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CHAPTER 1
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#define PY SSIZE_T CLEAN
#include <Python.h>

o=t} T EZ I HE AJAZ RS E=AE 9} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 18|31 <stdlib.h> (A} 7}=3F 3-9).
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/
include/pythonversion/ and exec_prefix/include/pythonversion/, where prefix and
exec_prefix are defined by the corresponding parameters to Python’s configure script and version is ' $d.
%d' % sys.version_info[:2]. On Windows, the headers are installed in prefix/include, where
prefix is the installation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>;this will break on
multi-platform builds since the platform independent headers under pre £1ix include the platform specific headers
from exec_prefix.

o+ AHEAFE £ 5Ho] /C AP 7HC BH AL§ 5] 395 Qlol = 3] 5hU o] extern "C 2 AYAL
AR E QAo Gl fo ook Trich Crr oA ol ICAPI E X851 Sl SUT 2AE AT

-

1.3 F&3jazs

sho 4 3] shololl & R A 83 vl 7k Aol o] i PhRE e B R 3 3ol] A Bl of
AUtk (9l& So] Py RETURN._NONE) U %] o duka ol S e g 52 o 7)o Aold o] gl )
ole] 2 o] AA 5L opdyrh.
PyMODINIT_ FUNC

Declare an extension module Py Init initialization function. The function return type is PyObject*. The

macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

The initialization function must be named Py Init_ name, where name is the name of the module, and should
be the only non-stat ic 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) ;

}

L J

Py_ABS (x)

WA 330 7}

4 Chapter 1. 27
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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; } ]

WA 3119 F71.

Py_CHARMASK (c)

AAbE FAF BE= [-128, 127] LH[0, 255] Akol 9] AgofoF Pt o] |l 2+ unsigned char &
Na®H c & ksl o

Py_DEPRECATED (version)
) ) (deprecated) 41 1ol AHEBFAIA| 2. o] P2 418 o] F <ol 91 A5 of Fhict

S A

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

A 3.80]1 4 WA : MSVC A ¥S F7F5 YTt

Py GETENV (s)
getenv (s 9}—,—,—/\]—?‘5]—1] ut-ErlAMEZ o2 AYH H9(Z,Py_IgnoreEnvironmentFlag
7FARE 79) NULL 2 WHER o}

Py_MAX(X,y)
x 9}y Apole] 2 zE WA .
WA 330 7%
Py_MEMBER_SIZE (type, member)
(type) FZA member o] 7] & Hlo]E & w33 o}
WA 3.69 F7}.
Py_MIN (Xx,y)
x 2}y Abol9] 2% ke AP,
WA 330 7%

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; }

WA 311 7k

Py_STRINGIFY (x)
x5 CEAE 2 HEAF YT o] & £9] Py_STRINGIFY (123) 2 "123" & W33 ch

B A 3.40 F7}.
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Py_UNREACHABLE ()
grHoz s ¢ e IE 27 IS FFo o] TR E AFSIAAI L. & 9], switch
= of default: BoA AFE3 4= g5 th

Ho

assert (0) X abort () Al A} A L.
9u= mEdA o Wazt Aude st 2
e Z= U A2E HAFUL oAE
__builtin_unreachable () & F3dF Yt}

EE HASsted =g HHY 22T £
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Py_UNREACHABLE () 9] €%+ W3t51%] 94X 2 _Py_NO_RETURN & A AR L 345 55
= AUt
3= B2}l Aol
= dEYULh o & Eof, HE
AEole TE2A A AHE
Py FatalError() 8 AH4& 4 JdFYTh
WA 379 F7}

Py_UNUSED (arg)
#4590 ALE Aol Abg et AR A F1E FAFUCE oAl int func(int a, int
Py_UNUSED (b)) { return a; }.
WA 3409 F7}.

PyDoc_STRVAR (name, str)
Z2Eo) A A4S 7h5 3 name o] @ o] &2] WSS AT Sojrlo] TAET glo|
gtk W) ghe wlol g AT
PEP 7 ol YA E ZAAH sto]AS F2EF glo] A=317] 93| PyDoc STRVAR & JH &
A8 341 A 2

A A

i)
[
i

[t
o
=2

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

static PyMethodDef deque_methods([] = {
/7.
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
77 ooo

PyDoc_STR (str)
Fol EALA & S2EF L A FUTE SAEHo] v B3} Hogle Fod Wl AL
2333yt
PEP7 o BAH AX Y S2EY glo] So] HS WER L YRS S2ES FAZ 0 pyboc STR
& At 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

6 Chapter 1. 27}
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14 A, 9 22z 3z A5

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

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

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

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

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

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

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

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

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

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

PyObject *t;

t = PyTuple_New (3);

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

FzE2hkz UG 44 11’41_

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

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

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

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

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, nj;

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

(h& sl o] A ol Al<%)

8 Chapter 1. 27}
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(o1 sl o] Al el A A%

for (i = 0; 1 < n; i++) {
PyObject *index = PylLong_FromSsize_t (i);
if (!index)

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

return 0O;
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long

sum_list (PyObject *1list)

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

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

return total;

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

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

return total;

142 §

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

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

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

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

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

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

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

}

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

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

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

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

Py_DEBUG

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

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

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

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

C API Stability

Python’s C API is covered by the Backwards Compatibility Policy, PEP 387. While the C API will change with
every minor release (e.g. from 3.9 to 3.10), most changes will be 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.

Names prefixed by an underscore, such as _Py_InternalState, are private API that can change without notice
even in patch releases.

2.1 A & =2 npolg] gEH o)A

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

2.1.1 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
APT version.

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

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

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

15
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2.1.2 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 APL

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 albi3 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.

2.1.3 Limited APl 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_ITEM () isnot.
The macro can be faster because it can rely on version-specific implementation details of the list object.

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

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

2.1.4 Limited API Caveats

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

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

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

For these reasons, we recommend testing an extension with a/l 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 APL
Even with Py_LIMITED_APT defined, a few private declarations are exposed for technical reasons (or even unin-
tentionally, as bugs).

Also note that the Limited AP is not necessarily stable: compiling with Py_ LIMITED_AP I with Python 3.8 means
that the extension will run with Python 3.12, but it will not necessarily compile with Python 3.12. In particular, parts
of the Limited API may be deprecated and removed, provided that the Stable ABI stays stable.
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2.2 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.

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

e PyAlter_Check ()

* PyArg Parse ()

* PyArg ParseTuple()

* PyArg ParseTupleAndKeywords ()

e PyArg _UnpackTuple ()

* PyArg VaParse ()

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

* PyBool_FromLong()

e PyBool_Type

* PyBuffer FillContiguousStrides ()
e PyBuffer FillInfo()

e PyBuffer FromContiguous ()

e PyBuffer GetPointer ()

* PyBuffer_ IsContiguous ()

* PyBuffer Release()

e PyBuffer SizeFromFormat ()

* PyBuffer_ ToContiguous ()

e PyByteArraylIter_Type

* PyByteArray_ AsString/()

* PyByteArray_Concat ()

* PyByteArray_ FromObject ()

e PyByteArray_FromStringAndSize ()
* PyByteArray_Resize()

e PyByteArray_Size ()

e PyByteArray_ Type

e PyBytesIter_Type

2.2. Platform Considerations 17
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PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_ FromFormatV ()
PyBytes_FromObject ()

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type
PyCMethod_New ()
PyCalllter_ New()
PyCalllter_ Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_ GetDestructor()
PyCapsule_GetName ()
PyCapsule_GetPointer ()
PyCapsule Import ()
PyCapsule_IsValid()
PyCapsule_New ()
PyCapsule_SetContext ()
PyCapsule SetDestructor()
PyCapsule_SetName ()
PyCapsule_SetPointer ()

PyCapsule_Type

18
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e PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
* PyCodec_Decode ()

* PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

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

* PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

* PyCodec_RegisterError()

* PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors ()

e PyCodec_Unregister()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()

* PyComplex_ImagAsDouble ()

* PyComplex_RealAsDouble ()

* PyComplex_Type

* PyDescr_NewClassMethod ()

* PyDescr_NewGetSet ()

e PyDescr_NewMember ()

* PyDescr_NewMethod ()

* PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

* PyDictProxy_New ()

e PyDictProxy_Type

e PyDictRevIterItem_Type

* PyDictRevIterKey_Type

e PyDictRevIterValue_Type

e PyDictValues_Type

2.3. Contents of Limited API 19
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e PyDict_Clear()

e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_DelItem()

e PyDict_DelItemString()

e PyDict_GetItem()

e PyDict_GetItemString()

e PyDict_GetItemWithError ()
e PyDict_TItems ()

e PyDict_Keys ()

e PyDict_Merge ()

e PyDict_MergeFromSeq2 ()

e PyDict_New /()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString()

e PyDict_Size/()

e PyDict_Type

e PyDict_Update ()

* PyDict_Values ()

* PyEllipsis_Type

¢ PyEnum_Type

* PyErr BadArgument ()

* PyErr BadInternalCall /()

* PyErr CheckSignals ()

* PyErr Clear /()

* PyErr_Display ()

* PyErr ExceptionMatches ()

* PyErr_ Fetch ()

* PyErr Format ()

e PyErr FormatV()

* PyErr GetExcInfo()

* PyErr GetHandledException ()
* PyErr GivenExceptionMatches ()
s PyErr NewException ()

* PyErr NewExceptionWithDoc ()
* PyErr NoMemory ()

e PyErr NormalizeException ()

* PyErr Occurred()
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* PyErr Print ()

* PyErr PrintEx()

e PyErr ProgramText ()

* PyErr ResourceWarning ()

* PyErr Restore()

* PyErr SetExcFromWindowsErr ()

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

* PyErr SetFromErrno ()

* PyErr SetFromErrnoWithFilename ()

* PyErr SetFromErrnoWithFilenameObject ()
* PyErr SetFromErrnoWithFilenameObjects ()
* PyErr SetFromWindowsErr ()

* PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

* PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

* PyErr SetInterrupt ()

* PyErr SetInterruptEx()

* PyErr_SetNone ()

* PyErr SetObject ()

* PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()

* PyErr WarnEx ()

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()

e PyEval_AcquireLock ()

* PyEval AcquireThread()

e PyEval_CallFunction ()

* PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()

e PyEval_EvalCode ()

* PyEval_ EvalCodeEx ()

* PyEval_ EvalFrame ()

* PyEval_EvalFrameEx ()
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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_BufferError
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
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError

PyExc_ImportWarning

22
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e PyExc_IndentationError

* PyExc_IndexError

* PyExc_InterruptedError

e PyExc_TIsADirectoryError

¢ PyExc_KeyError

e PyExc_KeyboardInterrupt

* PyExc_LookupError

¢ PyExc_MemoryError

* PyExc_ModuleNotFoundError
¢ PyExc_NameError

e PyExc_NotADirectoryError
* PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError

* PyExc_PendingDeprecationWarning
* PyExc_PermissionError

* PyExc_ProcessLookupError
* PyExc_RecursionError

e PyExc_ReferenceError

* PyExc_ResourceWarning

* PyExc_RuntimeError

e PyExc_RuntimeWarning

* PyExc_StopAsyncIteration
e PyExc_StopIlteration

e PyExc_SyntaxError

e PyExc_SyntaxWarning

e PyExc_SystemError

* PyExc_SystemExit

e PyExc_TabError

* PyExc_TimeoutError

¢ PyExc_TypeError

e PyExc_UnboundLocalError

e PyExc_UnicodeDecodeError
* PyExc_UnicodeEncodeError
* PyExc_UnicodeError

e PyExc_UnicodeTranslateError
e PyExc_UnicodeWarning

* PyExc_UserWarning

e PyExc_ValueError
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PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile_ FromFd/()
PyFile_GetLine ()

PyFile _WriteObject ()
PyFile WriteString()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()
PyFloat_GetInfo ()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()
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 ()

24
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e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

* PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

* PyImport_GetModuleDict ()

e PyImport_Import ()

* PyImport_ImportFrozenModule ()

¢ PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

* PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock ()
* PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

* PyInterpreterState_Clear /()

e PyInterpreterState_Delete ()

* PyInterpreterState_Get ()

* PyInterpreterState_GetDict ()

* PyInterpreterState_GetID()

* PyInterpreterState_New ()

e PyIter_Check/()

* 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()

2.3. Contents of Limited API 25
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PyList_SetSlice ()
PyList_Size()
PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangelIter_Type
PyLong_AsDouble ()
PyLong_AsLong()
PyLong_AsLongAndOverflow ()

PyLong_AsLongLong ()

PyLong AsLongLongAndOverflow()

PyLong_AsSize_t ()
PyLong AsSsize_t ()

PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()

PyLong_AsUnsignedLongMask ()

PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong_FromSize_t ()
PyLong FromSsize_ t ()
PyLong_FromString()

PyLong_FromUnsignedLong ()

PyLong_FromUnsignedLongLong ()

PyLong_FromVoidPtr ()
PyLong_GetInfo ()
PyLong_Type

PyMap_Type

PyMapping_ Check ()
PyMapping GetItemString ()
PyMapping_HasKey ()
PyMapping_ HasKeyString /()
PyMapping Items ()
PyMapping_Keys ()
PyMapping Length ()
PyMapping_SetItemString ()

PyMapping Size ()
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* PyMapping_ Values ()

* PyMem Calloc ()

* PyMem Free()

* PyMem Malloc ()

* PyMem Realloc ()

* PyMemberDef

* PyMemberDescr_Type

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

* PyMethodDef

* PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_Base

* PyModuleDef_ Init ()

* PyModuleDef_ Type

e PyModule_ AddFunctions ()

* PyModule AddIntConstant ()
* PyModule_ AddObject ()

e PyModule_AddObjectRef ()

* PyModule_AddStringConstant ()
* PyModule_ AddType ()

s PyModule_Createl ()

e PyModule_ ExecDef ()

e PyModule FromDefAndSpecZ ()
* PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

* PyModule_GetFilenameObject ()
* PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState()

* PyModule New ()

e PyModule_NewObject ()

e PyModule_SetDocString()

e PyModule_Type

e PyNumber_Absolute ()
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PyNumber_Add ()
PyNumber And ()
PyNumber_ AsSsize t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_ Float ()
PyNumber_ FloorDivide ()
PyNumber_InPlaceAdd()

PyNumber_ InPlaceAnd()

PyNumber_InPlaceFloorDivide ()

PyNumber_ InPlaceLshift ()

PyNumber_InPlaceMatrixMultiply ()

PyNumber_InPlaceMultiply ()

PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()

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 ()
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* PyOS_BeforeFork ()

* PyOS_CheckStack ()

* PyOS_FSPath ()

* PyOS_InputHook

* PyOS_InterruptOccurred ()

* PyOS_double_to_string()

* PyOS_getsig()

e PyOS_mystricmp ()

* PyOS_mystrnicmp ()

* PyOS_setsiqg()

* PyOS_sighandler_ t

* PyOS_snprintf ()

* PyOS _string_to_double ()

* PyOS_strtol ()

e PyOS_strtoul ()

* PyOS_vsnprintf ()

s PyObject

* PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

* PyObject_AsCharBuffer ()

* PyObject_AsFileDescriptor ()
* PyObject_AsReadBuffer ()

e PyObject_AsWriteBuffer()

s PyObject_Bytes ()

e PyObject_Call ()

* PyObject_CallFunction()

* PyObject_CallFunctionObjArgs ()
e PyObject_CallMethod()

* PyObject_CallMethodObjArgs ()
* PyObject_CallNoArgs ()

* PyObject_CallObject ()

* PyObject_Calloc/()

* PyObject_CheckBuffer ()

e PyObject_CheckReadBuffer ()
* PyObject_ClearWeakRefs ()

e PyObject_CopyData ()

* PyObject_DelItem()

* PyObject_DelItemString()

2.3. Contents of Limited API 29



The Python/C API, ¥2]~3.11.8

PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized/()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIlIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar()
PyObject_IsInstance()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()

PyObject_Size ()
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* PyObject_Str()

e PyObject_Type ()

* PyProperty_ Type

¢ PyRangelIter_Type

* PyRange_Type

* PyReversed_Type

* PySeqlter_New/()

* PySeqglter_ Type

e PySequence_Check ()

* PySequence_Concat ()

e PySequence_Contains ()
e 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()

* PySet_Contains ()

e PySet_Discard()

e PySet_New ()

s PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices ()

* PySlice_GetIndices ()
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e PySlice_GetIndicesEx ()

e PySlice_New/()

e PySlice_ Type

e PySlice_Unpack ()

e PyState_AddModule ()

s PyState_ FindModule ()

* PyState_RemoveModule ()

e PyStructSequence_Desc

* PyStructSequence_Field

* PyStructSequence_GetItem/()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e 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 ()

e PyThreadState_Delete ()

* PyThreadState_Get ()

* PyThreadState_GetDict ()

* PyThreadState_GetFrame ()

e PyThreadState_GetID()

e PyThreadState_GetInterpreter()

* PyThreadState_New ()
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PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread_create_key ()
PyThread _delete_key ()
PyThread delete_key value ()
PyThread_exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()
PyThread_tss_delete ()
PyThread_tss_free()
PyThread_ tss_get ()
PyThread tss_is_created()
PyThread_ tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelIter_Type
PyTuple_ GetItem()
PyTuple_GetSlice ()
PyTuple_New()

PyTuple Pack ()
PyTuple_SetItem()
PyTuple_Size ()

PyTuple_Type

2.3. Contents of Limited API
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PyTypeObject

PyType_ClearCache ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSlot ()
PyType_IsSubtype()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd/()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd/()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()

PyUnicodeTranslateError GetObject ()
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* PyUnicodeTranslateError_GetReason ()
* PyUnicodeTranslateError_GetStart ()
* PyUnicodeTranslateError_SetEnd/()

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

* PyUnicode_AppendAndDel ()

e PyUnicode AsASCIIString()

* PyUnicode_AsCharmapString/()

* PyUnicode_AsDecodedObject ()

* PyUnicode_AsDecodedUnicode ()

* PyUnicode_AsEncodedObject ()

* PyUnicode_AsEncodedString/()

* PyUnicode_AsEncodedUnicode ()

e PyUnicode AsLatinlString()

e PyUnicode_AsMBCSString()

* PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_AsUCS4 ()

e PyUnicode_ AsUCS4Copy ()

* PyUnicode_AsUTF16String()

e PyUnicode_AsUTF32String()

e PyUnicode AsUTF8AndSize ()

e PyUnicode AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_AsWideChar ()

* PyUnicode_ AsWideCharString/()

* PyUnicode_BuildEncodingMap ()

* PyUnicode_Compare ()

* PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode ()

* PyUnicode_DecodeASCII ()

¢ PyUnicode_DecodeCharmap ()

* PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

* PyUnicode_DecodeFSDefaultAndSize ()

e PyUnicode_DecodeLatinl ()
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PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTFl6Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTF8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_ FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize ()
PyUnicode_InternFromString()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier()
PyUnicode_Join ()

PyUnicode_Partition ()
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* PyUnicode_RPartition ()
e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

e PyUnicode_Replace ()

* PyUnicode_Resize ()

* PyUnicode_RichCompare ()
* PyUnicode_Split ()

e PyUnicode_Splitlines ()
* PyUnicode_Substring()
* PyUnicode_Tailmatch ()
e PyUnicode_Translate ()
e PyUnicode_Type

* PyUnicode_WriteChar ()
* PyVarObject

e PyVarObject.ob_base

* PyVarObject.ob_size

* PyWeakReference

e PyWeakref GetObject ()
* PyWeakref_ NewProxy ()

* PyWeakref NewRef ()

e PyWrapperDescr_Type

* PyWrapper_New()

* PyZip_Type

e Py _AddPendingCall ()

e Py AtExit ()

¢ Py BEGIN_ALLOW_THREADS
* Py BLOCK_THREADS

e Py BuildValue ()

* Py BytesMain ()

* Py CompileString/()

* Py _DecRef ()

e Py DecodeLocale ()

e Py END _ALLOW_THREADS

e Py EncodeLocale ()

* Py EndInterpreter()

* Py EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
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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 ()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()
Py _GetVersion ()
Py_HasFileSystemDefaultEncoding
Py_IncRef ()
Py_Initialize()

Py InitializeEx()
Py_Is()

Py_IsFalse()

Py IsInitialized()
Py_IsNone ()

Py _IsTrue ()

Py _LeaveRecursiveCall ()
Py Main()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()

Py _ReprEnter()
Py_ReprLeave ()
Py_SetPath()

Py SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py _UCS4

Py _UNBLOCK_THREADS
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e Py_UTF8Mode

* Py VaBuildValue ()
* Py Version

* Py XNewRef ()

* Py _buffer

e Py_intptr_t

* Py ssize_t

e Py_uintptr_t

* allocfunc

* binaryfunc

* descrgetfunc

* descrsetfunc

* destructor

* getattrfunc

* getattrofunc

s getiterfunc

* getter

* hashfunc

* initproc

* inquiry

s iternextfunc

* lenfunc

* newfunc

* objobjargproc

* objobjproc

* reprfunc

e richcmpfunc

* setattrfunc

* setattrofunc

* setter

* ssizeargfunc

* ssizeobjargproc
* ssizessizeargfunc
* ssizessizeobjargproc
* symtable

* ternaryfunc

* traverseproc

* unaryfunc

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

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

int Py_Main (int argc, wchar_t **argv)

A& Yt argCﬂargv Ll 7H Hr=C iil"éu main ( ) Toll AL
Fuls) oF Utk (AFERFe] 2 A P of| uhef wehar_t2 HZFH U TH.
FoJ ok T THFHA B A4 B o] el 7] EAA gL .
BAHOE (F, o9 glo]) TEHA NS 320, o2 2 Qs Az 7t S5= 1, w7 ¥
B2o §E T ol W ¥ 2L YA eow 27b By,
ﬂ 2 5] 2] 9k SystemExit 7} #AYEH, o] 4= Py_InspectFlagZt AR E o] QA 2 51
WA T 22 A AT ERT FoFAA L

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () 2} -FAV5HA] Bt argv= BFo] E B2 9] v g Y Yt}
A 3.89 &7}

int PyRun_AnyFile (FILE *fp, const char *filename)
ob#l PyRun_AnyFileExFlags () & ©<=3td A o]~ YT} closeit> 02 2 flags= NULLZE
AAE A2 FAFU

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *ﬂags)
o} PyRun_AnyFileExFlags () & @3l Qg H o)A~ d Ut o] AL closeit JAAME 002 A
AH A2 G AF YT

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)

olell PyRun_AnyFileExFlags () 9 ©<std A H oAUtk o] A2 flugs AAE NULLE
ARE Az GAF U
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)

If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename is decoded from the filesystem encoding (sys.
getfilesystemencoding () ). If filename is NULL, this function uses "2 ?7?" as the filename. If closeit
is true, the file is closed before PyRun_SimpleFileExFlags () returns.

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

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
flags A} Wt _main_ EEO|A commandol Y= Tto]H A F=E AP Th _ main_
ﬂzmaﬂ%zaehﬂw+H+ﬂﬂo;qmnﬁMMW41% Fa L el e,
el AHE A= ol Y5 UTh flags®] vl o & FXRFAHAAIL
ﬂ 2] 5 2] 942 systemExit 7} A SHH, o] 4= Py_InspectFlagZt AR o JYA| & 35h-1

2 WA R Z2ALE FRT F AL

int PyRun_SimpleFile (FILE *fp, const char *filename)
ole] PyRun_SimpleFileExFlags () & ©<3td QA o]A2YdYUTh cdoseitS 022, flagss
NULLE 2789 A2 dAFYTH

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

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

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

3 A=A, fpevlelyg REE dojof Ut} (o] & £9] fopen (filename, "rb")).
a3z o, FoMELFE F£57 Y+ 23 HE 9 d S 2utaA AesiA 28 = Ut

int PyRun_InteractiveOne (FILE *fp, const char *filename)
o}#f] PyRun_InteractiveOneFlags () 9 @<3ld QA o]~ Yt} flagsE NULLZE A A=
el 2 AT U

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.psl and sys.ps2. filename is decoded from the filesystem
encoding and error handler.

?:]Eﬂo] Aoz Ald ;LH 0L, osﬂﬂﬂ, 9lom _1%,55%_7__-];___‘\?__@' oﬂg]y]_ 9oy :L].o]a%_q] o] B
=2 HH—LQ errcode.h Q1EF = gldof = o8] T=E 933 Yt} (errcode.h™ Python. h
oA AFF oA k7] wFoll RSt 583 AZSF =3l ofF Toll Fol st Al L)
int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ob#l PyRun_InteractiveLoopFlags () & ©<3StE A g H o]~ Y YTh flagsE NULLE A A &
A2 AT U
int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

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

int (*PyOS_InputHook)(void)
Part of the Stable ABL. Z2 £ E}}] int func(void) ? & 7lE|7| =& A A .
Pt srol el AT melE) 2R EESL SR /L 1 B o ol A A A S ATkl el w
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t} o] T2 A A5t AL Fo]H AA F X2 Modules/

T ZEPUT N g Y
% 23] JHY ZEZES e ofHlE £2o EYS T ALY &

_tkinter.col Al

A=y

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

Z 2 E B} char *func (FILE *stdin, FILE *stdout, char *prompt) 9 &£ 7}
NE2 Agsel, Qe melre] sgnEc A UL Y EE AL 0 AEEL /R G583
T4 Y5t o 4L N0LLo] P W EAL promprE 2T THE A BH EF A Aol A
A8 S A2 A3 EALS W Aot 7 Uth o & £°], readline 82 °] £2

AARst 2 A-F 9 A4 7sS AT ch
A= PyMem _RawMalloc () ©|Y PyMem RawRealloc () 0.2 S FH EX}4E o] A}, of & 7} &
A ) © ™ NULLo] o] of &t}

WA 3404 WA AFE PyMem Malloc () OVt PyMem Realloc () o2 & als oAl
PyMem_RawMalloc () ©]Y PyMem RawRealloc () 2.2 3] oF gt}

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2| PyRun_StringFlags ()2 ©3lH A A o|A~2dYt}h o] Z-2
flagsE NULLE A E JHi 2 dAF YT

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *1ocals,

PyCompilerFlags *flags)

Return value: New reference. flags2 XA H AL & S 2E AF-8319] globals locals ZAA) 2 A A A
DY XREA stro| A ahol 2 =S AT U globals= Y U 2] o] o] o I th. locals+=
WY Z2ESL A RE AN E 5 QG A WS s £ TEE TR BATE
o] g3l of sh A2 B2 A A T
SEE AW AFE shol A AR Z WAL, o9 7 HA S E NULLE WG Tk

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2} PyRun_FileExFlags ()2 ©<3tH A€ o o] 2~ A Yt} closeits
0202, flagsE NULLE A H e 2 FAFUTH

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

closeit)

Return value: New reference. ©}&) PyRun_FileExFlags ()9 @3t QA g o]~ YTt flagsS
NULLE A" A= FAw Yt

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

PyCompilerFlags *flags)

Return value: New reference. o}l PyRun_FileExFlags ()2 ©<3H Qg | o] 2~ J Yt} closeits
00w A4 A dAF YT

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

int closeit, PyCompilerFlags *flags)

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

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

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL ©o}#] Py CompileStringFlags () & T3t
O E] 3| o] A~ QU T} flags S NULLZ A4 H AFE] 2 52 ok

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Return value: New reference. ©}&)| Py_CompileStringExFlags () & ©<=3tH A g o]~ gt}
optimizes -12 A9 JH 2 FAFUTh

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
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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.

B4 optimize’= Aok A o] H AT £ 2L NPT -1 e 0 FHOE Fod A AH=
Ee] AAst £7e AAFUT WAA $2L 0 (H A5 98 __debug__7h ), 1 (o] 4 o]
AAR D __debug__7k AR Ei 2 (SAEE AAFUTh AUt

WA 340 F71.

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.

B A 3.20] =7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)
Return value: New reference. Part of the Stable ABL. ©] 22 I & AR <} A 2 2 Heuk Qs
PyEval_EvalCodeEx ()9 @34 Qg H o)A Yrth o2 Qxt= NULLE 9 q A=)

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

Return value: New reference. Part of the Stable ABL. o] F 715 213t 54 A oA, v g] A3dH
FE AR E FATU o B4 A Mo YAY e, A A5 v A, Ao w2
ZIRNESt 7125, 719 = A8 A 7B g e R AL F2A FEE FAEEUTH

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Return value: New reference. Part of the Stable ABL. A3 Z & 2 FH 713 Uch o] d WA 534S
A3 PyEval FEvalFrameEx ()2 ©@<e3H Qg | o] 2~}

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

Return value: New reference. Part of the Stable ABL. ©] A2 z}o] Q| Z e E Q] H|Ql, FLu]| x| k&
BEYYL AY el ot A D AR AR D8 ol wh e} vpo| = 1= % o) 431
e AYdUT F 7} throwflag 7] A= AR FAZ ¢ A5UTh- Fol |, o9 7F S A]
WA HE S FUTH Ao E AA Y throw () WA o] AHEH Uk

WA 3404 WA: o] B4t o)Al B4 o) 9B 283 WP A ShkeA HAFES £ 8T TN
A A RS E3HeU T

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

o gt B Bk =AYl EH1E WAL, 4T3

rE
Y
m[o
i,
£
ol
)
X
N,
o
rE
rit
o
<
v

int Py_eval_input
Ze)8 R A4S 8 shol ¥ B N2 75 Py CompileString ()% §7) AHEFTh

int Py_file_input

StQeluh thE Asold 9 BFY ANDXE AT ol BEY AH A5,
Py _CompileString ()% @7 ASFUTh A2 71 sho] W 42 IES A%HAL 1 A

&ot= 7= duth

int Py_single_input
T B2 9% shol M B AR 715 py_compilestring () 7 BA A o34
Az ]y Fxo AHEH = 7T dYTh

struct PyCompilerFlags
oA ALY ZHIE e U AHEHE FERAG U ZETHHAFLH T St o—rlnt
flags® AGH 3, I=7F AP = 49 PyCompilerFlags *flags@ AEH Yth o] 4%,
from _future_ import+ flugsE AT 4 JH5Y T

Whenever PyCompilerFlags *flagsis NULL, cf_flags is treated as equal to 0, and any modifica-
tiondue to from __ future_  import is discarded.
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int cf_flags
cEEEEEES
int c£_feature_version
of _feature_version-S 5 3}o] 4 ¥4 Y YT} PY_MINOR_VERSIONS & % 7|3} of oF gk}
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
WA 3.8 A WA : of feature_version BE=ZE F7FH 5 U Th
int CO_FUTURE_DIVISION

flagsol| A o] RIEE A5t PEP 2380 whet 7] A4k} /& “A < v 7] (true division)” = 3
AE =5 U

45


https://peps.python.org/pep-0238/

The Python/C API, ¥2]~3.11.8

46

Chapter 3. ©j

[e)
5

al

2~
T

Y

Al

ol



cHAPTER 4

e
PN
)
al

o] o) V22 Fol A AR e Hx A4S Bl st vl AgH Tk
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 XINCREF ().
Do not expect this function to actually modify o in any way.

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)

Part of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py_ TNCREF () on
o0 and return the object o.

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

For example:

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

can be written as:

[self—>attr = Py_NewRef (obj) ;

See also Py_ TNCREF ().
WA 3.1000] 7}
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PyObject *Py_XNewRef (PyObject *0)

Part of the Stable ABI since version 3.10. Similar to Py_ NewRef (), but the object o can be NULL.
If the object o is NULL, the function just returns NULL.
B A 3.100] =7}

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.

7ZJ31: The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class instance
witha __del__ () method is deallocated). While exceptions in such code are not propagated, the exe-
cuted 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.

void Py_XDECREF (PyObject *0)

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

void Py_ CLEAR (PyObject *0)

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

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

void Py_ IncRef (PyObject *0)

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

void Py_DecRef£ (PyObject *0)

o}

_Py_ForgetReference(),_Py_NewReference () ‘;—1 A

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.

Sty mMlazes Azl g Zod A A8 £ dF5 Ut Py Dealloc(),
o M4 _py_RefTotal.
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CHAPTER D

o 2] A &

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

FAAoZ, o#] BA V=AM 7R AA TAEHZ AT UL o9 &, o9 gk U Eg oAl A,
ol £UH S AAHA e nuLLe] E & YFUTH(EHAT AF 272 FAH o] d5Uth AE

501 ©l9] @] nULLOl W NULLO] obd Eo]amg 7HE 4 glsuth.

&% AF gk Aofsto] Gk Al of & ufl, AnbA o2 oY AV E AA A Gyt ©
=9 F7tolu] AR YU o2& A =S o9& AP AY {3 B gashg A4 2y
Hee] &) E AT & ks of & A 9ol sl JlEE ﬂﬂﬂx1ﬂﬂﬂ% Qﬂﬂﬂﬂﬂi
A% A gkotof 3y .Oﬂﬂii A8l RS, o2 Ap A ol #7F A A 5& el Aol T2y
o o2 A ekA] Ak AF S A skEA] 2o w, shol W/C APIO) B3l £/} B Eo] o 3 o) 2
AEotA] e dov & e Ao AT S dSuth

Z: OB EA V)= sys.exc_info ()9 A7} ol duth A= o} & E 2] 2] k2 (u}EtA] o] A 3]
A3t % 90) o 2ol S ekakic Wb, FAE £ AE F (oA Askr} 5 RE) 919 & wagh o,

5.1 A} #]-%-7]

void PyErr_Clear ()

Part of the Stable ABL ol 2] A 7] & AUt} olg] FA 7|7 A o] YA gqed a7} ¢l
Y,

void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABI. & Eﬁﬂ o]~ S sys.stderr® Q4 3}1L o8] A 7] E AT} ol &7}
SystemExit 7} old ?l', o] AL o= EFojamo] QT R k11 Tto] MW T Z M AL SystemExit
Ardro] s A1 HE olg] F=2 FHFPYrh
SN2 A7 AAE B el v o] g TEIAA . T8 A GO T A< o 27} w4

FHTh

zh

=
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set_sys_last vars 7} 0 ©o] o}y W, W4 sys.last_type, sys.last_value % sys.
last_traceback & ZZt Q4= = o9 &, 3t H EFojamoz AL

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 4}
This utility function prints a warning message to sys.stderr when an exception has been set but it is

impossible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan__del__ () method.

o] T DAL 5= gl 7 A FH S A O ARt ohR TSP Ytk 75,
obj®] repro] 7 a1 W A] A of] A4fH YTt

ol gdrE LT AAE HAFH ojoF T

5.2 o 2] WY A]7]7]

o] FHEL A ~H =9 g BAIVIE AR d ol FUTh A E A, ol T T IR =
G return Fo A AREZ NULL E QB E WY T
void PyErr_SetString (PyObject *type, const char *message)

Fart of the Stable ABI. This is the most common way to set the error indicator. The first argument specifies
the exception type; it is normally one of the standard exceptions, e.g. PyExc_RuntimeError. You need
not create a new strong reference to it (e.g. with Py_ TNCREF () ). The second argument is an error message;
it is decoded from 'utf-8"'.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] &4+ pyErr SetString ()3 FAFSEA E, ol 2] 2] “ZF ol o s 42l
sfo M A7) & AR T 5 e,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL. o] gt ol 2] T A 7| & A A 5112 NULL-S WY
t}. exceptionS 5}o] A o @] ZEf o] of T T formarst T w7l = o E WA E TR =
o] =&°] Yt} PyUnicode FromFormat () ol A2} 22 o) n| @} Zh-& 2+5 Yt} formar2 ASCIL
Az EARA Y.

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| 2}, 7}FH
Mol Az thA va_list AAE HFTh
WA 3.5 =7}

void PyErr_SetNone (PyObject *type)
Part of the Stable ABI. ©] 212 PyErr_SetObject (type, Py_None)d & Z& Ytk

int PyErr_BadArgument ()
Part of the Stable ABI. ©] A2 PyErr_SetString (PyExc_TypeError, message)d &Y =
JUTh 71X message= Z5H QAR W Aike]l 25 A= YEREUTE RE R &4
Yrh.

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABI. ©] A2 PyErr_SetNone (PyExc_MemoryError)
o &9 2¥8YUT; oL WHEAA A g9 e W2t £58 o return
PyErr_NoMemory () ; Btal & 4 15U Th
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PyObject *PyErr_SetFromErrno (PyObject *type)

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

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

tional behavior that if filenameObject is not NULL, it is passed to the constructor of fype as a third parameter.
In the case of OSError exception, this is used to define the £i1lename 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 ()} FAFSFA R, F 719 ntdH & H 3=
e e R R PR PEEE S EEDEEE L
B A 3.40 F7}.

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. file-
name is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a conve-
nience function to raise WindowsError. 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 tu-
ple object whose first item is the ierr value and whose second item is the corresponding error message
(gotten from FormatMessage ()), and then calls PyErr_SetObject (PyExc_WindowsError,
object). This function always returns NULL.

7HeA dE S,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErr () £ FAFstH, AL o9 F& AAst= F7F wi7f H

7 g,
7H873 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 de-
coded from the filesystem encoding (os.fsdecode ()) and passed to the constructor of OSError as a
third parameter to be used to define the £i lename attribute of the exception instance.

7H873 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 £ilename attribute of
the exception instance.

7H A=
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetExcFromWindowsErrWithFilenameObject ()& FAFSHA 9, & WHAA uld ™
715 wrebs Ltk
7He: AT
WA 340 27}

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 ()2} A, A Z o9 & A H3=
27h 7] W47} 5o,
a4 A9

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportErrorS A A 7] &= HY
AUt msge oY WAIA BEAER A F Ut & thNULLe] 2 5 s, nameZ} path=
Z}Zy ImportError® name¥ path o EZHEZ A H Y}

WA 3300 7}
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr_SetImportError () 2}
W9 W% 5A g, o] B4 WA D InportErrore] A M Fe2E AT 4 AUk
HZA 3.60 F7}
void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
3 A ol 2] of] o 3F 3} (file), = (line) @ 2 Z Al (offset) FHE AT A o2 7} SyntaxError

7} o, 27} ol B REE AR5, ol 9 A4l 519) Al 2T o] ol 9] 7} syntaxErrorebi Azt
a7 g

B A 3.40 =7}
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.

B A 3.20] &7}

void PyErr_SyntaxLocation (const char *filename, int lineno)
Fart of the Stable ABI. Like PyErr_SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_BadInternalCall ()
Partofthe Stable ABL. ©] A2 PyErr_ SetString (PyExc_SystemError, message)l &Y &
A J Ut} o 7)1 A message= LH—'?'— A (A S So] Tfo] W/C APl &) o) ZEH QAR T &IPS
Chehgl U ok o U B ¢l o,
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5.3 7 3 235} 7]

o] B8 ALl C TN ADE W54 A 2. Jho] M warnings BEAA YR W §AFSE 34
%Ulaaﬂ‘/lr/} AukA O F sysstderrol] A AR S AUl 28, AFEAT ATE oy 2
A= F AZ P 45 Aem, o % of| & 7 DA UTH A FX o] FAE Al o] 7t ol
% "’;_“B/\l 71+ A% 7Fsguth o9 7L #A 5] oW Rk g2 00] a1, o 2] 7F et ~1 Y ok
I AR 7 AR Z A =AY LY o] {E ﬂ"]ﬂ T “AHD‘r' o] A «1‘:7‘*%114@) of| ¢ 7}
‘”’%‘3}‘11 TE A= AR R o] A2 E 3l oF ?J‘/]D}(Oﬂ%% , 28 JZEE Py DECREF () 8FaL
of & gt= W oh.
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 7 11 W] A] 2| & &3 U T}, category Q1A= A1 H3E (o & FZSHAIAI )Y
NULL YU T} message Q1 A= UTF-8 & A7 Y H 221 YU th stack_level > A& 8| Q) & A|F
ﬂ%%?ﬁwﬂﬁW%éﬁéﬂﬂ%Haﬂ”ﬂ%ﬂiEzﬂﬁ%iﬂ%&ﬂwﬂwmth
o] 10| PyErr WarnEx ()& $&3d= &4, 2+ 199 T,

o[ﬂ

[>

A1 WHWFE pPyExc_Warning® A H F# 2 oo} @,’ Y o} PyExc_Warning =
PyExc_ Exceptlon./] ABE ZH2AdYt; 7|2 A1 HFE PyExc_RuntimeWarning ¢
W) £ ool 8 A3 WFE ol Fol £2 41 ¥ o AAD Ao WA AZH UL,
A1 Aojof tf &t AFA| S W82, warnings B E AHA L} HE & AY Ao -wFAHE FZ3H4A
N 2. AT Ao 98 C APIE Q%L Th
int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)

2

il

v
>

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.

B A 3.40 F7}.

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

char *module, PyObject *registry)

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL. PyErr WarnEx ()&} FAFeH <A 9k, PyUnicode FromFormat ()& AH&
sho] A WA A& XA I T formar-2 ASCH 137 H -cx}"ﬂ duth
B A 3.20] F7}.

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

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

W2 3.600 71

5.4 o2 %4]7] 23]35}7]

PyObject *PyErr_Occurred ()

Return value: Borrowed reference. Part of the Stable ABI. 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
donotneed to Py DECREF () it.

T &A= GILS 2 f3foF gyt
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o 2] 9} vl 3R] vpH Al L ; Al PyErr ExceptionMatches ()& AR&3}
2 Ra oA 2. (Ze2 o191 A ol9l 7 Zel2 oAl Q2T o) A, o Ao
oS o A x Fe) 22 & Slof Al Wl A5l eh7] 4 Th)

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) ==
FUTh AL 7 AA R AAE QS W SE of T TE; ol 2] 7 B A SHA] koW H K e] AN A
uko] WAIFY o,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL given &) 2] 7} exc®] | 2] &3} L |3 Z-& 9r3shU ) exc7t S8 2
giveno] A/ B Fef20] AR Ad w = S WU T exc 7t FEolW, FEoll = BE 9 3
(XL AME FEEAADCR)S A& A8 AT

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)

QLo Al WSS B NULLE AR T A4H 90w, AN AL 7AW 2 Aol v FEE
o e o] 4 rh gt Eell ol 2 ARE o AA 7L 137 9L wE nuLLd 4 Y&yt

Fi: o] ot ANz o9 F A of Sk mE ol @ EAVE AANAOE AT
B of He TE o AR ALGH U T ol 2 B

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. M| AR & o] T A7) AAZ T} o8] A7) 7} oln] AAH o] glow,
AA A F U th AA 7FNULL e W, of 2] 32 A1 7] 7F A1 9 Y Ttk NULL type 7 374 NULL©] o} value
U traceback & A2 up4 Al 2. o 9] F2 FEjaojof Fth ZRE o] ol ghg AL A
TR A 2L (0] B 8 F 2 & ket vEol n] B EA 72 Th) o] &2 7 A Ao v S
F2EAATUTH & Aol Z Aot e FRE AfdoFdl & Fole e oyt F2E
25312 FUth (1AL o] = iy, o] F+E AFSIA up Al L. A FFYLh)

Fa: o] e Ity oz o2 A7 E QA AR A sl B Y3
FuUth @A olH BA 7S ARSI pyErr_Fetch () &AM Al L.

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

Part of the Stable ABL. 7 AF3loj| A, o}l o] PyErr Fetch () 7} ¥E8stE ZE2 “v] AF3E S
4 A%UTh F, rexct 22 A A v rval L e Fej2e) Anb Aotk o Bt
o] A FWAE A2 35t t] A 5 AFUth ghol o] B3] Yo, obF 4=
dojubA] B UTh AAE A A FAS A TP

ZF31: This function does not implicitly set the __t raceback___ attribute on the exception value. If setting
the traceback appropriately is desired, the following additional snippet is needed:

if (tb != NULL) {
PyException_SetTraceback (val, tb);
}
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PyObject *PyErr_GetHandledException (void)

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

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.

WA 3119 F7}.
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.

Z+31: 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.

HZA 3119 7k

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 ().

B3 ol Bt ANACz AT Aol Dol A AEH A S U 258, 7= o9
SO QA AT BANF B ) ALET 5 AT o9 AHE BUHAL AR
PyErr_SetExcInfo ()E AFE3HIAI L

B A 3.30]] 7}

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info (). This
refers to an exception that was already caught, not to an exception that was freshly raised. This function steals

the references of the arguments. To clear the exception state, pass NULL for all three arguments. This function
is kept for backwards compatibility. Prefer using PyErr_ SetHandledException ().

i o B4t ANHOE oI E A stels TEM AEH A FHUch 28, 2
S eAs A S YAE A GG AA R BT 4 BB Aol 4 E o ool

WA 3.30] F7}.

WA 3119 A ¥ 7 : The type and t raceback arguments are no longer used and can be NULL. The
interpreter now derives them from the exception instance (the value argument). The function still steals
references of all three arguments.
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5.5 Al A zstr]

int PyErr_CheckSignals ()

Fart of the Stable ABI. This function interacts with Python’s signal handling.

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

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

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

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

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 setto signal.SIG_DFLor signal.SIG_IGN),itwill
be ignored.

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

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

WA 3.1009 57}

int PySignal_SetWakeupFd (int fd)

ol fFEElE e Alade] Al duttt Al2E W57 vl ER V)59 = 9 Y 7eAE
A dUTh fde v 227 olojof Fytt. o] A9 3t 7] AE whghey T

A 18 715 vEAETF UL ool 27 AH AU o] AL ol signal.
set_wakeup_£d () &t FE A, ol A= JFUTE fde FE3 3L 71E Ao oF o)
T A 2 =oA T T EF o of gy

WA 35004 HA: Aol e oA 22 A== AdF T
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5.6 ojlo] F

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL. ©] S € 2] &= A o] S 25 HE v
st th name A A= A ol 2] 9] 0] &, module.classname &A1 2] C E2}Y o] o] of Ut} base
S} dict QA= GubA 0 & NULLY Yt} o] 2 A 31 Exception(CollA PyExc_Exceptionl &

NAl 2 4 A5 UThol A SAE Ze) 2 A7 BEol AT,

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. Aj2-& o] Q] S0 S2EH S GA FoAT 4
U= A A8t pyErr NewException () 3 25U Th: doco] NULLO] 0}14 A, o £ g‘?/ﬂioﬂ
et S2EF o7 ARG YT

B A 3.20] &7}

5.7 ol 2] A

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABIL. Return the traceback associated with the exception as a
new reference, as accessible from Python through the __traceback___ attribute. If there is no traceback
associated, this returns NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABIL. o] 2] 2} A H EF o] E hE AA T X2 W Py_Nones ARE3}A
Al L.

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

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL o 2|2} A#H AVAEE 2 A AT} z]%aq W NULLES AFL3HAI A 2.
ct7t el 9] A2E 2R BAAshe B AAE YUk o AL avel 3 F2E FPUh

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

void PyException_SetCause (PyObject *ex, PyObject *cause)
Fart of the Stable ABI. Set the cause associated with the exception to cause. Use NULL to clear it. There is no
type check to make sure that cause is either an exception instance or None. This steals a reference to cause.

The __suppress_context___ attribute is implicitly set to True by this function.
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5.8 FrUZE ol ¢ A A

O &5 ColA FURE o9& e $4 8 ol A Yth
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

Return value: New reference. Part of the Stable ABL encoding, object, length, start, end 2 reason ©] E 2
HEE A2519] UnicodeDecodeError AAE 95 Yt} encodingT} reason- UTF-8 & 217 ¥
AUt

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

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

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

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

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABL. 0] 3 o| 9] AR 2] start 9] EB] HEE 7} A A *starrol] v X g T}, start=
NULL®] ofuojof Gt A58t 05, Asfstd -1 Wk

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)

Part of the Stable ABL. 0] A o] 2] AR 2] start 9] EB| HEE startZ A A gt} A3}
S -12 BB .

=)
(@)
o
>
H

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. F20] 2 of| 2] AA| 9] end A E B HEE 7} A A *endol v) X &Yt} end=
NULLe] obuojof hth. A5 3td 05, Aoshd -15 kg o

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL. 50131 o] €] A H| &] end ) EB| R EE end® A4t AF3tH 05, Af
shel -1 WaF o,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. o] X1 | 2] A A 9] reason o] E 2| HEE uk3tgt
U,

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 ABIL. =01 %1 9| 2] 1A 9] reason Q| E 2] R EE reason & A AUt A4F3H4E 0
2, AshahE -1 wag o
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5.9 A7 A o]

o] F ¥ Folgt & BE BFA C oA AT A &S T ot = ATdUTh
A7 FEAREA Tl W MEZ TS EA) P A DRI (el 8 TEE AT Dol AFOE
FAFUD). 25 22 E 2ol A7 A2 E Aelshr] il pcall TANE DL 5 ok
Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. |72 C & &) T 3 #H I 3= A H S TA T YL
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 At =234 A3t o] 4, RecursionErrorZF AA S 31 00]
obd Zhol wkhg yth. 28 #] ¢F oW, 0] Wkgkg U th
where'= A7) Z o] A|tC 2 23 RecursionError WA X|o] o]o]EL " in instance check"
9} 22 UTF-8 91299 221 o] o] of o},
B A 3.99]| 4 A 7 : This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)

Part of the Stable ABI since version 3.9. Py_EnterRecursiveCall() & £33 Y rth

Py _EnterRecursiveCall () 9 Z+ AAE A< S Zult}) st HA § &5 o] oF gt}

8] A 3.99]| 4] ¥ 7 : This function is now also available in the limited API.
e oY ol th3l] tp_repr& vt2A +d3H A SHS A A7 28Uk 28 S WS
A Qo%, tp_repr& =32 FA 7] f8) AAE FA& oF FUth thx +
WEY T AFE A, 0] 52 reprlib.recursive_repr () o 3 C TSEY YT
int Py_ReprEnter (PyObject *object)

Part of the Stable ABL £238-2 7423} 7] 913 tp_repr +8 A2 Al & E )

AA 7} olu] el o, e Fo A4S AU o] B tp_repr 7R S U
U= Z2d AA & w&af of it o & S°l, dict AA= (...} & W&t list AA =
[... 1&gy

A7 ATl =gstd e 5o AeE gt o] A tp_repr 782 R4 S 2 NULL

< Rkedel oF gyt
TR GO H, T4 02 MBS tp repr FALS FYA R ASD 3 dch
void Py_ReprLeave (PyObject *object)

Part of the Stable ABL. Py_ReprEnter () S £33 Ut 0& ¥I35t= Py ReprEnter () EZ&ulth
St & Z8f oF Tt

510 == d 9]

All standard Python exceptions 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& gto] A o] F rE
PyExc_BaseException BaseException .
PyExc_Exception Exception AR 1
PyExc_ArithmeticError ArithmeticError g2 Gt
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError

T oA ol A%
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£ 1- o4 3o Aol A A%

Col= ol W o] 2 -
PyExc_BrokenPipeError BrokenPipeError
PyExc_BRufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedE ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedE ConnectionRefusedError
PyExc_ConnectionResetErr ConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_TImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError RZRE L
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundErro ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedErro NotImplementedError
PyExc_OSError OSError !
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 UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateEr UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

H oA 3.3 9 = 7} PyExc_BlockingIOError, PyExc_BrokenPipeError

PyExc_ChildProcessError, PyExc_ConnectionkError, PyExc_ConnectionAbortedError,

PyExc_ConnectionRefusedError, PyExc_ConnectionResetError

PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,

PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,

PyExc_ProcessLookupError ¥ PyExc_TimeoutError+ PEP 3151& Wl = 95 5 th
PojRe the & oo gt wlo]x Fef2d
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WA 3.5 7} PyExc_StopAsynclIteration ¥ PyExc_RecursionError
WA 3.69] &7} PyExc_ModuleNotFoundError.
=2 PyExc_OSErroro] thgh 84 B3 duth:

Col&

b
m

PyExc
PyExc_IOError

PyExc_WindowsError

_EnvironmentError

(9]

WA 33004 | o] 2 e R M= o9 FoldF U
rE

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

the variables:

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

B A 320 £7}: PyExc_ResourceWarning.

rE:
S RERANL AT A A2 hre v wunous BAAEA HARA I8 A3 HE 22 LA,
o] AL ThE B A3 WFe Wolx Feh2 gyt
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PyObject *PyOS_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the objectis a st r or bytes object, then a new strong reference is returned. If the object implements
the os.PathLike interface, then __ fspath__ () is returned as long as it is a str or bytes object.
Otherwise TypeError is raised and NULL is returned.

WA 3.690 F7}

int Py_FdIsInteractive (FILE *fp, const char *filename)

o] 0] filename? TZE 10 T fp=E Aoz 7133
isatty (fileno ( fp ) 7F 2ol gtd o ALed Yt A
o| ¥, o] g4t filename E 1 E 7} NULLO] AL} o] 2 0] X
o= e sy

W 200l oy ythg wag
Zd 1 Py_InteractiveFlag7} Z+
[e= I}

<stdin>'eo|u} 222" F s}urgr

void PyOS_BeforeFork ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2 3 Ao Y F AE| & &0] 3=
S fork (VW AA Z2 A2 E BASE 1A 348 &7 Aol £ 8 oF yth fork ()
7F 7ol Al i‘%’ o A 'E ARE 75 F o

Ha: Cfork() TE2 (vl <7 e[z H Q) “v 1" e =o A rk o] F o A of Tt
PyOS_BeforeFork () = uFzH7FA Y o).

WA 3.70] &7}
void PyOS_AfterFork_Parent ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2 3 & JE YR e E A Al
St g ZRAS B4 S =Rk A /L], fork () U FA) Eiﬁﬂéi A sh= FAFSE

Got ba0pHe meA iR G2l T tork () 7F A2 E ALDAAT S S
o,
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AT Crork() BEE (W9l Qe e e o)) “u] <" s ol Ak o ol A oF gk,
PyOS_AfterFork_Parent () =& B}7FA| Y T

WA 3.79] &7}

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. Z2Z A2~ 23 T X Qe Z 2| ] A&
AATHE . fork () v A ZRALE BAFE A G458 52T T, T2 A 27} spo) 4
AE]Z 2Bl & T E%Q 7hs/d o] QLo A}A] L Z A 2o A EEOH oF guUth fork () 7 B H
Az aol A R AFS b g o

AF: Cfork() BEL (‘o )” SlE = el e]e]) v el” g =o] A vk o] 2o A oF g th
PyOS_AfterFork_Child () = u}z7FA 4 Ut}

WA 3.7 7}
o ®7):

os.register_at_fork () & AFE3}H PyOS_BeforeFork (), PyOS_AfterFork_Parent ()
% PyOs AfterFork Child ()X &8 AHEA Ao steld &g 55 & 4 syt

void PyOS_AfterFork ()

Part of the Stable ABI on platforms with fork(). ZE A2~ T3 —?— AdH YH A S A E = T
stol A AH Z e E 7} AlS AFSEH T A2 Z2 A2 A TS5 o of Tt A A 31 o] A

za Ao 2ERTY, o] 42 523 P97 g5y
WA 378E HAF: o] 4= Pyos_AfterFork Child ()2 A% d5YTh
int PyOS_CheckStack ()

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

typedef void (*PyOS_sighandler_t)(int)
Part of the Stable ABI.
PyOS_sighandler_t PyOS_getsig (int1i)

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

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

Part of the Stable ABI. Set the signal handler for signal i to be &; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the Stable ABI since version 3.7.

A This function should not be called directly: use the PyConfig APl 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 _PreTInitialize () 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.
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Nz gds Qo= & X]—(wide character) &2} g ol o) &k Z Qg & H}i‘rﬁg}q o}, W 2 2 & 3
PyMem_RawFree () S AFRSFA Al &. size 7} NULL©o] o} ®H, @ EX}& A9 3 9]'01

*sizeo] 7|23}

Uy o &y v 2e &v o8] A NULLE B3 th size7} NULL O] of U, | 28] of| 8] A] *size
7} (size_t)-1%E *47(454_1—_7, t3ZY o8] A] (size_ t)-2F2 AAFH YT}

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

CetolBejglo |17t glow, tyad o 27} iy stA] koo gt
B L nolEQ R A QT Y3e W Py Encodelocale () S48 AFL3IAA L2

o B

_>:L

|32

A 5

it ¢,

r{n

PyUnicode_DecodeFSDefaultAndSize ()&} PyUnicode _DecodeLocaleAndSize () &5,
B A 3.50] &7}
WA 3.7 A X 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

WA 3804 MA: o] &= o)A Y=o A Py _LegacyWindowsFSEncodingFlagZF0o]d
UTF-8 Q139 -& AH&- gyl

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

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

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

error_pos 7} NULL Y] o} W, *error_pos= AdF A] (size_t)-12 AAF I, A7 o8] A] 5+
EoA) 2 EAhel sz 44U

The filesystem encoding and error handler are selected by PyConfig Read(): see
filesystem encodingand filesystem_errors members of PyConfig.
Hlo|E XL olo]lt B2} 221d 2 thA] Yy T Y3} e W Py _DecodeLocale () S48 AL 3HAIA] L.

74 31: 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 Bl

PyUnicode_EncodeFSDefault ()El—PyUnlcode EncodeLocale () &4

B A 3.50] &7}

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

WA 389 A WZAH: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero.
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6.2 A|~H 3

sys 289 75< .
TE2A N 23d FA dHzE Y 2= sys ZE gAYl 2Ttk
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL. sys &N A A A nameS ¥F33 A, 24
347 ko ® o8 47437 9L NULLS WPk
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL v7} NULL©®] o} Sl sys 252 names vE 47 Ut} NULLO| ¥ name-2 sys
EEo A AAl g Utk 4F 8k 0, ol 8 Al -12 WkshetyTh
void PySys_ResetWarnOptions ()
Part of the Stable ABL  sys.warnoptions& ¥l Z|2EZ QAT Yt o s4=
Py Initialize() oA T&& 4 54U}
void PySys_AddWarnOption (const wchar_t *s)
Fart of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.
s sys.warnoptionso] F7}gUth A3 BE grEe|| IS FeW py_Initialize() ©|
Aol o] g2 328 oF B Th.
WA 3115 29,
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.warnoptionse®l] 78 th

B30 ol Bt AA Chyhon 78 AN AET 4 et BB gedu
Py _Initialize()o|A] warningsE BA|Z 02 AXE 317 Ao & oF A, FUZE
AAE WHEEF ST 5 =2 UF dEddo] F23] 2713H 7] Aol 22T 5 7 i

U,
WA 3115 Fg 4.
void PySys_SetPath (const wchar_t *path)

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

sys.path® ZHUEF AN A2 FEA(FY2ANAME :, == ;)2 TEH FZ g2E
of of = parhol § 2L Az Y AE AA = AR
HA 3117 E FH A .

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL. format2. 2 715 = &9 EA}ES sys.stdout o] 7| &t} 2 o] LAY
3helehe o) 9 & B 3HA FHUTHClAE Fx oA L),
format& TRE 8 AL £ A7) 2 10004} E o] & A 3+l oF L Tt} — 10004} 0] E o] &
A, €8 FAE ] YUtk 53], o] A2 FAIS “%s” o] Qo= ¢ EFS Ygudyd
“%.<N>s" & AH-&-3to] A ghaf oF Futh, o 7] A <N>-2 <N>of| th-2 = E g2EQ Hd 37| &
U@ ) 10008}0] E 8 25k S AE 45Utk B3 Ul E £ 44 L, o} 2
S e B ERSPT D RS
TA 7 A AL sys.stdout 7F A A o] YA ko, THH WA X = AA|(C ) stdout ol
AEE-IE=N

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

66 Chapter 6. €2 ¥]



The Python/C API, ¥&] 2 3.11.8

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABL PySys_WriteStdout() 3} § AF & g o] A vk, W Al A &
PyUnicode_FromFormatV()E At&3to] T3 HAIAE JoJo Zo|zE A2 R A
Ut
WA 3.20] 27}

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout ()3 ZX 9 t)Al sys. stderr o]} stderrol] 51Ut}
B A 3.20] &7}

void PySys_AddXOption (const wchar_t *s)
Fart 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.

ot

sE X $4 AT R P RS pysys_cerxoptions () 7h WESHE AA &4 1Bl 27
Ut o] Sk Py Initialize () o)A & 4 JdFULh
B A 3.29] 7T
WA 3115 A2,

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys ._xoptions®} FAFSHA,
-X g4 A 99 el E vrEEy T ol 7F Ay e, NULL o] RESEE] a1 of| @) 7F A A U Tk
B A 3.20] 7}

int PySys_Audit (const char *event, const char *format, ...)
BE 84 F02 Ao ES AR AI UL AF Al 02 REEstal A S A] o 2] & A A 3He] 00]
ohd Zhg WHEEh T,

AN \=4 = ) ]
£NEAE S Pl U W], A Fx S4BT S dsuh)

Note that # format characters should always be treated as Py_ssize_t, regardless of whether
PY SSIZE_ T CLEAN was defined.

sys.audit () 3po]H I = 5 L8 75 THFUTH
HZA 3.8 F7}
¥ 7 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.

userData X H+= £ -2 AGPUTh S = g2 HEIY A TE5H 5= 9 olA], o] ZAAH=
stol A el & 2 A Fxetd kgt

ol BE Py _Initialize() olAo ZE = FAFYTH HEFY
S o] &l Exceptiond A A B e H o E A Al A 2§3] A4t
(T2 ol )= A A5 A (silenced) ¢F<5 U Th).

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

AR 3 APA S A2 PEP 5788 2SN 2. o MEES WA Y| At} EF ol 1
2o g4t At ol ME Eol s o] &tk AAT 1L 2 5 A Ao Y&y Th

o1z} §lo] ZHA} oMl E sys.addaudithook2 TAA 7Y}
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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().

WA 3.8 F7}

6.3 =T Z A A A o]

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

Py_LIMITED_API W3 E7} Ao o] QA 9L 3} py_FatalError () &5
S AR 2O 8 3R R Al g Ut
WA 3904 MG : T o] F S AT R 2 Fth

void Py_Exit (int status)
PartoftheStable ABL AA Z2N2E 25Ut o]AL& Py FinalizeEx ()& 3&3 S BFE
C tol B 8] S exit (status) & ST YtTh Py FinalizeEx ()7} ol#]E BAISHH, 8
A= 12002 AAH YT
WA 3.6004 WA sto]ld A o] dol A9 o 21 7} B = F A= A ks U T

int Py_AtExit (void (*func)())
Part of the Stable ABL. Py_FinalizeEx ()7} <& A d+& 55Ut A
Qo] 525 v & WEA erobol T TE Ao 2709 o) G4 SR+ 9)
dFsld, Py AtExit ()€ 02 WU Adstd 1% vkeeky o} wf
7t A 32U 24 A gee A gl 329 4 9
gtold g A o] A o] S8 5 7] wj &0, funcol| A SFo] A APIE S &3 <F F Ut

0l

n

59 o]

rr
r (
l(f

6.4 %5 YXE 35}7]

PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABL. This is a wrapper around Py Import_ Import () which
takes a const char* as an argument instead of a PyOb ject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL. ©] &= pyImport_ImportModule ()] H XA
EEDE LS
W 33004 WA o] 7]52 %/\Eﬂ‘:ﬂ%iiﬁ%%ﬁv‘-’r}%—%é A
2 L} ghol A 3301]/\1 =, g A o] fRES RAAN BE O] FFow A3

Brel B5EFAe Hr BRdA Yol
PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)

FdsUth 2
71 w2l ©]

=

Return value: New reference. 255 YEXE Utk Ul F o] W Sk import_ () & &3
49 2 gL

W2 ke A E | REo|VH A 7| Aol i3 A2 FE, v AT Al o €] 71 2P " NULL
Puth __import__ () 2} wFZRAI R, vl o] QLA 9F-E fromlist 7} A|F-H A] ¢k FF 7] XS] A B
BEol 8 4H IS wf o] v 32 FH 4 A7 A J Ut

Olx E A= pyImport_ImportModule () A H EL4A3I L E

==

g

\1
m[m

A A g o

AA
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PyObject *PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyObject *1ocals,
PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. RS AdZXE Ittt =

__import__ () 6‘*7} o] g4 A =37 w2, W ol A 34 import_ () & F3H
VA s e R R B
vk glo Qe o n 5oy H A sl 7] Ao "l A2 FHX, = A A o] 7 A A E NULL

°“4D} import__ () & wpR7FAI R, vl o] A b2 fromlist 7} A 5-= A| ¢F+= S 7] A& A B
B0l 845 RS w9 vkE 2 H A A7 A YU h
WA 3300 27}

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

Return value: New reference. Part of the Stable ABL. Py Import_ImportModuleLevelObject ()2}
B 28R BH name-2 FU I = A A Al UTF-8Z QA I H A8 Yyt

WA 3304 M level®] &5 32 Bl S8 A 5T
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABL. ©] A2 A “dXE T TJH7E TE53E= 11
% AE o) 2Lk (B A A level 02 AHE =T, o] JEE S Eghieh. oA 42
__builtins__ o Y+ __import_ () FFE SEFULL o= A FH o XA dXE FS

Agatol QEEs 5P v P

o] B4t P4 AT YEEES S UL

PyObject *PyImport_ReloadModule (PyObject ¥m)

Return value: New reference. Part of the Stable ABl. &5 -& ETr/\] T (reload) U T} THA] 229 2 &9
gist Z2E 93t A Y, Al Al o9 7F A A E NULLS WS ‘JE]'(O]W] BEL2 9Hds &A%Y

oh.
PyObject *PyImport_AddModuleObiject (PyObject *name)

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 25 o] & ﬁﬁ 3= 2 E
AA S W33t name QA A= package.module FA Y 4 S5 UTth WA 2E I g9
Sl Stolohar, glot Az wEel wE 94U el 4 Hu A Al o5 475 NLL

o ¥
iz 1
rit
19 |
r
oo

G YEE 34 Utk mEol of] 2ER A e, W v E
L E St PyImport_ImportModule ()oY 1 Y = S
T o] 52 E A H 7| A] LR oju] EA A F=ThH

A7 o] FfE=REL 2T
AAE A Gtk RS 9=
AL A L. named| A A

RS o2 A oy oh

B A 3.30] F7}.
PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABI. Py Import_AddModuleObject ()2} B]5238}
29k name-2 U I = A th4l UTF-82 A I H EAE YU th

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

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

The module’s __spec___and __loader___ will be set, if not set already, with the appropriate values. The
spec’s loader will be set to the module’s ___1oader___ (if set) and to an instance of SourceFileLoader
otherwise.

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

o Wt oln] YEE PO RES A REFUC RES A 2ESE 9 rH PEe
PyImport_ReloadModule ()& ZFRHA L.
name©| package.module A Ho g FHH o|FZ 7t 7| ¥, o] n] TrEo] A A ¢k 3] 7] A]
e e A gt
PyImport_ExecCodeModuleEx ()@} PyImport_ExecCodeModuleWithPathnames ()& ZF
EL P RL

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABl. Py Import_ExecCodeModule ()3 fAFSHA] 2,
BEE AAS _ file  o]ETHEE=NULLO| o}y 2 pathname 2 2 4 A Yt}
PyImport_ExecCodeModulelWithPathnames () & ZFZR I 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 ()} FAFSIA 9, BE AA 9 _ cached_ oJEZHEE

NULL®] o}FY 2} 9 cpathname 2. 2 A A Ut} A 71A] g+ = o] Aol A& H = A th
B A 3.30] F7}.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

Return value: New reference Part of the Stable ABIL. Py Import_ExecCodeModuleObject ()2} A
S} 2] 9k, name, pathname X cpathname-2 UTF-8 2 Q1 Z QJH 214 d Ut} pathname?] 3 ©] NULLZ
438 %2 ol gro] cpathnamed) A ShokshoA olthel v o,

WA 3.20 F7}.
WA 33604 MA: WoE TS e AZHW 424 428 ALY 0 inp.
source_from_cache () = A& o)

long PyImport_GetMagicNumber ()
Part of the Stable ABL. T}o]# vlo]E T = u}d (LY .pyc 3Y) 2] v} 2] ¥ & (magic number) & Wk
ST o4 W o= TE o] A4S 4vhol2o] 2% AT vhol = ¢4 ® A8 of
Ut oy Al -1 WY o
W2 33004 WA A Al -12 WEsh o,

const char *PyImport_GetMagicTag ()
Part of the Stable ABIL. PEP 3147 & 4] 5}o]# ulo|E T & 1Y o] &9 uj A ¢ ol
t} sys.implementation.cache_tag?® Zt2 AlF S 4 911 o] Sk th Al AL--3f of &
S Al L.
WA 3.20 7}

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABl. =& #E| o] AF&5H =
modules) & HFEHgU T} o] A2 QA E Z gl B uith S 3t= AT Aol Fo s Al L.
PyObject *PyImport_GetModule (PyObject *name)

Relurn value: New reference Part of the Stable ABI since version 3.8. 0] %] o] 52 & oju] ¥ E
£S WAL, 25| o4 JEE ¥ hskrhE nuLLS WMBE A W el AR aA
14 D}- Zﬂ ol A3 sk NULL% ‘E‘}%‘r%}l g AA

W2 3.7 71

=l
2
=]
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PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABIL. Return a finder object for a sys.path/pkg.
__path__ item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’
t yet cached, traverse sys.path_hooks until a hook is found that can handle the path item. Return None
if no hook could; this tells our caller that the path based finder could not find a finder for this path item. Cache
the result in sys .path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. name 0] = o] 59 T2 & B2 E (frozen module)% 23
ok AFSHE 13, BES 24 230 0L, 27156 A5 5Hd o9 E 45 1L wEFTh
27l AAZS Y A2 E H BE ANASH Y PyImport_ImportModule ()< /\]'%3]"?3 Al
(A5H o] 2o FYFAHAANL — o] T4 REo| ojn YXE HUS o oA 2=t

WA 330 7}
WA340 - WA __file OEREE Y BEE AAFA F5ULh

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABL. Py Import_ImportFrozenModuleObject ()%} W58} 2 name2 4
FT AA Al UTF-8 2 AT 5 2214 ¢t}

struct _frozen
o] AL freeze FEH B E| (Fo]H AA W E Tools/freeze/E JFRIAAA )7 A =2 =
EE Y23 HEE A 24 ¥ A9 YUtk Include/import.hol Y& Fo &= thad 25
Ytk

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

bi

W A 3.110] 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]%—54 141 2E HolEd Y REL Z713%

PyImport_ExtendInittab ()< 77\]-‘— A s G F oy, HolBs &A% 4
stttk Al R E L nameo) gt= o]E o2 AR E E § 9o, initfunc T

A TEHE X 7]?}‘6]'/\§ AUt} Py Inltlallze () Ao i%

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.

6.4. 25 UYXE 3} 7
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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]e] nFe 29

919 ¢ £Ee C A= hnarshal 253} 4L voIE) A4 Ageiel Adstd Az A9 @ 2 9
=5 Fuch 485 YA0 Yo HE AL o HolHE thA gt H ST 5 Gt 2357
S1grUITh vhak e B U0l Bl & Ao o AR 3l wpol el W e Yofof gt
57 ghe 239 uhel 271 WA A3 ek,

o BEL 5 /1A WA Ho)E FA L ATk WA 0L AN A6l T, WA 12 T

I
—L
E >
o 1o

o npaFe) @ off 1 E (intern) H }EE FHFUE WA 25 75 &5 Aol thal vhel e 3
ARE-Sy o} Py_MARSHAL_VERSION A 39 F AL veERE YT (E A 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

)

Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native Long 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)

glol W AA| valueZ fileZ vFAFSHU T} version2 3+Y & A1 LEFY 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. U H value 8-S 33 vlo|EE AAE wE gt} version2 51
g4 Uepd U o,
e B4 E AHSSHE IR g2 Al 92 5 g% Th
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 long.

ol & Al, A& o8] (EOFError) & AR 8L -1 2 W& ok

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.

o g A, A A3 | 9] (EOFError) S A A1 -1S w33 th

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
o & Al, & A3} 9| 2] (EOFError, ValueError ¥ TypeError)E A A S} NULLS WHEgh o},

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

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

o2 Al, A &3} o| 2] (EOFError, ValueError ¥ TypeError)E A A 6} NULLS W o}
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PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data”} 7} 2 7] = len B} o] EE E3H5H= vlo] E B 5 9] H o] E] 2 E 2 of| A
shol® AA & wrekgh o).

of & A], A A3l o9 (EOFError, ValueError =¥ TypeError) S A A St NULLS wWEshy o}

ol e AA AF A vHEE O o FEF YT F7F A H e} o Al extending-index ol 55

yArg_ParseTuple (), PyArg_ParseTupleAndKeywords () &
Oﬂ SH AL S ol &El= dl ARSE = 2 AL (format strings)
b2k ol Ul 22 EHE AT

o

PyArg_Parse ()«
& AT 2

E 9 EALL 07) o) o] “E % e (format wnits)” 2 AP U Tk EW B9 Sht) shol 4 A &
BYFU; ANAO R 9 BAh} BEE R 29wl ALYk B 74A o918 A9 5,
52 5ol AUAs ol £Y T E QAR o)l B Pl @ thel 24 2Axjo] oS3,
o 2o, g quoted) G492 X GG T (52 45 2ol R B0 Beg Ao
steld A4 AU [ 5] el 5L F28 HPslofF 3 C wge] Py,

M
_>;,
ue
k)
z
s

oleg £ 2 AHEHH A5 A vme A2 AR o AAl2 T4 ABUTh BEE FULS Y vho]
=4 gojof et AN AFLE ATE B2 Y&k
9] B AIE A o o, 99 NULE S 854 b4 o

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

* Formatssuchas y* and s* filla Py_buf fer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As aresult, you havetocall PyBufrfer Release () after you have finished
processing 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 str or a read-only byfes-like object, such as bytes, and provide a const char *
pointer to its buffer. In this case the buffer is “borrowed”: it is managed by the corresponding Python object,
and shares the lifetime of this object. You won’t have to release any memory yourself.

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

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

Zr3:  For all # variants of formats (s#, yv#, etc.), the macro PY_SSIZE_T_CLEAN must be defined be-
fore including Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.
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s (str) [const char *]
FUIRE AR E £AD) T C ZAE 2 WA T 7] E EAD U E AT =
EAG EA ZAH Hpo AFFH UL C EAE-S NULE S5 Yt 3ol H 2
g 7E ZAEE 283517 Qolok FUth 22t valueError 9|9
A= "utf-8"
g o

Far: o] 2L Pl ELF AAE Dol oA 5 Uth 3td A|AE AR S WolEolal o] 5 C
T AL 2 W3S W, PyUnicode FSConverter ()& converter2 0& M-S A&-3l= Zlo] £5F

e,

WA 35004 | o] Holl=, sto] W EAG A e d FE XA EZF L AR E TypeError7t
S YT

s* (str T vlo| EL 7 2 A)) [Py_buffer]
o] AL vl EL [ A E o2t U I E A S WotE Ptk TEAVM AT S Py buffer
FEAE AFUTh o] 49 234 CEALLS WAAENUL Hlo|EE 233+ glFyth fUZE
A= rutf-8' ATYL AL C ARGz Wag U

s# (str, read-only byfes-like object) [const char *, Py _ssize_t]
Like s*, except that it provides a borrowed buffer. The result is stored into two C variables, the first one a
pointer to a C string, the second one its length. The string may contain embedded null bytes. Unicode objects
are converted to C strings using 'ut £-8"' encoding.

z (str I = None) [const char *]
59 vl BHA B, Shol 8 A 7 None  #E Q) of A C B ZbnuLLE A ek

z* (str, H}o]| E g 5 74 4| & = None) [Py_buffer]
s* &} Hl kA gk, 3ho] W AR = Noned 5 A5 UTH ©] B pPy_buffer 2 A9 buf W7}
NULLZ AAFH Yt}

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
s#2 ¥ A T Shol i A = Noned = JUs5UHh o] 4% C QB 7FNULLE HAFH Ut
y (2)7] A& nlo| = L5 7] 4]) [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.

A 35014 W7: ool i, dhol = Mol A W d vho] B /b AR W Typemrrox7h A3
HUrh.

y* (Wlo] EE 5 24 A)) [Py_buffer]
s+9] o] MY L §UIE A 7} ok e} vpo| EQ 5 A
Eolt A PE AT

y# (read-only bytes-like object) [const char *, Py _ssize_ t]
s#9) o] WYL FUTE AR} okl whol EAF AR B BotE YLk,

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

d

FbolE U ok HholUle] Bl o]l & o}

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

u (str) [const Py_UNICODE *]
vtold FUIZE AAE FUIE FA9] NUL 5 # ool oot
SUFE W st AR AY A, Py UNICODE EQE
py_ONTCODE #AkE) V)& 7ok {0l wheh thol §2] 34l Al
stol @ EArE e Y TE £AES LA shotok Ptk vk 1R ThY, valueError o

o] 74w g ek,

Az HSEF YT 71&
%
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HZ 3504 HA: o] Aol =, Fho]H ARG WAH @ ZE ZRJAEZHAS H TypeError 7t
w2 ok

W7 3,300 4 1405 14U T, 120 312004 A AH U Tk o] 2 2EhQ by owzcons APLS] 9%
Urth; PyUnicode AsWideCharString () & AFg35to] ulol 13| o] A A Al L.

u# (str) [const Py_UNICODE *, Py _ssize_ t]

wsl o] MFL 5 A9 C Mool A ek, A
WE A s 2ol o Mg e Y 7 =
WA 33004 #| A5 Q5 U oh B 31200 A4 Al A Utk o] 28t Py UNTCODE APLO] U 7<)
Ut} PyUnicode AsWideCharString ( g o)A A AL

A s FUIE HlOIEi 3 of] 2k 2 Q1E o]
= 2383

o 2
>
ofo
ok
2
o
=)
o
LI

Z (str X+ None) [const Py_UNICODE *]
u2t H] 523t A 9, ol A= Noned % Q5 Yt o] A Py UNICODE Q1 E 7} NULLE
A= U th,
WA 33004 3| A5 5 U Th WA 302004 A AF Utk o] A 28D Py UNICODE AP1E] G+ <
Ut}; PyUnicode AsWideCharString () < AF&3le] mlo]l 1@ o] A SHA A 2.

Z# (str or None) [const Py_UNICODE *, Py ssize t]
u# e} v SR g, ghol W A= Noned % A5 YT ©] A Py UNICODE ZQE 7} NULLZ
A=)
WA 33004 A AH g5 th WA 312004 A AGUth: o)A 281 Py UNICODE API2] 4 5-¢]
Ut}; PyUnicode AsWideCharString () & AF&35te] ulo] 23] o] A S A L.

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* (§]7]-& 7] vlo] E 7 A A]) [Py_buffer]

of ZU2 ¢]7]-227] W3 Qe Hol~g FAst= BE AAE 3 EH UYL 2 A7 Aedt
py_burier FEAE AFULh WAL W d ool =2 E9D 4 A5tk sEAE
HZ 8 A ulX W pyBuffer Release ()& T&3)|oF gt}

es (str) [const char *encoding, char **buffer]
sl o] Wy e fUNEE B4 W32 3 sk ol AHSH Uk 17 NUL vhol E7b 295 4
ore 9159 o) efof o3 A v =5 ek,

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 BR3 37| & &35l A FYGH do]EE o] ¥ 5o BEAlstL
Ne FFE 22 A S FRIEE uffersS ZATUTH TEAE AFR S0 S3E W5 E 3 A
317] Y3 PyMem Free () & Z&3l oF gt}

et (str,bytes I+ bytearray) [const char *encoding, char **buffer]
Hiol E 2214 A& thAl A 8hA] ¢kl S AT FE Al 98t d es o 25Ut thAl, 782
dlolE X AR wA) sz AYE Am9 L A strin 45 g o

es# (str) [const char *encoding, char **buffer, Py _ssize_ t *buﬂ'er_length]
s#S] o] YL FUIES ZA AR AF PGt Hl AFEH U T es W3 2 2], o] Y2 NUL
BA2 2PsE 4 dolH g H e

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

%74 A5 s} gk

6.6. QA TR B4H g 75 -

Md



The Python/C API, ¥2]~3.11.8

“bufer7FNULL 3 Q1 E) & 712 )9, 3 B 2.8 2719) vl 9l & B, o] w9 9 mg e o]
HE BAS ufers AE FFE 2EAAE FEFET AU TEAE A F 89

A&
W2 A 37 98] pymem Free () & 3Z3 oF gt
“buffer7} NULL©] obd E Q1B S 7he] 7] @ (o] m] FFH M), Pyarg ParseTuple ()& o] 93 %
W 2 AFS AL *buffer_length] 2132 W3 7|2 AUt 18 ths JAZFH dlolE &
H o] BEASLZ NUL 23U W7 S838] 24 ¢, valueError7F A Z Y th
¥ A% 25, *buffer_length-= 33§ NUL vlo] EE A 2| st A1 FJH tfo]E]2] do]2 AP th
et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py _ssize_ t *buffer_length]
Hlol E FAE A& ThAl Z Q1A 923l FHAI T A2 AL et es# &t 25U tial, 78
o vho]E #x4E AR ui A M52 AL A9 S ST 7 FU Th

=7t

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

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

L (int) [long long]
Convert a Python integer to a C Long 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 A4 E CPry_ssize tZ HBIUTH

c (Z o] 12] bytes ¥ =bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
WA 3304 HA: 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 f1loat.

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

D (complex) [Py_complex]
glolW BALE CPy _complex +ZA 2 AT}
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7)€} 23]

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

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

0& (object) [converter, anything]
Convert a Python object to a C variable through a converter function. This takes two arguments: the first is

a function, the second is the address of a C variable (of arbitrary type), converted to void*. The converter
function in turn is called as follows:

[status = converter (object, address); ]

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

converter7} Py_CLEANUP_SUPPORTEDES ¥IS}5lH, Q1x} L& B A o] 22 AFslH F HAZE T&
s o] W7o ojn] At v R 2| & AT 713 E Al AF YT o] F A T E 0l A, object
w7} W= NULL O] U T} address+= 8] £ 22 g& Z5Uth

WA 3104 Y17 : Py_CLEANUP_SUPPORTEDZ} F 715 &

p (bool) [int]

AEd gl =2l e BB (28] A predicate) 8ta2 232 550 C /AN Aoz Ha
th ZAA o] FoldintE 12, AZlCH 002 AT BE
sho] W o] =2 ghg HlAE S Wy ol B3 AAIE Ul &2 truth S
W 3300 7}

(items) (tuple) [matching-items]
AR = Aol 7 itemsol] = 2N &
= ol v &3 oF St Al

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).

2 7hA e $A 29 EALeIA 27 AU th FHE BE el A e £ s uth 252

$19] 491 3ol
o]

shol A 912} el 2= o] Ui A QA7 Al e AHeS Lhebg U th A8 A QAo St C WA
7| EZhO % 27)5)5 o] of YTk — A8 A AX7} A AH A & w), PyArg_ParseTuple ()L
% Csel g2 A=A g,

$
PyArg ParseTupleAndKeywords () A-%: 3ol A ¢z} g]|AEQ Un ] ¢1x}7) 7] Y= A2
& e 84, 2 S19E A8 AR AEA AAfolof A, | T4 EA E A4
$ Sholl A5 of of Yt
A 330 7}
WS 2B o7 A 2EdUTh 28 9 ARG ol mIA A A T o] F o' A
Uth(PyArg ParseTuple () o] BAA 7] o 9] o] “od o5 7).
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W A Bl AEE 7oA BEU AW EE 78 AL 2 71 ol 2] mAI A9 ol w A A]
Al ol 2] WA A= AR U ok = AE S wiAIG Yo
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)!

o1e1 % Frol ALE & F7} A T BRG] ) Fo] A & M| Faolof FUth o] 5L
U FES e AFT o A4S, o) 2o T elemo A8 o, ol o) e
Qegiow A8t B 44 497k AUtk of 49 s 9 welol vhsh A8 A3t Aok
Fich

For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When
the PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses
corresponding to that and the following format units are left untouched.

API g+

int PyArg_ParseTuple (PyObject *args const char *format, ...)
Part of the Stable ABL. §] ] wj 7} vk 21 W2 Fot= T v/} f4E 77 Ao
S5 e MR A, A AE e A o] £ A ]

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL. 7} 7§59 ¢l x}7)F ol valistE ol EQdthE= AL A9 34,
PyArg ParseTuple ()3 34Ut}

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

)

Part of the Stable ABL. 9] 2|9} 7] & vj 7] A4S B 5F X 4 g s 49 mj7) ies 27
AU keywords QA= 7] 9 = w7 W 0] 52 NULL-F & HH°ﬂ %MDP Wl ol 52 9 A- 4 &
f S el U th 4FetE e vy Asstd, Ale st A -5 o9&

A A 7 o,
w1 3,600 4 WA 91224 ul ) Aol o3 2] Qo] F71E k.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥kw, const char *format, char
*keywords[], va_list vargs)
Part of the Stable ABL ~ 7}FW¥ 7152 QA 7} o} va listE WolEdtt= AL A9 3Hd,
PyArg_ParseTupleAndKeywords () & L4 gh]t}.

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stable ABL 71 91= ox dHUa e 77 g elz 3l e
PyArg_ParseTupleAndKeywords () 7} Ab&5 A ¢k Aot 283Ut o714 +& 9
o] o] AAFE 7] ufE Pt

WA 3.20] 7}

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

Part of the Stable ABIL “o] 7 ~E}Y” &49] Q1 A} ]| AEE B o= v AFRH = T — o] 52 o)
Al 301]/<1 A 71 ¥ METH_OLDARGS W] 7] W4 T2 B4 =& 218351 e th A T = oA
7} A I FA ) AR S e A2 AR A 9, £ Bz E O e R EY ZE=HE
1R BACE AgIA AEE £ AR AF U Te), O FES Belshe neld dyow

golglom, 18 BH0 AL ST+ JHTh
int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

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

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

static PyObject *
weakref_ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback NULL;

PyObject *result = NULL;

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

return result;

}

o] Ao A PyArg UnpackTuple ()oll 3t &L PyArg ParseTuple ()ol thd L &3}
AHow F5Th

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

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 ()& 34 F&< 753AE dayth 2R 24l = o] o] =29 &7 =

g
T3ttt =Y Ex1go] v]o] 9O H, NoneS WiEsht}; A &3]

SE QS U RES &3] 3}t
Z G2 23, i T 7L 71 EskE AA 17}—‘%0*0174 HWWHE} 3717F00] 1<
SEZ2 NS EE S W, W EAE S T2 FoAA L.

st s# 2o ASAH, WEe HurlHolHE UE AR AlFstr] S8 A Hez A
g9 o, 223 dolg 7t & }%HE} ZEA7 ﬁl*dL HM— Py_BuildValue ()7} THE

, B8 T/t malloc() S 35350 333 vrg =
Py _BuildValue ()7} HI8EH o 2] Eo]l Z=7LE Y W E

S A9, A58 FAL 2R B YUt (52) B o9 FBE Y W7 UBY sho] 4
o 9 ) 99 BE e A9EC a3 g0

B 230, W, B8 W HEE £ FADeN A FADUTHEAT 49 2 9 TS o]
A obdueh. ol e 1 9 EAE S F 6 97 47 E o A8 T 4 A5

s (str .= None) [const char *]
rutf-8' AT Y S AEEo] -5 8 C EALS gol A str AA =2 WY
Z9E 7} NULL O] ¥, None©] AF&F Ut}

o B
@)
o
_|>i
e

s# (str or None) [const char *, Py _ssize t]
'utf-8' AIAYP S /\}3—‘6}04 CEXEY 1 4ol & ol M str AA 2 MBIt} C EXE
Z 1 E 7FNULLO| ¥, 4 ©] 7} A 5] 3L None ©] RF2Hg Y th

y (bytes) [const char *]
O] AL CEAE S Tho] A bytes AAE AU Th C ZAE 20 E 7FNULLC| ¥, None©]
QkghE Ut
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y# (bytes) [const char *, Py _ssize t]

ol AL c_hx}oﬂ_‘ql_—/_ Z o] & glo]H A2 " Th C EXE Z OB 7} NULLO] H, None

o] WhekE U k.

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

s¢ ZEFYrh
z# (str or None) [const char *, Py _ssize_t]
s# 25Uk
u (str) [const wchar_t *]
+UF = (UTF-16 == UCS4) Hlol 89| 4-%5 3 wchar_t ¥ E Jlo]H fFUIZE AA =
B3k SURE ¥ 5 29 E 7 NULLO |, None o] ¥H3Hg U th
u# (str) [const wchar_t *, Py_ssize_t]
FYZE (UTF-16 =& UCS-4) Hl o] Bl W32} I do] & sto| i FUIZE AR = gyt
FUIZE W3 ZAY 7}NULL°l‘:‘d, o] 7} F A5 3 None o] RE&HH Ut
U (str == None) [const char *]
s} Zeruic,
U# (str or None) [const char *, Py _ssize t]
s#3} 25U
i (int) [int]
Convert a plain C int to a Python integer object.
b (int) [char]
Convert a plain C char to a Python integer object.
h (int) [short int]
Convert a plain C short int to a Python integer object.
1 (int) [long int]
Convert a C long int to a Python integer object.
B (int) [unsigned char]
Convert a C unsigned char to a Python integer object.
H (int) [unsigned short int]
Convert a C unsigned short int toa Python integer object.
I (int) [unsigned int]
Convert a C unsigned int to a Python integer object.
k (int) [unsigned long]
Convert a C unsigned long to a Python integer object.
L (int) [long long]
Convert a C long long to a Python integer object.
K (int) [unsigned long long]
Convert a Cunsigned long long to a Python integer object.
n (int) [Py_ssize t]
CPy _ssize t& Fto|# A2 HEF T
c (Z o] 12] bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.
C (Zo]19] 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.
£ (float) [float]
Convert a C f1loat to a Python floating point number.
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D (complex) [Py_complex *]
Cry_complex TZAE o] Badz Wag o),

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

S (object) [PyObject *]
o%t ZEyth

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 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]
CRI NB2E FE 7 L2 ol FF2

[items] (1ist) [matching-items]
CH AALE G2 571 22 sl ] 2EE WEF k.

{items} (dict) [matching-items]

CE NA2E stold gA ez WagUch A%9 C g 242 gAv el shte]
F5e F7bskel, 47 79 grow A gy

FU B o8] 7} 1o, SystemError o 2] 7} A A= 17 NULLo] WHEE U Th
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. 7} 7] 4=2] ¢12}7} o} va_listE ol 5 ¢lth=
A= ALY, Py _Buildvalue ()& FLdYth

6.7 FAQ9 H3 T 2 E

St as =9 249 92 99 T4
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

Part of the Stable ABL. 29 E 2} formar 3} 57} Q1 Ao el size HFO|ES WA FEFsrZ &9
Utk 92 54 sl o] A] snprintf(3) & BAAA L.

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

Part of the Stable ABL. 3 W B2+ format 2} 7HH QA B vaoﬂ W} size O] EE WX UYEE 2
S 2 v o)A vsnprintf (3)E E*‘M

PyOS_ snprintf()ﬂ-PyOS vsnprintf ()= B®&ECgolB 32 &4 snprintf () ¥ vsnprintf ()

£ T 250 B4L A 2A0IA BEC B ATHA B +20] ABE FE BT

AT,

The wrappers ensure that str[size-1] is always '\O' upon return. They never write more than size bytes
(including the trailing '\0"') into str. Both functions require that str != NULL, size > 0, format !=
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] I E9 H]—ﬁ'{l’(rv)o t}S- 3} Zto) 0“/\45]0]0]:61—\,]1;].

0 <= rv < size Qufj, 2 AN AFHoH v Ex 7 sroll 7| FH AFUTH(str[rv] e 3
"\0"' H}o]E A &]).

C
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o}

s rv o= size A w, 28 WHo] FHL AFTHAW rv + 1 whoj=e] WA BaFu k.

strisize-1]< olu] '\0'¥Ych

s v < 0, L Qo] Yol itk oWl str [size-1]S 1\0" O A ¥, sre] LA

£ 499 F5UTh oo A AL SR ZAE ol g2} g

= e 2AY SHAA AL AR HES ATy

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

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

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

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

See also the Unix man page strtoul (3).
B A 3.20] F7}.

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

Fart of the Stable ABIL. 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).
B A 3.20] F7}.

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)

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

endptro] NULLO|W, AA| A& HadUtt. 240l 75 253 A2 a3 2 o] ofy

W ValueErrorE 2 A| 711 -1.0S vk o).

endptrO] NULL©] 01-14 7]—1——(‘5-_]__ JaRsieX _E.;q- H S L_E]—ﬁ']._]_ *endptr0] 3l %) oro 3 HJZ‘KH =)
A e 7w % AR BApEe) 27 A THE RS 25 29 R E S Ao oh T,
*endptro] AL AZE 718 7| =5 A A3, ValueError & LAY A 7121 -1. 05 WESHgH o}

s7} floatol) A357] ol U 2 gk ebd w] (o] Sol, o8] ZAEF A "1e500" 7} 27 £ A}
dAdYrh, overflow exceptlonﬂ-NULLO]Eﬂ(x A3 159l 3H) Py _HUGE_VALS HI335}a,
ofi o9 = HAetA FFUTE 18 A ¢ OH, overflow exceptlon glol R o & AAE
el Aok T Th 1 S E BN 11,08 RBFUL. £ 49 2T, AE ¢ 02 A
WA EA1E 719 75 % rendprr g AR T

WM F ChE o2l /b AR (o 5 o] Wz el 2% o2, AU sho] W o9 & AHHL 1.0
2w,

B A 3.1 &7}

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

Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.
format_code= 'e', 'E', 'f', 'F', 'g', 'G' EE 'r' F ook g} 'r' 9 A AlFH
precision>- 00] o] o &t FAIFULE 'r' FW I EE EF repr () 4= X] Ia“/] =2

flags= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ¥+ Py_DTSF_ALT Zt2 07 o] A &7 or & 4
PRSI

* Py_DTSF_SIGN val7} 557k obd wl = &4 whshd 214

Sgdoh

54

A7t 2= A

tlo

of 5

el
rr
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e Py_DTSF_ADD_DOT_0-2 WI3tH Ex}d o] 48 Ho| x| 9

e Py DTSF_ALTE= “tA” Zujg F3IL A

ptype©] NULL o] okU®, ¥ 7} 74e] 71 & g2

Py_
Py_DTST_NAN % 3tUZ AAH o, val7} 242 -3t =

w)]
._]
5}
|_]
|
—
=
—
H

_ E, Py_DTST_INFINITE r=
+ NaN S YeEpd Yt

Hk3}k gko W3k Bx1d o] Q)= bufferoll 3k 21 o] A}, W Btof] A 95t E nULLY YT TE A
= PyMem_Free ()5 Z&3to] vigtd E 21498 3l A5 oF g

B A 3.10]] &7}

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

4
£
=4
A

:

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

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

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

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.
HZ 320 F7%L
type Py_uhash_t
Hash value type: unsigned integer.
B A 3.20 F7}.
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.
WA 340 F71.
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
o ®7]:
PEP 456 “Secure and interchangeable hash algorithm”.
WA 340 7}
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6.9 2= A

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABI. & 2] A3 Z @] J o]} &z A3) =0l g o]
R 2= el o] 1Bz 2 H 9 builtins ] YA 2] & vE-g
PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A A3 Z o] X Ay gAY E
WA AL, A A8 5 2 o] .08 NULLE WEHE ok
PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. €A A3 mg|de] A HE gdAHE &
et AL A A S 2 o] Yo NULLe HEEHRh o
PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. AR 2] ~d = AHe)] o] =g ¢S wEshy .
A AP Fo Z o] Yo NULLY YT

PyThreadState_GetFrame () & ZZ A A L.

F

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL func7} S+, Sl == <9
GO funce] He| o] 5L WU Th

const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL. func®] 3ol wpet A7 ZAdS whayth wks glof= g4 2
“()”, “ constructor”, “ instance” X “ object” 7} = Ut} PyEval GetFuncName ()2 A3}2} o] o]
= o9 func] Aol Utk

[>
i}
[>
=
i—;
)
®
S
(o)
lo
2
alld
filo
17
ol
H
4
o
>,

o4

6.10 39 549 A T

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.

WA 3.100] F7}.

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABI. 2] A ¥ encodingl] T3l S=H Fd o] 9 =X]o w}g} 1 o]} 02 ¥lskshth
of Gt B ABHI

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. &9 7€ 7|4l 21 7T APL
object = errors 2 o) F o2 A 2] WE A-&5ko] A AH encodingoll Tl LA ATT T
AZFych Zd o] Hold 7|2 vpH S ALL-3517] 93l errors7F NULL € 4= 95Ut} 91 FEE IS
4 Qo LookupErrorS 2HAIA] A Ut}

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. & Wl T ¢ 74l t] 37 APL
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objects errors ST A Aol YL A8 ehol XA encodingo] chA AE T wE Y2
Aggych 2d o] Fojd 712 S AH-8H7] 98 errors7hNULL € - QU TH QA E 2
T oui © ¥ LookupErrors TAYA Z Ut}

6.10.1 =4 = 3] API

U gol A, encoding BALE B % £z MBS o] 232, o WAUSE FY
HAaFAE F2okA @A FUth 29 o] gle W, KeyError 7k A % 5 3L NULL©] BF8H th.
PyObject *PyCodec_Encoder (const char *encoding)

Return value: New reference. Part of the Stable ABL. =] 3 encoding®l] t) 3t Q1 Z¢] &+E 7}A U Tth

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 5=0] A encoding? 9} 3t t] 29 +5 7143 Yt}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X % ¥ encoding®l] ™) $t IncrementalEncoder
27 & 747 g th.

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X % ¥ encoding®]] ™) 3t IncrementalDecoder
AAE 7HAF YT

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABlL. X A & encoding®l] ™ 3+ St reamReader ¥ E g
gE 7HA S U

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABIL. A A & encodingl] ™3t StreamWriter ¥ & g

58 7HA g ek

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

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

Part of the Stable ABL. A Q& name 22 & A& 2 & errorE 5SS Utk I o] Q3T
Tue EZHE]E%Q_)F P kel Ed S HL_Zja"T’—' AF=/HIAE 45 TEF ufl name©] error
WA M A A S o o] 2 B 5 =g

44 e

ZW e 19 <9 A E  UnicodeEncodeError, UnicodeDecodeError I =
UnlcodeTranslateError/] AARAE WolZ o], £ 7F 5= £ A vlo] E S A4
g OB ALY EAYAAN 220 AT AU FT AU (0] $EE 23 BoE
FHIE o2 AAE FReAL). WL FoX o5 LA 3’\]7]744, A7 A=
A e EAGN A AT 0D E A A E @ mAE A E G E E R
598 FES Dok guitt
AFstd 0=, Al -1 vyt
PyObject *PyCodec_LookupError (const char *name)
Relurn value: New reference. Part of the Stable ABL. name 2.2 553 o &] A g 9 &+ 255
5% 392 NoLLol AT @ 5 9w, olu s “suict” of el o2l 2 ol MR Uk
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE ol 2] & A Al 7 U T

PyObject *PyCodec_IgnoreErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABL. 59 &S AYH I, FUIZE o3 E FAF
Uk,
6.10. 79 F549 2] T 85



The Python/C API, ¥2]~3.11.8

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z & 217 H oj| 2] & ? Y} U+FFFDE X &3t}
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z & Q17 H o] & XML 2} Iz =2
Y.
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U T = Q17 H of| & B S A] o] 2A o] T (\x,
\u ¥ \U)Z X &gt}
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. U ZE A7 o 2] & \N{...}
oA ol =7 A3t
HZ 3.5 F7L

o
L0
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o] Zo) g+ AAY P FASA, T2 FHAG THY AA FY (& J EESAFTEERE
A2 ) gpo) A AR 2} A4S 28t 4 = Z‘iiﬂ ol A= L,JJrOV*d of| 9] 7} A gk o},
PyList_New ()& THE ATk g5 o] o} & NULLO] ofd Zto 2 AAH 2 92 gl AE AA| 2} 2o, A
2 271315 A ke AA of tsj A= o] F4E AR 5 —%14&}.

71 AA) =2 & F

PyObject *Py_NotImplemented
2748 @ 2ol sl Aate] +EH A kk2S ¢l vl AHEF & Not Implemented A 2.
Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py_ Not Implemented from within a C function (that is, create a new strong
reference to Notlmplemented and return it).
Py_PRINT_RAW

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

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

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

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABI. 0l attr_name Q)| EZ|HE7} oW 18, 18] ¢Fo
ol £ H 4 hasattr (o, attr_name) I F5 Yt} o] g4+ 3

ZF31: Exceptions that occur when this calls __getattr_ () and__getattribute_ () methods are
silently ignored. For proper error handling, use PyObject_GetAttr () instead.
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int PyObject_HasAttrString (PyObject *o, const char *attr_name)

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 PyObject*.

ZF31:  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 *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. A ol A attr_name©| 8= o] &2 o] E g H
E 7Y A5t A ESRE 33, At NULLES W YT o] 22 x4
o.attr_named} T53c}

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

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

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL. & A 9] tp_getattro £Fol Bl XEH = dut
o E 2R E AE (getter) . AA ] (W) __dict__of 9l o] BB FERW ofz} A9
MROS| 91 22 2-9] & 4] 2o 3l £ 22T El & 2er ] o descriptorsol £ oF8 217, o]
B 2D EE a8 o S HE BT £ ASHA T, v Hol8 D 2age s 184 ge
IR oW, AttributeError 7} A T

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL A )| o)l 3, atr_nameo) = 0] 2] oJEFRE S v gtoz A
ok Ash Al e 92 AT 12 B A3 02 BB CE o AL o]
o.attr_name = v 55T

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

o

¥
A

X T,

fu-

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)
Fart of the Stable ABI. This is the same as PyObject_SetAttr (), butattr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & A 9] tp_setattro &0 B X= & L¥l o] E 2] HE A ¥ (setter) &} &
2] E| (deleter) <. 212 2] MROOI Y= a2 Mo tlol8 2aHE & 3, s d
A2EA g ele] Qe o2 REES 2457 A S AR SAFUT, 197 o,
AR (et ®) __dict_ oA o ERFET A AU AAF U AFHH 00] vEghe a1,
J8XA go attributeError 7} BASFAL -1 0] WS U T}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

A7) 00l T3l attr_nameo) 2k 01 E-2] o) E ¥ HE S AA Ttk As) Al -1 WEF T} o] A
glo]H & del o.attr_named}t TS5}

rlo

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

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ TJ2~THE 9 AH
(getter) & 918 €A 74, F o3t gAY & WUt

This function may also be called to get the __dict___ of the object 0. Pass NULL for confext when call-
ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.
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On failure, returns NULL with an exception set.
WA 330 =71
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ Y23F HE Q] M E (setter) & §] 3F YFA Q] 13
ol T YH el AHA & 5 2atA) ek th
B A 3.30]] 7}
PyObject **_PyObject_GetDictPtr (PyObject *obj)

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

r;aL

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 ABL. Compare the values of o/ and 02 using the operation
specified by opid, which must be one of Py_ LT, Py_ LE, Py_EQ, Py_NE, Py_GT,or Py_GE, corresponding
to <, <=, ==, !'=, >, or >= respectively. This is the equivalent of the Python expression o1 op 02, where
op is the operator corresponding to opid. Returns the value of the comparison on success, or NULL on failure.
int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)

Fart of the Stable ABL. 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)
Fart of the Stable ABL. Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

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

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A A o
@ 22, A9 SHd NULLS WY T o] 212 Tho l
LHX‘UV“"H«HJE Huth
WA 34004 WA o] Fapoll= oAl T o] A d o] 23E o] lo] A L& 283 WA

ol 2 3T},

e -

r?: L
o M
N

PyObject *PyObject_ASCII (PyObject ¥0)
Return value: New reference Part of the Stable ABL. PyObject_Repr () A8, AA 0 B2} 23S
AAFSEA W \x, \u E= \U o| 2| 0| 2 & AL Pyobject_Repr () o] WEESt EAFH oA v
ASCII Z2}E o] A7) o]g gtk o] AL mho] A 20] A PyObject_Repr()Oﬂ o5 wrekd 23
AV EALE A TUT ascii( W B4l &5 52H U

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL. 2 A| 0] 214 23S A4t A& Al B4
E3 L, A9 A] NULLS @Fi}q\‘/} o] AL vtol M FH 4] str (o) 2} 55 J‘J"/P- str() W
o] o 5f], whebA print () Tl JAAME SESH YT
WA 34004 W7 o ﬂ’\c’ﬂ“ olA YW L o] A H o] xFH o] glo] B o E x8&3] WA
REE G,

PyObject *PyObject_Bytes (PyObject *0)

Return value: New reference. Part of the Stable ABL. 74 zﬂ 0o HlolEYE £ 3 % A AU T Al o) ek
NULLE, A235d vlo] EQ A A4S w13 Ut} o]= o7} A427) of

—_

ﬂJL
s‘é
&
rx
=4
e
1>
o
Y
<
()]
[}
o
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th bytes (o) & @2, 07} Aol F 002 2734 vpo] EA A A w4l TypeError 7}

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. Z 3 2 derived 7} 3 2 cls2t 5 L3 A U clsol| A 3P E 9 o 1-& Wkskst
g gkod 05 R th ol 7 A S ~1S vhEE U oh
ds7h FE o T, cse] BE ol ofs) AAZE S BF Tk Aol Shupe] AALIA 12 3
A= 10] Ha,agA gkedoe]
clsoll __subclasscheck__ () HIA =7} o™, PEP 31199 AW E 2 A H S e E &
37 Y3l TP Utk :’-EX] ‘3%’2 W, derived7} A A = 7VA B Z A o olsQ) A2 =)

AUt 5 cls.__mro_ o L& JFUTh

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

_,_‘,
g

[> &

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7} cls S 2 clse] A B S22 Q2B 20 1 HI3ksl 1, 19X
oW 02 MET T o 217k ASE -1 WA o9 & 4 ik
A7t BEOIH, cse] R E F2o) j3) A FBHULh Aol % Shupe] AANA 12 wEs
A= 10l Ha, 29 A ¢kod oo FUh
clsoll __instancecheck__ () WA =7} 2™, PEP 31199 A H 2 A B S A E ol
37 Y3 =& Ut 1&‘11 %}231 insti= NG F;H T clse] AR FAHAD uf cdse] AAEAY
Yrh.

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

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

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL 7] 02] 8] A 3t A 4F8h 3 g v, Assh -1 WAL o A
vlo] W F & A hash (o) & TS5 Th

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

rlo

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

int PyObject_IsTrue (PyObject ¥0)
Part of the Stable ABL 4] 0% &0 2 7173hd 12, 187 ¢kow 02 waighth o] AL sho] A
F¥4 not not o9 FSFYL: At -12 WA h

int PyObject_Not (PyObject *0)
Part of the Stable ABIL. 21A] o0& Z2 & 7F531H 02,
£94 not o2 EE UL AnahE -1 L e

PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABI. When o is non-NULL, returns a type object corresponding
to the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to
the Python expression type (o). This function creates a new strong reference to the return value. There’
s really no reason to use this function instead of the Py_ TYPE () function, which returns a pointer of type
PyTypeObject*, except when a new strong reference is needed.

ol
L
Lot

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of fype, and 0 otherwise. Both parameters must be
non-NULL.

Py_ssize_t PyObject_Size (PyObject *0)
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Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL. A 02] A o]& W&ttt AR o7t A AL} WH =2 EZ S A Z3HY,
Al o7k kg Utk o g7k st ~1o] Rk Ut o] A2 sto]d 9 4] len (o) 9
F5gT

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
Return an estimated length for the object 0. 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).

WA 340 27}

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABIL. A A keyol] 3l @3}= 02] 8 45 ¥l5+a} 7 1} A gj] A
NULLS WU Th o] 212 stold A4 o[key] & TS5 HUTH

int PyObject_SetItem (PyObject *o, PyObjecz *key, PyObject *v)
Part of the Stable ABL. 2} A keyS 3k voll Wl gt} A3j A] o] & 4
QBHE 0% MBATU D o AL sold B4 olkey] - v E
#2244 g,

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL A 00ll A} A A keyoll T3+ v & A AUt Asfshd -1& vkskshy o}
O] AL sto] W A del olkey]l 9 FT5ITth

PyObject *PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL. 0] 212 T}o]® 238 2] dir (o)
AN AT B (S D) LI AEE DA, o2 7} 3]
Ut} ol A7} NULLo| |, 5Fo] A dir ( JJF vl <28k, A 2] 9 (locals) o] o] E2E5< w3 t}; o]
AL, A3 =g o] EA3E o A %}2‘3 NULLo] 918 X 9t PyErr Occurred () AR
Lla2asiaBh=

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] Z1-& glo] ¥ & Al iter (o) ¥ 5t} A
AR}l o 5t A 22 o] E] & o] E] & HEFe} A L, A A 7 o] m] o] B | o] B o] H A A AHA| & WU T
AAE olEH olE & 4 glo W TypeErrorS YA A 7] I NULLS ¥H&hgU o},

B\l
=

=3
[¢)

o
=

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

WA 3100 7}

s

72 SEZ2EF

CPython2 ¥ 714 55 Z 2 EZ S A Y& th: ip_callz} ¥ €] Z (vectorcall).
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721 tp_call z=2 %
tp callS AATE Fejag daEas Ze B 259 AWe the T} g

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

sto] % T =9 callable (*args, **kwargs) & FAFSHA, 914 A28 Y3t FE34 719
A 9MHelE AHEste] S Y th args= NULL ©] ofu]ofof Yyt (127} gle
SHHAIL). AT 7| E AR} §LO W kwargs's NULLE 5 )54 th.

o] 22 ip_callol A ¥ A5 = Aol b dUTH: tp_newsh tp_initE AAE o]d Aoz ALgT)

To call an object, use PyObject_Call () or another call API.

7.2.2 W]l Z (Vectorcall) Z2 £ F

WA 3.90] 7}
HEE ZREFZPEP 590N 25 888 oV AT FTM IR EEZR EYF U

49 222, CPython2 E] 20| A/ At U F T = o3l ”“H-“* Adzdyoh 22y o) A2
o} A3} 72 o) 0}141/]1:} 3 ,%j—‘fl A 42 &2 (PyObject_call () = AFME3HA| &31) ip_calls B H
BT G, MEEE ARG TN o oo & 7R FT), T, o F mEETE
AEFEA S BAflol el Re 5 451 B T O A AYHE UL o cal 18
PyVectorcall_Call ()& A J’S]— AJ Ut} o] Ao MEE-& A &g}

Az A

=4

I:J
h
o

APets FHa® 22 Y07 QS8 tp callg YhEA] T3 of FTh

p_call At = ATk Fej 2t N B S TANAL A Uk AE Bol, B EA) o) 23] ARE
Q1A §-2 3} kwargs H A U2 2 W 88l oF ok, B} 2E 7 AR o] f7k o
Classes can implement the vectorcall protocol by enabling the Py TPFLAGS _HAVE_VECTORCALLflag and setting

tp_vectorcall_ offset tothe offsetinside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:

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

o callable2 &5+ AA YUt}

. args— A2 Azret T FE waE 7| E Ak ez FAI Cld gyt
AA7F glo NULLY 4= JF U Th
.« nargsf= 93] QA}e] 4]
PY _VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall_NARGS ().

* kwnames= 7191 = Q2] o] & 2= FE YU
£ B ko S 7, o] SR B (eccol A Gel20 92001
ofslm T -F3f of shUth 7| Y= ARV} QLo kwnames= thA NULLYE 4 95Uttt
PY _VECTORCALL_ARGUMENTS_OFFSET
o Fe171 MBI nargy Aol AR W, 9 5B AAACE args (11 WAL S A4S

Utk 2, argst 98 W o] 4] oA 100] ol g the e AU th 552 AL 1

args[-1] 2 g3l oF Fuch

PyObject_VectorcallMethod () & A%, o] 2 2= Al args[0]°] HAE 4= S 2y

ok

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.
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B A 3.8 &7}

HEZFS F8e= AAE T=6HH Y, b8 2 E%%‘JJr U7 A 2 S E API 45 AFE A Al L.
PyObject_Vectorcall ()& dutd o g 713 g8 At}

s CPython 3.8°] 4 W EZ APIS} & 34t Fo] o] B o207 FAHAAO
2 AL 5+ gdAdS5Yrth: _PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall_ Function, _PyObject_CallOneArq,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. = 3l
PyObject_VectorcallDict ¥ _PyObject_FastCallDict& A|FHAFUT. oA o]&52

443 WEol YAz e oo Moz APk

A A Al
p_call& g, 3 S E 2= A7 ofl sl 244 e D27} gl yth: CPython ip_call& M43t 5&
WS Py _EnterRecursiveCall () 3+ Py_LeaveRecursiveCall () < AF&3SU T}

Bg9e A, MEES Aectel 5ED JLAL T84 Yedrh AaEAe das
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & A}-831 oF gt}

oL

2

EEERENY

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
e 2 nargsf A oA W, AA QA 45 WU B4 2B S5 FUh

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) }

a8, 35 &S 98 Pyvectorcall_NARGS @45 AR5 oF gy},
7 3.89] %—7}.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7h MEIE ZREFE ANSA oW (P o] A LS AL A2B 2 AASA 2] W o),
NULLS WHhgheh. 287 o), opoll A48 ME 2 34 2 E S BaUh o 34t
A& LAY 7 A k5t
ol AL op7t HEH ZS A ‘?’ﬂa’h A E Folst= o & 7831, PyVectorcall_Function (op)
!= NULLS & ]'6]—03] 23 g 5 Q<o)
WA 3.9 =7}

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
EZzadAUg o 4z Fo] A Y X2 7Y E AAE callable?] vectorcallfunc S =g rth
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.

WA 3.8 =7}
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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.

the Bt A HS B U4 LK AQUTH AT S-S A 2B

il

GEL RS

I 88 args kwargs
PyObject_Call () PyObject * F= g A 8]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArg () PyObject * 1 A —
PyObject_CallObject () PyObject * HFZ&/NULL —
PyObject_CallFunction () PyObject * W (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 A =
PyObject_Vectorcall () PyObject * MWEZ W g =
PyObject_VectorcallDict () PyObject * WEZFH g A 2]/NULL
PyObject_VectorcallMethod () arg + name HEg = IR =

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject ¥*kwargs)
Return value: New reference. Part of the Stable ABL. 52 args2 50 A A2}t 9 A 2] kwargs2 0] A
o]2 9= oxtg Z#E Flo| W AA callable2 E%fﬂ'b}r/}

args'= NULL©] ofyojof rUth | A7 28 Glod vl &S AR Al 2. o] &3+ AR}
I Q3R oW, kwargss NULLY 5~ 54t}

BESH 55 272 D891, A5 9] S WA 7 T NULLES S o
o] AL t}2 o)W AT T3} callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

Return value: New reference. Part of the Stable ABI since version 3.10. A A} ¢l o] Z&]& o] W A A
callables TZF Ut A2 glo] FHE ol AAE &+ 7 24 A W dyth

qEetd £ A5 dbgetar, A st o 9] & WY Al 7131 NULL-E &gy o)
B A 3.9 F7}.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 3 2+35] 17]12] 9] X] Q1 AFargZ 7| ¥ = 22} glo] Z 8| L& sho] W A A callable

Z

oX,
of
_(?L
)
I'Ol'
o
i)
x‘_l,

£ kst A9 s o o & A 7] 3L NULL &y o

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. Part of the Stable ABL. & argsol] &3] Fo]X Qxt2 Z2| & go| AA|
callable T Z3FUt AX7L Q314 ¢k o™ args= NULLY 4= 54U th
HFoE £2 TS V5T, Ao o] 92 WA A 7| I NULLS B o
o] AL thx Ftol M A 55 F Tt callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Relurn value: New reference. Part of the Stable ABL. 7} 7] 4=2] C A2 Z & uto| W A A callable
S T£79 14\:} C 9 A= Py Buildvalue () 2EFY £ 219 AFE35lo] 7]<H Yt format
o NULLE = 9o, Ax7} A= A 94-5-& Ve Uth

rl
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338t T A5 wreetal, Austd o &) & B Al 7] AL NULLS WHHhu o)
o] A& thx o I} F5FUTH: callable (*args).

Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is a faster alter-
native.

WA 34004 A formar®] B o] char *ol A WAH FUTh

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

Return value: New reference. Part of the Stable ABL. 7} 7]42] C A X}E AFR-3Lo] A A 0bjS] name
oeh ol £ MAEE T2FUTE C AAHE BEL WA oF S py_suilavalue () N
TAE R 7lsg Yyt

format-& NULLY &= 9l o, AA7}F Al 25 A 93-S vy th
HEHY £ 43S Nsh, AshshE of 98 WA Y T NULLE g o,
o] ALt} oW AA T F5F YT} obj.name (argl, arg2, ...).
Note that if you only pass PyObject* args, PyObject_CallMethodObjArgs () is afaster alternative.
WA 34004 W7 name3} formar2] B o] char *o| A WA= AF YT
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

Return value: New reference. Part of the Stable ABL Call a callable Python object callable, with a variable

number of PyOb ject* arguments. The arguments are provided as a variable number of parameters followed
by NULL.

BB £ AE N3k, Ash5HE o] 98 WA 7 T NULLE g o,
o] AL )L oW AT F5F YT} callable (argl, arg2, ...).
PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABIL Call a method of the Python object obj, where the name

of the method is given as a Python string object in name. It is called with a variable number of PyObject*
arguments. The arguments are provided as a variable number of parameters followed by NULL.

AEetd T 235 ek, A e o 9l & WA A 7] 3L NULLZ WH-y T
PyObject *PyObject_ CallMethodNoArgs (PyObject *obj, PyObject *name)

o1z} o] sFo] W A obj2] WM ES FZEI T o 7| A WA E 0] 2L nameol| A sho] W Ex1d
AAZ AFFG Yt

4ot =& A4S Wrebetar, A st o o & WA 7] 3 NULLS WHhg o
WA 3.90] F7L

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

T 9% A} arg oA AR obje] WA EE FEFUTE o 7] 4 WA E 0] B2 nameol A sho]
W EAD A 2 AsH

AEsld $& 23S kel Aushd o 9] & WA A 7] 2L NULL-S W33y o
B A 3.9 F7}.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames )

ZE ghol W AA callableS TE3U T} 2 X]——‘f vectorcallfunc & Z+5 Ut} callable©] W €]
=0

=
EH
ol
1>

2]
A QA 3, callabledl] A7¢E HEZ T+E AP TS h
Tl & ANE w3kl a, A9 etd o 9] & YA 7] 3 NULLS ¥y o)
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PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
1A AR = EEE??_’—T% 3 8s] AR A A Bl kwdict 2 AEH 719 E AALZ callable
FZ YT args W 2L 91X AR EFIF )

Aoz e e e 27 RG], AAE NBH of Ptk WA, o] Bt T2 Aol
Olul 7H C Aztg AR S FH 7" gAY el 7F QAT $ A Akl th gt FE o] gl uf v ARE
3 oF gt}

B A 3.9 F7}.

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

m[o

é;

Call a method using the vectorcall calling convention. The name of the method is given as a Python string
name. The object whose method is called is args/0], and the args array starting at args/1] represents the
arguments of the call. There must be at least one positional argument. nargsf is the number of positional
arguments including args/0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args[0]
may temporarily be changed. Keyword arguments can be passed just like in PyOb ject_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.

AFetH &2 243E vrEsta, Aufstd o 9 & WA A 7] 31 NULL-S WHHEH U T}

WA 3.99 F7}.

7.24 52 2 ¢ API

int PyCallable_Check (PyObject *0)

Part of the Stable ABL. A A o7} F2]& 212 HEFUTLH AF 7t FejE o)W 1S, 121 ¢od 0L
vlsletu o} o] 4= A A2k

73 A Z2EF

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. AR o7} 22} T2 EZS A Z51H 1S w3kl
T o Wt P4 AR T
WA 3804 WA o7} A B4 12 RESHU T

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 017} 02& T 3t 2 31}, A9 Al NULL-S WFSHSHU T}
AL shol 4 A4 ol + 029 T

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL ol°l| A 025 wl A3}, A 3] A NULLS WFSHEHY
o] AL vlol W HH 4 o1 - 029} FF YT

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l3} 025 &3 A3}, A9 A| NULLS WHEHgh o
o)A Tol W FAA o1 * 029} 5T

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 P 3 FASE AT}, A9
AINULLE MBI T o] A2 shol A A o1 & 029 55 FTh
WA 350 F7F

[
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X,
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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 // o02.
PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating point value when passed two integers. This is the equivalent of the Python expression o1 / o2.
PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l-& 022 Uar U XY, A 3] A| NULLES ¥HEHEHY
ok ol 22 shol A EAA o1 3 029 FE UL
PyObject *PyNumber_Divmod (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. W7 &4 divmod () &
NULLS ¥H&Hgh o) o] A2 sho] M 3 4] divmod (01, o2) 85 FYth
PyObject *PyNumber_Power (PyObject *01, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABIL. W] S+ pow =+
S 9kEkE T) o] AL Tho] M A A pow (01, 02, 03) Y} ESTY
th 038 F A S W, 2 220 Py_Noned AEE4] AL (039 NULL
AN 27 T o).
PyObject *PyNumber_Negative (PyObject *¥0)
Return value: New reference. Part of the Stable ABIL. A& Al 02] 2] Fk(negation) &, A 3] A] NULLE
BRI T ) 218 ol W B A4 09 55 F T
PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& Al 05, 23] A] NULLE 9+&-gy ). o]
sholm EAA +o9} FEHUT
PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABIL 02] ATl zko| 1}, A3 A] NULLS wtEgh ). o] A
lo] W 184 abs (o) & F5 U Th
PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. 433 A] 02] H] E WA (bitwise negation) &, A 3] A]
NULL= WHU T o] AL vhojd £ d 4 ~o9t 55 H YT
PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 0lS 023
A3 A NULLS W3t o) o] 212 aho]f 8 A o1 << 0295
PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL A& Al 0/ & 02THE L EZ 0 F A2 E 3t A&,
Ao Al NULL-E 9 T o] 212 ho] A 2384 o1 >> 028 F5FYTh
PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A-& A] 013} 022] “H] E Y =23 (bitwise and)” <,
A5} A NULLS WHHI o o] 28 ste]d E84 ot & 029 553Uk
PyObject *PyNumber_Xor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A3 A] 013} 022] “B]| EH vl E} 2] =
exclusive or)”2, A3 Al NULL& RF&3U T} o] A2 sho] W £& 4 o1 » 029 55
PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 013} 022] “¥] EX =] g (bitwise or)” <,
A3 A NULLS WEEHRU T o] AL stold £F A o1 | 028 FEF UL

il
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rlo

rlo
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PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 02& T 3} A3} }, A3 A NULLS ¥ T}
o] A4k olo] A At Al A2 ol A (in-place) +FF U th ] A2 3ol £ ol += 029t &5
ok

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l A 025 "R A X}, A3 A NULLS ¥WFEHSHU T}
o] A4hE olo] A A8 A| A} ol A (in-place) T H UTE o] AL 3ol W £ 0l —= 02955
.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 017} 02& 33t 23}, A9 Al NULLS WFSHSHU T}
o] A4+E ol 0] A A3HE A A2 ol A (in-place) BB LIk o] 2 shol A #4F ol *
.

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 025 33 F A s 27}, A3
Al NULL-E $HEHU T, o] 914+ of o] A 151wl A k2] ol A (in-place) 5= F VI T} ©
%ol @= 028 TS FULHL
WA 350 =7k

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l-& 022 i 482 & 2 o] (floor) U, A 3 A]
NULLE W8 o, o] AAHE ol o] A A3HA A A2 ol A (in-place) 5B F U tF. o] 22 shol A £
ol //= o028} =53tk

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABIL. Return a reasonable approximation for the mathematical
value of o divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return

a floating point value when passed two integers. The operation is done in-place when ol supports it. This is
the equivalent of the Python statement 01 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l 022 U+ U A1}, A3l A]| NULLS HF3HSH
Uy}, o] AALE of o] | €5 A -] o A (in-place) A H LT o 28 Shol M B o1 2= 025}
FsgUTH

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL. W7 3+ pow () & FZ Al 2. A9 5Hd NULL
2 WBG LT o] AL ol0] A5 A 2e] o A (in-place) =B F U th. o] AL 037} Py Noned
o sho] W B o1 **= o029}, 18X oW pow (ol, 02, 03) A WP} FE T 03
£ FAISE |, 2 Aol Py Noneg A Al L (030 NULLS A 2ot &5H vz 2] A7
LAY .

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0l S 0295 &0 2 AN ZE 3 Z3E,
A3 A NULLS MBI o] @A of o] A QA A A2 ol A (in-place) +HF Ik o] AL
o]l FF ol <<= 028 FFHYTH

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A8 Al 0/ & 02THE L EZ 0 F A ZE 3 AL,
A3 A NULLE W T o] AL ofo] A AEkR A 2] A (in-place) FHT U T ol AL
ol F& ol >>= o029 FFHUTH

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL 733 A] 017} 028] “H| E 1= 2] 3 (bitwise and)” -,
A5 A NULLE WG Th o] A4k ol o] A A 3kE A 2] o A (in-place) S F U TE ] 2L
lo] W EF ol &= o028 5T
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PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B| E Y v €} 3 = 2] & (bitwise
exclusive or)”=, A3 A] NULLS R T} o] A4 ol0] A|A8HA A 22| ol A (in-place) 53
Utk ol A& shol A B ol "= 029 B5FITH

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 029] “v] E ¥ =] g (bitwise or)” <,
A3 A NULLE WU T o] AL ofo] A AEkT A Aol A (in-place) FHT U T o AL
o]l FF ol |= o028t FFFYTH

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A A4 AA 2 HEH o
wiskshu o) o] A2 ghol A 234 int (o) & TS5 Y TH

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] float ZAA| 2 W3 H 05, A9 A| NULLS
WAL T o] 22 shol A EAA £loat (o) 9 55 T .

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABlL. A4 A] #+o] ¥ intZ W3 o5, A9 A] NULLS
wisksty o) A3 Al TypeError o 2] 7} @A 3y th

W7 3.109]| A ¥ 7 : The result always has exact type int. Previously, the result could have been an instance
of a subclass of int.

rt

, A3 Al NULLE

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABL. A4 ng A baseS A& A AZsE EX<4
WU T base AAH= 2,8, 10 == 16% Strbofof Futh 42,8 == 169 3¢, vHad &
Qe 0b, 100" EE 0%’ 9| A4 FAAI} 2Hat o Rk nol ol A int7} opH,
PyNumber_Index ()2 HEFUr}

X N o

Py_ssize_t PyNumber_ AsSsize_t (PyObject *o, PyObject *exc)
Part of the Stable ABI. Returns o converted to a Py_ ssize_t value if o can be interpreted as an integer. If
the call fails, an exception is raised and -1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError
or OverflowError). If exc is NULL, then the exception is cleared and the value is clipped to
PY_SSIZE_T_MIN for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)

Fart of the Stable ABI since version 3.8. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and O otherwise. This function always succeeds.

74 N JAr=Z2EE

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

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL. 3-& A] Al A2 0 AA| =& wkgetal, Al -1-& wkgy ). o] A
stol# £H 4] len (o) & TS5 YT

PyObject *PySequence_Concat (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 022] o] o] & 0] 7| & I35} 11, A 3 51
NULLS W&y th o] 22 shold 284 ol + o029 F5FYrh
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PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| 2~ AA| 0Z count H WHE
A3 Al NULLS HFEHUTh o] A2 stold 28 A o * count & FFHUTH

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 022] o] o] & o] 7] & HI3tst 11, A 95}
W NULLZ RESHHU ol o] A4k ol 7F A Y5 Xﬂﬂﬂ o A (in-place) 533 F Ut} o] AL 3ol
@4 o1 - 029 BEFIT.

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| A2~ AA| 05 count A ¥HE3F A 3}HE w1331 A
U, A3 A NULLS RSB o A4RS 07k A fakE A A2l ol A (in-place) B L. o] AL
ol WA o *= count® FEFUTH

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
Return value: New reference. Part of the Stable ABL 02] i & @ A& W33} A}, A33H NULLS
WFE U T ol A2 shol M EAA o119 EE g T

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL. Al A2 A 2| 09] i12}i2 Alo] 9] &8fo] A& HiE3}
A}, A5 5hE NULLS e oF. o] A2 Tl W R4 o[i1:12) 2 B ST

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the Stable ABL ﬂ,‘iﬂ vE oY i HA 84 gyt Asfetd e E HAPAI 7L -1
MR o 4B e 02 HaghTh o AL sholl B oli] - vok BEFIL o] ety
o gt FxE FAA ksUTh

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

rok
(i
i
i
r 17
e
o
N
&

int PySequence_DelItem (PyObject *o, Py_ssize_t 1)
Part of the Stable ABL o 4 A ] i AR & A2 E AFA| Y th A3 ahd -1-& whagh ). o] 212 o] A
T del oli]g} T FYTH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
Part of the Stable ABL. Al AA vE AlB 2 AA 02 ilo| A i2 Abo] 9] &elo] 2o of g th.
o AL ol M A oli1:12] = v ESTHFU

int PySequence_DelSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t i2)
Part of the Stable ABL A 22 AH 09] il o] A] i2 Ahol€] ool 2% AAGUTH A -12
Wb T o] 21 Shol W B del ofil:i2] 2k FE Y TH

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 0°1] 9+ valueJ wrEstUth £, olkey] == values W=3F= key 9
& RhEsU o Asfetd -1 ‘E‘}%WH/] t}. o] 21 sfol A *L?";’i" o.count (value) & 55%
.

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABIL. 0] value7} = A] Ut} 09 &5 = 37 value2} 2
W, 187 GO 0% WAL o8] A] -1 M ol & seld w4
FsdUTh

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)

Part of the Stable ABL. o[1i ] == valueg WFH3t= 3 A4 A2 i Yt o Al -1&

ke o} o] 212 gtol M ¥ 4] 0. index (value) 2}5:51'\41‘/}
PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A] @ 2 1/1r olHHE 0} 2

AAE W23 o, A5 NULLE WG o M P AEE A

o)A shol A EAA List (o) 9} 55 %] ok

ro 18 whEkst
value in o2}
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PyObject *PySequence_Tuple (PyObject *0)

Fow FEo] 4% J§ o BEo]Puth o] AL shol W EAA tuple (o)

PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABIL. A| 2~ o] E] 8] & 05 T}2 PySequence_Fast*
AD Frol A ST 5 9k AAZ Tk AA 7E A A2 o] e 2o o B m A A
92E % AL§3he] TypeError® WAA U th A5} A NULLS W ok
PySequence_Fast* &4 = 07} PyTupleObjectW PyListObjectdtdl 7} 311 02 d] o] E
LEof AF AN 2587 W Zofl o] FA o] 5 S Th
CPython & Al F AFF e =, o7} oju] Al A2 2|2 E |, vhbg Ut

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o
is not NULL. The size can also be retrieved by calling PySequence_Size () on o, but
PySequence_Fast_GET_SIZE () is faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Return value: Borrowed reference. 02] i A @ 4~ E W3sl=4), 07} PySequence_Fast ()l 23|
REEEE 9131, 07F NULL ] ofufw, i7h A A el siehal 78 g ok

PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject Z 18] 9] s} v A2 Wkt th o7} PySequence Fast () ol o8 W5 311, o7}
NULL O] of 2kal 744 gt
g AEL 77 AR, Qo] FE A AMAT 5+ ol st 2. ek, Al
27 NRE 5 g Bol A u SHE WA EOIH B AHE ok A 2.

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)
Return value: New reference. 02] i AR L A5 WwE3s A, A5 NULLS WFEHS U o}

PySequence_GetTtem ()2 WtE & &) o] X 0k ool 3l PysSequence Check () 7} Z <A A A}
SHA] 9Fa1, S AP A E 2 A A F YT

75 | =22 F

PyObject_GetItem(),PyObject_SetItem() & PyObject_Delltem()E ZZI}HAL.

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

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL /3-5 A| AA| 098] 7] £~& Whghstal, Aot -15 WU Th o] & stolxl
#¥A len (o) & F5dYTh

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

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

int PyMapping_HasKey (PyObject *0, PyObject *key)
Part of the Stable ABL. W38 AR of| key 7] 7} Y2 1& w335t 1
o]t sto] 4 £HA key in o9 BEFUL o B4t FHABT

#31: Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper
error handling, use PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *0, const char *key)

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

%F31: 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 ABIL. 423}, A A 09 7] 2| 2EE wi3shy ). A3
3, NULL-S JHHg U o).
WA 374 M o] dol = 7t elaEY FEe s Ut
PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL 7383}, 24| 09] 3t B|2EE Hk3HshY
st NULLS REh Y ok
W 37004 87 o ol B7} el AE U FES BRI,
PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL. 483}, 217 00l = 5 2|2
71N 7 B A)-gt RS F AT 2T A, NoLLS WEh o
WA 3704 WA o]doll&= F7t 2 EY FES WS YT

o
>
£

7.6 olE|H|o|E| Z2EF

e REEREERE T ML R Et ey
int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to
PyIter_ Next (), and O otherwise. This function always succeeds.
int PyAIter_Check (PyObject *0)

Fart of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator
protocol, and O otherwise. This function always succeeds.

WA 3.100] 7.

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 Py Iter_ 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.

olH# olE & o|H o] EStE F2E At Y, C I EE old Ao FHojof gt
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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) ;
I3

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 ().
HZA 3.109 &7}
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)

Part of the Stable ABI since version 3.10. Sends the arg value into the iterator ifer. Returns:
e PYGEN_RETURN if iterator returns. Return value is returned via presult.
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.

B A 3.100] &7}

7.7 M3 =2 & F

o] Ao A AR 4 e o™ A= s v R v e W FH o g QA AE ok o]y g
AR A= WA bytes & bytearray, 181 array. arrayﬂ- 7o d B 35 o] =k Ut A 4FAF
gtolB ek ow| 2] A A A3 2 54T G R A B BT+ AsTh
o) %8 B 77 17e o v7 A H (obvhe) = v me] ws o] o8 SNASE FEE AL B
U ol AF AL 52 A} Qo] A7 3o AA 23 Ao ke T
SOl C Aol A H 3 2w w T §A 0 R o] e 7 5e AFHUL o] ZeE Tl L T 44 o)
A5yt
o AR S0 A=, Fol “HH AE o]~ E YR 5 gl T Fo ARV viH e BEE
=23 4 A FUch o] JAEF o)~ W B A F2A oA AEE YT
o 202 SO A=, AR DAl SHE H ol Bl ofl th gt ZRAEE 7] el oA 7HA] WS AHEE 5
[e]

AFUTH (& S0] WA= w7 H=)

bytes ¢tbytearray® 22 et A & 5 W3 & H}Ol EAF IO m2dUTL HUE FHE
7Fe Uttt dlE S0, array.arrayl 93 &5 = 84 HE Ulo|E ol & £ 3
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
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contents of their argument. The buffer interface allows objects to selectively allow or reject exporting of read-write
and read-only buffers.

H 3 A 3| o] 28] An|AH7F o AA o tiafl W E A= ele 7 77 s Ut
o 2HFE w7 H 2 PyObject_GetBuffer () & &3t}

o y¥, wx L= sx 2 F = F FUE ARSI PyArg ParseTuple ()(2+ I A = hvh S

F AL EF WY HE BR381K] oW PyBuffer Release ()& TE&d ok Ut 284 314
how AN 4% 2L GFR AN LT 4 YU

W FRA (EE ded] W)L e AR 9 vhol e HlolHE sho]d me 1WA mE s
Pyow 58 FuTh o, B gl (erocopy) L2l 4 M AU SO T AT+ Y& v
222 st 582 ASHA, 499 Hlo|E 2 shol W mz aevlo] A ofF 47 =2 5 A5
ohoM B C 8o 2 A5 A 5 gou, 2o AA eluelels AP /] Aol 22317 918
A w2 B2 2 97, o g ol v 2] (in-memory) B4 © & T2 vlo] e & Adste
g8 4= dEU
shol 4l QUE| el )7} = 2 5he A 2.9 B o] B {3} &), Mol pyobject EQE T} ol el B @ C
FEAQUT o2 F3 B9 kel BED BAHE & & uth W dAs duk st 22y
W, vwe B AME BE 5 dEU ek

g Qo

A5 3H (exporting) A & 14 SHe 2EHk A B e o] AR T2AE FRAYAL. W3
83

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

void *buf
Ho o o3 7 =8 29 A2 7] 7] ZAH. o] A2 A5 A} (exporter) &
2 B4 R B2 Y RE AL 5 Ut o Sol, 29 stridesE AS
ghol M me] B2 22 7beld 4 AUk
A% g ¢, e Wwel BEo A2 el AUt

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 (). The field is
the equivalent of the return value of any standard C-API function.

E3% A2, PyMemoryView FromBuffer () YW PyBuffer FillInfo()E ZARZ ¢
Al (temporary) W31 2] 7%, o] A== NULLY Yt QubA © 2, A g 5= (exporting) 2 3= ©]
AAE AH&8EA] ghobof it

Py _ssize_t 1len
product (shape) * itemsize. AL njde AL stF vRg B2 dojgUth E4
o] A9, A% 2dor BEAETY =24 F2A7F 2 A 2 Zeo] gyt
((char *)buf) [0] °l|A ((char *)buf) [len-1] ¥ I AE ALHH L BAGsE
2oz Wt ey Feolwt FEIUTE tREE o9 e 232 PyBUF_SIMPLE E&
PyBUF_WRITABLE U T}

i

int readonly
W37k 97 A8 AAE R EA YT o] AL pyaur wRITABLE S 12 Aol
Fu o,

Py_ssize_t itemsize
gdd 249 FE g7)Ee]E)Y YTk NULLO| otd format Foll €<% struct.
calcsize () 3 25 Yt}
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ZQ33) o)) : &AM A7) PyBUF _FORMAT Ze) 1 Qo] MHE 2 AW, formatS NULLE A
A= A0 itemsizes 3] & FAY S #5UTh

shape©] Y 2™, product (shape) * tem51ze == len T X7} A& A Fst1 28] A=
itemsized AHE3te] W E AT 4 JlHU T

PyBUF_SIMPLE ©]\Y} PyBUF_WRITABLE 8 A9 A3 Z shape©] NULLO| ¥, 4 H A=
itemsizeS FASFL itemsize == 12 7}FA S oF Tt

const char *format
W G2 ) §2 AP struct BE 2 BHY NLER
"BM(R5 gl whol £) 8 ZH4 Bt

o] A= pyBUF FORMAT Zej 12 Alojg Yt

2. o] Zl o] NULL O] W,

rd

int ndim
The number of dimensions the memory represents as an n-dimensional array. If itis 0, buf points to a

single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL.
The maximum number of dimensions is given by PyBUF_MAX_NDIM.

Py_ssize_t *shape
n-AHA wd 2 v 2 e RS JER = Zo] ndim®] Py _ssize_ t Bl Y. shape[0] *
* shape[ndim-1] * itemsize+x lend} Zofof gttt
232 shape[n] >= 02 A Uth shape[n] == 02 4%
A5 AR AL E VR B2
shape ¥ -2 4 u| 2ol Al ¢17] A& YU Th

Py_ssize_t *strides

Zt A A 248 7HA 7] el AYE vle|E 8 Al ks Aol ndim®] Py_ssize t
.

PR SRR}

rlr
A

el E e A9 A5 4 A5UTh Qe ajde] 4P, AET L BE FfolX
B 4B A strides(n] <= 09 398 A @ 5 gofof FUTh AT HEL B4

HjE & FRFAA L
strides B G2 A u]z}of|A] ¢ 7] A_ Y.

Py_ssize_t *suboffsets

Zo]l ndim® Py ssize_t Bl¥Q. suboffsets[n] >= 0¥, n HA XYL wet AAH 3
E"JH oja AMH = A Fr oﬂ7\9;}_(de -referencing) & 7z} Z Q1 || | & H}O] € 22 e
Uth 29 A B Q= Al 7k A ZZ (de-referencing) 7} 2HA g%}x] Qkofol 33 L}E]"ﬂ‘/]q(obiu\
UﬂE‘ﬂ ESAY ~E O]E
EEANE 2z Ao
SRR

o) 2] Wl FHL shol 4 ol u] A eho] Helel (PIL) ol A A& LIeh. o &3 ujd 2 Aol
AAM 2ok o] th & ARA &F W82 H e v 22 RS A L.

suboffsets Bl @& A u|x}of| A Q7] A&

U[o
r_EL
B I
18
Y
B
N
el
ko
ol
A

o), o] E= NULL(Z]ZFh) o] o] oF

rN
EE
v
o

void *internal
o] 212 A| & 3+ (exporting) A A o] o3 R A o= AL FHUTE & 9, o] A x1]~'—2}
(exporter) 7} A4 E ThA]| | 2H S 4= glon, o J{ 7} S A2 o shape, strldes suboffsets <&
3l A 3l oF -‘5}"\__‘X] of] o gk “EHZE 7“1 X}TD‘}& o] AFE-FH Y th AnR[A7} o] %} S HANAE= "J
Hyth

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers
of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimensions. Currently
set to 64.
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772 W5 24 43

8f] A&} (exporting) 2/ A Z ¥ ¥ &

W= )7 Pyobject_GetBuffer () A e W
s gone, uAt qeE S I A

Wmele] reld pxel Batyo] 27 of
A A3}7) Yol flags AAFS AF-E-SH] T},

All Py_buf fer fields are unambiguously defined by the request type.

=
S

=
=

A
3k v =

oy
<
flo

A
Jo
ol

S =& flags®] TS BA 3 FAF SutE FoE Q] A oF FUth: obj, buf, len, itemsize,

readonly, format

PyBUF_WRITABLE
readonly BEE AUt A= H, AlFA = ‘ﬂ'E/\] 27 7hs - W 5 & AlF A
A s & B s of gt JE‘X] ko, AlFAE 7] AL MU 27 7hs W E
AT 5 AT BE Ln[R}of tisf AdS %Zlﬁﬂolt Fch
PyBUF_FORMAT
format BEE Aot AAEH, o] =& Snt= A A oF Tt 18R] ko
W, o] =& WFEA] NULL o] of oF gy th.
PyBUF_WRITABLE->Thg Aol RE T 1912 & JdF U PyBUF_SIMPLEC] 0C 2 RO H B2,
PyBUF_WRITABLE-Z 593 S 1E AHE5 o 7hdst 27] 7Hs st & 8 AT 4~ s YT

PyBUF_FORMAT-Z PyBUF_SIMPLE-S A%t 429 a2 2 4 5 Y th PyBUF_SIMPLE2 ©]H]
PABHEZ vl E)E vy

shape, strides, suboffsets

£ EAEs gass £ UAR T 2 Ee 1 1 oo

lEEH e 7= 101?%%31

EREEEENE

= shape | strides | suboffsets |

yes yes Q349
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE
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A%4 274

CUZEd sy

& 3NAen 20 ded, Aedols 0 S KYH/E 9 I P
~EZolE AR} O

% | shape | strides suboffsets | A&A4 |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEEes
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL NULL C

AR
BE e 2 ge O de) S 1 2ol o5 s AP UTh Hol4h wH TR A4F AL
Hexdesdd a2z AlFdch
e BolA Ut BAHA e A%ALS uetdUth auaE d242 Bdt] 96
PyBuffer IsContiguous () <3 oF gl
273 | shape | strides suboffsets | 144 | readonly format |
yes yes Zg33d | U 0 yes
PyBUF_FULL
yes yes 493 | U 1E==0  yes
PyBUF_FULL_RO
yes yes NULL 8] 0 yes
PyBUF_RECORDS
yes yes NULL 8] 1E==0 | yes
PyBUF_RECORDS_RO
yes yes NULL U 0 NULL
PyBUF_STRIDED
yes yes NULL 8] 1==0 NULL
PyBUF_STRIDED_RO
yes NULL NULL C 0 NULL
PyBUF_CONTIG
yes NULL NULL C 1=+=0 NULL
PyBUF_CONTIG_RO
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7.7.3 Ezsn]g
NumPy-~€}2l: shape 3} strides

NumPy 2~ E} vl o] :=28]& 2= itemsize, ndim, shape W strides® 2] Yth

ndim == 00|, bur7} 7}8| 7| =W B8 Y X7} itemsize 37|19 2422 S| AFH Yt} o] A%, shape
I} stridest BE5F NULLYYtTh

strides7} NULLO|H, Wl€-2 £ n- A C ol GE A Ut 287 o, &v| A= th53 2 o]
07450 W ol o A2 3] oF 3 o

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

QoA AFF=0], bur=AA HEY EZ2 Yo v
SrZ MY FEAS AAE F JAFYTH

A7

i
i

71e1 4 4 1% T Al 2 (exporter) = ©f

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= O:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL-~€}¥: shape, strides 2 suboffsets

ARE &5 Qo &, PIL 26t vl ol = A9 th& 84 7}Zﬂ¢7l 9130 ohehof 6}%EJE%7 233
T AFYLh o & 9, g9 3- 24 C vl & char v[2][2 1270 2-2Hd s €2 7He) 7] = 270 9
ZOEH udE B 4= 9}’.;143}. char (*v[2]) [2] [3]. suboffsets EHo A, o] F ZAE = bur?
AlZF R el = E 5 e, Wz o= 9] oy vl A E 4 = F W] char x[2] [3] ME=
Zhe By T

t}-&-& NULLo] o} strides &} suboffsets 7} 92 i, N-x}Q 1Al A7} 712 7] = N-x19 vl € 9] & 40 o3+
ZAHE vl g g uth:

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i 0; 1 < ndim; i++) |

pointer += strides[i] * indices[i];

(h& sl o] A ol Al<%)
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CEEDEERE B
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];
s
}

return (void*)pointer;

7.7.4 W3 a4 g

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ ¥ Qg o]~ & XY '(5‘]—
ko 0L vkt 10 ¥i&E wl|, Pyobject GetBuffer ()7} 3%
sk o] gt B AF T

1w A

ov VE

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

Part of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>o0bj to NULL
and return - 1.

AF35HE, viewE A3, view—>0biE exporterol] ot A Az 2 AAST, 02 ¥ UL 2 F
S 94 AAZ oA st A2 H (chained) W3 FF A9 4%, view—>obij+E exporter T Al 9]
AAE F2E 5 s = AA F+=2AE H*ﬂu)

PyObject_GetBuffer()o] that AF A &2

zs)
o]Fo]oF Uth malloc () I free () &+ &
PyBuffer_Release ()& A&3| H &

L pyBuffer Release()o] 3t &=
FAITh Gebdl, 29 A7 R 2 e 3 Sl
23 oF g},

void PyBuffer_ Release (Py_buffer *view)

Part of the Stable ABl since version 3.11. Release the buffer view and release the strong reference (i.e. decrement
the reference count) to the view’s supporting object, view—>obj. This function MUST be called when the
buffer is no longer being used, otherwise reference leaks may occur.

PyObject_GetBuffer ()5 T3 @A X2 HF o o] S4+E T &3= A2 o H YUt

Py_ssize_t PyBuffer SizeFromFormat (const char *format)

Part of the Stable ABI since version 3.11. Return the implied i temsize from format. On error, raise an
exception and return -1.

B A 3.9 F7}.

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

Part of the Stable ABI since version 3.11. view2 A2 W2 2] 7} C 26+ (order7} 'C') oY 2 E T
28t (order7F 'F') AL o] AY & S S (order7t 'A) W 1S HEESHU T 22X ko 0
vpsbal o}, o] S sw\y Azah

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. 501 R view W59 indices7} 7}8] 7| = W 28] 49 & 714

Ut} indices= view—>ndim 1€l A0 vl AL 7}e] A oF gt}
int PyBuffer_ FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)

Part of the Stable ABI since version 3.11. buf ol Q= A< len vl E S viewZ E AU T fort= 'C!
T ' (CAEY B T EZ AEY /\_1)01/\01/*141;]. AZstd oo] BigE 1, o8] 7 o™
-1 O] wHEE Yok

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. src®l| )= len v} EE bufoll A& 2 BARU T
orderi="C' =t 'F' B 'A'(C2EY EEXER 2AHL A EE E S b L 5 dFUh
/55 00] WhEkE a1, of 2] 7 QLo ~10] RkSkE U}

o] 4= Jen = sre->leno] H A 3 g o}
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int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and
or Fortran-style buffers.

0 is returned on success, —1 on error.
void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
Part of the Stable ABI since version 3.11. strides Wl 2 Fo] X R 4T vlo]| E 49} 0] A shape & 2
A= (order7} 'C'H C 2EFY, order7} 'F ' 3 Eﬂ- AELY) v g 9] HlolE AE G| E R A2 YT
int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
Part of the Stable ABI since version 3.11. readonly®l| 2} 22 7] 7}/ o] A H len 3719] buf € == 3}
2= 713 7 (exporten) o T3 W3] £ 32 Al BTk byt B 5 gl HholE9) AW AE 54
Y,
flags AAF= 8= UerdUTh o]l s buf 7 971 A8 22 A X% 3L PyBUF_WRITABLE®]
flagsll A2 %ﬂ 01 UA koH, FF Fe 217 AR st = views 23 Th
On success, set view—>ob7j to a new reference to exporter and return 0. Otherwise, raise Buf ferError,
set view->0bj to NULL and return —1;
| 8+ 7} getbufferproc®] LF-2 AF-2-% W, exporter 7} A| 55} (exporting) 22| 2 A A =] o] of 5} 11,
AR 5 i s e e RS N i St P

78 Y2 Z2EF

W7 3.05H HA=
o] 4= glol M 20 A “IL B3] L EEZ”API Y FH o)
EAGA BAT 2x TE o A2 A7 HEF P4E
SR IEAE U9 9= 6‘}1]“ ‘ﬂ«ﬂ*xﬂlf@_}ﬂ B2 Ay s AAT T+ %iuqr/}

webA], PyObject_GetBuffer ()(U: =y* Ywrx 2 T =5 AMRSl= PyArg ParseTuple () AEY
T E TSt NA A ety FE 7HA LT, WY FENAT 5 S Wl pyBurfer Release ()&
T &%= 2ol FE5Yh

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

rlo
2,

Part of the Stable ABL 22} 7189} QJ&] 0 2 A}83 4= 9l 917) ﬁ% o 2 2] ] 2] EH 5t ZE S
WU T obj A= FY AIIHE F2F W H Q Ei Jﬂ 1 S AdsfoF gtk AFstd, 0=
V2oL, bufferE v B 2] )X 2 A A SEAL, buffer_leng W H a dol2 AAdrt. o Ei Alell, -1&
w3ksl a1, TypeErrorE A A Yt}
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)

Part of the Stable ABL. 1) H o 1 & £33 ¢17] 4§ w22 9150 vhek £ 9161 & vhekgh ok,
obj A7+ T A THE 97] b5 Mo Qe 3] o] 28 A A3hof Gyl 4FFHY, 02 WM&,
buffer® W22 92 2 ARSI, buffer_len W7 Ao 2 AR UL o Alol, -12 Waa},

TypeErrorE A A s ch

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} &g M| 1HE ¢} 7 ]—% W3 A FH o] AE X YFH 1S ¥3gH ok
IR 4o, 02 WHEFU T o] T B AT EME}
ol = HHE 7HA AL s Al sk AL 5, Sl B S S ok 5 T sk o9l = A= ol
YA L. o] RS wko W thAl Pyobject_GetBuffer () S AHEBHAIA] Q.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABIL. 227] 7}53 W 2 2] §] %] of o st £ 91 i £ 93ttt} obj QA= Y A2
E, B4 H AdEF o]~ E AWl of it F 8, 05 REHSHAL, buffers W R 2] A A= HA
3L, buffer_leng W3 Zol2 AUt of 8] Aldf], -1& ¥H&81al, TypeErrors A FYth.
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CHAPTER 8

o] Zo] gt A vtol A A P AW AL H UL 25 A ZEH Jo] AAE ADstE= AL
dut}; gfol A JEI’MW AAE e 202 S 7HH X 48R ofvhd, WA g
AALE Sl oF FUth o & , AR 7 2 Q1A %‘f‘tﬁ}ﬁ% A, PyDict_Check ()& A& A
2. 0] 2 gto] W AA o “é—i”ﬂﬁé TFA= o JdHFYTh

A o) Aol A AWeis Bt AT e Ao G2 50 27 ANSAT, B Bar
= et NULLS AREh W2 e) A~ 9 uko] WA

A4 A A = NoLLE Bl s @
Az E 7 54 F2E 5 A5

8.1 7] A
o] ol At shol W & AR 9k A2 E A Noneol tha) A F Tk

8.1.1 & A A

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)

2 07k Y AAAA 8 9] 2l

Oe EE AT 05_3_ ety o] e f%“o* 4FdYTh
int PyType_CheckExact (PyObject *0)

A 07} B AA ol AW, BEF AA ] A o] oh]w 00] ol S MAFUTL T2 BE A

% 13—:53-?;)}1,] q_ ] 6]-/\ A= 6‘1—/\1— Al —31‘61—1/] 1';]_

unsigned int PyType_ClearCache ()
Fart of the Stable ABL. W& 23] /A& AUt dA WA e & vrshy o
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABI. Return the t p_ 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.

WA 3200 7}
WA 3404 WA ¥3E8 L o] A 1ong©] o}y Bt unsigned long$ Uy Th
void PyType_Modified (PyTypeObject *type)

Fart of the Stable ABL. @3} 1712] RE A H ol st Y AN A E FE=2 Fth J o=
HEUWNA FHAE ST ST T =0

]
-
il
fol
e
el
o
%
v
v

int PyType_HasFeature (PyTypeObject *o, int feature)
B A 07} 7|5 feanre® AR5 00] opd 3t

fyrh,
int PyType_IS_GC (PyTypeObject *0)

o

RhEgtUth § e A vE Y a8 2

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] ¥ 22 ulsth ).

o] I AA A B Puk AAFYTH &, _ subclasscheck__ () 7} boll 3] SE5 A o5
t} issubclass () 7} 3 ol= A 22 AAE 518l Pyobject_IsSubclass () S TE5HA

Al L.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

Return value: New reference. Part of the Stable ABL. & AA| 9] tp alloc €52 § 3 4ul A g]7]
vtol o 7|2 v 2] &G v A YS S AREste] A JIARHAE T sty B E W8S NULLE R 7]

st
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABL. & A A|2] tp_new €% 93t 4t A &]7]. &9
tp_allocEX& AHEot] Al A5 v th
int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. & 7§ A& nlE Ut 27132 A8 ZE § AA o tha) o] WA
EE TEsfoFduth o] e Y Hlojx FHao A AEHE £S5 U 43 A 0=
Wk, @ F Al -1 WhEekal o &) & A A o

ZF3L:  If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py_ TPFLAGS_HAVE_GC in its flags then it
must implement the GC protocol itself by at least implementing the t p_ 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.

WA 3119 7%
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.

HA 3119 7}
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void *PyType_GetSlot (PyTypeObject *type, int slot)

Part of the Stable ABI since version 3.4. A| A E &0l A 34 g £ =l; .2
olH, £F o] NULLO| AU &5 71 &3t L m/] 42 355 9S2S Pyt &=
vt o g AN ZAHE HAEF T Fo B 7H£‘ﬂi}1411]—
slot A2} 7153t Fh2 PyType_Slot.slot2 FZ A L.
WA 340 27}

WA 3100 WHA: PyType_GetSlot () can now accept all types. Previously, it was limited to heap
types.

PyObject *PyType_GetModule (PyTypeObject *type)

Part of the Stable ABI since version 3.10. PyType_ FromModuleAndSpec () & AF-&3o] §-& 2 o
FEER EECEREEP IR

Folx P Add EEol leH, TypeErrors A A S NULL& WHaHetUth

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 PyCMet hod to get the class that defines the method. See Py Type_GetModuleByDef ()
for cases when PyCMethod cannot be used.

B A 3.9 F7}.

void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. FolA d FHH 2E AA 9 AEHE w3tgch
PyType_GetModule () A3}ol| PyModule_GetState () & &

ZojR P APBH ZEo| 9o, TypeErrorE A4 53 NULLS ¥W3He o).
type®l A&E BEo] YA T AE]7FNULLO| W, o 9] & A A 3}A] 93l NULLS Hh3Hgh o}

B A 3.9 F7}.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

1;],,0_

Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed
using the PyCMet hod calling convention.

WA 3110 F71.

reol T2 Y 9L BEs vl A g

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

Return value: New reference. Part of the Stable ABI since version 3.10. Creates and returns a heap type from
the spec (Py_TPFLAGS_HEAPTYPE).

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

o] = M EZ-2 Foj PyType Ready () & T&3 T

8.1.
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B A 3.9 F7}.

H A 3.101 4] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return  value: New  reference. Part of the Stable ABI since version 3.3.
PyType_FromModuleAndSpec (NULL, spec, bases)® H5F4r}

B A 3.30] F7}.
PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABL. PyType_FromSpecWithBases (spec, NULL)

ot FFHUh
type PyType_Spec
Part of the Stable ABI (including all members). 8 2] 35S Ao st= F+=xA.
const char *PyType_Spec.name
9] o] F, PyTypeObject.tp_names A A= o AHEH U]
int PyType_Spec.basicsize
int PyType_Spec.itemsize

A A~HA2 I 7] (HFo] E), PyTypeObject.tp_basicsize®} PyTypeObject.
tp_itemsizeE AASH= o AFRH YT}

int PyType_Spec. flags
293, pyTypeObject.tp_flagsE AAst= o AR YT

Py_TPFLAGS_HEAPTYPE = # 2 7t Ad A 5 o A A ok o o,
PyType_FromSpecWithBases () 7} AF5 02 Z#21& A3}

PyType_Slot ¥*PyType_Spec.slots
PyType Slot FZA| S Wl E. & £33 {0, NULL}ol & S5 Yrh
type PyType_Slot

Part of the Stable ABI (including all members). 3 2] M BA A 7|52 A dl= LA, £F D 7L =<
HE 233y oh

int PyType_Slot.slot

<= 1D.

<% IDE & A PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods @ PyAsyncMethods 2 BE o]&of py_ HFAE £l o]
S A EUTh & S0,

e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc

» PyNumberMethods.nb_addS A A 3t= Py_nb_add

» PySequenceMethods.sq_lengthS A% dF+=Py_sq_length

& Y=+ PyType Spec¥ PyType_Slot& AME3lo] A3 AT 4 5 UTh:
s tp dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

* tp_vectorcall

* tp_weaklistoffset (PyMemberDef

i
oY
BN
o
>
>,
fo
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s tp_dictoffset (PyMemberDef S FHZ 314 Al L)
e tp_vectorcall_offset (PyMemberDef S ZZ 3 A L)

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of Py Type_FromSpeclithBases () instead.

WA 3.9 4 ¥ 7 Slots in PyBuf ferProcs may be set in the unlimited API.

WA3 119 HA: bf_getbufferand bf_releasebuffer arenow available under the limited
API.

void ¥*PyType_Slot.pfunc
29 AP AT YR o AL Pl e AN YTk

Slots other than Py_ tp_doc may not be NULL.

8.1.2 None 7

Note that the Py TypeObject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None
Zke) 2R 2 e £ o] A None AA QU T o] AAlol L HMAET QG UTH B2 2450 B
sto] ThE A7 9} w} 2712 = 2 28 oF k.

Py _RETURN_NONE
C & ol A py_NoneE W3t 218 SRLEA A FUTHF, Noned] 2 A5 F7HA71 1

HHEg o).

8.2 57} 23

8.21 A+ AA

BEE A 999 2719 “long” Az TP YTk

of 2] Al, h H-29] pyLong_As* API %fx}gr:r" g 4 gle (return type) -1 WEstyrh 235
AL AABE WA PyErr Occurred ()& AHE3HA AL

type PyLongObject

Part of the Limited API (as an opaque struct). ©] PyObject®] A H &2 glo]ld A4 AAE VEHY
U

PyTypeObject PyLong_Type
Part of the Stable ABL 0] pyTypeobiect AAE A% sho] A 34 FE e U Th o] 2L gho]
ASS int &} 2 AA Juth

int PyLong_Check (PyObject *p)
A7} PyLongObject ol U PyLongObjecte] A B 3ol 2H& Wr3gtUt). o] g4+ JAF A+
s,

int PyLong_CheckExact (PyObject *p)

AAF7} PyLongObject O] ARt PyLongObject] A H o] oby™ 2 vt th. o] &
B3 3Fdh
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PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. vZ €] A PyLongObject AAE wEs} A Y,
9 3t NULL-S REEHEU 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.

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 tZHE A] PyLongObject AAS
W35 A o, A9 ehd nunn S e gy o

PyObject *PyLong_FromSize_t (size_tV)
Return value: New reference. Part of the Stable ABL C size_t 28 ¥ A| PyLongObject A A& WSk
St A, A9 8 NULLS WY T}

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongOb ject 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 ABL. Return a new 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 vo] F HHE 0 2 HE| X PyLongObject AAS
RHsEA o, A 9 S NULLS WY o

PyObject *PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Part of the Stable ABI. str2] B2}4 32 7|9t & St A} PyLongObject&
Mg oh bR 3L base?] R4 (715 ol whet | 4B U Th pend 7k NULLO] oFU H, #pend =
AR Fol &= A A FAE 7 YT baseZt 00] W, sir-& integers 78 & & AF8-3H Al
A5 Uk olul, 00] ofd 4 7152] A8 02 ValueError s BAA AU T base7} 00] ofIH,
29} 36 Abololl Qlojok 3km, AA S ZFFUCH AW FUH A5 AAA A 54 Aol o] ©
WE2 FAF YL £A7F §led valueError 7} R T
] B7|:
Python methods int .to_bytes () and int.from_bytes () toconverta PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyOb ject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. T2} uoll Y+ FUIE A A|AAE Fho| W A gto g WM3st
e,
WA 330 F7%

PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABL. 1€ p2 £ ] slo]| W A+E k5l ¥ QAH
S PyLong AsvVoidptr ()& AFE3le] A3 gho| A 238 4 95t

long PyLong_AsLong (PyObject *obj)
Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,
first call its ___index__ () method (if present) to convert it to a PyLongOb ject.
Raise OverflowError if the value of obj is out of range for a long.
o2 A -1 MBI Th BB AASEY pyErr_occurred ()& A A L.
¥ A 3.80 4 WA :Use__index__ () if available.
¥ A 3.109)| A ¥ 7 : This function will no longeruse __int__ ().
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long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first callits __index__ () method (if present) to convertittoa PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return -1
as usual.

o] Al —12¥EsUt) RS A S A ASHE W PyErr Occurred () & AFRSHA A L.
WA 3894 WA Use  _index__ () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Fart of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a long long.
off & Al —1 & wiEstucth RS A S A ASH Y PyErr Occurred () S AFE3HI A L.
B A 3.80 4] Y17 : Use __index__ () if available.
¥ A 3.109)| A ¥ 7 : This function will no longeruse __int__ ().
long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MTIN, set *overflow to 1 or -1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

g} Al -1& bRy th R3S A 78t W pyErr Occurred () E A3 L.
B & 3.20] &7}
¥ A 3804 M A:Use  index__ () if available.
¥ A 3.10)| A ¥ 7 : This function will no longeruse __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABIL. pylong®] C Py_ssize t 8L W3St} pylong2 PyLongObject?] <l
2R 2ojoF et

pylong®] gkol py_ssize t2] M9E HoJUd overflowErrorg A A Ut}
ol Al —1L WSt R3S A ASH A PyErr Occurred () S A3 A L.
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABIL. Return a C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o #] Al (unsigned long) -1 ¥t&s Ut RSAES A ASHE Y PyErr_Occurred() & AHE:
A 2.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C size_t Z¥-Z 933Ut} pylongS PyLongObject®]
of of gFtt.

pylong®] #kel size_t] W E Yoy overflowErrors WA Yt}
o2 Al (size_t)-1& WA UTH B3 A A Y PyErr Occurred ()& AHE3HAE Al L.

2EA
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unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Fart of the Stable ABL Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

ol 8 Al (unsigned long long)-1-& W33 Y oh 254 AAGHAE
PyErr_Occurred ()& AF&3HH A L

B4 310041 W71 22 pylong | A TypeError 7} o e} overflowtrror AN AUtk
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Fart of the Stable ABL. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

o #] A] (unsigned long)-1<S¥EEstUch RS A S Al ASHH Y PyErr Occurred() & AFE
S A2,

¥ A 3804 ¥ A:Use  index__ () if available.
¥ A 3.10)| A ¥ 7 : This function will no longeruse __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Fart of the Stable ABI. Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, firstcallits __index__ () method (if present) to convertitto a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 8 Al (unsigned long long)-1 <& ¥ 3% Y ok ns S AATHA
PyErr Occurred ()& AFE3HH AL
B A 3.891A H7A: Use__index__ () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)

Part of the Stable ABL. Return a C double representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range for a double.
o Al —1.02 ¥ttt RS A ASHE Y PyErr_Occurred () & AFRSHAAI L
void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted,
an OverflowError will be raised. This is only assured to produce a usable void pointer for values created
with PyLong_FromVoidPtr ().

o Al NULL-E &3tk B3 A-& A A PyErr Occurred ()& A3 Al L

8.2.2 Ze|d AA

shol WMol BelQe Aao) HH 2oz
SUTh mEpA dubA el A4 B A g4

T AsUHh
PyTypeObject PyBool_Type

FHH YT Py_False® Py Truedt:E F 719 HEvk 9l
= F&oll A8HA sk ZHqu 2 S AREE

Fart of the Stable ABI. This instance of PyTypeOb ject represents the Python boolean type; it is the same
object as bool in the Python layer.
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int PyBool_Check (PyObject *0)
o7} PyBool_Type @ol¥ & EelFUTh o] && T4 AFI U
PyObject *Py_False
shold ralse AA. o] AR WA= YT B2 A59l DA A T2 AR 9} vl RA7A =
A )4 of g .
PyObject *Py_True
g} 4 True A7 o] AAE WAL} Q5UTh B2 A9} B AL TE AR 2 0} RAIA =
A ) of g .
Py RETURN_FALSE
oA py_Falsed ®Hhghslal, = Sl4E A A S7HA1 A Ut
Py_RETURN_TRUE
B0l A by True® Waksly, 22 848 A Fek7 274 W o
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL v2] =2]Z}oll W&} Py_True L} Py_Falseol t]3t
A FzE Esh o

8.23 HX 252 A

type PyFloatObject
o] Pyobjecto] AH BL shold £E 44 A4S Yehd UL

PyTypeObject PyFloat_Type
Part of the Stable ABL ©] PyTypeObject AAE A= gto|H BE A543 IS JeEpY ULt o] 22
ghol W Aol A float &} 22 AA AT

int PyFloat_Check (PyObject *p)
QA7) PyFloatObject Y PyFloatObject®] A H & ol Z& vkstghyc) o] sh= Ak A
Zah o,

int PyFloat_CheckExact (PyObject *p)

QA A}7} PyFloatObject O| AWk PyFloatObjecte] A H 32 of]
P4 AEF U

)
Y
o
rE
rit
ol
A
v
o

o
-
rr

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABIL. sor8] B2} E 3t 7|9 O 2 pyFloatObject A
£ W= A, A9 et NULL.

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. v2F-¥] pyFloatObject A E TWE AL, A3
SFH NULL.

double PyFloat_AsDouble (PyObject *pyfloat)
Fart of the Stable ABI. Return a C doub1le representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa __float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to _ index__ (). This method returns —1.0
upon failure, so one should call PyErr Occurred () to check for errors.

B A 3.80 A WH7: 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 ABI. floate] A%, 2 <=3k  AZkol] A3 AR E =33}
structseq 1A EAE S8 F Ut 3 91Y float.hE 7H>x}% ok

8.2. =z} AA) 119



The Python/C API, ¥2]~3.11.8

double PyFloat_GetMax ()
Part 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 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

WA 3.110] F7}.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
atp). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,
or 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.

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.
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double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.2.4 E i A

ol W] BEad A= CAPIOA E o F Mo g2 dog ZAHYUL}: st glol @ =2 139
w23 sho] W Aol 1, e shbe AA Bas g UEle C F2AYUTH APIE F 7HA] BEE
AP 5 e FrEATIEUH

C FRAZA S Hasp

7] ' o] H 3 2 A E Wols ol AR WSSl e XAHE S5l xS HkeE e
2 OFEUTh o] API A o] Al A2 Utk

type Py_complex

shol A B g A9 gt HEol Fets C F2A.
:rLZZﬂE ?:]Eﬂ EE‘—%x?_ﬂ‘ﬂ—_ixj';g‘]Jﬂ /\]--%—‘@'141:]-_ E]_%ﬁ @'0]@9]%\41:]—;

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
CPy_complex 3L AF5to] F E 449 -2 w3y},
Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)
C py_complex Z8g A§8to] F H4520 Aol & WHahyh
Py_complex _Py_c_neg (Py_complex num)
Return the negation of the complex number num, using the C Py_ compex representation.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
Cpry_complex Hg ARG oLo] F B2 o Hhagyrh

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
CPy complex AL AL3le] T B A4 B8 vigdhth

If divisor is null, this method returns zero and sets errno to EDOM.

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
C Py _complex WS AF-&3to num| exp A5 A F& vkskshy ot

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.
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sholdl 23] 2 A €] B2

type PyComplexObject
shol M Bad AAE Ve pyobjects] AH &,

PyTypeObject PyComplex_Type
Part of the Stable ABL ©] PyTypeObject QAX2EAE ho| A B4 4 &S YeH Ut Jo] 3 A1 52
complex$} 22 A A Y th

int PyComplex_Check (PyObject *p)
QlA}7} PyComplexObject U PyComplexObject? AH & o] & Histst ). o] g4+ &
i abing

int PyComplex_CheckExact (PyObject *p)
QI A} 7} PyComplexObject O] A QY PyComplexObject®] A B 3 o] of
o T A AT U

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py_complex FfO 2 MEL to] A B 44 AR E w5 th

g
oY
filo
rE
il
3
<
v

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABI. real ¥ imag® M Z & PyComplexObject AAE
BE Y

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)

a9 opQ Py_complex F& WY Th

If op is not a Python complex number object but hasa __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () isnot defined then it falls back
to__float__ (). If __float__ () isnotdefined then it falls back to __index__ (). Upon failure, this
method returns —1 . O as a real value.

B A 3804 HA:Use index () if available.

A2 o] ol A 4=2] BT o] Aol A Thol A Qo] o] LH T 54
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8.3.1 nlo|E Y A

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] pyobject] B P2 stoll nlo]EH AAE YeEHH YT

PyTypeObject PyBytes_Type
Part of the Stable ABL. ©] PyTypeObject?] QA2BE A= ulo]H vlo|EY §-& YeEbYU); glol
A5 byteset 22 AA YUt

int PyBytes_Check (PyObject *0)
AA o7} whol EQ Aol ALk vhe] EQ W) AH Go] AAAY FL MU o] ot
G4 4 F 3o
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int PyBytes_CheckExact (PyObject *0)

A7) 07} Whol EQ AR o) A vk, wpol EQ o) A1 Wo) AnE Ak ohH
et P4 AT

b

P eyt o

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. A Z3}H Zto 2 v BEXEe EALE S 2H= A
vlol| EYE AA|E sl a, A 95 NULLS HFSHg U o). vf 7 4 vE NULL O] ofy] of of 2}14 t};
AA5A) ek .

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A3 3}d Zko] v EXE 2] B AL o] 31 o] 7} len
ol A vlolEd AR E wistalar, A9 5 NULLS WSS o} v NULLO] W, Hlol E < A A) 9
e 27158 A ek,

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf ()-2E}¥ fi rmat E219 3 71 49
AR S oA, A Aol 8 Wl 8 AR 27| E A2 T Aol Ghol EoE ol = AN
WU b A= C B olofof 3] formar EA Lol = TR BAE I} A28 o S of
Utk 85 =W X 33 2FYth

Bk 4] |
%% n/a FJEE % Z4}.
Sc int T vlo]E, CintE AP Ut
%d int printf ("%d") & S5}t
su unsigned int printf ("su") <} 5 ch!
$1d long printf ("$1d") & S5 ct!
%$1u unsigned long | printf ("$1u") & TS5}t
$zd Py_ssize_t | printf ("$zd") &} E53Uch!
$zu size_t printf ("$zu") & S5}
%1 int printf ("$i") &} 53 }!
$x int printf ("sx") & S5t
$s const char* 9-Z22 CEXud.
Sp const void* C ZAE9 1634 %3, %%“\%9/] printf7} ojH A=
dls Ao A-eelol HE Y 0xE Al 2Hgto] HARTHE AS
A9 BT AL prints ("sp") 9SS AT
?l”i‘.?%—? ﬂt— Fo FAE W EAG ] YA o] B Ay AR o a2 B A iHEa,

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 719 QA}E FHoittE= A2 At +e
PyBytes_FromFormat ()3 Zr5Uth

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABI. W3 Z 2 E 28 L3 3}= 24| 02] Hlo|EE RS
LlaaiaBiag

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL ¥}o|EE A A 02] Zo]E HidHgyt}

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 3t £ B & wi&3Uth ZQE = len(o) + 1HJERZ FTA
d 09] W5 932 7he) Gl ek ¥ 3 9 vk ko] = ThE d (null) who] £ 7} 9] o A glo]

A ddYth AA 7 pyBytes_FromStringAndSize (NULL, size)E AFRSlo] W& whE

A% AR A 1, du, zd, 2,10 4 -0 B B 1 AVEE AR E L v AT
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A A7 b d o B2 £ A E ¢ Btk BYS AN AL S HUTh o7k wlel =
AR 7} o} U, PyBytes AsString ()& NULLS HWFEH3l 1l TypeErrorS WA Al YT}

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)

Part of the Stable ABI. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.

length7} NULLo| ¥, H}o] EQ AA = U 4E J ulo]ES T 3st &= gl ynh; vk 1&gy gk
-1 ¥3}sl 7 ValueErrorS WA A 7Y r,]-

buffer= obje] W% 11518 7] 7171 5 e, 2] %71 vl £ 7} 290 e engino] & )

‘E%‘Ql/]ﬂ-). AA| 7} PyBytes_FromStringAndSize (NULL, size) S AFE3to] W& w59
7ot tlolHE A= G F Ytk -8 siAlHA = < % Yth obj7} Hle] E A A A

7]- olUW PyBytes AsStringAndSize ()& -1 WHE3}Al TypeErrorE WA U th
B2 35614 WA o) Ao, ko 2 Aol ' kol £ 7 £ HE o] 90 Typemrror st 243
Ut

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL. bytes®]| newpart®] W& & Tl2 2 A vlo]EE AR & *bytesol] 5 Y TH &=
B Ag o et o4 g 2 2 22 EAM5 A AN UEd S sie
bytesoll th &t ol A FrZ = o] A 3] ¥ 2] A AL *hytes®] Fr-> NULLE AAFUth A A3 o &7 444
e,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

Part of the Stable ABIL. Create a new bytes object in *byfes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
“EWr ol EFsta vholEE AA| o) 2715 WA sk .
£ )5k A5 4] 2 bytes 7} ol v] L8] T Rio] 4ol 9)
ﬂamﬂzgﬁﬂqﬂzﬁﬁﬂmﬂwuwﬂﬂﬁgiér%
AA e FAE Ivalue(W &S 7|5 5 AFUthE A5t
s, *byt68~ =717} t’d%‘ﬂ HolE A A S ZHA ﬂ 0°]
ok & Utk A @ ol A5 sha, *hyieso] 9l Al o
NULLE A A= 31, MemoryError 7}t 2 AAE W -10] vIEE Y

AAS N2 ulolEE AAE W
< 4 olTh ALRa A wpAlA .
AL gUrtt 7| nto|EE
she Al 2718 AgFUTh 4%
U0 byese] T 17k

.
J’ 2t
Ed AA = & WA= 3L, “bytes7}

=X
t}.
8.3.2 nlo|E uj g A

type PyByteArrayObject
o] pyobjecte] A B -2 F}o] A bytearray 2 A& LEFY U T}
PyTypeObject PyByteArray_Type

Part of the Stable ABL. ©] PyTypeObject 21X E A= vlo] M bytearray & 2 VEFH U T} oho] A
AZ9 bytearrayet T2 AA Yt
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B AR

int PyByteArray_Check (PyObject *0)
A 07} bytearray 24 A ©] A 1} bytearray & 2] A H & d2dAH Z-E WS}, o] S At
AP,

int PyByteArray_CheckExact (PyObject *0)
A A 07} bytearray 2} A| ©] 2] 2k, bytearray F 2] A B & AAE A& op W S wiEgh ) o] 4
SR LN

274 APl g4

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W3 Z 2 & Z& Fd3l= 4299 A4 (o) ZHH
A A | 22 bytearray AA S =& T}

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL string3} 71 Z ©] (len) 2 5] A 22 bytearray 2 X &
Tyt Asishd, NuLLo] Rk Yot

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. v}o] E 8] & a &} bE o] o] B o] A 22 bytearray
Hh2hehy o

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL. NULL 3 ¢l E] £ 3018t & bytearray?] 7] S ¥ighgy

char *PyByteArray_ AsString (PyObject *bytearray)
Part of the Stable ABL. NULL Z A B & 213+ 3 byrearray®] W82 char 9] € 2 233 o} w13E
v Goll= B4 of 29 @ vle] EZF 7 Ut

int PyByteArray_Resize (PyObject *bytearray, Py _ssize_t len)
Part of the Stable ABIL. bytearray®] WX ¥ 9] 27| & leno & Z A3 Th

rr

1l A

olMjARESEE A8 A S A A E FHA] kU T
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.

8.3.3 YT Ao} 7Y
fuz= A

s}o] W 330 A PEP 3932 3
UIE 2195 A2 st A
u] kel -‘jrx}"ﬂ"ﬂ ek ST A3

3 9]) m gko] o] of gk,

Py _UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

o]0 APLS} ] API bS] A0 2 Q1] FUE A& S0l 2 Yol wheh ) A 0 2 T 744 gelzh
g 5 ggun

g EAS A8 3te] AA
= E 7} 128, 256 E = 65536
14112 (A A 71431.5
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* “5F ¥ 4 (canonical)” F U ZE AA = A= 2] &2 FUIE APIO] & sfl k501 ZE AA YUt
TN 3Lt M E?-_r@l ol Ed<S A3
* “legacy” Unicode objects have been created through one of the deprecated APIs (typically

PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to
call PyUnicode_READY () on them before calling any other API.

Far: AN FURE AA = F 2 H APLS}F GHA] she] W 3. 12004 A AG UTh 2 o] $2 B E FUIE
AR = “HA” Wblu}. LA 3 A B = PEP 6232 F 234 Al L

LSRR

T2 gol oA FURE FH AHREE 718 FUZE AA 9 th:
type Py_UCS4
type Py_UCS2
type Py_UCS1

Part of the Stable ABL o] 352 717} 328 E, 16H]E 4 §H|E Q] B8 2381 7|o] ZH3 BT
ST - B ﬂ%ﬂtypedef JUth 44 FUZE FAE AT wl+=, Py _UCS4E AHEHH A2

W 3300 27
type Py_UNICODE
o] A2 ZEFol met 16H E o]} 320 E § <l wehar_t 9] typedef YU Tt
W 3304 A ol MAA, o] AL WE A 3}o] o] “UY) 2 (narrow)” L “ 2} o] = (wide)”
FURE WA F olu AS Ao tel 168 Fol k320 E Fo S Uch
type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

o] PyObject A/ B PS5 Fo|H FUIE AAE vdeb iUtk AY BE Ao, FUIZE AAE
A 88l BE APL &< 7]'PyObject ZOHE Hlu utdstr g 2 A AFLF| A= o Tyt

WA 330 27}
PyTypeObject PyUnicode_Type
Part of the Stable ABL. ©] PyTypeObject A2H A= mto]H FUFE 2 JeERW U] shol#A
FZo strZ =EH Yt}
The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:
int PyUnicode_Check (PyObject *obj)
Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.
int PyUnicode_CheckExact (PyObject *obj)
Return true if the object 0bj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)
£ 244G AR 07} 578 A (canonical)” EHAA] FAGLIth o] AL ofeho] BH AA 2 AR E
AR&8E7) Aol E a3 Th
8F Al 0g Wkgkstar, Asf A] o ] & A ABHEA ~12 vEgel=t], 53] m e
A G o,
W 3300 7}
WA 31004 HAAHAFTUHE WA 3124 A AHY °] APl &

PyUnicode_FromUnicode ()2} &7 A A Ut}

ek

ol A3} shd
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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).

WA 3.30] 7}

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)
AR B2 AA|2E 98l UCSI, UCS2 =+ UCS4 A4 Fo g A|~E A 78 2 (canonical) &3
of thek A EE WUtk 8 A (canonical) £ & o] SHLE A 27| A A HASHA] 5]
t; PyUnicode KIND ()& AH&8te] utE M2 28 AE3tHAIL. ol AS A 287 A
PyUnicode_READY () 7} &% ¢ o] oF &)t}
WA 330 F7}

PyUnicode_WCHAR_KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
PyUnicode KIND () 3 2] & vt3k3tu o}
WA 330 7}
WA 3.1000 A 3 25 95 uUth ¥ A 3.1200 4 Al A" Uth: PyUnicode WCHAR_KIND:= ¥ A% 9}
Ut

int PyUnicode_KIND (PyObject *unicode)

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-
code object uses to store its data. unicode has to be a Unicode object in the “canonical” representation (not
checked).

W7 3.30] 7%

void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical” repre-
sentation (not checked).

WA 330 =7}

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.

WA 3.39 F7%
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)

T+ A (canonical) 8 data(PyUnicode_DATA () & AL Z2)o A T = ZAEE 9
U 24 (ready) = 0] 335 A k5 Th

B A 3.30] F7}.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

oy

Yok A4

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.

WA 3.30] F7}.
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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.

WA 330 27}
Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as
2 units). unicode has to be a Unicode object (not checked).

WA 33904 A= AdFUth WA 312004 A AFYTh: o] d 28d FUFZE APIY] 4Rt}
PyUnicode_GET_LENGTH () S AF-g3fo] npo] 18 o] A 314 A S

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNICODE representation in bytes. unicode has to be a Unicode object
(not checked).

WA 33004 A= Q5 UTh WA 312004 A AR YUt

o] A 2Bt FU T AP BT},
PyUnicode_GET_LENGTH ()& AF&3}o] ulo] 18| o] A 3}4 Al 2

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)

const char *PyUnicode_AS_DATA (PyObject *unicode)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to

be truncated when used in most C functions. The AS_DATA form casts the pointer to const char*. The
unicode argument has to be a Unicode object (not checked).

W 2 3.39]| A ¥ 7 : This function is now inefficient — because in many cases the Py UNICODE represen-
tation does not exist and needs to be created — and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

A 33004 S0 A A 312000 A AT o] 2 T APt 2R
PyUnicode_nBYTE_DATA () |3 E AEE AME3T & ulo] 18 o] A sl4 Al L.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the Stable ABL 910} 9] o] whe} F2} o] -7 3 418 #Fo] W 1 WhEFH T}, 4 Al identifiers.
2FA 9o 02 g T
WA 39004 W3 FAFd o] &4 (ready) H A] ¢k sk= o, o] = Bl= Py_FatalError ()5 &
=314 2 ﬁW’%

FUTE F2F 44
FUZEE g 24 S48 AFFUh 7P S 229 218 shojal T4 of whekC ol mf g5 =
EETEER PR SN P

int Py_UNICODE_ISSPACE (Py_UCS4 ch)
ch7} 39 F2QAA o] et 1 0] 05 RESHGH T
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
ch7b 2F A A of] w2} 1 0] 02 WHHg Y Th
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
ch7} EAFQIA o] whe} 1 0] 05 WG T
int Py_UNICODE_ISTITLE (Py_UCS4 ch)
ch7} A& Al o] & F A1 A o] whe} 1 0]} 05 W T}
int Py_UNICODE_ISLINEBREAK (Py_ UCS4 ch)

ch7} & Ak 2 A o mhet 1]} 02 WHERh ok
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int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
ch7} 10X F 2 A of] w2} 1 0]} 05 ¥hehehu o
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
ch7} ] A (digit) =21 A] o] whe} 1 0] vt 02 WY Tk
int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
ch7} == A} (numeric) & 2F1 A] o] whe} 1 0] v} 02 WY T
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
ch7b &opal F 21 A of] whet 1 0]t} 08 WU o)
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
ch7b G2 A A o] whet 10]1} 0.8 WU o)
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
ch7} A4 74 g2 A of] whet Lo] b 0 WU T A 5 Qe B2, A4 7Hss Ao s
7F53F= ASCIL 22 9] 0] 2 (0x20) & A 9] 3}, U F = B} 0] o] E] 1] o] 2~ of] A] “Other” 1} “Separator”
2399 ZAGUTE (o] WA Q14 7He 3 FA = repr () o] AL ol i S22 E wf o]~ A
o] ] 7] grotok k= F Aol 2] St Al L. sys.stdout©]t}sys.stderrol 7| 5H FAFE 9
Aelet A™ol glssuyth)
Th APL= w2 A #AF W ghof] AR 5= gl U Th:
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
AEARE HEEH FAchE HE Y T
WA 33RE A AH: o] = st Ao~ v F & At
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
HEARE HEE F2F chs g T
HA33RE A A o] T st Alo|~ wfF & A Y
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
A5 Aol A2 HEH FA} chE 9HEHFY T
WA 335E A2 H: o] T 7FEst Al o)A g S AR P U T
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
107 ¢ A= ASE F2Fchs AU o] Zlo] E7H508HHE -18 WUt o] a2+
of| 9] & LA 71 A] ek5 U Th
int Py_UNICODE_TODIGIT (Py UCS4 ch)
g zte] AR HEE A chE R UTE o] 2ol 2755 12 RIS UL ol a2 =
of| 9] & LA 71 A] ek5 U Th
double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
double 2 HEH A} chg WU T o] A o] B7458H 1. 0= WhEHUth o] W3 2 &= o9 &
A 7] A] kU Th
b= APIE AHS- 8] A ZA O] EE THE 5~ Y th
Py_UNICODE_IS_SURROGATE (ch)
ch7} A2 A o) E Q1 A &3t} (0xD800 <= ch <= OxDFFF).

*

Py_UNICODE_IS_HIGH_SURROGATE (ch)

ch7} A9 A2 A o] E AR &elght} (0xD800 <= ch <= 0xDBFF).
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch7} 3t9] AZ A o] EAA] &l T} (0xDCO0 <= ch <= OxDFFF).
Py_UNICODE_JOIN_SURROGATES (high, low)

T A ZA ) E BEAE At B Py_UCS4 7S w33 T}, high$} lows 7247 Al 2 A 0] E #H9)

AP S A ZA o] E YT
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FUnE EAD P4 A A

AU

il

= ARG WET /)R A D2 S0 A 25 W The APLE ALEIAA L

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

Return value: New reference. M| 5+ ZE AAE W5 U TH maxchar& ARG o) Wl x| & A A A T =
ol Eo]of gtk ZAZEOE, 127, 255, 65535, 1114111 A A2 A 74 74742 grow 22 o
F JdsYth

oA AN FUZE AAE 3t ol A= HHAUh o] F4E AFEste e AAl=

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

Return value: New reference. 1% kind(7} 53 3kS PyUnicode KIND ()°l &3] =33
PyUnicode_1BYTE_KIND SYUTHE 2L FUIE AA S w5 YT buffer= kindol what
FAF 1,2 B 4ubo] E 9 size THY) o] Wl G2 7he] A ofF i 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 UCS1 range,
it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

WA 330 7}

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_f 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. If the buffer is not
NULL, the return value might be a shared object, i.e. modification of the data is not allowed.

If str is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *str)

Return value: New reference. Part of the Stable ABI. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer s

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

Return value: New reference. Part of the Stable ABL. C printf ()-2E}Y
A A5, A SO e A ] 2] 5 Ak
FUth " AR= CH o] o] of 811 formar ASCIIL Q1 G H FAHE 9
gt o 29 EA7h 8L Uk

format FAE 3} 7HH 7|9
= Lol SOt EAE S Rk
sl FAReF A 8] DA oF
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o Rk | &4
%% n/a e E % EX}.
Sc int CintZ 34, &< B}
sd int printf ("sd") & F5gYct.!
$u unsigned int printf ("su") ¢} 553 o} Paee 3L
$1d long printf ("$1d") & 53 )]
$1i long printf ("$1i") & 53 o}!
$1lu unsigned long printf ("$1lu") & 53 k!
$11d long long printf ("$11d") &} 53}t
$11i long long printf ("s$11i") & S5y}
$11lu unsigned long long printf ("$11lu") & 53 }.!
$zd Py _ssize_t printf ("%$zd") & 53!
$z1 Py_ssize t printf ("%$zi") &} 53!
Szu size_t printf ("$zu") 2 =53}
%3 int printf ("si") &} F5gYct!
$x int printf ("$x") ¢ S5}
$s const char* .28 CEXxaldg.
Sp const void* C22E9 1634 B4, ZAZY printf7} A==
Wﬁﬂr A el ﬂEﬁ‘a‘ 0xE Al &el= Z o] HAgHE =
1113]5}“1 A8 printf ("sp") & TS FUTH
SA PyObject* ascii () EE&% QF’/}.
$U PyObject* LYz AA.
SV PyObject*, const char* | U I = A (NULLY 4= A5 Y ThH 2 F HA o 7)
HEEA I-ZTE CEAME (R WA vj7] |71 NULL
ol® AHEF U Th,
%S PyObject* PyObject_Str ()< &3 23}
%R PyObject* PyObject_Repr ()& 3Z3% A3}
AT 5 Gl EY BAE Yo A £9 EAGo] BE 27 £AQ0) Te) 2 BAR T, F7 ARE
Wel = s gt
s vu) ZoE el wpo 27} ofd B 44U th AUE EvjE BelE resn ol nsyre]
Q= d}lo]E 0] 11 (PyObject* Q1AF7F NULLO]®), "$A", "syu", "sg", "sr" 4 ngyno] AO

A %o (Pyobiect * AR NULL O] ohU B,

w2 32004 W7 ne11d"9F "s11un ol BhE 2| Qo] 27ks 5T
WA 334 WA me1in, 51150 D nszino] Bhe Aol F7he 5 Th
B 34014 W71 masn, TaAn, 150", "eyY, vese, R o] B @ U HlSk 3 UE Eule) A9 o]
F71 AUt
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 7]19] QA& H 3= A S A9 st4
PyUnicode_FromFormat ()3 54t}
PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL Copy an instance of a Unicode subtype to a new true

Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference
to the object.

FUI = o]o M HE | o] 2] o] AA|= TypeErrorE WA G U T

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A I HE AR obhjE FUIE AAZ tJZ G}

R4 AR (A, u1d B o, 1d, T, 1, 2d, 76,20, 1,0 ©) 79 0-9 8 2ol 2 AAE oAl 8H & Ao % 489
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bytes,bytearray @ 7] E}njolEdF A iﬂ = F 0] A encoding®l] Wt errorsZ A 2] 8k ol 2] A 8] &
AHE3t] AP Uth & D]'NULLO] 2 493, o] A A HH olaE 7B LS AT YT (R

A 8- W ZH S FERSAEAL).
FUIZE AAE 233 T2 BE AA & TypeError7 AFH =& Fuch
API= o217} QoW NULL& W&y th 354t vhad AA o] Fx S48 FaA 2 H Yo

RENI
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. U 3= 2| 2] 2 o]

WA 330 7}

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

frt
H

FE ZJAE= Wt

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.

W 330 =7}

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
A2 AL S AU} fill_char& unicode [start:start+length] ol &Yt}
fill_charo] FA+E H o) EAHE T A AW, 2ol & o]/ Fx7 o Ayt
759 A TE WSt A, ol Y Al -1 Hhgbstal o 9] & HA A F] U T
WA 330 27}

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. =24 ol EA15 & Uttt EXY9L PyUnicode New () & 53
WS lolof gUTh HUTLE AL B, BALL FHAAY ok A 514 ool
.

o 4 unicode?t U TE AH 1A, Qe 27k WS ol kA, AA 7L A 24D 5

QA (5, %2 A47H1AR) AU o,
H A 330 271

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.

B A 3.30] F7}.

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.

WA 3.30] F7}.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Fart 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.

W 330 =7}

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.

B A 3.30] F7}.
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5215l Py_UNICODE API

WA 33004 A5 G Uch A 312004 A AT

o] API 1452 PEP 393 7@ |3 5114135 9141 th. shol 2 3xoll A Al AR A 917) Wl g =&
A% A AT 4 AA W, oAl AR o2 Qs 45T vlme] 247 AL 4 98-S Q)

PyObject *PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. 5= %1 2.7 (size) &] Py_UNICODE ¥ 3 yo| A Y Z = A& w54t}
u=NULLY 4= 3low, o] = W &o] Fo = A k5t o3t do]HE *
299Utk W5 7 A AR of) EALE U o
W31 7 NULLo] ofU W, hek ke B4 AR 4 A5tk wekd, A% $UDE AA ) £3 Ly
7FNULL Y w9k 3-8 Yt
B ¥ 7} NULLO| W, PyUnicode KIND () S} 2 WA A wjZ 2 E AH317) Ao B Y&o] X
YA W PyUnicode READY ()& ZZ&38loF g th
HA 334 HAAFHAFUY, HA 31204 A AF Utk oA 28 d FUIZE API
9 94X Yttt PyUnicode FromKindAndData (), PyUnicode_FromWideChar () E+x
PyUnicode_New () S AH&3}o] mlo] 18 o] A A Al 2.

Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’s internal Py_ UNTCODE buffer, or NULL on error. This will
create the Py UNICODE* representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

W7 330041 S AE AU Th WA 302014 A AT Tk o) 1 2Bk 175 APLY] ARk
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () =+ FA}SH
Al APIE AH&-3Fo] mho] e o] d SHA Al 2.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py, UNICODE* string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

B A 3.30] 7}

W2 33004 o A5 gl o, W8 302014 Al A U ke o AEkel U 7= APIE] ARl o,
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () =+ FA}SH
A} APIE AHS-81o] mpo] 1d| o] A S Al 2.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABL. J| A ¥l Py_UNICODE 39 7|5 T & Y E HIE3 Ut (A 2 Ao E A
29 2 23 h.

WA 33004 F A= A5 U th WA 312004 Al AF Yt
PyUnicode_GET_LENGTH ()5 AF-&3}o] npo] 1 o] A

o1 2 Bbe T = APLS QR T,
B4 A 2.

2ALJAZY

A 2AY ATYL AETol £ AANA £ AAEE O 2T B4 Ak

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. += 2 o] = 2} VxWorks 2] UTF-8 o] L}
e 9z A4 29 A5 4GS TP etk A5 L g Ael/le stricty
9} "surrogateescape"(PEP 383) J U T} U Z T = errors7F NULLO| ® "strict" o8] A 87| &
RS e 4 AR Zifol 84 BAE £RE 4 QT
Py_FileSystemDefaultEncoding(F}o]H A2 Al 12 2 AL AFH)A BALE S U F
™ PyUnicode DecodeFSDefaultAndSize ()5 AFRSHIAl L.

ol

o
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This function ignores the Python UTF-8 Mode.
o B

Py_DecodeLocale () &4

B A 3.30] &7}

WA 3. 7014 M o] e oAl FER =S A9 3L surrogateescape ol 2] A 2] 7] o A
ZAY AFTGE AFE S Y} o] A=, Py _DecodeLocale () ©] surrogateescape®] A5
R, A 2AY AT G stricto] AHEE AFHTH

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 ().

WA 3300 7}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. U I E AAE ¢tz 2o]r 9}
VxWorksol| 4] UTF-8 &2 QT YA L T2 Z P Z oA AR 2AL JFZF o2 Qa3 A Y
HE=o8 A8 7= "strict" @} "surrogateescape"(PEP 383) Y U T} QI T = errors 7} NULL
o]’ "strict" o] A7 E AU Th bytes AAE R Th unicode= WHE 4 EAE

E 29L& Py _FileSystemDefaultEncoding(T}o]| A|ZA] Q& 2A|d T YP) o2 TS
2 ¥ PyUnicode EncodeFSDefault () S AFESHA Al L.

This function ignores the Python UTF-8 Mode.
o B7):

Py_EncodeLocale () &4

W 330 F7}

A 3. 7oA HA: o] S4= oA St R o] EE A6l surrogateescape o8 & 8] 7] o] A A)
Er DREA R /\]._Qagqq- o] A= py_EncodeLocale () ©] surrogateescape] A& 2
I, 84 2A Y AFYL stricto] AFRE Y5 T

&

AP RE

R

o&l

o)
=

gd o] 57 Vet A BAE S AF Y3 t]ZHE S W, Py_FileSystemDefaultEncoding < <
FYJOF A3}, Py_FileSys emDefaultEncodeErrors 2 o8] 28] 7] & AF&-3f oF )t} (PEP
3833 PEP 529). A 7 24 Fof 3Y o] 5& bytes® Q173 d, "os" WA E AFE AL
PyUnicode_FSConverter ()& A& 42 XJDLOH of gt

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 PyBytesOb ject* which must be released when it is no longer used.

B A 3.10] &7}

WA 36004 HA: 427 A4 & Pot=d Ut
A7 2B B4 Zol #Y T str OIYFAY, vosr WBAE AEHT
PyUnicode_FSDecoder ()5 W3 &4 2 A G3] oF gt ).
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface — to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicodeObject* which must be released when it is no
longer used.

B A 3.20] &7}
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WA 36004 WA A5 A4S ol S,
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding and error
handler.

Py_FileSystemDefaultEncoding o] AAE X koW, 2A Y elmdo g Zmshr}
[e]

Py_FileSystemDefaultEncoding 2 A2 Al Z2A A AdIFZPGANA 27351 Yy
59 +4% ¢ 9sdth v =AY AnFAH AL qA Ik
PyUnicode_DecodeLocaleAndSize ()5 AF&3HI Al L

o] B.7]:

Py_DecodeLocale () &5 .
WA 3.600A WPy _FileSystemDefaultEncodeErrors o # X & 7] & A& ch

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the Stable ABL. Decode a null-terminated string from the filesystem
encoding and error handler.

Py_FileSystemDefaultEncoding o] AAH X o, 2A|d Q7o g ZMac]
BRE do]E & Q2 PyUnicode DecodeFSDefaultAndSize ()& AFEIINAI L
WA 3604 HA: Py _FileSystemDefaultEncodeErrors o # X & 7| & A&

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. Py_FileSystemDefaultEncodeErrors °f &
A 71 & AFR St Y I = AA|E Py_FileSystemDefaultEncoding® Q137 Y3511, bytes
2 MBI A bytes ARl W vho| £} £ 4 AEol FFAA L
Py_FileSystemDefaultEncoding ©] AAFA] oW, A AFJoz ZW3ch

Py_FileSystemDefaultEncoding 2 A|ZA] 2A Y AFZPFA A 273 EH 0 Y=o AT 5
FEULH A 2AL AdFHEoE EXFE AT P oF 51, PyUnicode EncodeLocale ()<
8N 2

o 17

Py_EncodeLocale () &4 .

WA 3.20] 7}

WA 3,604 HA: Py _FileSystemDefaultEncodeErrors o & 2 7] & AF&3H ).

wchar_t x| g

A Aot= EAEo| W& wehar_t A
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object from the wchar_t buffer
wstr of the given size. Passing —1 as the size indicates that the function must itself compute the length, using
wcslen (). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)

Part of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size
wchar_t characters are copied (excluding a possibly trailing null termination character). Return the number
of wchar_t characters copied or —1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t * string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t* string is null-terminated in case this is required by the application. Also,
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note that the wchar_t * string might contain null characters, which would cause the string to be truncated
when used with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Part 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.

B A 3.20] F7}.

I:H 7H 3.7 Oﬂ /\‘] tﬁ 730 : Raises a ValueError if size is NULL and the wchar_t * string contains null charac-
— g
ters.

o)
o
R
fin}

oA £ 5 Y CE A4H g ZY &2 AFFULE oHd I8 E2 B F o 552
ol AH AT g s

oh3 APIO] tf 22 5 7 9] QA A} encoding 3} errors & F 31, W str () EXE AA AR AE}
2 oyt

encoding& NULLZ A A3H 7|2 A379Q UTF8¢] AAg 2 Uttt 1Y A" $&52 31
d o] E 9 FYo| PyUnicode FSConverter ()E AFLd|ofF dYtl oA L YHRAo=Z HEp
Py_FileSystemDefaultEncoding & AFE-3UTh o] 4= Q7] AL 0 F A ojok gyt 4§
A|aglo A= ZA FAE ol st 2B 7L 5 4, th2 A/ AR oA = A Ak A3 F YT 5§

Z g 73 o] setlocale S &= ul]).

o & A g errorsZ A H =], el el Fojd 7] & A2l & A S o n| st NvLLE A
AsUth BE W Zdof thatk 7] ol 2] A 2] = “strict” Yt (ValueError7F A F ).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

+
bt

LAY
T2 Ak I E APIY Yt

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
encoded string str. encoding and errors have the same meaning as the parameters of the same name in the
str () built-in function. The codec to be used is looked up using the Python codec registry. Return NULL if
an exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABL U Z = A E A7 331 23S 5}o] #H bytes
AA = gr2k U th encoding} errors<= U L= encode () HIAE 22 o] 59 w7 W4t 2
o ouQuUth ST TS sl A 318 # A A= ] B Agohel 237 Utk meo]A] o9 7}
WY S NULL-S whehehy )
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UTF-8 3¢

£ © 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 ABIL. Create a Unicode object by decoding size bytes of the
UTF-8 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7]- NULL ©]
PyUnicode_DecodeUTF8 () A H & XH?JH t}.  consumed 7} NULL©O| ofUw, &3 &
UTF-8 Hlo]E AP 2E ol &2 Zﬁlﬂ A FF U olH 3 Hlo]EE HAYH A ¢kow o
HFol E 4= consumed©l] A7 Ut

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-8-& AF&3}o] FUFE AAE A7 Q32
A2 5ho) A bytes A A 2 MBI Th o 2] A el “strict” U Th Tee A o 9] 7} 25w
NULL-S BFEHgh o)

Hﬂkﬁ

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t >“size)

Part of the Stable ABI since version 3.10. F+UZE A 9] UTF-8 ¢l ZHof thsl Z ol g & wtdls},
o FYHE TH I = (vfo] E vk 2) sizeol] A AU T} size S X}— NULLY 4 55U} o] A%
N7 ARE A sy iEE HojolE e g I = ZJAETL A o #AQlel, FAF F7

o ho] £ 7} 3 74 I o (sizeol 3 95 4] kI Oh).
o 2 7} Al ek, oL o] o 2] A1 7} ] WHEkE T size7} A R ) ok ] o).

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.

B A 3.30] &7}
WA 374 HA: w3 e & o)A char *7} o}y gf const char *uth
W A 3.109)| A ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize ()2} ZAw, 27|18 AZF3HA] k5 U th

HZ 330 F7%L
WA 3704 HA: ¥318 2 o] A char *7F o2} const char *Juth

UTF-32 =9

th2& UTF-32 29 APIY Y th:
PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference Part of the Stable ABL. UTF-322 Q1 Z Y ¥ 5 E XY of| A size Blo| EE
gagstrslgd FUIZE AR E w3sy o} errors(NULL O] 0]—1/] Wy oy A8 E FY Y 1‘/}_
7] %%}% “strict” YJ U t}.

byteorder7} NULL©] o}V W, T/ AT = A A H Hlo] E A& AHL3e] T 2 Y2 A 23 o}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7]—0°]_1_ ol & gl ol B 9] AL 4ulo] E V) HFolE A E A (BOM) o] W, T] T t] 7} o]
HIOlE A & % %}HJ—BOMS A% FUIE EAGol EAE A ks U th *byteorder7h -1
oL} 109, B E wpo] = A EAI 7L E 2ol BAVE T
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8 3, hyeordert= 92 o] Ele] Zol A B whol A= 24 F T
byteorder 7} NULLO| ¥, T 92 | o] E] H 4 R E & A &3 o},
sl A o 9| 7} A 3R NULLS WHE g o,
PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©| W,
PyUnicode_DecodeUTF32 () 8 % Z 3 Y t} consumed 7} NULL ©] o} Y W,
PyUnicode_DecodeUTF325tateful () & Z3 E A UTF-32 HlolE A|F A (7} 42
FolE ol A ok HlolE ) & o2l 2 A hA] F UL ol#stHlo]E= T I YE A oy
Y2 E vlo]l E 4=1= consumed ol A7H Yt
PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. W] ©]E] H vH}o| E <=4 2 UTF-32 91 &
Spo) W uko| € FAFd & WA Th. £AHLS 34 BOM vh2 A gk of o
Atk FE oA of &) 7} g 51 NULL-S WHERR T

UTF-16 .9

2. © UTF-16 29 APIQ U t}:

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 ¢l R H ¥ 3 E 2} g ol A] size H}o| ES
g3agsta g fFUZE AAE Ut errors(NULL O] ol W) = ol 2] A& A Futh
7] 8 2k “strict” ] U t}.

byteorder7t NULL®] o} ™, L& A F A vFo| E A& AHgsto] RS A&yt

Zl
*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: big endian

*byteorder7}00] 11, Y& dl o] g9 X2 21}o] EV} vlo]E <=4 FA|(BOM) o] ¥, tJF T = o]
Hho|E =42 M35 3 BOM2 23 fUIE FAE 0 BALE 2] 455Ut *byteorder7}h -1
ojif 10]W BE Hlo|E A BA7FE o A YT \ufeffU \utffe 7L FUth.

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder7} NULLO| ¥, T E] 2 W o] E]| H = A R EF AJZFgHU T}
T A] o] ] 7} A 3H A NULL-S BFEHgH 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 ©| |,
PyUnicode_DecodeUTF16 () 8 % Z 3 U th consumed 7} NULL ©] o} 1] ¥,
PyUnicode_DecodeUTFl6Staterful () <2

g 29%A UTF-16 vlolE Al A2 (7} &4
Hlo] B 1} B3k A 2 Al o] E #H) 2 o 8] 2 A 2] 3HA] kU Th o]t ulol B T T Y E ] ko
Y FZHE v}o)E = consumed ol A 73E Y th

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©] E] B v} o] E <=4 2 UTF-16 917
Shol 4l vpo| = EAFA S MB T TE EAES 34 BOM vk 2 A g ok ol 2]
QU 2ol A o8] 7} WA S NULLE Wk o
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UTF-7 39

22 UTF-7 29 APIY Y t}:
PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
UTF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©] 9,
PyUnicode_DecodeUTF7 () A8 T2t} consumed 7} NULLo] ol U, 33 E &A%
UTF-7 base-64 A4 ol ] 2 A 2] 4 b1tk ol el et ulo]| =kt g A ghov nge

v} o] E == consumed ol A1 75E  th.

= o] a7 o]

[kl

A

o
i
K
i)

o

22 “fF U FE o]~ o] i (Unicode Escape)” & APIY U t}:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Unicode-Escape encoded string st7. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABIL. U Z & o] A A o] Z & AR5t FUZE AA =
T 5tal A2 bytes A 2 RE U o} of 8 A 2] = “strict” Y Y D} T of| Al o 2] 7} A 5hdA
NULLZ WHSHEh o)

A4 FURE o) 270z 1

0S2 “YA] FYFZE o] 2 A o] = (Raw Unicode Escape)” T APIY U t}:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. YA U I E oA o]z E ALE3te] FUFE
AAE AP 3t A2 bytes A A2 QU T} ol 2 A 2] = “strict” Ut} ZE o] A o &) 7}
w8 3 NULL-S WHSkgy o)

Latin-1 7.9

22 Latin-1 29 APIY U T}: Latin-1S A2 256719 FUZE Ao sl &atm Q17 Fof Zdof A
ol 5w 58P YTh
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
Latin-1 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Latin-12 AF-&3to] U ZE AAE A FZ PG5t
2215 oo] W bytes 214 2 WHRFFUI T of 2] A 2] “stict” 2] ] o}, Tl o 4 of 9] 7} 941 8 nULL
& wakgh.
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ASCIl 7.9

=2 ASCII 9] APIJ Yt 7H] E ASCH t| o] Bl 2k S S F Ut} th& RE =+ ol & 44U ch
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
ASCII encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCII S Al-&35to] U ZE A X

5 Fho] 4 bytes A 2 WEFU T} ol 2] A g] = “strict” Y U o oA o 2] 7
< NEFh ok

—'~ m[m

e
a0

R EL

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.

Ch-2 v 7d APIS) Yt}
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object by decoding size bytes of the
encoded string str using the given mapping object. Return NULL if an exception was raised by the codec.

mapping©] NULL O] ¥, Latin-1 T & o] A-&HUth Z¥A] ¢k O™ mapping-> vFo] E A5 (0] A]
255 4019 A58 FUIE £, AFFULE AFE 645 h £ doned 2 vh g o}
it w3 = A] b2 v o] B] HFo] E (None, OxFFFE = "\ufffe' 2 W J = = ZAE T opz},
LookupErrorE f@8te )2 A5 A 2 g o= A= of o2& LA 7& Ut

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABL. =1 Xl mapping A A& At-&3lo] fFUTZE A&

AP 3tal AIE bytes A4 2 WA T ol 8] A 2] & “strict” YU T ZE ol A o ] 7} EAY 5t
NULLE ‘ﬂ%‘r?}%w .
mapping 2 A = FE= Ag A4E bytes 2 A, 001 4] 255 AFo] 2] A4 == None 2 & 1 F & of
Ayt Noneol UH BE = 28T ok et i3 H A & FA A5 (LookupErrorE 33k 2)
L5 A ke WP 0= Aels of of e 7k A ok
& FYAPIE FUTEE FUTER WP ok ol A SE ok

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. X} w3 €| o] B A &3}o] ExXIS HES
SRR e et N A
WP ol B FUTE A5 A5 E FURLE A5 A4 None(RA7H A4S £ g chel
wf 34 3 of e
Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errorsi= Elo A 2] QubA <l o] v T}, 7] R o ) X 2] B A8 FE e N 4 gy o
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4% £ MBCS 79

&2 MBCS T4 APIJ Ut A A5 Auk AT 4~ 9l 2™ Win32 MBCS ¥ 3H7) & X183}
W3 T AU Th MBCS(EE DBCS) = B4 b7k ol mg el 2ol foshalAle. g
Azge 38 e AW 7140 A2 24 o3l gel gy,

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©] W, PyUnicode DecodeMBCS () A 38 F &gt} consumed 7} NULL©] o}y w9,

PyUnicode_DecodeMBCSStateful () 2 238 A& (lead) B} EE YA YA ¢ i H
v}ol E 4= 7} 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] -4
T A7 E A=Y 7S 504 bytes A A 2 WAT T o 2 A 2] “strict” AU Tk, A of
A of| 2] 7} A SFE NULL-S HFERe Y 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.

WA 330 27}

T APIE= 989 74

A A5 FUzE A .

ol 9] 7h st B NULLOlu 15 Rhek g o

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value New reference. Part of the Stable ABL. T+ EXE S o]o]£2o] 3t M2 FYUIZE
EA4dg A E T ok

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABl. X4 B3 o}Of] SUFIE BEXdE g AEE A
F YD sepo] NULLO|, BE B -8 EALONN £o] £AP T 237 o, Foj3
FEA A BEo] Aolytieh, 2o marplit £2o] FHHUTE 5018, Aol AAHA eh
Utk TEAE A3} e 2o 235 4] e

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

AA et EAL S (BHolA EAL o2l stlsUth A2l g 5 o

Return value: New reference. Part of the Stable ABIL Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters are not
included in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. 5= 0] X separatorE A-&35to] EA1E Al AAE A2
1 A% fUTE EALS BT,
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)
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Part of the Stable ABIL Return 1 if substr matches unicode [start:end] at the given tail end (direction
== —1 means to do a prefix match, direction == 1 a suffix match), O otherwise. Return -1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

Fart of the Stable ABI. Return the first position of substr in unicode [start : end] using the given direction
(direction == 1 means to do a forward search, direction == —1 a backward search). The return value is the index
of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred
and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int
direction)

Part of the Stable ABI since version 3.7.  Return the first position of the character ch in
unicode [start:end] using the given direction (direction == 1 means to do a forward search, direc-
tion == —1 a backward search). The return value is the index of the first match; a value of —1 indicates that
no match was found, and -2 indicates that an error occurred and an exception has been set.

B A 3.30] F7}.
W A 3.79l| A ¥ 7 : start and end are now adjusted to behave like unicode [start :end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

Part of the Stable ABL Return the number of non-overlapping occurrences of substr in
unicode [start:end]. Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t
maxcount)

Return value: New reference. Part of the Stable ABL. 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. & E2}g4 2 vl w a1y 22 28, 242 Zo thsf -1, 0, 12 ¥y h
o] 4= AT Al 1S vIEE B R o 2| & &9l 7] Y8 PyErr Occurred ()& T8 oF g
U,

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Part of the Stable ABI. 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] Tt ol & WA 71 A kU
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL. + U I = £ X9 S F 53} v 3 (rich comparison)
3} ohe % e B th
* o€ 7F A S 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 ABL. formatZ} argsol| A A &AL AA| & HE3g ),
o] AL format % args -FAFE YT

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
Part of the Stable ABI. Check whether substr is contained in unicode and return true or false accordingly.

substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

142 Chapter 8. -4 A A=



The Python/C API, ¥&] 2 3.11.8

void PyUnicode_InternInPlace (PyObject **p_unicode)

Fart of the Stable ABI. Intern the argument *p_unicode in place. The argument must be the address of
a pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is
the same as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and
creating a new strong reference to the interned string object), otherwise it leaves *p_unicode alone and
interns it (creating a new strong reference). (Clarification: even though there is a lot of talk about references,
think of this function as reference-neutral; you own the object after the call if and only if you owned it before
the call.)

PyObject *PyUnicode_InternFromString (const char *str)

Return value: ~ New reference. Part of the Stable ABIL PyUnicode_FromString ()3
PyUnicode_InternInPlace ()9 %3, Bl (intern) & A U IZ = B4 AAY, 22
BT N e R el

8.3.4 HFZ 7

type PyTupleObject
o] PyObject ] A £ shol W & AAE e T
PyTypeObject PyTuple_Type
Part of the Stable ABL ©] PyTypeObject AA2EH A= glo]H 52 33 el U Iho] A Al =9
tupled} 22 AR Yt}
int PyTuple_Check (PyObject *p)
pHRE AR A FE W) A go davaw 22 EHF U o] Bot B AT H
int PyTuple_CheckExact (PyObject *p)
PPt FE AANAT, £ E B AH Fe ArdAE oUW B ERF UL, o] BaE B4
4B,
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 2.7 len Q1 F2 A A1}, A 9] A] NULLE WFHHEHU T}
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. 7] n 9 M| H& 21 A1}, A9 A] NULLE HF3HsH
Utk B g2 shol A AAE el 71 4 a A9 C AR % /1815 ULk PyTuple Pack (2,
a, b)=Py_Buildvalue (" (00)", a, b)2S53yrch
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. 72 Ao tf gt £AE & FolA, S| F FE2 27

mlru

Rl

o

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
T2 pd 271E vkttt o] 3 7] NULLo] ofU I {F&Z ZHe Aok Ut ol 8 H A= 43
A k5 Uk

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

oz

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.

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py Tuple_GetItem ()2} ¥]<3}A| 2L, Q1 A}

e
ot

o
ok
A
§
ol
°
v

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7}8] 7| = 5= ./] low2} high AFo]2

Hhskel A, Ao std NULLS R U T o] A2 Tho] W E 8 A p[low:high] & F5FUoh
B AE 2o R HE YA AU A F5UTh

L
ru[>
)
)
[>
]
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int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABI. p7} 7]-?4 7= BZ 9] pos 9 Aol AA ool th F2E AU h A23HH 0
= WU T pos7t 91 E Aol U H, -15 WESEAL IndexError o9& A4y th

s ol ool ek A2 S “F XA SFS Ee AX MM F2ol olvl 2le F=ol Had
=z

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple_SetItem ()3 H]SdA T o8] AAL= 31X Fom 28 EZ8 X)L uff * o+ X235

oF gtk

ZF3:  This function “steals” a reference to o, and, unlike PyTuple SetItem (), does not discard a
reference to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
52 3972 233 =d AR TS 5 Y5 U T newsize= 52 2 2ot Utk T2 8
2}il o AR B R, 7 jﬂ"ﬂ sl F=7F stubnt s Wi AR o U th F ol ZEY R
oju] A& H O™ o] 2 AHESHA] WAl 2. v%%ﬁo’é ZoA AR AY EoFU o] A
S22 I A FES BEE 208 AL, B4 B EEAY BYUTE AFHE 0
WA Zebol A5 TE L, 9l Akiko] o] A4 E 524/ A 2ok ARAAL &
*p7h 2 s A2k wh W e <ot 491 Lk A3 S, 18 W e, p NULL
é7§ 511, MemoryError U SystemErrorS WA Al Z U Th

to Hz (%,
&2 0

l

mmmm
Lr

S

835 72 AA~ A3

T Z A A2 (struct sequence) A A= namedtuple () A CS7FEY UL S oJESHES 59 &
Bo 2T 5 Qi AAAYUTE P23 ADLE BEH, WA 54 724 A2 FE 5ol of
U

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. Part of the Stable ABIL o}2jjofl AW H desc?] H|o|E| 2 M2 FZA A1E
2L U5yt 23 9] AdAEAE PyStructSequence_New () E e 4 95U Th

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc2 F-2A| A A2 3 types AAFE] o A 2 7]3HgH o)
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitTypel} ZA| 9 AZ3H 0L, Afstd -1 vidshc}
WA 349 F7}
type PyStructSequence_Desc
Part of the Stable ABI (including all members). T+5 FZA) Al A2 F2] et AR E £33
const char *name
Name of the struct sequence type.
const char *doc
Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *£ields
Pointer to NULL-terminated array with field names of the new type.
intn_in_sequence
Number of fields visible to the Python side (if used as tuple).
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type PyStructSequence_Field

Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyOb ject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

const char *name

Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.

const char *doe

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField
Part of the Stable ABI since version 3.11. ] & Q= AE| 2 G AT 7] 93t = o] &9

WA 3.9 4 M7 : Fo] char *olA WA A5
PyObject *PyStruct Sequence_New (PyTypeObject *type)

A

% 3.

Return value: New reference. Part of the Stable ABl. Py St ruct Sequence_NewType () & & THE type
o AATAE BT,

PyObject *PyStruct Sequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABIL. p7} 7}8] 7] = 2 A Al A 29 $ X] posol] Y=
2312 el F Uk 89 A4 A A ey,

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem ()3 S5 mjaZ 2,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. FZA| A A2 p Adl X posoll Q= T E o2 AATYTH
PyTuple SET _ITEM()3 pR7MAR, o] AL M2 A2EHAE A& wff vk ARS8 oF o}

s o Yot ool e FEE“EAUTH

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.

i o] ool i F2E“FH UL

8.3.6 2|2 E 7|

type PyListObject
o] pyObject] A EH P2 dpol 2|AE A S YEFH Y
PyTypeObject PyList_Type
Part of the Stable ABIL. ©] PyTypeObject A2E A= gto|A 2|~ E 3-8 YERY YT o] AL glo] A
AZ2 1ist & 22 AR Jth
int PyList_Check (PyObject *p)
prreEl2E AAY B aE Ao AR Y AaBAE ZE BT o] Fae B AU
int PyList_CheckExact (PyObject *p)
p7HEIAE AA o)A B~ E o A H o] JQA'ATF oW g whsgyth o] & 4
4E U
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PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. 443 35}d Z o] len 21 A 8| 2EE, A9]5H NULL
& WA,

= o
tg—E_,_

Fal: leno] 0K TF I, Ji‘r% g 2E AA 9 FE2 NULLE AFFUTE WA =
] prd

= g5
PySequence_SetItem ()%} &2 4 API

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL listol] A} ] 2 E AR 2] Z o] & W23 th; o] = 2|2~ E AR o thst len (1ist)
ot FFHUh

Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL. list7} 7} 2] 7] = 2] 2 E 9| A index 1 X| 2] AA =
HhghtU Th $ A= 257 oby o of T} EV\EA Zo A HE ] g2 A AE A EFUTh
index7t B & =l o] Ur‘?i (<0 T = >=len(list)), NULLS ®F8}+31 3 IndexError 92 & A At}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Return value: Borrowed reference. Similar to PyList_GetItem (), but without error checking.
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. 8] ~2E 2] A Y~ jndexol] Y= F5SitemS 2 AR Th AF3HH 0 WS
U T index7F HYE Bloj U, -1 883} IndexError 9|9 & A A St}

i o] Gt iemo] e FEEFA T GG BE AN FaEo] oln] g G5 3
Fx2 WYk
j=4 =2

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
e A Y= PyList_SetItem()o] A& F4. Ao 2 ofd H&o] gle A 2|l2EE

A= o AHE Yt

2 o] IR E jtemo] ThBF X ’
st g WA FFuUTE list & Hi] ]ﬂ%%i%#—?%?—lﬁﬂ‘/]q‘

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)

Part of the Stable ABL. &% jtem2 2| A E [isto] A& X ijndex 2ol 4 Ut} 433 02 ¥y
o} AIstd -1 ‘ﬂ—:’?}‘G]-_T’_ o2& dAT YT} list.insert (index, item) ol 333t
int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 2] 2~ E isto] Zol| A item= F 7Vt A334A 02 vkshghy o} A s sk
“12 uHEsa o9 A4 Th List . append (item) o 38 oh
PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL listol| A low 2} high Alol ol Y= AR S-S T35=
g AE S NSy o) A st NULL-S whEebal o 2] & A F Futh list [low:high] ol 313

T Bl aE B AREY A94L A5 A U T

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL  low2} high AFo] 9] listEeto]l & itemliste] W&o 2 A4 g}
list[low:high] = itemlistol @t} itemlist= NULL & 5 =, ¥l g|l2E9 U9
2 Qe T (2 2ol 2 ). AE S 02, S5 12 MAG D 2 AE Zol A RE
Qe 4 A 215 7] U
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int PyList_Sort (PyObject *list)
Part of the Stable ABL list 355 A| A-2]ol| Al AU th AFod 05, Afotd -15 W&
o] AL list.sort () & TS5}

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list2] 322 A AxLg] oA F FS5UTH AEsH 0, Ashd -1 wHagy
t} o] A& 1list.reverse () 9]— Z=3ghch

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL list®] Y& & Z&5t= A 5= AA S w33ty
tuple (list) &S5 FUth

8.4 Ze]ol] 7|

8.4.1 g Az A

type PyDictObject
o) pyobjecte] B He shold GV el ARE LA T
PyTypeObject PyDict_Type
Fart of the Stable ABL. ©] PyTypeObject ArHAE Fold dAYE d& VEFE YT o] AL
o] A5 dict 2t 22 AA A Th
int PyDict_Check (PyObject *p)
p7hdict AR o) ALk dict B9 A B G QAW B WBIUT o FHE T ABTUL
int PyDict_CheckExact (PyObject *p)
p7hdict AR o) A T, dict F9 A H ] AAT AL oh W A3 BB o] Bt G AT
S,
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. A 22 Wl Y A ] 2] & ¥F3+3} 7 U, 4 9 3} NULL
= RESHghU T}
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABI %} 7] A&
MappingProxyType 7“11] 2 ulashc) o] AL dukA o
448 WA A9 HE e o AEE .
void PyDict_Clear (PyObject *p)
Part of the Stable ABL. 7]& Y& & 7]-3t A< vt}

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. YA & pol| key7} 3+
2 wrahela, 18X ohow 02 W T, of
pe} 55 Fych

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL p2} 22 7]-7k 2 £&35t= A d A V8 & ¥ks
ok

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. B A ] 8] pof| valS key 7] 2 A YUt} key= S| A 7Fs3l oF Syl 23 X
oo™ TypeError7h AU Th AT 5 08, A et -1 BT Tk o] B4 valol T T
ﬂi  FAA s

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)

Part of the Stable ABIL This is the same as PyDict_SetItem(),but keyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyObject*.

= i
Lo
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int PyDict_DelItem (PyObject *p, PyObject *key)
Fart of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if it isn’t,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on
failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the Stable ABIL. This is the same as PyDict_DelItem (), but keyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyOb ject*.

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. Part of the Stable ABL. @A U 2] pol| A 7| 7} keyd A& ¥F3Hghu o}
key 717} 1o o 91 & A A skA] 93 NULL-S RE gy o

ZF31: Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored.
Prefer the PyDict_GetItemwithError () function instead.

¥ A 3.100]| A] ¥ 7 : Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABIL 9| 2] & A A3} A 9k Pypict_GetItem ()Y
AP JUth o7 2 SHE of| 9] & A NULLE REEH Y th 717 QLo ol 9] & A g 54
3 NULL-S WHeHgh Th

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

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

ZF3: 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)
Relurn value: Borrowed reference. ©) 212 3}o| ¥ -5 9] dict.setdefault () & ZHUth EA3}
A, gAY g poll A keyoll 3l F5k+= %k = ‘:&%‘r% Ytk 717k dictoll §l2 W, g defaultobj =AY Y= 3,
defaultobj7} WH - U th. o] = key] S| A 45 23] D 4AHAS —H?H =Y o= Frlste= EH’“
BRI EeTerc
WA 340 F71.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference.  Part of the Stable ABL. YA U489 E q&&
PyListObjectE Wr&shUt}.

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. 91 g]8] R E 7| & E£33}= pPyListObjectS
e

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. YA ] p] & S £351= PyListObjectS
e

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABIL. €A1 2] o] 9= 3
E5 3,

kel
%
o
rr

A
1o
-
e
r]I.
e
s
<
o
©
rlr
a0

Aol tf gt len (p) 2}
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int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

Part of the Stable ABIL Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to 0 prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject * variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration.
Its value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets
are not consecutive.

a5 =d:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

—~

L

gAY pe olgd ol d Foll WAsNA = tFUTH A& o|HE ol E & uf 3t WA s
AL QABA T, 7] A Fol WA A b AW TPHU T o2 S
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;
3
Py_DECREF (0) ;
I3
. J

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL W} 33 A b2 o] E]g o] E A, 7]-3F S 948 adl 271Ut b=
dA Y8 AV PyMapping Keys ()2 PyObject_GetItem()S AQst= ZE AL = A5
O override7} 301 8, al 3 71E %ol bol A AAFHE 717} 908 wAH 3 T2 oo ag)
At 717k fla wi etk o] FrHE U th g shd o0& Hkgkekar, o 9 7} "‘a“ﬂ SHH -15 Whehgt
e},

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL. ¢]+= Col|lA PyDict_Merge (a, b, 1)} 23, F HA| Qx| “keys” O] E

REZ Q8 W pybict Update () 7k 7]k 4] AlQ 2l B3 ol el o] = SHA) gherhe A

A 253, 3o] Mol A a.update (b) & GAFEHU T A2 5E 08 W33k, o 9 7} DA S E -1
< WEgh .

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABI. seq22] 7]-Zk o & I 8] a& JA A Y a3y 1:]— seq2= 7)-Fk o8
2153k o] 29 o] Bl AR S A4S ol H el B AR o] of Ik 55 717} 9.0 W, override
7Feld U}X]“‘Ol seeta, 23R ko A WA st 4 /\] 02 Hkgkstar, o 9] 7}
WS -12 M T 558 Tho] M e ol B TH(NE gt Al 9)

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

if override or key not in a:

alkey] = value
8.4.2 3 AA
This section details the public API for set and frozenset objects. Any functional-
ity not listed below is best accessed wusing either the abstract object protocol (including
PyObject_CallMethod(), PyObject_RichCompareBool (), PyObject_Hash (),

PyObject_Repr(), PyObject_IsTrue (), PyObject_Print (), and PyObject_GetIter ()) or
the abstract number protocol (including PyNumber And (), PyNumber_Subtract (), PyNumber_ Or (),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr (),and PyNumber_InPlaceXor ()).

type PySetObject

This subtype of PyOb ject is used to hold the internal data for both set and frozenset objects. It is like
aPyDictObject in thatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.
PyTypeObject PySet_Type
Part of the Stable ABL. 0] Z1 & 3}o]| H set §-& YEN = PyTypeObject? A2EH AU T
PyTypeObject PyFrozenSet_Type
Part of the Stable ABIL. ©] 212 3}0] A frozenset §-& YEN = PyTypeObjectd] A2~EH AU}
2 AR E BE st A AR o & LAHNA ATk BAAA R, 47 Fo BE
OB & shol W AR o A] A5 EuTh
int PySet_Check (PyObject *p)
p7hset ARG AR G Ardad Fe BB o Tt P4 AT I
int PyFrozenSet_Check (PyObject *p)
p7t frozenset A A E J o] A2 g vEad Ut o] e A AT I
int PyAnySet_Check (PyObject *p)
p7t set AA, frozenset AA| Tt A H o] AAEAH g w3 th o] g4t FAFAF
.
int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.

B A 3.100] &7}

int PyAnySet_CheckExact (PyObject *p)
p7} set A frozenset AR o] AT, A H o) AaBAE o L WEF T o] T
Eisngs: e l=

int PyFrozenSet_CheckExact (PyObject *p)
p7} frozenset AM oA A B B2 QrEAE ol B FS HEFUL o] FoE AT
e},

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterableol] 23] ¥I3tH A A& £ 3 5t= N 22 set
& WBTUT itrable A2 W AT WE] A3 nuiL A+ grich A A AL,
A58l NULLE WEFHI T iterableo] AR o B 2] &o] ol ¥ TypeError AN AT
A= RS BEAZ W= 8 Ut (c=set (s)).
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PyObject *PyFrozenSet_New (PyObject *iterable)

Return value: New reference. Part of the Stable ABIL. iterableo] 2] & ¥Igld AAE T3 22
frozenset2 W3St} iterable-2 M 2-$ ¥l frozenset2 TS 7] Y NULL € & QS5 Ut A2

3t A S, Ao sl NULL-S RERFHU T iterable©] A A2 o] g & o] ol H TypeErrora
DA YT
set o]} frozenset®] IAHA E= TS50 A H PO AAE Ao ts)] th3 T4 A2 5 AT

2 Ut

Py_ssize_t PySet_Size (PyObject *anyset)

i}

Fart of the Stable ABI. Return the length of a set or frozenset object. Equivalent to len (anyset).
Raises a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
ol g] AAF gl Pyset_size () MlaE P 4.

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike the Python
__contains__ () method, this function does not automatically convert unhashable sets into temporary

frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem/() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a
MemoryError if there is no room to grow. Raise a SystemError if sef is not an instance of set or its
subtype.

4 set oL TALY AH B oA AaEH A= AR £ YA T frozenset O]L 1 A H 39
Aol ALS T 5 gL Th

int PySet_Discard (PyObject *set, PyObject *key)

Part of the Stable ABIL. Return 1 if found and removed, O if not found (no action taken), and -1 if an error
is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable.

Unlike the Python discard () method, this function does not automatically convert unhashable sets into
temporary frozensets. Raise SystemError if sef is not an instance of set or its subtype.

Cha
ol

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABI. setoﬂ S0+ 499 AA o ot A} FRE WESH
StaL, seroll A AAE Al AU TH A b NULL-E WU T o] Hlo] oW, KeyErrorE
WA A AU T sero] set o]uF L A H o] AdAE AT} ol W SystemErrorS WA A 7Y

int PySet_Clear (PyObject *set)

Part of the Stable ABI. Empty an existing set of all elements. Return 0 on success. Return —1 and raise
SystemError if set is not an instance of set or its subtype.

8.5.1 g A

shol s 4o BR® @ 712 T4 A5k
type PyFunctionObject

Faoll AHEH = C 7 2A.
PyTypeObject PyFunction_Type

)AL PyTypeobiecte] AL Aoln shold B4 FE iUk sl L2 Teju o)A
types.FunctionType o 2 =<5 Ut}
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int PyFunction_Check (PyObject *0)
o7} & AA (PyFunction_Type )W <& Wkt vj7) ¥ <4+= NULL o] oy o oF Ty Tth
o g B AE T

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. T = | code2} AFH A St AR S ¥ o). globals= 4ol A
A2 5 9 A WLk gl B oo of gk,
The function’s docstring and name are retrieved from the code object. __module__isretrieved from globals.
The argument defaults, annotations and closure are set to NULL. ___qualname___is set to the same value as
the code object’s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. As PyFunction_New (), but also allows setting the function object’s

__qualname___ attribute. qualname should be a unicode object or NULL; if NULL, the __qualname___
attribute is set to the same value as the code object’s co_qualname field.

W7 3300 7%
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. 3+5= AR op2t A A/ A 4]

i
o)

18U o,
PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. Return a borrowed reference to the __module___ attribute of the function
object op. It can be NULL.

This is normally a st ring containing the module name, but can be set to any other object by Python code.
PyObject *PyFunction_GetDefaults (PyObject *op)

Return value: Borrowed reference. &5 AR op2] QA A} 7] 7S ¥I3tghU T} o] &= QApe] EZ o]}
NULLY & S5yt

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
B4 AR ope] A 7| B 3hS AU T defaulis’= Py_None o] U FFo] o] of g k.
A5t systemErrorg WAYA 7131 -13 WESgHU T}

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 3+~ A op2} ABH FE2AE WU o] 212 NULL o[} A
P EEESER RN

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
4 A op} AR Z2AE AAFU T closure’= Py_None o1} 4 A o] F-Zo]of of gk,
A3}t systemErrorg WA 7] A -15 WU T

PyObject *PyFunction_GetAnnotations (PyObject *op)

Return value: Borrowed reference. 3+ AR op2] o] E]| o] A& wiEshyt}. o] A2 7 g Ay 2 v}
NULL & 4 S5 U th

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
= A A ope o = Hl ol A& A F U T annotations& 9 2L Py_None ©] o} oF gt}
A8l systemErrorE WA 7131 -18 HHEgHU T}
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8.5.2 I AE A WA= AA

An instance method is a wrapper for a PyCFunct ion and the new way to bind a PyCFunction to a class object.
It replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
o] pyTypeobject AAE AL sho] @ A AEA YA E FL ek Sho]ld 22 196 x
=97 d5uth
int PyInstanceMethod_Check (PyObject *0)
o7t 2"t x mA = AR ™ Fg W Uth(PyInstanceMet hod Type FJUth). i fa=
NULLe] ohu]o] of gtk o] 3 g AE U T
PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. Return a new instance method object, with func being any callable object. func
is the function that will be called when the instance method is called.
PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. A 2~8E 2 WA = im3} AAH st A A & w3yt
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2% A AMS 3|6l PyInstanceMethod Function ()2 W3 &

w7,

8.5.3 WA= A A

WA = 9128 (bound) T4 241 Q] o, WA =
A2 = A k-2 (unbound) WA = (Fe & AA o A2 vIA =)=
PyTypeObject PyMethod_Type
o] PyTypeObject A2RAE Thol X WA E S YePY Ut o] 22 sto]#l L2139 types.
MethodTypeZ =<5 U Th
int PyMethod_Check (PyObject *0)
o7} WA E AR 2 WG T (Pt hod_Type W I TR, vl W4 NULLO] of]ofof
gtk o] e T 4FFh
PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M 22 WA Z AAE &S UL funce= 499
T HIAE7E AdZH oo E JAAE YU funce WA E7IESE o] 35
NULL©] ofufofof gt
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,

i quly
%
H
A
<
i

]

IS

rr

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

AR oY 2o FEIE WS E F AT U AGH T e A, g 4]
9 A AR S AU ke Aot 2t 2 ma|Qlo] A Mol T WS AL 9]
~3ze) Ao g 2} E ﬂ%ﬂﬂ7lﬂﬂéﬂu”ﬁﬂﬂﬂﬁL@ﬂ4§%§ﬂ4%%HW

olgf st Al A A o] o Z=Z (de-referencing) = A H vlolE = HEQ] Ago] Zashth; AA A A
sz dFgzH A gsyth A A= o Xl 78 }Xl = L}’“‘%E‘r
type PyCellObject

A A o AHEH = C 2 AL
PyTypeObject PyCell_Type

A A ol s ot @ A,
int PyCell_Check (PyObject *ob)

ob7} A AW FE WA T b NULLO] ofL] of of FuiTh. o] § B4k AT T
PyObject *PyCell_New (PyObject *ob)

Return value: New reference. ob 32 Z&st= A A A& &2 wiaghyoh w7 4= NnuLL 9

& 9lsUth
PyObject *PyCell_Get (PyObject *cell)

Return value: New reference. A cell®] U-8-S WF3H

1%

gt
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell®] U] -§-& WF3F3}A| Wk, cell©] NULL©] o}l X 9} Al A A Q1 A &
shel k7] 9L
int PyCell_Set (PyObjecl *cell, PyObject *value)
”ﬂﬂwM%% < valueZ 37tk o] FA ot Ao A W&o e FxE WA
value= NULL & A%SquthMLﬂ4%ﬁ¢ﬂﬂﬂwmﬁﬂﬂﬂﬂh, 10] ¥HEHg
42509, 00] MBI ok,
void PyCell_SET (PyObject *cell, PyObject *value)
A AR cell®] 2 value? AAFI T 22 A5E 2AH A 91, FAES 9% DA} o R A A

35
&I Th; cell & NULL o] of]o]of 331 4 23] o] of g o,

(o0}

5.5 I & A

A7) CPython F 2] 2152 AR AFAUTh 2 AR £ o} F5ol Fol 917 e A9y 7153
= Jole| & thebd ek

type PyCodeObject

FE AAE AYehe dl A8HE AA C 724, o] Bo) BE£ AAEA ¥4 5 AF U

PyTypeObject PyCode_Type

Iz
il

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.
int PyCode_GetNumFree (PyCodeObject *co)
co°ll = At W] 745 Ny ok
PyCodeObject *PyCode_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)

Return value: New reference. Return a new code object. If you need a dummy code object to create a frame,
use PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python
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version since the definition of the bytecode changes often. 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.

WA 3119 A 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_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)

Return value: New reference. Similar to PyCode_New (), but with an extra “posonlyargcount” for positional-
only arguments. The same caveats that apply to PyCode_New also apply to this function.

B A 3.8 F7}.

WA 3.119) 4 ¥ 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. Return a new empty code object with the specified filename, function name, and
first line number. The resulting code object will raise an Except ion if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you
just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,

int *end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and 0 otherwise.

WA 3110 7}

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an excep-
tion is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

WA 3110 7}

PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a

PyTupleOb ject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 3110 37}

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

HA 3119 7}

8.5.
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PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an excep-
tion is raised.

WA 3119 7%

8.6 7|} A

8.6.1 u}d A

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the
buffered I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new io module,
which defines several layers over the low-level unbuffered I/O of the operating system. The functions described below
are convenience C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter;
third-party code is advised to access the io APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. Part of the Stable ABL. ©o]u] &+ 549 Y 7|E A} fdZ2 ol A
g3 AAE 5 Yt AR} name, encoding, errors X newline% 71 27ke AH85H7] 98 NnuLL & &
A5 YT buffering> 7] 2k AHS8E7] A3l -1 D 5 A5 U T named FAH 31, o] W W W )

%H°%ﬂvﬂﬁﬂq*WMWWLQ%%ﬂW%ﬂﬂﬂﬂ@ﬂﬂﬂ@@%%nxwmo
1o ARAE BEAUN L,

An: shold 2Eg e AAAA WY ASL AT JOoBE, 08 59 39 &}
Eashe ofe] of 713 £ EAF LAY 5 AEUTHOH vlo] B9 e 4R F o 2.

A 3200 A H A name o) E B B EZ Z AT

int PyObject_AsFileDescriptor (PyObject *p)

Part 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 ABIL p.readline ( ) I 253Ut o] 4= A
POl A B8 o1k i A2l AAL} remcl ine () HAL I G 15l0] AR 2 91254 o
nﬂowﬁaAﬂﬂﬂﬁﬂ“ﬂ@ﬂaﬂéé%ﬁﬁﬂnﬂoiﬂﬂ@nﬂ1Eﬂ”°ﬂ“
A4 2R ek $ AR E ) U G A% R e Eol S S
FAG o] kg Utk Z2jvhno] 0l ZHo W, Aol et HAglo] 3 EE AR FY Eoll SA
S 23 EOFError 7} & Ehu th

int PyFile_SetOpenCodeHook (Py_ 0penCodeH()okFunclion handler)

A& handler £ 53 v} 7)) W& AL 85 0. open_code () & EuHA QA T2 A Ut
The handler is a function of type:

typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guar-
anteed to be PyUnicodeObject.

userData ERE = % -2 AUt Z e thE dedoA 322 ¢ o8, o] ZSH
< Ftold FH £ A zu %9—75—'5}‘:4 0}%141:]-

o] T2 ogrH o AIE Fo| ALHER, TAE Y A} (frozen) sys.moduleso] Yrii <&
Aot 2 A S MER RES YEZESH 22 It L.
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Yk Zo] AAA™H, AASA Y AT 5 flom, o] £ 9 pyrile SetOpenCodeHook () ol t g
24 <

ds gk Ao Al B -l

ol FE Py_Initialize() Ao &= AT
o1z} glo] AL oWl E setopencodehookS A A
WA 3.8 =7}

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Fart of the Stable ABI. Write object obj to file object p. The only supported flag for flagsis Py PRINT RAIW;

if given, the st r () of the object is written instead of the repr (). Return 0 on success or —1 on failure; the
appropriate exception will be set.

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL. 2214 s& 3td A A poll £Yc}h. A=3st
e o) A A gk o 9 7 4 gy ok

=)
(@]
o
r]I
o
ol
H
>
E
e
=)
iR
filo

8.6.2 & 7A]

PyTypeObject PyModule_Type
Part of the Stable ABL ©] PyTypeObject AXEH
ModuleTypel 2 o] 2 I3 o =& F th
int PyModule_Check (PyObject *p)
p7t BE AA o] AU BE A AE Fo|H g i3yt o] g4+ JA 4Ty
int PyModule_CheckExact (PyObject *p)
p7t & AA o] A 'k, PyModule_Type®] Al B 3 o] of
Fuch.
PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9| EZ|HE 7} nameo 2
AAD N EE AAE g Uch 259 _ name_ ,_ doc_ ,_ package_ % _ loader_
=) =7k AN LTk (_name__ 2 AT k3 EF None 02 AAHUTh;__rile o=g
BEE AT AL B2A YA
B A 3.30]] 7}
WA 34004 H7: _ package_ 2 loader_ 7}Nonel & AAFH Ut}

(g,
et
o
r=
rigt
i)
i)
=
o
o
e
rr
)
ox
ox
ot

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABI. PyModule_NewObject ()2} 8] S}A] 9F, name ©]
fFUFE AR A UTF-8 & A 7Y H Exd Yt

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] ©] & F 7+ F&3l= v g A
£ Wkt o] AAl= 2E A Y __dict__ A EZREL Z5UTH module©] 25 AA| (E+=
28 AAY AH G) 7} olYH, SystemError 7} WA &1 NULL o] BFEHE U T}
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly ma-
nipulate a module’s __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name__ ZhS ¥H3gHY
th BEo] AlF3t A GAY, FAE o] o}Y W, SystemError 7} WA 813 NULL o] ¥HEHH Y T)
WA 339 F7}

const char *PyModule_GetName (PyObject *module)

Part of the Stable ABL. PyModule GetNameObject ()&} B3I A T 'utf-8' 2 A FHH o] &
Elaainniag

o

o
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void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 59| “FH]”, & 2E A4 A QA W2 E5& 7] 7]+ A H U NULL
£ WHEshU T} PyModuleDef.m sizes FZRJIAIA L.

PyModuleDef *PyModule_GetDef£ (PyObject *module)
Part of the Stable ABL. & o] 9502 pyModuleDer L&A ol that ZAE L} RE o] A 2ol A
S o] 2] A] ¢k gk o NULLS W T}

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL. module®] __file_ o] E g R E & A}-23}9 module

o) 2= 39 o) & & WA T T A FAY FUTE EAD) o ¥, systenrror
£ WA T NULLS BRI Th 194 go® fUTE Ao o7 FEE BB T,

B A 3.20 &7}

const char *PyModule_GetFilename (PyObject *module)
Fart of the Stable ABL. PyModule GetFilenameObject ()&} H]S3FA| Wt ‘utf-8* 2 Q17 JH 31
2 W o

WA 328 H A E: PyModule_GetFilename () raises UnicodeEncodeError on unencodable
filenames, use PyModule_GetFilenameObject () instead.

C2E %73

EE AAle diti oz Y Ry RV F-EHEHE F B

7t PyImport_AppendInittab ()& AH&3te] F7HE) oAl rE o U th A
L} extending-with-embedding & 22 3} A] 2.
2713 4= BE JY A2E-AE PyModule Create () ol AEstal 23 25 AAE vkt A0,
4 —FZZﬂ X}Xﬂ 3 HHeheto] “ohh A 271375 2 3 E + s Ut

=713}
uilding

o

type PyModuleDef
Part of the Stable ABI (including all members) EAAE HEd 28 REHHE G Y&
BE A Fx2A. dvtF o 7 REI ﬂ]oﬂ °l Po] AR o7 2738 WMot sube syt

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name
A BE9 o E.
const char *m_doc
EEY S2EY; WA S ] pyDoc STRVARE RHEo| X HAEH W47 ARG H U Th

Py_ssize_ tm_size
2E AHE AF AFo] old PyModule GetState ()2 RIYT F A= 2
Ao A2 = dFUTh o] AL oY AME ABZHAA RES AHESHE
B,

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.
m_sizeE -1E2 AASH ZEo] AG A& 27 o A B AH=Z 2 E & A DA g+

the QU

)

S57kobd ghog dAstd RES A 27151 & 5 Slvhe Kol Aeje] 22 7}
M2 FS AT U oA 273}l 5ol obd m_sizeZt B2 YTk
LA 3 8-S PEP 31218 F2 AN 2
PyMethodDef *m_methods
PyMethodDef O 7|€H+ 2E +F T H ol & £AH. F+7t fednuird

T AFUTh
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PyModuleDef _Slot *m_slots
oA 27135 At €F Fo wl g, {0, NULL) FFog FRHUL OPA 273E
A&, m_slots<= NULL o] o] of gt}
W 35004 A WA 3.5 o] ol o] R 7 3 NULLE AR FE e, thEat 2ol 3 9
= gk

inquirym_reload

traverseproc m_traverse
2E A GC 94 5 T2 94 351}, D854 90 W NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_ s i ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

WA 3904 M7 2E ZE7E EEE 7] Aol e TEH A S5 U

inquirym_clear
25 AA 9 GC A2 Foll 22T A (clear) &}, B 231A] ¢ C W NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_ GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_ free is called directly.

WA 39004 |7 5 A7 289H 7] Aol v £E59 A d5UTh
Jfreefunc m_free
g AA & A Foll 25T it 2 5HA] 952 W NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_si ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

WA 39004 A 2E JE7E €3EH 7 Aol e 254 syt

5278 34 BE AN S AQ BT HRT 5 A5 UTh o A2 e 278 ek s, The
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td
1
>
oX,
%
4
ofy
kJ
it
>
ofo
i)
i)

PyObject *PyModule_Create (PyModuleDef *def)

Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABI. def 2] 7 2] of| w2}, API ¥ A module_api_version-<
7hg st Al g AAE Y Th sig wido] A FQ A Z e AR XA ko,
RuntimeWarningg ZAA Al Z Yt}

F3: o] §4t O pytodule Create ()8 tHAL ARG ok S th 435 BL G wEF ALS
34141 2.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObjectRef ().
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oA 2713}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is 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 ()),orits contents (such as the module’s __dict___ orindividual
classes created with Py Type_ FromSpec ()).

A 27]13H5 AFESte] RSO BRE RES A H QH2HE AL Ao 7Ig U oF
EEe FHACE fASE A2 iAo g o] 5 EA s T2

oA 27132 2 37 98, %73} g4 (Pylnit_modulename) = H]
PyModuleDef ﬂé%/\ S WU o} 9kt 7] e, PyModuleDef QIAH A
of Z7)8}5) o 3 o}
PyObject *PyModuleDef_Init (PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 285 A7} 3 #x J+&

2 A B u st SutE2 A 271319 shel & AR o] Al Tt
defE PyObject*Z N AE 3t AU o 2] 7F &4 5} NULL& RE&Hhy o
W 3500 7%
25 29 m_slors W)W = PyModuleDef_Slot 2|2 v 4-& 712 A oF Tt
type PyModuleDef_Slot
int slot
ofel AW E AHE 7h5 a3k Fol A A, 2 ID.
void *value
<X Dol e} 1 o mrh EEtA =, €19 B
B A 3.50] &7}
m_slots M| B id7} 091 &F 22 FE 3| oF gyt
g AbsE SR He thew 2u U

Py_mod_create

25 A AAE e 8 25 FHE AFTYULE o] £F9 value EJAE £ tha3 T2
MY E zte S5 7t Ak P th

PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] 4= PEP 4510 A= U &, ModuleSpec A2~EA BE AgE WS UTE A 8 A&

HHEEsE AL, o 215 2 7 8FaL NULL-S WhEhel oF k.

o) et HoBo fA5l0k Ptk 59 B BEE T4 YEE Sel 1 A £oh £ F27)

WS 42 9loy A, 910l ] Slol M T E T &3W <Pt

3o BE Ao oA o8 Py_mod_create %S AAT T+ YUk

Py_mod_createE X AFA oy, dZTE 7‘*%]—% PyModule_New () & AF&3le] vt 2 & 2

A E WS T o122 B9l 7} o U2t gpecoll A AT T 3 RE 0 B BE B0 B B 451RA
EAZ PRAN AT AAo] FHo2 2AH T ARY A8 Bl e o EoE JEED 5

=5 s A AU

mlo

wret e A A 7} pyModule TypeQ| Q12H
51

g 25 QBer gsUnh JEE B o= RE 44
LR HERE S Pt o b

Ut}l 231}, PyModuleDef o] NULLo] o}y
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m_traverse,m_clear,m_free;00] o) dm_size; =Py _mod_create 0|29 &£F 9]
PyModule_Type QA A" A wkHl3E 4= 9l &5 T)

g:o
I‘E,

Py_mod_exec

25 AYs7) 93 S5 YSE AFFUT o)A ol RES| EE AYshe A3
F5EUTH QWAOE, o] Yot 22 44 E RE FAGUTh 49 ABS the )

ZaUdh:

int exec_module (PyObject *module)

o]2] 7§ 9] Py_mod_exec £30] A H W, m_slots W Aol Yeh= AR A 2lg Ut
ChebA 2 7] 3}ofl th @ AbA| & 82 PEP 4895 2 3H A 2.

25 A4

i

2
T

1Y

A

oA 27]§1-E AgE o 1 ol e s 7t TEF YUtk o2 AH AT £
Aed, dE 5o ZRE AAE THoZ2 AT o 225 UtE BEES &A3F 278 A
PyModule_FromDefAndSpec¥} PyModule_ExecDef& B 5 T &3] of gof o314 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 Mod-
uleSpec spec. This behaves like PyModule FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

WA 3.5 =7}

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.

Fa: o] F5E Y RE pyModule FromDefAndSpec ()& thA AF&s]of FUth 45 228
ol 7k L8314 A 2.

B A 3.50] &7}

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. defoll A1 A & A3 &£F (Py_mod_exec)= AT}

W2 3.50] 7%

int PyModule_SetDocString (PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. module® =2~E 3L docstring® 2 A AUt} o] sh4=
PyModule_ CreateUr PyModule_FromDefAndSpec< /\}—9-6}01 PyModuleDefOﬂ/ﬂ 2EES T

S AEog TEH U
B A 3.50] &7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Part of the Stable ABI since version 3.7. NULL & & functions ¥ & 2] S5 module?l| 7}t 71
G5l th g ApA Tﬂ W82 PyMethodDef " dEAE XA (T EE °l 55 7}01 K71
o, Ce 7389 2§ +F “& (functions)” = dWtA oz A AA w7} M2 R5S 54
shof, a}o] aﬂﬂ’\«] Axd 2 v A =9} {7 AHSH “Pc yreh. o] e PyModule_Create‘/}
PyModule_FromDefAndSpec= A& 3}e] PyModuleDefoll Al EES WS 0 A1 502 553

Ytk
WA 350 27}
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A9 B4
2E 2718 §4 (GUA 271518 A8HE AP EE AY SEH B = G4 (A 271918
AgIE A9 L, BE JE 271818 91 0 §4E AT 5 ASUTh

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.
B A 3.100] =7}
int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_AddObjectRef (), butsteals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_AddObject () function.

Z+F31: Unlike other functions that steal references, PyModule_AddObject () only releases the reference
to value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
error.

Example usage:

static int

add_spam (PyObject *module, int value)

{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {

(Fh= ol Al ol A<
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(o] A o] A | A AL)
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;

}

L

The example can also be written without checking explicitly if obj is NULL:

s )
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is 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 ABL. module®l] B 245 name 2. 2 F718HUt). o] Ho] 4= 2 E 273}
BolA ST 5 AT o8] A 18, AEerE 08 wHg

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL moduledl A4 A+E nameS. 2 F7}Ut} o] A Sh4= R EL 273
Fo M A 4 AF YT EAD value'ts NULLE EupoF gyt o g /\l -1 2, 4 Ao
ukekgh ok

filo ik

PyModule_AddIntMacro (module, macro)
module | int 4T E F7AF Utk olFH FLE macro A HAFUoh  oAE Fo
PyModule_AddIntMacro (module, AF_INET) 2 AF INET %< 7}A int 44 AF_INET S
module] F7FRPVI k. ol 2] A] -12, 453 H 0 W Th

PyModule_AddStringMacro (module, macro)
module®) F2FL4 A5 F71g o)

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. moduleo & AAE F7FY 13]- yH "oz
PyType Ready ()& Z&3%t] @ AAE gtold E‘r"]z%‘%‘?} 3 7“1114 olFE A HA tp_ name«l
upz g 2 8 Aol A 7EA g Y E}- of & 7} Ay std -1, ”E—U}Eﬂ 0= wEsHghu ot

WA 3.9 F7}.
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PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. @A Q€] Z 2] €] o] t)3f] defoll A S0 2
2E AAE HP%%H% t} o] HIANEE AFLSIE Y WA EE AA 7} Pystate AddModule () &
Az 8 Fefol Add o] glojof Ut s 28 AAE 22 + AU JE =2 H el
ob# AdH A ¢Fgko ™, NULLES REgh g ok

int PyState_AddModule (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3 3. %ol AgE 25 AAE A =2 AEfel A4}
o]= PyState FindModule ()< OH 25 AA o AN~ T JEE T

oA 271548 ALg o] BhE wEel v E 3} As T,
shol e REE 4R 3
PyState FindModule<
dAEEMAYUSS 7+
‘413—01] sl sl g +d= A=
T &A= GILS B3 oF guth
B35 02, A S1E -1 BB T
W7 3300 27

int PyState_RemoveModule (PyModuleDef *def)
Part of the Stable ABI since version 3.3. def | A &1 & A& A =Z 2 H Aol A A AgY
o 453w 02, Ao shel -1 wHEgh T,
T &A= GIL& E-f38f of St

B A 3.30] F7}.

-

l:o .|op

A5 © 2 pyState_AddModuleS S E3IEE, BE 27|38} 2

FUT (AT FAGU. BES] 4H 273 mEA} 22
TR LA DALY T30 TG o FE P2
7181 AU (A3 22N, A0 WA A0 A AT
o

0

O

8.6.3 ol o]E] 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 PySeqIlter_Type
Part of the Stable ABL. PySeqlter New () WF A AL o il iter () WA T4 &Y ¢1x}
3 Aol o] ukaksl o] e & o] & A Aol T E @ AA.
int PySeqIter_Check (PyObject *op)
opS] ol Pyseqrter Typeol® & EAFU o @5t 34 4T U
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. & ¥ A| A2 A A seqQt T Z531= o] Ho|HE
vigshuch A|FATFABEAT YA AAM A IndexErrorE 420 7]9 o] # o] A o] U th
PyTypeObject PyCallIter_Type
Part of the Stable ABL. PyCalllter_New ()%} iter () W& o F Az} & Ao o3 vi3td
SEEBEEEEEEEEE)
int PyCallIter_Check (PyObject *op)
opS] ¥ ol Pycalllter Typeo W % EeF UL o] $4+ 4 AT R
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PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)

Return value: New reference. Part of the Stable ABL. M| 22 o]E|#|o]H & E& =Yttt A WA v
W% callable vl 7) W5 glo) TET S Uk RE Tol W FHE AN 5 AguTh A 5L
ole & o]/ 9 th& T’LE & Rhehef oF Pt callableo] sentinel 2F ZH-2 35 BFEH3LH o] B g o] A o]
TEPJS

8.6.4 t] A3 ¥ A

“aagErs AR AR o EREES A&shs AN AU TRES § AAe] DAY eel] A%

=

PyTypeObject PyProperty_Type
Part of the Stable ABL. W& 23 HE 52 953 AA.

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.

int PyDescr_IsData (PyObject *descr)

Return non-zero if the descriptor objects descr describes a data attribute, or 0 if it describes a method. descr

must be a descriptor object; there is no error checking.

PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABI.

8.6.5 <zfol2 A

PyTypeObject PySlice_Type
Part of the Stable ABL. & 2}o] A~ A 2] & A, o) AL sto| W AZ9] sliced} 25T
int PySlice_Check (PyObject *ob)

ob7h ol 22 AA W L WS Th ot NULLO] ob]of of FITh. o] I B AT T

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value New reference. Part of the Stable ABL. A| A& ZL o2 M 22 &to]2x AR E w3ghtt

Llacis
start, stop 2 step T 7| M= T2 o] 5] SfolA AA o] EBFES gho R /\}39143} B2
NULL & 5 1o, o] ¢ Noneo] 3| o] EZ]HE AFFUTE A AAE &S ¢
NULLS ®¥H3H3hy o},

m°"

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t

*step)

Part of the Stable ABL. Z ©] 7} length Q] A| A5 717 5lo], & efo) 2 A A sliceol A start, stop E
AUAE 74AG Ut lengthH th 2 A EAE o 2] & A g3}

! step

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None and failed

to be converted to an integer, in which case —1 is returned with an exception set).
o] 7%5-& AT AA L 42 AUtk

WA 32004 WA Aol slice v 7] 2] wj 7§ W4 F o] pysliceObject * 55U Th
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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 ABI. PySlice GetIndices ()E €9sHA AUt Z o) 7} lengthQl | B 2E
7} 5to], & ebol 2 A sliceol| A start, stop L step Q1 AE 714 @ 11, slicelength©l] < 2o 2~2] 4 o]
E AU HeE Hold ddlas At Sepo] 29 Aot d3H A o2 ARy h

5t 02 vb&staL, o 2 A9 & AR s -1 gyt

i

oX

B3: o BaL A8 24T 5 Ae Adlole A G Aoz AU TEL
PySlice_Unpack ()& PySlice AdjustIndices ()2 2302 A= oo dc} =

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
—0) |

// return error

}

S HEoz tdAgE U

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 WA Aoll= slice Wi 7] W 4=2] wj 7] ¥4~ P o] pySliceObject* JHF T

WA 3.6.19 A HA: pPy_LIMITED_APIZ} AAE o] AA LAY 0x030504003 0x03060000
(2332 &2) Alo] L 0x03060100 o]Are] ZFo &2 A= 9 O0W PySlice_GetIndicesEx ()
+=PySlice_Unpack () & PySlice_AdjustIndices () E AR St=vlaz2 =2 FEH YL} A=}
start, stop R step= o1& ¥ F 7Hg U Th

HA 3615E 9 AF: Py LIMITED_API 7} 0x03050400X .} 27 Y 0x03060000
0x03060100 (Z33HA] &) Abole] e g HAAE W PySlice_GetIndicesEx ()& HA
9 g dych

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

Part of the Stable ABI since version 3.7. < 2}o] 2~ 27| 2] start, stop X step H| o] E] WHE C AT 2 F&
Ut PY_SSIZE_T_MAXHET} 2 342 PY_SSIZE_T_MAXE X§3] £0|1, PY_SSIZE_T_MIN
BT} 2L start 9} stop FE-S PY_SSIZE_T_MINE £83] ¥0]1, -PY_SSIZE_T_MAXX T} ZH& step
7S -pPY SSIZE_T_MAXE 283 =Yt}

e -15, AFsd 02 whEFych

WA 3.6.190 &7}

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. A% H length Z o] 2] A| A& 7} 3} start/stop & 2}0] 2~
Qe 2ATUCH WS Holud At Adut Sebol 22 A2ish AoH PR YTk

Eefo] 29 Aol & Nttt 4 ATt stoly ZEE T &34 FUTh
B A 3.6.19] 7}
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Ellipsis 7} A

PyObject *Py_Ellipsis
shol M E1lipsis A4l o Aol MAET A5 UL B2 A59) Badslol o
AR 2 A& oF Ut Py Noned} npAARA Z AZE 2

1A 9wz

_I\I

8.6.6 MemoryView 7} x|

memoryview AA & C 5% W H AE o]~ 8 e AR 9 AN 2 ADE 4 9l ol w A 2
=gk
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL ¥ 3 Q1 €] 8| o] 2~ & A| & 3}= 2] A]| o] 4] memoryview
AAE Utk obj7F 2 7] 7F5 3 W 9 A2 A Y3, memoryview A A= ¢ 7|/ 7] 7} H 11,
a2 ko 7] Aol At Al F Ak Aol whet ¢l 71/ 717k 2 4 sy Th
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. mem= 3t5 ¥ 3] 2 Al 3} mem-
oryview 21 A & W5 Ut} flags= PyBUF_READ Y} PyBUF_WRITE & 3t 4= 54t}
B A 3.30] F7}.

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. 501 R ¥ 3] FZA| viewS A=
memoryview A A& 5 Ut 7tesl vpo]l E W5 o] F 9=, PyMemoryView FromMemory () 7}F
A= gy

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. W ¥ Q1 E] 5| o]~ & 2] 3l= AA 2 HE W Ze 9
A< H 3 (‘C’ Y ‘Fortran order ) 2 memoryview 2] 4| & TH5 Y Tt} W 2 2] 7} 9 < A o] H memoryview
AA= A M2 E 7H AUt 283 94 oW, BEAHE o] RES 0] X] i memoryview = A o] EF
AAE shel AUk,
buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
A A obj7F memoryview A H 2 vkt @A & menoryviewd] A B ZefAE v
ST o] B4k B4 AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& A ¥ ¥ 2] memoryview 2] B]-Z 7] BAME 9] Z o HE &8 &Y th myviews ¥HE X] memoryview
Q2d2ojof BT o] MaRE §E FelshA @ronw 4 A of ik, 124 ghow
FE 70l dsoh

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] ¥WFoe 2 St A F A A A o E <A EH Y memoryview 7}
PyMemoryView FromMemory () YW PyMemoryView FromBuffer() &4 % StU=Z W&
o H o NULLS Y ok mview+= ¥FEA] memoryview Q128 Ao oF gy T

[e3]
BA

il
b
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A 9 el

£ 13 AR A AP Th ok 4 FR3E F A4 TAAY
2 gk

Qs FE AR oW, E WAL s e & A A4Sz 4P

int PyWeakref_Check (PyObject *ob)

ob7} 2 AAG ZeA AW 22 VBFY . o] FaE B4 AT UL,

int PyWeakref_CheckRef (PyObject *ob)

ob7h FE ANW FS NAGU T o] ot T4 B FUL

int PyWeakref_CheckProxy (PyObject *ob)

ob7h A AAW FL MBI o] B4+ T AFHIT

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)

Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing reference object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If 0b is not a weakly referencable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)

Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing proxy object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If 0b is not a weakly referencable 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_ TNCREF () 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 Pylieakref GetObject (), but does no error checking.

void PyObject_ClearWeakRefs (PyObject *object)

Part of the Stable ABI. This function is called by the ¢ p_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.

8.6.8 &

o] AA| Apg-of thak A}A| 3 A B = using-capsules & 2 A A L.
B A 3.1 E7F
type PyCapsule

This subtype of PyOb ject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to
access C APIs defined in dynamically loaded modules.
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type PyCapsule_Destructor
Part of the Stable ABI. <ol o] 3+ 5}3] &} (destructor) Z . o] 2 A H o) FH 1t}

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor &% 2] 2] 0| &= pycCapsule_New () S ZZ3IHAIA L.
int PyCapsule_CheckExact (PyObject *p)
AR} Pycapsuleol® g FHF UL o] &4+ 3 AT FULH
PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

Return value: New reference. Part of the Stable ABL pointerS 7] €3} 3}+= PyCapsule< WEUTh
pointer A A= NULLo] o}d % 915U Th

A3t o 2] & A3t NULLES WU T}

name EA+Q L2 NULL o) U F 83 C BAG ol tf 3t ZAE I 5= 915U th NULLo| o} |, o] F2}
deo Merot e A5 o] o Tt (destructor WF-NA AT +E JFUth)
destructor AAL7FNULLe] ofUH, A& o] I E o] A& AXE TEH U

o] MES REY AEGHEZ A A3 W, nameS modulename.attributename® A %
Uct oA 3 thE R Eo| PyCapsule Import ()& AME3l] €S YXTE T 5
.

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL. 2§ ol A7H pointerE 7}FA 3 Ut} A9 sld, o 2] & A A 81 NULLS ¥HEH
U

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.

0, 9
oy 2

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL. 7§ ol A74H A A 93 A5 ¥r&ghu ) A ustd, o 9] & A A 3}l NULLS
ey o
240 NULL 543 48 2+ A2 $HA QU Th o] 1L NULL ¥HE SIE S Tha RS BEUTh
H&3] 38l PyCapsule_IsValid() Y PyErr_Occurred ()& AFR3HA Al L.
void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL F &l #7349 &4 AE2EE whaghyrh. Aajetd, o 9] & A4 8kl NULL
= Wy ok
A€ NULL AEAES 2= 212 A dYth o] 212 NULL ¥H& I =2 thad B 5| vhgy
t}; WS sl Pycapsule IsValid() W PyErr Occurred()E AFRSHIA L.
const char *PyCapsule_GetName (PyObject *capsule)
Part of the Sable ABL €] AR A7) o] & wgghicy Ashatd, o] 92 Aok 7 NULLS
ukekgu o,
HNEO] NULL o] S Zt= A& gdHAJUTH o] AL NULL Ut I EE T A B
w33 stad PyCapsule IsValid() Y PyErr_Occurred()E AH&3H Al
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.

&3t e W pointerg WU TE A ofsHd, o 2] & A4 A 5t3 NULLE R T
A 3.3 A ¥ 7 : no_block has no effect anymore.
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int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] F+E3F & A A5 ot 3t N &S NULLO] o}y H,
PyCapsule_CheckExact ()5 Z3}35}11, NULLO] o}d EQIE ]—Zﬁ%E]U% & o] £ o] name v

A 58 AT (A% o152 B sk POl e AR E PyCapsule GetPointer () §
CELRRER

Q

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 7} &5 D o B3 QA 5HE 00] obd g2 MBI TE 737 kot 02 I o,
o] Bt AhsHA gLk,

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W5-2] AE2~E Z QA E]E context 2 4 A gt}
dEshd 02 ety o Asfshd 00] opbd S whekelal o 9] & A A ok

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W52} 3}3) A} destructor 2 4 A g ¢}
F5H 02 MAFUTh AsH5HE 00] ohd ghe MBI o 9 S AT T

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABL. capsule W 5-2] 0|52 name2 & A A3t} NULLO] o} H, o] 52 AaH T}
LA FAE o FUTh gl A4 0] il nameol NULLo] oFYH, o] & ’ﬂxﬂ?ﬂfﬂl Al E= 5k
FEUrTh
4F 3t 0= Wbyt Asfshd 00] obd gha Whehstar o 9] & A It

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W 5-2] void 3 Q1 E] & pointer 2 4 gt} EQJE = NULLO| o}d 4=
JsyTh
F3hE 02 WU Th A 5HE 00] ofu g wekak of 9

e

ARG

8.6.9 Frame Objects

type PyFrameObject
Fart of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

¥ A 3.11 ]| A ¥ 7 : The members of this structure were removed from the public C API. Refer to the What’
s New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.
H A 3.119) A ¥ 7 : Previously, this type was only available after including <frameobject .h>.
int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.
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.

B A 399 27}
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PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s f_builtins attribute.

Return a strong reference. The result cannot be NULL.
WA 3119 F7}.

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.
WA 3.9 7}
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.
WA 3110 37}

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s f_globals attribute.
Return a strong reference. The result cannot be NULL.
HZA 3119 7%

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f lasti is None.
WA 3,119 &7}
PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).
Return a strong reference.
B A 3.119) &7}
int PyFrame_GetLineNumber (PyFrameObject *frame)

Fart of the Stable ABI since version 3.10. Return the line number that frame is currently executing.

8.6.10 A|vj&|o]¥ AA

Ao e AR shol o] A e ol B o] e # o B T R3] 5] AL S AA AU Th QubAo
Z PyGen_New () =¥ PyGen_NewWithQualName ()& HWA|A O Z T&3+= Zo] ofyel S 4=
(yield) 3h= 35 o e gl o] Edlo] vhEo] Ut
type PyGenObject

A ol 8 A A ol AHEE = C 24
PyTypeObject PyGen_Type

Avel ol 8 A7 ol 3 gele B A
int PyGen_Check (PyObject *ob)

ob7} AW El ol AA ™ 2L B2 FUTH obis NULLO] b olof BTk o] Bt B4 A EH

U,
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int PyGen_CheckExact (PyObject *ob)
0b2] o] pyGen_Typeol® <& &2 F UL ob= NULLO] o ofof guth o] e 34 4%
gyt

PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame 23| ol 7]1913E A Al d o] g AR E w0 ¥iggh . o] 4=
framedl] 3 F2E T Uth QA= NULLO] ofi]of oF ghuth

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame Aol 719kt A Al & o] B] A A E wHEo] vkgket=d], __name__
7 qualname_ & name ¥ qualnameZ 2 AUt} o] = framed] W3 2 E T H Y Th

frame A A= NULL o] o} o 0? EigBh=

8.6.11 ZF¥l 71 A

WA 350 F7F
FFE AA| = async 719 =R A A9 T4 Ests A Yy

type PyCoroObject
28 AR o] AL £ C A

PyTypeObject PyCoro_Type
228 AR ol ol et @ A7,

int PyCoro_CheckExact (PyObject *ob)
0b®] B o] PyCora_Typeo]® & WU ot NULLY 4 Rl Th o] T4t A AT
e},

PyObject *PyCoro_New (PyFrameObject *frame, PyObject ¥name, PyObject *qualname)
Return value: New reference. frame ZA|E 7|90 2 A ZFE AA & TE0] A ‘31-3?3_-@'\/] t}. __name__

3} _ qualname__ 2 name 3} qualname= 4 RZ gt} o] T4 frameol o3k 2
aq q
frame A A= NULLY 4= 15Ut

rulm
rﬂov
¥
°
Iy

8.6.12 AT A& WS A

A 3.7 =71
W7 371004 A A:

PI®] A W o] PyContext, PyContextVar X

API
St 5 HAHYFUT A& S0l

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

ZEA BF U8 bpo-347625 R I A L.

o] Ao A= contextvars ZEL 93 28 C API| thal AFA] 3] A =3 ch
type PyContext
contextvars.Context AR S el &= o] AFREH = C XA

type PyContextVar
contextvars.ContextVar AR E YElY & 0 AH&5 = C 7+ ZA.
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type PyContextToken
contextvars.Token AA S VeI &= o] AF25 = C £XA.

PyTypeObject PyContext_Type
context & UEFY = & AA.

PyTypeObject PyContextVar_Type
AUAE WS G e 3 A4,

PyTypeObject PyContextToken_Type
AYAE Ws £2 4L ehe @ A4,

RS ELE

int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type @ ol <& E2]F Ut o= NULLO| ofojof Futh. o] e F4 4T
ok,

int PyContextVar_CheckExact (PyObject *0)
o7} PyContextVar_Type @Ol FZ Ee]FUTH o= NULLO] o ojof Fruth. o] Fhp= 34t
AEFITh

int PyContextToken_CheckExact (PyObject *0)
o7} PyContextToken_Type @Ol Fg E&FUTh o NULLO] ofyojof fhuth. o] g
T AT E YT

AdAE A B B

PyObject *PyContext_New (void)
Return value: New reference. 22 W ABAE AR E w5 U th o & 7} 4 A H NULLE W
e},

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. A2 H ctx A2 E AR Q] 2 EALE S
NULL-S HFEHgh o)

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. AR 28| AENAE 9] k2 HaLH o ul5 1}, of 2] 7} A 51 NULL
= RESgh o

int PyContext_Enter (PyObject *ctx)
A 2= A AYAERZ g AR FUTH AF Al 05 ¥HEeLaL, o 8] Al -1-& W3k o)

int PyContext_Exit (PyObject *ctx)
cix AN AEE MBS o 4 AN AEE AR Adse] WA AYAER BAFUTh AT A

= wkghelar, o 2 Al -1 WhEheh U ok

Y 2E W T

o
)

23

Futh ez ey st

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. Create a new ContextVar object. The name parameter is used for introspec-
tion and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no
default. If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

AH2E W4 g AAGUTh 2380 5 o) 7h 2ASY 12 whaketaL, gro] YA 9}
AgBglol o e 7h B3 Qo H 02 WMEF ok

AEAE H5e7 B AE A, value=s TAL 71871 ZoEH U AEAE 847 9bAE %]
oro W, value= TS 78] A Ytk

* default_value, NULL ] o} H;

* var®] 7%, NULLO] obU W
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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 A A~E W40 e & wkens WH3Sl PyContextVar_Set () & A2 AE| 2 A4 A gy
th o] e AF Al 02 Whgkekar, ol 2 Al -1 Wk ok

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.

type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same objectas datetime.date
in the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of Py TypeOb ject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same objectas datetime .t ime
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it
is the same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of PyTypeObject represents the Python time zone info type; it is the same object as
datetime.tzinfo in the Python layer.

UTC A ZEfl AA237] et w2 2

PyObject *PyDateTime_TimeZone_UTC
UTCE YEH = At A2 ES vt} datetime. timezone . utc2} 22 AA Yt}

WA 3,70 7}
R A
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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 & o|H IFL Z8 &1 T} ob= NULLO| o] o]oF HUTh o] 34
@44 Bk

int PyDateTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime DateTimeType or a subtype of
PyDateTime_DateTimeType. ob must not be NULL. This function always succeeds.

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & o] ¥ IS & F T} obe NULLO| ofyofof gt} o]
St = A A F Sk T}

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 3 o|H IS Z#] &t} ob= NULLO| o} o] of 3t} o] T4
T AAFEUTh

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 B0l ™ Z& 52l FUTh obt NULLO] o}t ofof FTh. o] B4
g4 A3k

int PyTZInfo_Check (PyObject *ob)
Return true if 0b 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 F o)W B SHE LT obi NULLO] oFL]olof itk o] F4
A AEITh

AAE dEs IR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 E A, ¥, 49 datetime.date AR S wiashch

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

Return value: New reference. A1 E d, 9, 4, Al, &, 2 L ulo]2 2% 9] datetime.datetime 7
AE 2o
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

Return value: New reference. A1 A H 'd, ¥, 4, Al, &, &, ulo] T2 % W fold®] datetime.datetime
AN S W o,
B A 3.60] &7}

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Return value: New reference. A H A], &, & W nlo] 3 2 % 92] datetime.time AAE ¥I3SH T},
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PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A/ 3 A A], &, %, ulo] a2 % D fold9] datetime.time AR E ¥I3tst
g},
WA 3.69] F7}.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. AR H &, & W ulo]a 2% & e & datetime.timedelta
AAS vrEs Utk 23 vlo]2 2 %9 X7 datetime.timedelta AA| ol Fa] A= HE o
9% = 487 4 ek,

PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset AAZ YEFY R &= o] &5 o] gles 114 L =AY datetime.
timezone AAE 3 F 1t}
WA 3.7 =7}

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset Q1 A}2} tzname name 2. Z Y EFW R &= 114 2 ZA19] datetime.
timezone AAE &S5t}

B A 3.70] &7}

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including
subclasses (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
¥l int2, ¥ gk

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1ol A 127421 9 int =2, ¥ & RE&-ghy o)

int PyDateTime_GET_DAY (PyDateTime_Date *0)
1914 31744 9 int 2, 4-& Wt o).

Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime DateTime,
including subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
0] 237}4] 9] int 2, Al & W&yt
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
05 B} 597bA] 9] int 2, ¥-& wrag
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
05 E] 597}A] 9] int 2, =& w33}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
0¥ 9999997}7] 9] int =2, upo] 22 2 S Hkekg o).
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
W7 3.600 7%
PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
HA 3.109 7}

Macros to extract fields from time objects. The argument must be an instance of PyDateTime_ Time, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
0% 8] 237} 9] int 2, A1 S ¥Hekgh o).
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int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
RE) 597K 9] int 2, B2 DT
int PyDateTime TIME_GET_SECOND (PyDateTime_Time *0)
HE 597K 9] intZ2, 25 935y o}
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
L€} 999999742 9] int 2, nfo] T2 2 & Wk T}
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
WA 3.600 7}
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
WA 3.100] 7.
Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta,
including subclasses. The argument must not be NULL, and the type is not checked:
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of| A4 999999999 7} A o] int &, & & WFEHg T}

WA 3300 27}

int PyDateTime DELTA_GET_SECONDS (PyDateTime_Delta *0)
HE 8639971219 intE, 2 & wsksh o}

WA 330 27}

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
0 A 9999997} %] o] int &, ufo]| A &2 Z 4~& Wi3sh T}
B A 3.30] 7}
DB APIE T35l 59 W2 A jaz:
PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () o] AE3s}= o & g3t 2=}
EZ 2 A datetime.datetime AA|E vFE 1 vkgksy o).
PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp () o] AE35t= o] A3l A H=
Z M datetime.date AA|E W& vIEshY o)

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias‘s __origin___
and __args___ attributes respectively. origin should be a PyTypeObject*, and args can be a
PyTupleObject* orany PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed
and __args__issetto (args, ). Minimal checking is done for the arguments, so the function will succeed
even if origin is not a type. The GenericAlias‘s __parameters__ attribute is constructed lazily from
__args___. On failure, an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:
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-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

] B7]:
The data model method ___class_getitem__ ().
B A 3.9 F7}.

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.

WA 3.9 &7}
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=713} stold Aol d B &8 =

| g o8l Qe
sho o] 271815 7] Holl The B4E AANA T2 4 A&Uth

— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py _SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
* AHE
— Py_IsInitialized()
— PyMem GetAllocator ()

— PyObject_GetArenaAllocator ()

WA $4 22 2ol AL, e FHo] W/C API F4-8 AH8-8H7] Aol by Initialize()
™ ;ﬂo
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Py_GetBuildInfo()
— Py_GetCompiler()
— Py _GetCopyright ()
— Py_GetPlatform()
— Py _GetVersion ()
R
— Py_DecodeLocale ()
I R

— PyMem_RawMalloc ()

PyMem_RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

23 S 4= Py Initialize() Ao &3t ¢F Uk Py EncodeLocale(),
Py_GetPath(), Py_GetPrefix(), Py _GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () ‘:,’-l PyEval_InitThreads().

kS
F Aol o3 %31117]' AR, 91 g2 FH AFH AUk 9
£ 12 AA%t2 -bbe Py_BytesWarningFlag &

int Py_BytesWarningFlag

bytestY bytearray® str<, EE=bytesE intG v o] A5 L3Pyt 2B 2 AV
2o o & Ly

b FAo=2 AT

int Py_DebugFlag
TFEEA7I O 28-S AU (A7 A, A9 g4 &2 YTh.
~d €43} PYTHONDEBUG 37 W42 A A G U rh

int Py_DontWriteBytecodeFlag
00] obd go 2 AATE, sl W 24 WES YEE T .pye A 29 T 342 Yrvinh
-B ¥} PYTHONDONTWRITEBYTECODE 37 W42 A4 H Yt
int Py_FrozenFlag
Py_GetpPath()o|X Bg AN A= S AN wf o2 WAIAE BAISHA] 5 Ut
Private flag used by _freeze_module and frozenmain programs.

int Py_ HashRandomizationFlag
PYTHONHASHSEED 27 W7} n]o] 917 &%——3« EAEE 2AF W 12 43
Zg]27}00] o} U™, PYTHONHASHSEED 37 M5 Qo] v W s|A| Al EE = 7]35}3 )
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int Py_IgnoreEnvironmentFlag
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-Egt-I 3oz AP Uk
int Py_InspectFlag
SIHEZE A AR AAE AGEH A —c
BE ~APEY YL AN T )5}
€

-1 343} PYTHONINSPECT 3

A& o), sys.stdinZ} Eu]d 2 Holx] ¢bH

int Py_InteractiveFlag
1 eMom AAE YL

int Py_IsolatedFlag

A R gto| g At 4
site-packages T # ] 2] & Z ]

“Igdes AAREYUTH
WA 340 F71.

int Py_LegacyWindowsFSEncodingFlag

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 &7 W47l v]o] QA 42 BAEZ A=A 12 A

Ut
ZLA| 3 Y &2 PEP 5298 F 23 A] L.
7Hed AT
int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO $+7 W7t ulof A 932 £A 22 AAH W 12 43Tt
LA gE Y82 PEP 5282 23 A 2
A AES.
int Py_NoSiteFlag
2E site §EES) ol $UA % sys patne] Aol FHA 242 v PP £
A

o
<] = =
3ol site% YA HoZ AxE Fux o] 23S v TUY (EE A dlEH site.
main () & EEZ3HAIL).

s edez A4EY,

int Py_NoUserSiteDirectory
A& 2F site-packages T HE B E sys.pathol 3718HA &5 )
-s8& -1 34, 181 PYTHONNOUSERSITE 374 W42 AAFE Yt}

int Py_OptimizeFlag
-0 23} PYTHONOPTIMIZE &7 W42 A A Ut}
int Py_QuietFlag
3ty R E A2 WA w AR E FAISHA] 5t
-q SHAo g HAA=E YT
WA 329 7}

int Py_UnbufferedStdioFlag
stdout ¥} stderr 2~ E H-& ¥ 3 & )| A 3}

=
-u 243} PYTHONUNBUFFERED 37 W

4 J%m
f
o
o
Y
k9
k)
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int Py VerboseFlag

W 28)E A= AIAE OMH?J‘/]E}- 2
EE‘riﬂb}”Ofﬂ BEs @&J%WH A 2 kel tig mA Al E AU T =3 F 5 A

9.3 d¥|z ey 27]3}e} stold A o) A

void Py_Initialize ()

r‘k
—|—4 o

Part of the Stable ABL .7]- 14 <1 FJEHE 2733}t mto ] 4

Fl = 5}
X T}Z 3} o] M/C APl 34~ & A}-23}7] Aof] &35 oF g t};

73 s
A o2& solxd 27] 3}

>IE

| =d 259 g o]E(sys.modules)< 5_7]§1-'6}1 7] |tk E’.‘g‘bulltll’ls, __main__ ¥
sysE WEUTh E3HL 2E A FE(sys. path) 2713t sys.argve "“43}11

t}; o] 2 YA = PySys_SetArgvEx () = /\}&6}/};/\]2. (Py_FinalizeEx () S WA

2] i) F AR SE5HH ol I = HW U TH W ghol glsyth 2 7]3}e) Aoj &t
Al o Jh.

#FH1: 9N, Z2E€ REE 0 _TEXTO|A 0_BINARYZ H AT YT C AEY S AE3l= 252
Hl 401»@ AFgo T &S v Yt

void Py_InitializeEx (int initsigs)

Part of the Stable ABI. ©] St<== jnitsigs7} 1©| ™ Py _Initialize () 1

old, A12d A 7|9 2713 SE2 AVHE =4, sfo] Mol WA uf &

2}14 t}. initsigs7} 0
T A5

msL'Ei

int Py_IsInitialized()

Part of the Stable ABL. #}o] % Q8] Z gl g] 7} 2713t= 1o d ZH(00] o} ) wia3sla, 1
H AAO0)S W& Py FinalizeEx () 7} €9 &, Py _Initialize ()7} ThA
o 742 AR & WY T

—401&

int Py_FinalizeEx ()

Part of the Stable ABI since version 3.6. Py_Initialize ()2} T< glo]W/C API S AF-2-of 9 &

TP BE 2735 AP H 48k, Py Initialize()ol ﬂw A e 5 & o] & whE o] A A
q_}, o} & AAE A 93 BE A B Az E (o} Py Newlnterpreter ()& FRFHAAL)E
AAGUL. o] 43 OE O]ﬂ S vtold Bz e E 7t Ed R E v REE AT YT (HA
Py Initialize ()& THA] E&8HA] @kal) 7+ A2 S &5t OP—‘??& A% 5HA] ks Ul ARk
Ao g Wg g2 oguth el d Al o] d =5 ol st (M H P E HlolH F2A]) -19]
wheRE k.

ol g oe] ZHA] o R AFHUTE W 38 T2 o] 38
031 ghol W& ThA] Al ZHELAL A& 4 JF U T %312:% 2=

of| A z}o] A OJE% ZHE ZEd R =2 2
H 2 2 & S A3t él% T AFYUL S8 = &l
Z2IOWE FTET7] Ao holxoA Tt BE Uﬂ ﬂ—ﬁﬁxﬂﬁh Ae

229 A8 A A 45
o] H2}e| (£ DLL)

)
¥ [k
39,
rlr
o=

—

é
i
é
i
o>
)

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del___ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Initialize () and Py _FinalizeEx () more than once.

Q1 =} §lo] ZHA} o] Wl E cpython._PySys_ClearAuditHooks & WA A U T}
WA 3.60 =7}
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void Py_Finalize ()

Part of the Stable ABIL. ©| A& Py FinalizeEx ()9 oA WA} T35 = vl3} 212 A 5k= v 4
AR A=

9.4 =2 A A AA w7 HE

int Py SetStandardStreamEncoding (const char *encoding, const char *errors)
y_ g g

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

E3foF Yt} str.encode () oA &} 22

Tt

=]
74 W7t Z5 A oS ufl W 7 (embedding)

o] 4= (E &3 ) Py Tnitialize() Ao &
Ju)g, FZF109 AF2 & A7 o & A= A A&
%}

PYTHONIOENCODING Zr2 A A 2] (overrides) 3} 11,
FEZHOJAAYG S Ao 5 Y =5 Tt

encoding W/ = errors:= PYTHONTOENCODING H/FE = 7| B zH(th2 A F o et b5y th S AR:

st7] fsf nuLL Y o AU Th

sys.stderr& o] (& t}2) A A 7 &A 9l o] FA} “backslashreplace” ol & # 2] 7] & AF&-3Ho| 7
Y3 Al L

Py FinalizeEx ()7} EEH W, ol &Py Initialize () s T& SEof JFE v x]7]
A3l OA] S &= of oF Fth

HF S 02 NBAFI, A A (12 Sof Az e g7} o]u] 27348 F 52)00] ohd 2
whskgh o,

W A 3.40 F7}
WA 3118 A=,

void Py_SetProgramName (const wchar_t *name)

Fart of the Stable ABL. This API is kept for backward compatibility: setting PyConfig.program name
should be used instead, see Python Initialization Configuration.

(EEddy™) o] g Py _Initialize () 7FA 023 2257 Aol ZEH ol of Tyt Qe =
e A Z2 2B main() 50 hetargv(0] AR G LelEUTH(Q ol EAlg W3
HUoh. ol A= Py_GetPath () Sk op o] o 3‘$°1W AE =y A vt A sfold
dEbY etol B 2] & Fe v A E Ut 7182 "'python' AYth At 22O 8S APt
S UEol MAHA e AH AFL 082 S ool FAE S 7 A oF gyt gt
AHz2 B IE= o] A4 Y82 A sHA A5uTh

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

HA311EE H A=,

wchar_t *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () S & AAH =& o] F ol 7| E & WHEkshy
ok 93 g2 A AFAE ZHeE U A 3 —r7§ OHH =FEYth

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_GetPrefix ()

Part of the Stable ABL Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python', the prefixis ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corresponds
to the prefix variable in the top-level Makefile and the ——prefix argument to the configure script
at build time. The value is available to Python code as sys.prefix. Itis only useful on Unix. See also the
next function.

9.4.
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This function should not be called before Py Tnitialize (), otherwise it returns NULL.

7 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Part Of the Stable ABIL /}—j_f(] % %%%'%é!\—;ﬂ 3} ¢ Oﬂ ?_]_— exec.preﬁx—%— =15 :_5‘:}1/] q. O] Z,—]\
Py_ SetProgramName () & = o
o 3147 % £
usr/local' gy} ¥HE=
Bl e Ae s
—-—exec-prefix QA}pof 3 gyt
eItk 2ol A vk,

2 n/python' o] ¥, exec-prefix= '/
g_x}og% A AFLE 7}‘3] AYth & 3+= %k FAMA =
ke e exec_prefix W2} W= A] configure 23T HE 9]
] 252 gfo]lW T oA sys.exec_prefix@ AT

o

=
bL
('D
§
?;
(¢}
=
>
rl
il
pach
s
of
o J}.},
2~
jf_L
o
)
A
i
o2,
jfl
m9
-
o
:|o

gtojr g 2)) o] th2 t g el E2lof

M;qg FEHpreﬁx.‘l]— gEUth @t A XA, 2WE FTE52H 5192 /usr/local/plat A B Eg
ARANEH D ZREZE Z=PA 3D /usr/locald X2 4 JdH5Y T

QuAoz 9, EREL HEANoIg £2EAG) AFTO 2 YY1k o o) solris 21
2 AAE A3 5l= Sparc 7| ASES T2 ZHZ 0 7 7FF5HA| L, Solaris 2.x S A 3 51= Intel 7] Al
LOE ZYZo, PEAs AP Intel 7| A= E OHE ZRZ UL 2L 29 21111]-4 A=
HE T AT YNAC 2 e FAEE AU W §UA £ AAE BE ool A th
o810 AT 2 Tske] Itk o Bl i oo 91001, ¥ $A19E
A4H U AL shol A vol = 1= U2 FRE 7 A Qo] 5 SAA © (Lel 1 o

AT St ALgE shol A WA ol F4 4 < U TH),

A2’ A2 A= /usr/local/plats ZF EAF O sl th& &}"‘ A 2EH o2 A3 SAE
el /usr/localS Z45t5 = mountl} automount T2 1A S A= HES & AYUh

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.100)| A ¥ 7 : It now returns NULL if called before Py Initialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABL 3}o] % A 3] uld o] AA Zz2 73 o] 5 wisshc}; o] AL =g 1 o] 2
($18] Py_SetProgramName () L2 ARPUtholA 7|2 25 AW H2& st Fa 8o =
AU BaE 2L P8 AFaE e AUtk TEAE G

ZF2 glo] M F T o A] sys.executableE AR 4 95U Th

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.109) 4] W1 73 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Part of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not
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_pathsand PyConfig.module search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Initialize (), then
Py_GetPath () won’t attempt to compute a default search path but uses the one provided instead. This
is useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and macOS, '; ' on Windows.
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T3l sys.executableo| T2 W AA| A=E (Py_GetProgramFullPath () & ZR3}HA L)
2 AAE 3 sys.prefix sys. exec_prefix7]— Bl AJEE Ut Py Tnitialize()E X
= 22T o] & FASE A2 TEA A 28 AsUth

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
AR A= YWHAo2 BAFER, §E0] A85H F S/ T f AT 4+~ 5 th

WA 38 A HA: o)Al =21 o] E WAl =2 1% AA| ARV} sys.executableo] AHLH
e,

WA 31158 2=,
const char *Py_GetVersion ()
Part of the Stable ABL ©] 5o 2 Q1E| 2] Ej o] w4 WBkgU ) o] AL 23 2o ExA YU}

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]" ]

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 ()

Part of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5"'. OnmacOS,itis 'darwin’'.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. @A 5}o] 2 v Ao t) 3 4] A 2@ EALG L wisshty, o & S0
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
N FAEe AA AGAE 7H AU S A = A AAE U o] g2 Tl
F XA sys.copyright 2 AR 4 J5Uh

const char *Py_GetCompiler ()
Part of the Stable ABL. A} to] X WAL WEdt= o AL H AL FAE P25 RA 813t
gt o & E9:

"[GCC 2.7.2.2]" ]

o

NHE 2GS A4 AFLE e gUh

°E }% wh= T3
T M M sys.version? R Z AT E Y

[e]

g}
>
rr
rO
juad)
i
=
o
ol
rlo
1=
o,
rx

const char *Py_GetBuildInfo ()
Part of the Stable ABL. @A s}o] W gz e|g QdaE 2o A2 AF e} il dxt gl A 7hof| b 3k
AEE WU S &

["#67, Aug 1 1997, 22:34:28" ]

UBE EAde 34 AFLE AN UTE SEA e e FAAE L FUTh ol e sl
T Mg sys. versuon«] Q2 2 AZFH Yl
void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Part of the Stable ABI. This AP is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_pathshould be used instead, see Pyrhon Initialization Configuration.

argc 2l argvoﬂ 7] ‘ﬂ-“ﬂ/ﬂ sys.argve 7@@'\41‘4— ol Mis =2 g nain() T A

A3 R A A A A B8 o] ol 8 AE]Ze]e) 8 5w o] 48 5} elo] oh e 19
AN AN St e di it 9o, argvel 3 WA
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A=

3 A4 9}%14 o ] 6}—;—7} sys.argv 27|38}l A3, py_FatalError ()&
o

52
AL-g-3He] 2 z
updatepath7}0 0] ¥4, o] 7] 7}A] 7} o] §k4=7} 3= B 4 YU Th updatepath7} 0 0] o} W, 3= oh
dueEol Wl sys.path® F8 gt
e V|2 2~AYEY 0|50 argv[0] 22 ALHY, 2T HEV} JE= YA Ao A=V}
sys.path ¥l F7-E Uth
o« YA O (F,arge7t 00l Arkargv 0] o] 7]& 314 o] 55 7He] 71 A] ¢4 2 W), sys.path
ol Wl A o] F7HE U th, ol & A & ﬂ"* g e e (. mE ol F7kske A 25Ut

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

KX
=
=
=

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

Fili GULIGE AR 199 422 5ol 6 ANLIIE FATE $8 LI 0k
updatepathZ A 23}, Y3l= 2 sys.pathS 222 PAsE Ao £ t}. CVE-2008-5983&
;ﬂ-Z o]—/\1 Al L.

fof
e
ol
= ot
U
rE

3.1.3 o] WA A=, PySys SetArgv()% A sys.path L4242 $£Z 02 A7
o] 22 EAHE IS F IFULL dE S S ]‘%5}04-

[PyRun_SimpleString("import sys; sys.path.pop(0)\n");

WA 3.1.39 &7}
WA 3115 29,

void PySys_SetArgv (int argc, wchar_t **argv)

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

o] &4+ python QA E ZEE 7l -182 A ZH A = S wpdatepath 7} 12 A AR H
PySys_SetArgvEx () A3 25t}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

WA 3.4 A A7 : updatepath Z-S -1 w2l o5 4o}
WA 3R H A=,

void Py_SetPythonHome (const wchar_t *home)

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

% g UdEe, & EF stold sholneeld AN E AR FUL A BALY gn)e

PYTHONHOME & X3} A L.

A L2 Y DG Fo B ol WA A S A AReol G022 T RAYE
Zhel Aok FUth stol i ez eE|E o] I E= o] A4 W8S AAsHA kst

Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.

WA 3117 E F 2 4.

S~

f

wchar_t *Py_GetPythonHome ()

Part of the Stable ABL. 7|2 “&” Z py_ SetPythonHome () o t)3t o] A T E oA DA Zrol}
A A=) It PYTHONHOME 37 H49] gh& vheghyoh

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 ().
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9.5 A¥ & Jegt A el =g &

shol W Qe el el %3] 2d = bAsA gUth OF 2= ol d 22 19S A A3 A
sho] # A o] oFA A WM 25F7] Ao & A /\31]‘:7]-51-7-,—0]10]: 3= A Qe ZElE = =3z 22 GILo]2kal
Bhe e So] YUtk % flolis, /g ue ANEAE OF 2= 2r o 2AE ded 5

ST A8 Bol, % AAE A 0L AN B2 AFE SA71E, B2 B4 WMol o

@ 2 4 A% o

SO GILE AT W A= ol AN AFAL I C A Y SR 2 Ak 7
Zol dsUth A AFS 2etr] A dHzHe AV AR 285 ASFS AT YT (sys.
setsw1tch1nterval ()= ZAZRIFHAAIL). EL 9Y Q7|27 22 FAAA QA EZ 7] 1/0 A4k

Ol A S A = 2, 15 ok Oh 2 Thol A Ael =7} *‘bﬂg T AsYth

vlol ¥ QB Z 2B &= PyThreadState = Hl o B 2 A Yol 28 = ®H 5 7] (bookkeeping) % & Eﬁr
Ut} AR PyThreadState & 718 7] & 3ty A9 A4 & 9 %141’4— PyThreadState_Get ()<
Aol 2L 4 sl

9.5.1 &7 F.= o)A GIL 3] A3}~

GILE ZAsHe tRge] 84 Bet the ) 2L ke 722 ¥ 9

>

Yt

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 9 ukA o]0} A o] & W37 915 & o] WA= EAFU T

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Adddo;

]

Py BEGIN ALLOW THREADS Wja =zt A B2 d31 £AA A9 AL
Py_END_ALLOW_THREADS W32t B

Ao gL g TER FFPIG

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

of 45 A5 AL b2 D o Qe =z E Fo] AA ~d = Jejol e ZAH
B35 o AP U 2 At AR E A wl, Zol SAH 7] Aol AR 2=
EIE 8 JPASoF U TH(OHE 28 =71 54 £8 581 1% WMol AAle] Aa|E Ae & AR
S 97 MEYUh. MR, 52 H5oa A AE)E BAT w, 2d S g ZAHE A
Aol %2 ¥ 53 oF Ptk

(o3

<

N
)y
v
3,

F3: NA" U0 F5 T2L2 GILS Plasts 7 dwba 9 /\}% Abg o] A g, W 2 2] W 5 & F 3
A5 o dEolu 4ot gt 2o, shol A Ao AM 2T 2 7} AE A7 A A 5E3)
Aol = §8% 5 Y5 ULk o & So], Z 21105 hashlib ZELS Hol & 2314 )42 1)

GILZ s Al gyt
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9.5.2 sto|o] RhE ] ¢ A=

AL 1to] M API(7}3 threading EE)E AF&31e] ~d 28 W5, A8 = A7 A5 o2 A2
Aol EAE ZE7F vyt :’-Ei‘/lr, AEﬂ“ﬂC"ﬂH HEold o (S S0 AA 2= e
7155 0] A AAkAt etel B 2ol o8l), GIL& Hf3tA] Fal, 15& AT 2= 8 +25 gsyth

olF T g =0 o] M FEE T oF S (FF YA AT AIAA Etel B E%E]"ﬂ/ﬂ Al&ote =9

APIS| Q%71 GUITh, A 2= A7) b F2& |4 e xE oY A= SR
£,0ILE At 0SSl IC APLILEE 1243) o e 4 B2 AR,

Laﬂtﬂ,iﬁﬂ SHl 2 HE AL A8, GILS Hxﬂt‘“‘% npAler e g A E AE AR FRE

A8l o g o,

PyGILState Ensure ()@} PyGILState Release () T4+ o RE AA S A5 o7 33T},

Cag oA stolHS &+ A A&7+ o E5Uth

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created auto-
matically by Py Tnitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork() ol th 3t Fo] A}3}

2y Zof 3] =5 O]:_GLEED]’ET-&?_]’@SCfOIK() & Al ~¥ =9 FAYYLE fork () & Ak
|3h= g EE9 AlNE*‘Oﬂ/H ZZA 27 E33 S0 I E AP AP =t EAFTYL. o= =L
2] 2] 8l of 3}+= ¥ 7} CPython E*E‘r“ of AE ZE AE R A A 6}—% AR R=

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.

02 2= Ag o) Aletdgs /\}ij TCPython-/] HEH Bl 7t os . fork () 2 phH7EA| 2 A E 3}
Al g Ejs ol of & S mFyrh o] A2 AA A Z e} thE B E PyinterpreterState 249
%8h e B = pyThreadstate AAE spoldel Ao 4 B AS ofuFiny. o A3} w1 ol e]
=z He 5438 S0 7 3|, fork () & CPython ¥ &1 e} ©] Fe) 271319 o8 = e 5] v Q1
~d= W“Pig-ﬂoioﬁﬂl/]r% Fde ool exec() 72 Foll FA TEHE - Uth
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e C g D= AAHAL ol A ARzl B E T Y ARH 02 A

i)
rlr
ok
[
%
4>
o

type PyInterpreterState

Part of the Limited API (as an opaque struct). ©] A5 F+Z = o8] 8 28 =7 /3= HEH S
Uebd U 22 dEz o £t A se BE #AE9 2 7A E R FES TR
o] FEANE 51 A7} ik
AE|Z 2o £33t Ad| = AL 7hsd v R, 91 3 7eA s 22 ZEA A AHE
A9, A8 A b AE F R B A ARz S FE o Arjzelge) S
SR ol A glol BE Aol = ol A 25 U
type PyThreadState

Fart of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The
only public data member is:

PylnterpreterState *interp
This thread’s interpreter state.

void PyEval_InitThreads ()
Part of the Stable ABL. o} A% 31X k= A A A $h<=,
ol 3.6 o] WMo A&, o] F7F EASHA] koW GIL= T sy
WA 3.90 A4 M7 oA o] s obF Y E A FFYTh
WA 370A A o] Fps oAl Py _Initialize()ol] &8 TEHA, AHEL He AH
553 387k gk
WA 3204 HA: o] 4=l Py Initialize() Ao & 4 g5 YT
W 3.95E A 4.

int PyEval_ThreadsInitialized ()
Part of the Stable ABL. PyEval_TInitThreads ()7} &5 2}
= GILS HG5 A 91 358 2 9ojA], g Ay =
}\]._9_51- 2~ o] 2> 1/] q_
WA 370 A WA GILL o)A py_Initialize ()l Y3l 273 Yth
HH 3.95 8 A 4.

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (YFEttH) A9 Qe z g &2
3431, o] 1 22# = e (wwLse] obd U th & kg o
85 3 ojof k.

void PyEval_RestoreThread (PyThreadState *tstate)
Partof the Sable ABL. (S SIEhe) A} e e)e) %g 955431 e = A NOLLY| oh of of
S e AU T S0 TS0l ATE, AR 22l 27} o] & B S81A) okgkolof hiTh, 12 A
orowl w2k e A g o,

AL ~H = A E NULLE A AE A
Zo]l s ud, dA ~¥ =T ES

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_IsFinalizing() or sys.is_finalizing()

to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState *PyThreadState_Get (
Part of the Stable ABL. &2} A~ @& = Hk3} LAY 9 S
22 = A 7F NULL ol | A% A QL ol 2 7 A Y o (2 A = E A7 NULL

sy Th.
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PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABI. &) ~# = "}EH £ QA A} sstate(NULL Y 4= Q5 U TH 7F Al & 5F= 2~ & AHef9F
ol mgth A9 QB m e E 52 8 falo sy 8l AIH A Skt

e Bat s 2 AGAE LSS, A8 AEzE e T8 A gt

PyGILState_STATE PyGILState_Ensure ()
Par of the Stable ABL W} A7) Sholis] A el Ao AeizelE] S5} ATl shol
CAPIE 35T &7l H Q=4 g} o] AL 72+ 3% 0] PyGILState Release () o &t
TR olFE ‘6P/\Eﬂ NN Aot HF AH W STEE F UASUTH REH o E, A & A
7} Release() A o] 0] A A E BYE =3l PyGILState_Ensure ()8 PyGILState_Release ()
& 7ot 2= #H APIE AR S 5 JF5UTh o9& 9], Py_BEGIN_ALLOW_THREADSS}
Py END_ALLOW_THREADS W32 2] AAFA 9l ;\}g 2 sggYrch

Wbt k2 PyGILState_Ensure () 7F SEH S o A E Adejof st BEF 3

s}o] 2 o] ZH-2 AEf ol °1Ei?'5]-r3:]tﬂ PyGILState_Release () Z AEE ojok st} A|H =9
g Hes, ol AEEL2 TR 5 dH Y- - PyGILState_Ensure Dol e+ 14 5 &
Z}FAL 9] PyGILState_Release () oﬂ st &S 98 A5 A8 oF ok

Foohuag ), A 26 St GILS MRt 499 stol 4 HES 2T 5 dFUTh Ak
A3 9l o ] 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 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 termi-
nation.

void PyGILState_Release (PyGILState_STATE)
Part of the Stable ABL 0|49 55 & 2E AL AFU . o] & Fol, sol <) Jeje AP
PyGILState_Ensure () &2 oA ZH5UthH (2} 99tA o 2 o] Al S & Ao A &8 A
A 9kolA], GILState APIE AH8-3Hu th.

PyGILState Ensure ()| it ERE S &L 22 AH EoA] PyGILState_Release ()l thst
523} 42 ol F ok FTh

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABI o] A=Y AR AH = AEHE 1A S Uh A A g = o A] GILState API
7} AFEE 2] 9kolo W NULLS ¥bEE 2 9l UTh W ol A oA AE A A Eg(auto-
thread-state call) ©] 4= “ﬂ A ko 751_?—01]_,_, W ol AP o= FAF o] 3 A AE] 7} Q2o &
AA L. ol AL 2 =u)/Ae Fr g

int PyGILState_Check ()

) A2 E71GILE B3I YoW 1§ ML IYA oW 08 AT o] P o2
T BE ~H =0 558 4 Gy th shol d 28 = AE| 7} 27)2 % 912 84 GILS BF81
92 0w 12 WA D, 0| AL F2 EF0/0E AU T ol F S0 29 A=Y 2
I Prol A 582+ Qe Glle] ZA Uthe AL IV T4 WA 44 B AY
37 o d e AR & 4 Y5t

B & 3409 &7}
S IR g9 o g T Au|ZFE glo] AFSE YT Ffol A A wj oA AR of| & ZFO A A Q.
Py_BEGIN_ALLOW_THREADS

Part of the Stable ABL o] ®W] 3 & ¥ { PyThreadState *_save; _save =
PyEval_SaveThread(); & E&ZAF Ut o= =Z357F 235 o] 29 FYHAL
H w2 = Py END ALLOW _THREADS Wl 3 E 8} ¢ x| 3} oF &t} o] UHEEOH o) ok Z}A 3F Ul & %
2 AR L

Py_END_ALLOW_THREADS
Part of the Stable ABL. ©] W] 2 & = PyEval_RestoreThread (_save); }=2 &Yt}

)
rlr
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ZZ357 23H 0] Qo §o A L; o)A Py BEGIN _ALLOW_THREADS Wl & &} & X]3f of
gtk o] I 2o T gk ApA| 3 &2 A5 FRFAAIL

Py_BLOCK_THREADS

Part of the Stable ABIL. ©] W] 3 2 &= PyEval_RestoreThread(_save); & &FIUth: &= 52
57} §l= Py END_ALLOW_THREADSS} 553t

Py_UNBLOCK_THREADS
Part of the Stable ABL. ©] |3 2= _save = PyEval_SaveThread(); 2 FFAUth: =52

F9} W4 MAo] 9l Py BEGIN ALLOW_ THREADSS} B5 3 th,

9.5.5 #4= API

BS Py Initialize() ©]% o] TE5 oo gtk
WA 37 AA: Py _Initialize()E oA GILE 27138t}
PyInterpreterState *PyInterpreterState New ()

Part of the Stable ABL. A} Q1E]Z 2] AE] AA S W5 UL A ez ES KT EQ
QLA o] B4l th3l 522 A Askslof hE WG T 4 AL

o1z} glo] ZHA} o] W E cpython.PyInterpreterState_NewEdE A Al A Yt}

rlr

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. Q1E] Z2|E] ALef] AA| o] RE AHE AQAAFUL A A=z e 2L
W3 oF g,
o1z} glo] ZFA} o] E cpython.PyInterpreterState_ClearS WA YT}

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABIL. Q1E]Z 2| g] A 8] AAE sttt AG A =Zgg EL B /Fd IR gF
Uttt AeZe|E] Ael= PyInterpreterState_Clear () Oﬂ o sk o] 3’:§§ A2 7= S of of
Fuch
PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Part of the Stable ABL. 07 QlE] Z 2] g] A Aol &3l= Al 28l = AE] AA & Yt
ZelH 22 HRY DAL QAT o] Fol e £2 S AP of E WG T S LUk
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL 2+¥ = A1) A1) B A 08 A AIITh Ao} QB e E] £ 1 §aof
T o,
WA 3904 WA o] &4 = o]A| PyThreadState.on_delete TW L S &3 T} o] A=,
PyThreadState_Delete ()oA &35 th
void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL. ¥ = A8 A S gyt A9 g =Zzglg EL HFE IR g5yt
2 ¥ 5 A= PyThreadState_Clear () o] t3t ol A &2 2| A %ﬂ 9101 oF g th.
void PyThreadState_DeleteCurrent (void)

A AG AHE sy sty A A=z g H 2L AT ULE PyThreadState Delete () 2}
At A R, A9 dHZFPH F2 Oz]ﬂ 28 Yk 24 = AH =
PyThreadState Clear ()o] tgt o] A T&Z AL A= glofoF Tt}

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] 3 28| & A e tstate] A Z & 4L 714 F U Th

Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & ZFZ3A AL

tstate~=NULL©| o}u] o] oF gt}

B A 3.9 &7}
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uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 30| A~ ¥ S A e state®] 3F A~ = AFe] Al E =}
7+ &Yt

tstate~=NULL©| o}u] o] oF gt}
WA 3.9 7}
PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] { 29 & AE] sstate] QA E]Z 2 EHE 7FA Y
tstate'= NULL©| o}1] o] oF gt}
WA 3.9 =7}
void PyThreadState_EnterTracing (PyThreadState *tstate)

e

Suspend tracing and profiling in the Python thread state tstate.
Resume them using the PyThreadState_LeaveTracing () function.
WA 3119 7%

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.
A 3.119 F7)

PylInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. @A Q] Z 2 E| & 7} 43Ut}

AR spold Ad = AE 7 A A A= E 7} flow AW A o2 S B Th NULL
g wae 4+ gy

T EAE GILS B3 oF FUth
w2 3990 7%,
int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. Q8] Z 2] ¥ 9] 117 IDE W&t 284 =4 o 2] 7}
LAY S ~10] ¥hE 31 o 27k A A Yt

T EAE GILS B3 oF FUth
WA 3.7 F7)
PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
Part of the Stable ABI since version 3.8. A E]| Z 2] B ¢ o] 7} A1 A4 4= =1 g
3|
)

o] &7FNULL2 Wheksh o o] = A skA] ob kil 2 & Ak dHZ e B
gtk 744 sl of gk,

o) AL Fo] AE =) e d AE) AR E A A o] A8 ofF e PyModule GetState ()

A sk= A o] obd Yt
W7 3.80] 7}

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *frame, int
throwflag)

=9 7t g5 B

throwflag W 7} W4 A& S]] throw () WA ZelA &R UL 00] ol B4 o9 8
A2 g,

WA 39004 A o] Al & sstate Wi 7] WS FA T T

B A 311 A WHA: The frame parameter changed from PyFrameObject* to
_PyInterpreterFrame*.
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
zd ¢ F7F 8 7S U
PEP 523 “CPython©] Z & %] 7} API 71" & F2 34 A L.
W7 3.9¢ 7%

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

zEd Frt e E AAE Y
PEP 523 “CPython®] Z & 37} APl 71" & R34 A L.
B A 3.9 F7}.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABL. &7 o] 24| = A8 AHE A ¢+ =
A e o 556, 1 21o] SR A Y o] A 8 1 72 AL oo 4]
O A4 2 A AR 4 92 1 o] $-E BEAE H LT o Bk NULLE IR,
2= HASHA] RN TS FA A= A E AR 5 vk ZEA S oF g o

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Fart of the Stable ABI. Asynchronously raise an exception in a thread. The id argument is the thread id of
the target thread; exc is the exception object to be raised. This function does not steal any references to exc.
To prevent naive misuse, you must write your own C extension to call this. Must be called with 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 long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. A Q| ZEE S 531 AR 28 = JE| & sstate= 2 S T} sstate
£ NULLO] op] oo ey, 22 o] Aol BHE o] A o]ojof Gt o] 28| =l o] Zo] 9o,
L7 e 7L R 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 can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

WA 38 A W A: PyEval RestoreThread(), Py END ALLOW_THREADS () @
PyGILState_Ensure ()& YHAHEE BAHJN o, Az g7}t sto]d A ol A s+
FAEEHA A ¥ EE FEFTYH

PyEval RestoreThread ()& (SHUEZF27HA G w22 FF AL 5 e LTE
FsAuch
void PyEval_ReleaseThread (PyThreadState *tstate)

Part of the Stable ABL. @A) 28| & AE]S NULLE A A AT A ez &L |4 )
22 o] Hof wtEo] Fojof3tal A Ad =7t B 53 oF Iyt NULL o] ofu o] of S}= state 1 A}
= @A 29 = AEE UEh A Flete vvt AR E YT — 2387 ko, AE A o7t
Hugyrh

PyEval_SaveThread ()« (¥ E7} 27135 A 942 Aol 24 A AT = 9
F5Auch

void PyEval_AcquireLock ()

rlr

g

N

Part of the Stable ABL. A QlH 228 55 JSFUth 52 o]dol k=i Flojof gyt o
s Eof ofu] Fo] glow, wa ek g
WA 328E HAFE: o e A 2d= JHE BASGA A5 WAl

=
PyEval_RestoreThread ()Y PyEval_AcquireThread()E AF&3HAIA] L.
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i "Eepdo] grojdeA| o] D wfj A =o)X o] F4F TE8HH, 2d =7 uho] Ao o &) Th
AR vt 2HETFFEH UYL GA = TEE 30116}34‘11 _Py_IsFinalizing()
o]t} sys.is_finalizing ()& AFE3te] o] & S E317] Ao Az g 7} sto] A o] A

H3 A g 4 gyt

WA 3809 A WA: PyEval_RestoreThread (), Py_END_ALLOW_THREADS () %
PyGILState Ensure ()8 FHEF A=A ow, Ag =7}t sto]d e A o] A 3t=
Zol 3259 A7) éﬂ]EEiEUqu_

void PyEval_ReleaseLlock ()
Part of the Stable ABL. A Q| Z 2| H & AT t) -2 o] Ao TEo] F o oF Tt}

WA 320 AAE: o 4t A4 cd= 498 244 FEUT BA
PyEval_SaveThread ()Y PyEval_ReleaseThread ()5 AFR3HI A 2.

9.6 A B °olg]=a|E] XY

o REe] A9, ©dd sl AE T E R YAE AGUTiE, 22 A2, oM H Ze A =0l A
2] % AE e 0B BEolo} Bt A9/ AL ULk AM AEl e e 19 5 dE2 FTt
“HQ JAHZEH = A o] 275E o] vhsoj A= A WA JHZHAH YT HES Z2A L
/\1 7ok vholu QBB Ut A HE Q| e} e, vl QBB Ald Aok 22

FREzAs A AAL AEUTh £3 AR 2713 5H AL GLH g o A
ﬂo]gﬂxﬂ o] A Eo}g_}g JdH=ZeHYYrth PyinterpreterState_Main () ¥+ 1A e

i)

o2 AHE vk o

PyThreadState Swap() $E AES] AN QB e e o AE + A5 o

g3l BER 37 T 4 ATk

PyThreadState *Py_NewInterpreter ()
Part of the Stable ABL A} A1 98] 2] 6] 8 9HE L]tk o] 22 shol A = WL 915 (A2]) B3]
FEE @4 dUth 53], A dHz g Holl = 7|2 E%builtins,_main_‘%} sysE E@'%}Of],
2EYTEE RES Y S WAL DEUT, 2E 28 G0l B (sysnodules) 3}
A4 7J‘E(sys.path) HdYh A A= sys.argy ‘ﬁ—rﬂ S Az xs I/O
2EF .1]- A sys.stdin, sys.stdout ¥ sys.stderr& 71”\1/]13]—(?_1-, FANCRN ) =Ry ol 4 =

o

gl_:
5
i
>

_|>i
3
N
e
A
£

ro H/ql:l o]E{ 311301]/\1 1:!]—‘:01;(] xq 134_7;]] _/_\_Eﬂt: /\I-EHE 7].3]711/]1;], o] z\gﬂ: /\1-1:,]]‘—
g = Fejoll A Tl F Ut AA| 28 =7 RS o] A A] FFoll 7o S Al L of ) 2E =
= *‘Zd*‘*lo Al Qe Z e B & vhE & o] ¥ e, NuLLo] ¥ %P%MD} of| £]
Bl AgE L FA A= e S %OW Oﬂﬂﬂﬂ”ﬂﬂﬂ Eaciiag
API Srp @} mp 7k A 2, A o I Z 2B J2 o] &4E T26H7] dofl B
A HQE},ZHL},EH i JJrOl%i/CAPIﬂ’“i‘rD‘El Y S uf
fsUth)

Bz el e 7bo] B8 T

AL, o & E9o] PyModule FromDefAndSpec ()
AL BE AT 2ASHEUT C 5 447 4

r

o o gl 1L,
Rl ulg s
I"I[‘é [> S
o &

<L

X 02
& of

v
il
td
rln
i)
X
a m i

e L

2 9.

[> ok

M R o 2 E
[rt L

)

),

m{o
e 4
ko
rlr

o I it

o3l

L]
N oo o T |

<

3
_L4
|z
N
rd

_I G
rlo

o 8 ooxddTs

N
~

r_‘Eb -
S
2o

N
b
N,
lo

ENe A )
1 ok

2 Shafy iy xo
™ g >,

ol W,
fr L
oo 2 Iloo o

i =
do b rlr
o o

i

oX,
o
L
o °F
N
ot
i)
‘I‘J o,
2
i
PU 10,

X
N
o
it
S
>
ok
ol
S
2

£9] PyModule_Create(), 574 2
Ay e]e] (F2) Abto] A Yt
0] 271315 1 o] BALRY] 82
SEHIC Bo £ Aelel A ()

L% e ol 5] 2ol Ae Bt

FinalizeEx ()} Py _Initialize()& &% ]-0:1
o] 7

5 859 dxze 3 doj i} A} 2o LT AL

\l_n/‘, lles

E=)

it

AN
SRS

TN
N
rlo
foy
o
rﬂJ[O
o,

A

~
—_

oy 7
o [l (M X
1o
F
}_l
o
o
+r 4
rlr
i
R
N
roH”_,VL

N
[kl Ho
.2
o

i)
e
(o
irl
52
rr
oft
L)
tjo
l'Ud ©O
>
>
fo

v o
k9

N
Yo ol
o
5]

ACh
AH)
N
02 ]
u <

o T
1o >

:{o
o ok

194 Chapter 9. %=7]3}, stojde|Ao]d B 2=



The Python/C API, ¥&] 2 3.11.8

initmodule ¥4 7} Al 3 H UL Theb7] 27819 M AAAA 2, o] C 79 A
Aol W4k o) e 3 B 2ol 5

pal

o
1o
=
oo
<
o

void Py_EndInterpreter (PyThreadState *tstate)

Part of the Stable ABL oA A= A2 Z3EHE (AH) JEH= E] E]

= AFEE AA) 28 = Aol oF gt ofel o] Ad| = Abeol o g A

e, WA 28 = AR N U o] AEZejgel BAHE e s Ay

t}. (xqoﬂ O]E} F/]Eq 2o o] ==} EE"S]J] Z401] E-,Toﬂo]:g].uq 11219 ) o] A3 -2 E YTt
olE

AEAdHzZEHE M dHzE) = 22 22 AL o7 ujZol, & 18] E o] 9 stA]
UG —E EOJ os. close () ¢ 22 A4E 7Y A4S AHR5d /HEQ,] g8 Yo (A48
F2 o Hor) g 1A F AUtk (MB) AHzH Zbef| o] FREH = WA w2, &7
ahgo] Ao X‘EOW & AsUh o) A2 53] daA 2713‘}4(7‘*7‘*) A WS A )
53 285Ut @ AE deze|Eol A BE AAE the (HE) dBZ e E Y o5 el AT
A=yt 7hs st F s of gyt

A B QIH L 2§ 3] /\P*"J} 4o g, MM E, JAAE A EE FYAE TR BEF SEA FE
7o Ut ole e Aol s AFH = AXE A2 A5 (HB) JEZ2H| 2EH BF
gMy el dFS v s Al mEdUT f9 Asol 2 5 e AAE FREA dE A

wpsbA 2 58 g

Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

HE7) 4%

e dEzZeH 2= HE7] EHe HWe vAYUSo) AlTguth ol &2 g 2AE S}
void 2 Q1H 1Ake] FEjE H AU
int Py_AddPendingCall (int (*func)(void*), void *arg)
Part of the Stable ABL #| 9l JE]| Z 28] AF T & 348 o 3ty A 00] ¥k 3
H L func= W 1 28 =AM TEH 7] 9 Foll 7 Ytk A A H

Yth.
BFALR Foll YOoH, funce arg JAAFE AH&dH A= W< QL %zﬂa 2 =N TEEY
AgR oz AGs ool TE NP NS AT SER AW, L T 20 BT F5
Fujok

+ Hpo|E T = A O A;

s A 2 ETE A AH 2P 5o st (WebA funcs A CAPIE AHSE 5 95

yoh.
func= 735318 05, A5t o 2] DA @A 15 WS oF U T funcs THE W57 SH=
ANA ez £357] sl TEH A FAE, A JAB L2 H Fol siASHE 28 =8 A3t
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Aar: o] A2 W 58 Folut {F835 AeE FedUTh func7t 7hs 3 g e 2 d T
ERAL2 UFUTh v 2 ETM A A" S22 Ae Folgh upm A, Al AE S & o] WiEy )
Aol func7t T2 A A5 UTE o] T ditH o g Yoo C Y =i sto|H ZEE TS
st o] AgetA] Ut Al PYGILSate APIS A3 A 9.
B A 3.1 &7}
WA 3904 WA o] vt HH Qe = rﬂEMW TSS9, func T oA WA QB Z 2] E o
M ZEHA &L AE JHZ AN TEHES d kg Ut oAl Z X B Az E = A
defd & 552 25Utk
9.8 =3t} 34
sto]lf JHZHE 225 dd R A8 4 7)5& AZ7] AT 2 A AgE ALE AFFch
z23t9d", tw A 2 A A 4 =70 AP YT
o] C dH s o]AE AE st 2 pd oy 34 F=7} sto|d 2 218 AAE T3 TE5te
LH s Fetal, Al A C A€ T2+ AFUTh Al I o EgREL AAHA 5
Utk dEselas £4 4 2t El2 AAT 5 e o, 54 Fol Hus s 7|2 oHES
ol WA stold £ F A o Hud A ZEUth

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, PyITrace_C_CALL, PyTrace C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what2] 7k

arge] o] v]

PyTrace CALL
PyTrace_EXCEPTION
PyTrace_ LINE

A} Py None.
sys.exc_info () o A] ¥k
34} Py None.

2 oo AR

PyTrace_RETURN SEA A NS E = ZE = o9 & Q13 A o] W NULL.
PyTrace_C_CALL SET =4 AA.
PyTrace_C_EXCEPTION ®&% & 4 AA|.
PyTrace_C_RETURN S=5 =5 AA.
PyTrace_OPCODE &}+A} Py None
int PyTrace_CALL
Ty A= e A EE 0] EJ-Q Ak, Ay elgel tisk A F&Fo] Hud uf
Py tracefunc &4 ] St what W 7] 2] . AV o]y o gk o5 olH ] A
23 g = 4o Fo]x nio]E FER 9 Xﬂ°1 7‘4”\01 7] w2 ol ELQZ] oFeoll et Al 2

int PyTrace_EXCEPTION
A 7L BB WE wf Py tracefunc ol thdt whar vi 7} 9] L W T A
ol A wiel E 5 7}7?%“4 % o 2] 7} A E wf wharol] o ]QOEE%
£l9) A3 2o shol 8 2ol =971 AU, o9} At o] o =
2wl 52H Uk 24 gt o2 @ o E S 24T Th 22 ool B
int PyTrace_LINE

o
=

A= — = “

The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.
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int PyTrace_RETURN
oWty # 1 & Py tracefunc 5ol thsk what wi 7] B4 Z.
int PyTrace_C_CALL
CadgrtsE2H 1 & u Py tracefunc &5l t) 3k whar v 7] H49 7L
int PyTrace_C_EXCEPTION
C&ggolA A7 AU E ul) Py tracefunc 5o thdt whar v 7)) H2] Zh.
int PyTrace_C_RETURN
C&7vtdad & u Py tracefunc &5l o) 8F what v 7)) H42] Zk
int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.
void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except Py Trace_LINE PyTrace_OPCODE and PyTrace_ EXCEPTION.

See also the sys.setprofile () function.
FEAFE GILS B3k gho] ok P ch,
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

See also the sys.settrace () function.

27 GILS HA53 9lo] of Gtk

2w A A

o) 5L nF UMY ETA T ALS A AT AQ U
PylnterpreterState *PyInterpreterState_Head ( )
AelzelE e AR 2] B2 mEd Jle AAE Hadunh
PylnterpreterState *PyInterpreterState_Main ()
m < AE =z E AE AAE gy o
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
el Z 2 e AE) AR S B 2ENA interp 0] T 2] THS A E Z 2] E] Ae] A S w3
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
AE]Z e H interpSt HHAH 28 = B]AEM R MR| PyThreadstate Ao st 2AEE
st o
PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Z2 pyIinterpreterState QA0 &3l= BE &¥ = AA| 2l 2B A ssiate 0] F 2] TS 2~ =

AFe) A7) & W o,

2
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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
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

o3 V4 ETET W GILS BT F oL gayth 152 A 2L AFF YT
o o

Python.ho]|&= TLS API A1 9l o] Z 3}g] 20 9N L, A E 2E AFALAE ALEFEAE
pythread.hE Z &3] of gt}

11]

ZF31: None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject*, these functions don’t do
refcount operations on them either.

9.10.1 A= x &4 (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

v A 3.79] 7}

o ®7]:

“CPython®] 2 g =-2 2 A4 E § 3 A 22 C-API” (PEP 539)

type Py_tss_t

o] 4w FxE 2= 79 FHE ‘)rE‘rLHU% o= s TLS 7o et 22k &= glen, 719
2713 4 E el = W F 227 stk ol FxAd = 7 WH 7t 8 %HD}.

Py_LIMITED_API7} B )= 2] ¢k2 ull, Py tss_NEEDS INITE o] §2] A=A dto] 3LFH T}
Py_tss_NEEDS_INIT

ol MARE Py tss_t W49 %73} A} (initializer)  EFFH U T} o) W2 2= Py LIMITED_API)
A o= A ekl F2 A Al L.

54

i)

g

Py_LIMITED_APIZ =% 87 25 0] Ao s, WE Ado] 7ao] BRualA Je) B4 2uto] B7b%
3l pry tss_to T4 &,
Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS INITZ Z 7|39 k3 22 A9 7S
wkEhet A 5 A 1 A Al NULLS REER Y ok
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 () toensure 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 F+E59 Wi/ W key= NULLO] otyojof Tk  EF, FoR py tss t7}
PyThread_tss_create ()& z 7] 3 5 A ok ¢k © H, PyThread_tss_set ()3}
PyThread_tss_get ()] &2 25 A 5yt
int PyThread_tss_is_created (Py_fss_t *key)
Part of the Stable ABI since version 3.7. =X Py_tss_t7} PyThread_tss_create () & Z7|3}5]
9.0 00] obd gre wakghh.

int PyThread_tss_create (Py_tss_t *key)

Part of the Stable ABI since version 3.7. TSS 7] Z7]3}ol AZ3tH 0 2k 233t o). key Q1 A7}
12172 gho) by tos NoEDa INITE 2713514 22§ ate] Bel6A ST o) B
227 RiEA e R T2E 5 JlgUth- oln] 273 7)o thal T o7 & A

o SA A Wy D}.

void PyThread_tss_delete (Py_fss_t *key)
Part of the Stable ABI since version 3.7. TSS 7| & At A 8lo] E A =0 A 7]2F FAH ZhS 9 A 31,
718l 2718} JHl & 27315 A ke o2 MA Y- JJrJJ H 7| PyThread_tss_create ()&
A 2788 4 QS UTH o] T4t 2L 7oA MEdor 529 4 - ou s ™
7)ol el T2 e opEd A% akA ekLich

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 3758 S A o] APl 28| =0 A4 (TSS) APIZ A g Y T

B3 o] WAL APIE int® QLA ALE T 4 Gt B0 HolE 5 LS 7] /F 498 EAES
Z] 01'5} A syt ol :}%%% oA, PyThread create_key ()= A3 FE| 2 SA] ¥l3ty o, ¢} £
TLS B4t ol 8l EREANA 5 ob 22l A 57 R2LITh

HollA A5 a2 ZAZ A8l o] W] APIE A ZE=oA AHGsi A= <t HU
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.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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W 3.8 F7F

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preini-
tialized with Py _PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For

example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.

For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler

is registered.

The Py_RunMain () function can be used to write a customized Python program.
Z713}) stol Al o] d W A Ex IR A L.
o Bl

PEP 587 «“3}o]# 7|3} 1£43”.

10.1 Example

)

4 AE] RENA AP = A2 9] Tho] Ao of:

int main(int argc, char **argv)

{

PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {
goto exception;

*/

(th& sl o] A ol A<%)
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(o] A
}

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;

}
PyConfig_Clear (&config);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

A o] A | A Al%)

10.2 PyWideStringList

type PyWideStringList
wchar_t* BX49 g|~E.
length7} 0 ©] o}U |, ifems= NULL©| o} o] ok 3}11 & B9 L2 NULLO| ofu] o] oF gt}
HAE:
PyStatus PyWideStringList _Append (PyWideStringList *list, const wchar_t *item)
item-<- listol] 5= 7FgHU o}
o §48 BEete] W vho 2 & A7 2 7] B3] of g o,

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)

item-<- list2] indexoll 4+ <] g ol
index7} list Z o)Xt 2 AW 2209, item-S listol] 57} (append) 4 t}.
index must be greater than or equal to 0.
o g T &t W ol AP 2713ks) o -
TEA ZE:

Py_ssize_t length
g|l~E o,

wchar_t **items
= =
Bl AE dEE.
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10.3 PyStatus

type PyStatus
2713} o el E A et
oele] A%, el & WE C T ol F2 AFE + sk
TxA =
int exitcode
TR AT . exit () o A2E AL

rlr
4
BN
oX,
o
=2,
v
A
rlr
o
i

const char *err_msg
o 2] wl A1 A].
const char *func
o8] & wE 849] o] 2, NnuLLY 4 UH U Th

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)
ARED T8 ZER oW FEFU
e A 2B g
int PyStatus_Exception (PyStatus status)

AE 7 olEl guzle by’ FRUY7 o, ool E Azl Uk o &

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7k SRR

void Py_ExitStatusException (PyStatm‘ status)

status7} S F 0| exit (exitcode) & EEFU T} status7} o 2 o] A of| &] WA X & A3}
0ol old T8 I =2 FEIFYTh PyStatus_Exceptlon (status) 7}0°] ol d wi Rt &=
aff oF Pk

Fa: YRHo g, go] M2 pystatus. funcE AR o= tle 22 E AHE 8= WH, funcZFNULL

= A48 dHE e He f};#e A8 Th

o

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

(Fh= sl ol Aol A<
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}

(o1 sl o] Al el A A%

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 TR e 2Tk B4

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)
sholfl T4 0% A T4E 278,

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Aeld FAHeR AP FAS 2713t

TEA L=

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): use malloc () 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 sup-
ported if Python is configured using —-without-pymalloc.

v e HelE FEs Al L.

Default: PYMEM_ALLOCATOR_NOT_SET

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.

204
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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
0o] ob ¥, C ZA Dol ZAE wf F7h T8t
Default: —1 in Python config, 0 in isolated config.
int dev_mode
Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_modeto 0,
e Set PyConfig.filesystem _encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.

A= o vk ALE 753U th #ifdef MS_WINDOWS M|AZ & ¢ 54 F=of AL
T AsUn
] .

Default: 0.
int parse_argv
0o] o}UW, Py _PrelInitializeFromArgs ()@} Py PrelnitializeFromBytesArgs ()<
Aukshol o] B F AAHE TR BASHE B 2 YA O R argy A4S T EA T},
Y 2 AAE FEIFAA L.
Default: 1 in Python config, 0 in isolated config.
int use_environment
Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.
int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.
Set to 0 or 1 by the -X ut £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.

10.4.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
* Set the Python memory allocators (PyPreConfig.allocator)
* Configure the LC_CTYPE locale (locale encoding)
* Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
ol & A 2 7] 3ot o4
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A A3 ol A Shol W& AFA 27|35 T
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
preconfig A Aol A shol & AbE 2713k T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)
preconfig A A3 ol A shol W& AFA 27| 3Hg o)
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
S &A= PyStatus_Exception ()3 Py _ExitStatusException () & AF&3Fe] & (Y £5
< A elsoF it
For Python Configuration (PyPreConfig_InitPythonConfig ()),if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator ()& Py Prelnitialize() ©]%o| Py _InitializeFromConfig() ©] &
o] &3t AL A A WrY HAE AXNT 4 dH5 Uttt PyPreConfig.allocator?}
PYMEM_ALLOCATOR_NOT_SETC &2 MAAEW Py Prelnitialize() Ao $&& 4 95U th

Python memory allocation functions like PyMem_ RawMalloc () must not be used before the Python preinitializa-

tion, whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called
before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfigqg);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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10.6 PyConfig

type PyConfig
gholHg 77357 913 h 29 shebn| e E ol F XA
When done, the PyConfig_ Clear () function must be used to release the configuration memory.
FZ2A HAE:
void PyConfig InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
glol= FAYE sir& *config_strZ EAgU )
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (2 rgv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.
PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t
length, wchar_t **items)
Qo= BERE | A E listE length} itemsZ 4 A U T}
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
B gold PAS 95U
olm 2713td A=+ MAHA g5Uh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.109) 4 ¥ 7 : The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argv equals 1.

WA 31194 A7 : PyConfig Read () no longer calculates all paths, and so fields listed un-
der Python Path Configuration may no longer be updated until Py_TnitializeFromConfig ()
is called.
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void PyConfig_Clear (PyConfig *config)
T/ MR E ATt
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-

uration (PyPreConfiqg) in based on the PyConfig. If configuration fields which are in common with
PyPreConfig are tuned, they must be set before calling a PyConig method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig _SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

o] =9 S &A= PyStatus_Exception () FPy_ExitStatusException () & A3}

ol (ol v F5)E A8l oF Pt
TERA L=
PyWideStringList axgv

Command line arguments: sys.argv.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
Default: NULL.
See also the orig_argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0]isequalto L"-m" (python -m module), prepend the current working directory.

* If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.

¢ Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
WA 3119 7

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
sdin B W H Y RER AT,
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —lo command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io. Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

Default: 0.
B A 3.109] &7}

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGE S environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
A 3.119 =7}

wchar_t *check_hash_pycs_mode

Control  the validation Dbehavior of hash-based .pyc files: value of the
——check-hash-based-pycs command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
* L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default™".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

* If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).
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Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] ohulwl, shol 4 7% B = F4 g T,
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.

Default: —1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

0ol of®, T 5 Al A3 A i ZE AA

il

Y,

Set to 1 by the PYTHONDUMPREF'S environment variable.

rln
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y, A2} A] faulthandler.enable () & T&3Ytth
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
* Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,
"ANSI_X3.4-1968" is replaced with "ascii".

See also the filesystem errors member.
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wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by default, or "replace" if
legacy windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

* "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
w29 8 A] 4 Al E.
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.
wchar_t *home
shol W & Tl el E e,
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
00] ohUl W, YEE A7+S m2 3 Fuch
Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment
variable.

Default: 0.
int inspect
~aYE} UYL AP F o8y RER Sojghuct

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . st din does not appear to
be a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable
is non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, O in isolated mode.

int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.

Default: 0.
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int 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.
e Set use_environment to 0.
e Set user_site_directoryto 0: don’t add the user site directory to sys.path.

o u}o]X REPLE 34 = EZ EofA] readlined Y FE A E 7] & readline +A4 S
FABFA = F5U
Set to 1 by the —TI command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use i0.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.
stdout and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
Q=AM ALE 753Ut #ifdef MS_WINDOWS |2 2= A5 54 FX o AL
2 9l th

T AR .

Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats

0°] ob®, F& Al st 4 pymalloc W] 2 2] L Afol th 3t A S B2t
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.
B A 3.99] E7}

WA 3.119] A 7 : This macro is now used on Windows to locate the standard library extension
modules, typically under DLLs. However, for compatibility, note that this value is ignored for any non-
standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env

Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.

Part of the Python Path Configuration input.

PyWideStringList module_search_paths
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intmodule_search_paths_set

Module search paths: sys.path.

If module search_paths_setisequalto 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
Aotd H A3 eE:
 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 list is empty and argv is not a list only containing an empty string,
PyConfig_Read () copies argv into orig_argv before modifying argv (if parse_argv is
non-zero).

See also the a rgv member and the Py GetArgcArgv () function.
Default: empty list.
WA 3.109 7}
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig_Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 3.100 A4 W A: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to O,
suppress these warnings.

Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.
WA 3.119) A ¥ 7 : Now also applies on Windows.
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wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e [fthe WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER___ environment
variable if set.

e Use argv [0] of argv if available and non-empty.

¢ Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

NULL®]®, sys.pycache_prefix+ Nonel & HAFH 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.

wchar_t *run_module

Value of the —-m command line option.
Used by Py_RunMain ().

Default: NULL.
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int show_ref_count

843 A2 A58 FATUMN
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 RES YEXE Y7

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.
path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main ()
if you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_ import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (butsys.stderr
always uses "backslashreplace™" error handler).

If Py _SetStandardStreamEncoding () has been called, use its error and errors arguments if
they are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig. utf8_mode is non-zero, or if the LC_CTYPE lo-
cale is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

0°] o} W, A]ZF Al tracemalloc.start () & T&%c}

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: —1 in Python mode, 0 in isolated mode.
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int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.

intuser_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than O, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.

If greater 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 to the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

warnings 2 E L sys.warnoptionsE d< o7 F7lstUch: wpA Y pyconfig.
warnoptions @& 7bd WA AAE &= warnings.filters® 3 WA FHo] Ut
P g 22

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

intwrite_bytecode

If equal to 0, Python won’t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment vari-
able.

sys.dont_write_bytecode™ write_bytecode? WFAH Lo Z 2 7|3tg Ut
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

A 3904 WA : show_alloc_count EE7F A AS <5t
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10.7 PyConfig& x}-&3 27]3}

sho] g 278} 5He B4
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config 7431 A Fhol M & 27 F LT
S &A= PyStatus_Exception ()3 Py _ExitStatusException () < ARSI o] (B Y £5)
£ A8 oF It
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.

223 olg= AA e o

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) A
goto exception;

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;

(th& sl o] A ol Al<%)
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(o] A o] A | A AL)
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
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)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig (&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.8 Zz" 74

PyPreConfiqg_InitIsolatedConfiqg ()%} PyConfig InitIsolatedConfig() S4E Al2HE
A shol 9 & A2 B 7L BE LT ol 2 S, shol A& S8 =2 1ol L] 3sH7] 91,

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.
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10.9 sho]d 74

L

PyPreConfig_InitPythonConfig ()%} PyConfig_InitPythonConfig () &4+ EWF sto] M A
%Z]'B‘]-“ A 2F Aol H sho] ML Wl =3y 93 AL St}

4
A W59 9 2 AR hol A TS B AL E £ e, Y T4 Wt RAF Lk

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

pyConfigols A2 4L AT o8 D=7 25 of YUt
- A2 74 99

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
- @A A4 gy e: 2 A=E A7) 96
- (PyConfig.program_nameol|A) Z2 W AA 25 7] 1 PATH &7 A
- __PYVENV_LAUNCHER__ 37 ¥

- = £ A 8) HKEY _CURRENT USER £} HKEY _LOCAL_MACHINE 9]
“SoftwarePythonPythonCoreX.YPythonPath” o} & o] Q&= H A 2EEQ S & =23 F=2
(714 XY= gtolx v g U th).

- Az 74 EE 9E:

— 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 explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig _warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

base_prefixlttbase exec_prefix BEZFAAG R koW, 247t prefix® exec_prefix® <
/ﬂ-ﬁ'\_ﬁ‘]-],] q.
- Y .

Py _RunMain ()@} Py Main ()< sys.pathE &3 }:
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e run_filename®o] A AFH 11 __main__.py 2T HEE T3 = r dE g o W,
run_filenames sys.path &ol 7}t

e isolated’F0o]A:
- run_module®] AAHH, A YHAHE sys.path &oll F7HUth A4 tdHE ¢
< 5 oY ol AR 814 grF YT
- run_filename°] AR, 5td B tJAH e E sys.path ¢l F7H

- 237 oW, Wl AL S sys.path ol F7Fy o

K

4

site_import7F 09°] oy W, site B E o] sys.path® FTAHAZT £ IdF Yo
o

user_site_directory’Z} 0°] o}yl /\]-—&X]--/] site-package U] @ E] 8] 7} A3} H, site RE L2
A& Z}9] site-package T & B] 2] & sys.pathol 71Ut}

the3t 2o 24 shelo] AE TA O AHEE UL
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (492 AL)
If a . _pth file is present:
e Set isolatedto 1.
e Set use_environment to 0.
e Set site_import to 0.
e Set safe_pathto 1.
__PYVENV_LAUNCHER__ 3} W= PyConfig.base_executabled AAR3+E= o A L2F YUth

10.11 Py_RunMain()

int Py_RunMain (void)
HEg Eoly FAA AAH W (PyConfig.run_command), 223 HE (PyConfig.
run_filename) B B E (PyConfig. run_module)< A3}

ARAo®, 395 -1 4L STl REPLES AR ch,
vpA vt 2, st Mg To] defol = B exit () B4l AR 4 Uk FE AHE BT

Py RunMain ()& AHEHe]l B4 el BEoA AW £ S A A shol e ol shold AL
R LE

—

we

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Jfol#o] £=A37] A, Al HE = oS PSS Th

See also PyConfig.orig_argv member.
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10.13 oA 2713} v|570 7% 4 API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
* “H 4 (Core)” 27|38} A, “Z 42 32| }o] 2™
- WZY;
- W9l

- UA3 =2 & 25 (frozen modules);

[l

" oys REFEROTE SR Rl sra-pacns R SAHA HIT
. “Z(Maln) 7] J].O]AH O] Q—Z{B‘] 17]:9:}’%141;]'

i‘l
f‘“

- importlibE 4
Z

pe
=
- A% THe AgIITh

A X
4= Jﬂq—(oﬂ :sys.stdoutd} sys.pathE WU T}H);
- faulthandler®} tracemalloc_ﬂ]- ZHe ME A 7158 A5

=
- oo
] 37 74 A AP

e PyConfig._init_main:ifsetto 0, Py InitializeFromConfig () stops atthe “Core” initializa-
tion phase.

e PyConfig._isolated_interpreter: 00] ofyW, AT, A H T2 M2 W ZIE 583}

[e)
FEUTh
PyStatus _Py_InitializeMain (void)

“Z7 278 BA R o) 5o, Fho W 27518 Sa g

“s 4" DA AL o} 2 A BEE JRE 517 T import1ib BE0| FAHA FHUth: Aw 74S
“z A AL AU A2 1AL AR AL 2 A7) 8 shol Mo A Tol WL AL
B 5 9om, g2 B9 sys.meta_path U EH (importer) U} YZE T 52 AN T 5 dch
a4 A o) ol A o Mol shol Mol A A AL AT 5 QA D 5 AL, o] A o] PEP 4329]
57 % U

A GAT A E B A FRFUT: o] DANA FAS AT 5 1AL, F o] L A] ekotof
StEAl = oF AR A kU th API= Hlg /o] A FA A Q1 Aoz AP Yth: A 2% 5 7] APL7}
AAE ) 7HA] AAEA APLE A FAULAALD 5 5

<37 2 7] 81 A Abel ol A shold ZEE A3 st Al

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);

(Th= ol Al ol A<
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/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_TInitializeMain
"file=sys.stderr)");

if (res < 0) {

exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

(o] A | o] A el A Al)

1 n
4
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cHAPTER 11

111 718

glol W o] W e Belos RE slo] A SHsl+= v F 7] ¢ (private heap) =
it o] Hl+7H e Hel= ol X UﬂEﬂl %312}01]94‘311‘41 Ao 72 o]Fo] Ut} Fho] A v

A A= T AIHE 3L A S =S 22 54 & EW #e] ] ohst SHE A 85t
N2 TE T8 848 7HA L s

PR FFE A, GA HEE T &
shol ¥ A Hlo|H & XVH‘SM o T2 F7kel A=A FAF YT A uﬂEal Q%XH ofl, o1 & 7H«l
AAE A7 22 JollA ZEstn ZF A G2 Sl e a3 v R e

th el S S, JALD}E‘ AEHX] %LA} T % %

ol o
§ 5
rlr
o
o2
)
2
O
=)
td
ACh
£
Ach
2
1o
ox
M:
,4
g
2
E
% ol
=
o
é

G Aol Al %%‘ } A| e, ?Z}ﬂ alE ) fel AA
EJrOM‘i g )= A L E 2pA ol of ol 3= 1,

A8 A
e g 70z 22T, AT AR 5 girhe 2

AR e )R W R E A3 T BB o] A LT Tho] A/C APL G4 E 53] 5ol 4 v ]
#re)Ae] 8 ol weh Sag Uy,

ml &2 2] &2 98t 2 A Ak C ol B 2o A WE 5 o V‘q A o el A3y sEA]
ok olof UL\%D]— malloc (), calloc(), realloc() @ free(). 2 A sttp, M2 ¢} 2 L2 E5ES
Tt ok ol ZEst7] w2 oll, C A} 9fo] 2 v &2 %E] A 7ho] £ 52 0] WA o] X7
o A34E ZehgrUch Teiuh, b A 2ol A BA 0 C eholHelel FukAE ALgshol B R e

222 das) FFan A+ AU

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
free(buf); /* malloc'ed */
return res;

J

o] o A, 10 7ol T2 W 2 2] 24 C 2holmeje) ekatol ofa) A2 BTk shol W W22 B
A A ek £ kol £ AAle] el vk ol g ok
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

o] ®7]:
PYTHONMALLOC 37 W45 ARg-3to] spo] o M ARg-8h= Wl B 2] &2 #4484 olsyth

PYTHONMALLOCSTATS 37 W= A - pymalloc 2} A| o}#| L} (arena) 7} ©H5o] & wjujc} 28| £ 8
Al pymalloc | 2 2] & F2Le] B A& A4 st= o] A2 5= 5 Ut

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at sere. 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:

e Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
to the system.

e “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 ().

11.3 Y] W2 eE]H ol A
T AT 2" FFA R A Ut 027 Foe 2= FAA A, GLE FAT Dot

The default raw memory allocator uses the following functions: malloc (), calloc(), realloc() and
free();callmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

WA 3.400 =71
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.

OHlo|EE @ 33} 758 H PyMem_RawMalloc (1) ©] thAl &% AXH 7F53hH 1-83NULL
o] ofd =AHE W&AFUTh W R = o]F A o2 E 2735 A gFUTh
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void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

0719 84U 0HlolE 379 845 8
753 -3k NuLLe] ol EQEE
B A 3.50] &7}

void *PyMem_RawRealloc (void *p, size_t n)
p7h AR M) B5e 27 nute| =R 2R WSS ol AR Az e 2719 HE g
Wl A= WA A o
p7FNULLO| ¥, &2 PyMem_RawMalloc (n) 3 55Utk nol 07 2o, W2 BEE2 37
T 2 RZH AR S AH A = gk, v 291 Ei NULL®] o}bd U th
p 7} NULL ©] o} U 3}, PyMem RawMalloc (), PyMem_RawRealloc() K &
PyMem_RawCalloc () o] tlgt o] A s &0 o] 3] vtstH Zlo]ofof gt}
8ol A, PyMem_RawRealloc ()& NULLS BH8batal p= o) A W2 g o Ao o3t &3
ZAHEZ FAFH YT

void PyMem_RawFree (void *p)

p7t 7HE1 7= W2 e EEE AT YTt pEeE PyMem RawMalloc (), PyMem RawRealloc ()
X PyMem RawCalloc()o] thdh o] T2 WgE ZAojojof Ytk 2122 GAY
PyMem_RawFree (p) 7t ¥A T &5 S0 H, B 5 #] o4& F2to] dojdyth

p7HNULLOI®, ob . A= 535 4] b5k,

—l—l

A3l pyMem_RawCalloc (1, 1)°] Al &&4E 7
=]

312 gh o)

11.4 w2 g] Qg 5 o] 2

lo
oft
L
ftfo
R
o2
ot
v
o
ot
)
ot
i)
=

ANSI C &0 e} 2d g de]upou].o] %ﬁ‘h‘gwﬂ
Ao A W 2g & &Fata siA st o AR 4 S5yt

=
718 v 2 2] G A= pymalloc W & 2] SRS AFE-SHU T}

IL

A o] T

s

A8 w s GILE F A o Fy o,

WA 3.6004 WA 7|2 @G A= o)Al A2’ malloc () THAl pymalloc 9 U T

void *PyMem_Malloc (size_tn)
Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.
0o EE 8 33 PyMem_Malloc (1) o] 4l &% ZAAE 753 A3k NULLe] ofd X
AHE iUt R el ol Aoz & 27|35 A g5 th

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
ZEeros.

07 S 41} 0HFo]E 3 7]9] 848 8438 PyMen_Calloc (1, 1)°] A 323 AAEY 715
3h@ A3 3FNULLO] obd 2 QIE & Nk th
WA 3500 7}

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL. p7} 7}2] 7] &= o
MEE Z719 45 ollMe qAE A o

11.4. W x2a Qo)A 225



The Python/C API, ¥2]~3.11.8

p7FNULL®e| ¥, %2 PyMem_Malloc (n) 4 %

Ut 2R i nol 07} 2o, Wre B
29 27)= 24F AR SAE A= ekom, = NoL

s

2 A8 £ NoLLe] oby U T
p7FNULLo] o} 3, PyMem Malloc (), PyMem_Realloc () =+ PyMem Calloc ()°l )3k o] A
T =] vkkgt Zl o] of oF Yt
23 o] Asjstd, PyMem Realloc ()& NULLS ¥HEHaLI pi= o] A w2 2] ¢ o oj
SEER TN

void PyMem_Free (void *p)
Part of the Stable ABL p7]— 7t 7l MRy E52 5 1]@-141‘/]— _p< PyMem _Malloc(),

5 .

3k 3

H

<t
Ho
ko

A SFA PyMem_ Free ( p) 7t N TEH oW FoH A %8 5’%‘01 dojdyth
p7FNULLO| |, o} 2 AT 3= 2] ek Tth
B9 9191 0251 22 8 A% 22 AT TVPE] BECHE Lhehulol S9I5H14 2.
PyMem_New (TYPE, n)

Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize (p, TYPE, n)

Same as PyMem_Realloc (), butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
apointer cast to TYPE *. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

)AL C AR AR YT pis B4 A A B ol A ) vime) £ 4L 78
o0 pol el e B4 2
void PyMem_Del (void *p)
PyMem_Free ()2 Z5Uth
4, 0] 9 C ALY N8R 9431, Shol W R Y HYAE 47 T2
Aol AU 22, ol5< ARESHE Fold S 2
oFobA] 34 wE ol 4 i A5 9l o,

e PyMem_MALLOC (size)

) Loz
g o] 545 7|

i fo

e PyMem_NEW (type, size)

¢ PyMem_ REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.5 7)) 2=}

2y
i)
rlo
o
-
rx

ANSIC o] et a9 SOl g 29U Mol e AT e B
i S Al sk o] AL E 5 AUtk

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 ¥ 2] Z3AE AHSEUTH

A: o] $4E S Y wE GLE fAM ok T Th
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void *PyObject_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.

0Hlo]ES 2 J38tH PyObject_Malloc (1) o] thAl &4 AX & 7Heshd A3 nULLo] ofd

EAHE YT W22 oW o2 E 27515 A syt

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.
070 &4 0ulo|E 3719 845 @33 PyObject_Calloc (1, 1)°] thil &9
7hs st A3 NULL o] obd 2 HE W
HZA 3.5 F7%

void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL. p7} 7}e] 7| = W28 EE2 F7]|EnvlolEEZ Z2AHTYLE Y& 0
MEE 2719 H53k ol A= A= A E’%G‘%E‘r-
p7FNULLO| W, £&-2 PyObject_Malloc (n) 3 5 FUth 182 il no] 03 22
E59 27+ 2ZFHA v A A] ¢k, v Q1 E = NULLo| obgd T
p7F NULL o] oF4d 3 PyObject_Malloc (), PyObject_Realloc()

PyObject_Calloc ()o] T3t o] A T &0 &) w3te 2 o] o] of Futh

2
QAo A Y, Pyobject Realloc ()& NULLS BHSLaL pi= o] A W2 2] g oo B3t
ZAdEE FAFH YT

void PyObject_Free (void *p)

2AA

o

rzi
i

[
i

A
rr

&t

Part of the Stable ABL p7} 7}2]7]= Wl B2 £52 siA gtk o] 52 pyobject Malloc (),

PyObject_Realloc () B+ PyObject_Calloc()ol] thdl o] A S &0l o3& v3d A

o] o] o

gyt 28] AU Pyobject_Free (p) 7} o] Aol 25 Qo Fol s A S 52 bo] dojyt
Uk,
p7FNULLO| |, o} 2+ & 3w 2] ek Th,
11.6 7|2 v me gt
7]E v 22 At
-7 ol PyMem_RawMallc PyMem_Malloc ~ PyOb-
ject_Malloc
gy e "pymalloc" malloc pymalloc pymalloc
gy d= "oymalloc_debuc malloc + Y¥ pymalloc + Y pymalloc + T
a W1 W1
pymalloc g}+= w2  "malloc" malloc malloc malloc
-
pymalloc §4+= TJH I "malloc_debug" malloc + TJ¥ malloc + Y¥ malloc + Y H
1A=, a a I
e

¢ Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions: malloc (),calloc (), realloc ()

and free ().

e pymalloc: pymalloc memory allocator.

11.6. 7|12 mime &gzt
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e “+ debug”: with debug hooks on the Python memory allocators.

* “Debug build”: Python build in debug mode.

11.7 w2 e] At AHg A} % <]

WA 3400 =7}
type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

3= o

void *ctx A AR QAAZE ALGE AL A
2E

void* malloc (void *ctx, size_t size) W2 B2 skt

void* calloc(void *ctx, size_t nelem, 02 27|l HEE EE5S T3

size_t elsize) g hss

void* realloc (void *ctx, void *ptr, Hr2g EE52 a3 A IV %

size t new_size) Ayt

void free (void *ctx, void *ptr) W2z 252 ATt

B A 3.50 A ¥ 7: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

type PyMemAllocatorDomain
Tt 2w 1S A E e o AFEE = @AY, =
PYMEM_DOMAIN_RAW
EigeR
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM_DOMAIN_MEM
o
* PyMem Malloc(),
* PyMem Realloc()
* PyMem_Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
LI
* PyObject_Malloc ()
* PyObject_Realloc ()
e PyObject_Calloc/()
* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
A8E =H e WEE &5 EYAE 7HA S U
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
Q" = mre B5 @IFAE AT
A EHAE 0uo| 28 8 YT W LH B NULLE] ofd N E vheks] of o}
For the PYMEM _DOMAIN_ RAW domain, the allocator must be thread-safe: the GIL is not held when the

allocator is called.

AN G272 Fo] ol H (o] A @FAE S E A O W), PyMem SetupDebugHooks () 85
A %]

230 A FGR S0l T2 B2 thal A X s of Pt

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A3: 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 () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

void PyMem_SetupDebugHooks (void)
Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preini-
tialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release
mode (ex: PYTHONMALLOC=debug).

The PyMem SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A AT 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_DOMATN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMATIN_MEM (ex: PyMem Malloc ()) domains are called.

of g7} WA s, tyW 1 F2 tracemalloc BRES AME 3] vl R E5 0] dH 32| E o]
7FAHF Ytk tracemalloc©] o] W2 g EF-& F 4 Fo|il H R %%0 FHRE u E7

o] A1 U Th.

Let S = sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1:j] means
the slice of bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs
from a Python slice):

[> 1=
12 o
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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.

pl[—-sS+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
p[O:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

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 3.6090 4 H7A: The PyMem_SetupDebugHooks () function now also works on Python compiled in re-
lease mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMATIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

H A 3.89) A4 ¥ 7 : Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and O0xFD to use the same values than Win-
dows CRT debug malloc () 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 PYMEM DOMAIN_MEM (ex: PyMem_Malloc ()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ()) domains.

obelut Bt the B2 AS U TH
e VirtualAlloc () and VirtualFree () on Windows,

e mmap () and munmap () if available,
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e I8 A oW 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).

11.9.1 pymalloc o}#| v} &=} A}-8-2F A 2]

B A 3.40] 7}
type PyObjectArenaAllocator
obdl vt FPAE 71 $ 3 vl g & T2A. o] FRA L Al e BETL dh:

I o)

void *otx 2 A ARtz AL A S A A A
1=

void* alloc(void *ctx, size_t size) size H}o] E 9] o} & & Fght}

void free(void *ctx, void *ptr, size_t ot =& A g

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
obeln} BAE A4,
void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obel vt gAHE 44 e,

11.10 tracemalloc C API

H A 3.70] F71.
int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BEIA dFE 2 E5& F2 3

“**ﬁo%%ﬂ¢ﬂﬂﬂﬂmﬁﬂ@$=%ﬂﬂaﬂaaw 2lg dgetA s Uth -1
2 g3t o} tracemalloc o] H| A 3lE Qo -2 & wlgkahu o).

Wel B3o) olv) 3457, /18 242 AT

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc RENN SGH W2 822 22 A GUch EFo] 257 god o}E A%
ShA] ek Ut

tracemalloc ©] H] & A3} = Qlo™ 28 w3kt , T8 A ko 02 wh3kghy o}

nJ[o

_IZ'L

11.11 4

g h e AAA uhe o AU Th VO Wl 7k 3 WA B4 WS ALg el shol A FolA TP
== ohA] B4 AU
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) ;
(Th sl o] A ol Al
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(o] A o] A | A AL)
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

B A AR ABIE T TEQUTh

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

J

99 F AR o)A, W= Fg 2 AT S5 BB B3 2P0l HAFHUA L. WA, A=
UE GRS EFT NP0 HAE FISES, oA v e] BEo] 3] 22 v we) APIS U E
Agete AL DAY, the TE AL E TR olel 7} o™, 1% shibe A= thE FolA
AF S F /10 e FFAE EFE] w2l AW A (faw) 202 EAH Y

L)

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 ().

OJAE2 CEMER AA & Aot F+ASE Aol i th Foll A dd Adyrh
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A7 7@ A9

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

121 ol AA Gs17)

PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.
PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If fype indicates that the object participates in the cyclic
garbage detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.
PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ©] A2 PyObject_Init ()7} $383= &2
S sdstar, 7Hi 27 Ao o] R E 273t
PyObject_New (TYPE, typeobj)

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The caller will
own the only reference to the object (i.e. its reference count will be one). The size of the memory allocation
is determined from the tp_basicsize field of the type object.

rr

PyObject_NewVar (TYPE, typeobj, size)

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp itemsize
field of fypeobj. This is useful for implementing objects like tuples, which are able to determine their size at
construction time. Embedding the array of fields into the same allocation decreases the number of allocations,
improving the memory management efficiency.

void PyObject_Del (void *op)

Releases memory allocated to an object using PyObject_New or PyOb ject_NewVar. This is normally
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called from the tp_dealloc handler specified in the object’s type. The fields of the object should not be
accessed after this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
gto] Ao A None & & =25 = AA. o] AA|o st ZAE E F7l% = Py_None AR E AHE
3 A} oA 2l of gLtk

o] ®7]:
PyModule_Create()
g4 nES aoay BE U}

12.2 Z& A 2 A

shol o] AR § ool ALGE & B TEA 7L D Th o] AMol A o] 3k T A % AL Pl
v = ol .

12.21 7|2 AA 3 nja =z

5E st ARE FIH O AR vme] BAY Ao AL o] BEE FHPUD ol 5L
EE Ao R,

PyObject$} PyVarobject YO 2 FAIH ), Th& EE Jho| 1 AH| 2] 7 2] oA, 2]
AHeE = 9B mja 7 42 B Ao HUTh
type PyObject
Part of the Limited APL (Only some members are part of the stable ABI.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In
a normal “release” build, it contains only the object’s reference count and a pointer to the corresponding type

object. Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be cast to a
PyObject*. Access to the members must be done by using the macros Py_ REFCNT and Py_ TYPE.

type PyVarObject

Part of the Limited APL (Only some members are part of the stable ABI.) This is an extension of PyObject
that adds the ob_ s1i ze field. This is only used for objects that have some notion of length. This type does not
often appear in the Python/C API. Access to the members must be done by using the macros Py REFCNT,
Py_TYPE,and Py_SIZE.

PyObject_HEAD
Zo| 7} W3R = AAE Y= M2 FS A A uf] A5 &= v 2 2 Yt} PyObject_ HEAD
LA =S 7‘01 Fg U

[PyObject ob_base;

9 pyobject AHAE FERIFAA L.
PyObject_VAR_HEAD

Axdzuiet ol 7k o2 AXE bt AE F& AAF ) A5 & w22 Y1t PyOb-
ject_VAR_HEAD "} 2 2 = th-&-3} 2o] 813 Ut

[PyVarObject ob_base;

9] pyvarobject AYAE FRIAIA L.

int Py_ Is (PyObject *x, PyObject *y)
Fart of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is y in Python.
B A 3.100] &7}
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int Py_IsNone (PyObject *x)
Fart of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None
in Python.

WA 3.109) F7}

int Py_IsTrue (PyObject *x)

Part of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True
in Python.

WA 3.109] 71
int Py_IsFalse (PyObject *X)

Part of the Stable ABI since version 3.10. Test if an object is the False singleton, the sameas x is False
in Python.

HA 3.109 7}
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

WA 311904 W7 : Py_TYPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)

A 02] & o] typeo] ™ 00] o d Zr2 WUl 298 X] ko 02 W3 th Py_TYPE (0) ==
typed TS YT

WA 3.9 7}
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
AA 09] B2 ypeo 2 ATt
B A 3.9 F7}.
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py_SET _REFCNT () function to set an object reference count.
WA 3.119 A ¥ 7 : The parameter type is no longer const PyObject*.
WA 3.1090 A "7 : Py_REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
AA o8] FZ A5 refent 2 A FTh
WA 3.9 7}
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 31104 WA : Py_STZE () is changed to an inline static function. The parameter type is no longer
const PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AR 0] A7) E sizeR ARk

WA 390 =7}

o
N
o4
of
i
2
44
N
2
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PyObject_HEAD_INIT (type)
)AL MER Pyobject B 2713} oz dAHE azYYrh o] Wiaz e o g 2%
HUch:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for anew PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

1222 g ux= 73

type PyCFunction

Fart of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this
type take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception
shall have been set. If not NULL, the return value is interpreted as the return value of the function as exposed
in Python. The function must return a new reference.

g AP g3 2ednh

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Fart 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)

WA 3.90] 7}
type PyMethodDef
Part of the Stable ABI (including all members). -7& o] M A =& 7)|&3lE o] AF2E = £Z 4. 9]
TFZ2Al= vl he] BETF A5 U
const char *ml_name
Name of the method.

l

PyCFunction ml1_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_methisa C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

ge2e 35 740 dayth
METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject* values. The first one is the self object for methods; for module functions, it is the module

object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () of PyArg _UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH_VARARGS | METH _KEYWORDS,
METH _FASTCALL | METH _KEYWORDS and METH_METHOD | METH FASTCALL | METH_KEYWORDS.

METH_VARARGS | METH_KEYWORDS
old] 3t Z 17t Q= WA EE PycFunctionWithKeywords B o] o] of 6‘1’1/]13]- o] &4
= A MY w A ,_—’,\—E Z1Ng Ut} self, args, kwargs. o 7] A kwargs— 2E 719 E A
o B o AL ANE A7 fed nid & gtk WA Hes dAos

PyArg ParseTupleAndKeywords ()& AH-&3to] 2 2] 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 PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

A 3.70] &7}
WA 3.109 4 *H 73 : METH_FASTCALL is now part of the stable ABI.

METH _FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the

12.2.
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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.

W 3.7 F7}
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 X pycMethod B olojok 3t=t], self F ol defining class QA7 714
METH_FASTCALL | METH_KEYWORDS2} 75Ut

WA 3909 27}

METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to
prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject* parameter representing the single argument.

o) ¥ A4 BE 742 U s o A5 A ek 2o 0] A9 9 A8 S w ukel 52 LheRy
Urh 25 A E F5ols AT 4 Gtk o3 Fe 15 Hoh e Foid WA = o3
84T 5 vt

METH_CLASS
HAER Fol a7t obd & A7 A AA w7} 42 ADdgUth classmethod () W
B8 ST T TS AL AT AR Feh 2 WA S (class methods) & ¥ B A+ U T}
METH_STATIC
A =R o] Ada"A7tobd NULLe] A WA w7 M2 AEH Yt staticmethod () WA
348 183wl BEol A= AT FAVEE A A vl A (staric methods) & W= = v AHEE U T,
shie) 02 g4 2L A E o] 22 747 the Ao dAl WA =7} 2 EH =X & Aol ),
METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in

place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

7&}

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.
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© B7):

function._ _module_

The cls parameter will be passed as the defining class argument to the C function. Must be set if

METH_METHODissetonml->ml_flags.
WA 399 7}
PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
Part of the Stable ABL. Equivalent to PyCMethod_New (ml,

Return value: New reference. self,

module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (m1,
self, NULL, NULL).

1223 S P9 o] ERHE JA| &

type PyMemberDef

Part of the Stable ABI (including all members). C 7-Z A Ww] o] 3] Fsl= o o] ETHEE 7|&5t=

TEA. BEL b 25U

e Ccd v
name const char ¥ W1 o] o] =
type int C 7ZAol A= ¥
offset Py ssize t W7} 2 zﬂ T2A Oﬂ QA 3= vpol E DP—.% ol = A
flags int JE7} Q1 7] AL QA 2 7] 7}=3 A= e ZyY1nE
doc const char * HAEFO Y& 7ttt
typed T C ol slgahe Be T_vlaE 3 shid 4 A5tk W7} shol el A oA 4
D), 553 st W Yoz WEF L)
EEERSE! cd
T _SHORT short
T_INT int
T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char
T _BYTE char
T_UBYTE unsigned char
T _UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL char
T_LONGLONG long long
T_ULONGLONG unsigned long long
T _PYSSIZET Py_ssize_t

W 7FNULLY W] T_OBJECT+= None2 WI3lsl1l T_OBJECT_EX+ AttributeErrors

24 A

Z1th= Ao A T 0BJECTS} T _OBJECT EX7F thEUth T OBJECT EX7} T OBJECTH T} &l &

12.2. 335 A FZA| 239
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o]E]HE thd del # AR S T 2HIEA X2 S2 8, T_OBJECTH T} T_OBJECT_EXE A&

14 2.

flagse 227|192} 81 7] A AE Sa 00l ALt ¢17] A8 HAA~E 9l READONLY & 4~ 5 U T
type©ol] T_STRINGS A& 3IT}= A2 READONLYS %f;h%\:‘r T_STRING t| o] €] &= UTF-8 & | A
=HuUrth T_0OBJECTS} T OBJECT _EX W ARAE 4 S5 Yt (NULLE A AP Y.

3] &938 (PyType_FromSpec () oY FAFSE A& AFR31o] WHE 0] F), PyMemberDef+ & 214
9] tp_dictoffset, tp_weaklistoffset 2l tp_vectorcall offseto] | Fol= E4 4y
__dictoffset , weaklistoffset 2  vectorcalloffset o th3 AHE £33

4 Q5 YUtk T_PYSSIZET¥ READONLYE A 2|8 of gt} o & &

static PyMemberDef spam_type_members[] = {
{"__dictoffset__", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (including all members). ol 3t Z 2 HE] 2L INAE A= FZA.
PyTypeObject.tp_getset EFo 3 AH T ZIZRIAA]L
d= C3 vl
name constchar O©]EZHE o] &
*
get getter C function to get the attribute
set setter JEZHEE HAAJAY AASE AHH C I, A H JEHREE
9)7] A&SIvich
doc constchar AEHA =A~EZ
*
clo- void * optional user data pointer, providing additional data for getter and setter
sure

The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated
closure):

[typedef PyObject * (*getter) (PyObject *, wvoid *); }

gt Al x2S wrehetar, Asistd A4 A o 9] 9 97 NULL& bS] of gt

set functions take two PyOb ject* parameters (the instance and the value to be set) and a user data pointer
(the associated closure):

[typedef int (*setter) (PyObject *, PyObject *, wvoid *); }

= HEES AAN S A9 F WA v W NI U th AEEE 02, A3

o 9] 9} BHA -1 WrEHa of .

L)
o
n}

S
o,
i}
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12.3 3 AA

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions,

but do not offer much that’s

interesting to most Python applications. These objects are fundamental to how objects

behave, so they are very important to the interpreter itself and to any extension module that implements new types.

R A o R EEY R AT FUD 20172 o)k 2 Y AR BL S0 e AR

Boly|, & C 34 2 olgo|1 2+ g9 75 =

ﬂc34w4~qﬁuq-aﬁ%%

the ol ek & o, of 4]

“tp _g_%”

Aol A tebt=

o HHO
e HES

Tk

AR d¥g Yk
& pyTypeObject] & u| 2} Abg-of T3t &

-

e AF T

o] Al A = & AA

PyTypeObject &%/ 77 1 & N PEEEEERs 4
EPagc 242,2
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 * MNBE E&F %
tp_repr reprfunc repr X X X
tp_as_number PyNumberMethods * ANBE E&F %
tp_as_sequence PySequenceMethods * AB E&F )
tp_as_mapping PyMappingMethods * IS %0
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 2
tp_doc const char * __doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _It ,_le , _eq ,_ne , X G
g, _ge
tp_weaklistoffset Py ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc __next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrget func __get X
tp_descr_set descrset func __set_ ., delete_ X
tp_dictoffset Py ssize_t X ?

g STel Aol A%
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PyTypeObject & e 2421 B EL A E/EZRE |
H
CT I

tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases__

<tp_mro> PyObject * __mro__

[tp_cache] PyObject *

[tp_subclasses] PyObject * __subclasses__

[tp_weaklist] PyObject *

(tp_del) destructor

[tp_version_tag] unsigned int

tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
IR

3 3 . R

am_await unaryfunc __await__

am_aiter unaryfunc __aiter__

am_anext unaryfunc __anext__

am_send sendfunc

nb_add binaryfunc _add___ _radd__
nb_inplace_add binaryfunc __dadd__

nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__

nb_multiply binaryfunc ~_mul  rmul
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__

' (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.

<R> (as a prefix) means the field is required (must be non-NULL).

2.
= .

“0”: seton PyBaseObject_Type

“T”: seton PyType_Type

“p”- 7]%%}: ({j_—\%o] NULLEZ A" 751—?_)

X — PyType_Ready sets this value if it is NULL

~ — PyType_Ready always sets this wvalue

T 3l o] A of] Al %

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column (

b

o°

o Q)

“r- /E}'/J:T

"I") .

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
see the slot's description

- it's complicated;

see the slot's description

AR sFe AW ojmelHE 23 AL Bol A0 L Fol FI A L.

2
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% 3 =5 wAE
nb_divmod binaryfunc __divmod__ __ rdiv-
mod___
nb_power ternaryfunc __poOw__ __ 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___
sq_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem__
sSqg_ass_item ssizeobjargproc __setitem___

_ delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc __jadd__
sqg_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf _releasebuffer

getbufferproc()

releasebufferproc ()

12.3. & A
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£ 5 typedef

typedef vl 7] H 3 Ll
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
- - PyOb ¥
12.3. 3§ 7 reRJec 245
PyObject *
hashfunc PyObject * Py_hash_t
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12.3.2 PyTypeObject # 2]

PyTypeObject® FZA] 2+ Include/object . hollA] Zr& 7 Jl5UTH X A& 95, th2ol
S E=l R =

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

(th= ol Al ol A<
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/* 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;
} PyTypeObject;

12.3.3 PyObject &%

The type object structure extends the Py VarOb ject structure. The ob_ s i ze field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_1itemsize, which means that its instances (i.e. type objects) must have the ob_ s i ze field.

Py _ssize_ t PyObject .ob_refecnt
Part of the Stable ABIL This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects whose ob_ t ype points back to the type) do not count as references. But for dynamically allocated type
objects, the instances do count as references.

AS
o] BE+ A B ol o A&LE A k5T

PyTypeObject *PyObject .ob_type
Part of the Stable ABL. ©] A2 & 9] &, = €} & (metatype) @ YT} PyObject_ HEAD_INIT W32
2o )3 Q1412 2715 0, 32 WA 02 spyType_Type©]olof & T, e, (ol %)
AL gl M A hsHokste R0 BE sbedl 94 R 5] A%, Andelt fET 27
3127} o} Bl B s o). w}aw T2 L NULLS PyObject_HEAD_INIT W22 2 A3},
o2 Z‘%‘ = T3 5t7] Aol R 273} T A/ Zo A BEE HAH SR 2736+ A YUt
ol 7S AA o7 g3 o] APtk

[Foo_Type.ob_type = &PyType_Type;

J

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. Py Type_Ready () will not change
this field if it is non-zero.
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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 a/l 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.

As

o] =t A8 Fol g F45 A Gk

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] 2EE= M E ol o3l FEH A stk

12.3.5 PyTypeObject &=

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to
NULL then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_ Type effectively act as defaults.)

const char *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 O in package
P should have the tp_name initializer "P.Q .M. T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key ' __module__ .

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is
made accessible as the __module__ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

Aol glow, AA tp_name BEE _ name_ JEZHEZ AN~ =901, module_
01—1’/]%2% A=A FFUTH (R ANA g U E, gAYl YAl FHoz "‘:i‘-zéﬂ 2] k& 3h.
o)A AAHEY & IF T glvhe 2AS ST B3 pydoc S 2 THE BE A A o UL
Al 2 E‘%D}

o] & ‘:hNULLO] ofy ook gtk PyTypeobject () AlA F LA 3t = JUth(FA|A Q1
tp_itemsizeE AL staL).

A%
o] BEL A1 Fo o3 F55 A GHUh
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Py _ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject .tp_itemsize
o] EE A @ A" 20 A7) E Hio| E b9 2 A 5 Sy T

F7HA 7 ol dFUTh A o] A2HA P2 0tp_itemsize BEF ZEaL, 7HA 4 o]
A2EAY Yol =00 ofd tp_itemsize BEZFYFUTH 1 o] A2 A0 Fo AL, BE

B AL tp basicsizeZ ARATHE L 3715 Z5 YT

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the “length” of the object. The value of
N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative
ob_ s1izetoindicate 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_ si ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

7d & (alignment) of] &+ F 12 AR 7k o] o 57 Ao -éﬁ‘é‘]-‘?ﬂ, tp_basicsize 3
oA e Fojok st o: o] double HIEE 3= FS 7IATAT tp_ ltem51ze—
sizeof (double) YUYt} tp_basicsizeZ} sizeof (double) 9 HH—,—ﬂ-ﬂ_]_—, St Ale =z
W] HA Utk (o] Ao doubled] FE & Aol tal 7FA FU Th.
7H do] A2’ A7 Q= BE F 9] 49, o] @E+=NULLO] ofyofoF gt
A%
o] BEE AN Wl oo W e A% H T Wol 280 00] opd tp_itensizert Ao, 2
W80 A B QoA tp itomsizoB HE 00] obd goz A4S AL AskA ggTt
(W ol 2 o] 7@ o] wel b2 7le g,
destructor PyTypeObject .tp_dealloc
Sl A"~ uh3) X (destructor) T=of] t 8t 2 91 H. (A FE Noned}Ellipsis®] AFAH) &
A2k B AT A BE R BAA FE F, o] §oE A Aok FLITh. B4 A

2k

2}

[0

o] s

o}

o

rlo

[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 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 t p_ 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
reference to its type object (via Py_ DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

12.3. & A 249



The Python/C API, ¥2]~3.11.8

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

A%

o EEAu Yoz 4&PUrh

Py_ssize_t PyTypeObject .tp_vectorcall_offset

PAet tp_calld ¥ &4 9l okl M E F (vectorcall) = Z EZEE AFE3lo] AAE TE3=
2e AL ALnB2E Gool e A9 A 2 mAYL T,

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py _TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Py_TPFLAGS_HAVE_VECTORCALLS AR+ BE Frt tp callk AR oF 3L, sl &
2} o] vectorcallfunc T2} Y B= =5 W] of U mp_call& PyVectorcall Call ()& A7

she gk

73 3: It is not recommended for mutable heap types to implement the vectorcall protocol. When a user
sets __call__ in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall
function.

WA 3804 W7 WA 38 o] Holl, o] €39 olF°] tp_print AF U 3ol 2xo A=,
stz Q3 8he B A8 95U Th shel W 30014 37744 &, A8 A skt o,

A

This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALLflagis not always inherited.
If it’s not, then the subclass won’t use vectorcall, except when PyVectorcall Call () isexplicitly called.

This is in particular the case for types without the Py_ TPFLAGS_IMMUTABLETYPE flag set (including
subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr

get-attribute-string H<=of] o gk A &l 4 = Q1 H.

ol A== HAAH AU B2 ull, tp_getattro Tt A A-F3AW, A EHE |52
AZ317] $18 shola EAE A Al C EADL WolEol &= $4E 7hel Aok I T

Az

Group: tp_getattr, tp_getattro

o] BE+ tp_getattroS TA A B Fof o) FEHUTH A B F S A B P9 tp getattrd}
tp_getattroZ} ¥ NULLY W] Wlo]2& oA tp_getattr tp_getattros BF A4

S=N

setattrfunc Py TypeObject .tp_setattr

JEFRE AT AAE 8 4o e AE A EAH,

o] AL AAR YUtk BB W, tp_sctartro F49 2A FFHAE, o ESHE o] 2L
AZ87] S5 shol W BAE A 4l C 2AL S 42 7hel Aok gy

A

Group: tp_setattr, tp_setattro

-|—4 O
2. ok
il
o
rlr
%
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ol tp setattroﬂ- A AB ol o] ALHUTh AR J 2 AB 39 tp setattrd
tpﬁsetattroﬂ— = NULL Y uf w] O]Q‘ﬂ oA tp_setattrI} tp _setattrods BT A<

gt

PyAsyncMethods *PyTypeObject .tp_as_async

CEZoA olglolE B vl 5 7] o] g o8 22 EFS F33t= AA ot A E J= & 233}
=37k P20l o3 AT, A NEL v 5] A7) TS BEFAA L
B A 3.50] F7}: o] Aol = tp_compare} tp_reservedzti 3G Th
As
tp_as_async AEE A&E A AW, 23E dEt e o 2 FSH UL
reprfunc Py TypeObject .tp_repr
W7 &4 repr () & FASHE Foll thek A=A Q0 H.
M8-L pyobject_Repr ()T & UTH
[PyObject *tp_repr (PyObject *self); }
Fos A SUSLE AAE s of FUTh o BHOR, of 4t eval () o] ALD
@ AT DA oA BE S A AN BAAL EADS Mo} U o] A0
oA RO, 1< 2 A FFI > 2 Brhe 2AG L wheka of st o] Ex-elA A7)
&
[

5FA] koW, <%s object at 3p> FA o] EAL o] WP UTE o 7]A 5= F
FLE, spe AAY MR Fa7 ASFH YT

PyNumberMethods *Py TypeObject .tp_as_number
A TREES TARE AA W HAN V=S EFE 77 TRA N LAY, o] EL
ZA AR A oA vy Th
As
tp_as_number DEX A4H A AW, 2E Der AAA o A5R T
PySequenceMethods *PyTypeObject .tp_as_sequence
ANBAAX2ZZEZ S ILHsE AA vt B E e 8 236t 7 L2 A o sk =2 H. o] H =
£ AR AR TEA oA A A ETh
A
tp_as_sequence BEE GHHA AL 238d dE= EAH o FEH U
PyMappingMethods *PyTypeObject .tp_as_mapping
g 22 B FHshe AAw AdE 25 235 F7FFRA | tE 2. o] EE
v =g AA] 2 Aol A A8t
A
tp as mapping BEE 4452 AT, 2E At AEE o g AL,
hashfunc PyTypeObject .tp_hash
U1 B4 hash () B FASHE Faol i A4 2,

MWL pyobject Hash ()& Z5UTh:

[Pyihashft tp_hash (PyObject *);

12.3. & A 251



The Python/C API, ¥2]~3.11.8

1 ghe A MF ho = MBE A shobok FUTh A G AT Bt ol el b s
B4t )92 ARk 12 wHEks of Tk

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

o] FEx RE Fo A HA HWA=Y HHEL ADFHI] 9
PyObject_HashNotImplemented ()& WA Ao g2 HAATL = UdH4Yrh o] A& u}
olW £ F o A2 _ hash_ = None_»]— Zx 3 A A 5 o, isinstance(o,
collections.Hashable) ©] False& *Q—H}E ﬂ] 18k sA Yt wige A9 E uba
ZEA AUt} - stolW =52 Z 2o A __hash__ = NoneS AA3Y tp_ hash < F o]
PyObject_HashNotImplemented ()& A Jth

As
Group: tp_hash, tp_richcompare
o]l =+ tp_richcomparet 87 A B Fof| o) FEH Utk A B B9 tp_richcompares}

tp_ hash7]- EFNULLY o, B 8L tp richcompare®} tp_hashE BT A<&shch

ternaryfunc PyTypeObject .tp_call
A7) £2S TASE Frol te A=A ZoE. A7k 2@ Bo] ohu B nuLLe] o] of Tk,
ML PyObject_Call ()3 ZFUth:

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }

Az
ol AT = XK 3oz A=)

reprfunc Py TypeObject .tp_str
YA At str () S FA3F= kol Ulst AEl A ZOlE. (stri oA Folu, str ()2 1 32 A
RS T ET ol Fo A Q. o] WA A= Pyobiect_sStr() S &3] AA AYS 23351,
PyObject_Str () o] A8 71& Z=Fth)

MWL pyobject Str ()T ZHUTh:

—

[PyObject *tp_str (PyObject *self); }
5t BAGeIY} FUTE AR S WHEH ok FUth BhE A FAAE, print 0§l o9
g8 E- o] 7 Wol, AA ] A5 £ AL EH o] of of Fuirh

As:

] BEE AN Foz JEPUrh

713k

o] =8 MAF A o, By B3-S ut3k3l7] 95 Pyobject Repr()©] T&FUTh

getattrofunc Py TypeObject .tp_getattro
oE B/ E ¢]7] (get-attribute) FH4=ofl o gk A 8] & = H.

MWL Pyobject_GetAttr ()3 245Ut}

[PyObject *tp_getattro (PyObject *self, PyObject *attr); }

EEpP yObject GenericGetAttr ()& AAS= Aol A gt) 24 o] E g
Ao

Group: tp_getattr, tp_getattro

o] = tp getattrd A AE Fo g8 ALEFUT: ME P9 tp getattrﬂr
tp_getattroZ} B NULLY W] A B L2 Ho]Ado A tp_getattrd} tp_getattros

T 453,
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7|2 %k:
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro
olEPHE AT AAZ 93 F5o] e MHA LAH.

MWL pyobject_SetAttr ()T 25U th:

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

E, valie® NULLE 84 5he] o] B2l EE AA S A2 WEA A Qe ok FuTh JuAo
o] =& PyObject_GenericSetAttr ()2 AAd= Ao AelgdUt}, A ojEE|HEE A
Sk GWbA A S FE YT

A

Group: tp_setattr, tp_setattro

o] =& tp Setattr&} A AR Fo g5 FEF Uk AR Y tp_setattrd
tp_setattroZ} RE NULLY W], A B 2 w|o]AFo| A tp_setattrd} tp_setattroE B
= g &3,

7183k

o,

PyBaseObject_Typeuses PyObject_GenericSetAttr ().

PyBufferProcs *Py TypeObject .tp_as_buffer
W% QE o] A% PG Aol AR BES EE 27} P2A ) Ue EAE. o A=
N EELEEE R el
Az
tp_as buffer BEE FEH A AL 299 dE /g oz EF U

unsigned long Py TypeOb ject .tp_£flags
o WE Ty Fol29) vE vhaaq e A Folae 54 4% 0wy o6l e
£ JehyUt oe ABe @Adez 34 = e arel @ A i e o
tp_as_sequence, tp_as_mapping W tp_as_bufferE T3] AZEH = & Zz2A) EA
DEA RATE S ] A8 F T o]l Zel 1 M E7) glom, o] o] B s 3 Aol
A 2 8HA] rotok st thAl 0o U NULL ghs 2= 21 e 2 Zhaf of g th

As:

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

7123k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
H|E upAF:

Th " E upx 37 A4 Zou o] dFUh; o5 | AAE A OR 814 tp flags Y&
o L G F AdFYUY W I ZE PyType_HasFeature ()= F3 22 g pd f& Hst
tpo>tp_flags & £7400] oA Shel g ok

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREF’ed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREF’ed or DECREF’ed).
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Al

7

Py_TPFLAGS_BASETYPE

ol HIEL P& T2 P wo]2ago g AT = S ) AP UTh o] vETL HAFHXA
orom o]l oz AH FL s 2 ¢ Ut} Javal) “final” Z) A b S AFE I T}

A%

9299

Py_TPFLAGS_READY

o] HIE= PyType_Ready () o ool @ AA| 7} & 8] 271342 wf A F
Als:
7

Py_TPFLAGS_READYING

o] M| E+ PyType Ready ()7} & AAE 2735t ¢ AAFF Ut
Al
222

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 <~
3} 7Fu] &) 5= 5] #] . This bit also implies that the GC-related fields tp_traverseand tp_clear
are present in the type object.

A%
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_ GC flag bit is inherited together with the tp_traverseand tp_clear
fields, i.e. if the Py TPFLAGS HAVE_ GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

As:

7?

Py_TPFLAGS_METHOD_DESCRIPTOR

o] H|Ex= AR 7} A A= A ¢&F-L W A = (unbound method) A 3 5 2H3HS vhERH Ut}

o] 227} type (meth) ol A=A

e meth._ _get_ (obj, cls) (*args, **kwds)(obj 7} None o] o} d uj) =
meth (obj, *args, **kwds)2} Z53)oF st}
e meth.__get_ (None, cls) (*args, **kwds)+<=meth(*args, **kwds)F%

3 oF ghuich.

o] Z& 1+ obj.meth () & T2 LREFQJA YA E SEo thst A 3}E 7153HA oot
ob7j.methe] that YA “AZAH W A = (bound method)” A A& TEA] k5 tTh

B A 3.89] E7}
As:

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set. For exten-
sion types, it is inherited whenever tp_descr_get is inherited.
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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] B8 1t PyLong Check () 9 S BN Gol FF A1 ool A& 5 B
83he o] A48 ek 0|88 5 AARe Pyobject Tainstance () % 2E U9 AxuL
WUk B3l A 4&E A A B cp rlagsE A ASA A oF Fuinh, 1A
Show 29 B AE BB SHE TEIFALEE = AAR) o)t A 45 g o,

Py_TPFLAGS_HAVE_FINALIZE
OJH|E& tp_finalize X0 & FRA| 2w} A F Yt
B A 3.40] 7}

WA 3858 E #H A lE =g
e, o] FH 2 v E 8
Py_TPFLAGS_HAVE_VECTORCALL

o) MEL Zolat MHE nerEe PR Y A4F U AAR dES
tp_vectorcall_offsetg FZIIAI L

Al

This bit is inherited for types with the Py TPFLAGS_IMMUTABLETYPE flagset, if tp_call is also
inherited.

WA 3,99 E7}
Py_TPFLAGS_IMMUTABLETYPE

T tp_finalize €X°] @4 @ FxA AvtaL 7H4 517
Al

£
SHA syt

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:
This flag is not inherited.
WA 3.109 =7}
Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new___ key in
the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or §PyBaseObject_Type and
tp_new is NULL.

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).
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ZF31: 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.

WA 3.100] &7}
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

Z3: 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 ®7):
PEP 634 — Structural Pattern Matching: Specification
WA 3.100] 7}
Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject
of a match block. It is automatically set when registering or subclassing collections.abc.
Sequence, and unset when registering collections.abc.Mapping.

Z3: Py TPFLAGS _MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

Al

This flag is inherited by types that do not already set Py_ TPFLAGS_MAPPING.
H H7]:

PEP 634 — Structural Pattern Matching: Specification

WA 3.109 7}

const char *PyTypeObject .tp_doec

o] B AR T3t FAE YL Ao NUL-F 8 CExdol] o gt A e d Z ). o] o
Axd2oN _doc__ o=l RER =2PUrh

Az

ol A= A H Yol ol FEHA FF U

)
ol
o

traverseproc Py TypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

)

shol o] 7h) A 44) A Aol T8 ApA & M A 2 Aha A 54 A el 2 4 AT

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_t raverse function simply calls Py VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
__thread extension module:
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e )
static int

local_traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Py VISTT ()= F& 3o FoAE 5 ol Ao e T 2F ol F 3 Al L. self->key
AW = AA T NULL O] U ko] 2

73 : 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 via the
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 () visite arg W] 7] M7} o] o] &5 AS L+ T} o=
ol EolA A L.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py_ TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated
type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WA 3904 HA: 3 T T2 tp_traverseoA Py_TYPE (self) S WET Aoz 7|t Y
th o] A ¥ 9 spol Mo A=, W L 40217E Ql3l, o] FA & A B Fel oA FEo] BT
21Ut

A

Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

o

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the
flagbit, 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:

[int tp_clear (PyObject *);

tp_clear MW T 7 A =3 7)ol A 2R g 8 7R A o A FxR ¢3S B

th S3ote], AlARS BE tp clear §57F A3ete BE FxR 32 EoloFFUh
n B3t SHilo] M2 oW tp clear §4E #
St E LESIA FULE FE2ETo 2 = HAX 3o
Wb 2 P9 tp_clear FFT U E FES EFS=
a8 AR o, tp clearE FH A Yol &

tp_clear] TAL Tk oA|9 ol ol AA A 5 gl
AA SIS W ol Th e E QN E S NULLE A RS of T

{
o
o, b
>,
ko g

=,

|-

-
o,

em, )
rot 1 o)
i

o Mo

+
rlr
A
1o
g2,
o I
<
0

static int
local_clear (localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
(Chg o] 7] ol A<)
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(o] A o] A | A AL)
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 con-
tained object must not be released (via Py_DECREF () ) until after the pointer to the contained object is set
to NULL. This is because releasing the reference may cause the contained object to become trash, triggering
a chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it’s possible for such code to reference self again, it’s im-
portant that the pointer to the contained object be NULL at that time, so that self knows the contained object
can no longer be used. The Py CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_dealloc is called directly.

tp_clear &9 Bx & Fx <3 =
Aol u} spol il A} 2L % g 3

AANE Aedta, FO tp dealloc&FF7  tp_clearE TEEE ZAA 3= Zlo] AE S 5 9
Zuth

shol o] Zpn| A =5 A Aol th g AAI T A B = Al =5 7ha[ A 4] Aol A Z2E = st
Al

Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_ t raverse and the Py_ TPFLAGS_HAVE_ GC flag bit:

the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject .tp_richcompare

%53k ¥] 2L &4 (rich comparison function) of] T 8t A &1 4 Z €. A2 o33 25Ut}

[Pyobject *tp_richcompare (PyObject *self, PyObject *other, int op);

A AR w7 A== pyTypeobjectol 28] Fol® o] Adxv o] BAgH Yt

ol = AIH (YA S E Py_TrueltPy_False)E WHeal of hujth v 7} o) = o] 9l A]
oW, Py_NotImplementedE WF3alal, T} 2 o 2 7} WA S NULL S ¥HSSla o Q] 2 A&
Aok gieh
o2 A= tp_richcompare?} PyObject_RichCompare ()2 Al A AXZ AL EE A

gyt
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O L

<
Py LT

<=
Py_LE
Py_EQ -

! p—
Py NE

>
Py_GT

>=
Py_GE

FTHRENL T EHAA AT+ A=F 2 a2t g dth:
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
vl A3}l wha}, ol A Py_TruelW Py FalseZ ¥F&gtu . VAL_AS} VAL _BE=C v
AU £HE AL 4 Aol oF FUTHEIE Sof, Cintt}loar) 5 551 Th. Al WA A7h
PyObject_RichCompare ()AAAE S FH A4S XA Yt}
The returned value is a new strong reference.
o 2] 7 A SHA, o 9] & A A sk ol A NULL-& REHgY T
WA 3.7 F7h
As:
Group: tp_hash, tp_richcompare
o] x=tp hash} A A B Foj & A<EH Ut B 9 tp richcompare}tp_hash7}
EFNULLO|H A B & tp richcompare?} tp_hashE A<t}
7183k
PyBaseObject_Type providesa t p_ richcompare implementation, which may be inherited. However,
if only tp_hash is defined, not even the inherited function is used and instances of the type will not be able
to participate in any comparisons.
Py _ssize_t PyTypeObject.tp_weaklistoffset

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.

o BEE tp weaklist e EFFA TN L; TAE P AR AR kA B2 BlaE

dA=dur

Al

o] A== MHE Fof o AL AT ofg] YIdH #3232 FRFAHAL. AH Fo] o] ez A
AP 4 JFUTH ol M B Fo] o) 2P} ThE I3 IR P 2E S| =8 A TS v F
Uth B 2E =t @4 tp weaklistoffsets 53 HAFHEE, ZA 7} H A g5UTh
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539/] _ slots___ /ﬂo‘ioﬂ _weakref_i]—»“f ~
et Fet Fx PAEFHETIHA, EXY Q22 F | tp weaklistoffsetol] A
9 _ slots_ A Ao _ weakref_ & £ Fo glod, F2 #H oY A
tp_weaklistoffsetg &gt

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

o] &4 PyoObject_GetIter ()9} 22 WS ZE5 Ut

[Pyobject *tp_iter (PyObject *self); }

Al
o] A== AMH Fo=z ALH Ut}

iternextfunc Py TypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:

[Pyobject *tp_iternext (PyObject *self);

o] Bl &l o] B} 7} £ X ¥ ¥ NULLS ¥k3haf oF & T}; StopTteration A7} AAE 5, 183
*E 5 JdF UL th2 ol g7t DA S, 9 A NULLS vHEHef of fhTh 1 EAjE ol
ﬁ7}°1E%al olE gt= AT J Yt

olEl# o8 HL tp iter B4 E A of 3, | 4= (A o El@ o] E AAEH AT} oY)
ol &z o] ¥ SPSCPN A€ Wbkl of Tk

o] 8t Pylter Next ()&} 22 AHES Zh5Uth
As:
ol BE= MH oz ALFH YT

struct PyMethodDef *PyTypeObject .tp_methods

o] o A WA EE At pyMethodbes F2A| 9] F A NULL-E & Wi ol th ek A2 2
AH.

W] v WA E DAIYEE e
g5 o] bk

As
ol 2EE= ME Yol o3 FEHA Ut (A EE HE WMAUSS Sol ASFEUh.

ﬂ'
>,

1ol 9 (o] tp_dictE FRBAIAL)

struct PyMemberDef *PyTypeObject .tp_members

o] g9 Az ne] Aubeo e Wil (BELYER) & AAShE PyMemberDer T2A) 42 NULL-
Z2 el e A E e,

Qe Guich W U2 YEE G5 F9 gAY (ohd tp_dict® BEFAA L)
@5 o] #7hg e

A
o] A== AMH Fof o3 A&4H A FHUTH(AHEUdE WAUSS 8 A

I

HUoh.

struct PyGetSetDef *PyTypeObject .tp_getset

o] Fo] AArE 9] ALH o] ERREE A A3} PyGetSetDef 24|19 A 2 NULL-FE v & o
o) 3+ A el A ZQlE,

o g o) FE it getset AT HEHE £3skE o gHU ] (oF tp_dictE FERFHAIL)
FEo] F7Hg Ut
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BEL AE Fol o] 44H A GHUT(A4E o ERREE DE AU S A58 Y

Fa: X 2713kl = A 2713 51 2 o] A-&F Ut C990| A= 27|37} “F 4 A4 (address
constants) ook gyth ZAHZE FAIH O Z WY& PyType GenericNew ()2} 22 &4 XA
A= 47338099 F4 ALY yth

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject_Type is not required
to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are
strictly standard conforming in this particular behavior.

AHACR, tp_ baset B4 LE) 2718 T4l A AR E ofof Tt

A%

o] BEt A B ol o3 A5 A i (3 3).

7183k

o] =9 7]E 32 sPyBaseObject_Type YU TH(Fo| W T2 I ef o A &= object Fo 2 &

HA AssUh.
PyObject *PyTypeObject .tp_dict
Bl YAl PyType _Ready ()l &3l o] 7] ol A &g Ut

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__ ()).

As

o WEx= A Yol o 44E A FLUTh(el 7o o ojEelHE
A4g T,

7123k

o] =7} NULLO| W, PyType_Ready ()& A 8- EE 3t}

rr
v
rlu
=)
Al
°
Y
o

i PyDict_SetTtem ()& AHGSFAUTHE Al 02 Y2 C-APIR tp_dictE AT+
o

7
AL A e

descrgetfunc PyTypeObject .tp_descr_get
“fJA=z 2 H get” 9 Stof 3 AR A FOlE.

B4 AL e 2T

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

As:
o] BEL AN Yoz 5P
descrsetfunc PyTypeObject .tp_descr_set
a3 e 2 AR5 AAeH7] 98 ol gk A
T AES S 2S U

)
o~
ke

[e]
a,
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[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); }

value A2H= 3hg 2HAI817] 18l NULLE A A g Ut
As:
o] BEEAlH YPo g FLHH YT

Py _ssize_t PyTypeObject.tp_dictoffset
) 38 AsEad aans g LadE dAud o o B
Ol Qeads Ws 9ade 99 dadaclAl LA EFgUT o .z
PyObject_ GenerchetAttr(} o A AFEE Y
ol AT & tp dict® EFIA AL ; 22 P AR AA Y ol ERRHE g g
Uk,
ol B o] go] 0R T I, | A FRA AFoZRES 2 ZAS A7
Sod, Aras Pl oz REe e A AFTULE 35 0 LA AL o uA
v, QB 22 o] b do] Riol EEE wol @ ALgslof GUTE O F So] aBA W
YU strolth tuple] A8 Bo] F7bshe vl AR UL GA el 7 /1% AR 02 ol
Z3qT o] YA Yot E, tp_basicsize BEE o] AL Zo 271 9 E 18]35 oF Tol
SN 2. QB 2717 autol EQ A AH A, BT FEAL W B 8L vheb
W tp dictoffsetS —-4F AR oF g}

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate
memory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing
an attribute on the object.

4> |-

As:

o] A= A E Fol s FHHUTh AT of dHE FH S FXHA L. A B Fo] o] 2
ZAE AT+ s o= /\1E P AxE2T} Hﬂoli‘éﬂr% e ez Ao 9 e &
AAeS UL g dElE F4 tp dictoffsetS 8] HAF B, BA 7} 5 A ook
Easieg

S For Jojd Foll _slots_ Ado] §l1, A2 W gy el & 2he Wl o] 2F o]
e, M £330l A" iAo 17}3 Al tp_dlctoffset— AT xR exMor
ARE U

S Fog Fojd Foll __slots__ Ado] JloW, P2 Wo]2F oA tp dictoffsets %4
S

(__slots__ Ao _dict_ gh=<xe F7MlE 7Idste a3 )i, 94 a2 2@ Y
th 22y __weakref_ A 75l ® FIHsoF = AU

7123k
This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.

initproc PyTypeObject .tp_init

Ax® 2 Z7)sh ghapol oo A=) 2 220 H.

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

S AR e e Bl
[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] obd W, tp init F5E FS TE 254 s ], ¥ tp_new
G5t Yo AXHAZ WSS F B PU tp_new B57} A7) Jo| AH Fo] obd o} Yol

262 Chapter 12. A -3 =€



The Python/C API, ¥&] 2 3.11.8

QAT AE WHS, b7 tp init FFE TEH A GHUH tp_newrt Be) B A1 G
AAEIAg MBS, N B tp_init/h EEPUT

AE3 02 WIS, of @] Aol 12 wHEhsha o 9] 2 AR P Th

A%

o BEL An goz F&PUrt

783k

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
A AE A &ed Shof T3l AR A EQIE,

e ML O Ly

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }

A4 A Ut

783k

54 A2 g9 49, o BSt wF Y ¥ AGL ZANA 99 ¥4
J

PyType_GenericAlloc ()22 AAFH Yt}

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc Py TypeObject .tp_new
AAE A A Shof T3l AERA EQIE,

I A HL ke 2L
[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); }
subtype QA= W5 o A AL = AR 9] B P TE; argsetkwds 1A+ %«l AX L} 7= S

};603 =
eI T subtypeo] o new B} B EE - W3 22 Bt g0l feAFUAL; o B2
AE R 5 95U EA % B gl 3L obduh.

tp_new S AR o F7HE EF3H7] Y3l subtype- >tp alloc (subtype, nitems)E& &
Edfob e, 2 S H ZQ3 wET 27 27|8E S oF Ty 0}75'5]'7” FA A U
rE

]:1_

=

o

1
WEF 5 S 23 o inie Mol o] AS ok T T A A2, B 3o 49
271817} (o _newol A 5@5 ofof 3k, P ] A O RE 2713 (o inic2 WAA kT
U,

Set the Py TPFLAGS DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

A

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

7183k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

[freefunc PyTypeObject .tp_£free
A8 P slA Gl vja AE A £

e 24 uth

)

A

flo

[void tp_free(void *self);
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ol == FA NE o sl FEHARL T4 AR F(ZAHE L

rf
e
9
2
X
s
ofh
=2
rr

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_gc
TH A SR 7Nl A EEE = ol v A E A ZTE.

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_ flags 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.)

Al

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

Hlo| A~y o R&

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7ZJ31: 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] £

i o

EE45EA G5t
PyObject *PyTypeObject .tp_mro
@ AA NN A Zto] object = Bl $8 wo| 2% AFE T T

rU[kl

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.
As:
ol BEE AEHA YF YT PyType Ready () ol &l =2 ALFE Yt
PyObject *PyTypeObject .tp_cache
AHEH A ks Ut R A8
As

o] EEEEHA FFUh
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PyObject *PyTypeObject .tp_subclasses
AB Fe o) thgk okst Fx B AE R A8
A
ol A== A& A sy
PyObject *PyTypeObject .tp_weaklist
o] & A Aol th gk e FxE vt Fe Fx PYAE . AL A sy h HE A&
As:
ol BEE ALHA s
destructor Py TypeObject .tp_del
ol Ar=HAHASYLE thAl tp_finalizedE AFRIIHUAI L
unsigned int Py TypeObject .tp_version_tag
R RE R E P PR NI R
As
ol A== A& A dFUTh
destructor PyTypeObject .tp_finalize
Q18 shol Gl Ao A ol thet e d EolE. AHL thg3 2 th

[void tp_finalize (PyObject *self); ]
tp_finalize7} AR, JEZEEE JA2EAE Jfojdeto|2 & uf o] & W SEFYTh
7M1 A A7 (A2b a7t Agd Fx w3 AR AU AA 7 sAE 7] Ao 5&
%W%ﬂb%ﬂiﬂz€%%%ﬂdﬂi% of A4 AEfel Sl AR E =S HgF L,
tp_finalizex QA 9] HEIE | A SHA ekotof Futh; meba] AbAsHA] b2 o] d2to] A &
A4 5he A% %4%4 gk
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);

/r* ... */

/* Restore the saved exception. */

PyErr_Restore (error_type, error_value, error_traceback);
I3
TS 7H A 7" stol WA, tp_dealloc 7"%1]% J% g egntobyzeh, BE gho] A8
EA ZE2E F AFUTH(AAZE Z2R 3 3] 47 Y, A 32 BE 28 =049

E=GIL(AY 2z g = -

7R R er SAE F AsUTh. tp_deaHOC"] %ﬂ~ g =
Global Interpreter Lock) & 4~ -ﬁ—ﬁ]—EE, glo] A APl S &0 &= EA| 7 5 X
A AR 7 THE CuU C++ 2hol B8] 2] 9] AR E 913 6HH, tp_dealloc & T3 28| =04 2 AA &
778l = eho] el 7] o] 714 -& $18HaHA) eheA) Fo) sl of ik,

A%
o BEx A1 Yoz F&Purh

B A 3.40] =7}

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.
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o ®7):
“b 3k A 5ol d 2] A o] 47 (PEP 442)
vectorcallfunc PyTypeOb ject .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

BEE EA A T3.95E AFEH U

12.3.6 Static Types

AEAC R, C Aol A o) H §L A A (stanic) AU Th F A PyTypeobject F2AE Zol A A7
B 9% T pyType_Ready () & AH&ke] 27]3H8 T},

Az oz sholmol A Ao H Fol ula) Fo] AsH Tk

- A G e WMol Az ARG U F, T 45 AT 5 g5 yth

P 3AAACE A5 AaDob o h e RAY G SelAA Y AR ol
=2 FARAU AT 5 &Yk
-%Eéﬁﬂ“HHO%zﬂ%ﬂﬁ%%ﬂlﬂﬂﬁﬂﬂéﬂﬂ1%%ﬂ%£@ﬂﬂ%4¢
Fuch

Also, since Py TypeObject 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 3§ &

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 (),or PyType_FromModuleAndSpec ().

12.4 =2} AA| F+RA)

type PyNumberMethods

o FRAL AN} 54 SLEEE FHL o AT Tl AT 2AHE FHeh
FoE 54 22 E T MM WS RS o5 F5IHAFHU T

27 Aele e 24U

(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;

(th= ol Al ol A<
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(o] A o] A | A AL)

unaryfunc nb_invert;

binaryfunc nb_lshift;

binaryfunc nb_rshift;

binaryfunc nb_and;

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;
} PyNumberMethods;
.

Fa: ol AR AL RE A WL A, B w Mk TR R Tk (Fol =
54t 5 ke Aol 8 ge] dad AU, ol 3] A akatel thf Asto] Aels A o,
o197} 48§41 Py_Not ImplementedE ¥Hhs] oFs}ul, T2 ol e} 7} Al b ol NULLS ¥hha}
31 o9 & A of T o)

Z31: The nb_reserved field should always be NULL. It was previously called nb_1long, and was
renamed in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMet hods .nb_subtract

binaryfunc PyNumberMethods .nb_multiply

binaryfunc PyNumberMet hods.nb_remainder

binaryfunc PyNumberMethods .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 PyNumberMethods.nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMet hods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMet hods.nb_inplace_multiply
binaryfunc PyNumberMet hods.nb_inplace_remainder
ternaryfunc PyNumberMet hods .nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or
binaryfunc PyNumberMethods .nb_floor_divide
binaryfunc PyNumberMethods .nb_true_divide
binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 mjg A A 724

type PyMappingMethods
ol FxAol= AAZLviE 22 EFS F e Ul A St Foll thet 2AHE Hs Ut Al
Aol W7t g oh:

lenfunc PyMappingMethods.mp_length

o] 4= PyMapping_Size () & PyObject_Size () Al A AHEEHH, &
o do]7} Folx o] QIA] ko o] EXS NULLE AT = 5 Uth

rlo
>
ol
o
P
ofy
A
v
&
)
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binaryfunc PyMappingMethods.mp_subscript
o] ¥ 4 &= PyoObject_GetItem()I} PySequence GetSlice()o]l A A& & H,
PyObject_GetItem() ¥} Z2 AWZ Z5Uth PyMapping_Check () 57t 1 vkss)
Hd, ol £X S XHHO]EU”/]DP,ILE‘X] orod NULLY 4 Y& YT

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(),
PySequence_SetSlice () and PySequence_DelSlice (). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 XA A F2RA

type PySequenceMethods
o] FEAL AA AAL 2 ESS T H A e B5ol T
lenfunc PySequenceMethods.sq_length

o] -+ PySequence_Size ()} PyObject_Size ()X AHEH M, 22 AW & 25Utk =
St sq itemdt sq ass_itemERE M S5 Y2 E At o AHEH U

kel

AHE P&

f

Is
*

binaryfunc PySequenceMethods.sq_concat
o] &= PySequence Concat ()X AFEE W 2+ WL 25 Uth np_add SEFS 3l =
A G AR T, + AR A= A VT

ssizeargfunc PySequenceMethods.sq_repeat
o] ¥+ PySequence_Repeat () A AHGE W Z-& AW S ZFUTh nb_multiply €32
B9l 54 FAL AR T, © AW A = ALSH Uk,

ssizeargfunc PySequenceMethods.sq_item
0] ?ﬂ—’Fh PySequence_ GetItem()"ﬂ’ﬂ AbgEH 2 MBS ZEFFUTh mp_subscript €

25 53| B 237 A (subscription) & A| £ 3 &, PyObject_GetItem ()| A= AEH YT}
PySequence_Check () 47} 1& ¥18sta ] S22 Yoyt 122 oW NULL
d 5+ AdFUTh

Negative indexes are handled as follows: if the sg_Iengthslotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sq_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] &= pySequence_SetItem() oA AFEEH Y 28 WS 2r5 Uttt mp_ass_subscript
2S5 58 FE YT AAE A S8 Z, pyobject_SetItem ()3} PyObject_DelItem()oll
A= AHH ‘4"/}- A7 S5 oA @Vﬂ E A D3] koW o] EXR X NULLE BA & F UF
e,

objobjproc PySequenceMethods.sq_contains

o] &= pySequence_Contains () oA AFREE 4 9o Z+e

NULLE YA & 4 95 Yt} o]uf PySequence_Contains () & 42| 5t= AL
22 T3 Euns}qp}

binaryfunc PySequenceMethods.sq_inplace_concat
o] &4 = pySequence_InPlaceConcat ()olA AALEH® Z& AHE& zr5YTh
A HANAE SAAT 1AL ABAE FUTh o SEL NULLE FA B
© 1, o] PySequence_InPlaceConcat () 2 PySequence Concat ()2 2 &9 &
nb_inplace add &%= B3 A AR QA AIES &, SE O Y +=o| - AFEE Uth

ssizeargfunc PySequenceMethods.sq_inplace_repeat

o] &4+ PySequence_ InPlaceRepeat () A ASHM T2 AHPE ZFyo. A
HA 3 AAAE AT 224E & ofF Yt o £€XF2 NULLE ¥4 & F
g o, oluf PySequence_InPlaceRepeat () & PySequence_ Repeat ()& ZW H 1t}
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nb_inplace multiply $%% B8 %24 AAE FAL ARG 5, 38 B9 =N A= A

gk,

12.7 W3 A 24

type PyBufferProcs
o] FxA= W R EFo Do ol thst £RAHE G5 YT ZEEF2 A ¥ A (exporter)
AAZF W H o HE A AR o] =Eshes e Bt
getbufferproc PyBufferProcs.bf_getbuffer
o) o) AHL the i} 25Utk
[int (PyObject *exporter, Py_buffer *view, int flags); }

viewE iﬁ—rﬂ A3l exporteroll th 3t flagsoll AARFH 2 34& A FUch 2AE (3) & A3, o]
o) & GAE RFEA] =33 of Fu o

(1) Check if the request can be met. If not, raise BufferError, set view—>obj to NULL and return
-1.

2 239 d=s A5tk
(3) WEW7] sl the i+ 7F2HE S7H A Yt
(4) Set view->o0b7j to exporter and increment view->o0bj.
(5) 05 ¥reheh
exporter7} ¥} 5] FF2te] Aol Eele] Axtold, T kA F2 AAE AL S gl

* Re-export: Each member of the tree acts as the exporting object and sets view—>ob 7 to a new reference
to itself.

* Redirect: The buffer request is redirected to the root object of the tree. Here, view—>ob]j will be a
new reference to the root object.
views) 748 B A4 vl 72 o] Aol Do w, AFAA5H 240N G oF S 7
oA w5 24 el dayoh
Py _buffer FZRANA 7te] 7]+ BE W R el Al Aol Al £t &2 iﬂl A7} @101 A ul) 744
a2 oF Yt} format, shape, strides, suboffsets W internald Au|ALo A= 7]
A gy,

PyBuffer FillInfo ()& BE e 2vEA A std A g vte| Ed w3 & A
[ HL}?ij;xﬂ_le-q;]_

_\_4

PyObject_GetBuffer ()& o] &4E 7= 28] A & Qe H o] A~ dth

releasebufferproc PyBufferProcs.bf_releasebuffer
o] F4e) AL the T 2T

[void (PyObject *exporter, Py_buffer *view); }

Wy A9 A 8-S AeFUh AdS HAT 2 %W, PyBufferProcs.
bf_releasebuffer+ NULLE & 5Uth 232 ¢tod, o] 49 & 72 thx3 2
2 A aAE =P

(1) HEUWZ] 3 of gt i 7125 &Y Uth

(2) ZFE 7} 00, views} B H ZE W22 & ATt

?ﬂl%—X}t Y= A] internal =& sto] Blw EA AL 2 Ao gt} o] =
A kL A1 o] Ex‘ﬂzl“&,i H] 1 2l HM«] /\h = view QAE AL 4 JF Ut

].
A 9
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This function MUST NOT decrement view->obj, since that is

PyBuffer_Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release ()& ©] 71%5& A#e 24 & AdE F o]~ Yt

done automatically in

12.8 v]E7] AA F2A4)

A 350 37}
type PyAsyncMethods

o] FEAL ojgl ol E L} w57 olejel ol 5 ANE PR} ¥ B2 Foof o)
g4k

TF2A Aot e H 2E U

oL
12
o
vl
it

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] o] AW e} 2y

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR 7} o}5] o £ o] oh 7 o] SE S NULLE AT 4 5T
unaryfunc PyAsyncMethods.am_aiter

o] 40 WL the s 2EUTh

[PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__ () for details.

AR 057 ol Hellold ZREZS FARA $oW o] £F S NULLE ARF 5 YU
unaryfunc PyAsyncMethods.am_anext

o g4ol Ae theH 24U

[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] f4of AW Be T 2y

LPySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
H A 3.109 &7}

12.8. B]=7] AH L2
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12.9 &5 g typedef

typedef PyObject *(*alloefune)(PyTypeObject *cls, Py_ssize_t nitems)

Part of the Stable ABI. The purpose of this function is to separate memory allocation from memory initial-
ization. It should return a pointer to a block of memory of adequate length for the instance, suitably aligned,
and initialized to zeros, but with ob_refcnt setto 1 and ob_ t ype set to the type argument. If the type’s
tp_itemsizeisnon-zero, the object’s ob_ s i ze field should be initialized to nitems and the length of the al-
located memory block should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple
of sizeof (void*) ;otherwise, nitems is not used and the length of the block should be tp_basicsize.

ol FrE T AL" 2 27132 S A ghotob U, v R £ S E F YT 2 A2

tp_newol 23 5% of of Tt

typedef void (*destructor)(PyObject*)

Part of the Stable ABI.

typedef void (*£reefunc)(void*)

tp_freed ZARIIAIAL.

typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™)

Part of the Stable ABL tp_newS ZFZ 3 A L.

typedef int (*initproc)(PyObject*, PyObject*, PyObject*)

Part of the Stable ABL. tp_init& ZTZ3IAAA L.

typedef PyObject *(*reprfunc)(PyObject*)

Part of the Stable ABL. tp_reprg& ZFZ 34 Al L.

typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)

Part of the Stable ABL. A A2 W& o] Eg|HE 7k ¥lskgh o}

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the Stable ABL. A2 o % o]EgHE 712 AATFYLE o]EgHEE 214 512 H value
A7 NULLE AP Y th

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)

Part of the Stable ABL. A A& W H o] E|{E g2 vb&3oh

tp_getattros FZIAI A L.

typedef int (¥*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

FPart of the Stable ABL. Al 48 oJEFRE S AU o]EHEE 214 5} 2 ¥ value
127 NULLE A H Yth

tp_setattros FZIHYA L.

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)

Part of the Stable ABI. See tp_descr_get.

typedef int (*descrsetfunc)(PyObject*, PyObject*, PyObject™*)

Part of the Stable ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)

Part of the Stable ABL. tp_hashg ZTZ 3} A L.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)

Part of the Stable ABL tp_richcompare® ZZ2 34 A L.

typedef PyObject *(*getiterfunc)(PyObject*)

Part of the Stable ABL tp_iterE& ZFZ 34 Al L.

272
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typedef PyObject *(*iternext func)(PyObject*)
Part of the Stable ABIL. tp_iternextg ZFZ3}4HA L
typedef Py_ssize_t (*1lenfunc)(PyObject*)
Part of the Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
typedef PyObject *(*unaryfunc)(PyObject*)
Part of the Stable ABI.
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.
typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL

12.10 <

=& FholH 3 Aol o] 2tk o JuUth o 7)ol = o] ¥ 4 = AWHA A ARg o] 23 U]
th 4R = 7R ZU A E B F Ut o g2 oA, A8 FE 2 <5 A= defining-new-types £}

new- types topics & ZZ A L.

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 FHI S 2713428 AFg- sk ©] A ZE (53] CPython ZE | o] 20 A) & Zhg X Sl

12.10. <]
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static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
/* tp_itemsize */
destructor)myobj_dealloc, /* tp_dealloc */
/* tp vectorcall_offset */
/* tp_getattr */
/* tp_setattr */
/* tp_as_async */
eprfunc)myobij_repr, /* tp_repr */
/* tp_as_number */
/* tp_as_sequence */
/* tp_as_mapping */
/* tp_hash */
/* tp_call */
/* tp_str */
/* tp_getattro */
/* tp_setattro */
/* tp_as_buffer */
0 /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_ traverse */
/* tp_clear */
/* tp_richcompare */
/* tp _weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp _base */
/* tp_dict */
/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */
/* tp_alloc */
myobj_new, /* tp_new */
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typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} 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_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,
.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,
.tp_alloc = PyType_GenericNew,
(th= sl o] A el A%)
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(o1 sl o] Al el A A%

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py TPFLAGS_DISALLOW_INSTANTIATION ﬂag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.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
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<3 B28 TGS A BA%D £ shol A0 A DL A Aro YD 5 Qi ke AR 9
“Arol” 9l A Gl A Aol BaFUth thE AR 3 FEE AFSA FAL, A% P (43
SAt Aol e FE W AFE J2 A SRl B F o H A ADL AFF BRI}

To create a container type, the tp_flags field of the type object must include the Py TPFLAGS_HAVE_GC
and provide an implementation of the tp_ t raverse handler. If instances of the type are mutable, a tp_clear
implementation must also be provided.

Py_TPFLAGS_HAVE_GC
ol ZH A7t AR A F A= 7)o AHE FAS EFA ok FUTh HE &l ol H s AAE
e o]y AA et shals Y th
Aol UG o) YA A F A 3242 25 oF Fuich:
1. The memory for the object must be allocated using PyOb ject_GC_New or PyObject_GC_NewVar.
2. Tt E A oo I F2E ZTFT £ Y= RE ZeT 273 HWH, Pyobject_GC _Track () S
ZTEafoF FyTh
u} 3712 2, 27 o] 2ea) A A (deallocator) = H] 58 F 2 A& F4a) oF g T
I b8 FH W E Fxste BEZ F A3} 7] Ao, pyobject GC_UnTrack ()8 Z&8 °F 9
e},
2. AAe WK 2l= pyObject _GC_Del ()& AHgdto] & Al & of oF gt

i}

74 31: If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at least a tp_traverse
handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverseand tp_clear fields if the type inherits from a class that im-
plements the garbage collector protocol and the child class does not include the Py TPFLAGS HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyOb ject_New but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyOb ject_NewVar but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyOb ject_NewVar. Returns the resized object of type TYPE * (refers to any

C type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py ssize_t.
void PyObject_GC_Track (PyObject *op
Part of the Stable ABL. =% 7] 7} &4
71X 4 A7 AYY 5 QOB FAH = S AR FEI ok FUTh tp traverse
A2l 7)17t G sk B BEvt R A & oF i th, Hs Ak ERE 2A dYTh

int PyObject_IS_GC (PyObject *obj)
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int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A Fo| GC Z2EZS F A3 op7} A 714 A
A7 2 Fol W 1€ 9Esl T 197 o7 02 wEgh o
o] 21 F}ol A 4= ge.is_tracked () ol 3T
WA 3.9 =7}
int PyObject_GC_IsFinalized (PyObject *op)

Part of the Stable ABI since version 3.9. op2] AR F o] GC ZEEZF-S F 3 7}8) R A7 7} op s
ol ] shol defol = HOW 18 Weeln 187 0wl 08 WEgch

o] A& tol &< ge.is_finalized () o s Th
WA 390 =71

void PyObject_GC_Del (void *op)
Part of the Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)
FPart of the Stable ABL. 7 7|7} At dH ol AA AFANA op AAE Al AZF Y
PyObject GC_Track ()& ©] A ol thsl thA] T &3} e ZL‘Xﬂ Aol oA 74 = Sl
FIFAA L. DG AA(tp_dealloc A7) tp_traverse A g 7oA Abg 8= BE7}
2357 Aol AA ol e o] FE & oF o

W7 3.80) 4 W7 : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been

removed from the public C APL

tp_traverse A2 7)1t the 3t 2 G G4 w7l W4 WolE Ytk

typedef int (*visitproc)(PyObject *object, void *arg)

Partofthe Stable ABL tp_traverse A8 7|ol] Ag=E = vEX} 349 3. o] St Sl sl= A
E objectZ, tp_traverse B 71 Al AR w7 HE-E argE T EF oo U go|H Foj=
S8 712 BA S TARY) A o el EA FEE ASTUTH AHEAIL AN PR S
Ao o= g5 oh

tp_traverse A2 7] thg @ o]ofof gt

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL ZA €] o]\ A ] A @4 dUth FHL selfoll A3 39 zF A A o o3
visit &5 S Z3l oF ot v, visizol]l g v 7] W= 2T A 9 A El 712 A EJ arg AT
visit 3=+ NULL object A A2 S ZE 3t ¢+ Ut visit7} 00] ofd FH-& WH&3stH 1 gho] S 4]
Hh2he] of of gt

tp_traverse A2 7] 2L &3} s7) Y6, py_visiT() AR AFH UL o] Ml Z2 & A}&3)

AW, tp_traverse +8-Z AR o5& &3] visit 2} arg= A3 of Pt}

void Py_VISIT (PyObject *0)

o7FNULLo] oY, 0 9} arg QAR visit 22 T &3 T} visit7F00] obd 22 whekshd, 222
Hkstehu ) o]l W32 & A3}, tp_traverse &2 7] 7} th-3F ZolR Ut

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear A2 7] inquiry @ o] Ayt AA| 7} ¥ o] NULLe] o] of gt
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typedef int (*inquiry)(PyObject *self)

Part of the Stable ABL. &2 <32 A4S T I+ F2E AATULE E8 AAl = F=2 32
AP AT ¢ lonz o AMEE HFo & Fo 7l gFULh o] I EE $E38 Fo|= A7}
frasoF Utk (A Fxol| sl Py _DECREF ()& TE3HA] vp Al 2). o] AA 7} F= <Fho

FoI 5 9ge 4717 4ASHE o] WA =S B P

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)

Fart of the Stable ABIL. Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Fart of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns
the previous state, O for disabled and 1 for enabled.

WA 3.100 57}

int PyGC_Disable (void)

Part of the Stable ABI since version 3.10. Disable the garbage collector: similar to gc.disable (). Returns
the previous state, O for disabled and 1 for enabled.

HZ 3.109 7%

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.

WA 3.109] 57}
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API2} ABI H A & 0] 7]

CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY_MAJOR_VERSION
The 3in3.4.1a2.
PY_MINOR_VERSION
The 4in3.4.1a2.
PY_MICRO_VERSION
The 1in3.4.1a2.
PY_RELEASE_LEVEL
The ain 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.
PY_RELEASE_SERIAL
The 2 in 3.4 .1a2. Zero for final releases.
PY_VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

ol E - HIE (F] Yt +A) = Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY_MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10. 0 is hexversion 0x030a00£0.
Use this for numeric comparisons, e.g. #if PY_VERSION_HEX >=

This version is also available via the symbol Py_Version.
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const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant
integer, with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at
run time.

WA 3.119) &7}
RE F0o]R ] 3 & = Include/patchlevel.hol] A 2] Ut}
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APPENDIX A

>>>

2o s
c E027) 9 IE B TES QYT W, AL o) FE TEA(BE, BT, FBI) o]
sEgqe seo]e) A4 F9 T34y Ae] 8 sol W ZEZE.

2to3
ol 2x TEE Fo|H 3x TR ‘33%}"‘5} HA A3 =AU, &22E 77 BAL 7
4 EZE FA5A 75‘]%‘4\— A= R EY v sddS Ut
2t03 + EF #Hol B g oA 1ib2to3 2 ﬂllﬁw/} SHHACE AYT F Y= 2THEE
Tools/scripts/2to3 & Al-&H Yt} 2to3-reference = EA]}L

abstract base class (34} # o] 2 Fa| ~)
S o) 2t hasater () 2L T2 HIYE] BAFAY v REA ARE (I8 5
& H A=) -, A o]~ 7‘4-43}% Y-S ATTFozZAN G Ero]d & Hashth ABCE 7}
AR ;'?/H’\E ‘:C"J?ﬂ'—tﬂ ZHP2E A E5HA] "}qu/ﬂ_l_isinstance() 9} issubclass ()

Oﬂ o3 AAE 4 Ad+= :E:‘EHCC AUth abc B E AHYAE EAM 8. o= w2 W3 ABC
Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers BEEA]), 2ET (1o EEA), YT E 3} £ (importlib.abc EE o A)).
abc BES AMESA] A2 THY] ABCE THE 5 Y tth

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
ol &gt

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAd2 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

-

argument (¢l 2})

FrEE2YW U5 (EEWAD) 2 ASHE T FRY A4 A5
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7191 = QA A} (keyword argument): T T= o] A tt‘?<]-7]— Qroll L& 912} (o] & £ 0], name=) =
7

g e 2 ﬂﬁtﬂﬂiﬂﬂlﬂ“ A} 01] o], o= E‘écompleX() TEolA 33
5 EF7IHE dAd YL

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

‘complex(3, 5) J

_8{ jlgl
rO
2
N
N
o
-9
rc
O,
2
do
R
O,
B
il
rlo
ro,
2
B[
I
fo
2
o
=2

complex (* (3, 5))

A2z T vbe 9] o] F 22 Ao "o thdg Ut o] thgoll A-85 = 2 S0l s A
AL EHAL ERAOR ojH % ES )

SE=RR A= )

|l vi 7 5 FAQ AF AR} v 7 W =o] Ao] 9F PEP 3625 H A 2.

asynchronous context manager ()% 7] ¥ A E #a] 2}
An object which controls the environment seen in an async with statement by defining __aenter__ ()
and __aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A4 ?,1] o] E])

Hl 5 7] Al & ol o] & o]E] & F+E T4 async def 2 FoH = IFEH T H Ho
=, async for FZ7} /\P%ﬂ" P A FES UIE L yield BHAAL 23T} Hol
o5y th

HEuls7] Aldd el &5 7 7| A R ol " Bl o A= v 5 7] Al el elH olE#olH &
ZHI AU o= ok= o n| 7 g &elA] 2 B, dAT Gl E MM RS gl Uth
vl 5 7] Ay oY gk await H A} async for 3} async with 28 X338 5 9%
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

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

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext___ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (V] 5 7] o]g]g] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter_ () and __anext__ () methods. __anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.
attribute (o] E 2] H =

A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] §J] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},

binary file (v} o] ] 2] 5} <)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary
mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (¥} 0] EAF AA)

W3 e EE B AURLCA% N E GATE T 5 AL o2 BF menoryview A7)
EL EEo bytes bytearray, array.array AAEE TS vl EE R AR ELS
vlol Y gl o] 8 & thF+ o8 7HA] AdAEed AH2 = dFUThH oS, vlelv e g = A A,

£AS ERAE 2L ATl ATk

olm AAEL nloly g YolE 7 7tHA Y FQ 7 Syt o3 AL A 2«91l
2 7] vfol EE F AA” et _ﬁ_?ﬂtﬁ"/]r/} }‘?‘i W3 AA e 2= bytearrayﬂ-bytearrayJ
memoryview 7} d5H5 YT oS A4tE
A7) ol AR =2 @YUt o] &
AEEES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

S2 vloly g dolE7F & AR (“97] A§ nlolELEHF
AE9 2= bytes bytes A memoryview 7}

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A7tz AL & vlee) ol AHel A 4D A FH P4,

class (22 2)
M-SR ALY AAE
EHA=EAdES
class variable (2] A ¥ $)

SAzolA Ao S a2 (5, FAWN2 Aav 2o X7} op el o MR A H =

complex number (&4 5°)
o5t A A|AH O 4], BE AV A5 H 9} s
Aol #2509 (19 AT E FH A Qe 55 53]
glo] N Z o] RIS 2= BASE 7] E A QAT

b o
o ¢
5

AW

o
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o], 3+1j. math R 59 B4 5 HHo] BQ 5, cmathd AHEFUTH B4 E82
2 784 7 gtk d8stthal =71 A Zetthd, A Q] F4 5] FAIBE 54T
context manager (€ A E 3]z}

An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A El A E HS)

Ae Aol mhef hE ke 7hd 4 9 W4 ol 24 AR a7k vl sl ohE ghe Al 4
Do et 8 A5 oL b A AT BE B0, olikel A8 2] ol
GALEglg S olon AUAE Mao] 3 guE $A4 HIET HAAA WS FASE

Ayt contextvars 2 AR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contlguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
oAl A Al &8k @ E Ak 01“*‘/\-4 A E w22 v X5 of oF It thxkd C-A<5 i Dol A,
Azel a9 AU FEES PRS0 0D AY )b we g S Y, X2
S ol A, 3 WA A8} e g o,

coroutine (T &)
2 queee) o duse Fe Utk Are e A AFAA A ek w o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def 2o g 8T 4 95U th PEP 4925 H A Q.

coroutine function (7€ g4)
FEZE AR E ESF =T ZFYU G4 E=asyne def B0 2 AHo)E 4 911, await 2 async
for®tasync with 7|18 24T+ AFUTH o] 252 PEP 492 of 23] == A5 Utk
CPython

stolH 2w Adojo] FHAA LU, python orgo| Al Wl ZF Ut} o] 7
IronPython ¥} Z-& th-& A= 34 %Lté?‘;} 227} & uff & o] “CPython” o] AL&E Y

decorator (t]) 8] o] E])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] EH EG& of = classmethod () & staticmethod () YU Th

ol 2L BA Ao BPY BYUh oS F 4 AL v o 5Pk

&S Jython o]}
=

<

s N

def f (arqg):

staticmethod (£f)

£

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] 232 HE])
Any object which defines the methods __get__ (), __set__(),or __delete__ (). When a class at-
tribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

H2age e qA=Eo o g 24| 8 U §-2 descriptors U T2 T HE] ARSEH bl Aol U3 Y T

dictionary (9 A 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (€] 4] 2] #H = 2] 3l A)
o H e Gt 84 AL} ARE Aelsn AFE e YA LS NBFHE 1A
results = {n: n ** 2 for n in range(10)}<2 Fkn ** =
Ay gl E AU o) comprehensions & 2 3 Al 2.

dictionary view (5 A 2] H)
dict.keys (),dict.values(),dict.items () HAEZ} E8F= AAES I Hetn
EEUTH o AEL 9V FHE e 54 HE ATt 94Ut A48 W, 57}
o] M3l W Brh YU GAUY HE AT 2 2ER wRYE List (dictview) B
AFR-3FH FH U ). dict-views S H A 8.

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (< €}¢]3)

SulE AEF o)A S R EA sl AR P& BA G z2 Y 2EY; A, T
HAEY O ERHET SEHAY AL UTH LAY Holw 22 H AAuirid, 142
2Pk EAF F tjalol] B o] AE FEFo e, F AAY TEE Y H A (2L F e
2R #A4E M 5 AdsUth 9 BolF-& type () °|} isinstance () & AHES AAE
93T} (3hA1 8 Bol o] 24k v|o] A Zel s 2 BeE 5 9l g ol 498 of gtk thAle],

hasattr () AAFPVEAFP T2 18-S &t}

EAFP
s H}= §4 5 F317] 71 4 v} (Easier to ask for forgiveness than permission). ©] Z3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Ut o] 2835t w2 AEd L B2 try@lexcept B EAZ EA AR UL} o] HIZ
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (.3 2))

i o>
flo T 30
A

1

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
zrAozg BRE Ao FAES A A AL ofdyth whileXq, EHA 02 AT 4+ Q=
T sl dHsuth o =3 FAFo)ar, xd A o] ol d Yy

extension module (&% 2 &)

f-string (f-2=2}49)
EU R B ] B BAE EHYES T3] -G o Bt Fatd, 29 £A Y 2 EH Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem encodingand filesystem errors membersof PyConfig.

See also the locale encoding.

finder (3}21t))
QEXEF EEL AT 20 & RoHn AR e A,

o] 33, o] g, F 279 97t &Lt sys.meta_path & 7| AFRF= v A=
51T 9} sys.path_hooks I} 7 AHg3HE A2 dEE 5hlH.

o #FA 3 U2 PEP 302, PEP 420, PEP 451 o] U8t}

floor division (A< U=Al)
7V 7V A2 W E s &

#8HA UeAl. A4 vl A4k // o g Eo), B84 11 //
4 7re 27 2]l A4 =Moo
o 2 27k A AR, A e

755 EHE Utk (-11) // 47}-2.758 W& 3 -39]

9ol %] o FuiTl. PEP 23 AL
function (g+4)
SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Ao AF2E 4 Qs yth v 74 9 WA = 9} function A E HA L.
function annotation (T4~ o] - ¥ o] A)
3 7he] ol H o] A
]

34 vl 4k
A

S ol E o] d L kA

oz 3 o}, o] Bt = F 9] int AAE
Totsd Aoz 71HhH I, FA o in ®

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

& o] mH| o] A B2 function Z ol Al A g}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

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

default:
>>> import __ future_
>>> _ future__ .division

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

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aol = A5 U
generator (%] ] & o] E])

Adeleld olelelolH & 58 F+ 5. W ETA R ) = =

AL T3 th= Aol thE Ut} o] ZrEL for-FZ 82 AL A U next () TS52 8 Hof 3t

2 7 % ? As U

s A els & 7t 4 =9

Sk o) ] 7} W EehA] b2 A9, ST &0l E A A Ei@% ‘31"@‘4‘3}-
generator iterator (2] U] & o] €] o] €] & o]€])

Ad el ol e 7t t=E A,

b‘, Au)
N
N
=
-,
4
1=}
=
>
I8
)
irg
&
_CL
_I_4
_V.fL
&
o
_V.’L
\1
N
o,
il
i
:L
A_
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Zhyielde AIA L& Ae|E F&etaL, 2 A (A HesR 7] S uy-FE5& TT5He)
AW A E 71 FUch AYdeld ojHe oy 7 AN, Bt o E B FUTH(ZE vt
A= A2k ek thu) g U Th.

generator expression (xi] Hdole] £84)
olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
=T °“:‘P4fﬂ*‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
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generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

generic type (A1 )
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

b

5. 5E W o H THo] AR L

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
% ol 2.4 Shujsl 2A| = sl vlol = 7= § AYSES WA A5 CPyon A =2
B 7k A8 S B AV S (dict st 2 FR 8 & st AH o] HAH L2 5
o 4] 0] £} 93 % §HE-0] A CPython 73 A B o Qe Z e e AA g s
AL JHZEE & thFad =3er] A vt g4, ths iEHW 71 A7} St HE A Y
O i R g A=
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

(@A ¢ v A -5}71] F4 d ol HE F1E) “Ad & o A 2 -& (free-threaded)” QB Z 2] ] S W+ 11 A}
st A =g AFHolA] X, Tt 22 AMA ALY 45 A7t AE ] i
Yt o] 4% ] €35‘3}% AL 7S W B35 whEoi A 7 A H]'Q“O]‘:ﬂ sz esw
o] AL ;l [BR=

hash-based pyc (3} X] 7] 4} pyc)
‘rrE/H S IH37] fel S A 5o HF A Al o] obd S Al E AFSEHE HEo | E I E A
. pyc-invalidation 2 %% 3}A] 2.

hashable (8]] Al 7Hs)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz sfA gk AFE st ol = Yo
52 stej o] X WZ AAE2 Al 7Hs FuHh (Rl2Eu gAY e Z22) 7 AH ol s2
a8 dFUth (FEotfrozenset 2-2) B¥ AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felne] Aol AAEE ARA 02 HA STt (4]
AN g Algetils) BF 2l v aE AL, A g2 id () 2 R BEol Yt

IDLE
An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

£

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢} %
@;7]3}3}0] A AME= AAS (E= A2 QE

2] 9
path X8 S5 SA% AL A4 39 3

@i

importing (2 3 €)

3 R EQ glo]lH FEVITE REQ glo|H FEA ALLE F JEE 3= F A}
importer (¢} Z€])

EEE 37| = st 2E 817
interactive (¢} &3)

gho] & o513 ez 2] E

=
=
i, %7 AWE A7 B 5

bt
ok
rlr

AR; Ao Tl o)A =1 AA YTk

]

3 gled), AEEelE 2ol 2 XA 49U 2
che Sk 94 flo] ©A) pythong AT 2 (AFE
7 =

Fulirol A Ad e A% 5@ 4 A5 Urh. Al choltolE AAeA L BE R 917148 Sol
T E = v 28 g 3 QU th (help (x) & 719 38HA1 2).

interpreted (21 €] Z 2] &)
Bpo| = 3= 751 )9 24 o] 2 PHo] 5 2% A7) 87 7, shol W2 A} Qo] 7} ohy]
g olezed Aol gtk o AS WA RO T A AL BEA Gk, £ AL M H ARG
FATE=EdUth 2 22330 F = H e ASd

AojEoh g2 Wd/yH 3 71 €zt o

interpreter shutdown (Q1E]Z2]E] £ 8)
Botgte S WS u, Sto] A A ZEH =

223 | aaza%@uw»w+AMﬂTﬂﬂ
A2 W 52T A4 4o 73 A} weakref 2 o] Y= FES AWE AHALD 5 %5
Utk 8 A7) 5 ARE & TEE ke o9 52 v 4= gl 1A o] o EdE RS0
o 7155k 9L 4 917 MU THE S o= gholBele REo} A1 FAEUTh

JHZEH £E2 FH 92 A= __main_ BEINU2IHEAIY S ZYE AGUTh

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

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

iterator (o] €] & o] ¥])

An object representing a stream of data. Repeated calls to the iterator’s ___next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T Z}A 3 W& 0] 9l Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] $] & 21 z})
12 & HA L.

lambda (&t}
529 0 gro] FAAL e HA4 0 PAE ol F Y Ak B4 BT FLE BEL
EHL lambda [parameters]: expression Yt}

LBYL
5 7] Aol B 2} (Look before you leap). ©] T ~ElI 2 T E oY 23| & 517] Aoj YA FH oz ALA
ZAES AAUTE o] 28 Y2 EAFP @%%‘#W“]QL, g2 if 7o EME EZA P YT
s 2= 27 °1V%LBYL A2 “HI77 <R 77 kol A 20 WA 2 AF %1%14
th o & 9], FE if key in mapping: return mappinglkey] & ZAA} o, 3}X 2 23]
Ao, o2 28 =7 keyE mappmgq]/ﬂ A ASH Ao 5 5yt ol# o5+ F o]} EAFP
NS ST A2 4+ AL

list (F]2E

A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] A E A 2|3 A)
AALY L A5 AR EL ARE An 1 ATNE JAER FeiF RS
["{:#04x}"'.format for x in range (256) if x % 2 == 0] &

=

2
Nm
UlH
S
-
o
=
30

(x)
CR2E0] 1605 (0c) £ TR AU o228 BEUL i1 2
7§ 2kl H, range (256) ol = EE 847 A Ut

loader (2¢])
BES 223+ AA|. load_module () O]+ ]%—9/] HAEE Aodor Ut 2= BHE 3}
ol 7k =¥ E Ut AASEF H L2 PEP 302 &, A vo] A~ Z8 2 & importlib.abe.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (v} 2 v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path & ZMo] T+ selv]. Wet A2 St 4= dEg] 32T of AAH o
9171 % B A b,
H el A2 3t 7 A= A =S el A= importlib.abc.MetaPathFinder & X W
U,

metaclass (W€} 2 2)

¢

Zej2 Ses Ses s S ol F, FUs YA, o2 S 25 B2 B
WEf o)At o Al AAHE Wobx] el AR TE A ele ATk BlRR o) A7) A9y Zz e
Y doj 5L /) T AL AFGUT st AL BWH BEL AL ALY e FHLE BE S
ohe AYUTE R g Aol AL o] £/ AF B AW, B2 D 0, e Se st
A3 Sobat M-S AFFUTH o= RE AA 29 27 (ogging). 2 = A F7,
AH AY FH, JFE AT B THE Ao AHEFE L

o

metaclasses O A T ZFA| 8 U &2 22 4 914 T}

method (W] 4] &)
Ze)2 o) oA A H & P 1 Fel 2o o
A WHA AR} (RF self
BA L.

method resolution order (W] A & Z2 A £ 4])
]

HYAE 2 ¢AE 23 e 5 EUHE A= vlola FHAE9 A YU 23 E|afH
glo] A A el ZE B AR H L8] Z9 AN W &2 The Python 2.3 Method Resolution Order&
B gk

module (2 -5)
stol A F =9 223 A& FFetE AA. RES Y9 golH AAEE & ol F S
ZSUth EE2 g Aol o stojHo g 2T

module spec (2§ A9))
RESEEScU AR H = YZERAZEES HL Y
ModuleSpec o] QIAE A,

MRO
MAE dd ¢4 & 2AS.

mutable (7}H)
7V AA = ol i 5 AT id () & EAEA FAF UL £ = HA L.

rlr
(]

| & &7t importlib.machinery.

named tuple (V] J & 5Z)
“named tuple(] Y = FZ) o]t
g2 g5 Qe 840 AN E

time.localtime () @ os.stat () 7} BFESF 2k £831o], o8] WA 3H o) v d = E=ZAth
T 2 o= sys. float_infoY Yt}

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

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

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

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be
created from a regular class definition that inherits from t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting typing.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.
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namespace (0] S 271

HP7 A = FA o5 32 Y E AP Yt AAlo S 3 E o5 37 (P A = ol A))
Bokotyet A1, Y, W o] F F7ke] s ol F F 1}—3— ol TES WAMA BEAS
ALF U of| & S°], 5 builtins.open Fos. open n() 2159 o]F &bl g3 +Eg Y
0. E, ol & FAL OH B EO| Y48 FANEA S LRI BEOIA AE AT FA4 Hp ol
222 =tk 9 & E0], random.seed () == itertools.islice() Bt 2 1 T4 5]
Z} 7} random I} itertools 2E ol o8] £AE g o] HE s A}

namespace package (©] & 7} 2| 7] ®])

EEERE T ]‘:3] 2 o] Y Z ¥k 7] 531 PEP 420 5] 7] 7). o] & F7F 7| A= B8] & 9 A7}
WS TE U, 53] _init__.py o] glen g 4t 97| 7] 2= thE Y th
BELZ RHASL.
nested scope (£ H H AF )
SR oM M-S FxEE 5. & o, U2 5 U H oA H A 4= v ol
A MFEES FZT T AFUTL SHA 2FZ e 7| BAo 2= 27T B, gL =4
%}t e Aol Fo ok Futh NG MFEL 7P R ATz oA ¢l FUTh npA A 2
A WHEL A o] 2 F7HlA 91 £ Ut nonlocal & M2 A:Zo] A% AL 3 e o),
new-style class (+ 2 €Y Ze~)

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like ___slots__, descriptors, properties,
_ _getattribute__ (), class methods, and static methods.

object (7 A))
e (EYREYH & 2L TH(MAE) o] AYH ZEHolE. 3 BE 7Y ZH~
o HFAJA HolA ZHAY YT

package (3} 7] #])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module with a __path___ attribute.

A5 7172 S o) & B2 9717 £ HAIR.

parameter (W} 7] ¥H )
T4 (S WAS) AN 70

_/_,‘\_
e dee. ol B WARST g%y

o 9 X|-7| ¥ & (positional-or-keyword): 91 %] Q12 U 7] Y& o1z 2 ALEE F Q= ARE X AT
Y} ol Ao 712 Geie] v A as e ol & Sof th ol A foo 9} bar:
[def func (foo, bar=None): ... }

» 9121208 (positional-only): 91X ¥ A3 4 gl AXHE AFFUH X AF ARG
5 Ao WA RS BEe / BAE EFL 1 Fo) AT 4+ AEUT oIS Sof the

ol A posonlyl I} posonly2:
[def func (posonlyl, posonly2, /, positional_or_keyword): ... }
* 7199 =- 8 (keyword-only): 719 EZ R Al FE 4 Q& AAE AU 7| =-A-§ vj A

Eﬂ—’y\—g T o o) w7 R 4 EF ol A kol sk ZHA- X vl U+ 5 IH) 2 38l A
= F UL A& 9, th Al kw_onlyl £} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7}H-9) X (var-positional): (T} W] 7| M550 el A o] 0] Wol5o A § %] AREof H3l)
A2 = Jde=AA AAEY Y AD2E AAZFYUL o wj A= v 7 5 o] 5ol
* 5 ol 2944 Y2 5 AFUTh A& 5] thaoll Al args:

[def func (*args, **kwargs): ... }
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« 1719 (var-keyword): (G2 A5 ol )8 A o] v] Wo}S o1 719 = AR ol B8l
Aed % e 299 A5 719 AAES ARFULE ol @ s RS v A—S o) Fof

s+ 2 ool Hol A Aeld 4 ath ol 2 S0} 919 ool A kwargs.

WA A A 9 E 7 B b g A Aol AU B4 ANES AT 5 A%

1A} *"LOVJ T, A2} wj M=) Afolo] L} 2= FAQ R, inspect.Parameter &2,
function Z, PEP 362% H A 2.

path entry (3 2 I E =)
AZ 71Nkl 72 E S REESS 2] A& e d2E A2 A e A

sys.path hooks o A+ E’H%(é, AR AEZ F) ol 28 FE U A, T A= dEg
2 EES FEUES AT AL,
AZ JdEZ FAHEo] FHIE=HAEEL importlib.abe.PathEntryFinder o Y34t}

path entry hook (Z £ dlE 7] &)
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 (7 2 7|4} 5} Q1)
712 v e A= SlE S F ot Y2 E A2 oA BE

path-like object (7 2% A A)
st A2 A2 5 Ueidl= AA. A2F AAl= F2 5 UERY = str U bytes AA o] AY
os.PathlLike T2 EFE = AA YU os.Pathlike T2 EFE X Q3= AAl=
os.fspath() TF5TE TZ3 A str Vbytes L A|2"l A2z HIE °1A\JD]- EH/\ os.
fsdecode () & os.fsencode () & Z+Z} str Vtbytes A4S EZHS]'—H] AL2E 4 S5 U
PEP 5192 =5 95Ut}

PEP
gpo] W 7| A| ¢F PEP= 3ol AF U ol AHE A& 5t A shold ==
o gt A28 755 Aot 27 A4 dUth PEP+= Al te 7]l th gt
<AE AF 3 oF it

tjo
i

&Yt

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 3x3A4 8.

portion (Z )
PEP 420 | A A el st A X & o]% 27V 3 7] A of] o] ¥}A| E}= dhite] T EE glof] So] 9= 5 S 9
A% (dp Qo] A= A 7hs

positional argument (¢ %] ¢l x]-)
A2 E HA L.

provisional API (23 API)
%% AP £% ol uejele] 77 S84 B
2 W3 o) A AT, B A ol ek EAS & B, =
BA EEA o] FAH A s Mol Dol 4+ ik 18 WAL
£ 2 AU —APLE 2R Al ¥ 2 S 229 o

A Ygyrch
T APIAAM R AR, 3 A S84
218 FA S dsl] FA S84
o] Aat+= EZEMHE%EV} Al o &8
EUth o AR g2 P 411—%_%%1 HY

provisional package (%3 3| 7] A])
T APIE RAL

292 Appendix A. &3


https://peps.python.org/pep-0362/
https://peps.python.org/pep-0519/
https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0411/

The Python/C API, ¥&] 2 3.11.8

Python 3000 (=} o]4 3000)
vho] 3.x wlj & 2ple] EE (WA 3 wjZ 7 A v o]okr| | Al Fof| hEo] R o] Fo|t}) o] A
S “py3k” 2 o] 27 % BTk

Pythonic (v}o] #e}-2)
£ Qo) S oA Auka ol A
§5 & ol 5L Arte] M= o2
for B8 Aol A H ] B S S A A BE B Ao s o1 B8 el
3 e E 2 A8 a7 = gk

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk & ol & th

{for piece in food:

print (piece)

qualified name (3413} € o] &)
TEH o]&. PEP 3155 o A @QQ‘/}D} 54 ]'-H ?:L—’Fgriaﬂ/\J —?—01] 7§‘FF§]-Q o] 52 A% ]4
ol 5% 25Ut

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

>>> C.__qualname_
>>> C.D._ _qualname_

>>> C.D.meth._ _qualname_

2ES 71g 71 =g A , AR BAFIE o) 2 (fully qualified name) S 2= RR | 7| A &S
ZFeA RER TH= ﬁgi 29 ol 5 guFYrch A& 0], email .mime. text:

>>> import email.mime.text
>>> email .mime.text._ name_
'email .mime.text'

reference count (=X 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementa-
tion. Programmers can call the sys . getrefcount () function to return the reference count for a particular
object.

regular package (A1 2| 7] A])
init._.py 392 ZESE A 2L AT 574,

ol T I A = EA 8.

slots___
SR YR HAd, JA2H 2 oERESS AT TS vlg] Adst d2d2 g e &
AATo Rz M2 Ao EHE FUTh A7) A71E AT, o BlZg e Lu= Aga)
17 Z 71tt2-2 Ao, v eo] Mze S8 T2 I A B 50 AAHAT Y= S
T2 A sk Aol FF U
sequence (X] @A 2X2)
An iterable which supports efficient element access using integer indices via the __getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered 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 3 A= 23 A)
ol g &l = 84 AAY ARE Hesta A3E F-2 HAFS vkt 1HA s Y. results
= {c for c¢ in abracadabra if ¢ not in 'abc'}E EXEY F
A A g t}. comprehensions2 2 514 A &

single dispatch (& 2 t] A3 x])
T o] shte QAAFY] Fof| 72 AR = AlvE S Y Aau) X9 st FE.
slice (&g}o]2)
BREANAL Y SR E XT3 7 iﬂ SOl AE AT HE B
variable_name[l 3:51 A9, [] dNA oJ8 M| AE FRoZ R
A2FIYPE) RS YRPo= Sllce AAE AUtk

special method (54 M A &)
s}o] 4 o] 5301] ojd AkZ, QA 22
o] BER AFStaL Ehe © Z
AF U

statement (& 3})
BHL AYE (ZES “BE (block)”) & P4 REJUTH EFL
ARk o8] 7HAl 2 E Y st Ut 7 1f, while, for.
static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

d 2 AT o FAFeE TEHE VAR ojd HAEE F
15< 231 Y5 th 54 oA =+ specialnames ©f] &A1 2 THE 0] A

el

@4 ol ALY AAEE

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py TNCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B] A E ¢137.9)
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (B A E 5} 4)

scr AAE AR & £ AEAY A T domqYe dAEEWo= AG Ao m e

M rstn B AE o7 S 2% JE Uk HAE 9do 2L BAE BE (1p! Ly

2 99 9}, sys.stdin, sys.stdout, 10.StringI0 Y A2HAE & 4 J5Y 1’/}.

Hlol 2GR AR B A3 & 5 A 5D AR A Hhol el 3 =
triple-quoted string (3% u}2 % d Fx19)

w53 (7) U 22w 3R ()
ﬂ%%wﬂaﬂ

A}

~

=
A
O]Tr°ﬂ/\1 ER7F s Ut olaA ol H A gL Ao
+ 5 53, A7 BAE 27 Qe ole] 2ol AW 4
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type (%)
tol A A S| P2 17 o] o] FFY
P2 _ class__olE ﬂw‘?—EE o

type alias (g o | o] 2)

B A atel i ste] M AL P Fol.

P ol delojat & A= dedots ol F 8P o2 59
rdef remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

AAAS 2AF U ZE AA = Fol dsunh AA <

=

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7158 A3t typingd PEP 4845 2314 S
type hint (& 31 E )
He, Fa o EGRHE D 34 w7 H 4= L} 93 3o 7| oiE & 3-& XA 8k o wE o] 4.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A Aes AYdsta, A9 Hg, SH2 JERE 9 F59 F FE+ typing.
get_type_hints () & AFE8t] AM 2T - S5t
=

o] 7= A8t typingd} PEP 4845 3

g

A

.?o

universal newlines (f-UH A & J7)
q%ﬂ@%ﬁggECZAIWEQMWP-ﬂAEiE%%g
Z]"?\:]_'a] '"\n', '{:]_E—?—.E -{:]_’Ezﬂ \r\n', ]Z(j_,] UHZ]_E/\] :7‘:]_.3:“ "\r'. _'i__7‘l_7_q?_ /\]’%
bytes.splitlines () %} ol e} PEP 278 £} PEP 3116 = E A 8.

variable annotation (] LHo]A)
He e Fda 01 g RHEY of o]

W e SR oERRE B olde 2wl o d2 A8 A YUt

class C:
field: 'annotation'
WS olieElolde dulgor o Y= AHGHUTh 8 o), o] WSt int S AL A0R
e o
[count: int = 0 }

W o] o] A B2 A A annassign o A A ™ gt

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 2+7)
slo]| W AL & 219} 28 =7 ;o] e }\]/\8101]}\-1 AN E = o2 oM S8 =7 TS o] £ 2o
VS FA FowA, Fol HH+ H7NAEE AAFAY A =S
dggoz Aud 49 87,

venv & HA| Q.

virtual machine (Z}4} 7] A))
sz EYolvtog FoH AFH. go] e 7H4} 71 A= vlo| E T Huld e 7t 8t vlol =

T APt
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Zen of Python (=}o] % Al)
sto] A Tz}l gl e B9 5], Ao & olastal AHEoh ol =] HUTh 9]
t3}e ZEZEo|X “import this” & Y3t EYUth

X
=

=
=

rlo
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APPENDIX B

o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

B2 Abgho] shol A o], shola F gholB e e Yl shol Aol 715t 7] o] Ak FE A Q)
22 glo]y £ Wi ] Misc/ACKS & FZ M Al L
stolzdo] o] & B X A
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appeENDIX C

>

o A9} 2o A

[".\.4

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 ﬂ a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 UTH 2001 W, IfolH A Z E 9 o] XH ©H(PSF, https://www.python.org/psf/ ) o] A 8= A5t
o] BAl= stol M HH A A AYAAES Aot S-S YA v e 22 Yt Zope Corporation-&
PSFS] 591 394U o}

BE gpo|p w232 I A2 YUTH(F N & oo ths A= https://opensource.org/E & 314
). AR, L (SHA v AN obdUTh Thel 2 Wi £2H-2 GPLF} B8P LT ofele] Et
chope ol e 2ok AU

EE e 287 GPL =3}

09.0~12 n/a 1991-1995 CWI yes

13~152 1.2 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.1+2.0.1 2001 PSF yes

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] PSF yes

Hi: GPL¥ SHETH: AL 927 GPLE Sol AL W E stk 42 oJnapA: ghayrh B
shol 4 2ol Ml At GPLT 9] o] e Bo] MAL 37 4% 5 21 248 HAL MED 5
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3hth GPL 53 glo] dlA s Sho] M3} GPL 3ol HEH T2 A Z EQ o] S 483 4 9 A Iyt o2
A2 194 5t

Guido®] A 5}o] o] W& 7H5 57 THE BHE 93 AR AAE A A= T,

C2 s}l ol A 28} A A1-83517] 1% o] & ok

Z E o]} A A= PSF License Agreement©l] W2} gFo] Ml A7) Hof = U},

2
}o] 3 3.8.6 5], ™A 9] oA, 28] & 7] e} Z == PSF License Agreement 2} Zero-Clause BSD licenseol|
% ol Al a7 B og YTt

e} of
shol Mo SEE AR 4T E9 o]0 12 Fhol A7t AL F YT ehol Al As o5 2ol Al 2o o )
= FES 3] JLH U ol 3t shol A BAAY BEL w3k 4z e olo] gt eho Al B
Solg Az L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.8

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

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

3.11.8 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 3.11.8 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 3.11.8 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 3.11.8 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
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.11.8, 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 THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
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

(th= ol Al ol A<
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(o] 3| o] A ol A Al)
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
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

(Th= ol Aol A%
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with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
ek Feo 7Rt F=ES 243Ut b2 dd T2 A4S Iz &0 Addth

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

%
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

%
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select BE-S kqueue S1E 3] o] 2o thal THe 3} 22 39 AlgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} dtoa

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

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

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

C.3. 234 2z Ego]o 3t glo]AlA L 59l 309

%


https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

The Python/C API, ¥2]~3.11.8

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(Th& s o] A ol A<%)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(Th& sl o] A ol Al<%)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

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

_ctypes &2 Tt E ——yith-system—1ibffi & FAIS}A] &= Sk, £ SHH libfli &2 AR S A
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Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

%
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3} Ab&5 = Al Hl o] E9] 732 cfuhash ZR A EE 7|9to & 3

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

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

C.3.17 libmpdec

_decimal BEE2 WU EE —-—with-system-libmpdec & A 3}A] &= 3, 2 3HE libmpdec 4~ AR
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N H|2E 2~ 9| E

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

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

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 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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...,281
2to3, 281
>>> 281
__all__ (package variable), 68
__dict__ (module attribute), 157
__doc___ (module attribute), 157
_ file_  (module attribute), 157, 158
_ future_ , 286
_ import_

built-in function, 68
_ loader___ (module attribute), 157
_ _main_

module, 12, 182, 194
__name___ (module attribute), 157
__package__ (module attribute), 157
__PYVENV_LAUNCHER__, 208,214
__slots_ ,293
_frozen (Cstruct), 71
_inittab (Cstruct), 71
_inittab.initfunc (C member), 71
_inittab.name (C member), 71
_Py_c_diff (C function), 121
_Py_c_neqg (C function), 121
_Py_c_pow (C function), 121
_Py_c_prod (C function), 121
_Py_c_quot (C function), 121
_Py_c_sum (C function), 121
_Py_InitializeMain (C function), 221
_Py_NoneStruct (Cvar), 234
_PyBytes_Resize (C function), 124
_PyCFunctionFast (Ctype), 236
_PyCFunctionFastWithKeywords (C type), 236
_PyFrameEvalFunction (C type), 192
_PyInterpreterState_GetEvalFrameFunc

(C function), 193
_PyInterpreterState_SetEvalFrameFunc
(C function), 193

_PyObject_GetDictPtr (C function), 89
_PyObject_New (C function), 233
_PyObject_NewVar (C function), 233
_PyTuple_Resize (C function), 144
_thread

module, 189

A

abort (C function), 68
abs
built—-in function, 97

abstract base class (34 Hlo]& @ 2),
281

allocfunc (Ctype), 272

annotation (o] k= H] o] A), 281

argument (¢ 2}, 281

argv (in module sys), 185

ascii

built—-in function, 89

asynchronous context manager (¥]%7] A
g9 E A2}, 282

asynchronous generator (H]% 7] Ay d o]
H), 282

asynchronous generator iterator (H]%7]
A gl o] €] o] E & o] &), 282

asynchronous iterable (¥] % 7] o] & &),
282

asynchronous iterator (8] 7] o & & o] H),
282

attribute (MJEEHE), 282

awaitable (o8] o] €] £), 282

B

BDFL, 283
binary file (8}o]\E] 3}Y), 283
binaryfunc (Ctype), 273
borrowed reference, 283
buffer interface

(see buffer protocol), 103
buffer object

(see buffer protocol), 103
buffer protocol, 103
built-in function

_ import_ ,68

abs, 97

ascii, 89

bytes, 89

classmethod, 238

compile, 69
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divmod, 97

float, 99

hash, 90, 251

int, 99

len, 91,99, 101, 146, 148, 151

pow, 97, 98

repr, 89, 251

staticmethod, 238

tuple, 101, 147

type, 90
builtins

module, 12, 182, 194
bytearray

object, 124
bytecode (M} E
bytes

built—-in function, 89

object, 122
bytes-like object (Hlo]E A& AA), 283

C

callable, 283
callback (%), 283
calloc (C function), 223
Capsule
object, 168
C—-contiguous, 106, 284
class (8 2), 283
class variable (32
classmethod
built-in function, 238
cleanup functions, 68
close (in module os), 195
CO_FUTURE_DIVISION (C var), 45
code object, 154
compile
built-in function, 69
complex number
object, 121
complex number (B4 4), 283
context manager (AEAE & A}, 284
context variable (AYAE HS), 284
contiguous, 106
contiguous (A<), 284
copyright (in module sys), 185
coroutine (ZFH), 284
coroutine function (ZFE &), 284
CPython, 284

D

decorator (dlZd °]H), 284
descrgetfunc (C type), 272
descriptor (23 HH), 284
descrset func (Ctype), 272
destructor (Ctype), 272
dictionary

object, 147
dictionary (941 2]), 284

F ), 283

H ), 283

dictionary comprehension (YA g Iz
), 285
dictionary view (8A g H), 285
divmod
built-in function, 97
docstring (XA E #), 285
duck-typing (5 E}o]3H), 285

E

EAFP, 285

EOFError (built-in exception), 156
exc_info (in module sys), 10
executable (in module sys), 184

exit (C function), 68

expression (X3 4)), 285
extension module (B3 &), 285

F
f-string (FEA}4), 285
file

object, 156
file object (< AA)), 285
file-like object (ZLF AA), 285
filesystem encoding and error

handler, 285

finder (3} H), 286
float

built-in function, 99
floating point

object, 119
floor division (B4 v, 286
Fortran contiguous, 106, 284
free (C function), 223
freefunc (Ctype), 272
freeze utility,71
frozenset

object, 150
function

object, 151
function (&), 286
function annotation (&4 o] H|o]A), 286

G

garbage collection (7}F8]A] = 7), 286

generator (A @ o] E), 286

generator expression (AU @ o] E & A4,
287

generator iterator (AlYd o]E o] d ]H),
286

generic function (AU g &

generic type (AU E &), 287

getattrfunc (Ctype), 272

getattrofunc (Ctype), 272

getbufferproc (Ctype), 273

getiterfunc (C type), 272

GIL, 287

global interpreter lock, 187

342y, 287

322

3
e



The Python/C API, ¥&] 2 3.11.8

global interpreter lock (A< 2 E Z 2 method (WAl &), 289
=), 287 magic method (W] 2 v A &), 289
main (), 183, 185

H malloc (C function), 223
hash mapping

built-in function, 90, 251 object, 147
hash-based pyc (F|A] 7149} pyc), 287 mapping (7] 33), 289
hashable (| A] 7}%), 287 memoryview
hashfunc (C type), 272 object, 167

meta path finder (WE F & 1}219), 290
| metaclass (M EF 23 2), 290

IDLE, 287 METH_CLASS (C macro), 238
immutable (54), 287 METH_COEXIST (C macro), 238
import path (YT E 7 =), 288 METH_FASTCALL (C macro), 237
importer (X E), 288 METH_KEYWORDS (C macro), 237
importing (¥ 3 H), 288 METH_METHOD (C macro), 238
incr_item(), 11,12 METH_NOARGS (C macro), 238
initproc (Ctype), 272 METH_O (C macro), 238
inquiry (Ctype), 277 METH_STATIC (C macro), 238
instancemethod METH_VARARGS (C macro), 237

object, 153 method
int object, 153

built-in function, 99 method (¥4 £), 290
integer magic, 289

object, 115 special, 294
interactive (h&9), 288 method resolution order (WA= ZAA <A,
interpreted (QE]Z 2 E] =), 288 290
interpreter lock, 187 MethodType (in module types), 151, 153
interpreter shutdown (S1E]=Z ¥ £8) 288 module
iterable (°]EH & E), 288 __main__ , 12,182,194
iterator (°] El & o] E]), 288 _thread, 189
iternext func (C type), 272 builtins, 12, 182, 194

object, 157

K search path, 12, 182, 184
key function (7] &), 289 signal, 56

sys, 12,182, 194
module (&), 290
module spec (RE 23 290

KeyboardInterrupt (built-in exception), 56
keyword argument (7| ¥ = XA}, 289

L modules (in module sys), 68, 182
1ambda (2t}), 289 ModuleType (in module types), 157
LBYL, 289 MRO, 290
len mutable (7}H), 290

built-in function, 91, 99, 101, 146, 148, N

151

lenfunc (Ctype), 273 named tuple (U9 = 75),290
list namespace (°]F 3}, 291

object, 145 namespace package (°]& &t 37| A]), 291
list (B 2E), 289 nested scope (F39 23 2Z), 291
list comprehension (E|2E Zz2]3l4),289 new-style class (2B SE), 291
loader (2H), 289 newfunc (C type), 272
locale encoding, 289 None
lock, interpreter, 187 object, 115
long integer numeric

object, 115 object, 115
LONG_MAX (C macro), 116

@)

M object
magic bytearray, 124

=
=

323



The Python/C API, ¥2]~3.11.8

bytes, 122

Capsule, 168

code, 154

complex number, 121

dictionary, 147

file, 156

floating point, 119

frozenset, 150

function, 151

instancemethod, 153

integer, 115

list, 145

long integer, 115

mapping, 147

memoryview, 167

method, 153

module, 157

None, 115

numeric, 115

sequence, 122

set, 150

tuple, 143

type, 7, 111
object (AA]), 291
objobjargproc (C type), 273
objobjproc (C type), 273
OoverflowError (built-in exception), 116118

P

package (3] 7] A)), 291
package variable

_all__,68
parameter (W] 7)), 291
PATH, 12

path

module search, 12, 182, 184
path (in module sys), 12, 182, 184
path based finder (AZ 7|9l 591 H), 292
path entry (AZ dEZ), 292
path entry finder (AZ JE g 5}2H), 292
path entry hook (AZ dEF £), 292
path-like object (BEF ZAA)), 292
PEP, 292
platform (in module sys), 185
portion (EA4), 292
positional argument (§ %] <1z}, 292
pow

built-in function, 97, 98
provisional API (FA API), 292
provisional package (FA 3 7] A)), 292
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 195
Py_ALWAYS_INLINE (C macro), 4
Py_AtExit (C function), 68
Py_AuditHookFunction (C type), 67
Py_BEGIN_ALLOW_THREADS (C macro), 187, 190
Py_BLOCK_THREADS (C macro), 191
Py_buffer (Ctype), 104

Py_buffer.buf (Cmember), 104
Py_buffer.format (C member), 105
Py_buffer.internal (C member), 105
Py_buffer.itemsize (C member), 104
Py_buffer.len (C member), 104
Py_buffer.ndim (C member), 105
Py_buffer.ob]j (Cmember), 104
Py_buffer.readonly (C member), 104
Py_buffer.shape (C member), 105
Py_buffer.strides (C member), 105
Py_buffer.suboffsets (C member), 105
Py_Buildvalue (C function), 79
Py_BytesMain (C function), 41
Py_BytesWarningFlag (C var), 180
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 48
Py_CompileString (C function), 43, 44
Py_CompileStringExFlags (C function), 44
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 43
Py_complex (Ctype), 121

Py_DEBUG (C macro), 13

Py_DebugFlag (C var), 180
Py_DecodeLocale (C function), 64
Py_DECREF (C function), 7, 48

Py_DecRef (C function), 48
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 180
Py_Ellipsis (Cvar), 167
Py_EncodeLocale (C function), 65
Py_END_ALLOW_THREADS (C macro), 187, 190
Py_EndInterpreter (C function), 195
Py_EnterRecursiveCall (C function), 59
Py_EQ (C macro), 259

Py_eval_input (Cvar), 44

Py_Exit (C function), 68
Py_ExitStatusException (C function), 203
Py_False (Cvar), 119

Py_FatalError (C function), 68
Py_FatalError(), 185
Py_FdIsInteractive (C function), 63
Py_file_input (Cvar), 44

Py_Finalize (C function), 182
Py_FinalizeEx (C function), 68, 182, 194, 195
Py_FrozenFlag (Cvar), 180

Py_GE (C macro), 259

Py_GenericAlias (C function), 177
Py_GenericAliasType (Cvar), 178
Py_GetArgcArgv (C function), 220
Py_GetBuildInfo (C function), 185
Py_GetCompiler (C function), 185
Py_GetCopyright (C function), 185
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 12, 184
Py_GetPath (C function), 12, 184
Py_GetPath (), 183, 184
Py_GetPlatform (C function), 185
Py_GetPrefix (C function), 12, 183
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Py_GetProgramFullPath (C function), 12, 184

Py_GetProgramName (C function), 183

Py_GetPythonHome (C function), 186

Py_GetVersion (C function), 185

Py_GT (C macro), 259

Py_hash_t (Ctype), 83

Py_HashRandomizationFlag (C var), 180

Py_IgnoreEnvironmentFlag (C var), 180

Py_INCREF (C function), 7,47

Py_IncRef (C function), 48

Py_Initialize (C function), 12, 182, 194

Py_Initialize(), 183

Py_InitializeEx (C function), 182

Py_InitializeFromConfig (C function), 217

Py_InspectFlag (Cvar), 181

Py_InteractiveFlag (Cvar), 181

Py_TIs (C function), 234

Py_IS_TYPE (C function), 235

Py_IsFalse (C function), 235

Py_IsInitialized (C function), 12, 182

Py_TIsNone (C function), 234

Py_IsolatedFlag (Cvar), 181

Py_IsTrue (C function), 235

Py_LE (C macro), 259

Py_LeaveRecursiveCall (C function), 59

Py_LegacyWindowsFSEncodingFlag (C var),
181

Py_LegacyWindowsStdioFlag (Cvar), 181

Py_LIMITED_APT (C macro), 15

Py_LT (C macro), 259

Py_Main (C function), 41

PY_MAJOR_VERSION (C macro), 279

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 279

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 279

Py_mod_create (C macro), 160

Py_mod_exec (C macro), 161

Py_NE (C macro), 259

Py_NewInterpreter (C function), 194

Py_NewRef (C function), 47

Py_NO_INLINE (C macro), 5

Py_None (Cvar), 115

Py_NoSiteFlag (Cvar), 181

Py_NotImplemented (C var), 87

Py_NoUserSiteDirectory (Cvar), 181

Py_OpenCodeHookFunction (Ctype), 156

Py_OptimizeFlag (Cvar), 181

Py_PrelInitialize (C function), 206

Py_PreInitializeFromArgs (C function), 206

Py_PreInitializeFromBytesArgs (C func-
tion), 206

Py_PRINT_RAW (C macro), 87, 157

Py_QuietFlag (Cvar), 181

Py_REFCNT (C function), 235

PY_RELEASE_LEVEL (C macro), 279

PY_RELEASE_SERIAL (C macro), 279

Py_ReprEnter (C function), 59

Py_ReprLeave (C function), 59

Py_RETURN_FALSE (C macro), 119

Py_RETURN_NONE (C macro), 115

Py_RETURN_NOTIMPLEMENTED (C macro), 87

Py_RETURN_RICHCOMPARE (C macro), 259

Py_RETURN_TRUE (C macro), 119

Py_RunMain (C function), 220

Py_SET_REFCNT (C function), 235

Py_SET_SIZE (C function), 235

Py_SET_TYPE (C function), 235

Py_SetPath (C function), 184

Py_SetPath (), 184

Py_SetProgramName (C function), 12, 183

Py_SetProgramName (), 182184

Py_SetPythonHome (C function), 186

Py_SetStandardStreamEncoding (C function),
183

Py_single_input (C var), 44

Py_SIZE (C function), 235

Py_ssize_t (Ctype), 10

PY_SSIZE_T_MAX (C macro), 117

Py_STRINGIFY (C macro), 5

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro),
255

Py_TPFLAGS_BASETYPE (C macro), 254

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 255

Py_TPFLAGS_DEFAULT (C macro), 254

Py_TPFLAGS_DICT_SUBCLASS (C macro), 255

Py_TPFLAGS_DISALLOW_INSTANTIATION (o
macro), 255

Py_TPFLAGS_HAVE_FINALIZE (C macro), 255

Py_TPFLAGS_HAVE_GC (C macro), 254

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 255

Py_TPFLAGS_HEAPTYPE (C macro), 253

Py_TPFLAGS_IMMUTABLETYPE (C macro), 255

Py_TPFLAGS_LIST_SUBCLASS (C macro), 255

Py_TPFLAGS_LONG_SUBCLASS (C macro), 254

Py_TPFLAGS_MAPPING (C macro), 256

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro),
254

Py_TPFLAGS_READY (C macro), 254

Py_TPFLAGS_READYING (C macro), 254

Py_TPFLAGS_SEQUENCE (C macro), 256

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 255

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 255

Py_TPFLAGS_UNICODE_SUBCLASS (C macro),
255

Py_tracefunc (C type), 196

Py_True (Cvar), 119

Py_tss_NEEDS_INIT (C macro), 198

Py_tss_t (Ctype), 198

Py_TYPE (C function), 235

Py_UCS1 (Ctype), 126

Py_UCS2 (Ctype), 126

Py_UCS4 (Ctype), 126

Py_uhash_t (Ctype), 83

Py_UNBLOCK_THREADS (C macro), 191
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Py_UnbufferedStdioFlag (Cvar), 181

Py_UNICODE (C type), 126

Py_UNICODE_IS_HIGH_SURROGATE (C macro),
129

Py_UNICODE_IS_LOW_SURROGATE (C macro),
129

Py_UNICODE_IS_SURROGATE (C macro), 129

Py_UNICODE_ISALNUM (C function), 129

Py_UNICODE_ISALPHA (C function), 129

Py_UNICODE_ISDECIMAL (C function), 128

Py_UNICODE_ISDIGIT (C function), 129

Py_UNICODE_ISLINEBREAK (C function), 128

Py_UNICODE_ISLOWER (C function), 128

Py_UNICODE_ISNUMERIC (C function), 129

Py_UNICODE_ISPRINTABLE (C function), 129

Py_UNICODE_ISSPACE (C function), 128

Py_UNICODE_ISTITLE (C function), 128

Py_UNICODE_ISUPPER (C function), 128

Py_UNICODE_JOIN_SURROGATES (C macro), 129

Py_UNICODE_TODECIMAL (Cfunction), 129

Py_UNICODE_TODIGIT (C function), 129

Py_UNICODE_TOLOWER (C function), 129

Py_UNICODE_TONUMERIC (C function), 129

Py_UNICODE_TOTITLE (C function), 129

Py_UNICODE_TOUPPER (C function), 129

Py_UNREACHABLE (C macro), 5

Py_UNUSED (C macro), 6

Py_VaBuildvalue (C function), 81

PY_VECTORCALL_ARGUMENTS_OFFSET (o
macro), 92

Py_VerboseFlag (Cvar), 181

Py_Version (Cvar), 279

PY_VERSION_HEX (C macro), 279

Py_VISIT (C function), 277

Py_XDECREF (C function), 12, 48

Py_XINCREF (C function), 47

Py_XNewRef (C function), 47

PyAIter_Check (C function), 102

PyAnySet_Check (C function), 150

PyAnySet_CheckExact (C function), 150

PyArg_Parse (C function), 78

PyArg_ParseTuple (C function), 78

PyArg_ParseTupleAndKeywords (C function),
78

PyArg_UnpackTuple (C function), 78

PyArg_ValidateKeywordArguments (C func-
tion), 78

PyArg_VaParse (C function), 78

PyArg_VaParseTupleAndKeywords (C func-
tion), 78

PyASCIIObject (Ctype), 126

PyAsyncMethods (C type), 271

PyAsyncMethods.am_aiter (C member), 271

PyAsyncMethods.am_anext (C member), 271

PyAsyncMethods.am_await (C member), 271

PyAsyncMethods.am_send (C member), 271

PyBool_Check (C function), 118

PyBool_FromLong (C function), 119

PyBool_Type (Cvar), 118
PyBUF_ANY_CONTIGUOUS (C macro), 107
PyBUF_C_CONTIGUOUS (C macro), 107
PyBUF_CONTIG (C macro), 107
PyBUF_CONTIG_RO (C macro), 107
PyBUF_F_CONTIGUOUS (C macro), 107
PyBUF_FORMAT (C macro), 106
PyBUF_FULL (C macro), 107
PyBUF_FULL_RO (C macro), 107
PyBUF_INDIRECT (C macro), 106
PyBUF_MAX_NDIM (C macro), 105
PyBUF_ND (C macro), 106
PyBUF_READ (C macro), 167
PyBUF_RECORDS (C macro), 107
PyBUF_RECORDS_RO (C macro), 107
PyBUF_SIMPLE (C macro), 106
PyBUF_STRIDED (C macro), 107
PyBUF_STRIDED_RO (C macro), 107
PyBUF_STRIDES (C macro), 106
PyBUF_WRITABLE (C macro), 106
PyBUF_WRITE (C macro), 167
PyBuffer_FillContiguousStrides (C func-
tion), 110
PyBuffer_FillInfo (C function), 110
PyBuffer_ FromContiguous (C function), 109
PyBuffer_ GetPointer (C function), 109
PyBuffer_IsContiguous (C function), 109
PyBuffer_Release (C function), 109
PyBuffer_SizeFromFormat (C function), 109
PyBuffer_ToContiguous (C function), 109
PyBufferProcs (Ctype), 103,270
PyBufferProcs.bf_getbuffer (C member),
270
PyBufferProcs.bf_releasebuffer (C mem-
ber), 270
PyByteArray_AS_STRING (C function), 125
PyByteArray_AsString (C function), 125
PyByteArray_Check (C function), 125
PyByteArray_CheckExact (C function), 125
PyByteArray_Concat (C function), 125
PyByteArray_FromObject (C function), 125
PyByteArray_FromStringAndSize (C func-
tion), 125
PyByteArray_GET_SIZE (C function), 125
PyByteArray_Resize (C function), 125
PyByteArray_Size (C function), 125
PyByteArray_Type (Cvar), 124
PyByteArrayObject (C type), 124
PyBytes_AS_STRING (C function), 124
PyBytes_AsString (C function), 123
PyBytes_AsStringAndSize (C function), 124
PyBytes_Check (C function), 122
PyBytes_CheckExact (C function), 122
PyBytes_Concat (C function), 124
PyBytes_ConcatAndDel (C function), 124
PyBytes_FromFormat (C function), 123
PyBytes_FromFormatV (C function), 123
PyBytes_FromObject (C function), 123
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PyBytes_FromString (C function), 123
PyBytes_FromStringAndSize (C function), 123
PyBytes_GET_SIZE (C function), 123
PyBytes_Size (C function), 123
PyBytes_Type (Cvar), 122
PyBytesObject (Ctype), 122
PyCallable_Check (C function), 96
PyCallIter_Check (C function), 164
PyCallIter_New (C function), 164
PyCallIter_Type (Cvar), 164
PyCapsule (Ctype), 168
PyCapsule_CheckExact (C function), 169
PyCapsule_Destructor (Ctype), 168
PyCapsule_GetContext (C function), 169
PyCapsule_GetDestructor (C function), 169
PyCapsule_GetName (C function), 169
PyCapsule_GetPointer (C function), 169
PyCapsule_Import (C function), 169
PyCapsule_TIsValid (C function), 169
PyCapsule_New (C function), 169
PyCapsule_SetContext (C function), 170
PyCapsule_SetDestructor (C function), 170
PyCapsule_SetName (C function), 170
PyCapsule_SetPointer (C function), 170
PyCell_Check (C function), 154
PyCell_GET (C function), 154
PyCell_Get (C function), 154
PyCell_New (C function), 154
PyCell_SET (C function), 154
PyCell_Set (C function), 154
PyCell_Type (Cvar), 154
PyCellObject (Ctype), 154
PyCFunction (C type), 236
PyCFunction_New (C function), 239
PyCFunction_NewEx (C function), 239
PyCFunctionWithKeywords (C type), 236
PyCMethod (C type), 236
PyCMethod_New (C function), 238
PyCode_Addr2Line (C function), 155
PyCode_Addr2Location (C function), 155
PyCode_Check (C function), 154
PyCode_GetCellvars (C function), 155
PyCode_GetCode (C function), 155
PyCode_GetFreevars (C function), 155
PyCode_GetNumFree (C function), 154
PyCode_GetVarnames (C function), 155
PyCode_New (C function), 154
PyCode_NewEmpty (C function), 155
PyCode_NewWithPosOnlyArgs (C function), 155
PyCode_Type (Cvar), 154
PyCodec_BRackslashReplaceErrors (C func-
tion), 86
PyCodec_Decode (C function), 84
PyCodec_Decoder (C function), 85
PyCodec_Encode (C function), 84
PyCodec_Encoder (C function), 85
PyCodec_IgnoreErrors (C function), 85
PyCodec_IncrementalDecoder (C function), 85

PyCodec_IncrementalEncoder (C function), 85
PyCodec_KnownEncoding (C function), 84
PyCodec_LookupError (C function), 85
PyCodec_NameReplaceErrors (C function), 86
PyCodec_Register (C function), 84
PyCodec_RegisterError (C function), 85
PyCodec_ReplaceErrors (C function), 85
PyCodec_StreamReader (C function), 85
PyCodec_StreamWriter (C function), 85
PyCodec_StrictErrors (C function), 85
PyCodec_Unregister (C function), 84
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 86
PyCodeObject (Ctype), 154
PyCompactUnicodeObject (C type), 126
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 45
PyCompilerFlags.cf_flags (C member), 44
PyComplex_AsCComplex (C function), 122
PyComplex_Check (C function), 122
PyComplex_CheckExact (C function), 122
PyComplex_FromCComplex (C function), 122
PyComplex_FromDoubles (C function), 122
PyComplex_ImagAsDouble (C function), 122
PyComplex_RealAsDouble (C function), 122
PyComplex_Type (Cvar), 122
PyComplexObject (C type), 122
PyConfig (Ctype), 207
PyConfig_Clear (C function), 207
PyConfig_InitIsolatedConfig (C function),
207
PyConfig_InitPythonConfig (C function), 207
PyConfig_Read (C function), 207
PyConfig_SetArgv (C function), 207
PyConfig_SetBytesArgv (C function), 207
PyConfig_SetBytesString (C function), 207
PyConfig_SetString (C function), 207
PyConfig_SetWideStringList (C function),
207
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

argv (C member), 208
base_exec_prefix (C member), 208
base_executable (C member), 208
base_prefix (C member), 208
buffered_stdio (C member), 209
PyConfig.bytes_warning (C member), 209
PyConfig.check_hash_pycs_mode (C mem-
ber), 209
PyConfig.code_debug_ranges
209
PyConfig.configure_c_stdio (C member),
209
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

(C  member),

dev_mode (C member), 210
dump_refs (C member), 210
exec_prefix (Cmember), 210
executable (C member), 210
faulthandler (C member), 210
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PyConfig.filesystem_encoding (C member),
210
PyConfig.filesystem_errors
210
PyConfig.hash_seed (C member), 211
PyConfig.home (C member), 211
PyConfig.import_time (C member), 211
PyConfig.inspect (C member), 211
PyConfig.install_signal_handlers
member), 211
PyConfig.interactive (C member), 211
PyConfig.isolated (C member), 211
PyConfig.legacy_windows_stdio (C mem-
ber), 212
PyConfig.malloc_stats (C member), 212
PyConfig.module_search_paths (C member),
212
PyConfig.module_search_paths_set
member), 212
PyConfig.optimization_level (C member),
213
PyConfig.orig_argv (C member), 213
PyConfig.parse_argv (C member), 213
PyConfig.parser_debug (C member), 213
PyConfig.pathconfig_warnings (C member),
213
PyConfig.platlibdir (C member), 212
PyConfig.prefix (C member), 213
PyConfig.program_name (C member), 214
PyConfig.pycache_prefix (C member), 214
PyConfig.pythonpath_env (C member), 212
PyConfig.quiet (C member), 214
PyConfig.run_command (C member), 214
PyConfig.run_filename (C member), 214
PyConfig.run_module (C member), 214
PyConfig.safe_path (C member), 208
PyConfig.show_ref_count (C member), 214
PyConfig.site_import (C member), 215
PyConfig.skip_source_first_1line (Cmem-
ber), 215
PyConfig.stdio_encoding (C member), 215
PyConfig.stdio_errors (C member), 215
PyConfig.tracemalloc (C member), 215
PyConfig.use_environment (C member), 215
PyConfig.use_hash_seed (C member), 211
PyConfig.user_site_directory (C member),
216
PyConfig.verbose (C member), 216
PyConfig.warn_default_encoding (C mem-
ber), 209
PyConfig.warnoptions (C member), 216
PyConfig.write_bytecode (C member), 216
PyConfig.xoptions (C member), 216
PyContext (Ctype), 172
PyContext_CheckExact (C function), 173
PyContext_Copy (C function), 173
PyContext_CopyCurrent (C function), 173
PyContext_Enter (C function), 173

(C member),

(e

(e

PyContext_Exit (C function), 173
PyContext_New (C function), 173
PyContext_Type (Cvar), 173
PyContextToken (C type), 172
PyContextToken_CheckExact (C function), 173
PyContextToken_Type (Cvar), 173
PyContextVar (C type), 172
PyContextVar_CheckExact (C function), 173
PyContextVar_Get (C function), 173
PyContextVar_New (C function), 173
PyContextVar_Reset (C function), 174
PyContextVar_Set (C function), 174
PyContextVar_Type (Cvar), 173
PyCoro_CheckExact (C function), 172
PyCoro_New (C function), 172
PyCoro_Type (Cvar), 172
PyCoroObject (Ctype), 172
PyDate_Check (C function), 174
PyDate_CheckExact (C function), 175
PyDate_FromDate (C function), 175
PyDate_FromTimestamp (C function), 177
PyDateTime_Check (C function), 175
PyDateTime_CheckExact (C function), 175
PyDateTime_Date (Ctype), 174
PyDateTime_DATE_GET_FOLD (C function), 176
PyDateTime_DATE_GET_HOUR (C function), 176
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 176
PyDateTime_DATE_GET_MINUTE (C function),
176
PyDateTime_DATE_GET_SECOND (C function),
176
PyDateTime_DATE_GET_TZINFO (C function),
176
PyDateTime_DateTime (C type), 174
PyDateTime_DateTimeType (Cvar), 174
PyDateTime_DateType (Cvar), 174
PyDateTime_Delta (Ctype), 174
PyDateTime_DELTA_GET_DAYS (C function), 177
PyDateTime_DELTA_GET_MICROSECONDS (e
Sfunction), 177
PyDateTime_DELTA_GET_SECONDS (C function),
177
PyDateTime_DeltaType (Cvar), 174
PyDateTime_FromDateAndTime (C function),
175
PyDateTime_FromDateAndTimeAndFold (C
function), 175
PyDateTime_FromTimestamp (C function), 177
PyDateTime_GET_DAY (C function), 176
PyDateTime_GET_MONTH (C function), 176
PyDateTime_GET_YEAR (C function), 176
PyDateTime_Time (C type), 174
PyDateTime_TIME_GET_FOLD (C function), 177
PyDateTime_TIME_GET_HOUR (C function), 176
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 177
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PyDateTime_TIME_GET_MINUTE (C function),
176
PyDateTime_TIME_GET_SECOND (C function),
177
PyDateTime_TIME_GET_TZINFO (C function),
177
PyDateTime_TimeType (Cvar), 174
PyDateTime_TimeZone_UTC (Cvar), 174
PyDateTime_TZInfoType (Cvar), 174
PyDelta_Check (C function), 175
PyDelta_CheckExact (C function), 175
PyDelta_FromDSU (C function), 176
PyDescr_IsData (C function), 165
PyDescr_NewClassMethod (C function), 165
PyDescr_NewGetSet (C function), 165
PyDescr_NewMember (C function), 165
PyDescr_NewMethod (C function), 165
PyDescr_NewWrapper (C function), 165
PyDict_Check (C function), 147
PyDict_CheckExact (C function), 147
PyDict_Clear (C function), 147
PyDict_Contains (C function), 147
PyDict_Copy (C function), 147
PyDict_DelItem (C function), 147
PyDict_DelItemString (C function), 148
PyDict_GetItem (C function), 148
PyDict_GetItemString (C function), 148
PyDict_GetItemWithError (C function), 148
PyDict_TItems (C function), 148
PyDict_Keys (C function), 148
PyDict_Merge (C function), 149
PyDict_MergeFromSeq2 (C function), 149
PyDict_New (C function), 147
PyDict_Next (C function), 148
PyDict_SetDefault (C function), 148
PyDict_SetItem (C function), 147
PyDict_SetItemString (C function), 147
PyDict_Size (C function), 148
PyDict_Type (Cvar), 147
PyDict_Update (C function), 149
PyDict_Values (C function), 148
PyDictObject (C type), 147
PyDictProxy_New (C function), 147
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 50
PyErr_BadInternalCall (C function), 52
PyErr_CheckSignals (C function), 56
PyErr_Clear (C function), 10, 12,49
PyErr_ExceptionMatches (C function), 12, 54
PyErr_Fetch (C function), 54
PyErr_Format (C function), 50
PyErr_FormatV (C function), 50
PyErr_GetExcInfo (C function), 55
PyErr_GetHandledException (C function), 55
PyErr_GivenExceptionMatches (C function),
54
PyErr_NewException (C function), 57

PyErr_NewExceptionWithDoc (C function), 57
PyErr_NoMemory (C function), 50
PyErr_NormalizeException (C function), 54
PyErr_Occurred (C function), 10, 53
PyErr_Print (C function), 50
PyErr_PrintEx (C function), 49
PyErr_ResourceWarning (C function), 53
PyErr_Restore (C function), 54
PyErr_SetExcFromWindowsErr (C function), 51
PyErr_SetExcFromWindowsErrWithFilename
(C function), 52
PyErr_SetExcFromWindowsErrWithFilenameObject
(C function), 51
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C function), 51
PyErr_SetExcInfo (C function), 55
PyErr_SetFromErrno (C function), 50
PyErr_SetFromErrnoWithFilename (C func-
tion), 51
PyErr_SetFromErrnoWithFilenameObject
(C function), 51
PyErr_SetFromErrnoWithFilenameObjects
(C function), 51
PyErr_SetFromWindowsErr (C function), 51
PyErr_SetFromWindowsErrWithFilename (C
function), 51
PyErr_SetHandledException (C function), 55
PyErr_SetImportError (C function), 52
PyErr_SetImportErrorSubclass (C function),
52
PyErr_SetInterrupt (C function), 56
PyErr_SetInterruptEx (C function), 56
PyErr_SetNone (C function), 50
PyErr_SetObject (C function), 50
PyErr_SetString (C function), 10, 50
PyErr_SyntaxLocation (C function), 52
PyErr_SyntaxLocationEx (C function), 52
PyErr_SyntaxLocationObject (C function), 52
PyErr_WarnEx (C function), 53
PyErr_WarnExplicit (C function), 53
PyErr_WarnExplicitObject (C function), 53
PyErr_WarnFormat (C function), 53
PyErr_WriteUnraisable (C function), 50
PyEval_AcquireLock (C function), 193
PyEval_AcquireThread (C function), 193
PyEval_AcquireThread(), 189
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 84
PyEval_GetFrame (C function), 84
PyEval_GetFuncDesc (C function), 84
PyEval_GetFuncName (C function), 84
PyEval_GetGlobals (C function), 84
PyEval_GetLocals (C function), 84
PyEval_InitThreads (C function), 189
PyEval_InitThreads (), 182

9]

329



The Python/C API, ¥2]~3.11.8

PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 194
PyEval_ReleaseThread (C function), 193
PyEval_ReleaseThread(), 189
PyEval_RestoreThread (C function), 187, 189
PyEval_RestoreThread(), 189
PyEval_SaveThread (C function), 187, 189
PyEval_SaveThread(), 189
PyEval_SetProfile (C function), 197
PyEval_SetTrace (C function), 197
PyEval_ThreadsInitialized (C function), 189
PyExc_ArithmeticError (Cvar), 59
PyExc_AssertionError (Cvar), 59
PyExc_AttributeError (Cvar), 59
PyExc_BaseException (Cvar), 59
PyExc_BlockingIOError (C var), 59
PyExc_BrokenPipeError (Cvar), 59
PyExc_BufferError (Cvar), 59
PyExc_BytesWarning (C var), 61
PyExc_ChildProcessError (Cvar), 59
PyExc_ConnectionAbortedError (Cvar), 59
PyExc_ConnectionError (Cvar), 59
PyExc_ConnectionRefusedError (Cvar), 59
PyExc_ConnectionResetError (Cvar), 59
PyExc_DeprecationWarning (Cvar), 61
PyExc_EnvironmentError (Cvar), 61
PyExc_EOFError (Cvar), 59
PyExc_Exception (Cvar), 59
PyExc_FileExistsError (Cvar), 59
PyExc_FileNotFoundError (C var), 59
PyExc_FloatingPointError (Cvar), 59
PyExc_FutureWarning (C var), 61
PyExc_GeneratorExit (Cvar), 59
PyExc_ImportError (Cvar), 59
PyExc_ImportWarning (C var), 61
PyExc_IndentationError (C var), 59
PyExc_IndexError (C var), 59
PyExc_InterruptedError (Cvar), 59
PyExc_TIOError (Cvar), 61
PyExc_IsADirectoryError (Cvar), 59
PyExc_KeyboardInterrupt (C var), 59
PyExc_KeyError (Cvar), 59
PyExc_LookupError (C var), 59
PyExc_MemoryError (C var), 59
PyExc_ModuleNotFoundError (C var), 59
PyExc_NameError (C var), 59
PyExc_NotADirectoryError (Cvar), 59
PyExc_NotImplementedError (C var), 59
PyExc_OSError (Cvar), 59
PyExc_OverflowError (Cvar), 59
PyExc_PendingDeprecationWarning (C var),
61
PyExc_PermissionError (C var), 59
PyExc_ProcessLookupError (Cvar), 59
PyExc_RecursionError (Cvar), 59
PyExc_ReferenceError (Cvar), 59
PyExc_ResourceWarning (Cvar), 61
PyExc_RuntimeError (Cvar), 59

PyExc_RuntimeWarning (C var), 61
PyExc_StopAsyncIteration (Cvar), 59
PyExc_StopIteration (Cvar), 59
PyExc_SyntaxError (C var), 59
PyExc_SyntaxWarning (Cvar), 61
PyExc_SystemError (C var), 59
PyExc_SystemExit (C var), 59
PyExc_TabError (Cvar), 59
PyExc_TimeoutError (Cvar), 59
PyExc_TypeError (Cvar), 59
PyExc_UnboundLocalError (Cvar), 59
PyExc_UnicodeDecodeError (C var), 59
PyExc_UnicodeEncodeError (Cvar), 59
PyExc_UnicodeError (Cvar), 59
PyExc_UnicodeTranslateError (Cvar), 59
PyExc_UnicodeWarning (C var), 61
PyExc_UserWarning (C var), 61
PyExc_ValueError (Cvar), 59
PyExc_Warning (Cvar), 61
PyExc_WindowsError (Cvar), 61
PyExc_ZeroDivisionError (Cvar), 59
PyException_GetCause (C function), 57
PyException_GetContext (C function), 57
PyException_GetTraceback (C function), 57
PyException_SetCause (C function), 57
PyException_SetContext (C function), 57
PyException_SetTraceback (C function), 57
PyFile_FromFd (C function), 156
PyFile_GetLine (C function), 156
PyFile_SetOpenCodeHook (C function), 156
PyFile_WriteObject (C function), 157
PyFile_WriteString (C function), 157
PyFloat_AS_DOUBLE (C function), 119
PyFloat_AsDouble (C function), 119
PyFloat_Check (C function), 119
PyFloat_CheckExact (C function), 119
PyFloat_FrombDouble (C function), 119
PyFloat_FromString (C function), 119
PyFloat_GetInfo (C function), 119
PyFloat_GetMax (C function), 119
PyFloat_GetMin (C function), 120
PyFloat_Pack2 (C function), 120
PyFloat_Pack4 (C function), 120
PyFloat_Pack8 (C function), 120
PyFloat_Type (Cvar), 119
PyFloat_Unpack?2 (C function), 120
PyFloat_Unpack4 (C function), 121
PyFloat_Unpack8 (C function), 121
PyFloatObject (Ctype), 119
PyFrame_Check (C function), 170
PyFrame_GetBack (C function), 170
PyFrame_GetBuiltins (C function), 170
PyFrame_GetCode (C function), 171
PyFrame_GetGenerator (C function), 171
PyFrame_GetGlobals (C function), 171
PyFrame_GetLasti (C function), 171
PyFrame_GetLineNumber (C function), 171
PyFrame_GetLocals (C function), 171
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PyFrame_Type (Cvar), 170
PyFrameObject (C type), 170
PyFrozenSet_Check (C function), 150
PyFrozenSet_CheckExact (C function), 150
PyFrozenSet_New (C function), 150
PyFrozenSet_Type (Cvar), 150
PyFunction_Check (C function), 151
PyFunction_GetAnnotations (C function), 152
PyFunction_GetClosure (C function), 152
PyFunction_GetCode (C function), 152
PyFunction_GetDefaults (C function), 152
PyFunction_GetGlobals (C function), 152
PyFunction_GetModule (C function), 152
PyFunction_New (C function), 152
PyFunction_NewWithQualName (C function),
152
PyFunction_SetAnnotations (C function), 152
PyFunction_SetClosure (C function), 152
PyFunction_SetDefaults (C function), 152
PyFunction_Type (Cvar), 151
PyFunctionObject (Ctype), 151
PyGC_Collect (C function), 278
PyGC_Disable (C function), 278
PyGC_Enable (C function), 278
PyGC_IsEnabled (C function), 278
PyGen_Check (C function), 171
PyGen_CheckExact (C function), 171
PyGen_New (C function), 172
PyGen_NewWithQualName (C function), 172
PyGen_Type (Cvar), 171
PyGenObject (Ctype), 171
PyGetSetDef (C type), 240
PyGILState_Check (C function), 190
PyGILState_Ensure (C function), 190
PyGILState_GetThisThreadState (C func-
tion), 190
PyGILState_Release (C function), 190
PyHash_FuncDef (C type), 83
PyHash_FuncDef.hash_bits (C member), 83
PyHash_FuncDef .name (C member), 83
PyHash_FuncDef.seed_bits (C member), 83
PyHash_GetFuncDef (C function), 83
PyImport_AddModule (C function), 69
PyImport_AddModuleObject (C function), 69
PyImport_AppendInittab (C function), 71
PyImport_ExecCodeModule (C function), 69
PyImport_ExecCodeModuleEx (C function), 70
PyImport_ExecCodeModuleObject (C func-
tion), 70
PyImport_ExecCodeModuleWithPathnames
(C function), 70
PyImport_ExtendInittab (C function), 71
PyImport_FrozenModules (Cvar), 71
PyImport_GetImporter (C function), 70
PyImport_GetMagicNumber (C function), 70
PyImport_GetMagicTag (C function), 70
PyImport_GetModule (C function), 70
PyImport_GetModuleDict (C function), 70

PyImport_Import (C function), 69
PyImport_ImportFrozenModule (C function),
71
PyImport_ImportFrozenModuleObject (C
function), 71
PyImport_ImportModule (C function), 68
PyImport_ImportModuleEx (C function), 68
PyImport_ImportModuleLevel (C function), 69
PyImport_ImportModuleLevelObject (o
function), 68
PyImport_ImportModuleNoBlock (C function),
68
PyImport_ReloadModule (C function), 69
PyIndex_Check (C function), 99
PyInstanceMethod_Check (C function), 153
PyInstanceMethod_Function (C function), 153
PyInstanceMethod_GET_FUNCTION (C func-
tion), 153
PyInstanceMethod_New (C function), 153
PyInstanceMethod_Type (C var), 153
PyInterpreterState (Ctype), 189
PyInterpreterState_Clear (C function), 191
PyInterpreterState_Delete (C function), 191
PyInterpreterState_Get (C function), 192
PyInterpreterState_GetDict (C function),
192
PyInterpreterState_GetID (C function), 192
PyInterpreterState_Head (C function), 197
PyInterpreterState_Main (C function), 197
PyInterpreterState_New (C function), 191
PyInterpreterState_Next (C function), 197
PyInterpreterState_ThreadHead (C func-
tion), 197
PyIter_Check (C function), 102
PyIter_Next (C function), 102
PyIter_Send (C function), 103
PyList_Append (C function), 146
PyList_AsTuple (C function), 147
PyList_Check (C function), 145
PyList_CheckExact (C function), 145
PyList_GET_ITEM (C function), 146
PyList_GET_SIZE (C function), 146
PyList_GetItem (C function), 9, 146
PyList_GetSlice (C function), 146
PyList_Insert (C function), 146
PyList_New (C function), 145
PyList_Reverse (C function), 147
PyList_SET_ITEM (C function), 146
PyList_SetItem (C function), 8, 146
PyList_SetSlice (C function), 146
PyList_Size (C function), 146
PyList_Sort (C function), 146
PyList_Type (C var), 145
PyListObject (C type), 145
PyLong_AsDouble (C function), 118
PyLong_AsLong (C function), 116
PyLong_AsLongAndOverflow (C function), 117
PyLong_AsLongLong (C function), 117
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PyLong_AsLongLongAndOverflow (C function),
117
PyLong_AsSize_t (C function), 117
PyLong_AsSsize_t (C function), 117
PyLong_AsUnsignedLong (C function), 117
PyLong_AsUnsignedLongLong (C function), 117
PyLong_AsUnsignedLongLongMask (C func-
tion), 118
PyLong_AsUnsignedLongMask (C function), 118
PyLong_AsVoidPtr (C function), 118
PyLong_Check (C function), 115
PyLong_CheckExact (C function), 115
PyLong_FromDouble (C function), 116
PyLong_FromLong (C function), 115
PyLong_FromLongLong (C function), 116
PyLong_FromSize_t (C function), 116
PyLong_FromSsize_t (C function), 116
PyLong_FromString (C function), 116
PyLong_FromUnicodeObject (C function), 116
PyLong_FromUnsignedLong (C function), 116
PyLong_FromUnsignedLongLong (C function),
116
PyLong_FromVoidPtr (C function), 116
PyLong_Type (Cvar), 115
PyLongObject (Ctype), 115
PyMapping_Check (C function), 101
PyMapping_DelItem (C function), 101
PyMapping_DelItemString (C function), 101
PyMapping_GetItemString (C function), 101
PyMapping_HasKey (C function), 102
PyMapping_HasKeyString (C function), 102
PyMapping_Items (C function), 102
PyMapping_Keys (C function), 102
PyMapping_Length (C function), 101
PyMapping_SetItemString (C function), 101
PyMapping_Size (C function), 101
PyMapping_Values (C function), 102
PyMappingMethods (C type), 268
PyMappingMethods.mp_ass_subscript (C
member), 269
PyMappingMethods.mp_length (C member),
268
PyMappingMethods.mp_subscript (C mem-
ber), 268
PyMarshal_ReadLastObjectFromFile (o
function), 72
PyMarshal_ReadLongFromFile (C function), 72
PyMarshal_ReadObjectFromFile (C function),
72
PyMarshal_ReadObjectFromString (C func-
tion), 72
PyMarshal_ReadShortFromFile (C function),
72
PyMarshal_WriteLongToFile (C function), 72
PyMarshal_WriteObjectToFile (C function),
72
PyMarshal_ WriteObjectToString
tion), 72

(C  func-

PyMem_Calloc (C function), 225
PyMem_Del (C function), 226
PYMEM_DOMAIN_MEM (C macro), 228
PYMEM_DOMAIN_OBJ (C macro), 228
PYMEM_DOMAIN_RAW (C macro), 228
PyMem_Free (C function), 226
PyMem_GetAllocator (C function), 228
PyMem_Malloc (C function), 225
PyMem_New (C macro), 226
PyMem_RawCalloc (C function), 224
PyMem_RawFree (C function), 225
PyMem_RawMalloc (C function), 224
PyMem_RawRealloc (C function), 225
PyMem_Realloc (C function), 225
PyMem_Resize (C macro), 226
PyMem_SetAllocator (C function), 228
PyMem_SetupDebugHooks (C function), 229
PyMemAllocatorDomain (C type), 228
PyMemAllocatorEx (C type), 228
PyMember_GetOne (C function), 240
PyMember_SetOne (C function), 240
PyMemberDef (C type), 239
PyMemoryView_Check (C function), 167
PyMemoryView_FromBuffer (C function), 167
PyMemoryView_FromMemory (C function), 167
PyMemoryView_FromObject (C function), 167
PyMemoryView_GET_BASE (C function), 167
PyMemoryView_GET_BUFFER (C function), 167
PyMemoryView_GetContiguous (C function),
167
PyMethod_Check (C function), 153
PyMethod_Function (C function), 153
PyMethod_GET_FUNCTION (C function), 153
PyMethod_GET_SELF (C function), 153
PyMethod_New (C function), 153
PyMethod_Self (C function), 153
PyMethod_Type (Cvar), 153
PyMethodDef (C type), 237
PyMethodDef .ml_doc (C member), 237
PyMethodDef .ml_flags (C member), 237
PyMethodDef .ml_meth (C member), 237
PyMethodDef .ml_name (C member), 237
PyMODINIT_FUNC (C macro), 4
PyModule_AddFunctions (C function), 161
PyModule_AddIntConstant (C function), 163
PyModule_AddIntMacro (C macro), 163
PyModule_AddObject (C function), 162
PyModule_AddObjectRef (C function), 162
PyModule_AddStringConstant (C function),
163
PyModule_AddStringMacro (C macro), 163
PyModule_AddType (C function), 163
PyModule_Check (C function), 157
PyModule_CheckExact (C function), 157
PyModule_Create (C function), 159
PyModule_Create?2 (C function), 159
PyModule_ExecDef (C function), 161
PyModule_FromDefAndSpec (C function), 161
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PyModule_FromDefAndSpec?2 (C function), 161
PyModule_GetDef (C function), 158
PyModule_GetDict (C function), 157
PyModule_GetFilename (C function), 158
PyModule_GetFilenameObject (C function),
158
PyModule_GetName (C function), 157
PyModule_GetNameObject (C function), 157
PyModule_GetState (C function), 157
PyModule_New (C function), 157
PyModule_NewObject (C function), 157
PyModule_SetDocString (C function), 161
PyModule_Type (Cvar), 157
PyModuleDef (C type), 158
PyModuleDef_Init (C function), 160
PyModuleDef_Slot (C type), 160
PyModuleDef_Slot.slot (C member), 160
PyModuleDef_Slot.value (C member), 160
PyModuleDef .m_base (C member), 158
PyModuleDef .m_clear (C member), 159
PyModuleDef .m_doc (C member), 158
PyModuleDef .m_free (C member), 159
PyModuleDef .m_methods (C member), 158
PyModuleDef .m_name (C member), 158
PyModuleDef .m_size (C member), 158
PyModuleDef .m_slots (C member), 158
PyModuleDef.m_slots.m_reload (C member),
159
PyModuleDef .m_traverse (C member), 159
PyNumber_Absolute (C function), 97
PyNumber_Add (C function), 96
PyNumber_And (C function), 97
PyNumber_AsSsize_t (C function), 99
PyNumber_Check (C function), 96
PyNumber_Divmod (C function), 97
PyNumber_Float (C function), 99
PyNumber_FloorDivide (C function), 96
PyNumber_Index (C function), 99
PyNumber_InPlaceAdd (C function), 97
PyNumber_InPlaceAnd (C function), 98
PyNumber_InPlaceFloorDivide (C function),
98
PyNumber_InPlacelLshift (C function), 98
PyNumber_InPlaceMatrixMultiply (C func-
tion), 98
PyNumber_InPlaceMultiply (C function), 98
PyNumber_InPlaceOr (C function), 99
PyNumber_InPlacePower (C function), 98
PyNumber_InPlaceRemainder (C function), 98
PyNumber_InPlaceRshift (C function), 98
PyNumber_InPlaceSubtract (C function), 98
PyNumber_InPlaceTrueDivide (C function), 98
PyNumber_InPlaceXor (C function), 98
PyNumber_Invert (C function), 97
PyNumber_Long (C function), 99
PyNumber_Lshift (C function), 97
PyNumber_MatrixMultiply (C function), 96
PyNumber_ Multiply (C function), 96

PyNumber_Negative (C function), 97
PyNumber_Or (C function), 97
PyNumber_Positive (C function), 97
PyNumber_Power (C function), 97
PyNumber_Remainder (C function), 97
PyNumber_Rshift (C function), 97
PyNumber_Subtract (C function), 96
PyNumber_ToBase (C function), 99
PyNumber_TrueDivide (C function), 97
PyNumber_Xor (C function), 97
PyNumberMethods (C type), 266
PyNumberMethods.nb_absolute (C member),
267
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 268
PyNumberMethods
PyNumberMethods
ber), 268
PyNumberMethods
ber), 268

.nb_add (C member), 267
.nb_and (C member), 268
.nb_bool (C member), 267
.nb_divmod (C member), 267
.nb_float (C member), 268
.nb_floor_divide (C mem-

.nb_index (C member), 268
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

PyNumberMethods.nb_inplace_floor_divide

(C member), 268
PyNumberMethods.nb_inplace_1lshift (C
member), 268

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 268
PyNumberMethods.nb_inplace_multiply (C
member), 268
PyNumberMethods.nb_inplace_or (C mem-
ber), 268
PyNumberMethods.nb_inplace_power (e
member), 268
PyNumberMethods.nb_inplace_remainder
(C member), 268
PyNumberMethods.nb_inplace_rshift (C
member), 268
PyNumberMethods.nb_inplace_subtract (C
member), 268
PyNumberMethods.nb_inplace_true_divide
(C member), 268
PyNumberMethods.nb_inplace_xor (C mem-
ber), 268
PyNumberMethods
PyNumberMethods

.nb_int (C member), 268

.nb_invert (C member), 268

PyNumberMethods.nb_1lshift (C member), 268

PyNumberMethods.nb_matrix_multiply (C
member), 268

PyNumberMethods.nb_multiply (C member),
267

PyNumberMethods.nb_negative (C member),
267

PyNumberMethods.nb_or (C member), 268

PyNumberMethods.nb_positive (C member),
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267
PyNumberMethods
PyNumberMethods

267
PyNumberMethods

268
PyNumberMethods
PyNumberMethods

267
PyNumberMethods

ber), 268
PyNumberMethods .nb_xor (C member), 268
PyObject (C type), 234
PyObject_AsCharBuffer (C function), 110
PyObject_ASCII (C function), 89
PyObject_AsFileDescriptor (C function), 156
PyObject_AsReadBuffer (C function), 110
PyObject_AsWriteBuffer (C function), 110
PyObject_Bytes (C function), 89
PyObject_Call (C function), 94
PyObject_CallFunction (C function), 94
PyObject_CallFunctionObjArgs (C function),

95
PyObject_CallMethod (C function), 95
PyObject_CallMethodNoArgs (C function), 95
PyObject_CallMethodObjArgs (C function), 95
PyObject_CallMethodOneArqg (C function), 95
PyObject_CallNoArgs (C function), 94
PyObject_CallObject (C function), 94
PyObject_Calloc (C function), 227
PyObject_CallOneArqg (C function), 94
PyObject_CheckBuffer (C function), 109
PyObject_CheckReadBuffer (C function), 110
PyObject_ClearWeakRefs (C function), 168
PyObject_CopyData (C function), 109
PyObject_Del (C function), 233
PyObject_DelAttr (C function), 88
PyObject_DelAttrString (C function), 88
PyObject_DelItem (C function), 91
PyObject_Dir (C function), 91
PyObject_Format (C function), 89
PyObject_Free (C function), 227
PyObject_GC_Del (C function), 277
PyObject_GC_IsFinalized (C function), 277
PyObject_GC_IsTracked (C function), 276
PyObject_GC_New (C macro), 276
PyObject_GC_NewVar (C macro), 276
PyObject_GC_Resize (Cmacro), 276
PyObject_GC_Track (C function), 276
PyObject_GC_UnTrack (C function), 277
PyObject_GenericGetAttr (C function), 88
PyObject_GenericGetDict (C function), 88
PyObject_GenericSetAttr (C function), 88
PyObject_GenericSetDict (C function), 89
PyObject_GetAIter (C function), 91
PyObject_GetArenaAllocator (C function),

231
PyObject_GetAttr (C function), 88

.nb_power (C member), 267
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 268
.nb_subtract (C member),

.nb_true_divide (C mem-

PyObject_GetAttrString (C function), 88
PyObject_GetBuffer (C function), 109
PyObject_GetItem (C function), 91
PyObject_GetIter (C function), 91
PyObject_HasAttr (C function), 87
PyObject_HasAttrString (C function), 87
PyObject_Hash (C function), 90
PyObject_HashNotImplemented (C function),
90
PyObject_HEAD (C macro), 234
PyObject_HEAD_INIT (C macro), 235
PyObject_Init (C function), 233
PyObject_InitVar (C function), 233
PyObject_IS_GC (C function), 276
PyObject_IsInstance (C function), 90
PyObject_IsSubclass (C function), 90
PyObject_IsTrue (C function), 90
PyObject_Length (C function), 90
PyObject_LengthHint (C function), 91
PyObject_Malloc (C function), 226
PyObject_New (C macro), 233
PyObject_NewVar (C macro), 233
PyObject_Not (C function), 90
PyObject._ob_next (C member), 248
PyObject._ob_prev (C member), 248
PyObject_Print (C function), 87
PyObject_Realloc (C function), 227
PyObject_Repr (C function), 89
PyObject_RichCompare (C function), 89
PyObject_RichCompareBool (C function), 89
PyObject_SetArenaAllocator (C function),
231
PyObject_SetAttr (C function), 88
PyObject_SetAttrString (C function), 88
PyObject_SetItem (C function), 91
PyObject_Size (C function), 90
PyObject_Str (C function), 89
PyObject_Type (C function), 90
PyObject_TypeCheck (C function), 90
PyObject_VAR_HEAD (C macro), 234
PyObject_Vectorcall (C function), 95
PyObject_VectorcallDict (C function), 95
PyObject_VectorcallMethod (C function), 96
PyObjectArenaAllocator (Ctype), 231
PyObject.ob_refecnt (C member), 247
PyObject.ob_type (C member), 247
PyOS_AfterFork (C function), 64
PyOS_AfterFork_Child (C function), 64
PyOS_AfterFork_Parent (C function), 63
PyOS_BeforeFork (C function), 63
PyOS_CheckStack (C function), 64
PyOS_double_to_string (C function), 82
PyOS_FSPath (C function), 63
PyOS_getsig (C function), 64
PyOS_InputHook (C var), 42
PyOS_ReadlineFunctionPointer (Cvar), 43
PyOS_setsig (C function), 64
PyOS_sighandler_t (C type), 64
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PyOS_snprintf (C function), 81

PyOS_stricmp (C function), 83

PyOS_string_to_double (C function), 82

PyOS_strnicmp (C function), 83

PyOS_strtol (C function), 82

PyOS_strtoul (C function), 82

PyOS_vsnprintf (C function), 81

PyPreConfig (C type), 204

PyPreConfig_InitIsolatedConfig (C func-
tion), 204

PyPreConfig_InitPythonConfig (C function),
204

PyPreConfig.allocator (C member), 204

PyPreConfig.coerce_c_locale (C member),
204

PyPreConfig.coerce_c_locale_warn
member), 205

PyPreConfig.configure_locale (C member),
204

PyPreConfig.dev_mode (C member), 205

PyPreConfig.isolated (C member), 205

(c

PyPreConfig.legacy_windows_fs_encoding PySequenceMethods

(C member), 205
PyPreConfig.parse_argv (C member), 205
PyPreConfig.use_environment (C member),

205
PyPreConfig.utf8_mode (C member), 205
PyProperty_Type (Cvar), 165
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 42
PyRun_AnyFileFlags (C function), 41
PyRun_F1ile (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (Ctype), 103
PySeqgIter_Check (C function), 164
PySeqglter_New (C function), 164
PySeqglter_Type (Cvar), 164
PySequence_Check (C function), 99
PySequence_Concat (C function), 99
PySequence_Contains (C function), 100
PySequence_Count (C function), 100
PySequence_DelItem (C function), 100
PySequence_DelSlice (C function), 100
PySequence_Fast (C function), 101

PySequence_Fast_GET_ITEM (C function), 101
PySequence_Fast_GET_SIZE (C function), 101
PySequence_Fast_ITEMS (C function), 101
PySequence_GetItem (C function), 9, 100
PySequence_GetSlice (C function), 100
PySequence_Index (C function), 100
PySequence_InPlaceConcat (C function), 100
PySequence_InPlaceRepeat (C function), 100
PySequence_ITEM (C function), 101
PySequence_Length (C function), 99
PySequence_List (C function), 100
PySequence_Repeat (C function), 99
PySequence_SetItem (C function), 100
PySequence_SetSlice (C function), 100
PySequence_Size (C function), 99
PySequence_Tuple (C function), 100
PySequenceMethods (C type), 269
PySequenceMethods.sq _ass_item (C mem-

ber), 269
PySequenceMethods.sq _concat (C member),
269
.sq_contains (C mem-
ber), 269
PySequenceMethods.sq_inplace_concat (C
member), 269
PySequenceMethods.sq _inplace_repeat (C
member), 269
PySequenceMethods.sq_item (C member), 269
PySequenceMethods.sq _length (C member),
269
PySequenceMethods.sq repeat (C member),
269

PySet_Add (C function), 151
PySet_Check (C function), 150
PySet_CheckExact (C function), 150
PySet_Clear (C function), 151
PySet_Contains (C function), 151
PySet_Discard (C function), 151
PySet_GET_SIZE (C function), 151
PySet_New (C function), 150

PySet_Pop (C function), 151

PySet_Size (C function), 151
PySet_Type (Cvar), 150

PySetObject (C type), 150
PySignal_SetWakeupFd (C function), 56
PySlice_AdjustIndices (C function), 166
PySlice_Check (C function), 165
PySlice_GetIndices (C function), 165
PySlice_GetIndicesEx (C function), 166
PySlice_New (C function), 165
PySlice_Type (Cvar), 165
PySlice_Unpack (C function), 166
PyState_AddModule (C function), 164
PyState_FindModule (C function), 164
PyState_RemoveModule (C function), 164
PyStatus (C type), 203

PyStatus_Error (C function), 203
PyStatus_Exception (C function), 203
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PyStatus_Exit (C function), 203
PyStatus_IsError (C function), 203
PyStatus_IsExit (C function), 203
PyStatus_NoMemory (C function), 203
PyStatus_Ok (C function), 203
PyStatus.err_msg (C member), 203
PyStatus.exitcode (C member), 203
PyStatus. func (C member), 203
PyStructSequence_Desc (Ctype), 144
PyStructSequence_Desc.doc (C member), 144
PyStructSequence_Desc.fields (C member),
144
PyStructSequence_Desc.n_in_sequence (C
member), 144
PyStructSequence_Desc.name (C member),
144
PyStructSequence_Field (Ctype), 144
PyStructSequence_Field.doc (C member),
145
PyStructSequence_Field.name (C member),
145
PyStructSequence_GET_ITEM (C function), 145
PyStructSequence_GetItem (C function), 145
PyStructSequence_InitType (C function), 144
PyStructSequence_InitType2 (C function),
144
PyStructSequence_New (C function), 145
PyStructSequence_NewType (C function), 144
PyStructSequence_SET_ITEM (C function), 145
PyStructSequence_SetItem (C function), 145
PyStructSequence_UnnamedField (C var),
145
PySys_AddAuditHook (C function), 67
PySys_AddWarnOption (C function), 66
PySys_AddWarnOptionUnicode (C function), 66
PySys_AddXOption (C function), 67
PySys_Audit (C function), 67
PySys_FormatStderr (C function), 67
PySys_FormatStdout (C function), 66
PySys_GetObject (C function), 66
PySys_GetXOptions (C function), 67
PySys_ResetWarnOptions (C function), 66
PySys_SetArgv (C function), 182, 186
PySys_SetArgvEx (C function), 182, 185
PySys_SetObject (C function), 66
PySys_SetPath (C function), 66
PySys_WriteStderr (C function), 66
PySys_WriteStdout (C function), 66

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

383,133,134
387,15
393,125,133
411,292
420,286,291, 292
432,221
442,266
443,287
451, 160, 286
456, 83
483,287
484,281, 286, 287, 295
489, 161
492,282,284
498, 285
519,292
523,193
525,282
526,281, 295
528, 181, 212
529, 134, 181
538,219
539, 198
540,219
552,209
578, 67
585, 287
587,201
590, 92
623,126
634,256
3116, 295
3119, 90
3121, 158
3147,70

PEP 3151, 60

PEP 3155,293
PYTHONCOERCECLOCALE, 219
PYTHONDEBUG, 180, 213
PYTHONDEVMODE, 210
PYTHONDONTWRITEBYTECODE, 180, 216
PYTHONDUMPREF'S, 210, 248
PYTHONEXECUTABLE, 214
PYTHONFAULTHANDLER, 210
PYTHONHASHSEED, 180, 211
PYTHONHOME, 12, 181, 186, 211
Pythonic (3}o] H TH2), 293
PYTHONINSPECT, 181, 211

Python 3000 (3}o]4 3000), 293 PYTHONIOENCODING, 183,215
Python A} A<k PYTHONLEGACYWINDOWSFSENCODING, 181, 205
PEP 1,292 PYTHONLEGACYWINDOWSSTDIO, 181,212
PEP 7,3,6 PYTHONMALLOC, 224, 227, 229, 231
PEP 238, 45,286 PYTHONMALLOCSTATS, 212, 224
PEP 278,295 PYTHONNODEBUGRANGES, 209
PEP 302,286,289 PYTHONNOUSERSITE, 181,216
PEP 343,284 PYTHONOPTIMIZE, 181, 213
PEP 353,10 PYTHONPATH, 12, 181,212
PEP 362,282,292 PYTHONPLATLIBDIR, 212
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PYTHONPROFILEIMPORTTIME, 211
PYTHONPYCACHEPREFIX, 214
PYTHONSAFEPATH, 208
PYTHONTRACEMALLOC, 215
PYTHONUNBUFFERED, 181, 209
PYTHONUTEFS8, 205, 219
PYTHONVERBOSE, 182, 216
PYTHONWARNINGS, 216
PyThread_create_key (C function), 199
PyThread_delete_key (C function), 199
PyThread_delete_key_value (C function), 199
PyThread_get_key_value (C function), 199
PyThread_ReInitTLS (C function), 199
PyThread_set_key_value (C function), 199
PyThread_tss_alloc (C function), 198
PyThread_tss_create (C function), 199
PyThread_tss_delete (C function), 199
PyThread_tss_free (C function), 198
PyThread_tss_get (C function), 199
PyThread_tss_is_created (C function), 199
PyThread_tss_set (C function), 199
PyThreadState (Ctype), 187, 189
PyThreadState_Clear (C function), 191
PyThreadState_Delete (C function), 191
PyThreadState_DeleteCurrent (C function),
191
PyThreadState_EnterTracing (C function),
192
PyThreadState_Get (C function), 189
PyThreadState_GetDict (C function), 193
PyThreadState_GetFrame (C function), 191
PyThreadState_GetID (C function), 191
PyThreadState_GetInterpreter (C function),
192
PyThreadState_LeaveTracing (C function),
192
PyThreadState_New (C function), 191
PyThreadState_Next (C function), 197
PyThreadState_SetAsyncExc (C function), 193
PyThreadState_Swap (C function), 190
PyThreadState.interp (C member), 189
PyTime_Check (C function), 175
PyTime_CheckExact (C function), 175
PyTime_FromTime (C function), 175
PyTime_FromTimeAndFold (C function), 175
PyTimeZone_FromOffset (C function), 176
PyTimeZone_FromOffsetAndName (C function),
176
PyTrace_C_CALL (Cvar), 197
PyTrace_C_EXCEPTION (C var), 197
PyTrace_C_RETURN (C var), 197
PyTrace_CALL (C var), 196
PyTrace_EXCEPTION (C var), 196
PyTrace_LINE (Cvar), 196
PyTrace_OPCODE (C var), 197
PyTrace_RETURN (C var), 196
PyTraceMalloc_Track (C function), 231
PyTraceMalloc_Untrack (C function), 231

PyTuple_Check (C function), 143
PyTuple_CheckExact (C function), 143
PyTuple_GET_ITEM (C function), 143
PyTuple_GET_SIZE (C function), 143

PyTuple_GetItem (C function),

143

PyTuple_GetSlice (C function), 143

PyTuple_New (C function), 143
PyTuple_Pack (C function), 143

PyTuple_SET_ITEM (C function), 144

PyTuple_SetItem (C function),
PyTuple_Size (C function), 143
PyTuple_Type (Cvar), 143
PyTupleObject (Ctype), 143
PyType_Check (C function), 111

8,143

PyType_CheckExact (C function), 111
PyType_ClearCache (C function), 111
PyType_FromModuleAndSpec (C function), 113

PyType_FromSpec (C function),

114

PyType_FromSpecWithBases (C function), 114
PyType_GenericAlloc (C function), 112
PyType_GenericNew (C function), 112

PyType_GetFlags (C function),

111

PyType_GetModule (C function), 113
PyType_GetModuleByDef (C function), 113
PyType_GetModuleState (C function), 113
PyType_GetName (C function), 112
PyType_GetQualName (C function), 112

PyType_GetSlot (C function), 1

12

PyType_HasFeature (C function), 112

PyType_IS_GC (C function), 112

PyType_IsSubtype (C function), 112

PyType_Modified (C function),
PyType_Ready (C function), 112
PyType_Slot (Ctype), 114
PyType_Slot.PyType_Slot.
ber), 115
PyType_Slot.PyType_Slot.
114
PyType_Spec (Ctype), 114
PyType_Spec.PyType_Spec.
member), 114
PyType_Spec.PyType_Spec.
ber), 114
PyType_Spec.PyType_Spec.
member), 114
PyType_Spec.PyType_Spec.

114
PyType_Spec.PyType_Spec.
ber), 114

PyType_Type (Cvar), 111
PyTypeObject (Ctype), 111

112

pfunc (C mem-

slot (C member),

basicsize (C
flags (C mem-
itemsize (o

name (C member),

slots (C mem-

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.

251

PyTypeObject.

.tp_alloc (C member), 263

tp_as_async (C member), 251
tp_as_buffer (C member), 253
tp_as_mapping (C member),

tp_as_number (C member), 251
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PyTypeObject.tp_as_sequence (C member),
251
PyTypeObject.tp_base (C member), 261
PyTypeObject.tp_bases (C member), 264
PyTypeObject.tp_basicsize (C member), 248
PyTypeObject.tp_cache (C member), 264
PyTypeObject.tp_call (C member), 252
PyTypeObject.tp_clear (C member), 257
PyTypeObject.tp_dealloc (C member), 249
PyTypeObject.tp_del (C member), 265
PyTypeObject.tp_descr_get (C member), 261
PyTypeObject.tp_descr_set (C member), 261
PyTypeObject.tp_dict (C member), 261
PyTypeObject.tp_dictoffset (C member),
262
PyTypeObject.tp_doc (C member), 256
PyTypeObject.tp_finalize (C member), 265
PyTypeObject.tp_flags (C member), 253
PyTypeObject.tp_~free (C member), 263
PyTypeObject.tp_getattr (Cmember), 250
PyTypeObject.tp_getattro (C member), 252
PyTypeObject.tp_getset (Cmember), 260
PyTypeObject.tp_hash (C member), 251
PyTypeObject.tp_init (C member), 262
PyTypeObject.tp_is_gc (C member), 264
PyTypeObject.tp_itemsize (C member), 248
PyTypeObject.tp_iter (C member), 260
PyTypeObject.tp_iternext (C member), 260
PyTypeObject.tp_members (C member), 260
PyTypeObject.tp_methods (C member), 260
PyTypeObject.tp_mro (C member), 264
PyTypeObject.tp_name (C member), 248
PyTypeObject.tp_new (C member), 263
PyTypeObject.tp_repr (C member), 251
PyTypeObject.tp_richcompare (C member),
258
PyTypeObject.tp_setattr (C member), 250
PyTypeObject.tp_setattro (C member), 253
PyTypeObject.tp_str (C member), 252
PyTypeObject.tp_subclasses (C member),
264
PyTypeObject.tp_traverse (C member), 256
PyTypeObject.tp_vectorcall (C member),
266
PyTypeObject.tp_vectorcall_offset (C
member), 250
PyTypeObject.tp_version_tag (C member),
265
PyTypeObject.tp_weaklist (C member), 265
PyTypeObject.tp_weaklistoffset (C mem-
ber), 259
PyTzZInfo_Check (C function), 175
PyTZInfo_CheckExact (C function), 175
PyUnicode_1BYTE_DATA (C function), 127
PyUnicode_1BYTE_KIND (C macro), 127
PyUnicode_2BYTE_DATA (C function), 127
PyUnicode_2BYTE_KIND (C macro), 127
PyUnicode_4BYTE_DATA (C function), 127

PyUnicode_4BYTE_KIND (C macro), 127
PyUnicode_AS_DATA (C function), 128
PyUnicode_AS_UNICODE (C function), 128
PyUnicode_AsASCIIString (C function), 140
PyUnicode_AsCharmapString (C function), 140
PyUnicode_AsEncodedString (C function), 136
PyUnicode_AsLatinlString (C function), 139
PyUnicode_AsMBCSString (C function), 141
PyUnicode_AsRawUnicodeEscapeString (C
function), 139
PyUnicode_AsUCS4 (C function), 132
PyUnicode_AsUCS4Copy (C function), 132
PyUnicode_AsUnicode (C function), 133
PyUnicode_AsUnicodeAndSize (C function),

133
PyUnicode_AsUnicodeEscapeString (C func-
tion), 139

PyUnicode_AsUTF8 (C function), 137
PyUnicode_AsUTF8AndSize (C function), 137
PyUnicode_AsUTF8String (C function), 137
PyUnicode_AsUTF16String (C function), 138
PyUnicode_AsUTF32String (C function), 138
PyUnicode_AsWideChar (C function), 135
PyUnicode_AsWideCharString (C function),
136
PyUnicode_Check (C function), 126
PyUnicode_CheckExact (C function), 126
PyUnicode_Compare (C function), 142
PyUnicode_CompareWithASCIIString c
function), 142
PyUnicode_Concat (C function), 141
PyUnicode_Contains (C function), 142
PyUnicode_CopyCharacters (C function), 132
PyUnicode_Count (C function), 142
PyUnicode_DATA (C function), 127
PyUnicode_Decode (C function), 136
PyUnicode_DecodeASCITI (C function), 140
PyUnicode_DecodeCharmap (C function), 140
PyUnicode_DecodeFSDefault (C function), 135
PyUnicode_DecodeFSDefaultAndSize (c
function), 135
PyUnicode_DecodeLatinl (C function), 139
PyUnicode_Decodelocale (C function), 134
PyUnicode_DecodeLocaleAndSize (C func-
tion), 133
PyUnicode_DecodeMBCS (C function), 141
PyUnicode_DecodeMBCSStateful (C function),
141
PyUnicode_DecodeRawUnicodeEscape c
function), 139
PyUnicode_DecodeUnicodeEscape (C func-
tion), 139
PyUnicode_DecodeUTF7 (C function), 139
PyUnicode_DecodeUTF7Stateful (C function),
139
PyUnicode_DecodeUTF8 (C function), 137
PyUnicode_DecodeUTF8Stateful (C function),
137
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PyUnicode_DecodeUTF16 (C function), 138
PyUnicode_DecodeUTF16Stateful (C func-
tion), 138
PyUnicode_DecodeUTF 32 (C function), 137
PyUnicode_DecodeUTF32Stateful (C func-
tion), 138
PyUnicode_EncodeCodePage (C function), 141
PyUnicode_EncodeFSDefault (C function), 135
PyUnicode_EncodeLocale (C function), 134
PyUnicode_Fill (C function), 132
PyUnicode_Find (C function), 142
PyUnicode_FindChar (C function), 142
PyUnicode_Format (C function), 142
PyUnicode_FromEncodedObject (C function),
131
PyUnicode_FromFormat (C function), 130
PyUnicode_FromFormatV (C function), 131
PyUnicode_FromKindAndData (C function), 130
PyUnicode_FromObject (C function), 131
PyUnicode_FromString (C function), 130
PyUnicode_FromStringAndSize (C function),
130
PyUnicode_FromUnicode (C function), 133
PyUnicode_FromWideChar (C function), 135
PyUnicode_FSConverter (C function), 134
PyUnicode_FSDecoder (C function), 134
PyUnicode_GET_DATA_SIZE (C function), 128
PyUnicode_GET_LENGTH (C function), 127
PyUnicode_GET_SIZE (C function), 128
PyUnicode_GetLength (C function), 132
PyUnicode_GetSize (C function), 133
PyUnicode_InternFromString (C function),
143
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set_all(),9
setattrfunc (Ctype), 272
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text encoding (HlAE Q13 1), 294
text file (HIAE 1Y), 294
traverseproc (Ctype), 277

triple—quoted string (A= W% 9 EA
4), 294
tuple
built—-in function, 101, 147
object, 143
type
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PYTHONDEBUG, 180, 213
PYTHONDEVMODE, 210
PYTHONDONTWRITEBYTECODE, 180, 216
PYTHONDUMPREFS, 210, 248
PYTHONEXECUTABLE, 214
PYTHONFAULTHANDLER, 210
PYTHONHASHSEED, 180, 211
PYTHONHOME, 12, 181, 186, 211
PYTHONINSPECT, 181, 211
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