), 8, 50

Py_DecRef (C function), 51
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 203
Py_Ellipsis (Cvar), 188
Py_EncodeLocale (C function), 71
Py_END_ALLOW_THREADS (C macro), 211, 215
Py_EndInterpreter (C function), 220
Py_EnterRecursiveCall (C function), 64
Py_EQ (C macro), 295

Py_eval_input (Cvar), 47

Py_Exit (C function), 74
Py_ExitStatusException (C function), 231
Py_False (Cvar), 133

Py_FatalError (C function), 74
Py_FatalError (), 209
Py_FdIsInteractive (C function), 69
Py_file_input (Cvar), 47

Py_Finalize (C function), 206
Py_FinalizeEx (C function), 74, 205, 206, 220
Py_FrozenFlag (Cvar), 203

Py_GE (C macro), 295

Py_GenericAlias (C function), 200
Py_GenericAliasType (C var), 200
Py_GetArgcArgv (C function), 250
Py_GetBuildInfo (C function), 209
Py_GetCompiler (C function), 209
Py_GetCopyright (C function), 209
Py_GETENV (C macro), 6
Py_GetExecPrefix (C function), 13, 207
Py_GetPath (C function), 13, 208
Py_GetPath (), 207, 208
Py_GetPlatform (C function), 209
Py_GetPrefix (C function), 13, 207
Py_GetProgramFullPath (C function), 13,208
Py_GetProgramName (C function), 207
Py_GetPythonHome (C function), 210
Py_GetVersion (C function), 208

Py_GT (C macro), 295

Py_hash_t (Ctype), 90
Py_HashRandomizationFlag (C var), 203
Py_IgnoreEnvironmentFlag (C var), 203
Py_INCREF (C function), 8, 49

Py_IncRef (C function), 51
Py_Initialize (C function), 13, 205, 220
Py_Initialize (), 206,207
Py_InitializeEx (C function), 205
Py_InitializeFromConfig (C function), 246
Py_InspectFlag (Cvar), 203
Py_InteractiveFlag (C var), 203

Py_TIs (C function), 266

Py_IS_TYPE (C function), 267

Py_IsFalse (C function), 267

Py_IsInitialized (C function), 13, 205
Py_1IsNone (C function), 267

Py_IsolatedFlag (Cvar), 203

Py_IsTrue (C function), 267

Py_LE (C macro), 295

Py_LeaveRecursiveCall (C function), 64
Py_LegacyWindowsFSEncodingFlag (Cvar), 204
Py_LegacyWindowsStdioFlag (C var), 204
Py_LIMITED_APTI (C macro), 16

Py_LT (C macro), 295

Py_Main (C function), 43

PY_MAJOR_VERSION (C macro), 317

Py_MAX (C macro), 6

Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 317

Py_MIN (C macro), 6

PY_MINOR_VERSION (C macro), 317
Py_mod_create (C macro), 181

Py_mod_exec (C macro), 181
Py_mod_multiple_interpreters (Cmacro), 181

Py _MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

(C macro), 181
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 181
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED (c
macro), 181
Py_NE (C macro), 295
Py_NewInterpreter (C function), 220
Py_NewInterpreterFromConfig (C function),219
Py_NewRef (C function), 50
Py_NO_INLINE (C macro), 6
Py_None (C var), 129
Py_NoSiteFlag (Cvar), 204
Py_NotImplemented (C var), 95
Py_NoUserSiteDirectory (Cvar), 204
Py_OptimizeFlag (Cvar), 204
Py_PrelInitialize (C function), 234
Py_PreInitializeFromArgs (C function), 234
Py_PreInitializeFromBytesArgs (C function),
234
Py_PRINT_RAW (C macro), 95, 177
Py_QuietFlag (Cvar), 205
Py_READONLY (C macro), 272
Py_REFCNT (C function), 49
Py_RELATIVE_OFFSET (C macro), 272
PY_RELEASE_LEVEL (C macro), 317
PY_RELEASE_SERIAL (C macro), 317
Py_ReprEnter (C function), 65
Py_ReprLeave (C function), 65
Py_RETURN_FALSE (C macro), 134
Py_RETURN_NONE (C macro), 129
Py_RETURN_NOTIMPLEMENTED (C macro), 95
Py_RETURN_RICHCOMPARE (C macro), 295
Py_RETURN_TRUE (C macro), 134
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Py_RunMain (C function), 250

Py_SET_REFCNT (C function), 49

Py_SET_SIZE (C function), 267

Py_SET_TYPE (C function), 267

Py_SetPath (C function), 208

Py_SetPath (), 208

Py_SetProgramName (C function), 13, 207

Py_SetProgramName (), 205, 207, 208

Py_SetPythonHome (C function), 210

Py_SETREF (C macro), 51

Py_SetStandardStreamEncoding (C function),
206

Py_single_input (Cvar), 47

Py_SIZE (C function), 267

Py_ssize_t (Ctype), 11

PY_SSIZE_T_MAX (C macro), 132

Py_STRINGIFY (C macro), 6

Py_T_BOOL (C macro), 274

Py_T_BYTE (C macro), 274

Py_T_CHAR (C macro), 274

Py_T_DOUBLE (C macro), 274

Py_T_FLOAT (C macro), 274

Py_T_INT (C macro), 274

Py_T_LONG (C macro), 274

Py_T_LONGLONG (C macro), 274

Py_T_OBJECT_EX (C macro), 274

Py_T_PYSSIZET (C macro), 274

Py_T_SHORT (C macro), 274

Py_T_STRING (C macro), 274

Py_T_STRING_INPLACE (C macro), 274

Py_T_UBYTE (C macro), 274

Py_T_UINT (C macro), 274

Py_T_ULONG (C macro), 274

Py_T_ULONGLONG (C macro), 274

Py_T_USHORT (C macro), 274

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 291

Py_TPFLAGS_BASETYPE (C macro), 289

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 291

Py_TPFLAGS_DEFAULT (C macro), 290

Py_TPFLAGS_DICT_SUBCLASS (C macro), 291

Py_TPFLAGS_DISALLOW_INSTANTIATION c
macro), 292

Py_TPFLAGS_HAVE_FINALIZE (C macro), 291

Py_TPFLAGS_HAVE_GC (C macro), 289

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 291

Py_TPFLAGS_HEAPTYPE (C macro), 289

Py_TPFLAGS_IMMUTABLETYPE (C macro), 291

Py_TPFLAGS_ITEMS_AT_END (C macro), 290

Py_TPFLAGS_LIST_SUBCLASS (C macro), 291

Py_TPFLAGS_LONG_SUBCLASS (C macro), 291

Py_TPFLAGS_MANAGED_DICT (C macro), 290

Py_TPFLAGS_MANAGED_WEAKREF (C macro), 290

Py_TPFLAGS_MAPPING (C macro), 292

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 290

Py_TPFLAGS_READY (C macro), 289

Py_TPFLAGS_READYING (C macro), 289

Py_TPFLAGS_SEQUENCE (C macro), 292

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 291

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 291

Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 291

Py_TPFLAGS_VALID_VERSION_TAG (C macro), 293

Py_tracefunc (Ctype), 222

Py_True (Cvar), 133

Py_tss_NEEDS_INIT (C macro), 225

Py_tss_t (Ctype), 225

Py_TYPE (C function), 267

Py_UCS1 (Ctype), 141

Py_UCS2 (Ctype), 141

Py_UCS4 (Ctype), 141

Py_uhash_t (C type), 90

Py_UNBLOCK_THREADS (C macro), 215

Py_UnbufferedStdioFlag (C var), 205

Py_UNICODE (C type), 141

Py_UNICODE_IS_HIGH_SURROGATE (o function),
144

Py_UNICODE_IS_LOW_SURROGATE (C function), 144

Py_UNICODE_IS_SURROGATE (C function), 144

Py_UNICODE_ISALNUM (C function), 143

Py_UNICODE_ISALPHA (C function), 143

Py_UNICODE_ISDECIMAL (C function), 143

Py_UNICODE_ISDIGIT (C function), 143

Py_UNICODE_ISLINEBREAK (C function), 143

Py_UNICODE_ISLOWER (C function), 143

Py_UNICODE_ISNUMERIC (C function), 143

Py_UNICODE_ISPRINTARBLE (C function), 143

Py_UNICODE_ISSPACE (C function), 143

Py_UNICODE_ISTITLE (C function), 143

Py_UNICODE_ISUPPER (C function), 143

Py_UNICODE_JOIN_SURROGATES (C function), 144

Py_UNICODE_TODECIMAL (Cfunction), 144

Py_UNICODE_TODIGIT (C function), 144

Py_UNICODE_TOLOWER (C function), 144

Py_UNICODE_TONUMERIC (C function), 144

Py_UNICODE_TOTITLE (C function), 144

Py_UNICODE_TOUPPER (C function), 144

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvValue (C function), 88

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
101

Py_VerboseFlag (Cvar), 205

Py_Version (Cvar), 318

PY_VERSION_HEX (C macro), 317

Py_VISIT (C function), 315

Py_XDECREF (C function), 13, 50

Py_XINCREF (C function), 49

Py_XNewRef (C function), 50

Py_XSETREF (C macro), 51
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PyAIter_Check (C function), 112
PyAnySet_Check (C function), 167
PyAnySet_CheckExact (C function), 167
PyArg_Parse (C function), 85
PyArg_ParseTuple (C function), 84
PyArg_ParseTupleAndKeywords (C function), 84
PyArg_UnpackTuple (C function), 85
PyArg_ValidateKeywordArguments
tion), 85
PyArg_VaParse (C function), 84
PyArg_VaParseTupleAndKeywords (C function),
85
PyASCIIObject (Ctype), 141
PyAsyncMethods (C type), 308
PyAsyncMethods.am_aiter (C member), 308
PyAsyncMethods.am_anext (C member), 309
PyAsyncMethods.am_await (C member), 308
PyAsyncMethods.am_send (C member), 309
PyBool_Check (C function), 133
PyBool_FromLong (C function), 134
PyBool_Type (Cvar), 133
PyBUF_ANY_CONTIGUOUS (C macro), 117
PyBUF_C_CONTIGUOUS (C macro), 117
PyBUF_CONTIG (C macro), 117
PyBUF_CONTIG_RO (C macro), 117
PyBUF_F_CONTIGUOUS (C macro), 117
PyBUF_FORMAT (C macro), 116
PyBUF_FULL (C macro), 117
PyBUF_FULL_RO (C macro), 117
PyBUF_INDIRECT (C macro), 116
PyBUF_MAX_NDIM (C macro), 115
PyBUF_ND (C macro), 116
PyBUF_READ (C macro), 188
PyBUF_RECORDS (C macro), 117
PyBUF_RECORDS_RO (C macro), 117
PyBUF_SIMPLE (C macro), 116
PyBUF_STRIDED (C macro), 117
PyBUF_STRIDED_RO (C macro), 117
PyBUF_STRIDES (C macro), 116
PyBUF_WRITABLE (C macro), 116
PyBUF_WRITE (C macro), 188
PyBuffer_ FillContiguousStrides
tion), 120
PyBuffer_FillInfo (C function), 120
PyBuffer_FromContiguous (C function), 119
PyBuffer_GetPointer (C function), 119
PyBuffer_IsContiguous (C function), 119
PyBuffer_Release (C function), 119
PyBuffer_SizeFromFormat (C function), 119
PyBuffer_ToContiguous (C function), 120
PyBufferProcs (Ctype), 113,307
PyBufferProcs.bf_getbuffer (Cmember), 307
PyBufferProcs.bf_releasebuffer (Cmember),
308

(C  func-

(C  func-

PyByteArray_AS_STRING (C function), 140
PyByteArray_AsString (C function), 140
PyByteArray_Check (C function), 140
PyByteArray_CheckExact (C function), 140
PyByteArray_Concat (C function), 140
PyByteArray_FromObject (C function), 140
PyByteArray_FromStringAndSize (C function),
140
PyByteArray_GET_SIZE (C function), 140
PyByteArray_Resize (C function), 140
PyByteArray_Size (C function), 140
PyByteArray_Type (Cvar), 140
PyByteArrayObject (C type), 140
PyBytes_AS_STRING (C function), 139
PyBytes_AsString (C function), 139
PyBytes_AsStringAndSize (C function), 139
PyBytes_Check (C function), 138
PyBytes_CheckExact (C function), 138
PyBytes_Concat (C function), 139
PyBytes_ConcatAndDel (C function), 139
PyBytes_FromFormat (C function), 138
PyBytes_FromFormatV (C function), 138
PyBytes_FromObject (C function), 139
PyBytes_FromString (C function), 138
PyBytes_FromStringAndSize (C function), 138
PyBytes_GET_SIZE (C function), 139
PyBytes_Size (C function), 139
PyBytes_Type (Cvar), 138
PyBytesObject (Ctype), 138
PyCallable_Check (C function), 105
PyCallIter_Check (C function), 186
PyCallIter_New (C function), 186
PyCallIter_Type (Cvar), 185
PyCapsule (C type), 190
PyCapsule_CheckExact (C function), 190
PyCapsule_Destructor (Ctype), 190
PyCapsule_GetContext (C function), 190
PyCapsule_GetDestructor (C function), 190
PyCapsule_GetName (C function), 190
PyCapsule_GetPointer (C function), 190
PyCapsule_Import (C function), 191
PyCapsule_IsValid (C function), 191
PyCapsule_New (C function), 190
PyCapsule_SetContext (C function), 191
PyCapsule_SetDestructor (C function), 191
PyCapsule_SetName (C function), 191
PyCapsule_SetPointer (C function), 191
PyCell_Check (C function), 172
PyCell_GET (C function), 172
PyCell_Get (C function), 172
PyCell_New (C function), 172
PyCell_SET (C function), 172
PyCell_Set (C function), 172
PyCell_Type (Cvar), 172

=
ro

365



The Python/C API, ¥ 2]~ 3.12.4

PyCellObject (Ctype), 172
PyCFunction (C type), 268
PyCFunction_New (C function), 271
PyCFunction_NewEx (C function), 271
PyCFunctionWithKeywords (C type), 268
PyCMethod (C type), 268
PyCMethod_New (C function), 270
PyCode_Addr2Line (C function), 173
PyCode_Addr2Location (C function), 173
PyCode_AddWatcher (C function), 174
PyCode_Check (C function), 172
PyCode_ClearWatcher (C function), 174
PyCode_GetCellvars (C function), 174
PyCode_GetCode (C function), 174
PyCode_GetFirstFree (C function), 172
PyCode_GetFreevars (C function), 174
PyCode_GetNumFree (C function), 172
PyCode_GetVarnames (C function), 174
PyCode_New (C function), 173
PyCode_NewEmpty (C function), 173
PyCode_NewWithPosOnlyArgs (C function), 173
PyCode_Type (Cvar), 172
PyCode_WatchCallback (C type), 174
PyCodec_BackslashReplaceErrors
tion), 93
PyCodec_Decode (C function), 91
PyCodec_Decoder (C function), 92
PyCodec_Encode (C function), 91
PyCodec_Encoder (C function), 92
PyCodec_IgnoreErrors (C function), 93
PyCodec_IncrementalDecoder (C function), 92
PyCodec_IncrementalEncoder (C function), 92
PyCodec_KnownEncoding (C function), 91
PyCodec_LookupError (C function), 92
PyCodec_NameReplaceErrors (C function), 93
PyCodec_Register (C function), 91
PyCodec_RegisterError (C function), 92
PyCodec_ReplaceErrors (C function), 93
PyCodec_StreamReader (C function), 92
PyCodec_StreamWriter (C function), 92
PyCodec_StrictErrors (C function), 92
PyCodec_Unregister (C function), 91
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 93
PyCodeEvent (C type), 174
PyCodeObject (Ctype), 172
PyCompactUnicodeObject (C type), 141
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version c
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 137
PyComplex_Check (C function), 137
PyComplex_CheckExact (C function), 137

(C  func-

PyComplex_FromCComplex (C function), 137
PyComplex_FromDoubles (C function), 137
PyComplex_ImagAsDouble (C function), 137
PyComplex_RealAsDouble (C function), 137
PyComplex_Type (Cvar), 137
PyComplexObject (C type), 137
PyConfig (Ctype), 235
PyConfig_Clear (C function), 236
PyConfig_InitIsolatedConfig (C function),?235
PyConfig_InitPythonConfig (C function), 235
PyConfig_Read (C function), 236
PyConfig_SetArgv (C function), 235
PyConfig_SetBytesArgv (C function), 235
PyConfig_SetBytesString (C function), 235
PyConfig_SetString (C function), 235
PyConfig_SetWideStringList (C function), 235
PyConfig.argv (C member), 236
PyConfig.base_exec_prefix (C member), 237
PyConfig.base_executable (C member), 237
PyConfig.base_prefix (C member), 237
PyConfig.buffered_stdio (C member), 237
PyConfig.bytes_warning (C member), 237
PyConfig.check_hash_pycs_mode (C member),
238
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
239
PyConfig.
PyConfig.
PyConfig.
PyConfig.

code_debug_ranges (C member), 237
configure_c_stdio (C member), 238
dev_mode (C member), 238

dump_refs (C member), 238
exec_prefix (C member), 238
executable (C member), 238
faulthandler (C member), 239
filesystem_encoding (C member),

filesystem_errors (C member), 239
hash_seed (C member), 239
home (C member), 240
import_time (C member), 240
PyConfig.inspect (C member), 240
PyConfig.install_signal_handlers (C mem-
ber), 240
PyConfig.int_max_str_digits (Cmember), 240
PyConfig.interactive (C member), 240
PyConfig.isolated (C member), 240
PyConfig.legacy_windows_stdio (C member),
241
PyConfig.malloc_stats (C member), 241
PyConfig.module_search_paths (C member),
241
PyConfig.module_search_paths_set (C mem-
ber), 241
PyConfig.optimization_level (Cmember), 242
PyConfig.orig_argv (C member), 242
PyConfig.parse_argv (C member), 242
PyConfig.parser_debug (C member), 242
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PyConfig.pathconfig _warnings (C member),
242
PyConfig.perf_profiling (C member), 245
PyConfig.platlibdir (C member), 241
PyConfig.prefix (Cmember), 243
PyConfig.program_name (C member), 243
PyConfig.pycache_prefix (C member), 243
PyConfig.pythonpath_env (C member), 241
PyConfig.quiet (C member), 243
PyConfig.run_command (C member), 243
PyConfig.run_filename (C member), 243
PyConfig.run_module (C member), 243
PyConfig.safe_path (Cmember), 236
PyConfig.show_ref_count (C member), 244
PyConfig.site_import (C member), 244
PyConfig.skip_source_first_line (C mem-
ber), 244
PyConfig.stdio_encoding (C member), 244
PyConfig.stdio_errors (C member), 244
PyConfig.tracemalloc (C member), 244
PyConfig.use_environment (C member), 245

PyConfig.use_hash_seed (C member), 239
PyConfig.user_site_directory (C member),
245

PyConfig.verbose (C member), 245
PyConfig.warn_default_encoding (Cmember),
237
PyConfig.warnoptions (C member), 245
PyConfig.write_bytecode (C member), 246
PyConfig.xoptions (C member), 246
PyContext (Ctype), 195
PyContext_CheckExact (C function), 195
PyContext_Copy (C function), 195
PyContext_CopyCurrent (C function), 196
PyContext_Enter (C function), 196
PyContext_Exit (C function), 196
PyContext_New (C function), 195
PyContext_Type (Cvar), 195
PyContextToken (C type), 195
PyContextToken_CheckExact (C function), 195
PyContextToken_Type (C var), 195
PyContextVar (Ctype), 195
PyContextVar_CheckExact (C function), 195
PyContextVar_Get (C function), 196
PyContextVar_New (C function), 196
PyContextVar_Reset (C function), 196
PyContextVar_Set (C function), 196
PyContextVar_Type (Cvar), 195
PyCoro_CheckExact (C function), 194
PyCoro_New (C function), 194
PyCoro_Type (Cvar), 194
PyCoroObject (Ctype), 194
PyDate_Check (C function), 197
PyDate_CheckExact (C function), 197

PyDate_FromDate (C function), 198
PyDate_FromTimestamp (C function), 200
PyDateTime_Check (C function), 197
PyDateTime_CheckExact (C function), 197
PyDateTime_Date (Ctype), 196
PyDateTime_DATE_GET_FOLD (C function), 199
PyDateTime_DATE_GET_HOUR (C function), 199
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 199
PyDateTime_DATE_GET_MINUTE (C function), 199
PyDateTime_DATE_GET_SECOND (C function), 199
PyDateTime_DATE_GET_TZINFO (C function), 199
PyDateTime_DateTime (C type), 196
PyDateTime_DateTimeType (C var), 197
PyDateTime_DateType (Cvar), 197
PyDateTime_Delta (C type), 197
PyDateTime_DELTA_GET_DAYS (C function), 199
PyDateTime_DELTA_GET_MICROSECONDS c
function), 200
PyDateTime_DELTA_GET_SECONDS (C function),
200
PyDateTime_DeltaType (Cvar), 197
PyDateTime_FromDateAndTime (C function), 198
PyDateTime_FromDateAndTimeAndFold (c
function), 198
PyDateTime_FromTimestamp (C function), 200
PyDateTime_GET_DAY (C function), 199
PyDateTime_GET_MONTH (C function), 199
PyDateTime_GET_YEAR (C function), 198
PyDateTime_Time (C type), 196
PyDateTime_TIME_GET_FOLD (C function), 199
PyDateTime_TIME_GET_HOUR (C function), 199
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 199
PyDateTime_TIME_GET_MINUTE (C function), 199
PyDateTime_TIME_GET_SECOND (C function), 199
PyDateTime_TIME_GET_TZINFO (C function), 199
PyDateTime_TimeType (C var), 197
PyDateTime_TimeZone_UTC (C var), 197
PyDateTime_TZInfoType (Cvar), 197
PyDelta_Check (C function), 197
PyDelta_CheckExact (C function), 198
PyDelta_FromDSU (C function), 198
PyDescr_IsData (C function), 186
PyDescr_NewClassMethod (C function), 186
PyDescr_NewGetSet (C function), 186
PyDescr_NewMember (C function), 186
PyDescr_NewMethod (C function), 186
PyDescr_NewWrapper (C function), 186
PyDict_AddwWatcher (C function), 165
PyDict_Check (C function), 163
PyDict_CheckExact (C function), 163
PyDict_Clear (C function), 163
PyDict_ClearWatcher (C function), 166
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PyDict_Contains (C function), 163
PyDict_Copy (C function), 163
PyDict_DelItem (C function), 163
PyDict_DelItemString (C function), 163
PyDict_GetItem (C function), 163
PyDict_GetItemString (C function), 164
PyDict_GetItemWithError (C function), 164
PyDict_TItems (C function), 164
PyDict_Keys (C function), 164
PyDict_Merge (C function), 165
PyDict_MergeFromSeq2 (C function), 165
PyDict_New (C function), 163
PyDict_Next (C function), 164
PyDict_SetDefault (C function), 164
PyDict_SetItem (C function), 163
PyDict_SetItemString (C function), 163
PyDict_Size (C function), 164
PyDict_Type (Cvar), 163
PyDict_Unwatch (C function), 166
PyDict_Update (C function), 165
PyDict_Values (C function), 164
PyDict_Watch (C function), 166
PyDict_WatchCallback (C type), 166
PyDict_WatchEvent (C type), 166
PyDictObject (Ctype), 163
PyDictProxy_New (C function), 163
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 55
PyErr_BadInternalCall (C function), 57
PyErr_CheckSignals (C function), 61
PyErr_Clear (C function), 11, 13, 53
PyErr_DisplayException (C function), 54
PyErr_ExceptionMatches (C function), 13, 58
PyErr_Fetch (C function), 59
PyErr_Format (C function), 54
PyErr_FormatV (C function), 54
PyErr_GetExcInfo (C function), 60
PyErr_GetHandledException (C function), 60
PyErr_GetRaisedException (C function), 58
PyErr_GivenExceptionMatches (C function), 58
PyErr_NewException (C function), 62
PyErr_NewExceptionWithDoc (C function), 62
PyErr_NoMemory (C function), 55
PyErr_NormalizeException (C function), 59
PyErr_Occurred (C function), 11, 58
PyErr_Print (C function), 54
PyErr_PrintEx (C function), 53
PyErr_ResourceWarning (C function), 57
PyErr_Restore (C function), 59
PyErr_SetExcFromWindowsErr (C function), 55
PyErr_SetExcFromWindowsErrWithFilename
(C function), 56

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 56

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 56
PyErr_SetExcInfo (C function), 60
PyErr_SetFromErrno (C function), 55
PyErr_SetFromErrnoWithFilename (C func-
tion), 55
PyErr_SetFromErrnoWithFilenameObject (C
function), 55
PyErr_SetFromErrnoWithFilenameObjects
(C function), 55
PyErr_SetFromWindowsErr (C function), 55
PyErr_SetFromWindowsErrWithFilename (C
function), 56
PyErr_SetHandledException (C function), 60
PyErr_SetImportError (C function), 56
PyErr_SetImportErrorSubclass (C function),
56
PyErr_SetInterrupt (C function), 61
PyErr_SetInterruptEx (C function), 61
PyErr_SetNone (C function), 55
PyErr_SetObject (C function), 54
PyErr_SetRaisedException (C function), 58
PyErr_SetString (C function), 11, 54
PyErr_SyntaxLocation (C function), 57
PyErr_SyntaxLocationEx (C function), 56
PyErr_SyntaxLocationObject (C function), 56
PyErr_WarnEx (C function), 57
PyErr_WarnExplicit (C function), 57
PyErr_WarnExplicitObject (C function), 57
PyErr_WarnFormat (C function), 57
PyErr_WriteUnraisable (C function), 54
PyEval_AcquireLock (C function), 218
PyEval_AcquireThread (C function), 217
PyEval_AcquireThread(), 213
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 91
PyEval_GetFrame (C function), 91
PyEval_GetFuncDesc (C function), 91
PyEval_GetFuncName (C function), 91
PyEval_GetGlobals (C function), 91
PyEval_GetLocals (C function), 91
PyEval_InitThreads (C function), 213
PyEval_InitThreads (), 205
PyEval_MergeCompilerFlags (C function), 47
PyEval_ReleaseLock (C function), 218
PyEval_ReleaseThread (C function), 218
PyEval_ReleaseThread (), 213
PyEval_RestoreThread (C function), 211,213
PyEval_RestoreThread(), 213
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PyEval_SaveThread (C function), 211,213
PyEval_SaveThread(), 213
PyEval_SetProfile (C function), 223
PyEval_SetProfileAllThreads (C function),223
PyEval_SetTrace (C function), 224
PyEval_SetTraceAllThreads (C function), 224
PyEval_ThreadsInitialized (C function), 213
PyExc_ArithmeticError (C var), 65
PyExc_AssertionError (Cvar), 65
PyExc_AttributeError (Cvar), 65
PyExc_BaseException (C var), 65
PyExc_BlockingIOError (C var), 65
PyExc_BrokenPipeError (C var), 65
PyExc_BufferError (C var), 65
PyExc_BytesWarning (Cvar), 67
PyExc_ChildProcessError (Cvar), 65
PyExc_ConnectionAbortedError (C var), 65
PyExc_ConnectionError (C var), 65
PyExc_ConnectionRefusedError (Cvar), 65
PyExc_ConnectionResetError (C var), 65
PyExc_DeprecationWarning (Cvar), 67
PyExc_EnvironmentError (C var), 66
PyExc_EOFError (Cvar), 65
PyExc_Exception (C var), 65
PyExc_FileExistsError (Cvar), 65
PyExc_FileNotFoundError (Cvar), 65
PyExc_FloatingPointError (C var), 65
PyExc_FutureWarning (C var), 67
PyExc_GeneratorExit (Cvar), 65
PyExc_ImportError (Cvar), 65
PyExc_ImportWarning (C var), 67
PyExc_IndentationError (Cvar), 65
PyExc_IndexError (Cvar), 65
PyExc_InterruptedError (C var), 65
PyExc_IOError (Cvar), 66
PyExc_IsADirectoryError (Cvar), 65
PyExc_KeyboardInterrupt (C var), 65
PyExc_KeyError (Cvar), 65
PyExc_LookupError (C var), 65
PyExc_MemoryError (C var), 65
PyExc_ModuleNotFoundError (C var), 65
PyExc_NameError (C var), 65
PyExc_NotADirectoryError (Cvar), 65
PyExc_NotImplementedError (C var), 65
PyExc_OSError (Cvar), 65
PyExc_OverflowError (Cvar), 65
PyExc_PendingDeprecationWarning (Cvar), 67
PyExc_PermissionError (C var), 65
PyExc_ProcessLookupError (C var), 65
PyExc_RecursionError (C var), 65
PyExc_ReferenceError (C var), 65
PyExc_ResourceWarning (Cvar), 67
PyExc_RuntimeError (Cvar), 65
PyExc_RuntimeWarning (C var), 67

PyExc_StopAsyncIteration (C var), 65
PyExc_StopIteration (Cvar), 65
PyExc_SyntaxError (Cvar), 65
PyExc_SyntaxWarning (C var), 67
PyExc_SystemError (C var), 65
PyExc_SystemExit (C var), 65
PyExc_TabError (C var), 65
PyExc_TimeoutError (C var), 65
PyExc_TypeError (Cvar), 65
PyExc_UnboundLocalError (Cvar), 65
PyExc_UnicodeDecodeError (C var), 65
PyExc_UnicodeEncodeError (C var), 65
PyExc_UnicodeError (C var), 65
PyExc_UnicodeTranslateError (Cvar), 65
PyExc_UnicodeWarning (C var), 67
PyExc_UserWarning (C var), 67
PyExc_ValueError (Cvar), 65
PyExc_Warning (C var), 67
PyExc_WindowsError (C var), 66
PyExc_ZeroDivisionError (Cvar), 65
PyException_GetArgs (C function), 63
PyException_GetCause (C function), 62
PyException_GetContext (C function), 62
PyException_GetTraceback (C function), 62
PyException_SetArgs (C function), 63
PyException_SetCause (C function), 63
PyException_SetContext (C function), 62
PyException_SetTraceback (C function), 62
PyFile_FromFd (C function), 176
PyFile_GetLine (C function), 176
PyFile_SetOpenCodeHook (C function), 176

PyFile_SetOpenCodeHook.Py_OpenCodeHookFunction

(Ctype), 176
PyFile_WriteObject (C function), 177
PyFile_WriteString (C function), 177
PyFloat_AS_DOUBLE (C function), 134
PyFloat_AsDouble (C function), 134
PyFloat_Check (C function), 134
PyFloat_CheckExact (C function), 134
PyFloat_FromDouble (C function), 134
PyFloat_FromString (C function), 134
PyFloat_GetInfo (C function), 134
PyFloat_GetMax (C function), 134
PyFloat_GetMin (C function), 135
PyFloat_Pack2 (C function), 135
PyFloat_Pack4 (C function), 135
PyFloat_Pack8 (C function), 135
PyFloat_Type (Cvar), 134
PyFloat_Unpack?2 (C function), 136
PyFloat_Unpack4 (C function), 136
PyFloat_Unpack8 (C function), 136
PyFloatObject (Ctype), 134
PyFrame_Check (C function), 192
PyFrame_GetBack (C function), 192
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PyFrame_GetBuiltins (C function), 192
PyFrame_GetCode (C function), 192
PyFrame_GetGenerator (C function), 192
PyFrame_GetGlobals (C function), 192
PyFrame_GetLasti (C function), 192
PyFrame_GetLineNumber (C function), 193
PyFrame_GetLocals (C function), 193
PyFrame_GetVar (C function), 193
PyFrame_GetVarString (C function), 193
PyFrame_Type (Cvar), 192
PyFrameObject (Ctype), 192
PyFrozenSet_Check (C function), 167
PyFrozenSet_CheckExact (C function), 167
PyFrozenSet_New (C function), 167
PyFrozenSet_Type (Cvar), 167
PyFunction_AddWatcher (C function), 170
PyFunction_Check (C function), 168
PyFunction_ClearWatcher (C function), 170
PyFunction_GetAnnotations (C function), 169
PyFunction_GetClosure (C function), 169
PyFunction_GetCode (C function), 169
PyFunction_GetDefaults (C function), 169
PyFunction_GetGlobals (C function), 169
PyFunction_GetModule (C function), 169
PyFunction_New (C function), 169
PyFunction_NewWithQualName (C function), 169
PyFunction_SetAnnotations (C function), 169
PyFunction_SetClosure (C function), 169
PyFunction_SetDefaults (C function), 169
PyFunction_SetVectorcall (C function), 169
PyFunction_Type (Cvar), 168
PyFunction_WatchCallback (Ctype), 170
PyFunction_WatchEvent (C type), 170
PyFunctionObject (C type), 168
PyGC_Collect (C function), 316
PyGC_Disable (C function), 316
PyGC_Enable (C function), 316
PyGC_TIsEnabled (C function), 316
PyGen_Check (C function), 194
PyGen_CheckExact (C function), 194
PyGen_New (C function), 194
PyGen_NewWithQualName (C function), 194
PyGen_Type (Cvar), 194
PyGenObject (C type), 194
PyGetSetDef (C type), 275
PyGetSetDef.closure (C member), 275
PyGetSetDef .doc (C member), 275
PyGetSetDef.get (C member), 275
PyGetSetDef .name (C member), 275
PyGetSetDef.set (C member), 275
PyGILState_Check (C function), 214
PyGILState_Ensure (C function), 214
PyGILState_GetThisThreadState (C function),
214

PyGILState_Release (C function), 214
PyHash_FuncDef (C type), 90
PyHash_FuncDef.hash_bits (C member), 90
PyHash_FuncDef .name (C member), 90
PyHash_FuncDef.seed_bits (C member), 90
PyHash_GetFuncDef (C function), 90
PyImport_AddModule (C function), 76
PyImport_AddModuleObject (C function), 75
PyImport_AppendInittab (C function), 78
PyImport_ExecCodeModule (C function), 76
PyImport_ExecCodeModuleEx (C function), 76
PyImport_ExecCodeModuleObject (C function),
76
PyImport_ExecCodeModuleWithPathnames (C
function), 76
PyImport_ExtendInittab (C function), 78
PyImport_FrozenModules (Cvar), 78
PyImport_GetImporter (C function), 77
PyImport_GetMagicNumber (C function), 77
PyImport_GetMagicTag (C function), 77
PyImport_GetModule (C function), 77
PyImport_GetModuleDict (C function), 77
PyImport_Import (C function), 75
PyImport_ImportFrozenModule (C function), 77
PyImport_ImportFrozenModuleObject (c
function), 77
PyImport_ImportModule (C function), 75
PyImport_ImportModuleEx (C function), 75
PyImport_ImportModuleLevel (C function), 75
PyImport_ImportModuleLevelObject (C func-
tion), 75
PyImport_ImportModuleNoBlock (C function),
75
PyImport_ReloadModule (C function), 75
PyIndex_Check (C function), 108
PyInstanceMethod_Check (C function), 171
PyInstanceMethod_Function (C function), 171
PyInstanceMethod_GET_FUNCTION (C function),
171
PyInstanceMethod_New (C function), 171
PyInstanceMethod_Type (Cvar), 171
PyInterpreterConfig (Ctype), 218
PyInterpreterConfig DEFAULT_GIL (C macro),
219
PyInterpreterConfig_OWN_GIL (C macro), 219
PyInterpreterConfig_SHARED_GIL (C macro),
219
PyInterpreterConfig.allow_daemon_threads
(C member), 219
PyInterpreterConfig.allow_exec (Cmember),
219
PyInterpreterConfig.allow_fork (Cmember),
219
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PyInterpreterConfig.allow_threads
member), 219

(C PyLong_Check (C function), 130

PyLong_CheckExact (C function), 130

PyInterpreterConfig.check_multi_interp_eRygBorgoRsomDouble (C function), 130

(C member), 219
PyInterpreterConfig.gil (C member),219
PyInterpreterConfig.use_main_obmalloc

(C member), 219
PyInterpreterState (Ctype), 213
PyInterpreterState_Clear (C function), 215
PyInterpreterState_Delete (C function), 215
PyInterpreterState_Get (C function), 216
PyInterpreterState_GetDict (C function), 216
PyInterpreterState_GetID (C function), 216
PyInterpreterState_Head (C function), 224
PyInterpreterState_Main (C function), 224
PyInterpreterState_New (C function), 215
PyInterpreterState_Next (C function), 224
PyInterpreterState_ThreadHead (C function),

224
PyIter_Check (C function), 112
PyIter_Next (C function), 112
PyIter_Send (C function), 112
PyList_Append (C function), 162
PyList_AsTuple (C function), 162
PyList_Check (C function), 161
PyList_CheckExact (C function), 161
PyList_GET_ITEM (C function), 161
PyList_GET_SIZE (C function), 161
PyList_GetItem (C function), 10, 161
PyList_GetSlice (C function), 162
PyList_Insert (C function), 162
PyList_New (C function), 161
PyList_Reverse (C function), 162
PyList_SET_ITEM (C function), 162
PyList_SetItem (C function), 8, 161
PyList_SetSlice (C function), 162
PyList_Size (C function), 161
PyList_Sort (C function), 162
PyList_Type (Cvar), 161
PyListObject (Ctype), 161
PyLong_AsDouble (C function), 132
PyLong_AsLong (C function), 131
PyLong_AsLongAndOverflow (C function), 131
PyLong_AsLongLong (C function), 131
PyLong_AsLongLongAndOverflow (C function),

131
PyLong_AsSize_t (C function), 132
PyLong_AsSsize_t (C function), 131
PyLong_AsUnsignedLong (C function), 132
PyLong_AsUnsignedLongLong (C function), 132
PyLong_AsUnsignedLongLongMask (C function),

132
PyLong_AsUnsignedLongMask (C function), 132
PyLong_AsVoidPtr (C function), 133

PyLong_FromLong (C function), 130
PyLong_FromLongLong (C function), 130
PyLong_FromSize_t (C function), 130
PyLong_FromSsize_t (C function), 130
PyLong_FromString (C function), 130
PyLong_FromUnicodeObject (C function), 131
PyLong_FromUnsignedLong (C function), 130
PyLong_FromUnsignedLongLong (C function), 130
PyLong_FromVoidPtr (C function), 131
PyLong_Type (C var), 130
PyLongObject (Ctype), 129
PyMapping_Check (C function), 111
PyMapping_DelItem (C function), 111
PyMapping_DelItemString (C function), 111
PyMapping_GetItemString (C function), 111
PyMapping_HasKey (C function), 111
PyMapping_HasKeyString (C function), 111
PyMapping_Items (C function), 112
PyMapping_Keys (C function), 111
PyMapping_Length (C function), 111
PyMapping_SetItemString (C function), 111
PyMapping_Size (C function), 111
PyMapping_Values (C function), 111
PyMappingMethods (C type), 306
PyMappingMethods.mp_ass_subscript c
member), 306
PyMappingMethods.mp_length (C member), 306
PyMappingMethods.mp_subscript (C member),
306
PyMarshal_ReadLastObjectFromFile (C func-
tion), 79
PyMarshal_ReadLongFromFile (C function), 79
PyMarshal_ReadObjectFromFile (C function),
79
PyMarshal_ReadObjectFromString (C func-
tion), 79
PyMarshal_ReadShortFromFile (C function), 79
PyMarshal_WriteLongToFile (C function), 78
PyMarshal_WriteObjectToFile (C function), 79
PyMarshal_WriteObjectToString (C function),
79
PyMem_Calloc (C function), 256
PyMem_Del (C function), 256
PYMEM_DOMAIN_MEM (C macro), 259
PYMEM_DOMAIN_OBJ (C macro), 259
PYMEM_DOMAIN_RAW (C macro), 258
PyMem_Free (C function), 256
PyMem_GetAllocator (C function), 259
PyMem_Malloc (C function), 255
PyMem_New (C macro), 256
PyMem_RawCalloc (C function), 255

259
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PyMem_RawFree (C function), 255
PyMem_RawMalloc (C function), 255
PyMem_RawRealloc (C function), 255
PyMem_Realloc (C function), 256
PyMem_Resize (C macro), 256
PyMem_SetAllocator (C function), 259
PyMem_SetupDebugHooks (C function), 259
PyMemAllocatorDomain (C type), 258
PyMemAllocatorEx (C type), 258
PyMember_GetOne (C function), 272
PyMember_SetOne (C function), 272
PyMemberDef (C type), 271

PyMemberDef .doc (C member), 271
PyMemberDef . flags (C member), 271
PyMemberDef .name (C member), 271
PyMemberDef .offset (Cmember), 271
PyMemberDef .type (C member), 271
PyMemoryView_Check (C function), 188
PyMemoryView_FromBuffer (C function), 188
PyMemoryView_FromMemory (C function), 188
PyMemoryView_FromObject (C function), 188
PyMemoryView_GET_BASE (C function), 188
PyMemoryView_GET_BUFFER (C function), 188
PyMemoryView_GetContiguous (C function), 188
PyMethod_Check (C function), 171
PyMethod_Function (C function), 171
PyMethod_GET_FUNCTION (C function), 171
PyMethod_GET_SELF (C function), 171
PyMethod_New (C function), 171
PyMethod_Self (C function), 171
PyMethod_Type (Cvar), 171

PyMethodDef (C type), 269

PyMethodDef .ml_doc (C member), 269
PyMethodDef .ml_flags (C member), 269
PyMethodDef .ml_meth (C member), 269
PyMethodDef .ml_name (C member), 269
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function), 182
PyModule_AddIntConstant (C function), 184
PyModule_AddIntMacro (C macro), 184
PyModule_AddObject (C function), 183
PyModule_AddObjectRef (C function), 183
PyModule_AddStringConstant (C function), 184
PyModule_AddStringMacro (C macro), 184
PyModule_AddType (C function), 184
PyModule_Check (C function), 177
PyModule_CheckExact (C function), 177
PyModule_Create (C function), 180
PyModule_Create2 (C function), 180
PyModule_ExecDef (C function), 182
PyModule_FromDefAndSpec (C function), 182
PyModule_FromDefAndSpec?2 (C function), 182
PyModule_GetDef (C function), 178
PyModule_GetDict (C function), 177

PyModule_GetFilename (C function), 178
PyModule_GetFilenameObject (C function), 178
PyModule_GetName (C function), 178
PyModule_GetNameObject (C function), 178
PyModule_GetState (C function), 178
PyModule_New (C function), 177
PyModule_NewObject (C function), 177
PyModule_SetDocString (C function), 182
PyModule_Type (Cvar), 177
PyModuleDef (C type), 178
PyModuleDef_Init (C function), 180
PyModuleDef_Slot (Ctype), 181
PyModuleDef_Slot.slot (C member), 181
PyModuleDef_Slot.value (C member), 181
PyModuleDef .m_base (C member), 178
PyModuleDef.m_clear (C member), 179
PyModuleDef .m_doc (C member), 179
PyModuleDef .m_free (C member), 179
PyModuleDef .m_methods (C member), 179
PyModuleDef .m_name (C member), 178
PyModuleDef .m_size (C member), 179
PyModuleDef .m_slots (C member), 179
PyModuleDef.m_slots.m_reload (C member),
179
PyModuleDef.m_traverse (C member), 179
PyNumber_Absolute (C function), 106
PyNumber_Add (C function), 105
PyNumber_And (C function), 106
PyNumber_AsSsize_t (C function), 108
PyNumber_Check (C function), 105
PyNumber_Divmod (C function), 106
PyNumber_Float (C function), 108
PyNumber_FloorDivide (C function), 106
PyNumber_Index (C function), 108
PyNumber_InPlaceAdd (C function), 107
PyNumber_InPlaceAnd (C function), 108
PyNumber_InPlaceFloorDivide (C function), 107
PyNumber_InPlaceLshift (C function), 107
PyNumber_InPlaceMatrixMultiply (C func-
tion), 107
PyNumber_InPlaceMultiply (C function), 107
PyNumber_InPlaceOr (C function), 108
PyNumber_InPlacePower (C function), 107
PyNumber_InPlaceRemainder (C function), 107
PyNumber_InPlaceRshift (C function), 108
PyNumber_InPlaceSubtract (C function), 107
PyNumber_InPlaceTrueDivide (C function), 107
PyNumber_InPlaceXor (C function), 108
PyNumber_Invert (C function), 106
PyNumber_Long (C function), 108
PyNumber_Lshift (C function), 106
PyNumber_MatrixMultiply (C function), 106
PyNumber_Multiply (C function), 105
PyNumber_Negative (C function), 106
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PyNumber_Or (C function), 107
PyNumber_Positive (C function), 106
PyNumber_Power (C function), 106
PyNumber_Remainder (C function), 106
PyNumber_Rshift (C function), 106
PyNumber_Subtract (C function), 105
PyNumber_ToBase (C function), 108

PyNumberMethods.
PyNumberMethods.
304
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.

nb_power (C member), 304
nb_remainder (C member),

nb_reserved (C member), 305
nb_rshift (C member), 305

nb_subtract (C member), 304
nb_true_divide (Cmember),

PyNumber_TrueDivide (C function), 106
PyNumber_Xor (C function), 107

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 305
PyNumberMethods
PyNumberMethods
305
PyNumberMethods
305
PyNumberMethods
(C member),
PyNumberMethods

(C type), 303
.nb_absolute (C member), 304
.nb_add (C member), 304
.nb_and (C member), 305
.nb_bool (C member), 304
.nb_divmod (C member), 304
.nb_float (C member), 305
.nb_floor_divide (C mem-

.nb_index (C member), 305
.nb_inplace_add (Cmember),

.nb_inplace_and (Cmember),

.nb_inplace_floor_divide

305

.nb_inplace_lshift (c

member), 305
PyNumberMethods.nb_inplace_matrix_multipRyObject_CallOneArqg (C function), 103

(C member),
PyNumberMethods

305
.nb_inplace_multiply (C

member), 305

PyNumberMethods
305

PyNumberMethods
ber), 305

PyNumberMethods

.nb_inplace_or (C member),
.nb_inplace_power (C mem-

.nb_inplace_remainder (C

member), 305

PyNumberMethods.nb_inplace_rshift c
member), 305
PyNumberMethods.nb_inplace_subtract (C

member), 305

PyNumberMethods
(C member),
PyNumberMethods
305
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_inplace_true_divide
305
.nb_inplace_xor (Cmember),

.nb_int (C member), 305
.nb_invert (C member), 305
.nb_1shift (C member), 305

.nb_matrix_multiply c

member), 305

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_multiply (C member), 304
.nb_negative (C member), 304
.nb_or (C member), 305

.nb_positive (Cmember), 304

305
PyNumberMethods.nb_xor (C member), 305
PyObject (C type), 266
PyObject_AsCharBuffer (C function), 120
PyObject_ASCII (C function), 97
PyObject_AsFileDescriptor (C function), 176
PyObject_AsReadBuffer (C function), 120
PyObject_AsWriteBuffer (C function), 121
PyObject_Bytes (C function), 98
PyObject_Call (C function), 103
PyObject_CallFunction (C function), 103
PyObject_CallFunctionObjArgs (C function),

104
PyObject_CallMethod (C function), 104
PyObject_CallMethodNoArgs (C function), 104
PyObject_CallMethodObjArgs (C function), 104
PyObject_CallMethodOneArg (C function), 104
PyObject_CallNoArgs (C function), 103
PyObject_CallObject (C function), 103
PyObject_Calloc (C function), 257

PyObject_CheckBuffer (C function), 119
PyObject_CheckReadBuffer (C function), 121
PyObject_ClearWeakRefs (C function), 189
PyObject_CopyData (C function), 120
PyObject_Del (C function), 266
PyObject_DelAttr (C function), 96
PyObject_DelAttrString (C function), 96
PyObject_DelItem (C function), 99
PyObject_Dir (C function), 99
PyObject_Format (C function), 97
PyObject_Free (C function), 257
PyObject_GC_Del (C function), 315
PyObject_GC_IsFinalized (C function), 314
PyObject_GC_TIsTracked (C function), 314
PyObject_GC_New (C macro), 314
PyObject_GC_NewVar (C macro), 314
PyObject_GC_Resize (Cmacro), 314
PyObject_GC_Track (C function), 314
PyObject_GC_UnTrack (C function), 315
PyObject_GenericGetAttr (C function), 96
PyObject_GenericGetDict (C function), 97
PyObject_GenericSetAttr (C function), 96
PyObject_GenericSetDict (C function), 97
PyObject_GetAIter (C function), 99
PyObject_GetArenaAllocator (C function), 262
PyObject_GetAttr (C function), 96

259
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PyObject_GetAttrString (C function), 96
PyObject_GetBuffer (C function), 119
PyObject_GetItem (C function), 99
PyObject_GetItemData (C function), 100
PyObject_GetIter (C function), 99
PyObject_GetTypeData (C function), 100
PyObject_HasAttr (C function), 95
PyObject_HasAttrString (C function), 96
PyObject_Hash (C function), 98
PyObject_HashNotImplemented (C function), 98
PyObject_HEAD (C macro), 266
PyObject_HEAD_INIT (C macro), 267
PyObject_Init (C function), 265
PyObject_InitVar (C function), 265
PyObject_IS_GC (C function), 314
PyObject_IsInstance (C function), 98
PyObject_IsSubclass (C function), 98
PyObject_IsTrue (C function), 98
PyObject_Length (C function), 99
PyObject_LengthHint (C function), 99
PyObject_Malloc (C function), 257
PyObject_New (C macro), 265
PyObject_NewVar (C macro), 265
PyObject_Not (C function), 99
PyObject._ob_next (C member), 283
PyObject._ob_prev (C member), 283
PyObject_Print (C function), 95
PyObject_Realloc (C function), 257
PyObject_Repr (C function), 97
PyObject_RichCompare (C function), 97
PyObject_RichCompareBool (C function), 97
PyObject_SetArenaAllocator (C function), 262
PyObject_SetAttr (C function), 96
PyObject_SetAttrString (C function), 96
PyObject_SetItem (C function), 99
PyObject_Size (C function), 99
PyObject_Str (C function), 98
PyObject_Type (C function), 99
PyObject_TypeCheck (C function), 99
PyObject_VAR_HEAD (C macro), 266
PyObject_Vectorcall (C function), 104
PyObject_VectorcallDict (C function), 105
PyObject_VectorcallMethod (C function), 105
PyObjectArenaAllocator (Ctype), 262
PyObject.ob_refecnt (C member), 282
PyObject.ob_type (C member), 282
PyOS_AfterFork (C function), 70
PyOS_AfterFork_Child (C function), 70
PyOS_AfterFork_Parent (C function), 69
PyOS_BeforeFork (C function), 69
PyOS_CheckStack (C function), 70
PyOS_double_to_string (C function), 89
PyOS_FSPath (C function), 69
PyOS_getsig (C function), 70

PyOS_InputHook (Cvar), 45
PyOS_ReadlineFunctionPointer (Cvar), 45
PyOS_setsig (C function), 70
PyOS_sighandler_t (Ctype), 70
PyOS_snprintf (C function), 88
PyOS_stricmp (C function), 90
PyOS_string_to_double (C function), 89
PyOS_strnicmp (C function), 90
PyOS_strtol (C function), 89
PyOS_strtoul (C function), 88
PyOS_vsnprintf (C function), 88
PyPreConfig (C type), 232
PyPreConfig_InitIsolatedConfig (C func-
tion), 232
PyPreConfig_InitPythonConfig (C function),
232
PyPreConfig.allocator (C member), 232
PyPreConfig.coerce_c_locale (Cmember), 233
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 233
PyPreConfig.configure_locale (C member),
232
PyPreConfig.dev_mode (C member), 233
PyPreConfig.isolated (C member), 233
PyPreConfig.legacy_windows_fs_encoding
(C member), 233
PyPreConfig.parse_argv (C member), 233
PyPreConfig.use_environment (Cmember), 233
PyPreConfig.utf8_mode (C member), 233
PyProperty_Type (Cvar), 186
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 44
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 45
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44
PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
PyRun_StringFlags (C function), 45
PySendResult (Ctype), 112
PySeqglter_Check (C function), 185
PySeqlter_New (C function), 185
PySeqlter_Type (Cvar), 185
PySequence_Check (C function), 109

374

=
ro,



The Python/C API, ¥ 2]~ 3.12.4

PySequence_Concat (C function), 109
PySequence_Contains (C function), 110
PySequence_Count (C function), 109
PySequence_DelItem (C function), 109
PySequence_DelSlice (C function), 109
PySequence_Fast (C function), 110
PySequence_Fast_GET_ITEM (C function), 110
PySequence_Fast_GET_SIZE (C function), 110
PySequence_Fast_ITEMS (C function), 110
PySequence_GetItem (C function), 10, 109
PySequence_GetSlice (C function), 109
PySequence_Index (C function), 110
PySequence_InPlaceConcat (C function), 109
PySequence_InPlaceRepeat (C function), 109
PySequence_ITEM (C function), 110
PySequence_Length (C function), 109
PySequence_List (C function), 110
PySequence_Repeat (C function), 109
PySequence_SetItem (C function), 109
PySequence_SetSlice (C function), 109
PySequence_Size (C function), 109
PySequence_Tuple (C function), 110
PySequenceMethods (C type), 306
PySequenceMethods.sq ass_item (C member),
306
PySequenceMethods.
PySequenceMethods.
306
PySequenceMethods.
member), 307
PySequenceMethods.
member), 307
PySequenceMethods.

sq_concat (C member), 306
sq_contains (C member),

sqg_inplace_concat (C
sq_inplace_repeat (C

sq_item (C member), 306
PySequenceMethods.sq length (Cmember), 306
PySequenceMethods.sq repeat (C member), 306
PySet_Add (C function), 168

PySet_Check (C function), 167
PySet_CheckExact (C function), 167
PySet_Clear (C function), 168
PySet_Contains (C function), 168
PySet_Discard (C function), 168
PySet_GET_SIZE (C function), 168

PySet_New (C function), 167

PySet_Pop (C function), 168

PySet_Size (C function), 168

PySet_Type (Cvar), 167

PySetObject (C type), 167
PySignal_SetWakeupFd (C function), 62
PySlice_AdjustIndices (C function), 187
PySlice_Check (C function), 186
PySlice_GetIndices (C function), 186
PySlice_GetIndicesEx (C function), 187
PySlice_New (C function), 186

PySlice_Type (Cvar), 186

PySlice_Unpack (C function), 187
PyState_AddModule (C function), 185
PyState_FindModule (C function), 185
PyState_RemoveModule (C function), 185
PyStatus (C type), 231
PyStatus_Error (C function), 231
PyStatus_Exception (C function), 231
PyStatus_Exit (C function), 231
PyStatus_IsError (C function), 231
PyStatus_IsExit (C function), 231
PyStatus_NoMemory (C function), 231
PyStatus_0k (C function), 231
PyStatus.err_msg (C member), 231
PyStatus.exitcode (C member), 231
PyStatus. func (C member), 231
PyStructSequence_Desc (C type), 160
PyStructSequence_Desc.doc (C member), 160
PyStructSequence_Desc.fields (C member),
160
PyStructSequence_Desc.n_in_sequence (C
member), 160

PyStructSequence_Desc.name (C member), 160
PyStructSequence_Field (C type), 160
PyStructSequence_Field.doc (C member), 160
PyStructSequence_Field.name (Cmember), 160
PyStructSequence_GET_ITEM (C function), 160
PyStructSequence_GetItem (C function), 160
PyStructSequence_InitType (C function), 160
PyStructSequence_InitType?2 (C function), 160
PyStructSequence_New (C function), 160
PyStructSequence_NewType (C function), 160
PyStructSequence_SET_ITEM (C function), 161
PyStructSequence_SetItem (C function), 160
PyStructSequence_UnnamedField (Cvar), 160
PySys_AddAuditHook (C function), 73
PySys_AddWarnOption (C function), 72
PySys_AddWarnOptionUnicode (C function), 72
PySys_AddxOption (C function), 73
PySys_Audit (C function), 73
PySys_FormatStderr (C function), 73
PySys_FormatStdout (C function), 73
PySys_GetObject (C function), 72
PySys_GetXOptions (C function), 73
PySys_ResetWarnOptions (C function), 72
PySys_SetArgv (C function), 205, 210
PySys_SetArgvEx (C function), 205, 209
PySys_SetObject (C function), 72
PySys_SetPath (C function), 72
PySys_WriteStderr (C function), 73
PySys_WriteStdout (C function), 72
Python 3000 (3}o] % 3000), 331
Python 34 A<t

PEP 1,331

PEP 7,4,7
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PEP 238,47,324 PYTHONINSPECT, 203, 240

PEP 278, 334 PYTHONINTMAXSTRDIGITS, 240

PEP 302,328 PYTHONIOENCODING, 206, 244

PEP 343,322 PYTHONLEGACYWINDOWSFSENCODING, 204, 233

PEP 353,11 PYTHONLEGACYWINDOWSSTDIO, 204, 241

PEP 362,320, 330 PYTHONMALLOC, 254, 258, 260, 261

PEP 383, 148, 149 PYTHONMALLOCSTATS, 241, 254

PEP 387,15 PYTHONNODEBUGRANGES, 238

PEP 393, 141 PYTHONNOUSERSITE, 204, 245

PEP 411, 331 PYTHONOPTIMIZE, 204, 242

PEP 420,329, 331 PYTHONPATH, 13, 203, 241

PEP 432,250,251 PYTHONPERFSUPPORT, 245

PEP 442,302 PYTHONPLATLIBDIR, 241

PEP 443, 325 PYTHONPROFILEIMPORTTIME, 240

PEP 451, 181 PYTHONPYCACHEPREFIX, 243

PEP 456,90 PYTHONSAFEPATH, 237

PEP 483, 325 PYTHONTRACEMALLOC, 245

PEP 484, 319, 324, 325, 334 PYTHONUNBUFFERED, 205, 237

PEP 489,182,219 PYTHONUTEFS8, 234, 248

PEP 492, 320322 PYTHONVERBOSE, 205, 245

PEP 498, 323 PYTHONWARNINGS, 245

PEP 519, 330 PyThread_create_key (C function), 226

PEP 523,193,217 PyThread_delete_key (C function), 226

PEP 525,320 PyThread_delete_key_value (C function), 226

PEP 526,319, 334 PyThread_get_key_value (C function), 226

PEP 528,204, 241 PyThread_ReInitTLS (C function), 226

PEP 529, 149, 204 PyThread_set_key_value (C function), 226

PEP 538,248 PyThread_tss_alloc (C function), 225

PEP 539,225 PyThread_tss_create (C function), 226

PEP 540, 248 PyThread_tss_delete (C function), 226

PEP 552,238 PyThread_tss_~free (C function), 225

PEP 554,221 PyThread_tss_get (C function), 226

PEP 578,74 PyThread_tss_is_created (C function), 226

PEP 585, 325 PyThread_tss_set (C function), 226

PEP 587,229 PyThreadState (Ctype), 211,213

PEP 590, 101 PyThreadState_Clear (C function), 215

PEP 623, 141 PyThreadState_Delete (C function), 215

PEP 634,292 PyThreadState_DeleteCurrent (C function), 215

PEP 3116,334 PyThreadState_EnterTracing (C function), 216

PEP 3119,98 PyThreadState_Get (C function), 213

PEP 3121,179 PyThreadState_GetDict (C function), 217

PEP 3147,77 PyThreadState_GetFrame (C function), 216

PEP 3151, 66 PyThreadState_GetID (C function), 216

PEP 3155, 331 PyThreadState_GetInterpreter (C function),
PYTHONCOERCECLOCALE, 248 216
PYTHONDEBUG, 202, 242 PyThreadState_LeaveTracing (C function), 216
PYTHONDEVMODE, 238 PyThreadState_New (C function), 215
PYTHONDONTWRITEBYTECODE, 203, 246 PyThreadState_Next (C function), 224
PYTHONDUMPREFS, 238, 283 PyThreadState_SetAsyncExc (C function), 217
PYTHONEXECUTABLE, 243 PyThreadState_Swap (C function), 214
PYTHONFAULTHANDLER, 239 PyThreadState.interp (C member), 213
PYTHONHASHSEED, 203, 239 PyTime_Check (C function), 197
PYTHONHOME, 13, 203, 210, 240 PyTime_CheckExact (C function), 197
Pythonic (Z}o] A Th2), 331 PyTime_FromTime (C function), 198
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PyTime_FromTimeAndFold (C function), 198
PyTimeZone_FromOffset (C function), 198

PyTimeZone_FromOffsetAndName (C function),

198
PyTrace_C_CALL (Cvar), 223
PyTrace_C_EXCEPTION (C var), 223
PyTrace_C_RETURN (C var), 223
PyTrace_CALL (C var), 223
PyTrace_EXCEPTION (C var), 223
PyTrace_LINE (C var), 223
PyTrace_OPCODE (C var), 223
PyTrace_RETURN (C var), 223
PyTraceMalloc_Track (C function), 262
PyTraceMalloc_Untrack (C function), 262
PyTuple_Check (C function), 158
PyTuple_CheckExact (C function), 158
PyTuple_GET_ITEM (C function), 159
PyTuple_GET_SIZE (C function), 159
PyTuple_GetItem (C function), 159
PyTuple_GetSlice (C function), 159
PyTuple_New (C function), 158
PyTuple_Pack (C function), 158
PyTuple_SET_ITEM (C function), 159
PyTuple_SetItem (C function), 8, 159
PyTuple_Size (C function), 158
PyTuple_Type (Cvar), 158
PyTupleObiject (Ctype), 158
PyType_AddWatcher (C function), 124
PyType_Check (C function), 123
PyType_CheckExact (C function), 123
PyType_ClearCache (C function), 123
PyType_ClearWatcher (C function), 124
PyType_FromMetaclass (C function), 126
PyType_FromModuleAndSpec (C function), 127
PyType_FromSpec (C function), 127
PyType_FromSpecWithBases (C function), 127
PyType_GenericAlloc (C function), 125
PyType_GenericNew (C function), 125
PyType_GetDict (C function), 124
PyType_GetFlags (C function), 124
PyType_GetModule (C function), 125
PyType_GetModuleByDef (C function), 126
PyType_GetModuleState (C function), 126
PyType_GetName (C function), 125
PyType_GetQualName (C function), 125
PyType_GetSlot (C function), 125
PyType_GetTypeDataSize (C function), 100
PyType_HasFeature (C function), 124
PyType_IS_GC (C function), 125
PyType_IsSubtype (C function), 125
PyType_Modified (C function), 124
PyType_Ready (C function), 125
PyType_Slot (Ctype), 128
PyType_Slot.pfunc (C member), 129

PyType_Slot.

slot (C member), 128

PyType_Spec (C type), 128

PyType_Spec.
PyType_Spec.
PyType_Spec.
PyType_Spec.
PyType_Spec.

basicsize (C member), 128
flags (C member), 128
itemsize (C member), 128
name (C member), 128
slots (C member), 128

PyType_Type (Cvar), 123
PyType_Watch (C function), 124
PyType_WatchCallback (Ctype), 124

PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject

(Ctype), 123
.tp_alloc (C member), 299
.tp_as_async (C member), 286
tp_as_buffer (C member), 288
.tp_as_mapping (C member), 287
.tp_as_number (C member), 286
.tp_as_sequence (C member), 286
.tp_base (C member), 297
.tp_bases (C member), 301
.tp_basicsize (C member), 284
.tp_cache (C member), 301
.tp_call (C member), 287
.tp_clear (C member), 294
tp_dealloc (C member), 284
.tp_del (C member), 301
.tp_descr_get (C member), 298
.tp_descr_set (C member), 298
.tp_dict (C member), 297
.tp_dictoffset (C member), 298
.tp_doc (C member), 293
.tp_finalize (C member), 302
.tp_flags (C member), 288
.tp_free (C member), 300
.tp_getattr (C member), 285
.tp_getattro (C member), 288
.tp_getset (C member), 297
.tp_hash (C member), 287
.tp_init (C member), 299
.tp_is_gc (C member), 300
.tp_itemsize (C member), 284
.tp_iter (C member), 296
tp_iternext (C member), 296
.tp_members (C member), 297
.tp_methods (C member), 296
.tp_mro (C member), 301
.tp_name (C member), 283
tp_new (C member), 299
.tp_repr (C member), 286
.tp_richcompare (C member), 295
.tp_setattr (C member), 286
.tp_setattro (C member), 288
tp_str (C member), 287
.tp_subclasses (C member), 301
.tp_traverse (C member), 293
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PyTypeObject.tp_vectorcall (C member), 302
PyTypeObject.tp_vectorcall_offset (e
member), 285
PyTypeObject.tp_version_tag (Cmember), 301
PyTypeObject.tp_watched (C member), 303
PyTypeObject.tp_weaklist (C member), 301
PyTypeObject.tp_weaklistoffset (Cmember),
296
PyTzZInfo_Check (C function), 198
PyTZInfo_CheckExact (C function), 198
PyUnicode_1BYTE_DATA (C function), 142
PyUnicode_1BYTE_KIND (C macro), 142
PyUnicode_2BYTE_DATA (C function), 142
PyUnicode_2BYTE_KIND (C macro), 142
PyUnicode_4BYTE_DATA (C function), 142
PyUnicode_4BYTE_KIND (C macro), 142
PyUnicode_AsASCIIString (C function), 155
PyUnicode_AsCharmapString (C function), 155
PyUnicode_AsEncodedString (C function), 151
PyUnicode_AsLatinlString (C function), 155
PyUnicode_AsMBCSString (C function), 156
PyUnicode_AsRawUnicodeEscapeString c
function), 154
PyUnicode_AsUCS4 (C function), 148
PyUnicode_AsUCS4Copy (C function), 148
PyUnicode_AsUnicodeEscapeString (C func-
tion), 154
PyUnicode_AsUTFS8 (C function), 152
PyUnicode_AsUTF8AndSize (C function), 152
PyUnicode_AsUTF8String (C function), 152
PyUnicode_AsUTF16String (C function), 153
PyUnicode_AsUTF32String (C function), 153
PyUnicode_AsWideChar (C function), 150
PyUnicode_AsWideCharString (C function), 150
PyUnicode_Check (C function), 141
PyUnicode_CheckExact (C function), 141
PyUnicode_Compare (C function), 157
PyUnicode_CompareWithASCIIString (C func-
tion), 157
PyUnicode_Concat (C function), 156
PyUnicode_Contains (C function), 158
PyUnicode_CopyCharacters (C function), 147
PyUnicode_Count (C function), 157
PyUnicode_DATA (C function), 142
PyUnicode_Decode (C function), 151
PyUnicode_DecodeASCII (C function), 155
PyUnicode_DecodeCharmap (C function), 155
PyUnicode_DecodeFSDefault (C function), 150
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 150
PyUnicode_DecodelLatinl (C function), 155
PyUnicode_DecodeLocale (C function), 149
PyUnicode_DecodeLocaleAndSize (C function),
148

PyUnicode_DecodeMBCS (C function), 156
PyUnicode_DecodeMBCSStateful (C function),
156
PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 154
PyUnicode_DecodeUnicodeEscape (C function),
154
PyUnicode_DecodeUTF7 (C function), 154
PyUnicode_DecodeUTF7Stateful (C function),
154
PyUnicode_DecodeUTF8 (C function), 152
PyUnicode_DecodeUTF8Stateful (C function),
152
PyUnicode_DecodeUTF16 (C function), 153
PyUnicode_DecodeUTF1l6Stateful (C function),
153
PyUnicode_DecodeUTF32 (C function), 152
PyUnicode_DecodeUTF32Stateful (C function),
153
PyUnicode_EncodeCodePage (C function), 156
PyUnicode_EncodeFSDefault (C function), 150
PyUnicode_EncodelLocale (C function), 149
PyUnicode_Fill (C function), 147
PyUnicode_Find (C function), 157
PyUnicode_FindChar (C function), 157
PyUnicode_Format (C function), 158
PyUnicode_FromEncodedObject (C function), 147
PyUnicode_FromFormat (C function), 145
PyUnicode_FromFormatV (C function), 147
PyUnicode_FromKindAndData (C function), 145
PyUnicode_FromObject (C function), 147
PyUnicode_FromString (C function), 145
PyUnicode_FromStringAndSize (C function), 145
PyUnicode_FromWideChar (C function), 150
PyUnicode_FSConverter (C function), 149
PyUnicode_FSDecoder (C function), 149
PyUnicode_GET_LENGTH (C function), 142
PyUnicode_GetLength (C function), 147
PyUnicode_InternFromString (C function), 158
PyUnicode_InternInPlace (C function), 158
PyUnicode_IsIdentifier (C function), 143
PyUnicode_Join (C function), 157
PyUnicode_KIND (C function), 142
PyUnicode_MAX_CHAR_VALUE (C function), 143
PyUnicode_New (C function), 145
PyUnicode_READ (C function), 142
PyUnicode_READ_CHAR (C function), 142
PyUnicode_ReadChar (C function), 148
PyUnicode_READY (C function), 141
PyUnicode_Replace (C function), 157
PyUnicode_RichCompare (C function), 157
PyUnicode_Split (C function), 156
PyUnicode_Splitlines (C function), 157
PyUnicode_Substring (C function), 148
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PyUnicode_Tailmatch (C function), 157
PyUnicode_Translate (C function), 156
PyUnicode_Type (Cvar), 141
PyUnicode_WRITE (C function), 142
PyUnicode_WriteChar (C function), 148
PyUnicodeDecodeError_Create (C function), 63
PyUnicodeDecodeError_GetEncoding (C func-
tion), 63
PyUnicodeDecodeError_GetEnd (C function), 64

PyUnicodeDecodeError_GetObject (C func-
tion), 63

PyUnicodeDecodeError_GetReason (C func-
tion), 64

PyUnicodeDecodeError_GetStart (C function),
63

PyUnicodeDecodeError_SetEnd (C function), 64
PyUnicodeDecodeError_SetReason (C func-
tion), 64
PyUnicodeDecodeError_SetStart (C function),
64
PyUnicodeEncodeError_GetEncoding (C func-
tion), 63
PyUnicodeEncodeError_GetEnd (C function), 64

PyUnicodeEncodeError_GetObject (C func-
tion), 63

PyUnicodeEncodeError_GetReason (C func-
tion), 64

PyUnicodeEncodeError_GetStart (C function),
63

PyUnicodeEncodeError_SetEnd (C function), 64

PyUnicodeEncodeError_SetReason (C func-
tion), 64

PyUnicodeEncodeError_SetStart (C function),
64

PyUnicodeObject (Ctype), 141

PyUnicodeTranslateError_GetEnd (C func-

tion), 64
PyUnicodeTranslateError_GetObject c

function), 63
PyUnicodeTranslateError_GetReason (e

function), 64
PyUnicodeTranslateError_GetStart (C func-

tion), 63
PyUnicodeTranslateError_SetEnd (C func-

tion), 64
PyUnicodeTranslateError_SetReason (e

function), 64
PyUnicodeTranslateError_SetStart (C func-
tion), 64
PyUnstable, 15
PyUnstable_Code_GetExtra (C function), 175
PyUnstable_Code_New (C function), 172
PyUnstable_Code_NewWithPosOnlyArgs (e
function), 173

PyUnstable_Code_SetExtra (C function), 175
PyUnstable_Eval_RequestCodeExtralndex
(C function), 175
PyUnstable_Exc_PrepReraiseStar
tion), 63
PyUnstable_GC_VisitObjects (C function), 316
PyUnstable_InterpreterFrame_GetCode (C
function), 193
PyUnstable_InterpreterFrame_GetLasti (C
function), 193
PyUnstable_InterpreterFrame_GetLine (C
function), 194
PyUnstable_Long_CompactValue (C function),
133
PyUnstable_Long_IsCompact (C function), 133
PyUnstable_Object_GC_NewWithExtraData
(C function), 314
PyUnstable_PerfMapState_Fini (C function),
94
PyUnstable_PerfMapState_Init (C function),
93
PyUnstable_Type_AssignVersionTag (C func-
tion), 126
PyUnstable_WritePerfMapEntry (C function),
93
PyVarObject (C type), 266
PyVarObject_HEAD_INIT (C macro), 268
PyVarObject .ob_size (C member), 283
PyVectorcall_Call (C function), 102
PyVectorcall_Function (C function), 102
PyVectorcall_ NARGS (C function), 102
PyWeakref_Check (C function), 189
PyWeakref_CheckProxy (C function), 189
PyWeakref_CheckRef (C function), 189
PyWeakref_ GET_OBJECT (C function), 189
PyWeakref_GetObject (C function), 189
PyWeakref_ NewProxy (C function), 189
PyWeakref_NewRef (C function), 189
PyWideStringList (C type), 230
PyWideStringList_Append (C function), 230
PyWideStringList_Insert (C function), 230
PyWideStringList.items (C member), 230
PyWideStringList.length (C member), 230
PyWrapper_New (C function), 186

Q

qualified name (F4+34 ©]&), 331

R

READ_RESTRICTED (C macro), 272
READONLY (C macro), 272

realloc (C function), 253

reference count (ZZ 34, 332
regular package (AF 3 7] A]), 332

(C  func-
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releasebufferproc (Ctype), 310
repr

built—-in function, 97, 286
reprfunc (C type), 309
RESTRICTED (C macro), 272
richcmpfunc (C type), 310

S

sdterr

stdin stdout, 206
search

path, module, 13, 205, 208
sendfunc (Ctype), 310
sequence

object, 137
sequence (A| @A), 332
set

object, 167

set comprehension (F3 A= 3FA), 332

set_all(), 10
setattrfunc (Ctype), 309
setattrofunc (C type), 310

setswitchinterval (in module sys), 211

setter (Ctype), 275
SIGINT (C macro), 61
signal

module, 61

single dispatch (A& v x]), 332

SIZE_MAX (C macro), 132
slice (£8}o]2), 332
special

method (WA &), 333
special method (54 WA E), 333
ssizeargfunc (C type), 310
ssizeobjargproc (Ctype), 310
statement (%), 333
static type checker, 333
staticmethod

built-in function, 270
stderr (in module sys), 219, 220
stdin

stdout sdterr, 206
stdin (in module sys), 219, 220
stdout

sdterr, stdin, 206
stdout (in module sys), 219, 220
strerror (C function), 55
string

PyObject_Str (C function), 98
strong reference, 333
structmember.h, 275
sum_list (), 10
sum_sequence (), 11,12
sys

module, 13, 205, 219, 220
SystemError (built-in exception), 178

T

T_BOOL (C macro), 275
T_BYTE (C macro), 275
T_CHAR (C macro), 275
T_DOUBLE (C macro), 275
T_FLOAT (C macro), 275
T_INT (C macro), 275

T_LONG (C macro), 275
T_LONGLONG (C macro), 275
T_NONE (C macro), 275
T_OBJECT (C macro), 275
T_OBJECT_EX (C macro), 275
T_PYSSIZET (C macro), 275
T_SHORT (C macro), 275
T_STRING (C macro), 275
T_STRING_INPLACE (C macro), 275
T_UBYTE (C macro), 275
T_UINT (C macro), 275
T_ULONG (C macro), 275
T_ULONGULONG (C macro), 275
T_USHORT (C macro), 275
ternaryfunc (C type), 310
text encoding (dlA~E 2137 H), 333
text file (AIAE u}Y), 333
traverseproc (Ctype), 315

triple—quoted string (A= 2% d EX19),

333
tuple
built-in function, 110, 162
object, 158
type
built-in function, 99
object, 7,123
type (&), 333
type alias (3 o dglo]2), 333
type hint (8 3l E), 334

u

ULONG_MAX (C macro), 132
unaryfunc (Ctype), 310

=

universal newlines (U A & 3I7

USE_STACKCHECK (C macro), 70

V

variable annotation (4 o] H|o]A), 334

vectorcallfunc (Ctype), 101
version (in module sys), 209

virtual environment (7} 3273), 334

virtual machine (7} 7] A), 334
visitproc (Ctype), 315
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W

WRITE_RESTRICTED (C macro), 272

e <<

7 W
__ PYVENV_LAUNCHER
PATH, 13
PYTHONCOERCECLOCALE, 248
PYTHONDEBRUG, 202, 242
PYTHONDEVMODE, 238
PYTHONDONTWRITEBYTECODE, 203, 246
PYTHONDUMPREF'S, 238, 283
PYTHONEXECUTABLE, 243
PYTHONFAULTHANDLER, 239
PYTHONHASHSEED, 203, 239
PYTHONHOME, 13, 203, 210, 240
PYTHONINSPECT, 203, 240
PYTHONINTMAXSTRDIGITS, 240
PYTHONIOENCODING, 206, 244
PYTHONLEGACYWINDOWSFSENCODING, 204,
233
PYTHONLEGACYWINDOWSSTDIO, 204, 241
PYTHONMALLOC, 254, 258, 260, 261
PYTHONMALLOCSTATS, 241, 254
PYTHONNODEBUGRANGES, 238
PYTHONNOUSERSITE, 204, 245
PYTHONOPTIMIZE, 204, 242
PYTHONPATH, 13, 203, 241
PYTHONPERFSUPPORT, 245
PYTHONPLATLIBDIR, 241
PYTHONPROF ILEIMPORTTIME, 240
PYTHONPYCACHEPREFIX, 243
PYTHONSAFEPATH, 237
PYTHONTRACEMALLOC, 245
PYTHONUNBUFFERED, 205, 237
PYTHONUTFS8, 234, 248
PYTHONVERBOSE, 205, 245
PYTHONWARNINGS, 245

, 237,243

Z

Zen of Python (Fo]# A), 334
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