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#define PY_SSIZE_T CLEAN
#include <Python.h>

o=t} 22 FTF I HE AEZF=FE=4AL 9gu gyt <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 183l <stdlib.h> (A}-& 7}53 2 -%).
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/include/
pythonversion/ and exec_prefix/include/pythonversion/, where prefix and exec_prefix
are defined by the corresponding parameters to Python’ s configure script and version is '%d.%d' % sys.
version_info[:2]. On Windows, the headers are installed in prefix/include, where prefix is the in-
stallation directory specified to the installer.

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

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

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

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

bi

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spam_module) ;

}

Py_ABS (X)
x o] A9 ghE vksg o}
WA 330 7}

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 _TNLINE macro does
nothing.

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

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

WA 3,119 &7}
Py_CHARMASK (c)
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Py DEPRECATED (version)
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[Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void) ;
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Py MAX(X,Y)
x 9y Abolo] H Y ghe Wt
A 330 37}
Py_MEMBER_SIZE (type, member)
(type) +ZA 2] member o] 7] & vlo]E 2 W3}
w A 3.600 =7}
Py_MIN (X, y)
x 9y Aol ol 25 g e,
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:

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

WA 3119 7}
Py_STRINGIFY (x)
x & CEAGE ASFTh o & E0] Py STRINGIFY (123) 2 "123" 2 ¥k&k3hth
B A 3.400 =7}
Py_UNREACHABLE ()
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Py_UNUSED (arg)
T ARG Aol AHE st Aoty AuE FAIZYTE oAl int func(int a, int
Py_UNUSED (b)) { return a; }.
B A 3.40] =7}
PyDoc_STRVAR (name, str)
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PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

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

}

L

PyDoc_STR (str)
Fo) 2 2R @ SAEYS YT TH SAE o] m B F o UL Bl
.
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR ("Returns the keys of the row.")},
{NULL, NULL}
bi

1.4 2%, & Q2|0 &% 54

Most Python/C API functions have one or more arguments as well as a return value of type PyObject*. This type is a
pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated the same
way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it is only fitting that
they should be represented by a single C type. Almost all Python objects live on the heap: you never declare an automatic
or static variable of type PyOb ject, only pointer variables of type PyOb ject* can be declared. The sole exception
are the type objects; since these must never be deallocated, they are typically static Py TypeOb ject objects.
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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 TNCREF () to take a new
reference to an object (i.e. increment its reference count by one), and Py_DECREF () to release that reference (i.e.
decrement the reference count by one). The Py_ DECREF () macro is considerably more complex than the incref one,
since it must check whether the reference count becomes zero and then cause the object’ s deallocator to be called. The
deallocator is a function pointer contained in the object’ s type structure. The type-specific deallocator takes care of
releasing references for other objects contained in the object if this is a compound object type, such as a list, as well as
performing any additional finalization that’ s needed. There’ s no chance that the reference count can overflow; at least
as many bits are used to hold the reference count as there are distinct memory locations in virtual memory (assuming
sizeof (Py_ssize_t) >= sizeof (void*)). Thus, the reference count increment is a simple operation.

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

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

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.

1]

PR Sl MM

o

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). “Owning a reference”
means being responsible for calling Py_ DECREF on it when the reference is no longer needed. Ownership can also
be transferred, meaning that the code that receives ownership of the reference then becomes responsible for eventually
releasing it by calling Py DECREF () or Py_XDECREF () whenit’ 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.

N E 5% ol Al Aol et H2E WA W £ s o] dgUth R4t Ade e Fas
FA 5%, 297 942 S5 dFUTh 222 BAE AL Yool F2E A 0 A ¢t HUE
28 AR VT AL H o] Y A Frhe AL g u Tt
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PyObject *t;

t = PyTuple_New

(3) 7
PyTuple_SetItem(
(
(

3

t, 0, PyLong_FromLong (1L));

t, 1, PyLong_FromLong(2L));

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

PyTuple_SetItem
PyTuple_SetItem

o] 71X PyTuple SetItem() ¥ PyLong FromLong () 7} ¥HF&3r IR E ZulE S Ut A

2 of off gt

A2 EAAE AL AAE M E AR E FAE= T4 E 23] Aol py_INCREF () & THE FRE
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IIHﬁ—Oil PySequence_SetItem() I PyObject_SetItem() © HFZo 84
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PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

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

return 0O;
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long

sum_list (PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;

(TH& sl oA ol A1)
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The Python/C API, 22|A 3.11.11

(o] A | o] A e A AL
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

142 H

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
thee 2 2vle $3RC TEY Uk
int

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

(TH& sl oA ol A1)
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return rv; /* -1 for error, 0 for success */

}
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Py_TInitialize () doesnotsetthe “scriptargumentlist” (sys .argv). If this variable is needed by Python code that
will be executed later, setting PyConfig.argvand PyConfig.parse_argvmustbe 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-pydebug to the . /configure command. It
is also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG is enabled in the Unix
build, compiler optimization is disabled.

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

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

ZA 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, suchas _Py_InternalState, are private API that can change without notice even
in patch releases.

2.1 M EQl 88 ZE T Hlo| 42| U mo]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.

15


https://peps.python.org/pep-0387/

The Python/C API, Z2|A 3.11.11

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

2.1.2 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 API.

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

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

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

2.1.3 Limited API Scope and Performance

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

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

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

By leaving out the Py_LIMITED_APTI definition, it is possible to compile a Limited API extension with a version-
specific ABI. This can improve performance for that Python version, but will limit compatibility. Compiling with
Py_LIMITED_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_APT only covers definitions, but an API also includes other issues, such as expected
semantics.

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

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

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

We also recommend reviewing documentation of all used API to check if it is explicitly part of the Limited API. Even
with Py_ LIMITED_APT defined, a few private declarations are exposed for technical reasons (or even unintentionally,
as bugs).
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Also note that the Limited API is not necessarily stable: compiling with Py_LIMITED_API with Python 3.8 means
that the extension will run with Python 3.12, but it will not necessarily compile with Python 3.12. In particular, parts of
the Limited API may be deprecated and removed, provided that the Stable ABI stays stable.

2.2 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:

PyAIter Check ()

PyArg_Parse ()

PyArg ParseTuple ()

PyArg_ ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg VaParse ()

PyArg VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()

PyBuffer FillInfo()

PyBuffer FromContiguous ()

PyBuffer_ GetPointer ()

PyBuffer IsContiguous ()

PyBuffer_ Release()

PyBuffer SizeFromFormat ()

PyBuffer_ ToContiguous ()

PyByteArraylIter_Type

PyByteArray AsString/()

2.2. Platform Considerations 17
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PyByteArray_Concat ()

PyByteArray_ FromObject ()

PyByteArray FromStringAndSize ()

PyByteArray_ Resize ()
PyByteArray_Size/()
PyByteArray_Type
PyBytesIter_ Type
PyBytes_AsString ()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type
PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type
PyCMethod_New ()
PyCalllter_ New()
PyCalllter_ Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()

PyCapsule GetDestructor ()

18

Chapter 2. C API Stability



The Python/C API, 2i2|A 3.11.11

PyCapsule_GetName ()
PyCapsule_GetPointer ()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New ()
PyCapsule_SetContext ()
PyCapsule_SetDestructor ()
PyCapsule_SetName ()
PyCapsule_SetPointer ()
PyCapsule_Type
PyClassMethodDescr_Type
PyCodec_BackslashReplaceErrors ()
PyCodec_Decode ()
PyCodec_Decoder ()
PyCodec_Encode ()
PyCodec_Encoder ()
PyCodec_IgnoreErrors ()
PyCodec_IncrementalDecoder ()
PyCodec_IncrementalEncoder ()
PyCodec_KnownEncoding ()
PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register ()
PyCodec_RegisterError()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister ()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_ FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_ Type
PyDescr_NewClassMethod ()

PyDescr_ NewGetSet ()

2.3. Contents of Limited API
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PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type

PyDictRevIterKey_ Type

PyDictRevIterValue_Type

PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem/()
PyDict_DelltemString/()
PyDict_GetItem()

PyDict_GetItemString()

PyDict_GetItemWithError ()

PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqgZ2 ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size ()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr BadArgument ()

20
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e PyErr BadInternalCall ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_ Display ()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr_ FormatV ()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

e PyErr PrintEx()

e PyErr_ProgramText ()

e PyErr ResourceWarning ()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

2.3. Contents of Limited API 21
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e PyErr_ SetInterruptEx()
e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetString()

e PyErr SyntaxLocation ()
e PyErr SyntaxLocationEx ()
e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval_ AcquireThread()
e PyEval_ CallFunction ()

e PyEval_ CallMethod()

e PyEval_CallObjectWithKeywords ()
e PyEval EvalCode ()

e PyEval_FEvalCodeEx ()

e PyEval_ EvalFrame ()

e PyEval_FEvalFrameEx ()

e PyEval GetBuiltins()

e PyEval GetFrame ()

e PyEval_GetFuncDesc ()

e PyEval_ GetFuncName ()

e PyEval GetGlobals ()

e PyEval_ GetLocals ()

e PyEval_ InitThreads ()

e PyEval_ReleaseLock ()

e PyEval ReleaseThread/()
e PyEval_ RestoreThread()
e PyEval_SaveThread()

e PyEval ThreadsInitialized()
e PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

e PyExc_BaseException

e PyExc_BaseExceptionGroup
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e PyExc_BlockingIOError

e PyExc_BrokenPipeError

¢ PyExc_BufferError

e PyExc_BytesWarning

e PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
e PyExc_ConnectionError

e PyExc_ConnectionRefusedError
e PyExc_ConnectionResetError
e PyExc_DeprecationWarning
e PyExc_EOFError

e PyExc_EncodingWarning

e PyExc_EnvironmentError

e PyExc_Exception

e PyExc_FileExistsError

e PyExc_FileNotFoundError

e PyExc_FloatingPointError
e PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

e PyExc_TImportWarning

e PyExc_IndentationError

e PyExc_IndexError

¢ PyExc_InterruptedError

e PyExc_TIsADirectoryError

e PyExc_KeyError

¢ PyExc_KeyboardInterrupt

e PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
e PyExc_NameError

e PyExc_NotADirectoryError
e PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError

2.3. Contents of Limited API 23
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PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()

PyFile_ FromFd/()

24
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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 ()
PyImport_AppendInittab ()
PyImport_ExecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_ExecCodeModuleObject ()
PyImport_ExecCodeModuleWithPathnames ()
PyImport_GetImporter ()
PyImport_GetMagicNumber ()

PyImport_GetMagicTaqg ()

2.3. Contents of Limited API
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PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_Next ()

PyIter_Send()

PyListIter_ Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice()
PyList_Insert ()

PyList_New()

PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject

26
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PyLongRangeIter_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 ()

PyMapping Values ()
PyMem_Calloc ()

2.3. Contents of Limited API

27



The Python/C API, 2i2|A 3.11.11

PyMem Free /()
PyMem_Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromBuffer ()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef

PyModuleDef Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_AddFunctions ()
PyModule_ AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_ AddType ()
PyModule_ Createl2 ()
PyModule_ ExecDef ()
PyModule_FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()

PyModule_Type

28
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e PyNumber_ Absolute ()

e PyNumber_ Add ()

e PyNumber_ And ()

e PyNumber AsSsize_t ()

e PyNumber_Check ()

e PyNumber_ Divmod ()

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd/ ()

e PyNumber_InPlaceAnd ()

e PyNumber_ InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()
e PyNumber_ InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_ InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long ()

e PyNumber_Lshift ()

e PyNumber MatrixMultiply ()

e PyNumber_Multiply ()

e PyNumber_ Negative ()

e PyNumber_Or ()

e PyNumber_Positive ()

e PyNumber_Power ()

e PyNumber_Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

e PyNumber_ToBase ()

e PyNumber_ TrueDivide ()
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PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()

PyObject_AsCharBuffer()

PyObject_AsFileDescriptor ()

PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call ()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()

PyObject_CallObject ()
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PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC _UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
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 ()

2.3. Contents of Limited API
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PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str ()
PyObject_Type ()
PyProperty_ Type
PyRangelIter_Type
PyRange_Type
PyReversed_Type
PySeqgIter_New()
PySeqlter_ Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()

PySequence_SetSlice ()
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PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type

PySet_Add ()

PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()

PySet_Pop ()

PySet_Size()

PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New ()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()

PySys_HasWarnOptions ()

2.3. Contents of Limited API
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PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter ()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed ()
PyThread_allocate_lock ()
PyThread _create_key ()
PyThread _delete_key ()
PyThread delete_key_value/()
PyThread _exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread _get_thread_ident ()
PyThread_get_thread native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()

PyThread_set_stacksize ()
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PyThread_start_new_thread()
PyThread_ tss_alloc()
PyThread_ tss_create ()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelIter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_ New()
PyTuple_Pack ()
PyTuple_SetItem()
PyTuple_Size /()
PyTuple_Type
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

2.3. Contents of Limited API
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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 ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()

PyUnicode_AsEncodedUnicode ()
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PyUnicode_AsLatinlString/()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String ()
PyUnicode_ AsUTF32String ()
PyUnicode_AsUTF8AndSize ()
PyUnicode_AsUTF8String ()
PyUnicode_AsUnicodeEscapeString /()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTFl6Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7()

PyUnicode_DecodeUTF7Stateful ()

2.3. Contents of Limited API
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PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
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 ()
PyUnicode_RPartition()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()

PyUnicode_Splitlines()
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PyUnicode_Substring/()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyWeakReference
PyWeakref_ GetObject ()
PyWeakref NewProxy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS
Py_BuildValue ()

Py BytesMain ()
Py_CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_FEncodeLocale ()
Py_EndInterpreter()

Py EnterRecursiveCall ()
Py _Exit ()

Py FatalError()
Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py_Finalize ()
Py_FinalizeEx ()

Py GenericAlias ()

Py_GenericAliasType

2.3. Contents of Limited API
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Py_GetBuildInfo ()

Py _GetCompiler ()

Py GetCopyright ()
Py_GetExecPrefix()
Py_GetPath()
Py_GetPlatform()

Py GetPrefix()
Py_GetProgramFullPath ()
Py _GetProgramName ()
Py GetPythonHome ()
Py_GetRecursionlLimit ()

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
Py_UTF8Mode

Py_VaBuildValue ()
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e Py _Version

e Py XNewRef ()
e Py buffer

e Py_intptr_t

e Py ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getattrfunc

e getattrofunc
e getiterfunc

e getter

e hashfunc

e initproc

e inquiry

e iternextfunc
e lenfunc

e newfunc

e Objobjargproc
e Objobjproc

e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc
e setter

e ssizeargfunc
e ssizeobjargproc
e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

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

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

int Py_Main (int argc, wchar_t **argv)

Part of the Stable ABL. £ 01E1 glEo Wol =g, o] AL Fo] W YASE 27 1L 93

AlFd Yt argc9JrarngH7H AT ECZR2 I main () ol AGE = 2L A 3] A =S &

ok LI (A8 A4 2 Aol hehwehar 12 0 B4 U h, 914t E5 0] 49 4 950l $91510}

@"41—4’(3}1] T Q12 BE o] g 7] = XL 9 q]& A= R O}Qqq), O Z a7} AR o
=R 0401)5_25]@‘?}%‘71—3 0,92z od ez ZEFHH 1, /] B4 BEE0) 73

shol 8 e 22 ERy A e 27k H ek

2 25 A 922 SystemExit 7} @S, o] 4= py InspectFlag/F AAE o] QA 4L 3H1S

WHEHelA] oF Al B A AE SR T Fo s Al L.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () I} AFSHA| Bt argv= Blol E B2 9] v & J Utk
W 3.8 7}

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

olg] PyRun_AnyFileExFlags () 9 ©<=3tE Qe H o]~ U Yth closeitS 02 F flags= NULLZ A
AE A2 G AF Y
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
obe]l PyRun_AnyFileExFlags () o ©=3te A H o]~ YUt o] A2 closeir AAE 022 A H
FHE EAF U

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
o}e]l PyRun_AnyFileExFlags () & T3t QAE s o)A dUt}. o] AL flags Q1 AHS NULLZ A H H
FHE EAFU

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix pseudo-terminal), re-
turn the value of PyRun_InteractivelLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename
is NULL, this function uses "?2??" as the filename. If closeit is true, the file is closed before
PyRun_SimpleFileExFlags () returns.

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

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
flags A Ao wWat _ main_ BENA commandol Y= spo| W 2~ FE=E AP _ main
o] TAYskA Fo® vbEUTH 4FsHd 02, ol 9 7FdA S —12 vk Th o g 7F QLo H, o 9
AR Ag el G flagse) o vl obe) g FRIAA L

2= A 3L SystemExit 7} HAYSHH, o] SF4= Py InspectFlagZ} AAE o] YA FL28F-1L
WS B E2ALE SR Lo FO AL,

int PyRun_SimpleFile (FILE *fp, const char *filename)
ob&] PyRun_SimpleFileExFlags () 9 wW<3tH A d ol dYt) closeitS 02 Z, flagsS NULL
EARY SHE FAF U

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob#] PyRun_SimpleFileExFlags () & ©<3td Qe H o)A UTH flugsS NULLE A A H A2
G AEUT

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

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

TRoA, fre HP"]L%?] dojoFdyth (| & E°] fopen (filename, "rb")). I
A ko, sl MELF & T8 P %ﬁ E gtdg SutE A AeetA] £ 5 s yth

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

obl#l PyRun_InteractiveOneFlags () & ©@<3td AE H o] A2 YUTh flagsS NULLE A H 4]
= dAS .

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

Read and execute a single statement from a file associated with an interactive device according to the flags argument.

The user will be prompted using sys.ps1 and sys.ps2. filename is decoded from the filesystem encoding and
error handler.

Qelo) Ao AND W 0L, 197} oW 1€, EE TE A ole}7} gow sholde ARz

Ll ,
W Z 5 errcode.h AZFE 3doj Y= Oﬂﬂi I E ‘?l’:_i.]’l/]l’/]- (errcode.h¥+ Python.hol A
ANFF 3R] k7 w2l 283t & 33‘5] ) FF T 7
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int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ob#] PyRun_InteractiveLoopFlags () & ©<3tH Qg F o] A d YT} flagsE NULLE A A A A
H= dAFUTh

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

Read and execute statements from a file associated with an interactive device until EOF is reached. The user will
be prompted using sys .ps1 and sys.ps2. filename is decoded from the filesystem encoding and error handler.
Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook)(void)
Part of the Stable ABl. ZZ EE}¢] int func (void) A & 712 7|25 A A 4 JdF Yt} o] g
ol AEmelE] =B ZES} 45 A7 H 1 Eu ol A AL A YL Atkeleln Bl £ %
Hyoh 93 72 FAP YL o] F& A st A2 5ho) s A FEQ] Modules/_tkinter.c
oA AT ANz H ZEZEES OE o ME £29} ok ol AH8E 4 A5

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

ZZEES char *func(FILE *stdin, FILE *stdout, char *prompt) 2 &4+E 7187 =
5 AdAsko], e ze|Ee ZEZEM Td Y S5 e d AEH = 7E e E AR
AsUTh o] = NULLe] ofUE AL promprE S H T S AlFd £F 48 oA 98 &=
AT A3 BALE WHT Aok A H ULk oI E Fol, readline RES ol $& AR5l 2

AR5 44 75 S ATk
A= PyMem RawMalloc () ©]WU PyMem_RawRealloc () 2.2 T FH EAF o] Ay, of 2] 7} A3 3
© 7 NULL ] of oF gt}
HA 3404 HA: A= PyMem Malloc ()Y PyMem Realloc()o 2 T 93l= tAl,
PyMem_RawMalloc () °]W PyMem RawRealloc () 2.2 &3] of gt}

PyObject ¥*PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2ll PyRun_StringFlags ()2 @<3d g A o]A2Yd Yt} o] AL flags
ENULLE AR E AR AF YT

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

*flags)

Return value: New reference. flagsZ AR H AutLd | Ze| 1E A3+ globalsT} locals AR 2 A A H
AEREo| A strof| A sto]l W £ I =5 APt globals= Y g] o] o] oF Tt locals= v 3
Z2E2S TARE BE AN D & AFUTh WA W5 gant £ FES FE RS O AL
o of k= Al Z EE2 S A A G T
FEE AYT AAE sholdl AA 2 S ALY, of 9] 7h DAY nULL-E WU Tk

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2 PyRun_FileExFlags ()9 @t d AHH o]~ YT}, closeitS 0
© 2, flagsE NULLZ AAHE el 2 FAF YT

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int closeit)
Return value: New reference. o}l PyRun_FileExFlags ()9 ©@<=3ld A g # o] A~ YT} flagsS NULL
= 249 gez dAFI

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

PyCompilerFlags *flags)

Return value: New reference. ©}#| PyRun_FileExFlags ()2 ©<=Std A o] 2 U YT} doseitS 0
o2 ARY AHE FAFYL

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

closeit, PyCompilerFlags *flags)

Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from fp
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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. ©}&] Py_CompileStringFlags () 2 @39 <¢lH
o)A~ dYth flagsES NULLE A A E AE| 2 §# g}

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

Return value: New reference. ©}8 Py_CompileStringExFlags () 2] @538 Qg o]~ Ut} op-
timizeE -1 2 239 JEE FATUCH

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags, int
optimize)
Return value: New reference. Parse and compile the Python source code in str, returning the resulting code object.
The start token is given by start; this can be used to constrain the code which can be compiled and should be
Py_eval_input, Py_file input,or Py_single_input. The filename specified by filename is used
to construct the code object and may appear in tracebacks or SyntaxError exception messages. This returns
NULL if the code cannot be parsed or compiled.

A4 optimize= ALY Y] H A3 22 AZFUTE -1 F2 -0 FHoE FAX AAHE A=z H
o A3 =S A} A A —?%O (HA3YPL;  debug_ 7} ), 1 (A Ao AAF
__debug_ 7FAA) EE2 (F2EHYZ AAFEYH YU

HZ 340 F7}
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.
HZA 320 F7}
PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)

Return value: New reference. Part of the Stable ABL. ©] A2 T & AN} A H4 YW
PyEval_EvalCodeEx ()2 TW<3ld AEo]2d Yt} thE QA= NULLE {;j

Ao W Qe

gyt

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. =] 2 H7}E 93l EA 7oA, v]g] Audd Z=
AA S B7rgU T o]l &2 A Mo gAU e, A Mof vjg A, Axkef v, 7] 9 =2}
7185 71 = A8 Ak 712 "M v 2 Ao 224 REE FAE YT

PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Part of the Stable ABL. A3 Z & d-S F7lgUt} oA vAH}e] 534S
3%}, PyEval EvalFrameEx ()2 @<3tH Qe H o]A gl

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwﬂag)
Return value: New reference. Part of the Stable ABL. ©] Z1-& u}o| ¢lg| Z | E Q] H| <], 2w %] k& 3+
Juth A zg Q] fo} AdH Z= A 7L AP Hﬁ‘r g8
ARG 27 throwflag o) M A 2 RS 5 3]
Utk Aol e A9 throw () A=l AHE-H Yt
WA 34004 HA: o] Fe oAl B/ o9& 285 WA FU=A FRAEE =981 g
o] A& % eHgh o,

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o) Fot AR W7 el Qo) Bej g WASD, 4B
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int Py_eval_input
Azs BAAL 919 shol M £ A% 755 Py Compilestring ()3 B2 A& FU T

intPy_file_input

gt ol thE Aol A ¢ %%7}}94 A AEE g sold EH Y A& 7)1 &5 Py CompileString ()3
A AEFUTH 92 D FojH A FEE AL ) AHEE 71 E U th

int Py_single_input
Sd 232 AT stold £ Al 71 % py_CompileString ()3 3 ARG U TH T34 A
ZE B Fxo] A= 7T Yk

struct PyCompilerFlags

AL BN FALE Fe ol 43R & FEALYT DEA FALR Y = S o
flagsZ AGE 11, F=7 AT = AP PyCompilerFlags *flags@ AEH Yt} o] A%, from
_ future__ import¥= flagss AT = AdH5 Yt

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

int cf_flags
HAatdy e
int cf_feature_version
of_feature_version-2 5 o}o] 3 WA YUl PY._MINOR_VERSIONCS & % 7|3}5 of oF T}
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_ flags.
WA 3.8 A WA ¢f_feature_version ZEE F7H 5 Yt
int CO_FUTURE_DIVISION

flagsoll A o] B]|EE /474 &} PEP 2389] whe} v 7] A4EA}F /& “A 4= U7 (true division)” 2 3 4] 5]
=& Fyrh
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o] MMl Mzt shol W AR O] Fx A4S el sk o AP Uk,
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_ XINCREEF ().
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 o
and return the object o.

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

For example:

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

can be written as:

[self—>attr = Py_NewRef (obj) ;
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See also Py_ TNCREF ().
H A 3.109) F7}

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.
WA 3.109 =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 deallo-
cation 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.

7d31: 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 executed
code has free access to all Python global variables. This means that any object that is reachable from a global
variable should be in a consistent state before Py_DECREF () is invoked. For example, code to delete an
object from a list should copy a reference to the deleted object in a temporary variable, update the list data
structure, and then call Py_ DECREF () for the temporary variable.

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 0. The object may be NULL, in which case the macro has no effect; otherwise
the effect is the same as for Py_ DECREF (), except that the argument is also set to NULL. The warning for

Py_DECREF () does not apply with respect to the object passed because the macro carefully uses a temporary
variable and sets the argument to NULL before releasing the reference.

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

void Py_ IncRef (PyObject *0)
Fart of the Stable ABI. Indicate taking a new strong reference to object o. A function version of Py XINCREF ().
It can be used for runtime dynamic embedding of Python.

void Py_DecRef£ (PyObject *0)
Fart of the Stable ABI. Release a strong reference to object o. A function version of Py_ XDECREF (). It can be
used for runtime dynamic embedding of Python.

e 34 ags A zaE FoloAlu A}

2 d5 Ytk _Py Dealloc(),
_Py_ForgetReference (),_Py_NewReference () ¥ A ¥

kel
=
4~ _Py_RefTotal.

4>

F

M
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CHAPTER B

o2l XM2|

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).

R ==, ole] EA 7= Al 7HA A4 2Q 8= g YT ol9] @, o9] gk ) Edo]am AA. o] gt
FAE 5L 945 A ownurrol B 4 st (BT AR 25 2AH 0 Y5tk ol S0 ol 9
3] o] NULLO]Uﬂ NULLO] o}d Ed|o] A& 713 4 ¢l5 U Th.

T2 AR vt Aol drt Asfisiof S, AbA O % o A7) S AASA e Uth T=d

7k olul ARG el @ AoIohn ol & A3 AN R{ D R E S AN B2 2
EDE FEI P VB ok T ALo] G el & AR Y ¥ A gew A A0 ASH A
oFobol Fuith. ofel 2 Q13| MBFHE, BB A Aejst A 9 2S Bt Ao FaFrh S
A2 a7 97} A% oA ATFSEA 9o, Sol /C AP gk 37k 5 o] Ok ol o) 2 25 ek e
or ¢ g Aoz AT 5 A&k

l

I

39

T: 3 BA 7] sys.exc_info () 2 A7 op YUt} AP o} & Z 2E K] 9L (whfA] o As) Au}
Q) A&l s Fete v, A= 22E - (wetA] dart SaE) o 9 & vy ok

33
=]
=

5.1 QIAie} x| 7|

void PyErr_ Clear ()
Part of the Stable ABL ol 8] A 7] & A5 Uth o] FA7]7F A= o] glA] Fod 37 gl
void PyErr_ PrintEx (int set_sys_last_vars)
Part of the Stable ABl. & E#|o]AW L sys.stderrE Q#3111 of| 2] A 7] E AU th o8 7}
SystemExit 7} o}y 8t o] AR o= EFojao] ol FH ] ¢ Tlo]H ZZ M A& SystemExit
AxdExd o] A AH o8 T=2 FEH YL
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ole) EAZ 7L AAE G oo whes o] Y0 TEIAAL. 1A oW AP A o B Y
UcH
set_sys_last_vars7}00] of U™, M4 sys.last_type, sys.last_value ¥ sys.last_traceback
L EEC ECE R+ EEEPCEE L | Rl

void PyErr_ Print ()
Part of the Stable ABIL. PyErr_PrintEx (1) 2] HA.

void PyErr_ WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & A o] &] &} obj A ALE AF83}0] sys.unraisablehook () & E& %Y Th
This utility function prints a warning message to sys . stderr when an exception has been set but it is impos-

sible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs in an
__del__ () method.

o] = WA D o gl ol 7S B S A et

o] repro] 1 w4l A of 144 ek,
o) §58 BE Tl o9 A5 of gofoF Ttk

rlr

Tl 1%} obj 2 EEF U TE M5 oHH, ob)

5.2 0f|2] &M A7 7]

o] FFEL A 2= o TAZE AAZE=d 2ol Utk HE HF), olEd T+ F LE
G4 return Bol A AFEE NULL EQEE WFEgH T}

rr

void PyErr_SetString (PyObject *type, const char *message)
Fart of the Stable ABIL 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 ©] <= PyErr_SetString () I T AFSHA] B, o] 2] 9] “Zk” of th 3l 9] 2] 5ol
A AR AR5 A5

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABI. ©] &= ‘; o & T A ] 2 XA A st NULLE vhshghu o}
exception-> 3Fo] R o) & Fej 2o o FUth formardt T5 w7 Wp = o ] WA A& £HSH= U B2
ol §Ut}; PyUnicode FromFormat () oA &F 2 4 vl o} 7k z%‘ Ut} formar-2 ASCII Q179 H
Ayt

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Part of the Stable ABI since version 3.5. PyErr_Format ()3} Z2A| 9}, 713 7|
9] AR Al va_list AAE HEFU ).
W7 3,500 7%

void PyErr_SetNone (PyObject *type)
Part of the Stable ABL. ©] 212 PyErr_SetObject (type, Py_None) 2 &9

YU

1=H

int PyErr_ BadArgument ()

Part of the Stable ABIL ©] 2
th, o 71 A message+ &3

=

PyErr_ SetStrlng( TypeError, message)-‘l]

° vExc_
H Aar2 Y Asto] 3 %El Fe= UEPE YT I RE YR

ofo

EARIR
o

2o,

—
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PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. ©] 212 PyErr_SetNone (PyExc_MemoryError)
o ¢ dYYT; NULLES WEA AA TG F5 = W27 £S5 of return
PyErr_NoMemory () ; 2t1l & 4 95 4yrth

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 er rno value and whose second item is the corresponding error message (gotten from strerror () ),
and then calls PyErr_SetObject (type, object). On Unix, 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 ABIL Similar to PyErr_SetFromErrno (), with the additional
behavior that if filenameObject is not NULL, it is passed to the constructor of type as a third parameter. In the case
of OSError exception, this is used to define the £ilename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return  value: Always  NULL. Part  of the Stable ABI since version 3.7.
PyErr_SetFromErrnoWithFilenameObject ()& FAFSIA B, F 79 SdHE Hole o
N EEEE EEREREMEE R EOEEE L
WA 340] 7}

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

Return  value: Always  NULL. Part  of the Stable ABL Similar  to
PyErr SetFromErrnoWithFilenameObject (), but the filename is given as a C string. filename
is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a convenience function
to raise 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 tuple 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.

7184 9.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErr () £ ARSI H, A2 o2 & A Qs+ 71 wj7) A7}
15Utk
1A =S

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

Return value: Always NULL.  Part of the Stable ABI on Windows since version 3.7.  Similar to
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os . fsdecode () ) and passed to the constructor of OSError as a third param-
eter to be used to define the £ilename attribute of the exception instance.

7HA 9
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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 £i1ename attribute of the exception
instance.

7HeA S

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

*filename, PyObject *filename?2 )

Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetExcFromWindowsErrWithFilenameObject () 9} -.‘-’r AbSEA W, A aﬂ oo 7—‘1
A BobE YUk
7HeA A=
WA 340] 7}

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErrWithFilename () 9]— ‘ﬁ‘}\]’ﬁ]'u%, HEL}\(])] /‘] Z Ofﬂ 5’4 63 = A 7§ 6]’% —%—
Zho A %7k U ek
7HeA 2.

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] & #H Y
T AUTH msge AN WA A FALE AR F UL = thNULLo| E 5 <=, nameT path+ 7+ 7t
ImportError® named} path JEZHEZ AAH YTH
WA 3.30] F7}.

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 u]-$
H] 2 oFA] R, o] = Al Z TmportErrord A B FHAE AR T = l5UTh
HZA 3.60 F7}

void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

&z o Qo st 3} (file), = (line) ¥ 2 Z A (offset) FEE AT Uth AA| o] 7} SsyntaxError

b ohm, 27} o) Bl HEE AR te], o) 914 89 A~ o) 69 7} syntaxErrorgha A Z+a}A)
.

B A 3.40] F7}.

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

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

WA 3200 =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 ()
Part of the Stable ABL. ©] A2 PyErr_SetString (PyExc_SystemError, message) 2 &9
Ut o714 message= W5 A (& S0] 9kl R/CAPL &) o] Z5E A2 S5 w=
Utk o3 E = & o,

=

Ry
Ruisc)
% o
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53 4 &

0
ol

k71

o] &E AFE sl C ZEA FE FHSFAAIL. 9o] M warnings ZEIA YA %/\}} f{. =
H g duh Flt‘ 2O 2 sys.sderrol] B WA A S QAT Th 2 AREA AL E ollB 2 AgstE =
ARPE FE 9o, o] F¢ o7 AT B G2 FAR s o] k2 E ‘:‘“‘3/\]715 A=

7heuch ol & 7F d A shA] ek e whek gk 0], o9 7 A S ~1 duth (AL WA A 7 A Al =
QAshs] £ A Lo 919 o] f HAT 4 gL Th ol AL = AAUTE) o9 7h WA, TEAE G4
o9 A2 sasof T (S o), 273 FRE Py DECREF () S of 8 h2 Wk ).
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 7 11 WA A| & 3 ST} category Q1A= A HE(o}d] & FRSAHUAI L)Y
NULL YU Tk message AAHE UTF-82 A58 F24A U Th. stack_level & 222 2 e 9 58 A F3HE
rolUth g 28] g Ao EA) Ad 2 F= ZoA] A7 DAY ). stack_levelo] 10
PyErr WarnEx ()& $&%l= 4,2 1 H 9 I, =5
A1 WFEE PyExc_Warning® A H E@2ojoF YT} PyExc_WarningE PyExc_Exception
o B ZY2Pdyth 712 A3 HF = PyExc_RuntimeWarningYUth & Jo|d A3 HE=
olgol % A1 W o AAY A WM AFHUh
73 A ool tj 8 A & §-2, warnings RE ABAL B E APANA 0 AL BRIYN L
A Aol E 913 C API= 95U Th
int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper around

the Python function warnings.warn_explicit () ;see there for more information. The module and registry
arguments may be set to NULL to get the default effect described there.

WA 340 27}

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

*module, PyObject *registry)

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL. PyErr WarnEx () 2t -5-AFeE A2, PyUnicode FromFormat ()2 AH&3ho]
A WA A S AT formarS ASCII Q1 7 G Expd ¢t}
B A 3.2 &7}

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.

A 3.60] F7}.
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5.4 ollz{ EAI7] =23|5}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 do
not need to Py_ DECREF () it.

FE2= GIL-S B 83)ofF g Th

A G S ANV 01 1231 by Bcencioniatches (18 AS TN
L, ot & ?}5— S A L. (FE 2 o 29 - ole 7 Sl Al " 2o ALY, o st o9 9
RIS 3! Eat)] ;l‘ﬂ’ﬂ H]L%“ 0}7]1;] ‘43}.)

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred (), exc) 2554

o o 9] 7 A4 = AR 92 Wek 325 oF Frith; ol 9] 7k WA shA) okgto W W me] a2 glube]
S

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL given | 2] 7} exc 2] ol 2] &3} 251 S %1_@.]4]_/]_ exe 7t 2~
giveno) A B Ze)xe] A8 A mlx FE w3a ). exc7]- EZoln EZo 9= BE o9 3
(T AR EZT QAAAoZ)S o]x]e o)) A A s o).

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

Part of the Stable ABL. 471 A9 A 7o A4-E dlg] A 7] AUt o8] BA17]7F A
Ghgrow, Al Mg B oL AR ATk 445 50w, A9 AT A 24 A4l o2
oA Zo] AFFUTH g Ed o] A= B AA 7 1894 ¢S W= NULLY 5 5T

H3: ol Bt ANA 0% o 9) B E3s| o shs =L ol e] BAI71E AN A 02 A Fsa Bds of
B AT AP U o S

!
ok

F

_~

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

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

PyErr_Restore (type, value, traceback);

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

Part of the Stable ABL. A A2 o8] BA7]& AT o8] FA 77} o)u] Ao o™, |

LIS R

A A FA YUk 2R 7F NULL o] |, ol 2] A 7] 7F 1Y A Yt} NULL type 3} €7 NULL O] o} value

L} traceback 2 AE5HA nfA Al L. o2 e ZeArojor Tt ZEH o9 Fo|u} gHe AEEHA
Al 2. (o] E 8k o 2 S ] vketA Lol l StEAIZFRAAFUTE) o] &2 7—.*7%4%41011"41}%‘2‘2
AT 2 Ao 24 A2l E B2 s fodol oivl 22 Fole EIEHES EEP

d5drh (o122 ©] H‘ T oHd, o] FeE AR SHA Al A FF U

3 o] e LdNbA

ful

Ho g o2 A7 S A A& A 7tal -] of h= Z=of| A AR Ut
A o2 ZA 7)€ A pyErr_Fetch ()& A SHEAIR
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void PyErr NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL. 73 A}&oj| A, olell o] PyErr Fetch ()7} ¥t&3t= 32 “v] AF3P EH A
& g 5, rexc Zeh 2 AA o)A T *val & 2 Fejas] AL opdU T o] Bk
01 37 H2E dads Bt d AHEE = AFUTh gho] ol FafdtE o] 9o, O}—‘:% ‘?:_15
QojuA] gk uinh A A A Ehe 4% T4 el PAB U

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);
}

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)

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

ZF31: This function is not normally used by code that wants to handle exceptions. Rather, it can be used when
code needs to save and restore the exception state temporarily. Use PyErr_GetHandledException () to
get the exception state.

WA 3110 37}
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 ().

Fa: o] T dRtH o= o9& At ZEAA AFSH A dsUth 238, ZET} 9
2 AHE A= Xﬁ* otal Edafof & uwj AHSE & %xﬁ“/}“/} e AEE B3 AY A9
PyErr SetExcInfo ()E AFESHA Al L.

WA 330 7}
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

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

Fi: ol FrE dutH o R o9 At ZEANA ALEHA FFUTh 239]Y, Z=
Aole) ele QAR ARST BAo} & u B+ Axich o9 AHE AoH
PyErr_GetExcInfo ()& AF&3IA Al L.

B A 3.30] &7}

WA 3.119 A ¥ 7: The type and t raceback arguments are no longer used and can be NULL. The inter-
preter now derives them from the exception instance (the value argument). The function still steals references
of all three arguments.

5.5 Alad AMzlst7|

int PyErr_ CheckSignals ()

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

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

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

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

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

Z31: The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_ SetInterrupt ()

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

Z+31: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

int PyErr_SetInterruptEx (int signum)

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

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

If the given signal isn’ t handled by Python (it was set to signal.SIG_DFLor signal.SIG_IGN), it will be
ignored.
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If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, 0 is returned. The error
indicator is never changed by this function.

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

WA 3.100] 71
int PySignal_SetWakeupFd (int fd)

o) §YE P4t ATdel 48 wvich 434 WB7 B W ER ) SH = Y | EAE
ARG fd v B2 o]0l ok Fuith o) 4] 9 7| %2HE wEkgh o

@ 18 Jl5 g WMuAAY AL o)A 27) WA clde sHolue signal.
set_wakeup_£d () 9 S5 AW, 98 DA YIS it FEE D ALRelof FUTh
4%01121&3]501]/\1L Z% o] of 3 T}

WA 35004 WA AR A, B4t o)Al 27 DEE A DT h

5.6 0|2 EcHA

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL ©] 2 2] E] &5+ A o2 25 W& ¥33st
NT

n:ol‘

Yth name A A= A o] 2] o] &5, module.classname A2 C EXF o] o] o st t}. baseL} dic
1A= dwtd o Z NULL YY) o] 24 3™ Exception(ColA] PyExc_Exception O & AN 2E

S QEUholA S8 Zel 2 AR BE AU Tk

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.

T‘N

PyObject *PyErr_ NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject *dict)

Return value: New reference. Part of the Stable ABIL. ] 22 o] 2] S0 SE2EFHS PGA oA 4= dt}
= A2 ALY pyErr NewException ()3 255Ut doco] NULL o] ofU®, o &] Fefj 2of th 3t
e Y AT =

B A 3.20] =7}

5.7 O|2| ZHX|

PyObject *PyException_GetTraceback (PyObject *ex)

Return value: New reference. Part of the Stable ABI. Return the traceback associated with the exception as a new
reference, as accessible from Python through the __traceback___ attribute. If there is no traceback associated,
this returns NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL. 9| 2] 2} FHEH EF o] pE AATYLE AW Py_NoneS AFE3H4]
Al L.

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABI. Return the context (another exception instance during whose

handling ex was raised) associated with the exception as a new reference, as accessible from Python through the
__context__ attribute. If there is no context associated, this returns NULL.
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void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABIL o] 2] ¢} A AHAEE o2 AA St A %?ﬂ NULLS AF&3HA Al L. ctx
7hol9] 1R 2017 Fel ek o AAHE fig Ut o] AL avol o3k 22 FA ULk

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

void PyException_SetCause (PyObject *ex, PyObject *cause)
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.

5.8 FL|ZE ol ZAl

& S CollA FUZE A9 & el 45t o AFHg Yt
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

Return value: New reference. Part of the Stable ABI. encoding, object, length, start, end 2 reason 9| EE]| HREE
AF&-3}o] UnicodeDecodeError AR E W5 Yt} encoding™} reasonS UTF-8 2 Q173 ¥ TX]—%‘ ‘?:]
ek,

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. =] 2 | 2] 2| 9] encoding ] E 2] H-E & ¥l3-shu o}

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 50 R | 2] A A 2] object 2] E 2] HEE WHatgh o}

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] A OEﬂS’»] AA Y start A E B HEE 7} FA] *startol] Bl X] S T}, start= NULL
o) ohu]ojof hith. 4B ake 02, Ao ShE 18 MBIk,

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 ABI. 520 R 9| 2] A A 9] start A E B HEE startE AU A-25H4H 02, A5
-1 gy oL

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. 20131 of| ] 2 A| ] end o] EB]FEE 7}A 244 *endoll W] 2] FU T}, end= NULL
o ohujojof gyt 453 ® 02, AshaIH -1& whAFI T,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
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int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL. 0] R | @] A A 2] end SV EB| HEE endZE AT TE AF3H 02, A9 std
-1 W T

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABIL. Z=o] 2 | 2] A A 9] reason o E 8] H-EZ w183},

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

Part of the Stable ABL. 0] R o 2] A 9] reason Y E B HEE reason. & AATUth AFdH 0
A5 12 EE

5.9 i+ Mo

o] T Gt 7ol 9 Y BE BEA CRFAA FAS AT B2 S At PP AT A
SEF}REA Fhol ES TEFHA b 49 BLFUTH (o] TEE AT Fo|E AT FAFY
h. &= 22 EFZo| AF A& Aest7] wlZol p_call TR = 2
int Py_EnterRecursiveCall (const char *where)

Part of the Stable ABI since version 3.9. | A A C =5 T &°] & 45 #H1 3= A F S ZAIFY L

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 e A Agel =@l =R FAF YT o] B9, RecursionError 7t AR E i 00]
oy ZFo] ukalE Ut @) 9kow o] vkt Ut}

where= A7 Z o] A3tC & Q38 RecursionError HA] Ao o]o]EA " in instance check"$2}
22 UTF-8 A3 9d EAFd o] of of .
B A 3.99]| 4] ¥ 7 This function is now also available in the limited API.
void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py _FEnterRecursiveCall() € £ 8 %4 rrh
Py_EnterRecursiveCall () 9 Z+ AZ A s Z&ulc} 3l AR S &5 ofoF gyt
B8] A 3.90]| 4] ¥ 7 : This function is now also available in the limited API.
gl ]Lﬂﬁhﬂﬁﬁ;ﬂ tp_repra ZHIEA FdHE EES A A7t 2
3

o=, tp_ fepfl_ T2 A7) A8 AAE F4 OH °]: U o=
AP A}, o] 5L reprlib.recursive_repr () o 3 C ZSE YU th

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL £=3+2 742 8}7) 980 tp_repr 78 A2 A 3&HUTh
tp

AR 7} o)) Aelw o, Fat ¥ A4S MBFYT o] AP tp_repr AL TS U=
224 AR E 9heelof Gtk o F Sof, dict AAE (...} 8 WA List AL [...1 5
skgkgh o

A7 Aol SSH e 9 BT VI o] AP tp_repr TAL YA O NULLS
ukgha of g,

29 oW, T 0 MEEA tp_repr TH2 AAH R

)
b

&9 & g
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void Py_ReprLeave (PyObject *object)
Part of the Stable ABL. Py_ReprEnter ()& 283Ut} 02 W8Sl Py_ReprEnter () @Zutt}) 3t
WA T8l of T

5.10 & 0|2

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

Co|E olo|AM o2 LE
PyExc_BaseException BaseException !
PyExc_Exception Exception Baz=lGal
PyExc_ArithmeticError ArithmeticError IFR @ |
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BRufferError BufferError

PyExc_ChildProcessError
PyExc_ConnectionAbortedEr
PyExc_ConnectionError
PyExc_ConnectionRefusedEr
PyExc_ConnectionResetErro
PyExc_EOFError
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_GeneratorExit
PyExc_ImportError
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError
PyExc_OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsynclteration
PyExc_StopIteration

ChildProcessError
ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError
EOFError
FileExistsError
FileNotFoundError
FloatingPointError
GeneratorExit
ImportError
IndentationError
IndexError
InterruptedError
IsADirectoryError
KeyError
KeyboardInterrupt
LookupError
MemoryError
ModuleNotFoundError
NameError
NotADirectoryError
NotImplementedError
OSError
OverflowError
PermissionError
ProcessLookupError
RecursionError
ReferenceError
RuntimeError
StopAsyncIteration
StopIteration

Page 63, 1

Page 63, 1

CtZ = O|X[ol] Al
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H 1-0|™ mf|o|X[of| M AlH

Co|E olo|M o2 =E
PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateErr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

H oA 3.3 9 = 7 PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError 9
PyExc_TimeoutError+ PEP 3151 u}et =95 g5 yth

WA 3,59 &7} PyExc_StopAsyncIteration I} PyExc_RecursionError
¥ A 3.69] &7}: PyExc_ModuleNotFoundError.

T2 PyExc_OSErrorol o st S 34 H 3 9 th:

ColE

PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

tr
[m

[

WA 33004 |7 o] A2 E e o9 FolsUTh

EE:

511 & 21 HF

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:

Lol g2 2F o9 o tjg o] F APt
2z ol w gtk A A7) vl 22 MS_wINDOWS 7} B2 H =R HlAES ] o] & AMgFe I E

il

HIAAIL

[$,]
3]
Eh!
oY
kl
0E
M
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Co|E oto|M O & LE
PyExc_Warning Warning g
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

W A 3.20]] 7}: PyExc_ResourceWarning.

T E:
PolZlethe 2E AL WF wlola eyt
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6.1 2 Al FE2IE|

PyObject *Py0S_FSPath (PyObject *path)

Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the objectis a st r or bytes object, then a new strong reference is returned. If the object implements the
os.PathLike interface, then _ fspath__ () isreturned aslong asitisa str or bytes object. Otherwise
TypeError is raised and NULL is returned.

WA 3.690 F7}

int Py_FdIsInteractive (FILE *fp, const char *filename)
o| g o filenamed £F VO 5+ fpE A2 1F3W F00] obdrThe WEF Lk
isatty(fileno (fp)) 7} &9l std o] A-YdUch AY £ Py _InteractiveFlagZ} Zo|H,
o] 1= filename EQ1E 7 NULL O] At o] 5 o] A+ '<stdin>'o]u}p 222" F e} TS uj =
S REshhy o

void PyOS_BeforeFork ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ X3 Ao Y F
B2 fork () 1} 84 22 A 2T BA S A T

— =2

98 A 2| ol A g ALg 7Hs F o
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fol
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N

AT: C fork() TEL (W A = Ee)) w7 Ad = At o] £ o] Aok Flth.
PyOS_BReforeFork () &

WA 3.70] &7}
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void PyOS_AfterFork_Parent ()

Part of the Stable ABI on platforms with fork() since version 3.7. Z2ZA|2~ 3 & X Y72 A& P Al 5H+=
B4 w22 BAL A FBEAS DA, fork () U BA =2 A A BATE SAE 5T

530 % 0 22l mol ] 52510k LT Fork (7} 3o H A ABoIA D ALE T} ghIch

ZAi: C fork() &2 (“nﬂO” Bz 2] Ele]) v 917 se| So A uk o] o] X oF gy th
PyOS_AfterFork_Parent () & U}F7FA] Y T}

WA 3.7 7}

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. T2 M2 23 S YK ez g AH &
AABE . fork() U BA| ZEAAE BAGE AT F5E 52T T, TRA 27} o4
A= HE Al Ez“ 7he/dol QLo A e A A0 EEsoF FUth fork () 7FH o H
PAPN- 28 PSR- pAR- I RS RS o

Aa: C fork() T&L (vl AEfzefEe]) “H[ Q17 A =o A ut o] F o] A oF gt
PyOS_AfterFork_Child () & u}Z-7FA] Yt}

B A 3.7 &7}
© B7]:

os.register_at_fork () & AR 3} PyOoS_BeforeFork (), PyOS_AfterFork Parent () ¥
PyOS_AfterFork_Child() 01] AN TE2E AL A Fo| A T E SE S QS Th

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). Z2 A2~ 3 & 41 Y2 A E A4
AE LB 7} Al S AL F T A 22 Z 2 A 20 A Egﬂ ofoF Gt A A3 3t o] A ZE A 20
EEHY, ol drETET I8t lsUTh
WA 3. 7HE JRF: o] &4 pPyos AfterFork_Child()E AE g5 UTh

int PyOS_CheckStack ()

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

typedef void (*PyOS_sighandler_t)(int)
Part of the Stable ABL
PyOS_sighandler tPyOS_getsig (inti)

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

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

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

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the Stable ABI since version 3.7.
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- IUN This function should not be called directly: use the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

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

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

A2 FFH ool = A} (wide character) A B ol gk Z A E & WH&FH T W22l & A et ¥
PyMem_RawFree () S A3 A L. size 7FNULL O] o} ¥, d X2 A 2] &) ofo]| & B} & *size

o 71 Zg .

gz oz wzEe & o8] Al NULLS 93y o) size7F NULL O] of Y™, B2 2] o ] A] *size
7} (size t)-12 AAFH I, YI Y oY A (size t)-22 AFFUrch

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

CztolEjelo] W27t glod, tid o 27k B sHA] ofof eyt

TAE S vl EG R A A3 Y3t W Py _EncodeLocale () &5 AHSSHA Al L.

o ®B7]:

PyUnicode_DecodeFSDefaultAndSize () S} PyUnicode_DecodeLocaleAndSize () &4
W7 350 7%

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

A 3804 WA o] 4= oA ERA Py _LegacyWindowsFSEncodingFlag7t0o]® UTF-8
ATGEZ A Th

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

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

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

error_pos 7} NULL ©] o} ™, *error_pos= AF A] (size_t)-12 AAFH 1, A3 o & A F235}
A k2 TR Ad Az HAAgH T

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

Hlo|EYE & 2lol= BX EAEE A Y Z WS d Py _DecodeLocale () 45 A& A L.

7d31: 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] B7):
PyUnicode_EncodeFSDefault ()E}PyUnlcode EncodeLocale () 5‘;
H A 3,50 271

6.1.
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H A 3.79]| 4] ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

WA 389 A WHA: The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlagis zero.

6.2 A|AE B4

sys REY] 71%% C LEC A A2 T 4 97 s R E FEPuTh BE U5 s = A FEA
E3E AA) el melE 2= sys RE ST elo] 25 g ok
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL sys 2& 9l Al A A name-S W3} AL}, &R 314
o o9 S AAsA ekal NULL S Wy ok
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL. v7} NULL ] o} 3t sys 259 nameS vZ A A Ul NULL©] H name2 sys
2Eo A AR U th 4F8HE 0, ol ] Al -1 W T
void PySys_ResetWarnOptions ()
Part of the Stable ABL sys.warnoptions& ¥l 2|2E& A H AUt} o] 4= py Initialize ()
ool 222 4 A5k
void PySys_AddWarnOption (const wchar_t *s)
Fart of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.
sE sys. warnoptionsol] &7 th A3 e g 2B JFL =8l H Py Tnitialize() o] A
o] %8 5 23l oF Tk
HA311EE H A=,
void PySys_ AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.

unicodeZ sys.warnoptionsol F7}g o}

Fa: o] 4= #A CPython ??ﬁ R AT 5 S
Py_Initialize() Oﬂ/ﬂ warningsE HFA|Z 02 AZE }7) 75101
AL MEES S22 5 98 B2 Aekelol 523 271545 7] A

WA 31158 A F.

Ut 83 7} RIS

[e]
H FUI=E 2

I 5} 2]
ol 222 4 7] & dyth

void PySys_SetPath (const wchar_t *path)

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

sys.pathE EWEY AN B2 FEAH(FH2NA = - oML )R FEE FE grE o}
sh pathol A 2o Azl P2 A2 ARGk,
WA 3115 w2 E.
void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABI. format2. & 7|&5 = %1?_3, BE2AYE sys.stdout o 7| E& Ut} 2 o] ukAy 3}
A

e o 9= B sA syttt (oF € F2AAIL).

formar & ERND £ £ALE F 7] 10004}0] = o] 32 A T3] of Fu] T} - 10008}0] = o] o+,
29 2AQ0l YU 53], o] 4L A2 %" o] Yol 2 BL 9 u Gl Tk “BNos" &
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AL-g-8e] A gl o T, 17] 4 <N>2 <N>of ThE £ Bl aE0) o) 27]2 6% o] 1000u}e]
E2 2754 FES ALY A5 AU B3 % E FHAA L, ofF 2 SAE S A2
A4 5 A5k

RAZHEA AL, sys . stdout 7H AR H o] 914 oW, ZAE WA A& AA (C 52) sidouro]] 7] %
Uk

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABIL. PySys_WriteStdout ()3 ZA 2 Al sys.stderr o] U stderrel] &1 T}
void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABIL PySys_WriteStdout() 3 - AF3F &4 o] A 2, o Al A &
PyUnicode FromFormatV ()5 AF-&3ste] ZMSt A A& 429 Ao|Z A= R] ¢F O}/\ Ytk
WA 3.200] 7}
void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout ()3 ZA 2 Al sys. stderr o] Y stderrol] %1t}
HZ 320 F7}
void PySys_AddXOption (const wchar_t *s)

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

sg X7 A HFLR P TABAL PySys GetxOptions () 7k Rbdhs @A w4 v el +7H]
t} o] 4= py Initialize() o]A T 4+ A5 YT}
WA 3.20] F7}.
WA 3R H A=,
PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys._xoptions 2} FAFSHA, —X
Ao AA DA 2 BB o2 7h 2, nuLL o] w8k T o 9] 7} 44 H U o).
WA 320 71
int PySys_Audit (const char *event, const char *format, ...)
RE Y ZFOE A OHES BAA P UTE A3 Al 02 W&t Aol A] of| 9] & A8t 00] ofd
= vy o
Fo] F7tE oo, formarz} 7] B} QA2 ARt AL B
Py _BuildvValue ()oA AM2H Ay} e =9 Ex o
W, 09 22 FE0] 2AH L (2R g4
A& & ol 7] wEel, g etE B2t e 4 A5 U

L

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

sys.audit () < ol T} FL3 V5SS AT h
WA 3.8 =7}

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

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this API are called for all
interpreters created by the runtime.
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userData L OB E= & 42 AT )
shol W Ael & A7 B2 e o o,
o] k= py Initialize() ©| A = o}
Zo] ¢l Exceptiond A A B Ze) A H o 2] 2 @A
of 2] = o A| = A (silenced) ¢k<5 U th.

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

ZEAtoll et 3k 2hA| 3 A B & PEP 5785 2SI Al 2. o[l ES WA 7] = A3} 5 2ol H e 2] 9
Pt A ol ME Eol as o] gtk A S W E-2 2 B A Aol gl

Q1 A} Qlo] ZHAL o] HIE sys.addaudithook2 TAAl ZA Y th

typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

The type of the hook function. event is the C string event argument passed to Py Sys_Audit (). args is
guaranteed to be a Py TupleObject. userData is the argument passed to PySys_AddAuditHook().

WA 3.8 =7}

6.3 TEMA MO

void Py_FatalError (const char *message)

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

Py_LIMITED_API {227} F |5 o] YA ¢Fe 3 Py FatalError () T4
AHE o2 2 8+ AR E A F Yt

WA 39004 A7: T4 o] 2 AFF o2 27 Fhch

0l

b

59 of

rr
ok
ul(f
o

void Py_Exit (int status)

Part of the Stable ABL. A& ZZ N 25 ZEFUL) o| AL Py FinalizeEx()E &3t}
glol B8 8] St exit (status) & TEFYTH Py _FinalizeEx ()7} B S A, £
12002 A4 g rt.

W4 36904 W73: ko] el A ol ol A o] o2l 7} B FAIE A sk ok

int Py_AtExit (void (*func)())

Part of the Stable ABL. Py_FinalizeEx ()7} &S A -5 SEFYH. A 4= AR gl
TEH Y L uEE A gotop Ut Aol 32719 FE F4E T2 S JHUT 20 AF3E
W, Py_AtExit ()& 0 WU Th Asistd -1& Wkt wpR g 558 A8 T7F WA
SEPEUL A8 e Hd i s2PUch el T Aol she]m o] U slo] g gl A o] A o]
459 7] djEoll, funcoll A Zho]l W APIE T3t SHgYth
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6.4 D E QUIEE 5}7|

PyObject *PyImport_ImportModule (const char *name)

Return value: New reference. Part of the Stable ABI. This is a wrapper around Py Import_Import () which
takes a const char* as an argument instead of a PyObject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABI. ©] &&= PyImport_ImportModule ()2 H A H

EEDES

WA 33004 WA 0] N)5L e ANES QEE B BGT A SA AAAAL U 1y
shol A 336 4, 72 WAl o] HRE] BAGA BE W9 FFOoR A Q7] wj o], o] o
s4Ege b e Fayrh

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

*fromlist)
Return value: New reference. 252 YZE Ut W& sto]lH St import_ () & F3] 7134 &
4R 5 At
W ATE W REOI G AN A AN G AT BE, T A A 917 2 H NULLY
Ut __import__ () & uFZFA R, ¥ o] QLA ¢F2 fromlist 7} A 5 A = &, 9 7] A & A B R F o]
LAH RS wW Y w2 gk A A A A YU Th
Olx E A= PyImport_ImportModule () A E B2HAs ZE AR E A| ATk

PyObject *PyImport_ImportModuleLevelObject (PyObject ¥*name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
Return value: New reference. Part of the Stable ABI since version 3.7. EE2 YFTE styrth =
__import__ () @57t ol F4E AR TEH7 tfZoll, W stol A 4 __import__ () E &30
A AT U
HR2Eo U A A7 A i 2 X, == A Al o271 24 E NULL Y
Ut __import_ () 2FuFRZFAE, ¥ o] QLA o2 fromlist 7} A F = A 9= g, 9 7] A Y] A B R EF ]
8 AF IS o] gk 3h2 FH 4 A7 A F YT
WA 339 7}

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

Return value: New reference. Part of the Stable ABL. PyImport_ImportModulelLevelObject ()&} v

314 2k name > FU T E= A o2 UTF-8 2 Q139 FA+d Jyth

W 3300 A WA level®] &5 32 Tl & 385 A 5T
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABIL. 0] A2 &2 “IYZXE =

H ol duUth (H A A QU level 02 AH-g-3t=tl], 2t XEE 53U T.
AE__import_ () FFE ZESFULE ol A A XA I

PyObject *PyImport_ReloadModule (PyObject *m)

Return value: New reference. Part of the Stable ABl. 2.5 -& TFA] = (reload) Ut} ThA| 2 =29 2 E9
gsl ZzE wistsl A, Al A ¢l 9] 7F 4 FE NULLES WY T} (o]uf] R E-2 o A3 A g .

[}]
S
o
fijn
11
H
Im
9'2
N
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PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 28 o] 59| sl Z35l= & A A
WFSHSL T name 9141 package .module § A2 % &yt WA BE DU o] 9x ol
2, 9o A2 ol E P A elo] 41T Th A5 Al o9l & A e nuLL g Weghi

S

B ol Pk RES ZEAAY YEE 4 Ptk BEo| oF 2EH A ggtow, W ZE
AANE A DUth RES AFE S8 PyImport_ImportModule () oW 1 W3 & S AFR
S 9. nameol A A 0% FRE o) B0% GAE A A TL o v] EA A GrrhE BHg el
T

w H

W 3300 F7}
PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABL. Py Import_AddModuleObject ()%} B|5=3}A| 2k
name-2 FUIZE A th4 UTF-82 A7 H ZAE Jth

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

Return value: New reference. Part of the Stable ABI. Given a module name (possibly of the form package.
module) and a code object read from a Python bytecode file or obtained from the built-in function compile (),
load the module. Return a new reference to the module object, or NULL with an exception set if an error occurred.
name is removed from sys.modules in error cases, even if name was already in sys.modules on entry to
PyImport_ExecCodeModule (). Leaving incompletely initialized modulesin 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 ___loader___ (if set) and to an instance of SourceFilelLoader
otherwise.

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

o) Fot olu] YTE HrE RES A 2EFUT RES OA 2EsE 9%
PyImport_ReloadModule ()<

i

[e]

(i
s

i
rlo

EFEE o527k 7Y, o v] Wk ol A A] ¢f2 37 A 7

2+
=4
name©] package .module § 419 A

o)A 8] WEolA A BT

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

BN
rlr

(
-

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABl. Py Import_ExecCodeModule ()3 F-AFSHA 9, &
AR _ file_ o]EZ]HEXE=NULLo] o}y 2 pathname 2. 2 73 A Ut}
PyImport_ExecCodeModuleWithPathnames ()& ZFZSAA] L.
PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, PyObject
*cpathname)

Return value: New reference. Part of the Stable ABI since version 3.7. Py Import_ExecCodeModuleEx () 2}
FAFSHA BE, BB AA 9] cached_ o]EZHEE=NULLO| ol B cpathname 2. 2 A A Yt} Al
7HA @ F ol o] A5 E = AUt

B A 3.30] &7}

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)
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Return value: New reference. Part of the Stable ABl. PyImport_ExecCodeModuleObject ()2} FAFSHA|
T, name, pathname 2 cpathname2 UTF-8 2 Q1 A JH B XL YUt} pathname® 7}o] NULLE A A H
3% o ¥ gkol cpathname | A 2}opdh=2] Lopf e i Fth.

B A 3.20 &7}
WA 330 A HA: vlo|E I = A2 WA ZEE AA A2
2 gk

long PyImport_GetMagicNumber ()

Part of the Stable ABL 3}o] % vlo]E & 319 (L™ .pyc 3+Y) 9] v 2 ¥ Z (magic number) S ¥F8+-3H
th v 2 S = Hlol E T & 39 A5 4ulo] Eof gl & QY vlo| E A 2 EX) ) oF Ty th. o ¢
Al -1 9rEshy ).

WA 33004 WA A5 Al 12 B o

const char *PyImport_GetMagicTag ()

it

AAE ) imp. source_from_cache ()

Part of the Stable ABIL. PEP 3147 & 4] ulo]|H ulolE T & g o]59] v 2 g 2 X< & ¥&shyc}
sys.implementation.cache_tag®] g2 AFT = Qa1 o] &4 thAl ARS-3f oF ol ol A Al &

HZA 320 F7}
PyObject *PyImport_GetModuleDict ()

Return value: Borrowed reference. Part of the Stable ABl. E& &g o AEHE= dA 2 (Y Y sys.
modules)& MR TE. ol 2.8 el el ejuhr} & A5 W ol 49 341X 2.

PyObject *PyImport_GetModule (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.8. 01X o] &0 2 ojn] dXE H R ES
Wkt th R Eo] o}z d 2 E ¥ x| ¢t NULL S WHEEHA| vk of 2] & A A 3R] Ut 23] o

A5 &8 NULLS vhalal o 2] = A A s o)
WA 3,70 271
PyObject *PyImport_GetImporter (PyObject *path)

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

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. name©| 2t 0] 59 = & & 1 E (frozen module) & 2 =3t}
AEstH 1S, RES 2R Z5tH 02, 27|30 Aol etd o9 & At -1 RSt 227}
e ul A2 E & R JM A8 pylmport ImportModule ()& AE3HE Al L. (R4
o] Fol FATAHA L — o] F= BEO| o] dEXE H Y& W thA =)
W 330 =7}
WA 34004 MA: _ file OEIREEHE EEo| 2BHA gsTh

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL. Py Import_ImportFrozenModuleObject ()%} B]<3}A 9 nameS FUIE
Az A UTF-82 39 FAE Jth

struct _frozen

o] AL freeze FH B E| (F}o] W AA M| E Q] Tools/freeze/E FZ 34 A
OAaaHeE A8 24 3 Ao YUt} Include/import . hol Q= A

[}]
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o
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struct _frozen {
const char *name;
const unsigned char *code;
int size;
bool is_package;

}i

WA 3.119 4] ¥ 7: The new is_package field indicates whether the module is a package or not. This replaces
setting the s1ize 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] & 4 Yd BRE HolEd @Y 55 F
PyImport_ExtendInittab ()< ’V\]-“ ek g 5oy, = ] s g4
U Th A REL nameolgt= o] 207 A X E F 5 9l o, initfunc TF5E A
&5 = 2713 42 ALS YT Py Inltlallze () Aol T& 3l oF g}
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 _iniftab *newtab)

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

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

6.5 C|O|E{ Oj&FE! X|&

o|e% £ 9L C TEbnarshal BEF 2L Hol8 B2 AH5te]l 4UNW AN 4G T+ =S
Uk 428 FH 02 Yol HE 2L F4o HolHE 0 9t H ST At FH B AU
2 ¢ BEg Jofo itk

upabe) 9 Hlo] 6 & A gehe o] ALgH & e whol ]
57} ke 239 vhe =71 WA AP U Th

o] RE-2 F 7HA WA 9] HlolE FAS AAdFUTH WA
upAFe] gk uf] Q1 H (intern) ¥ FAE S &Y Th W
Ut} Py_MARSHAL_VERSION-2 & A 9} & 4]-& vrebfyth (F A 2).
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

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

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
tol K AA| value s file 2 vHEU T}, version-2 3+Q 3§ A2 LEFE L TH
This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. UFH¥FE value 8-S T 33t vlo|EE AAE 23Ut} version-S 3t
B4 Uhehy U T,
Te B4 E ALE S nhrE e Al 92 4 dsuTh
long PyMarshal_ReadLongFromFile (FILE *file)

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

e Al, 2 A3t o ] (EOFError) & A3t -1 WHEghh
int PyMarshal_ReadShortFromFile (FILE *file)

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

ol 2] Al, A A% o9 (EOFError) & A A8l ~15 WHEHEU o
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
of & A], A A3l o9 (EOFError, ValueError BE¥ TypeError) S A A 811 NULLS ¥FEHgHY o}

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

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

o 2] Al, A A3t o]l 9] (EOFError, ValueError ¥+ TypeError)E 474 3t NULLS WHEHgh o}
PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

Return value: New reference. data7} 7}2] 7] len U}o] EE £ 5}+= vlolE B3 9 HolE 2E oA
ulo] A A& wg

o & A, A A3l o Q] (EOFError, ValueError £+ TypeError)E A Al NULLS ¥H3shy o},

a BT oA AR &t AMEE ol &l dl A H = 2 B X4 (formar strings)
S A FEY T 29 EAE L o] s 7 ol Sl 22 S ARSI T
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ZW ZALEL2 070 o] e] “ 9 &9 (format units)” 2 /3 F Utk 29 &9 = stute] shold AAE A9
Uth dubg oz ad FAu 252 7 29 @ AFdAd Ytk B 7HA] A9 & A9 s, 2T e F<l
Al 27)obd I Tl = %‘1@23 ojg gt Tl et & d T4 At thS itk tha ARl A,
218 (quoted) P22 W A JUTh (53) ZE ¢S] FHL2 2 9 & A sk shold A F At
(23] ko] TR F2E5 A of o= C U2 FdUth

oIS ENS A AL H o v we) F=2 AA ] AA L T 5 AFUTh HEHD FURS o] Y
Jofol et 94 AF4E ATE Bas} dsuh
D) WAIH A gk 7 ¥ FE NULE S 25 A g

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

o Formats such as y* and s* fill a Py_buffer structure. This locks the underlying buffer so that the caller
can subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As a result, you have to call PyBuffer Release () after you have finished
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).

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

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

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

ZF31: For all 4 variants of formats (s #, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before including
Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_ tifthe PY_SSIZE_T_CLEAN
macro is defined, or int otherwise.

s (str) [const char *]

FULE A€ 2 ADo] o9 C EAE|Z AR t). 71 & E Aol o & LAF o2l o] F48
AL 24 ZAH W] 43Pk C 24D NULE 2P U shold 492 38 9
e __LO] = J.?j ]—X] o]—o]_o]; 61—1,]1;]_’ :Lar/}uq ValueError o:”ﬂ 7} H]—/\gb‘h,]q_ oz e A X‘“L‘

'utf-8' I P& ARGt C EAE 2 AP Uth o] Wdo] A3, UnlcodeErrorﬂ 2y ot
Utk

A30: ol E 9L whol =9 A WorE oI A Gt 1Y NI4T 28 Wore o) 1o & C A
d2 W3slE W, PyUnicode_FSConverter ()5 converter 2 Os W& AFE31+= Zlo] 5 U TH

WA 35004 WA o] Aol &, ol FAEoA WEH d ZE £AEV LA H TypeError 7}
A WS U o

s* (str = Hlo|EY R A [Py buffer]
o] LW Hio| EGF AA T oty gt fFUIAE AAE HotsdUth SEA7FAF 8 Py_buffer
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TE2AE AUk

°|
AAE rutf-8' AET

)

Yok gyz=

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

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

z (str &= None) [const char *]
s 9 ¥l 3 A B, shol W AR 7 None R S Y, o] 9 C EAEhvvLL 24P YT,
z* (str, H}o| E Q7 71| & = None) [Py_buffer]
s* 9} v] 5k A vl 9t V‘* AA = Noned %
NULLZE AAF Ytk

)y

Ut} o] AL py buffer FZA 2 buf W7}

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
s# &} H] 2Bk A g, sho] A AA = None W & 01*145} o] 47 C2UAHZNULLE AAF Yt

y (¢]7] A& vlo] E QD F 71 A]) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a ValueError exception is raised.

WA 3504 W7 o] Ao, vhol 2 M F ol A WA upo] 7} A W TypeError 7h LAY
Ut}

y* (vto] E<E 5 71 A]) [Py_buffer]
s+ o] MY L fUTE AA 7} ofre} upol AR A v wolE g o, whol 2] 0|8 & wolE
o]t A Wy Ytk

y# (read-only bytes-like object) [const char *, Py _ssize t]
s#9] o] WP GURE A 7k ohr]eh vl = AR AR v oS YUtk

S (bytes) [PyBytesObject *]

Requires that the Python object is a byt es object, without attempting any conversion. Raises TypeError if the
object is not a bytes object. The C variable may also be declared as PyOb ject*.

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

u (str) [const Py_UNICODE #]
ol FUZE=E AAE F i,__“l—z]'_/] NUL £ v 3o tfst C A 2 ¥y} 7|& FUIE

Hoo et ZAE 2 Y4, py_UNICODE ERIE] A4 4 E A3l oF FUth Py _UNICODE &
2] )= A LMo w}a} 2ol Fo AL (16U EU 328 EQQUT]. glo] W ExLE -2 U3
g 3E 2AEE TSR grobol FUth whoF 1Y ThY, valueError o 97 2 g Tk

WA 350 A WA o Aol el EALAMN WAE 9 = £AE7H A W TypeError 7}
Hb\@g}i/\qr/}_
W 2330041 3215 eI o, M2 3126041 A AR Utk ol A 28k by unrcops APIS] 2RI )
PyUnicode_AsWideCharString () < AF&3}o] ulo] 13| o] A S Al L

u# (str) [const Py_UNICODE #, Py_ssize_t]
ul o] WL o] C ol A gy 3 Al s —t« A=
FHA Wes 2oyt ol ¥ 2 4 IE 2AEF Ytk

=)

W70 3,300 41 1215 AU ek, 41 3120041 A AR U Eh: o] AEHY By UnTCODE APLY] QR QU th
PyUnicode AsWideCharString () & AF&3Fo] nlo] 1 ] o] A A A 2.

Z (str == None) [const Py UNICODE #]
u} ) =3kA gk, o) W AR = Noned 5 Y5t o] A Py UNICODE EQIE|7FNULLE A A H

= ool &} w3 ol tf 3 2 QIE o] 1,

_%
n:QL‘ Jo
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W 3300 A F| A= Q5 U th WA 30120004 Al AF Uth: o] d 28HY Py UNICODE APIS] YH- QU T
PyUnicode AsWideCharString () & AF&3}o] ulo]l 1 d o] A AL

Z# (str or None) [const Py_UNICODE *, Py ssize_t]

u# o} vl <=3 T, ZFo] W AA = Noned % Y5t o] A Py UNICODE ERE|7FNULLE A A

Hurh
H A 33004 | A = A5 U Th WA 3020004 Al AF Uth: o] d 28t Py UNTCODE APIS] IR Y Th

PyUnicode AsWideCharString () & AF&3}o] nlo]l 1 d o] A AL

U (str) [PyObject *]

Requires that the Python object is a Unicode object, without attempting any conversion. Raises TypeError if
the object is not a Unicode object. The C variable may also be declared as PyObject*.

w (2] 7]-22 7] nlo| e d 57 A A)) [Py_ buﬂ'er]

o) AL 9717 W3 | o] 2B WS RE A E A SUUL. TR AT Doy pusres
SEAE AE G AL U U A= £ 4 e e SR AL AT TS A
PyBuffer Release ()E &3 oF gt}

es (str) [const char *encoding, char **buffer]

s o] WYL FUIEE FA W E AT 3= o] AREH U th W7 NUL vio] E7F 23] 2] 912
A3 ol ol tsl A vt 25 F .

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 3233718 W3 & dFstal, AFZFH vl o|E & o] W3 o] BALStL A=
ﬂﬂﬂ*iﬂﬂaﬂzﬂii%mwizéEW%i A g ol R W 9 2 84| 57] 99
PyMem_Free ()& ZZ&8|oF gt}

m{w

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

flo

HRo|E A A S thA] ZE5HA] il FHAA N H= H2 ALl st es ot Zg Utk tAlL, 7@
Hpol E EA-d A7 w7 g AEd ARG AHETohal ZHE o

es# (str) [const char *encoding, char **buffer, Py ssize t *buffer_length]

s#9 o WAL FUTEE EA w52 AR o) ALFUT es T 22, o] WYL NU
R L EDEET . 1o

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 A% 27} ook

*buffer A NULL 21 & 7H) 719, e 229
BB Hhuffer S &2 FFEH AR YA S FRFCE
F

=

AA3t7] 8 PyMem_Free () & TEd o

“buffer 7k NULL o] obd ZAE & 7}e] 7] 9 (o] n] &H WH), PyArg ParseTuple ()& o] 9] X & W
¥ 2 AR} Fbuffer_length®] Z Ak ¥ 2712 OH Agtych 28 o2 A FZ Y E d o] B & ¥ 7 o
BAFSF NUL S5 @Y th W3 71 F473] 2A] 94 2™, ValueError 7F A A g U th

T A 25, *buffer_length= 53 NUL Hlo|EE AL st AT to]E]e] Dol& AP YTh
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et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py ssize t *buffer_length]
Hpol E 214 AAE thA] LY 6HA] i FHAI A th= H2 A8t es# o 25U th thal, 7
Hio] E B2 A 7F ) W2 ALH JAF Y-S AR Sk 7R v Th

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

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

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

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

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

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

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

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

n (int) [Py_ssize_t]
glo)lW A4E CPry_ssize t2 AT

c (Z49o] 19 bytes =+ bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
WA 33004 M bytearray AAE s &I

C (4o]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]
tolH A4S Cry complex 722 At
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71t 24|

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 O if the conversion
has failed. When the conversion fails, the converter function should raise an exception and leave the content of
address unmodified.

converter 7} Py_CLEANUP_SUPPORTED S W35l W, Q1 2} L& EXo] 22 A3jslH = HAE 525
o] ME7]of oju] SFHE WREEE NAL 7| E ;(1]1@4 AsUth o] F HA S Z ol A, object P} 7Y
H 4= NULL o] U address+= Y3 SS9 22 3=

WA 3.19]A ¥ 74: Py_CLEANUP_SUPPORTED 7} &7}

k)
RN

p (bool) [int]

ALE gre] =1 %k% Eﬂ ( ﬂ A predicate) 5}1 A5 553 C A
LS

W7 3.30] 71

(items) (tuple) [matching-items]

ﬁﬂ%@ﬂﬂmMﬂ%%iﬂﬂ%ﬂ ol sfo] W A| Ao ok FUth C AAEL items] 78 T

_/'\_
w9l of] T g3 of FuiTh Al A Z B9+ 57T 5 Y& Ich

It is possible to pass “long” integers (integers whose value exceeds the platform’ s LONG_MAX) however no proper range
checking is done — the most significant bits are silently truncated when the receiving field is too small to receive the value
(actually, the semantics are inherited from downcasts in C — your mileage may vary).

Wb the B 29 BAGelA 97t dEUth 31T BE Al AL ek £ fgyth 158

sholl <14 2l 20 Lol a7k e AL S GER k. 494 Aol 8ok C Mg
7|23 273 e o] of Uty — A= A QI A}t Z] AE A e, PyArg ParseTuple ()2 3l
CHs U&S A8 A 5 yth

$
PyArg_ParseTupleAndKeywords () A-§: 3ol Az} g A2EL YW 2] AA7E 7| = AL LS
Tt A 28 A9E A AAE AT ARG o} 2, | & G 2 EA DA € 2
A5 o] oF FUI T},
B A 3.30]] &7}
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W] g 2EE o7 gA BdUTth 2 F 9 BAE L ol WA A AN A T o] 5o 2 AFRH YT
yvArg ParseTuple () ©] BAA 7] &= o] 2] “ARH Z1).

o

= G FAREE o7l SEUth Al EE 2 EAE 2 71& oll# mAIA ] ol 2] wAIA] A
o WAAZ AU 9 = AZE AIG 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)!

o8] 8 o] AT & 27} A Y AL o3 Wo] AR =
REY ge A ol A A UTE 919 £U w9 elaE0q 498 B2, oA At g
A= R b A7} Ay Th o] A9 g £ 9 w9lol ol AFE A Aok P o

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

=]

9] Faofok gk ol E2 Y
o=z

il
o
d

API &4

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL 9] X] v} 7] W ut 2| 472 5t S w7 A4S
sl 22 MEgUTh AER, A4S weke 4 e o 98 B YU,
int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL.  7}¥H 7§49 QA7 ofd valistE WolEQtrti= AL A9 dd,
PyArg ParseTuple ()3 ZddYrct.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords(], ...)
Part of the Stable ABL. $1 X} 7] Ql= w7/ H4E 25 A HE4E FH o= T4 ] H4E 318
24 T keywords AR 7191 w7} M4 o] £ NULL-FE MG Utk ¥ o] -2 913 & v}
¥4 el U Th 3o 22 MBI ch sl sk, A 22 ket 2 @ 8 el 98 B A LTk,
WA 3.6 4 WA 9] 2]-A-8 w7l Aol o 8 AP o] 715 5 th

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords[],
va_list vargs)
Part of the Stable ABL.  7}¥ 749 1A 7F ol valistE WolEott= AL AL 5HH,
PyArg ParseTupleAndKeywords () & E 43t

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABL Z1¥E A dAHgEly 717 EAxEAdA FQAFYoh
PyArg ParseTupleAndKeywords () 7} AF&E A &= 7 g °©
o) AAE 53/ BB
WA 320 F7}

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABL “o] A 2~E}Q4” 9] Q1) 8]~
3014 A 7| METH_OLDARGS W{7) <= 7% £4 WA EE AHgste F-dunh A 2
A5 TR B Ao AL 2 AAE A 9, BE JHZ
4o HEHA FE® £AH AS U AL, THE FE
29 BH0% A% AR 5 dSUTh

il
]
M
%
o
rlr
=,
>
ofo
rlr
s
4>
|
o
[t
flo
)
©
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

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

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

L

o] A A A PyArg UnpackTuple () o] e TEL PyArg ParseTuple ()l tdt o3 &3 A
Hog FeFYTh

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

6.6.2 gt 15

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

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

Py Buildvalue ()& 34§22 7HAE dFYth 20 Aol & ol e 2R &7t 29
HAds e FE2 FEAUL. 22 224G o] Hlof gl2 W, None & Whe U T); A 23] dhite] 2
G E 2, s 20 @97 71 E s AR olel A R U Th 2717H 00 19 FEE

el = o, 2 2AE S B E oA L.

soh st Eue] A A, v me] W37} Ho B S N AR o] 4B A A Wrz A
A2 3 bl o] Bl 7} EAPE Ut & A7 Al F ke ¥ 3= py_Buildvalue () 7} WHE AR o3 I
Z5 R G5yt & R FEVmalloc() S 5E31 SFH HREEE Py Bu1ldValue( ) o
A3 d, ,_]D]—Py Buildvalue ()7} 9t3E ¥ ool ZEVt g w2 o hal free () E T=
sk gk,

e AWM, 988 HAL B B AU (52) BE 9] FEL T 097 BT ol 4
A I [th2E] ¢+ T C Y FYYrh
B slol s, 6, BE W AEE £ EALe] A TG T30
ofdurnh. o] A2 N =W FAES F ¢ 97 GA == W AT 5 3l

M ﬂlﬂ
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s (str == None) [const char *]

utfog' ALY S AHgFte]l U-FE C RG-S shold str A2 AHFULE C EAD £
E] 7} NULL ©] ¥, None o] AF&-H Ut}
s# (str or None) [const char *, Py_ssize_t]
'utf-8' QI Y S A} C EAEF 1 o] S vfojd str AA 2 WA CEAE =

Q1) 7} NULL ©] |, 4 o] 7} - A] 5] i None o] RFHE Y th
y (bytes) [const char #]
o] A& CEAE S ol bytes AAZ AUt C EAFE £ E 7FNULL o] ¥, None ©] ¥

gy

y# (bytes) [const char *, Py ssize t]
OJALCEALEH 1 o] & vtoj AAE HET T C EAYE £ 2B 7} NULL©] ¥, None ©]
vhghg Y ok

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

sek 25U th

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

s#3 5T

u (str) [const wchar _t *]
S U FE (UTF-16 == UCS-4) tl o) E] 9] E-Z 8 wchar_t B HE Jto|H FUIE AA = A
Ttk FUTE ¥ H £ E 7FNULL O] ‘_,Noneol HEEHE Ut

u# (str) [const wchar_t *, Py ssize t]
FUIE (UTF-16 === UCS-4) o8 W3 e} 11 do] & sto|H FUZE AAZ A& Yth F
UFI= W ZAE 7FNULL o] H, Z o] 7} FA]H 31 None ©] ¥ U th

U (str = None) [const char *]

st 2T

U# (stror None) [const char *, Py _ssize t]
st 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]
Converta C long long to a Python integer object.

. QIR P2 BT gt 715 83
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K (int) [unsigned long long]
Convert a C unsigned long long to a Python integer object.

n (int) [Py_ssize_ t]
CPy ssize tE JolH Z42 ARG YT
c (Z o] 12 bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.

C (Z o] 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 f£1loat to a Python floating point number.

D (complex) [Py_complex *]
Cry_complex FZAE Fto|H BALE ASF T}

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

S (object) [PyObject *]
ost 5tk

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.

0& (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]
CHS ND2E F2 57122 sho] 4 FE2 ABFLh

[items] (1ist) [matching-items]
C7ro) AALE B8 57} 28 who)d B2 2 WBg )

{items} (dict) [matching items)
Czkel ADAE shol W YA U e 2 Wakghth A%H C gl 24 YA o) shite] BB
27 8}, 247 719} o2 ALeE Ut

W BRG] o 2] 7} 9o, SystemError o 9] 7} A A E 71 NULL o] ¥HEHg Ut}

m

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

sl
A= g

rlr
o

Return value: New reference. Part of the Stable ABL. 7} 7] 4=2] Q1 2}7} o} va_listE WolE <l th
AL 8, Py Buildvalue ()9 AT},
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A BT Z9E 249 292 98 B4
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABL. "R Z 2+ format 7} 57} Q1 Aol ket size vFo] EE WA FEF sr2 Z 2 P th
e w7 F oA snprintf(3) E HAA L.
int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABL. £ 219 format 2} 7} QA X ZE ygoll Wt size HIO]|EE G A UYEE s 2
S8t F92 w7 d o)A vsnprintf (3) & HAA L.
PyOS_snprintf ()@ PyOS_vsnprintf ()= & C 2ol B# 8] &4 snprintf () & vsnprintf () &
AU 159 AL A 2ANA B2 CFEAFABHA bt 29 A 54 B A
ek,
The wrappers ensure that st r [size—-1] isalways '\ 0 ' upon return. They never write more than size bytes (including
the trailing '\ 0 ') into str. Both functions require that str != NULL, size > 0, format != NULL and size

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

o] g5 o] Wkt gh(m) 2 b3 2ol s A= of of St

¢ 0 <= rv < size duf, 28 AN AFI o rv FATFswroll 7] S5 AF UL (strrv] Y 3
"\0' Hlo]E A 9]).

erv >= size 4 W, 8 WU I I ZFeHH rv + 1 vHfolES WH 7 83 th
strsize-1]< ojuf '\0' gt}

e rv < 0 G, @7} o] Ao Th oWl E strlsize-1]S '\01 O] AT sre] L 2|
HolE A Uk olele) Aohe 9oL s Sa Lo met eyt

O gt 2AE 534 AL A Az o] ke ATt

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

0:

Fart of the Stable ABI. Convert the initial part of the string in str to an unsigned long value according to
the given base, which must be between 2 and 3 6 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading 0b, 0o or 0x to
tell which base. If these are absent it defaults to 10. Base must be 0 or between 2 and 36 (inclusive). If ptr is
non-NULL it will contain a pointer to the end of the scan.

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

See also the Unix man page strtoul (3).
B & 3.20] &7}
long PyOS_strtol (const char *str, char **ptr, int base)

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

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

B A 3.20 =7}
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double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)

Part 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| |, AA AL Wdd U FAL ] 5 2574 A8 a3 2 o] oty
ValueError& YAA| 7| -1.0 ; w3y}

endptr©] NULL©] o} ®, 7}53F o @2 X EE W36t *endptro] HEE A & A AR EXE
ﬂﬂﬂE%@ﬂQWGﬁﬂﬁA 27| AIREZ 1T 254 2R AR B ol T, *endptr
o] G 9 A& e 7| =5 A A sk, ValueError% WA 7] 31 -1, 08 WG T}

s7Hfloatol] A 3710 UF 2 & deEd uff (& S0, oJ8 SHAFANA "1e500" 7} 218 AL
YU}, overflow_exception”}FNULL O] W (& A3 K &9} 7)) Py HUGE_VALS HFEH3}a1, o]
A= AAA FFUTE 18X GO, overflow_exce tlon— stol A o 9] A& 7Fe] Ao
Ut 2 A& TAYA | -1. 08 A YTE F A BEFR HEE g o2 A WA S
7}e] 7| £ & *endptr= A P T

WE  OhE oo WS (S Sof W= B3 o @), 4 A% shol A 9 S HAHL 1.0
ukekghu o,

WA 3.1 7}

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

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

format_code="'e','E',"£','F','g", 'G' = "r' F 3 }o]or gt 'r' o AL, A= H precision
200]ojofdtr FAPG UL 'r' TW IE = EF repr () FAS AR T YT

flags+=Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B+ Py_DTSF_ALT Zt< 07] o] A A or & 4 A5
Yok
¢ Py _DTSF_SIGN-Z val7} &7} obd i = 4 whstd Z A1 ol 35 ZA7F e+ 2 537
Ut
« Py_DTSF_ADD_DOT_0-& §I3HH #2tg o] A4AH Ho|A =&
« Py DTSF_ALT = “HA” =vwi® F2& AEses A %
PyOS_snprintf () "#' AR T AGAE FEFAAIL
ptype ©] NULL o] ofU ¥, ZIE 7} 7t 7] _
Py_DTST_NAN = 3tz A= o, val 7} 22 53 =, F
Whe gk W ghd EAE o] S bufferoll thEE EZQ1E o] A
PyMem_Free ()& $&3F9] vt3d 214
WA 3.10] 27}

INITE, Py_DTST_INFINITE X+

i NaNY S U U T
Foll Asfstd NULL YU Th TEAE

\‘ rlr
;:L
rIo
av]
Y
)
H
n
H
nj

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

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

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

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

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t

Hash value type: signed integer.

B A 3.20] &7}
type Py_uhash_t

Hash value type: unsigned integer.
WA 3200 7}
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 349 F7}
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
o] B7]:
PEP 456 “Secure and interchangeable hash algorithm” .
B A 3.40] =7}

6.9 2[Z&M

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. & 2] A 3] = &
o Ag & Aefe QB =8 B9 builtinse] YA 8 E vksg ok
PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A3 Z#| o] 2 ¥4 I & wialka}
A, AA A8 5 =g o] gled NULLS HEghety Tt
PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. &) A3 =g o] A W4 g A& Histst
Ak, A4 A8 %91 Za| o] Yow NULLE e ch,
PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. A A 2~ &= Are] o] Z & J-& wirEshy ) A X
43 72 2o Qo] flow nurs e,

PyThreadState_GetFrame () & ZZ A A L.
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const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL func7} &4, S84 &= oA A func] o] 5= Wiatsly, 18X ¢Fow
funce) e o &L WEF Tk
const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL func®] & o }g} Ao EX1<E-& ¥iskshy o) ¥kE ol = sk 9wl A =9 «()7,
“ constructor”, “instance” & “ object” 7} Z 3 Ut} PyEval GetFuncName () 2] A3} o]ojE o]

func?)] ™ o] Bt}

6.10 I S{AL} X| 4

[0
ok

A
T

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. M| 22 Z 4 AN st~ E S 25T}
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first in the
list of search functions.

int PyCodec_Unregister (PyObject *search_function)

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

WA 3.100] 7.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL. A A ¥ encoding°ll 3] 558 Fd o] =X u}z} 1 o]} 0 ¥FSHsh T} 9]
Tﬂ-/\ = ‘61—/\]- /H:r_zg-q I‘/]—

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. @4t &l 7]ul o175 APL

object’=errors 2 2 9 o & 2 2] WS AH231o] A A H encoding | ﬂ]*ﬂ WAL ol FE TE AT
Uk, 2uo] B 7)3 & ALet7] 919 emors 7/l NULL & 5 U Th ADHE 3 5 glow
LookupError& A Al Z Yt}

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. @4t Z 9 7|9l t] Z 9 APL
object= errors 2. 21 51 o2 A2 WL A18-310] A G H encoding] Hlal HAH Tl me Pz ALY
Utk Telo] Ao 73 W2 A18-317] A1 erors 7HNOLL A 5 AU Th ATHE RE 5 glow

LookupError& LA A F 2 Ut}

6.10.1 ZH| =3| API

o2 ol A, encoding FAE L B F AREXE WHEE o 2IFHEZ, o] YAYUS
HAFAE 284 A FUth 29 o] Q1o W, KeyError 7} A A 5 31 NULL o] ¥13

et o
LT
L
o

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 50 A encodingl] t) 3k Q1 7T s++& 743t}

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABI. Z=°] A encoding )| T} 3t t] T T&4+E 714 S Yth

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. 2] A ¥ encoding©] ™} 3t IncrementalEncoder 1A &

714 gt
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PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A] A ¥ encoding©l] ™} 3} IncrementalDecoder AA| &

A &Ytk
PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. X A & encoding || ) 3 St reamReader W EE] S-E

7HAF Ut

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. A A H encoding©l] | 3t St reamWriter HEZ] F4+&

A g,

6.10.2 SL|ZE 23 oz Hz2|7|82 SEA API

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

Part of the Stable ABL. A A H name 2.2 o &] X2 FW T errorE SEYt} Fdo] dlmge 4
Ne TAYUIGE 5= gl vlol EE S H A8, ‘?l :’E/TJ FE 45 ST uf name©] error 7 7
FHTEX];@Q?J\E@ ]'—”ﬂ'}ﬂ—ra E%?j—ﬂr/}_

Z W e 3 U 9 o] X} 8 UnicodeEncodeError, UnicodeDecodeError K
UnicodeTranslateErrori’/] AABEAE dlofEold], A7 5§ Ex1L} vlolE S AR

Rl

o o[£ A8 AL o2 B FRE G GGt (o] ABE FEHE T

A 02 B o), B ol o 5 AR A EA A A HAS

oz
lo) E ARl AR/ 2P E Al Ao} Bl LM AT E A58 ERIE F B

2 ks of gy ok
251 02, o™ -1 AT

PyObject *PyCodec_LookupError (const char *name)

Return value: New reference. Part of the Stable ABlL. name 22 SEF o] A g S &4+ 5 25Ut}
S AZ NuLLe] A E 4 e, oful= “strict” of] thet ol 2] A 2] F9 o] w3 Ytk
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE o] 2] 2 A A 71U T}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z5H 8-S AVH I, FFUIE o8] & FATY T}

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL U ZE Q1 FZ Y o|#] & ? Y} U+FFFDE X2t}
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -1 3= Q17 H o 2] & XML &4} &2 & X33t}
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U ZE 21T H of| 2] & W & A] o] A A o] Z(\x, \u
2L\U) 2 A&
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. FUTZE QT Y o ] & \N{...} o]~
Aol Zz 233}
B A 3.50] &7}
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ol Zol T AA L FH FASH, L FHAT FF AA B (€ 5o, EEXA I EE EE
Al Q) shold AA 9 AT 2§t AEH A oke AA Foll AHEE |, stol A o 9] 7F g ok
=2

PyList_New () WS QA g g=o] o} NuLLo] obd ghow AHH A he e AE A g 2o, A
2713}5 2] ke Ao A= o] T2 A

71 HY =2EZ

PyObject *Py_NotImplemented
AR E 3 2ol thaf Aite] A ka2 ¢l vl AFSE = Not Implemented & -E.

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

Py_PRINT_RAW

Flag to be wused 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 *{p, 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 RA, if given, the str () of the object is written instead of

the repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABL 09l attr_name Q) EB]HEZ}F o1&, 28X 9o 0 w3shyt) o] 2L
stol % ¥ A hasattr (o, attr_name) -5 HULh o] 4= FF AT
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ZF31: Exceptions that occur when this calls __getattr__ () and __getattribute__ () methods are
silently ignored. For proper error handling, use PyOb ject_GetAttr () instead.

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

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

z3: 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 *PyObiject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. ] 09l A] attr_name©] 2= o] £ 2] o] EZ|HEE 714
SUth A58l o EGRE ghg, Adshd NULL S WEEHsHY T o] A2 vlol M £ E
I s dYTh

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

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

1>
(@]
o))
2
a
g
3
O}
3
0]

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL. & 21| 9] tp_getattro €F o X EH &= LHl o] E
2 HE A H (getter) 5. A (UthH) __dict__ o gl o] EHE®RT of g} A< MROO
Ae ZYP2o gAY Y 2T PE S F5Yth descriptorsoll £ 9FE AAH, vlol B Y2a Y
HeJdads olEg RERG $ASHAIRE vl Hl o] Bl AT | = 23 A stk 2384 od,
AttributeError 7} A3}

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. A XA ooll th3l, attr_nameo]) 2= o] 29 o] EZHE Zt2 v o E AT} Al
Al A& E HABA 7] AL -1-& WY th A F e 02 WU T o] 21 Fhol W 7 0. attr_name
~ v} s S
If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using PyOb ject_DelAttr (),
but there are currently no plans to remove it.

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

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

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL & A 2] tp_setattro&xol A X = = A vt o] E 2] HE A ] (setter) 2} € 2]
(deleter) F~. 7141 ©] MROO) 9l 229 SA 2ol A Hlol8 AT e S 23, A% W A~
B g Avele] Qe o ELRES A AR S AuT $AFITE 124 o, A o)
(ehel) __dict_o]H o2l REZ} 4% A AAE Utk 85 5H 0] Hake 1, 194 o
AttributeError 7} A st -1 0] ¥vkskE U th

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

WA ooll tH3l, atr_name©) eh= o] 59 AEZHREE AHA YT AS) A] -1-& k&Yt o] A
gtolMH A del o.attr _named} ==t

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

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ Y23 3 €] 2] A € (getter)
2 9% QA9 78, e se 9 BETh

This function may also be called to get the __dict__ of the object 0. Pass NULL for context when call-
ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

On failure, returns NULL with an exception set.
W7 3300 27
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict___ T2 HE 2 A (setter) & 3 dutA ol
=P R E R Rt
B A 3.30] F7}.
PyObject **_PyObject_GetDictPtr (PyObject *obj)

°]

[: i

Return a pointer to ___dict___ of the object obj. If there is no __dict__, return NULL without setting an
exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable 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 o2, where op is the operator
corresponding to opid. Returns the value of the comparison on success, or NULL on failure.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)

Part of the Stable ABL. Compare the values of o/ and 02 using the operation specified by opid, like
PyObject_RichCompare (), butreturns —1 on error, O if the result is false, 1 otherwise.

ZF31: If ol and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py EQ and 0
for Py_NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
Part of the Stable ABI. Format obj using format_spec. This is equivalent to the Python expression format (ob7,
format_spec).

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

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A A] 02] X149 R3S A4yt A&std Ex149
#2HS, Aofstd NULL S AU o] 2L Thold A A repr (o) o F5FUTH repr () WH
ol o5 =g Yth
W 34004 WA o] Spoll= oAl YL of A d o] 29E o] 9lof B/ o] & &3] ME| A A= F

71, M ZEEE 93
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PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference Part of the Stable ABI. PyObject_Repr () A&, AR 0o EXdE AL 4
ASHATL \x, \u E\U o] 27 o] 22 AL Fo] PyObject Repr () o] R E A Ao A 1] ASCII
BAE o] A7 o] % itk o 2L shol 4 20 4 Fyonject kepr (o] S MEE A% AT EA
e AAFU ascii() N3 Gl o) 27Uk

PyObject *PyObject_Str (PyObject *0)
Return value: New reference Part of the Stable ABL A 08 EAE L AATULH AZ A &
F912, A5 A NULLS SRR T ol AL BolH B4 str (o) & E ST str () U Faol
oal], et print () 5ol YA = ig% Yt
B8 34004 W7 o] Fol ol Al W] o] M o] EgE o] o] B o9l & 283 we)x ShES
F ok

PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL. 247 02] v}o]E Y TS A4t} Al 93} NULL
2, TSR ol =Y AA & MAF T ol 07} A5/} obd w) Tpo] W E A4 byces (o) 2 E5
AUtk bytes (o) & &8, 07t AFolH 0082 27318 vio] EQ A A v 4] TypeError 7} 48 g o

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. S8 2 derived 7} S8 2 cls@} 5 LA WU clsoll A A A H 18 w3hsha,
297 ghow 0¢ ek ok o el 7L Al el - 18 WHaeh

cls7t FEo] W, cls®] WE G2l 3] AN S AH ULk ol = shpe] Aol A 1 MBsE A
1o] 9L, 297 gk 0o] AUtk

clsoll __subclasscheck__ () WA E7F 9o, PEP 31190 A9 2 A B S A E Sd sy
A =g Ut 287 ‘35}2‘3&, derived7} A7 = 7 A B Fe2d of cse] A B ZHA~ Pt
Zcls.__mro__ o 2%5 o] JlHUth

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

—_—

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7} cls S 2 cls@] A B S| Adadsol W 18 Whehsty, 28X 9fod
02 ¥isghy o) o 2 7 WA 5 -1 2 wkslkEta o 9] & A A g o)
s7h B E 0|, cls) BE FE ol e AATL SR H UL Aol shfe] ANl A 12 sk AThe
10] 51 ,Z%W ko 0ol Futh
clso] _ instancecheck () WIAE7} 9o PEP 31199 A 9= 2 A8 iiﬁé EH—‘;: o 3)7)
Al &gk 187 ‘E%P—E‘ inst=3N'F ST clsS A B ELEH A clse] A ATt
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 havinga __bases___ attribute
(which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL. A A 09] 3 A| gk Al4beta vyt Aafistd -1& 93y} o] A2
g}o] A4 hash (o) & TS5t}
¥ A 3.2 A ¥ 7 : The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

Py_hash_t PyObject_HashNotImplemented (PyObject *0)

Part of the Stable ABI. Seta TypeError indicating that t ype (o) is not hashable and return —1. This function
receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter
that it is not hashable.
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int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL. A A 05 o2 7+331H 12,
EHA not not o FEHUCH Asfstd -15 AT
int PyObject_Not (PyObject *0)
Part of the Stable ABL. 2R o0& o2 7+F3H 02, 1
@4 not o2 BEFUCL AsfeiE —18 WA G

PyObject *PyObject_Type (PyObject *0)
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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 t ype (o) . This function creates a new strong reference to the return value. There’ s really no reason to
use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeObject*, except
when a new strong reference is needed.

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

Py_ssize_tPyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *o)
Part of the Stable ABL. 4] 0] Z o] & wiEstUtt. AA o7} A1 A uj) 5] =
Aol BB A e, A el A s ol HH I |2 ol

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

lu

22 AT, AL
O

) S E5 g

E
/i, en (

rg;

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

B A 3.40] F7}.
PyObject *PyObject_GetItem (PyObject *o, PyObject *key)

Return value: New reference. Part of the Stable ABL. A A| keyol] 3] B3l 09 S 4E wiEs ALt A ) A
NULLS WF&ghuth o] A2 sho] W 4 o [key] &t &5 FH T

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)

Part of the Stable ABL. A keyZE Zk voll w3 Ut Auf A] o9& A 7] -1 ¥EEsY o)
dEstd 0 BRI Y T o] A2 Fol M FF o[key] = v T EYLh o] v i F2E

F2)4) 4T

int PyObject_DelItem (PyObject *o, PyObject *key)
Partofthe Stable ABL. A ool A A Al keyoll o 8+ v 38 S Al AUt Afjstd -1 vkt o] 22
Jpold % del olkey] &SIk

PyObject *PyObject_Dir (PyObject *0)

2 %3 fo}ou (Mo S 5 ) P AES Hlﬂs}ﬂur 0116% 7k 9h
NULL O]9, 3}o] & dir () 3 H]sestn], A2 A < (locals) o] °]F&< ®}
g4t o] A e NULL o] S A W pyErr Occurred ()&

PyObject *PyObject_GetIter (PyObject *0)

Return value: New reference. Part of the Stable ABI. o] 22 T}to] W &4 iter (o) & TS5 th AA

Q7ho] )Gk A 22 o o o B B HEH3 AL}, AH 7 ol v] o] & #l o] ] o ¥ A A] <A S WHEHEhU o,
AR E ol B o] £ & 4 §1o 7 TypeError & WAIA 7] L NULL-S BB o).

71, M ZEEE 95



The Python/C API, Z2|A 3.11.11

PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. This is the equivalent to the Python
expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator for it. This is
typically a new iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError and
returns NULL if the object cannot be iterated.

A 3.100) 7}
72 SE ZZ2EZE
CPython2 F 71X 55 Z 2 EZ S A Y& th: pp_call 7} ¥ €] Z (vectorcall).

721 tp call T2 EE
tp_call@ ARE FUAY dABAE BB £59) AYL BT 24Tk

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

gto] M T E2] callable (*args, **kwargs) & -FAFSHA, X AAE A FEH 7|9 = AAE A%
gAY g & AFR3H EZ‘O‘L\/]T/} args= NULL o] ofofof gt (27} Lo Bl /&2 AHE S AL 2).
SHA Y 71 = QA7) @l W kwargs= NULL D 5 15Ut

o 7 A2 tp_call N M RE AHE= = Zo] obdUth: tp_new®t tp_initE UAE o] Aoz ALt

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

7.2.2 HIE{Z(Vectorcall) T2 EZ

B A 3.99] E7}
HEZ Z2EZL2PEP5SIAN TEEEL o7 Y 2Vl =2 EEZE2 Y g5 Th

A% #2402, CPython & Ze] B ol A USHH U3 5] sl ME 2 AT FTh Tl ol AL A AT
3] °] O}”‘JT/} 3 R AR (PyObject_call () = ARESHA] 9 01) ip_call= A 7 A F ok o
2hA], ‘:‘i‘Eﬁ = A °46]"_ FHAEE tp_callg FANFFYTH B3 ojH 22 EF-E AMS-S=A 9 A A ¢l
o] 2y EL %?:_‘,‘6]-7]] Az o sttt o] & Y& AFEH =W HE tp_callg PyVectorcall Call ()&
AASE AL ol Ao WS A el Tk

o

A3 NEFL AYSE FUALE 2L U7 QES tp call WEA] LA ok Gtk

o call it} = AThE Ze ot AEFS THAN L S P UL o8 S0}, N TEAT} A9 AXE AR
Z 3} kwargs 9 2 & W *ﬂo]:-é‘]—‘_,\j%_]'Eii_Q_:'L‘_@.o] 7 9&urth
Classes can implement the vectorcall protocol by enabling the Py TPFLAGS HAVE_VECTORCALL flag and setting

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

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

o callablee T &%+ AA YU ch
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. args= 913 AR 1 HE was )Y Qdate) oz F4E CujAY YT
A7} glo™ NULLY 5 5T

. nargsf= $17] Q17ke] oo
PY_VECTORCALIL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall_NARGS ().

o kwnames= 7)Y = 21z}o] o] &8 F 33} EZ o)
THA] tﬂ-oH kwargs © A1 8] 2] 7]. o] o]%%g B} (stro|th A Zef A9 o AEA) o]0l ofs}
o 1o gl Z1H = QARIF YO, kwnames= T A NULLYE <~ 54Ut}
PY_ VECTORCALL_ARGUMENTS_OFFSET

o] Ee) 17k W B nargyf Aol AAR W, ) EEAF AN DO R args (1] S AAT 5 ST

=, args= B ME A A7} 100] ob UTh € 742 Atk 3l T2 A ¥H8H87] Aol args

= s o Utk

PyObject_VectorcallMethod () & 7%, o] Z2#| 2+ Al args (0] 0] HAE 4 A5 oJngt

gt

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.

WA 3.8 =7}

M TS TAGE AAE SEHAW, HE TARD FAAAR T AN F4E ABFAAL,
PyObject_Vectorcall () d¥lA o7 713 384 Yyt

Z3L: CPython 3.891 A "B Z APIS} #Hal P4t ool WZo] B2 o] B0 % FA A0 AT S %Y
t}: _PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArg, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg. =3} PyObject_VectorcallDict+ _PyObject_FastCallDict
EAFHJFUL ol A o] 5L oA Eo] e M2 ol 5o B o® AgUTh

ZHH |0

p_call-s A& o, 51 T E 2= Al ol sl 478 E 27 9ls5 Y th CPython2 1p_call& AHg-38to] &3
A$ Py_EnterRecursiveCall () -\»}nyLea veRecursiveCall () < AH-&SHUth

E&4E A9, WHTE gl 32 Aol 194 dxch: AEEAE Badw
Py_EnterRecursiveCall Z} Py_LeaveRecursiveCall & A3l oF $F1] t}.
HE{Z X|H API
Py_ssize_tPyVectorcall_NARGS (size_t nargsf)

WE) 2 nargsf 927} 0] A7, AA] AR 45 W DA B2 B P Th

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) ]

a2 &% &S S8l Pyvectorcall_NARGS @& AH&-a of g Th

H A 3.89] &7}
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vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t MEZ 2 ESS AA3A oW (Fo] ANFA AL Q2L AAFA 7] W2,
NULLS wWrbtuh. 29 2] 92 0™, opoll A8 W E Z o 2AHE w3yt o] e A&
LA 71 A 5T
o] A 0p7P Hl E1§E A g=AE
NULL= &lsto] 3 & =+ 5y
B A 3.9 F7}.

PyObject ¥*PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
EZg Ay 2z Fo] R YR} 71 HE JAAZE callable®] vectorcall func & S&3th
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.

B A 3.8 &7}

olst=d| 2 831, Pyvectorcall_Function (op) !=

7.23 X S £ API

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

the B A RSB 4T 2K AU T AT B S AE ABA

t

FRSAA L.

il

i~ =R args kwargs
PyObject_Call () PyObject * HF= g A 2]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArqg () PyObject * 124 —
PyObject_CallObject () PyObject * HFZ/NULL —
PyObject_CallFunction () PyObject * 3 W (format) —
PyObject_CallMethod () obj + char* Z 9 (format) —
PyObject_CallFunctionObjArgs () PyObject * 7}¥ (variadic) —
PyObject_CallMethodObjArgs () obj + name 7}9 (variadic) —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArqg () obj + name 1 A A —
PyObject_Vectorcall () PyObject * HWEHZE HE=Z
PyObject_VectorcallDict () PyObject * WHZH g A 2]/NULL
PyObject_VectorcallMethod () arg + name e =2 HE =

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. 52 args 2 F0] 2 A XL} YA Y g kwargsE Fo] A
ol & U= AAE Z2 & Thol X AA callable< J‘JD}.
A=)

i
args< NULL©o) ofJolok gttt | o7l D@ glow vl &
oH7] ¢Fow, kwargs—‘,f NULLY % 9% Yth

4T 5% A7E NS, Ao S o 9 S B A7) T NULLS W o
o] AL The 3

e
ftlo
>
obo

442, o B e ARt B L

i<

ol B A ==t} callable (*args, **kwargs).
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PyObject *PyObject_CallNoArgs (PyObject *callable)

4FotH T& 435 vhghelar, Aajstd o 9] & I A 7] AL
WA 3.9 =7}
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

Return value: New reference. 3 23] 1712 12 AR} argE 71 ¥ = QA Qlo] & E gho| A A A callable
E EE‘GLL} D}

et =& 43S webetar, A et o 9l & YA A7) 3L NULL& RE3H T
WA 3.90] 7}
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Return value: New reference. Part of the Stable ABL. & argsol] &3l o] R QA2 F & E Ilo] A A A
callableS T =3t Q27 B R E4A] 90 W args= NULLY 5 Y5 th

Beotd & AR ek, A et o 9 & LY A7) 3L NULL-S REEHeh o
o] AL 2 sto]H A A H 558t} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABL. 7} 7] 4= 2] C O1A2 Z & E vtol AXA callableS
&3 Yt} C A= Py _Buildvalue () 2BFE W EX1F S AF_-51o] 7] Ut} format2 NULL
A% 9o, AR AT A ke & e,

et 35 AHE NhEeta, Asfshd of 9] & DA 71 AL NULL-S WH-3h ot
o] AL th Fol A A I 55Ttk callable (*args).
Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is afaster alternative.
WA 34004 WA formare] o] char *olA HAE 5T
PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

Return value: New reference Part of the Stable ABL 7} 7] =2] C AX}E ALE-31o] A A 0bj ] name o] EH=
o] 59 HHEE TEFUL C A= FE2 Aok st py_Buildavalue () R ZTALE 7€

.
format-& NULL Q) 4= 9.0 ], @124 7} 2] 25 2] 98- Lheb9iuTh,
4FoE 55 29HE NSk, A5 SH 98 A7) 3 NULLS HEFU T
o] ALt} oW AT F5 Tt obj.name (argl, arg2, ...).
Note that if you only pass PyOb ject* args, PyObject_CallMethodObjArgs () is a faster alternative.
WA 34004 WA name3} formar] 3 o] char *ol|A WA FUTH
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

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

Aol 52 A7 WAL, AR ol 22 WA 7| T NULLE BB o,
o] AL t}L gtolW A} T3t} callable (argl, arg2, ...).

7.2.
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PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject ¥*name, ...)
Return value: New reference. Part of the Stable ABI. Call a method of the Python object obj, where the name of the

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

HFE 55 A0S WS, A5 o) 9 WA 7] 3 NULLE WHEFU o,
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject ¥name)

212} glo] 5ol A A objo] VA =S EEFUTH o /1A WA E 0] 5L nameol| A sho] A £24L A
= Az,

4ot 22 235 vhsta, Asfshd o 9l & WA 71 AL NULLS &gy o
W 3.9 7}

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

A 92 A2t arg® shol W AR objo] MINEE T EFUTE o714 WA = 0] 52 namel| Al 3Ho] &
A AR & AlFE Uk

AEsld $& 23S Nkekela, Austd o 9] & WA A 7] 2L NULL-E WHEHsh o).
B A 3.9 F7}.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kwnames)
ZHE oA AA callableS TZ3U T QA= vectorcall func &F 25U th callableo] W E =&
A A5, callabled] 2744 WE 2 F45 AH ST
HF5E 5% ATE WA, Aol sHH o 918 YA ) T NULLS ek o
WA 390 7}

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
A x| QA7) Wl B = _LEEA—J} A& XA AV kwdictE AL H | HE QARZ callableS
TS args A2 A A AR Z A o

HEACR G 228t Gl Ak WA o} FUL WelA, o) Pt SR AN
o] 7|9 = QIAFE AT F 7L E GA U el QAT A2 QAxbol thak FEo] 9l wh vk AHg3 o

Uk,
WA 3.9 =7}
PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

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

If the object has the Py TPFLAGS_METHOD_DESCRIPTOR feature, this will call the unbound method object
with the full args vector as arguments.

Aesld $& 23S 3sta, Austd o 2] & WA Al 7] 3 NULLS 983ty o).
B A 3.9 &7}
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724 SE X|¥ API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL A7 07} 2#] 2 Q1A ¥ FUTH AA7} 22 oW 12, 1284 Fod 0L
ST o] B4t A 4TI

73 A =Z2EZE

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. A A 07} A T2 EFE A F3tH 1S vk&atal, 1872 ko
Urtt. o] e 4 43T

WA 38 WA 07t A s BET 12 W T

ful

¢
L
XY
ftfo
rE
r |
ot

PyObject *PyNumber_Add (PyObject *o1, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 025 T3 A3, A v A NULLES WHEHSHU o}
o] AL Ftol W xHA ol + o029 FFHUTH

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL o0l 9| A 025 " A3}, A v A| NULLS WSS o}
)AL TholH A ol - 029 F5 T,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l3} 025 33 A3, A9 A| NULLS WSS o}
o7& shol £HA ol * 029} FE5 T

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 0l 3 02 E )
NULL-S WHEH o 0| AL Shold £84 ol @ 029 55 Th
WA 3.5 =7}

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

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

i)
7
2,
ot
iy
i)
+
>
£
>

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Return a reasonable approximation for the mathematical
value of 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 / o02.

PyObject *PyNumber_Remainder (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l & 02 2 U= UM X1}, Ad] A] NULLES ¥FH U o)
o)A soltl £ ol % 029 5 2o,
PyObject *PyNumber_Divmod (PyObject *o1, PyObject *02)
Return value: New reference. Part of the Stable ABIL. W7 S+ divmod () &
= RS T o] AL Tho]lH ¥ A divmod (01, o2) &F5dYrTh
PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL. U7 3t pow () & FZ 34 A L. A9)3HH NULLS
Hhghetu ok o] 212 Fho] W 8 A pow (01, 02, 03) &FFHULH A714 o3& A A YT 03
= FA W, 2 2ol Py Noned AE3HA A L (030 NULLS HAgstd 22 v 2] dA A7}

g o).

~
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PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 Al 09] 2 2] Zk(negation) <, A 3] A] NULLS W&
itk o A2 shol A E WA -0 % 5T T

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 05, A3 A] NULLS ¥FSHgHU T}, o] A2
£94 09} 5Tk

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 02] AHAZkol ), A sl A| NULLS WS T} o] A&
stol® F 4] abs (o) 2 TS HUTH

PyObject *PyNumber Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 02] B] E WA (bitwise negation) <, A 3] A] NULL
& BT o) A2 TolH £44 ~o8k ES T .

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 0l S 0272 &0 F A]
Al NULL< BT o] 22 ghol 2 58 4 ol << 028 E5FUTh

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0] 2 025 L 2Z 0 g A|:
AINULLZ REE U th o] 22 sho]H 284 o1 >> o298 T 5 FUTh

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 433 Al 0l T} 022] “B] E Y = 2] (bitwise and)” =, A1 5
AINULLE BT ol AL kol /l RAA ol & 029 F5FUIT

PyObject *PyNumber_Xor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al ol 3} 022] “¥]E ¥ v e} & = 2] g (bitwise
exclusive or)” &, A3 A] NULLE ¥F3HgHU T o] 212 Tlo] W 384 o1 » o23‘r FegUth

PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 33 Al 013} 022] “H] E W +=2] & (bitwise or)” &, A ¥
A NULLS WHERH k. o] R ol Bd A o1 | 029k FEFUTH

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

X

X,

°|

[kl

E

ok
i
o
o
"™
)

[k
|m
g
i)
B
oo
>
i)

Return value: New reference. Part of the Stable ABL 0l 3} 025 B3 43}, A3 Al NULLS ¥FSHEHU T}, o]
A4EE ol o] A1 A A A} ol Al (in-place) TFF Uth o] A2 gto] W 7 o1 += 029t FFHYT

PyObject *PyNumber_InPlaceSubtract (PyObject ¥ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol 9| 4] 025wl 23}, A 9] A| NULL-S HWFEHSHU T}, 9]
Art2 ol o] A A8k A AL oA A (in-place) T F U TE o] A2 o] £ o1 —= o029 FEFUTh
PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l 3} 025 33t 23}, A9 Al NULLE ¥HEHgU T} o]
QAL ol o] A RSP A 22l o A in-place) 5 LItk ol A2 3Fol W £ 01 *- 029} TS

PyObject *PyNumber_ InPlaceMatrixMultiply (PyOb/'ecl *ol, P\’Ob/'ecl *02)

NULL< H*%EM = ?i"JL 0l 9] Zl A3t Al =F] ol A (in place) —?6*45‘145}. ]24
= o2& FEFYTH
B A 3.50] &7}
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PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l & 022 W 82 = &2 o] (floor) Y, A 3 A] NULL
£ gt o] AR ol o] A A3HE A A2l ol A in-place) 5 BB It o] 2 shol Wl o1 //=
029 F5FyTh

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

point value when passed two integers. The operation is done in-place when ol supports it. This is the equivalent
of the Python statement 01 /= 02.

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

Return value: New reference. Part of the Stable ABL 0l 02 2 U UM A Y, A3 A] NULLES ¥ o
o] A4k ol o] A8t Al oAl A (in-place) THFH Ut o] A2 o]l £ ol 3= 029 T

ot
PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *¥03)
Return value: New reference. Part of the Stable ABL. W7} S+ pow () & FZ 314 /\] . A9 EE NULL
= 9 o] A4k ol o] A A3 A A2l ol A (in-place) 53§ LT}, ©] A2 037} Py_Noned
EH oW FF o1 **= 028}, I A O W pow(ol, 02, o03) AArE A er%%;}‘%‘:‘r- 03
2 ZAstE Y, 2 Agl ol Py_Noned AY3HH Al L (03] NULLS AE3HH X‘EEI H 22 AN A7

A ),
PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL. A& Al 0] & 02WE A ZE 0 F A|ZE 3 AL, A5
A NULL G BRI EF. o] QALE ol o] 2] f15VE A <42l o A (in-place) % LItk o A2 5ol £
ol <<= 029 TEFITh

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& Al 0l & 02WHg QEZ 0 2 A ZE 3t A3LE5, A 1)
Al NULLZ ¥F8HHU o}, o] A4k ol o] A1 A 5HH Al 2Fe] ol Al (in-place) 5 “% Utk o] 21 gto]H B4

ol >>= o028 F5IYTh

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3& A] 01T} 022] “B] E Y =] (bitwise and)” =, A1 5
A NULLZ RS o} o] A4k of o] A48 A &}] ol A (in-place) _,_ag HuUrth o] AL FfolH T4
ol &= 029 55 gk,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 01} 022] “H] E X vl } & 1= 2] g (bitwise exclusive
o) 2, A5 A NULLE WEF T o] AL o] o] A ABFE A2} ol A (in-place) - F L o 0] 2L
stolH ol = o289 FTHYTH

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3& A] 013} 022] “H] E W =] ¢ (bitwise or)” &, A ¥
Al NULL< RS T} o] A4k ol 0] A4 3tH XﬂXPEl N A (in-place) 3 g Ut o] 2 Fho] W F7F
ol |= o255 Urh

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 Al A4 A2 ASH 05, A9 A] NULLS W
U Th o] AL sho] M EA4] int (o) 9 55 ok

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3-& A] float 21 4| 2 HEH 05, A3 A] NULLS 983
Urth o] A2 ol M F A float (o) 2 TEHUTH
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PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 3to] A intZ HIH 05, A9 A] NULLZS ¥FE}
Gtk Ash Al TypeError o 9] 7 AT T}
H A 3.109)| A ¥ 7 : The result always has exact type int. Previously, the result could have been an instance of
a subclass of int.

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference Part of the Stable ABL. B n2 A baseS A3l A WM&
t}. base AAH= 2,8, 10 = 16% SHubo] of itk 2152, 8 = 169] 75, WHahel BAES 10b', " 00
EE'0x'Y g EA Z}7P 7z} gkl &5 Ut nol gtol A lnt7P olY W, WA pyNumber Index ()=
WEF U

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

rsﬂ
Hd
By
s
filo
2
rlt
d
.

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

int PyIndex_Check (PyObject *0)

Fart of the Stable ABI since version 3.8. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and 0 otherwise. This function always succeeds.

74 \3HA TEEE

int PySequence_Check (PyObject *0)
Part of the Stable ABIL Return 1 if the object provides the sequence protocol, and 0 otherwise. Note that it returns
1 for Python classes witha ___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 A5 Al Al 2 00] AA| =5 Whehsla, Asfshd -1& W), o] 212 gt
£94] len (o) TS5 FYTh

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0l £} 02 2] o] o] & 0] 7]
NULLS ST ol 48 Bold B4 ol + 029 55T,

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| A2~ AA| 05 count ¥ W1E 3 A& widsl 71,
A5 A NULLE BB ) o] A2 shol W EAA 0+ count 9 553 ok

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 2} 022] o]o] 2] 7| & HI3
NULL WHREFU T of A4S ol 7} A 1318 A AL 2] o) A (in-place) 55 U T o] 2
ol += 029 EE T

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A|A 2~ A 05 count H HHE
A3 Al NULLE WHgHU T o] A4E2 o7} 2| Q3 Al A}2] ol A (in-place) 533
FAA o *= count & FFHYTH

it
r 17
e
o
K
>
£
ok
1e)

E&ﬂ o
i)
v}
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PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t1)
Return value: New reference. Part of the Stable ABL 02 i AA] 2 AE W33t A 1}, A9 3 NULL-ES Wk
FUTh o] 2L oM BAA of1] 9 ESTTH

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Return value: New reference. Part of the Stable ABL. A]A 2~ A 09 il £}i2 AFo] o] &2fo]| A~E HbEtsl A L,
AT S NULL S AT o AL Shol W EAA o[11:12] % BEFU T

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *V)
Part of the Stable ABL. A vE 09 i A Q4o YTt AsH o S DAYA 7)1 -1 vk
duth AFstd 02 R Uth o] 22 gtol W 2 oli] = v FFTFUTE o] Tp vl i
FxE FAA gsUTh

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

P

int PySequence_DelItem (PyObject *o, Py_ssize_t1)
Part of the Stable ABL o A 9] i WA 2 28 AAFULE Asfebd -1 B@FUTE o] AL Fo M
T del o[i] 95

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *v)
Part of the Stable ABL. A| A2~ A vE A|A2 AR 09 il of| A i2 Aol o] Sepol 2o th Ut o] A
ol 2 olil:i2] = vt FSHUTH

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

Part of the Stable ABL. A| @2~ A A 09] il o A i2 Alo] 9] &lo]2~E A1A| gt} Aofstd -1 whaks
Utk o] 212 stold 7 del olil:i2] gk FSFYTh

Py_ssize_t PySequence_Count (PyObject *0, PyObject *value)
Part of the Stable ABL 0] Q= value2] & W& Ut} =, 0[key] == valueE WE3dlE=keyd 5

=
1
WU o A slstE -1& YT o] 212 Tho] A FH A 0. count (value) & FFHYTH
int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 09| value7} J=3A] AUt} 09 &5 = st} value e} 2o 1S W81,
%2 ¢kod oS WYL o8 Al -1 ¥EERY Tt o] Fhol M £¥ 4] value in o9 F
e},

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL o[i] == valuew W&3h= 3 WA AE 2 iE whagoh ol g Al -15 wHsh
. o] A2 3tol M £H 4] o.index (value) &t 55

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A] A2} o] & 09} 22 Y &S 7HA
Hhebst A A9 b NULL & WHE U T WheE 2l AEE AR A W
Ed4 list (o) T HYH

PyObject *PySequence_Tuple (PyObject *0)

Return value: New reference. Part of the Stable ABL. A| A2 o|E 2] & 02} Z2 U &S 7 F2 AA &=
Wheel 1), Ao ek NULLS Mg T o7} BB o W, Al e 227} NeE 3, 19X o FE

o) B Ae 802 WEolF UL o A2 sold EAA tuple (o) 9 55 Tk

PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABL. A] A2} o] E] 2] & o0& T} 2 PySequence_Fast* A4
ool ALE T 5 G AR 2 WA AR E A DA} o] 2 Bol ofl W m WA A BAES
AtE-31 TypeErrorE HAAA A YTH Ao Al NULLS HHHEHU T
PySequence_Fast* &= 07} PyTupleObject U PyListObjectelal 7FA S 02] HolE Z =
o A M| 23L7] w2l o] FA o] F BEARFUTH
CPython 78 A% AF.0.2, 07} o] ] AW} 2] 2 E W, Wag U
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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 () ono,but PySequence_Fast_GET _SIZE () is
faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_11)
Return value: Borrowed reference. 02] i 1] 2 45 ¥I33l=4], 07} PySequence_Fast () ol 2] 3 4}
H 3L, 07k NULL o] o w, i7F A A Yol Tk 7Hg ok

PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject Z ¢8| 2] 315 v d-& wt&g Ut} o7} PySequence Fast ()l &3] ¥1&= ¢l 11, 07} NULL
o ofuet g o},
ﬂ*EJ 3717t HAE A, A& Fo] F5
WAE 4 gt T AT sk S =

N 5 9ol R B4 A 2. mhebal, AP 27t

[e]
a.

<
ElE

ngﬂ

El
'V

H

2 o
o 2

=
=z

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)
Return value: New reference. 02 i AR 245 ¥I33 A, A3t NULLS wWHES Yo}
PySequence_GetItem ()2 HH]—E & A o) A ut, o9 W& PySequence Check () 7} ZQ X AAFSHA
b3, 5% A9 4 F 2AA Ferr

7.5 1 o 2ES

=

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

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

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL /38 X A7 09] 7] & whehs} 31, A7) 51 —1-& WAF LT}, o] Thol W E A4
len (o) 2} 55 YT

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

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

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

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

int PyMapping_HasKey (PyObject *¥o, PyObject *key)
Part of the Stable ABIL ]38 Aol key 7] 7} Y2 12 ksl , 12X oW 0
St EAA key in o9 F5FULH o] B4t FH 4B FUh

fio
r]I
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Z31: Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper error
handling, use PyObject_GetItem () instead.

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

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

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

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL. 43831, A 02] 7] B|A~2EE ¥Hag Ut} A3 shd,
NULL-& 9FHghu o
WA 3704 A o] Fell= F47t |l A2EV {FEZ v U
PyObject *PyMapping_Values (PyObject *0)
Return value New reference. Part of the Stable ABIL. A-23}d, A A 02 2k 2]~
NULL< ¥HEHg T}
WA 3TAA WA o Aol Bash Fl 2 E L FES WAAG T
PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL. 453}, A A o0l Y= F5H
171N 7 L 7]k RS ERSE FEUTh ASE, vl Hag o
WA 3704 WA o] Aol F47t Bl 2EY FES B ST

m
frt
e
ol
o
<
=
>
i)
ok
EE

7.6 O|E{E|0|E] ZEE=

=3 olgd o B & ALE317] 913 F B4} AS T
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 Py Iter_ Next (),
and 0 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 0 otherwise. This function always succeeds.

WA 3.109) =7}

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

ol olH £ o|H e o] EdtE F2E Fdsted, C L& old Ao g FHojof Fth:
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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 ().
WA 3.100] F7}.
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 iter. 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.

e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.
B A 3.100] &7}

7.7 HI| T 2EZ

shol Aol A AL 5 9 o AR & SHE vl e) Wl i W so] et A A g h o8 e AR
o £ W bytes S bytearray, 18 1 array.arraySh 22 9% $33o] ATk A4A ol B
I o m A At 24 A4 2L B4 SRR A BE AT+ YgvTh

o128 B 247 3159 o] 7} YA, (o}n}E) 2 w2 e W3] s} A= FED S TR
o). o @ Aol At 57 B AL glol A7 ul sl o A 25 Rl whg A o

CHEoIA W3] 22 =2 402 o3 7152 AFTU o] ZEEZe| & T 74 SHo

Rl

—

+ A 2O S, W] W Aol & R £ Qu, 3 Yol AR sk o) AR E e
7] Gk o] AB o]t W 44| 227 ol A AHH k.

SAA A AN 8 G SOl Y 2 AENE Q7140 12 1A B BT
Utk (18 Sof A= v Af w5

fy

%1

+
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bytes & bytearray &} 22 7hst AA| & sH5 W H & Hiol
7FedUth; o€ €91, array.array°l] 93 =5 = 8

An example consumer of the buffer interface is the write () method of file objects: any object that can export a series
of bytes through the buffer interface can be written to a file. While write () only needs read-only access to the internal

contents of the object passed to it, other methods such as readinto () need write access to the contents of their
argument. The buffer interface allows objects to selectively allow or reject exporting of read-write and read-only buffers.

H 3 A 3| o] 28] An|A7F g AA o tial] 3 E & = F 7R 7 sy th
o 2HFE W/ H4 B PyoObject_GetBuffer () & &3t}

o y*,wrX EE s* P4 FE F Y-S AFR S| PyArg ParseTuple () (e 1 A FshhS 29
[Rh=
F AT BT M7t o= 88K %O pyBuffer Release ()8 SE&soF Ut 18 A 314 ko
AHD o 28 thekst A A S 5 s Ut

W T2 (EE ged] ) e o2 AA Y vlolv g HolHE vtejd Z2 v A LEdhe
Hog F8FUTh =T, HAF gl (zerocopy) Setol A HIAUZS 22 AMEE 5 dsUth WEE £52
AR 58S AHSAA, Ao HlolHE stold 22 ol A ofF YA =2 - lFUTh HRE e
CEAo 24 Mad 5+ Jdon, 2 AAl etolB2ge|z AE= 7] Aol 2%317] A3 AA e 8=
TE 3, vol Bl B ¢l v 2 2] (in-memory) F A 2 2 FX 319 o] Bl & Ao vl AHEE & A5 Y
sto] W AH Z e B 7} =S ot 29 vloleld 3} 2], o= pyobject A 7} of et st C 7
ZA Gt ol & S w-p A T BAME S dsuth HEE AR At dHvt de g us,
vz 7 AXE s ¢ dFUTh

A& 8= (exporting) 2 A & = o HIE doyd,

A ote e A A v AA] F2AE FERAA
PyObject_GetBuffer ()& =35}
type Py_buffer

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

void *buf
=9 =84 129 A FE 7] 71 £ UH. o] A2 A F A (exporter) 9] S
2 U9 BE XU 2 gsUth o2 So], 29 stridesE AF&3H ZFo]

PyObject *ob3j
A new reference to the exporting object. The reference is owned by the consumer and automatically released
(i.e. reference count decremented) and set to NULL by PyBuffer Release (). Thefield is the equivalent
of the return value of any standard C-API function.

E£3 A2, PyMemoryView FromBuffer () W PyBuffer FilllInfo ()& ZA#Z A A|
(temporary) ¥ 512] 7%, o] =& NULLY Ut GubA 02, A 3} (exporting) 22| &= o] A
A AH§57) sobok Tk
Py_ssize_t 1len

product (shape) * itemsize. A& ujde] A%, 3lE W2 EF
Y AT, A5 RHOE BAETHA =24 F2A7FZA 2 Do)y
((char *)buf) [0] °I™ ((char *)buf) [len-1] HHY M 2E AKHES BFeE
2RO W7 FHY ALolw FAFUTL TRE ole 3 LB S pyEUF STMPLE E
PyBUF_WRITABLEY Ut}

o] Zol Uit B w
o},
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int readonly

A7 87 G AAE veble A 714U th o] BE& pyBUF WRITABLE 2212 A0}

=
Py _ssize_t itemsize
g 249 = 37)(vke] E) YU th NULLO] obd format Ftell ¥ F struct.calesize ()
Y3 25U th

8k o 9): 2n| 2} 7} PyBUF FORMAT Z#] 1 o] MH 2 @ A3, format S NULLE A AT

 itemsizet 678 Azl YA ke BT,
shape©] Y2 ®, product (shape) * itemsize == len T X7} A& AYstL 28| A=
itemsizeS AFE3te] WHE ST 4 95U
PyBUF_SIMPLE ©|\ PyBUF _WRITABLE 8 %3¢ ZAIE shape©] NULL O] W, AW A&
itemsizeS BAE} T itemsize == 12 7}A S oF U TH

N

Mo ¥
(2 o l?i

const char *format
G g5 WES 2B shE struct BE 28D wH NUL $5 4. ©] A o] NULLO| 9,
"B"(FE Rt Wl E)E T Tk
o] =X pyBUF _FORMAT Ze] 12 Alojg T}
int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a

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

Py_ssize_t *shape

n-AHA Ml E E W29 RS YEMY = 29 ndim®] Py_ssize_t 8] Q. shape[0] * ... *
shape[ndim-1] * itemsize+x leni} Zro}of gt}
R 3L shape(n] >= 0& AP YTk shapeln] == 09 A= 5" Fo7F H a3y

ER R FEEE L RS EC RS
shape Wl -2 A u] A}l Al 91 7] A& Th
Py_ssize_t *strides
ZF AR A L AE A7) A AV E HlolE & A|Fdt= do) ndim® Py _ssize t
H .

~ETIE ke gele] F5U & dgvinh DR ude) B9, AETIEE HE I
4H A strides(n] <= 091 298 A2 @ 5 Qofof itk AT N g 24w L

strides W B-& 4] z}pol| A 91 7] A& P U Th

Py_ssize_t *suboffsets
ZAo] ndim®| Py_ssize t ¥] Q. suboffsets[n] >= 0 A, n AR Q4w AZH ke =
OlEjol 1 A H @ Al gk o X (de-referencing) & 7z} Z 01 E]of] Bj & nlol E 5 e YT
29 AB @z A Zte A ZZ (de-referencing) 7} LAY ‘6]—7<] ¢rolok 3+ LEMY 1412]— (A< w2 g
BS54 2Ego|E).

EEAME Mol 1 (5, JF27H 284 o), o] SE= NULL(Z]E ) oo of g ot
| =

22l (PIL) ol A A8 Utk o] 23wl & 2 o] A
o] o
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void *internal

0] 21-& A& 3}+= (exporting) 2 A of] o] &) W72 0 7 AL H Ut of| & 0], 0] 2-& A -F A} (exporter)
7 A ps 2z} ;\] Mg 4 o, W 7} s Al 2 o shape, strides 2 suboffsets Bl & -& 3l A 3l oF
61"1? ]°ﬂ o gk ‘éaﬁle ?ﬂﬂﬁ}% ol AR U Th 2n A7) o] ghe R AE YT

Constants:
PyBUF_MAX_NDIM

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

772 HIH ¥ &

W= 7 PyObject_GetBuffer ()& &3l Al-& 3= (exporting) AA 2 W3 84S HUjA 5t o
Belef =94 2o Bgol aA e ¢ Jlong, anAe A de AHAT HIH 7S AF 8]
8l flags AAHE AHEFU -

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

oS A= = flagse] TS LA ¥ FF SnkE o2 AP A kYT obj, buf, len, itemsize, ndim.

readonly, format

PyBUF_WRITABLE
readonly BEE AUtk A=W, Al FAH= WMEA] 27] 7Hs3 W9 & Al g5 A
A& B asfok gk 287 ?%2“1 Xﬂ* e o7l Ag AU 227 7V B E A5
T RAAT B 2z s 33S Al oF &tk
PyBUF_FORMAT
format SEE AJdUth A, o] Z=& ZutEA Ao FUnh 1387 ko,
o] == Bt A NULL o] o] of gt}
PyBUF _WRITABLES Th& Aol RE Zeja9}|d 4§ dsUth PyBUF SIMPLEC] 008 RAoE B2,
PyBUF_WRITABLES =R Z |12 A& o] 7tdst » 7] 7

PyBUF_FORMAT-> PyBUF_SIMPLES A&t Aol Z&) 12} 2 4= 955U th PyBUF_SIMPLE-2 o] u] & 4]
B(F3 gl violE)E m gy th

_,d
off

r (

o E
>

it

ko

ox

_'Ol_,

3

0,

\

<

vl

shape, strides, suboffsets

MR o] FEE A0St Beh 1t B s gashe AR Gag U 4 Eeh s 7 obelel gl
Eejae) BE wE=S £
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=X~ | shape strides | suboffsets |

yes yes el
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL

PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE

-1 0o o
CUZEA ALY PALOR 84T 4 dd, 2=cholc JUE TPSH/E 134 /1% Furh
sEvtol= HH} §lo W, Wl C- Aol ofof Pt

23 | shape strides | suboffsets | 9154
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CE=F
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C

S8 on
BE RS 8L Ao Beja gl o3 $43) APUch B, WA ZREBLS AF AGHE
232 9 Ee1z ATITh

e A Ut 394 $e A54S gtk fuAr A54L B9Hs] 9

et
l-Oll

iy
ol

o
o o
A

v

PyBuffer IsContiguous ()
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(=X | shape | strides | suboffsets | 212544 | readonly | format |

yes yes Je3H | U 0 yes
PyBUF_FULL

yes yes Je3H | U 1E==0 | yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 1 E==0 | yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U 1X£+=0 | NULL
PyBUF_STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 1E=+=0 | NULL
PyBUF_CONTIG_RO

ol

7.7.3 SZ5H S

I'

NumPy-AE}: shapel} strides

NumPy g =i iel} Hﬂoﬂ_/] =74 3l FZ
ndim == 09°]|9, bur7} 7} 7| = W &
W stridess= B5 NULL YUYt}

strides7FNULLO|H, v

) o] @A 25 of ]k

3 =
2xF

A9 Col Q= 3 A H U 28

oF o ™

w— 1

= itemsize, ndim, shape Y stridesZ A2 T}

2l A A7} itemsize A7]8] AR S| AF Yk o] A%

, Shape

M) 2 ThE 7 2ol n- 3

(char *)buf + indices[0]
* ((typeof (item) *)ptr);

ptr =
item =

* strides[0]

45

+ indices[n-1]

* strides[n-1];

Aol A AFAxol, burs AA HEe £5 W ZE AAE 7Hel 2 5 A5 Uth AlF A (exporter) &= ©]
drz e REYS A TS dSUTh
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:
memlen:

offset: (char *)buf - mem

mn

if offset % itemsize:
return False

start of the physical memory block
length of the physical memory block

(TH& sl oA ol A1)

77. H =T 2EEZ
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(o] A | o] A e A AL
if offset < 0 or offset+titemsize > memlen:
return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-AE}Q!: shape, strides 2! suboffsets

ARE = ool =, PIL 28t Wi Dol = 249 thg 8485 7hA 27 918 whetof st LA 7 23HE 5
AFUth oS 5o, dnk3-2- C ¥l & char v[2] (2] [3] £ 270 2-2he v = 7he} 7] = 2709 2 QH
ede &% JdFUth char (*v([2]) [2] [3]. suboffsets%ﬁdﬂw, o] F E B & burd] AlZ R
dul= 2 A, MR o= A A wAE = A= F W char x(2] [3] IS 7Y Th
ThS-2 NULL ©] o} strides 2} suboffsets 7} 912 wi, N-2tQ A&l A7} 7he] 7] = N-2p v 2 o] 8 40 thst =
AEIE NEEHsh E Ut

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];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
I3

return (void*)pointer;

7.7.4 B{1{ 2= gt

ok

s
T

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥] ¥ Q1 E]F| o] A5 X YstH 1S ¥IStsl 1, 12X 9o

16—
02 WH&gytt, 10] WkE ull, Pyobject_GetBuffer () 7} A5 & Zolgta R ASIA &= S5
ol e FEAAFTF U

r
5
i
g

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

Fart of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>obj to NULL and
return —1.
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&3, viewE AL, view->ob3 & exporterol] st A Fx =2 A3, 08 v UL 8 H S

4d AAZ g g @M= A A H (chained) W 3 32+ A%, view—>obj+ exporter Tt Al o] A&

A2 AU (3 A4 F2A4E BEAR).

PyObject_GetBuffer()o] 3t AFAQA T&L PyBuffer Release ()°l 3 T &3} %L o]
H

iz
Folof Furth malloc() & free () & FAFZGUTE webA, &7 WH = 2}

PyBuffer_Release ()5 A &3] 3t W T &3 oF gt

2
roh
o
2
o

void PyBuffer_Release (Py_buffer *view)
Part of the Stable ABI since version 3.11. Release the buffer view and release the strong reference (i.e. decrement
the reference count) to the view’ s supporting object, view—>ob 7. This function MUST be called when the buffer
is no longer being used, otherwise reference leaks may occur.
pyObject_GetBuffer ()& &3 @A k2 w3l o] & T3k AL AUtk
Py_ssize_tPyBuffer_SizeFromFormat (const char *format)

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

WA 390 F7}

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

Part of the Stable ABI since version 3.11. viewZ 2] W 28] 7} C 2E} Y (order7} 'C') oY £ E
(order7} 'F') A& ol AV & 5 St (order7) 'A')E 1S WS o 28X koW 0& HEEE th

o F4 B4 BT

(uSS
[>
o
o

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. 1 A view |59 indices7} 718 7] = Wl 28] 4 9 & 7FA 3 U}
indices= view->ndim Q1A A~ 9] v g & 7}2] 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. bufoll Y+ A< H len v EE viewZ B AU T} fort= 'C!
Erp (C AR b EEA AR 2D 5 QST AF5E 00) W 3, g oW -1
o] whehg Tk,

int PyBuffer ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. src9l Q= len B} o] EE bufol] A5 T 0 2 BAN U] order=
O EE R RS AN(C AR EE ZEW AR £A EEE S DY 5 dFuth 430 0
o] uksts] a1, of & 7} QL & 1 o] HkEg T}
o] St en = sre->len o] A A 9 g o}

int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and or
Fortran-style buffers.
0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char

order)

Part of the Stable ABI since version 3.11. strides W] @& o] 2 QA4 vlo]E 2} 0] R shape & & A<
(order7} 'C'H C 28, order7} 'F' A ZEH AEY) v 9 vlolE ~2ETo|EE 2T

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| W2}t 22 7] 7524 o) DA H len 2719 buf & =E3}8 =
A% 2 (exporter) o TH e W3 242 A FUTh hyfs £E Gt whol =9 AALE AP Uk
flags AAt= 84 F9< FEHAVTL o] 9= buyf7F $17] A§ SR A= 3L PyBUF_WRITABLE®]
flagsoll A= o] QA ko, FF Fe)17F AR s = viewE A F U T
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On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view->o0b7j to NULL and return —1;

] =7} getbufferproc®] LF-Z2 AF-&5 A, exporter 7} Al & 31+ (exporting) 21 A 2 A A = o] oF 3} 11, flags
TR A L A 2 AT o] of gttt 2= A ¢&F.O W exporter 7} NULL ©] o] oF gFu t}.

78 H2 HIH Z2EEZE

W7 3.0 8 927
o] Fr= vholl 204 “H-E W F ZEEZF” API
EAFA AT 2x TE 0] 42 P47 HET FHE
T A g9EgS ﬂﬂ“&ﬂﬂfﬂ% A uf 42 =2
watA], Pyobject_GetBuffer () (Ex y* Y wx & A=
) S S8k ARl e Mo /HE 7P 23, M3 /R E 6l
&= Ao EHUTh
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL &2} 7)uk ?:] HoZ ALT £ e o7 AL WEe HA st 2AHE
ST obj QAFE e Al W E 24 03 QlE] s o] A8 A Asiok FTh AEEH, 02 wHeke
a1, buffers W B8] YA 2 A, buffer_lens W3] 2 013 AARGUTh ol Ao, -1& REgst
TypeErrorS A3 Y}

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. ¢} 2] 9] Hl o] Bl & 3ol ¢l 7] A& w2 e] A Aol th & A H S e th. oby
ARt B A TRE 7] 7hs W5 B o] 28 AR oF Ttk A5, 02 WNBFIL, buffer S
w2 2] X2 AA AL, buffer_lena W3 dolz AR gt o2 Alol], -1& RE&S}HAL, TypeError
S 24U

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL 07} & A]ZHE 217] 715 vl 9 QE A o] A 2 P35t 12 w3}
ko w, 0% WAL o T4+ P4 4TI

l e W E ZHALL sfAl st AL s, S B e E TE St T T skE d 9= JAlFE
89 U}*‘ Ae. o2l RuEwro )W thAl Pyobject GetBuffer () S AE3HAAIL

FlO e,
iy

et m
=
Ay
(i

e
o
M
o
ftlo
Y
2

17

T

ful

o
L

o 227

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 27] 715 8 vl 2. 2] 9] %] o] o) 8 £ 161 5 WA T obj AAHE T A LW E,
22} Qe o] 22 AU oF Ttk T, 02 WL, buferS W= 2] 91X = A,
buffer_len< W3 Zo]Z ATt} o] Ao, -1-& ¥231al, TypeError& AQ Ut
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o go] B4t 54 shold AA Yol AW AFPUTh T5o)A FRY Yo ANE ADFHE AL FL
B zho] obduith; stold 2 Il A AR Wkt SHHE G s A FAsA G, WA o
AAE LA PO AT Gl A7) 99 FARLAR, pyoice Check ()% AEHUAL.

Ax: o] Aol AR Bot Ags s AR §L o DA AANAY, e Pt HET A
DA AR £ NULLS S1BHA] 915U o NULLS AR o 2] A2 S uo] WA s SlEl = el
AEA 522 4 A5t

8.1 7|2 4|
o] A ML sholdl F A2 A ZE AA noneol th3) 47 T

8.1.1 & ZHA|

type PyTypeObject
Part of the Limited API (as an opaque struct). W38 S 7| & 5F= o] AFRSH = AA Y C TLZA.
PyTypeObject PyType_Type
Part of the Stable ABL o] A2 & 272 8 AR LItk 5ho] A A2 type Tt -2 AA ATk,
int PyType_Check (PyObject *0)
AR o7t Y AA A 2 H PO A2HAE xFHsto] & A H 00] ofd g &3tttk &
EE 4908 3yt o] e S AT
int PyType_CheckExact (PyObject *0)
AR 07t B AR ol AW, £EF AA ] A1 Fo] o] w00 ol e NAFUTH 2 RE 49 0L
Aag T o] gt g4 A s
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unsigned int PyType_ClearCache ()
Part of the Stable ABL. |3 23] 7|A1E A2 Ytk &A1 v d ) 1 vz o}
unsigned long PyType_GetFlags (PyTypeObject *type)
Fart of the Stable ABIL. Return the tp_f1ags member of fype. 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 HA: wEE -2 o)A longo] o}yl unsigned long Yt}
void PyType_Modified (PyTypeObject *type)
Part of the Stable ABI. @3} 71 72] ZE A H o tf 3+ L2
EV oA ZYrE LT 082 £ z%s} So=o)Td4E T
int PyType_HasFeature (PyTypeObject *o, int feature)
3§ A3 07k 7% feanre® B3R 00] obyl e WEFUTE G V5L DY vE Beh 1w £AF
S
int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py _TPFLAGS_HAVE_GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL a7} b2] A B & o] & wi3ght}
ol e AAl ME & AAFGUTE =, subclasscheck () 7hboll tis] &5 A 54t
issubclass () 7} —,—?%4 St A e AALE s8] Pyobject_IsSubclass () S S A L.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

Return value: New reference. Part of the Stable ABL. & AR 2] tp_alloce
o 718 W 2] B HAUSE ARetol A AAHAT BetelD BE

< 95 Qul A2l 7). shol A
£ S NULLE 27|33t}
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥kwds)
Return value: New reference Part of the Stable ABL. 3 A9 tp_new €22 A3k 4dut A2 7). 39
tp_allocEEES AFRSIA A Q2 AE E!]-___l/]q,

o

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. @ 7 A& vhe| gt 27318 g steid BZE § AA o tisf o] =&
525 of BT} o] s B Mo| 2 Feh 2ol A A% H SFL 2T AF A 08 BT,
LT Al -1 Wt o 9] 2 AT ok

0

[¢]

Z31:  If some of the base classes implements the GC protocol and the provided type does not include the
Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its par-
ents. On the contrary, if the type being created does include Py TPFLAGS HAVE_GC in its flags then it must
implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’ s name. Equivalent to
getting the type’ s ___name___ attribute.

WA 3119 F71.
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PyObject *PyType_GetQualName (PyTypeObject *type)

Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’ s qualified name. Equiv-
alent to getting the type’ s ___qualname___ attribute.

WA 3119 F71.

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. AR H & Fo| AFH s+ =
ol¥, EX | NULLO| AY &7t 7 & OW Sl HeE T2 AES YERd U T i%x}t At
Aoz A% EAHE A2 G5 o2 ALIFY
slot Q1AFS] 7}53) k& PyType_Slot.slot 2 R JAIA|L
B & 3409 &7}
WA 31094 W A: 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&3te] §-& Ths u] X
Re 97 Bedd BE AA 2 MBI,
Fo]A g AFAH BEo] glod, TypeError& A A 313 NULLS W o}
This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may be
a subclass of the intended class, and subclasses are not necessarily defined in the same module as their superclass.

See PyCMethod to get the class that defines the method. See Py Type_GetModuleByDef () for cases when
PyCMethod cannot be used.

WA 3.9¢ 27}
void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. ZFo] X &3} &
PyType_GetModule () A3}ol| PyModule GetState ()% %

J l.g

= AA ] ZH
b ukz 7y
FolX F3 A" BE0] Yo, TypeError& A4 SHal NULL S W3]
type°ll QA RE o] YA AE|7FNULL o] |, ol &) & A 8HA] Al NULL =
W 390 =7}
PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

Find the first superclass whose module was created from the given PyModuleDef def, and return that module.

o

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 7}

8.1.
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ot

Ol=
—=

N

ot
=2
o

Ci=

—_

Cl 5 e wEr o ARy
PyObject *PyType_FromModuleAndSpec (Py0Object *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).

ZA

rr

iy}
o
u
4>

+

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If bases
is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If that also
is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a mod-
ule object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.

ol e MELR Foll PyType Ready () & TEFUYTH
WA 3.9 =7}
W A 3.109]| A] ¥ 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) 2 Z534t}
WA 330 =7}
PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABL. PyType_FromSpecWithBases (spec, NULL) 2}
T U
type PyType_Spec
Part of the Stable ABI (including all members). & 2] 3§52 A2 dl= FZA.
const char *PyType_Spec.name
o] o] &, PyTypeObject. tp_names A A St+= o] AR Yth

int PyType_Spec.basicsize

int PyType_Spec.itemsize
A~ ¥ A~ 9 F 7 (¥fo] E), PylypeObject.tp_basicsize?} PyTypeObject.
tp_itemsizeZd A A= o AHEH YL

int PyType_Spec. flags
Y E 1, PyTypeObject.tp_flagsE AR s+ o] AHEF Yt
Py_TPFLAGS_HEAPTYPE Z#]27} A AE o] A ¢F O, PyType FromSpecWithBases () 7}
s SIS A FUTH

PyType_Slot *PyType_Spec.slots
PyType_Slot FZAS 4. 54 £F % {0, NULL} ol 9 FEF Yt

type PyType_Slot

Part of the Stable ABI (including all members). & 2] AN 2 7|52 Ao 3l= T 2A, €F 1D 3L T HE
ZaratU o)
= 9
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int PyType_Slot.slot
<3 1D.

€% ID= FZA PyTypeObject, PyNumberMethods, PySequenceMethods,
=

PyMappingMethods W PyAsyncMethods & & o] &0 Py HFALE B9l o]E2&
AFESU T o & £,

V]
<
=
-
5
o
e
=
1)
o
oy
O
Q,
[9)]
n]
lb“
Q
Q.
Q.
i
i
o
ol
> e
av]
=
o]
o
o))
[0
(o}

+=Py_sq_length
U X+ PyType_Specd PyType_Slot= AHEdte] AE AT & glsyth

e tp dict

e tp_mro

e tp_cache

e tp_subclasses

o tp weaklist

e tp_vectorcall

e tp_weaklistoffset (PyMemberDefE #2314 Al L)

e tp_dictoffset (PyMemberDefE ZFZ 34 Al L)

e tp vectorcall_offset (PyMemberDefS 3¥Z 3} Al 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 FromSpecWithBases () instead.

WA 3994 ¥ 7A: Slots in PyBufferProcs may be set in the unlimited API.

WA 31104 WHA: bf _getbufferand bf_releasebuffer are now available under the limited
API.

void *PyType_Slot.pfunc
S22 A8 FYUTH R o] AL F4ol HE LAY AT
Slots other than Py_ tp_doc may not be NULL.

8.1.2 None ZHH|

Note that the Py TypeOb ject for None is not directly exposed in the Python/C API. Since None is a singleton, testing
for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.
PyObject *Py_None
2ke] BA1 S el she] A None AA AUt o] Aol WA=} S U Th B2 59} Bl
th2 A A 2} mpR7E A = A 2] ef o g ok
Py_RETURN_NONE
C & WollA Py _Noneg WHSHel= Z1S Sul2 A AU} (5, None 9] Fx
g o),

TE 57712
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BEE AT 999 2719 “long” 4 AA 2 FAFH Uk

o8] A, EE9] PyLong_As* API= £} +HE 4= 9l+= (return type)-12 ¥sshch R4S

A A PyErr Occurred ()& A3 Al L

type PyLongObject
Part of the Limited API (as an opaque struct). ©] PyObject? A B & ulo| W A4 AA| & e Y.

PyTypeObject PyLong_Type
Part of the Stable ABIL. ©] PyTypeObject A 2" AE go]|H A4 S YeElY Ut} o] AL slolx
A% int 9} 2 A Ao,

int PyLong_Check (PyObject *p)
27} PyLongObject O\ PyLongObjecte] A H oA & vttt o] &4+ P4 4537
U,

int PyLong_CheckExact (PyObject *p)
AA7} PyLongObject O] AR PyLongObject] A H §o] ofyd = w3t o] = 4
AE gk,

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. v25-¥] A} PyLongObject AAE sl A, 4 o)
3HH NULL-S 9F8Hh 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 anew PyLongObject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_tV)
Return value: New reference. Part of the Stable ABIL. C Py _ssize tZ % ¥ A PyLongObject A A& 1}
2317, A9l shd NuLL S BEEHghY o)

PyObject *PyLong_FromSize_t (size_tV)
Return value: New reference. Part of the Stable ABL C size_t 25 ¥ Al PyLongObject A& HI3+3}A
U, A58k NULL-S wFeke Y o)

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongOb ject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. ve] A4 B RO 2 BEl X PyLongObject A&

wk3tal AL, Ao sk E NULL-S WSk o)
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PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABL str2] £ A1d ZF2 7|¥l o 2 31 A PyLongObjectE
TRt oh FAE B2 based] W (7157 ofl whet 3 A g U Tth pend 7} NULL ©] o} |, *pend= A}
£99 Fell &&= A HA ZAE 7HeI A Yt base”} 0 0] W, srr-2 integers 2] & A3l 4] 3 A g Ut
ojuj, 0°] 0}‘4 A RFo] A 0L valueErrorS A A YT base”} 00] oFU W, 228} 36 AFo] 9
Slofof v, ZAE ERTULE A9 B0 A% A4 H 57 Abole] Bl WEL RAHUT

A7 9o ® valueError 7F A g o}
o] ®7):

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

Return value: New reference. =24 udl Y= FUIE A A/ E 1o %

B A 3.30]] 7}

o

THeE HAF YT

PyObject *PyLong_FromVoidPtr (void *p)

mlm
=)
i
A
=
kel
ro
AN
=
flo

Return value: New reference. Part of the Stable ABL. 22 Q1 E] pZ H ¥ glo]H A4
PyLong AsvVoidbtr ()& AHESto] ARgtel A 283 4 91U Tk

long PyLong_AsLong (PyObject *obj)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject, first
callits __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a Long.

g Al -1& WUt R34S A A ™ pyErr Occurred ()& AHESHAH AL
B A 3894 H7A:Use___index__ () if available.

W A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convert it to a PyLongOb ject.

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 g Al -1 S ULy B3 AL A ASEE PyErr Occurred ()& A& AL
B A 3.80) A4 ¥ 7: Use_ _index__ () if available.
¥ A 3.10)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

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 PyLongOb ject.

Raise OverflowError if the value of obj is out of range fora long long.

oflg] Al -1& WUtk 2545 A At ™ pyErr Occurred () & AHESHIAl L
B A 3804 H7A:Use  index__ () if available.

W A 3.109]| 4] ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convertittoa PyLongObject.
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If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or —1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to O and return —1 as
usual.

el Al -1 WUt R3S A A ™ PyErr Occurred () & AHE S A L.

B A 3.20] F7}.

WA 3804 ¥ A:Use  index_ () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
Py_ssize_tPyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C Py_ssize_t %& & W YT} pylong2 PyLongObject?] 91A~H
2-0]of gy,

pylong®) Zkol Py _ssize_ t2 Y& Hloj 3™ OverflowErrorE WA Al 7Y T
o Al -1& HEE Uttt B3 A S A ASE W PyErr Occurred () & ARSI A L.
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Part of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o #] A] (unsigned long)-1&WESUt RS A A A PyErr _Occurred () & AHE3HA]
Al L.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C size_t & H S YISt pylongS PyLongObject?] QA2 E A o] of
o
H .

pylong 2] ko] size_t 2o WS E ¥lojy OverflowErrorE TAA Yt
N Al (size_t)-1S WUt R3S A ASHH ™ PyErr Occurred ()& ARSI A L.
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Fart of the Stable ABI. ReturnaCunsigned long long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

o 2] A] (unsigned long long)-1< WiEstUch BSAH S A ASH Y PyErr Occurred ()&
A8 BHA1A) .

W 31004 W 73: 2 pylong e ©) A TypeError 7k o} overflowError & $4A Pt

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 PyLongOb ject.

If the value of obj is out of range foran unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

o #] A] (unsigned long)-1€ WUt RS A A YA PyErr _Occurred ()& AF&3HA
Al L.

B A 3.80) A4 ¥ 7: Use ___index__ () if available.

¥ A 3.109) A 7 : This function will no longer use __int__ ().
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unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Part of the Stable ABL Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongOb ject.

If the value of o0bj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 8] A] (unsigned long long)-1< WE Ut BEAES A ASH WA PyErr Occurred ()&
84 A 2

B & 3.89 A ¥ 7: 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 ABI. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.
Raise OverflowError if the value of pylong is out of range for a double.
o] Al -1.0 MBI Th EEAS A A W pyErr Occurred () & AHEIAALL
void *PyLong_AsVoidPtr (PyObject *pylong)

Fart of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an
OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

o 2] A NULLE Wkt REA S A At W PyErr Occurred () & AHE Al &

8.22 E2|AH A

s}o] A of Al an@% A4 NE Zgaz FFP UL Py_Falsef Py Truedts 7 719 B&u g%
Utk mreba] dubAQd A 2 A s F2ol 489 A Utk 2Hu s WMazE ASE 5
A=

PyTypeObject PyBool_Type
Part of the Stable ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same object
as bool in the Python layer.

int PyBool_Check (PyObject *0)
o7k PyBool_Type oA FZ EF UL o] 4+ 4 43

PyObject *Py_False
ol d False AA. o] AR WAE7} QeUth B2 A50k BA AL O A} bR =
A28l of gLtk

PyObject *Py_True
Shol A True A o] AAL WA= AUt 22 Q459 BAs AL ThE AA 9 vl R =
28l of gLtk

Py RETURN_FALSE
Fepol A by False® WHEHSHT, 2 A58 485 Z7HA AU

Py RETURN_TRUE
Fpol A by Trued MBS, F2 05F A LA S AU

PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL v2] =] gtol| k2l Py_True U Py_Falseof t]3l Af
Az E usshy o

8.2. =X} Al 125



The Python/C API, Z2|A 3.11.11

823 HE AL MR

type PyFloatObject
o] pyObject®] A B & stolH RF 243 AAE v Yt

PyTypeObject PyFloat_Type
Part of the Stable ABL. ©] PyTypeObject 2B 2= go]ld 5 A4 o8 JeERY UL o] AL
sho]# A% el A £loat 9 2L AR Pk

int PyFloat_Check (PyObject *p)
QI A} 7} PyFloatObject W PyFloatObject? A B 3 o]
Urth

int PyFloat_CheckExact (PyObject *p)
A&7} PyFloatobject ol ARk PyFloatObjecto] A H P obU™ g Wkttt o] e 4
e t]o

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL stro] 2} 3t 7|9 S & pyFrloatObject BAAE
s A A9l 8HE NULL.

PyObject *PyFloat_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. v2X-¥] PyFloatObject AR S wE AL}, A9
NULL.
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ol
o
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ofr

double PyFloat_AsDouble (PyObject *pyfloat)
Fart of the Stable ABIL Return a C double representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa _ float__ () method, this method will first be called to convert pyfloat into a
float. If __float__ () is not defined then it falls back to __index__ (). This method returns —1 . 0 upon
failure, so one should call PyErr Occurred () to check for errors.

B A 3.80 A W 7: 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. float®] AU X, X437k, 2 AZkol A3 A E £33
structseq 912 H 2% ¢ 51 Th 9 9 float.hE AL e A AUk

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.
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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).

HA 3119 7).

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: 0 if all is OK, —1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o 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. leis 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 0O on little endian processor.

Return value: The unpacked double. On error, thisis =1 . 0 and PyErr_Occurred () is true (and an exception is set,
most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.
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8.2.4 =A% Ay

sho] W o] B a4 ARE CAPIYA 2o 7 49 the g0z TAF Uk shbe stold =2 ado] =59
o4 Al 11, CFE Sohie A4 At g8 FeIUe C 72 AL th APLE 2 71 555 41 =
e T4E AlB T

ZHZEM SAa

) Hp = o] e A S Lolsol AR NSt g s £UHE T Rz EdE o=

THE U th o]+ APL AA o A G Yt

type Py_complex
sho] W M s AR o gk 2ol 3
Ag Qe = 2Ygtoz A8

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

C Py _complex @5 AHEsto] F Hago] o2 vhagy.
Py_complex _Py_c_diff (Py complex left, Py_complex right)

CPy_complex BAE AFE5lo] F B4 xpo] & widkshyt)
Py_complex _Py_c_neg (Py_complex num)

Return the negation of the complex number num, using the C Py_ comp 1 ex representation.
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

Cpry complex 285 AHESto] 7 Haa 55 Wty
Py_complex _Py_c_quot (Py_complex dividend, Py wmplex divisor)

CPy_complex AL AME5to] F B A4 B8 wlslaly ),

If divisor is null, this method returns zero and sets errno to EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

CPry complex AL A28t num) exp ASAFL 93ty o}

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.

oM HHMZ M2 S4

type PyComplexObject
ol B4 AAE et = Pyobject ] Al H .
PyTypeObject PyComplex_Type
Part of the Stable ABL ©] PyTypeObject AAEAE slo] M B a4 38 Uebyyth sho] A Al &9
complex 9} Z-& AR YUt}
int PyComplex_Check (PyObject *p)
QI A} 7} PyComplexObject Y PyComplexObjectl] A B T o]

AF

e
EY
filo
rE
rlot
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int PyComplex_CheckExact (PyObject *p)
Q1 A7} PyComplexObject O] A/ W, PyComplexObject®] A H F3 o] olyd & wkaghc). o]
‘61-/\ = &}A} /\-].‘I'_ﬁl—q t}.

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py_complex 3O 2 M2 dlo|# B4 AR

et
2
o
AW
iv)

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABL. real & imag @ M 22 PyComplexObject 21 A& Wk
ok,

double PyComplex_RealAsDouble (PyObject *op)
Fart 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)
B4 opQ Py _complex g WHEHEHU T}

If op is not a Python complex number object but has a __complex__ () method, this method will first be
called to convert op to a Python complex number object. If _ _complex__ () is not defined then it falls back
to_ float_ (). If _ float__ () is not defined then it falls back to __index__ (). Upon failure, this
method returns —1 . 0 as a real value.

¥ A 3804 ¥ A:Use  index_ () if available.

8.3 A|FHA K|

AR Al e AR A4S ol A oA = WHUTE o] Fel A sho]d Qojo] mF T
7o) A2 AR E R

A

7

8.3.1 HIO|EY ZHK|

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] pyObject] B P2 stoll nio]EH AAE YeEH YT

PyTypeObject PyBytes_Type
Part of the Stable ABL. ©] PyTypeObject®] A AHAE glo] A vlo]EYE &S VeERY YT slo| A A&
o] bytes o} 2 A At

int PyBytes_Check (PyObject *0)
A o7} vpo| EQ AR o] AL} o] EQ W) A1 o] AATAT 23S WP Th of Pt A
AF gk

int PyBytes_CheckExact (PyObject *0)
AH o7} o] 2Q AA o] A ¥, vhol =G Fo| AE P AxT AL bW FL WAL o] G4t
W4k 43 vk,

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. /4 33} ZFtO 2 v BX}QE o] EALE S 7h= A vlo|E Y
AR & whErata, Ao s NULLS B ok o) 85 v NULL o] ok o of S th A AR
Fgruinh
= =] .
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PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_tlen)
Return value: New reference. Part of the Stable ABL. A] &3} Zhol v EX}E o] Al ol31 Z o) 7} len?]
A vho] £ AR wakati, A9 s NULLS WU Th v nUTLO|®, vlol 29 A A o] -2
271319 A k5 Uth

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf ()-2&
AALE WobA, A3} stol M vlo|EL AR S 27| & ALbstal 2
BEHE U Tk 749 QAHE C 8 o] of o 3 formar FAHG el 9 £
seHE 2 EAL Oe T 2aUTh

d format AL} 7Hd T2
off ol 2WE vpolEE AXE

E}
eFo]
2RS35 2] o gl oF gt

ZoH 2R | ™ =4
%3 n/a ZEHE % A}
$c int & HbolE, Cint2 @ Yt
sd int printf ( "Qd" o} s FYt!
$u unsigned int printf ("su") &} S5t
$1d long printf ("$1d") & F5Fct!
$1u unsigned long | printf ("s1lu") 2} S5 }!
5zd Py_ssize_t | printf ("$zd") &} 53 ct!
%$zu size_t printf ("$zu") & 53 }!
$i int printf("%l") 9} F5 k!
$x int prlntf ("sx") & Z53h T}
$s const char* g4-£3 C X8 <.
Sp const void* CExJEY 16 H. ZAHEZY printf7t oH A5 Y=A ol
Aaglo]l 2l E 0xE A& gto] E3HTHE F2 Al g stale A9
prlntf ("s u QJ_E‘;—; ‘6;1-],1@
QAT 5 G TN BAE T AL Yol A Fxo] E A Azo] 10| 2 BALE A BEL,
27} QAR EAT U o

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] F 719] QAE HIth= AS ALt s
PyBytes_FromFormat ()3} 25U th

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABl. W3] Z 2 E Z-& 7 33t= AA 02 vlolEE RS
whgkgh o,

Py_ssize_t PyBytes_Size (PyObject ¥0)
Part of the Stable ABL H}o]|EQ 24| 09] Z o] Z wkskg ).

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 0] W&ol th3al £ & vlsghyth ZQE = len(o) + 1Hl)ER FTAH
o] WH W& 7t Uth W3 wpx] et vlo] E= thE | (null) ¥Eo] EZ} QL= of] #A §lo] %‘%
gyt AR 7 pyBytes_FromStringAndSize (NULL, size) & AFE3lo] ¥v}Z k5ol X
ol W HolE & A= < FUth &S siAls A= < BTt o7F vl EE AR 7F ob W
PyBytes_AsString ()& NULLE ¥F8é} 1 TypeError & %/‘@1\] 21 th

AUEe A4 E e Ak

rlr

' 4= A2} (d, u, 1d, I, zd, zu, i, x) o) A 0- A S Z2) 2

130 Chapter 8. 14 ZHR| A|

N



The Python/C API, 22|A 3.11.11

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Fart of the Stable ABI. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.
length 7} NULL ] ¥, wo 2Q A7 &= 38 & ulo| 8 £ YT 5 GEUTh wof 1Rtk Pt 1
L vl3l6t 7 valueError S 2HA A U T}
buffer-= oty o] W3 51 & 7hel 71 ol ol 371 9 vho] 271 EHH T lengrhol = %3
SuUrth. AA7FPyBytes_FromStringAndSize (NULL, size) & AFRSlo] W& W&o %
bW Tl ol B & 43I A= o B UTh RS A A owqu} obj7} Hkol £ AR 7} of
PyBytes_AsStringAndSize ()& -1& H]-ﬁl-O]—_]_ TypeErrorE WA A Z U th

WA 35904 W7: o] Aol ulo| B Ax o] Y ulo] E 7} E3HF o] Y o™ Typerrror 7h HAH
S1=8

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

11|>

Part of the Stable ABL. bytesoll newpart2] W22 B1E ¢ A} vlo]EF AAE #byresol] W5 tH TEAH7}
M ZF2E 25T Uh byeso] oA ol oj st $22 EQUT A AA} S 4 gow ) bytes©]
e o e o] A8 M B A AL hytes®] g2 NULLE AP Uth AET o197 449 Lk,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject ¥newpart)

Part of the Stable ABI. Create a new bytes object in *bytes containing the contents of newpart appended to byfes.
This version releases the strong reference to newpart (i.e. decrements its reference count).

“EW” o E EFSa vl EE AR A& = tﬂ i e
W e} AFBBIAL A2 bytes 7} o] 1] = 2] hE o] el A A 4 GATHA ALETA BAIA L.
‘ﬂ} ]E"ﬂ Az ] F Az S 7k10] obd of o] EV\ E SEste A2 AUt 7€ vtolEE AA Y
FAE Ml 82 152 4+ Q5T E ARSI, Aste A 2718 ABTUT. AT, hyes
= 32717 A" vlol| G A E 2HA H 21 00] B U th; *hytes®] A= YE T TOHE 5 mgq
ot A e to] Asfotd, *byresoll = A vlol EQ AA| = & A= 1L, *byres7F NULLE A AH = 11,
MemoryError 7} A A= w -1 0] ¥13d Ut}

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
. s ML el =d AR B
%

8.3.2 HIO|E H{E ZHA|

type PyByteArrayObject
o] Pyobjecte] A B 2 3}o]# bytearray A A S YEFH U T
PyTypeObject PyByteArray_Type

Part of the Stable ABL ©] PyTypeObject QIAE A= ulo] A bytearray &2 LEFH U T}; sho]l A Al &9
bytearray et Z-& AA Yt

& ZHAlOojaz

int PyByteArray_Check (PyObject *0)
3] 07} bytearray ] o] 711} bytearray 9] A2 8 JAHAT L HAGUL, o FoE G4 AT
g

int PyByteArray_CheckExact (PyObject *0)
23| 07} bytearray 2} #| ©] X 2k, bytearray B 2] A H § AdAE A= ol d ZS HIEg ) o] 4=
4k 43 o,
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X% APl &4

PyObject *PyByteArray_ FromObject (PyObject *0)
Return value: New reference Part of the Stable ABL. W3 22 & Z-& Fd 3= 42 AA| (o) ZHE H A
N 2 & bytearray A A & =8 E U}

PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABIL. string™} 71 4 0] (len) 2 5 ¥] M| 22 bytearray 2] A &
syt Asfshd, NuLL o] whekg Yot

PyObject *PyByteArray_ Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. B}o] E v ¥ a £} b5 o] o] £ o] | 2 - bytearray & HF3}+
o,

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL NULL Z QB & &<13t & bytearray2] 2715 W&y th

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABI. NULL Z QB & &3t X bytearray®] U-&< char 3] & 2 WFEHgHy o}, wHElE
) ol & g4 o] 9] W whol £} %71 1 o,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABIL. bytearray®] W5 ¥ ¥ 2] 37|15 len o2 Z A ST}

rlr

2=

ol MR E ST E 5 S A ZAEE FAsHA] FF Ut
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray_ AsString (), but without error checking.
Py_ssize_t PyByteArray GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.

2 33004 PEP 3932 788 ol %, SUIE AR & Y5402 thrd B2 3] A4 U=

£ 098 ALl vime] EEAE $AUTh BE S5 2 E 7] 128, 256 - 65536 1] kel #7
Qo thet S8 e P97k &vith 18 A koW, TE EAEL 1114112 (AR U ZE H9]) vl tho]of of
Pk

H

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]7d API9} A APL 7] A &ho g Qlsf), U ZE AA = whsol X o meh 74 o2 5+ 7HA] ej 7t 2
T As Utk
o “3¥ A (canonical)” FUIZE AR = HAH A G2 FUIZE APIY| 93] 5] B2E AA Y YTh
THAA g3 1 EEAA EAL AT
e “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 APL
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Fa: “HAA” FUZE A= A" APISF A sto] A 302004 A AU 1 o382 BRE {FUIE
AA = A7 1914;} ZA| 8F A K = PEP 6232 F23AA L

FLIZEH

The2 gol oA FURE FHA AR E E 72 FUZE A4 dYth

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the Stable ABL. ©] 852 717} 324| E, 160 E W 8H|E Q] EAE 23 3}7]|o &I HS ¢l
Ao S 9ot ypedef AT B FUTE BAE A2, by 005i S AHEIAA L,
B A 3.30] F7}.

type Py_UNICODE
o] A2 ZFol whet 16H E o]} 321 E F <l wehar_t 9] typedef YU Th
H A 3304 WA o] WAl A, o] AL W= A sfo] 4l o] “U) % (narrow)” L} “2}o] = (wide)” U
E WA F o= A AH Ao weh 161 E § o]y 320 E ol U th

type PyYASCIIObject

type PyCompactUnicodeObject

rr

type PyUnicodeObject

o pyobject A8 HEL stold $UTE AAE GepdUh A9 BE 9, $UDE A S
At RE API &7t Pyobject LU EHE o1 vtast 2 2 24 AFLsiA = ¢ Fyth

W 330 27
PyTypeObject PyUnicode_Type

Part of the Stable ABIL. ©] PyTypeObject ALE A
strZ =g Ytk

ﬂll

=

rlr

shol Wl $URE L e sl A 220

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always succeeds.
int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)

AL AA o7} “5F A (canonical)” £ & 1 A] FAFF T o] A2 ofefol]l Ad HA| IR E AR

st7] dej B a3yt

4E N 0= whstar, Asf A o 9] & AA st A -15 Whghsl=,

.

B A 3.30] F7}.

WA 31000 A H A H A5 U th WA 312004 Al AF Yth: o] API+= PyUnicode_FromUnicode () 2+
A Al AF YT

A

3] W2 2] &go] A st Ay
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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 3.3 F7}

Py _UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)
AR B2 AAE 3] UCSI, UCS2 == UCS4 A4 oz JjlAE F 79
of th3t ZAEE ¥rE3 Yty 1 A (canonical) E 3 o] S HFE EX 7] QX
t}; PyUnicode KIND () S AbE3lo] SHIE a2 8 HHIFHAL. AL
PyUnicode_READY () 7} &5 ¢ o] oF gt}
WA 330 F7L

PyUnicode_WCHAR_KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
PyUnicode_ KIND () B3 &2 ZtS vidsh]ch

WA 330 7}

WA 310004 A A= A5 th WA 312004 A AR Uth: PyUnicode WCHAR_KIND+ H A= 95
yrtt.

int PyUnicode_KIND (PyObject *unicode)

(canonical) ¥ &
A5 Sk
Ast7) Aol

19 gy, 2

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Unicode
object uses to store its data. unicode has to be a Unicode object in the “canonical” representation (not checked).

B A 3.30] F7}.

void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical” represen-
tation (not checked).

WA 3.30] F7}.

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.

W 330 27
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
T A (canonical) E & data(PyUnicode DATA()E AL UE)oA =
FH] (ready) T & 0] T3 H A g5tk
B A 3.30] 7}
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_ READ () if you do multiple consecutive reads.

WA 330 7}
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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.

W 330 =7}

Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes surrogate pairs as 2
units). unicode has to be a Unicode object (not checked).

WA 3300A A= A5 WA 302004 A AFUTH: o)A 28 Y
PyUnicode GET LENGTH ()& AF&3}o] ulo] 1 o] A 3141 A £

UZE APIS] 5 dUt,

Ho

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNTCODE representation in bytes. unicode has to be a Unicode object (not
checked).

WA 3304 AAH Q5 Th MA 312014 AAFUTH: ol A8 FUIE AP AR T,
PyUnicode_GET_LENGTH () AF&3lo] ulo] 1 o] A 3H4] A 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 A 3.3 4] ¥ 7 This function is now inefficient — because in many cases the Py UNTCODE representation
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 ().

WA 3300A A A= A5 WA 302004 A A UTH: o)A 28Y FUZE APIS] dF
PyUnicode_nBYTE_DATA () 2 & A IS AL 3IE 2 nfo] 28 o] A A Al L.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the Stable ABL. o] A ojof u}g} Ex}F o] 23t Al H zpo]H 18 wtEshy ), A A identifiers.
237 ko 0 vk
WA 39004 |74 F2HE o] FH| (ready) = 2] ¢k gk W, o] &+ U= Py_FatalError ()& S&3t

A syt

FUTEL GFY £4 542 ASFUT 13 A7 22T AL shold PA mekC 5ol 35 &
SEEEEEEEE RS e e

int Py UNICODE_ISSPACE (Py_UCS4 ch)
ch7t 39 FAFQI A of whe} 1 o] 1} 02 WhH Y Th
int Py UNICODE_ISLOWER (Py UCS4 ch)
ch7t 27 A A o mt 1 o] 05 RESHh o}
int Py UNICODE_ISUPPER (Py_UCS4 ch)
ch7} 221 A o] whe} 1 o] 0 Hhehehy o}
int Py UNICODE_ISTITLE (Py UCS4 ch)
ch7} A& Al o] & FA1 A of] whet 1 o] v} 0 ¥hhh o}
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int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
ch7t & ¥ E2FAA of whe} 1 0] 02 whEHg T
int Py_UNICODE_ISDECIMAL (Py UCS4 ch)
ch7F 1075 A1 A o] whet 1 o] 05 Rk o}
int Py_UNICODE_ISDIGIT (Py UCS4 ch)
ch7} Y A (digit) A1 A o] whet 1 0] 02 Wk o}
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
ch7} 5= ZF(numeric) ¥ &} 2] of] whe} 1 0]} 02 WFEHgH T}
int Py_UNICODE_ISALPHA (Py UCS4 ch)
ch7t G3p8l F2F1A]of whe} 1 o]} 02 whHgh Tth
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
ch7t BRAF ZAJAA o whe} 1 0]} 02 WHHgHY
int Py_UNICODE_ISPRINTABLE (Py UCS4 ch)
ch7} A4 75 st ZAFA A of] whek 1 0] U 0 vhEHU o A S 5 gl 22k, A 7hss A e
7+ 3= ASCII 2 5] o] 2 (0x20) S A ) 8} 12, %14 FE F 2} | o] B W] o] 2 o] A “Other” W} “Separator” =
A" FAG UL (o] EH ol Al 4 758 A= repr () ©] FAFE A i SEE wf o] AA o] =
=] 2] ¢Fotof dh= w AL of] Y B4 Al 2. sys. stdout 9] 1/‘r sys.stderrol] 7| 2% Ex4 9 X g2}
F™-Aeo] gsuth)
Th2 API= wh2 2 22 W3] AFE 3 5= dFuth
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
2EAR HEE 2} chE S
WA 335 H A H: o] T et Ao & v F g A FU T
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
HEAE WEE F2}F ch g R o
WA 335E A o] T 2 Aol & v & AR Th
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)
AE Aolaz AEE A chE T

WA 335 A7 o] T DT Aol wF S AHE U T

®

int Py_UNICODE_TODECIMAL (Py UCS4 ch)
107 o] A= HEd ‘L"‘Z]' chs &Yt o]Zl o] B3l 1S W&yt o] mjlaz &
o 2] & YA 7] 2] 5T

int Py_UNICODE TODIGIT(Py UCS4 ch)
st ate] 2 AEE E2chE g o] o] 7153 1S 9EE YT ol 32 = Y9 &
WA A 7] A] G5 T

double Py_UNICODE_TONUMERIC (Py UCS4 ch)
double 2 HEH T2} chE WU o] Zo] 7153 1.0 RS o] |32 & o2&
QEAY A 7] A] ¢F5 U T}

Th& APIE A}&31o] A EA O] EE & 4 95Ut

Py_UNICODE_IS_SURROGATE (ch)
ch7} A 2 A o) E Q1A g1t} (0xD800 <= ch <= 0xDFFF).
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Py_UNICODE_IS_HIGH_SURROGATE (ch)

ch7} 249 A2 A o)E QA &3t} (0xDS00 <= ch <= 0xDBFF).
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch7} 319 A ZA o] EQIA] EQlg ) (0xDCOO <= ch <= 0xDFFF).
Py_UNICODE_JOIN_SURROGATES (high, low)

T RA )= £AS AT B Py_UCSH 3 BT Tk highS} low 27 A=A o] = A9
Ay} 33 Az A ol =P Th

FUIE AR E 5T /)8 D2 540 A 2512 9 The APLE AF§ 5141 Al 2.
PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. M F+U I = A S W5 U TH maxcharS EAFG ol sj X & AA H o) =
ZolEoF FUth GO 7, 127, 255, 65535, 1114111 Al A2 A 74 747h-E oz &7
9l<s 1 T}
=]

—‘.Wl% gdste o Ad3H = HH U o FE ARt e AAlE 271E

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. 5 °] A kind(7} 5 3t 3t-& PyUnicode KIND()©l| 93] ®3+H
PyUnicode_1BYTE_KIND TYUHE ME-L FUIZE AAE W5 YT buffer+= kind ol w2} &
A 1,2 = 4uko] E 9 size &1 9 vl B 7he] A of Y 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).

B A 3.30] &7}

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_f size)

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

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

Return value: New reference. Part of the Stable ABL. Cprintf () -2E+Y format X4 3} 7]-tﬂ N4-2] o=k
£ FelA, 23 sfelW FUZE EAES] 275 ]*H?PJ_E/H% ghol £ BAE & Wy ot
W4 Q1A € o] o oF 3] formar ASCI 916 B AL 0] %9 B Aok 3 8hs] A3 oF T ok b8
=9 227} 3-89 ok
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=% 27t | & By

%% n/a e E % Ak

$c int CintZ %94, ¢4 ¥4

sd int printf ("$d") & =53 t!

Su unsigned int printf ("su") 2} S5 o} Paee 1381

$1d long printf ("$1d") & S5}

$1i long printf ("$1i") & 55 c}!

$1u unsigned long printf ("slu") &} S5 ct!

$11d long long printf ("s$11d") & S5 gc}.!

$114 long long printf("$11i") & S5 FYc}.!

$11lu unsigned long long printf ("s$llu") & 53}

%$zd Py ssize t printf ("$zd") 9 53}

$z1 Py ssize t printf ("$zi") 9 53}

$zu size_t printf ("$zu") 2} S5 Fct!

$i int printf ("$i") & =53 c}!

$x int printf ("sx") & =53]

$s const char* 4-£5 CEA a4,

%p const void* CEZJHY 16X+ FH. TAELY printf7t A&t W8
HA o] B HE 0x 2 A FshE= Ao] Hgdte A=
A2 stE A printf("sp") & TSI

SA PyObject* ascii() E 5= 243

sU PyObject* |SyzE AH.

SV PyObject*, const char* U FE AA(NULLY 5 AFYTH 2} F HA v 7] Ha4 2 A
S-F2 CEAME (R AA v 7] 7k NuLL ol |
AREH U .

%S PyObject* PyObject_Str ()& 3&% A3}

%R PyObject* PyObject_Repr ()< S&3% 23}

AN 5 g TR FAE YA TR BAGo] BT A% BAL TR BAY 1, 27} AR

Fa: yn 2o 9= vto]lEvotd A UTH AU E T E 9= "ssehrevr Y A9
Hlo] E 420 1 (PyObject * Q1AF7F NULL O] /), "SA", "sU", "ss", "sR" D sy 9] AL B2} 529
t} (PyObject * A7} NULL©] o}y |H).

<0

W8 32004 M7 ma11dn S s 11un o] BE A ge] F745 9
B 33004 M ne1in, m11in W vszin o] B @ A o] F7hs Uk
o

tH;ﬂ 34oﬂjﬂ %75]: "%S", "%AH, "%U", vl%vn, "%S", noRm oﬂ :_ L’}H]ﬂ— Zé‘i’:_]_‘::_

ek

ke

EERERESE

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

Return value: New reference. Part of the Stable ABL. A &3] T 719 AAE Hotvl= AES A9 std
PyUnicode FromFormat ()3 3Lt}

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABI. Copy an instance of a Unicode subtype to a new true Unicode
object if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference to the
object.

SUT =1} o] A H § 0] 9] A TypeErrorS WA FUTh

' A4 A2}, u,1d, 1, Tu, 11d, 11, N, zd, zi, zu, i, x) &) 49 0-H8 SYP 2= AL AFH = 2oz A2F Yt
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PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL Q1 ZJH A obhjE FUZE AAZ TPt
bytes, bytearray @ 7]|g} Hlo| EE F A= A encoding ol Wt errors 2 A 2] 3k ol 2] A&

B 1298 1ch. £ thaosel 5 91z, o] 29 SE ol At B2 E A8 T (AT
gL g S FR A L),

h=4
SUIE AAE T3 TIE R E AA = TypeError 7 A A EH == 3}
API= o217} I e ¥ NULLS WHRHU oh S AbE vk d AR 9] Fx SIS A2 Adde] s
e,

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. ¥ U= AR ] do]& F& ZAEZ vt}
B A 3.30] F7}.
Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

Copy characters from one Unicode object into another. This function performs character conversion when nec-
essary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the
number of copied characters.

WA 3.39 F7%
Py_ssize_tPyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
2172 EAE S A3 Yt fill_char& unicode [start:start+length] o] FYth
fill_charo] 214 At EXAHTF ALY, EX Lol & o] Ao F=x7F 9 od At
7159 2 8 HEEe AL ol A] 18 EEstal ol ol & WA Y th
H A 330 7L
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. At g o] £X& Uttt EAYL PyUnicode_New ()& E3
HEofoULE FUZE FAE2 E¥lolng, —Erx}%i_'! = FfF8t A ob & B Al &FA] gkotok E rJr-
o] 4 unicode 7t U SLE AA A, A7 W Wol kA, AL AASA £3 4 e
(=, 2z 047} 1917) el g o,
WA 3.39 F7%
Py _UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Part 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.

WA 330 7}

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.

B A 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.

B A 3.30]] 7}
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Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the Stable ABI since version 3.7. Copy the string unicode into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always has
an extra null code point appended.

WA 330 7}

| X|El Py_UNICODE API

WA 33004 3 2= AL Th WA 31200 4 Al A U T
o] API 352 PEP 393 7 @0l 98] 925 95Utk 5ho] A 3xoll A Al A= A 9b7] W 2o, &4 BEL
A% A A E 5 A, oAl L AHE O 2 Qs A5 R e] BAIZE € 5 e A4 oF Fuich
PyObject *PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. 501 % 3 7] (size) ¢ Py_UNICODE I:H 41 uoll Al SUyze AAE Y
ENULLY 4 glow, o W Wgo] HH A G5k BRY HolHE APE AL ALg AL
29U Th. W 3 7} A AR ol EALE T
W37k NULLO] oFU W, W8 e BH AR D S AUk webA, 23 FURE AR £ L urt
NULL Y o ¥k 5] & Ut
B 3 7} NULL ©| ¥, PyUnicode KIND () & 22 MM A v I 25 AFR5H7) Aol ExE W-&0] 2] A)
W PyUnicode READY ()5 S &3 oF g th
W2 33004 A% Qg th WA 312004 A A G ek o1 AEh fURE AP AR Y e,
PyUnicode_FromKindAndData (),PyUnicode_FromWideChar () B8 PyUnicode_New () Z A}
&3}o] vo] L2 o] A B4 &
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.

B2 33004 A H AT WA 312604 A AR UTh: o] 28D $UZE AP QR AT,
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () ¥ A3 Af
APIE AH§-3}o] mho] 18 o] A st Al &

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_ UNTCODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

WA 3300 7}
WA 334 FH A= AGUTH HA 312004 A AFUth: o]A 28d FUIE= APIA A5 A
= A

PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode ReadChar () & Sl /‘H
APIE 21§50 nho] 18 o] 4 3414 <

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABL S| A% Py UNICODE 232 37|18 I T o & vi33hch (A 2 A o] E A2 2
a9 2 2.
WA 3304 H A AF Ut A 312004 Al AR YTh: o] A 28 4

PyUnicode_GET LENGTH () S AF&3Fo] ulo] 1 o] A AL

Ry

= APIS] QR u e,
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EEPEER

A 2AL AT YL AHETo] £ AANN £ H2EE UTY B4 Aok

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= 2 o] = 2} VxWorks 2] UTF-8 ] .}
e ZH8EY dA EAY dZFY FAELS HIZEG P Ad5 = o8] A7 "strict" g}t
"surrogateescape" (PEP 383) J Ut} T I T &= errors7F NULLO] W "strict" o & X 87| & AF:
FUTh e d A Biok AW d BAE E2T 5 Yo
Py_FileSystemDefaultEncoding(Zto]# AlZ}HA] §1-2 2 A Y A Q) oA 2AES T Z
PyUnicode_DecodeFSDefaultAndSize ()& AFE3IIHAI L

ol

sheid

This function ignores the Python UTF-8 Mode.
o B

Py_DecodeLocale () &4

B A 3.30] F7}.

WA 370 A HA: o] 4= o)A A= ZolEE A2 5} surrogateescape 9| & A g 7] &R
E2AL AFYE ALYt o] Aol =, Py_DecodeLocale () ©] surrogateescape | A5 911,
A2 =AY ‘?l G2 strictol AHEEHAFUTH

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 330 27}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Partof the Stable ABI since version 3.7. U I E A A= otE & o] & 2} VxWorks
A UTF-8 2 AF Y3t AU, ThE S Z A A 2AL JI G2 AT G T A Y= = o2 A
2] 7]& "strict" 9} "surrogateescape" (PEP 383) J Ut} Q1 F T = errors 7} NULLO] ™ "strict"
ofle] 4271 & AHE T T bytes 271 & Mg o). wiicode = WHH 4 £AE E2T 4+ oo

wA}E S Py FileSystemDefaultEncoding(Fo]H A A] Q2 2A L AT Q)0 Z AF L3I H
PyUnicode_EncodeFSDefault ()5 AF&3HAI Al &

This function ignores the Python UTF-8 Mode.
o ®B7]:

Py_EncodeLocale () &4

W2 330 F7L

HA 3794 HA: o] 4= oA F=F o]|=5F A2 33l surrogateescape o8 A 2] 7]l dX|
ZAL AdFZYPE ALYt} o] Aoll= Py EncodeLocale () ©] surrogateescape©l| AFR-H ¢ 11,
o A iﬂ] A AT YL strictol A JAF YT
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Th AIAE olmg
S| ]_g_gr 71Et 874 BA9EL A3 Ygey yyageeH, by FileSystemDefaultEncoding =4
FPgog AL, Py_FileS temDefaultEncodeErrors g o & A 7|2 AF_&) oF gt (PEP

ys
3833 PEP 529). Qs 74 B4 Bl 39 o § 8 pytes 2 AW, 05" WY E AE o
PyUnicode_FSConverter ()5 W3 S22 Zﬂ%_"OH 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 PyBytesObject* which must be released when it is no longer used.

WA 3,10 71
WA 360 WA AzE A S WolS et}

A 72 BA Fol Y B strz Tmgsed, v WHAE 4SS
PyUnicode_FSDecoder ()& W& St 2 AGs| oF gt}

[

int PyUnicode_FSDecoder (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface - to str using PyUnicode_DecodeFSDefaultAndSize (); str
objects are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

B A 3.20] 7}
WA 36004 WA 427 AA & ForE YU
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] AAF A tow, AL QI oz st}

Py_FileSystemDefaultEncoding 2 Al Al AL A QGANA 7|3 H M US| =4 5 g5
Uth A AL A FZYGoA BExIS tZ Yok 1A, PyUnicode_DecodeLocaleAndSize ()&
e AA 2

] B
Py_DecodeLocale () &4
WA 3.6 HA:py_FileSystemDefaultEncodeErrors o2 & 7]& AF&&Ut}.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the Stable ABI. Decode a null-terminated string from the filesystem encoding
and error handler.

Py_FileSystemDefaultEncoding o] AAE X ¢tow 2A L dFgoz Zgr}
B2 Aol& &1 QoW PyUnicode DecodeFSDefaultAndSize ()5 AFE3HI Al L.
WA 3.6 HA:Py_FileSystemDefaultEncodeErrors o2 A & 7] & AF&&Ut}.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABL Py_FileSystemDefaultEncodeErrors o 2 ] g
715 AFRSl U T E AR E Py _FileSystemDefaultEncoding® A3 Y3}, bytesE HH31g
Ut} A3} bytes AAol 4 vho] 27} T 4 9120l 58414 2

Py_FileSystemDefaultEncoding ©] AAE A ¢go AP olFagjog Zlshr},
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Py_FileSystemDefaultEncoding 2 A|ZA] 2A)1Y QTG A 2735w Y=o AT 4 gl
SUtH A 2AD AFTHoE BRAE S A Aok S, PyUnicode_EncodeLocale ()& AF&3}
/\1/\]

H 1

o 17

Py_EncodeLocale () &&.

B A 3.20] =7}

B A 3.6 HA: Py_FileSystemDefaultEncodeErrors o2 8 7] & A&y}

wchar_t X|&

A 4ots 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)

Fart of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size wchar_t
characters are copied (excluding a possibly trailing null termination character). Return the number of wchar_t
characters copied or —1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t * string is null-terminated in case this is required by the application. Also, note
that the wchar_t * string might contain null characters, which would cause the string to be truncated when used
with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output string
always ends with a null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_ t string might contain null characters, which
would cause the string to be truncated when used with most C functions. If size is NULL and the wchar_ t * string
contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_New (use PyMem_Free () to free it) on success. On error, returns NULL
and *size is undefined. Raises a MemoryError if memory allocation is failed.

v A 3.20] =7}

WA 3.79| A ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
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encodingS NULLE A A3H 712 799 UTF8° ALFUtrth I A" 32 3
d ol5 AF Yol PyUnicode_ FSConverter()— ALsor Utk oAL YEAoT WS
Py_FileSystemDefaultEncoding & AF§EUTH o] W= 97 A8 o= Aexojof gt 7
AZR e A4 FALol et ZAE 7 93, the A2Ro| AL A Aol A2F0 (H 58

X g 7% 0] setlocale2 &3 uf).

e Hel= errors 2 4 dAE =, T thefl Fold 712 A2 E A e Yuste NuLLE AFE %
AUtk 2 WA 2o gt 7| & o A g+ “strict” YU T} (ValueError 7} AT Y T}.

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

ol
=

e
ku
=

O
o

< duk 39 APIS Y th
PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded
string str. encoding and errors have the same meaning as the parameters of the same name in the st r () built-in
function. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. U I = AAE AT Y3t 4345 3}o] A bytes A =
QkskshU o}, encoding ¥ errors= U I E encode () WA E2] 22 o] 52| w7l W42} 2+ o m] Yy
th AFE S 3 H2 shold E YA XE 2] E AR Sho] 23] U th ZE ol A o 9] 7} U A S NULL &
Whehgh o,

UTF-8 3

thS2 UTF-8 T8 API Y U T}:
PyObject *PyUnicode_DecodeUTF 8 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-8
encoded string sfr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference. Part of the Stable ABL consumed 7} NULL©| ¥, PyUni code_De codeUTFS8 () A
2 =23t} consumed 7} NULL o] oUW, 33 29143} UTFE-8 Hlo]E AR AE o2 A5 A &
TG S ol B TR ot el 52) nhol = 4 commmmedel A 11

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-8-& A}-&3lo] U ZE AAE A7 Jst2 23}
v}o] A bytes A A & vkt o} o 2] & 2] “strict” YU Th FZd oA o] €] 7} B A S H NULL S HH2
Fuot
H .

N
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const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Part of the Stable ABI since version 3.10. U ZE A A 2] UTF-8 <1 7 of st
FH £ A7) E (bo] E D9 &) sizeol] A& th. size 1A= NULLE
A=A Utk HEE W= e 4 I E XA ETF Ao FHA ¢l
Z7FE U th (sizeol] Z3HE 2] k5 o).

o & 7} A 3hH, NULL o] ol &) A A} TA| WS 31 size 7t A FE A] k5 T

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.

WA 3.39 F7%
WA 3. 704 WA vtE3 & o]A| char *7} oFY2}const char * YUYt}
¥ A 3.109)| 4] ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode AsUTF8AndSize ()2} ZA| % I 7| & A A3HA 45U tt.

WA 3.30] 27}
WA 3704 WA &L o] char *7} o} 8l const char *YJUth

UTF-32 3 &

<2 UTF-32 29 APIY YT}

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-32 2 Q1 Z JH B 3 Ex}F o A size B} EE T
REhT Y fUTE AAE W emors(ULL o] obU W) & o2l 428 A T ARt
“strict” J Ut}

byteorder 7} NULL o] o}U®, ] ] = 2] A H H}o) E A & AR 81o) U9 S A &3t}

il
o
-

=,
*byteorder == —-1: little endian

*byteorder == 0: native order

*byteorder == 1: Dbig endian

*byteorder 7F0°] 31, 31 o] o] €] 9] A& 4u}o] E7Fuo] E = A] A (BOM) o] ¥, 1] T 7} o] wlo] E
TAE AEH 1 BOME 23 FUIE FAL o BEALE A g5y th *byteorder 7k -10|vp 10| |,
BE HloE $4] BAI7} 20 BAE T,

e T #hyteorder= ) W o] E] Y] Zo| A AA vlolE A2 AA Y YT

byteorder 7} NULL o] ™, 92 o] E] B <=4 BT 2 Al &3t}

Yo A o & 7} A 5HH NULLS RESHU 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 ABIL consumed 7} NULL ©] W,
PyUnicode_DecodeUTF32 () & % A 3 1 th consumed 7} NULL ©| o} 4 W,
PyUnicode_DecodeUTF325tateful () 2 53] B¢ UTF-32 vlo]E A|FA (7 42 UF
ojg ol 2 = ulolE )& o E Aot sUth olfd HiolE= YA YHA goy
Y2 E vlol E 4= consumed ol A7E YTt
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PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL U] ©] E] B v} o] E $=A] 2 UTF-32 Q1 Z Y2 A-&35}o] 1}

a1~ o=

o wfol £ B2 L BT ITE FALS T4 BOM vk 2 AZFth o & A 2] “striet” 4 ok
1eoll A 9] 7} %Ay 3Bl NULL-S WkEHgH o,

UTF-16 2|

<2 UTF-16 9 APIY YT}

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-16 2.2 ¢ QY H ¥ 5 B X} F o A size v} o] ES
Hadgdsti g -FUZE AAE WY Th errors(NULL 0] ofU W)= ol A2l & B gt 7|2
2 “strict” Y Ut}

byteorder 7} NULL o] o}U®, T Bl = 2] A H Hlo) E A & AFR 1) T A Y-S A &3t}

Zl
*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: big endian

*byteorder 7100] 1, 8 vl o] €] 2] A& 20}0] E7} Hlo] B <=4 A (BOM) o] ®, T] &= o] H}o] E
AR HASH I BOME2 23 FfUIE ZAF ol HAE A 9h5 Ut *byteorder7b 101 10 ¥
REHbolE A ZAIZE S0 EAFE U T (\ufeff Y \ufffe A7 g U Th.

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL o], ZEl-2 Y| o] E]| B <= A EEZ Al ZgHU T}
el A of 9] 7} 9y She NULLS W o,

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©] 9,
PyUnicode_DecodeUTF16 () & % Z 3 1] th consumed 7} NULL ©| o} 4 W9,
PyUnicode_DecodeUTFl6Stateful () 2 23 B4 A UTF-16 Blo]E A|FE A (7} &4 v}o)

ESFU R ARACNE B E B E AetA stk olgd vlolEx U AW H A gkon
Y3 g vpo] E 1= consumed o) #7¢ H th.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL U] o] E] H H}o] E <= A 2 UTF-16 Q1 7 Y& A}-&-3}o] 5}
ol ulo]| E 2t & WUt £AE -2 34 BOM nka = A At} of| ] A 2] = “strict” Y T}
ol A o 2] 7} g 3H e NULL - Wheh ey o

UTF-7 24|

T}-S2 UTE-7 9 API Yt}

PyObject *PyUnicode_DecodeUTF 7 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-7
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py ssize_f size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference. Part of the Stable ABI. consumed”} NULL ] ®, PyUnicode_DecodeUTF7 () A
8 523U ). consumed 7} NULL o] o} U™, 33 &7 3 UTF-7 base-64 A A2 o H 2 A 2|5 A %5

AT L= =]

Uttt olgfgvle| Ex YR P H A ¢hom tF Y H volE = consumed ol 4 7¢H U th.
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FLIZE o|aF0|= 2H|

22 “FUFE o] A o] = (Unicode Escape)” 7 9] API ] Ut}

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. Create a Unicode object by decoding size bytes of the
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. U Z & o]2A| o] =& AR 3lo] FFUZE A=
A=Y 53 AT bytes AA 2 WBFUTE o @ A2l “swic” G Tk LA o9 7L 25w
NULL < WHehehyrt.

HAl RLIZE o|2aAH0|= 2H|

052 “YUA] YT = o]~ A o] Z (Raw Unicode Escape)” T APIY Yt}

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] f-U I E o|AA o]z & ALL3lo] FUZE AAE
AT YL AT bytes AA = WY o] 22l “strict” YU Th. Lol A ol 9] 7} A s
NULL < WHehehyrt.

Latin-1 32 &l

< Latin-1 9 API] Y t: Latin-1-& A5 256709 fFU I = Aol s Fatn] A3 Fof oA
RN
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Latin-1
encoded string str. Return NULL if an exception was raised by the codec.
PyObject ¥PyUnicode_AsLatinlString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL Latin-12 A}23to] U ZE AR E QA IYst AHE
Sho] A bytes 2] 2 ¥ 2HEFU T, o &) 3 2] = “strict” I U Th. 2o A o 9] 74 A S NULLS ¥
.

ASCIl ZH|

<= ASCI Z9 APIJ Ut} 7TH| E ASCIL H| o] H{ 2t | & H Ut} th & ZE ZE=E oS AA

L

Ui,
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the ASCII
encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCII S A}-&35to] U ZE AAE A FZ QP30 AHE
sho] 4 bytes 77 2 W T, o & A 2] “strict” U T, 2o A o 2] 7} b S NULL S WHEHE
ek,

Nl
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L

Ho

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.

the-2 v e APISI U T}
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded
string str using the given mapping object. Return NULL if an exception was raised by the codec.

mapping ©] NULL ©| ¥, Latin-1 T} &9 ©] 2§ Ut} 23 A 2229 mapping-2- ¥Fo] E A 5001 A 255 A
o] AP E FUIE FAYG, A5 (FFUIE A2 A UTth E+= None & & 133 3) of gt} uf
5 2] ¢k o] o] E] H}o] E (None, 0xFFFE & '\ufffe' & w]d 5= A®} o2}, LookupError
£ fuehe )2 Ao H A ke P o A o] o e & AN YTk
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABIL. =] X mapping A& AH-&5to] U ZE AAE A=
3ot AIHE bytes A4 2 WEEHU T o 2] A 2]1= “strict” Ut ZH ol A] o 2] 7} T A NULL
wkhgy o
mapping A& FrU I E A5 B F bytes A A, 00| A] 255 Abo] &] A4~ BE=None O 2 vl 33 3} oF gt
None || W} 5 = ek v F =] A b2 A A (LookupError& 733k 2) & “A 2= Al
Fe Mg e A
=2 v arhe Fel A Sa gt
PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. &2} vl 3 g o] & #2350 EAES H3tst 23
FURZE AAE U th ZH oA o 9] 7F 24 8H e NULL S RESHU T
g Bl ol B2 FUZE AT AT E FUIE AT U None(E A7 AHAIS =5 g o) of v F 5
oF gk,
Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors= T E o A 2] AbA < ofu] Ut 7] ol 2 A2l E AH e U= NULL Y ¢ s UTh

oS 749 API= fU H

2 MBCS 24|

o
k1
40

o

22 MBCS 29 APIJ U th A 9% ol 1t AF83 4= 9l © 1) Win32 MBCS ®3H7]| &

73 3y th. MBCS(X:+= DBCS) & ©A4] sfu7h ofu et 13 Y Sl 2ol fof st Al 2. v =
< AYFE A AL AR 2ol o5 Fe Bk

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 s#r. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference.  Part of the Stable ABI on Windows since version 3.7.  consumed
7} NULL ©] ¥, PyUnicode_DecodeMBCS ()X 8 23ttt  consumed 7} NULL ©] oY W,

N
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PyUnicode_DecodeMBCSStateful () & 53] A3 (lead) B} EE UI YA ¢ tJmZdH nv}
o) E 47} consumed ol A 7 Ut}

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & A}-&-3lo] U Z =
AAE AT QG 3tal AIE 3ol A bytes A A 2 REEIU T} ol 2] A 8] = “strict” YU Tk Z g o] A o) £] 7}
A S NULL S BFSHEU T

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object
using the specified code page and return a Python bytes object. Return NULL if an exception was raised by the
codec. Use CP_ACP code page to get the MBCS encoder.

WA 330 7}

HMERL SR
HMESL =R B

The APLE Q9] URE A9l EALE (2HAA BRI S AU TH A2l 4 glon A Qe

Sl ne AA} AmE B o,

o ] 7} Ay hE EF NULL o U -1 2 Wy o

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABL. & ZA} 22 oo &o] st 22 FUIZE EXIES
A Z e,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABL. AE-& £&3lo] FUIE BX}YE g|2EE A&y
O} sepo] NULLO| ], EE 9] 8 FA o § Eako] S F LTk 184 9o, Foj 1 78 Aol A
2ol Aotk Ao maxsplit 2F 0] HF LI S50l W, Asto] A A kvl th, FRAE
A3 e aEo] 3 A FFU T

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

Return value: New reference. Part of the Stable ABI. Splita 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] A separator S AF-§3Fo] EXE A|92~E& A43
A% fURE BAG L wEh .
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)
Fart of the Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end (direction ==
-1 means to do a prefix match, direction == 1 a suffix match), 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.
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Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py _UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)

Part of the Stable ABI since version 3.7. Return the first position of the character ¢k 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.

WA 3.39 =7k
WA 3. 79| A ¥ 7 start and end are now adjusted to behave like unicode [start:end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

Part of the Stable ABI. Return the number of non-overlapping occurrences of substrinunicode [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)

Return value: New reference. Part of the Stable ABI. Replace at most maxcount occurrences of substr in unicode
with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)

Part of the Stable ABL + £ AtE < v stal 22 2b5, 2, Foll tisl -1, 0, 1S WESHg o}

o] e A Al -1 WEstu g, o2l & &Rl A8l PyErr Occurred()E T&d8f oF It
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Fart of the Stable ABL. Compare a Unicode object, unicode, with string and return -1, 0, 1 for less than, equal,
and greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the input
string as ISO-8859-1 if it contains non-ASCII characters.

o] g o9 & YA 7| A k5T
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL. T+ U I = E X4 & &5 3} ¥] I (rich comparison) 3}
e % shE meEhy ok
o o 9] 7} Y B NULL
e Py _Trueor Py_False for successful comparisons
e Py NotImplemented in case the type combination is unknown
Possible values for op are Py GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)

Return value: New reference. Part of the Stable ABI. format=} argsol| A A EX1E A A& wirag o} o] A
format % args<}FAFSY T}

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

flo

Fart of the Stable ABI. Check whether substr is contained in unicode and return true or false accordingly.
substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

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.)
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PyObject *PyUnicode_InternFromString (const char *str)

Return value:  New reference. Part of the Stable ABL PyUnicode FromString( )}
PyUnicode_InternInPlace ()8 %%, QA" (ntern) & A FUZE Ex4E AAY, L S
7440 o) ol ol El B EALE Aol th ek Al (2 fB7) F2E BB T

834 FE A

type PyTupleObject
o] Pyobjecte A L shol M B2 AA & e o,
PyTypeObject PyTuple_Type
Part of the Stable ABL. ©] PyTypeObject AI2EHAE Fo|H 52 33 JeElY Yt} golH A &9
tuple ¥} 22 A4 YT}
int PyTuple_Check (PyObject *p)
P RE AR AL FE el An ge) dada B BAF UL, o B4k T4 4TI
int PyTuple_CheckExact (PyObject *p)
P RE AA AT, 5 o) AR B ArBAE oW R EHFUT. o] F4E L ATY
k.
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 3. 7] len 91 {FZ& 21 AU, A3 A NULL-S wHEHgHU o)
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. 2. 7] n Q1 M| & 1A, A9 A] NULLZ ¥F3HgHU o}
T2 32 gtol A AA & 7t 7= F5n e CRIALRE 57@9 YUt} PyTuple_Pack (2, a, b) &
Py_Buildvalue (" (00)", a, b) < F5IYrch
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. 5-Z A A of] th 3t Z Q] S Wholi], 3| F FZ2] 37 wiagtyrc}.
Py_ssize_tPyTuple_GET_SIZE (PyObject *p)
T2 pe 2718 AU T o] A7]=NULLO] obY AL TS He A ok Ut ol 8] AAbe s A
e
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABIL. Return the object at position pos in the tuple pointed to
by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple_GetItem ()2} B dFA 2 AXE &Ql3}A] &5t}

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7}2] 7] = 529 low &} high Alo] 9] £ Efo]2~E
35t A, A9 8d NULLS ‘31-%1-3"1/] t} o] AL mlol A ji?j/i‘, pllow:high] & 55t} g~
2o HEHY QY2 AU A d5UTh
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. p7} 7}& 7)= 229 pos 9 x| of] AA ool IS+ 2 E YTk AEsHE 0L
WU T pos7 S Hlojud, -1 2 ¥H3Sl Al IndexError o8& A AU T

s
E

FHa: o]l oo I FERE “F AL FTFE L= YA FE olv] &= FEA s FxE
B 3 U t}(discard).
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void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple_SetItem ()T} HITOIAI T o 8] A= oFA] gkom A 2L FES A& wf *ub* Abg5f of

Fuch

ZF31: This function “steals” a reference to o, and, unlike Py Tuple SetItem (), does not discard a reference
to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

FE 3718 2R AL 5 AFUTh newsize s FE M2 Aol7t HUth FES o)
SRl A AR 2=, A o o) 327} shubek 9l& w vk A}a‘loﬂ FgUH FEo] T2 T2 i
olu] el 70w o] A& AEIA BN 2. FES T4 BolA A AT ol FUT o] AL 2o
RES AL A FES VEL 402 AAHHAL, 00X H B£8R Btk 4FHU 0L
MAFU T}, Febo] 9= T, +pe] ARG o] A 225 A3 Qo A AL U
*p7h 2 she A7k E el <p sha gy Th A9, 18 WSk, *pE NULLE 245,

MemoryError Y SystemErrorS WA Al AU th

8.3.5 XA AIRA ZHA|

T2 AP (struct sequence) 21 A& namedtuple () 7—‘1%]4 Cs7lEdUth S AJEZREE 53l 5
AN A= AR AUTE FRA A DS WY, A EA F2A AEL F2 TEo ok Fyh
PyTypeObject *PySt ruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL. o}&]ol| A H desc?] U0l Z M2 FTZA A/
HAS w5 Uttt 23§99 QA" A= pyStructSequence_New () 2 THE 4 Y5 Tth
void PyStructSequence_ InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc 2 FZ A AAX F nypeg A oA 27183tk
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitType} ZA %9 AF5H 02, Aoistd -1 w3k},
W7 3,40 F7%
type PyStructSequence_Desc
Part of the Stable ABI (including all members). T+ T2 A A|W2 F o wel AR E =3Hs ).

const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.

PyStructSequence_Field *£ields
Pointer to NULL-terminated array with field names of the new type.

intn_in_sequence
Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.
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const char *name

Name for the field or NULL to end the list of named fields, set to Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doc

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField
Part of the Stable ABI since version 3.11. 0|5 = A2 AT 7] Y3 T o]

WA 3904 M7 o] char *olA WA A5 Th
PyObject *PyStruct Sequence_New (PyTypeObject *type)

l(f

o 54 3k

Return value: New reference. Part of the Stable ABl. PyStructSequence_NewType () & & THE typed]
DrEAE Y

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL p7} 7}g] 7] = £ 2 A AJA 22 2 ] posol Y=
AT EAE UL WS AN S AH A ST

PyObject *PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem ()3 S5 uja 2,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. T2 A A D2 po AW A posol] 9= =& 7k o2 AAITYT)
PyTuple SET_ITEM()3} u}A 7R &2, o] AL 2L A AEHAE XL uff b AFL3] oF S T

i

Fa: o g oo T Fx

AU

jul
]

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), but implemented as a static inlined function.

r]r

. =
i o] g

oo gt FxE “F AU},

8.3.6 Z|AE ZHA|

type PyListObject
o] pyObjecto] B P2 dtol g2 E A S e Yt
PyTypeObject PyList_Type
Part of the Stable ABL. ] PyTypeObject A" A E glo]H E|AE 3
AS list o 2 AA Y
int PyList_Check (PyObject *p)
p7hElAE AAG P AE Gol AR F AaBad 3 Hag T o) B4 B4 AT T
int PyList_CheckExact (PyObject *p)
p7hEaE AA AT Bl AE Fo) B Ho) datAs} oW B WAL o] BoE B4
AgFuch

filo
T
)
%
°
=
o
S
rlo
k=)
5
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PyObject *PyList_New (Py_ssize_tlen)
Return value: New reference. Part of the Stable ABL. 433} Z o] len ¢ X B]|2EE, A95H NULLS

ukak g o,

Far: leno] 0XHTE 3 W, v1&H 22E AA 9 FEHENULLE AP YT wetA
PyList_SetItem ()& AA AA = A @‘5} ] A C’ﬂ PySequence_SetItem ()%} &

+8 Mg SAY shol mEe] AR E =28 5 & UTh

Py_ssize_tPyList_Size (PyObject *list)
Part of the Stable ABL listol| A] 2] 2E A 9] 4 o] & vE&3Ut); o] = 2|2 E Ao st len (1ist)
ot FFHUh

Py_ssize_tPyList_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}8] 7] = B8] 2 E ol A index 91 X9 A A&
BT 9125 $57) by ofof Ptk 2] TR E Ad4e A a5 ) g,
index7}F H S ¥l o]} (<0 == >=len(list)), NULLS W83} 17 IndexError o9& A A g}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize t1)
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 G A indexol] &= FES item O Z AT TE AF31H 02 ¥H3Hgt
Ut index7t M1 & Bloj Ui, -1 BESHE}AL IndexError o9& A 5 A3 )

Far: o] gpsieme] e FxE “FAN” dF L XY H2EC 0w 9l o vt
222 YU

void PyList_SET_ITEM (PyObject *list, Py_ssize_t1i, PyObject *0)
o2 ZA}F fl pyrist_setrren() o MAE WA, AWH LT oA ulgo] P Al | AES A9t
ol A-8E U,
FaL: o] Az = itemol] h3 F2E “FA AL, PyList_SetTtem() I 2] A== 5ol thet
FrE WA GsUthlist o i A A A= 2 FrE Lo UTh

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. &% jtem= 2] 2 E [isto] A& X jndex Foll A gyt AZ354H 02 ¥H3shy
Aofstd -1 & 95t o & A AT YT list.insert (index, item) ol 3|3}

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABI. 8] A E [ist2] Zol| AA item-S 271U th AZeH 02 vk o) Agshd -1
= kbl o 9] & AP U 1ist.append (item) of i@yt

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 Aol o = AR ES 351 2
AEE Qg ok A e NULL-E 9Hetal o 2] & A A T YT list | lOW high]of sigeyth

esE 2ol AR E S e A 05 A Do,

154 Chapter 8. 14 ZHR| A|

N



The Python/C API, 22|A 3.11.11

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABI. low2} high AFo] 9] list&ehol A& itemlistS] W& 02 A3t} 1ist [low:high]
= itemlist ol s FF ). itemlist= NULL 4 ¢ A=, W ?4/“5«1 HAS dEPE U (2ol
AHAD. 4FetE 02, At -1 WY th 2 AE ZoAREHY a2 A PE A syt

int PyList_Sort (PyObject *list)
Part of the Stable ABIL. list §5 & A|Aelol A LUt AZsd 02, A9std -1 ¥vhashy ).
o] AL list.sort () & F=3H ]t

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list2] 358 A 2] oA H A5UTh A&3ld 0E, Adstd -1& Hk3ghyoh
o] AL list.reverse () & =53]}

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL list2] U-8& £33l= A F& AAE vrasyo
tuple (list) & 5T}

8.4 ZH|0|Lq ZHA|

8.4.1 ElML{2| ZHA|

type PyDictObject
o] pyObject] B P2 stold gMie] AAE UYedYTh

PyTypeObject PyDict_Type
Par of the Sable ABL ®) 2y Typeob ject 91282 Shol 112 B LT o) AL shol
AZ2 dict &} 22 AR Yt}

int PyDict_Check (PyObject *p)
p7hdict AR o Atk dict B AH W] ArE AT FS v o e B4 43T

int PyDict_CheckExact (PyObject *p)
p7hdict A o] A 2k, dict B A H ] AAB AL o©

_‘d
v
e
Y
ftfo

)19
i)
v
=
o

o
rlr
odt

%,

>
of
i)
v
i

PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. M| 22 ¥l 9 A 2] & ¥k&s} A}, A 95 NULLS
LliacgBh=
PyObject *PyDictProxy_ New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. ¢}
MappingProxyType A& Wkt o] 212
3L WA A FE vteE o A E YT
void PyDict_Clear (PyObject *p)
Part of the Stable ABL. 7] & 9189 & 7]-2F A< 82U Tth
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL & 42| pol key7h £8 0} 9l£A) AT e pel FEo) key9} AT 1€
Hkgtelal, 29X ko 08 v T o W -1& vkEgt o
Fs gyt
PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL p2} 222 7]-ZL & 2 8st= A 9 A Y 8 & &gy o).
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int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. © A 4 8] poll val2 key 712 A AU T key= A 7FsdlloF gyt 22
9r.o¥ TypeError7h HARYTh A5 02, AsshA 12 MAFUTE o] T4 valo] U S
F2E FAA Gwunh

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the Stable ABIL. This is the same as PyDict_SetItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

int PyDict_DelItem (PyObject *p, PyObject *key)
Fart of the Stable ABIL. 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 ABL This is the same as PyDict_DelItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyOb ject*.

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. © A\ 2] pol| A 7] 7} key Q1 A A| & ¥ESEsHU T} key
77} 9o o9 8 AR HA gk NULLS W o

Z31: Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead.

WA 3100 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 ABL. 9| 2] & A3} ¢+ PyDict_GetItem ()
HY AUk o e 7 Eg st o ] & A8k NULL g WU th 7] 7 Lo ol & A oA AL
NULL S WHehgh ot

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem (), but keyis
specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

ZF31:  Exceptions that occur while this calls __hash__ () and __eq__ () methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict GetItemwithError () function with
your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] A2 dlo] ¥ &9 dict.setdefault () & Z5 Uttt &A3514,
gA 2] poll A keyoll 3l 33t - WU T 7] 7k dictoll 12, gk defaultobj 2 4t 9 =] 31, defaultobj
7h REgg Uth o] @& keyd] SIAl F4E 23] DAY A6 SHH LR FIhoke thAl g Rk
A5
WA 340 27}

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. A &9 R E qE & X33} PylListObjectE

ukak gy o,
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PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. B 8|8l BE 7| & X3 3l+= PylistObjects
W .

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. G 8] po] B E 7t £83t= PyListObjectE
e o

Py_ssize_tPyDict_Size (PyObject *p)
Part of the Stable ABL &A1 2]o] 9= F5o] 2 waghth ol gAY el ta len (p) 9 55
.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_ t referred to by ppos
must be initialized to O prior to the first call to this function to start the iteration; the function returns true for each
pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue should either
point to PyOb ject* variables that will be filled in with each key and value, respectively, or may be NULL. Any

references returned through them are borrowed. ppos should not be altered during iteration. Its value represents
offsets within the internal dictionary structure, and since the structure is sparse, the offsets are not consecutive.

oE =4

p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

gMU e pe ol ol Foll A= tE U 9AURE olHE ol E @ = WA s A2
bAstA R, 7] A o] MAH A ¢be e AZ YTk & 9

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 (o) ;
return -1;
}
Py_DECREF (0) ;
}

L

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Partof the Stable ABL W% 2] bE o €]l o] £ 31814, 7)-gk 42 G412 aoll 2745 T b G4
2] AV PyMapping Keys ()& PyObject_GetItem()E A Qdte= BE AA L 4 U5 U T override
7} Zol W, adll Y= 71 %ol boll A 01743}: 717} Qo WA= 31, 1E A ?%’2‘?“; ast Yt 7| 7F
A= W gk o] kg Uth Ad-3etH 02 Hhgketar, o 9] 7 A 5 -1 vk T
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int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL ©]+= CojlA] PyDict_Merge (a, b, 1)%} 23, F HA] QA R}of “keys” o] E 2] H
EZF el pyDict_Update () 7} 7]-3k %] Al 2ol thsfl o] Bl 8] o] E 5}A] =T @ 2k A 9] 5Hd,
glo] Mol Al a.update (b) & AU T A58 0& HEghstal, o 9 7} 3 A oh —12 Hkghety o)
int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABIL seq29] 7]-7k 22 AU a& JASFAY HETUTE seq2= 7]-3L o2
4ok 20)29] |21 AA1E B ol H Y H A oJok TUITh 55 717} 510, override 7}
Zhol ™ mpxuto] elstal, 23 A F o™ A MA 7 el Ut 4F Al 02 WHEkstar, o 9] 7 Ay ok
-1& Wb th 553 stol 2 ol F5Uh(ukst gk Al %))

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

This section details the public API for set and frozenset objects. Any functionality not listed be-
low is best accessed using either the abstract object protocol (including PyObject_CallMethod(),
PyObject_RichCompareBool (), PyObject_Hash (), PyObject_Repr (), PyObject_IsTrue(),
PyObject_Print (), and PyObject_GetIter()) or the abstract number protocol (includ-
ing PyNumber_And(), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr (), and
PyNumber_InPlaceXor ()).

type PySetObject
This subtype of PyOb ject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type
Part of the Stable ABL. 0] A2 3}o]H set & UYEIN = PyTypeObjectd AAH

[>
0
<
kv

PyTypeObject PyFrozenSet_Type
Part of the Stable ABL. 0] 242 5}o]# frozenset 2 YEIW = PyTypeobjectd] A" AT
0 ¥ A MEEE RE stol 4 AR e A A AF Tk HAAAE, AR FHE B
ol E1 2] 3 shol A A A a&w o}.
int PySet_Check (PyObject *p)
p7hset AAY A1 o] AAEAE 2 BT o] B4t B AT P
int PyFrozenSet_Check (PyObject *p)
p7Ffrozenset AR A B FO] A2 e Wetth o] = 34 43Ut
int PyAnySet_Check (PyObject *p)
p7t set A, frozenset A Ex A2 § dad Y FS wBATU o] A4t B4 ATY
U,
int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.

WA 31000 &7}

P
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int PyAnySet_CheckExact (PyObject *p)
p7tset AR frozenset AA o] A ¥ A B o JAAE A= of A I w3t o] 4= 4
hcaasi=g
int PyFrozenSet_CheckExact (PyObject *p)
p7} frozenset AA|ol 4w A2 ge] 2Rt ol 2 NIRRT o] $4s A A F R
PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterablel] 2] 3l 913+E AA S E3= M ZF set S
WU T iterable> A E 2 W e W57 A8 NULL A 5 AF5UTh AFSHE A A, Aol
St NULL 2 RESHHU th. iterable ©] A A 2 o]l 2] £ o] o} YW TypeError & LA U A A=
Ae BAE wl = 78Utk (c=set (s)).
PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABI. iterable©l] & &} ¥I3tH AAE T3 Z2 frozenset
= WUt iterable-> A 2~ R frozenset-& BHE 7] 913 NULL I 4 5 Th AFsHd Al AT,
A3 3HH NULLZ WU T} dterable©] A A & o] ¥ 2] E-©] oF ¥ TypeError& WAAAI YT
set o]t frozenset & JIARA EL= TE59 A E o] B0 3] ths -} 22 E AT 5
9%k,
Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABI. Return the length of a set or frozenset object. Equivalentto 1en (anyset) . Raises
a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_tPySet_GET_SIZE (PyObject *anyset)
o] AL §le Pyset_size ()9 iR P A

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABI. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike the
Python ___contains__ () method, this function does not automatically convert unhashable sets into tempo-

rary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a
MemoryError if there is no room to grow. Raise a SystemError if sef is not an instance of set or its
subtype.

e B4 set ol uh 1709 A1 go] Axm ol S 4 AT, frozenset o] L A1 B9 gl
Hool s A F 5 g
int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABIL. Return 1 if found and removed, 0 if not found (no action taken), and -1 if an error is
encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable. Unlike

the Python discard () method, this function does not automatically convert unhashable sets into temporary
frozensets. Raise SystemError if sef is not an instance of set or its subtype.

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL setoll €] 1= 492 AA ol o gt A} =& vk,
seto) X A5 A AU A3 6t NULL-S WU T o] vo] oW, KeyError & S Al 7]
Ytk sero] set o]y 1 A H o] AdAE AT} oYW SystemErrorS WA U TH

int PySet_Clear (PyObject *set)

Fart of the Stable ABI. Empty an existing set of all elements. Return 0 on success. Return -1 and raise
SystemError if set is not an instance of set or its subtype.

I
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8.5.1 g x|

shold g9t A @ A4 471 Aad
type PyFunctionObject

ool AHgHE C TR,
PyTypeObject PyFunction_Type

o] Z1& PyTypeObject ] IA® 2ol n sfo]l
FunctionType 2 2 =< Yt}

2 e UL shol# =2 17 vjo] Al types.

4>

int PyFunction_Check (PyObject *0)
07} &4 AA (PyFunction_Type §)H LS vkgshyt} v 7] W4+= NULL ©] ofi]of oF gt} o]
e T4 A FIU,

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. T E= A code2} ABH A &4 AAE ¥133 Ut} globals= 3ol A
A2 4 9l Ao WA7h gl B M 2 oo of e,

The function’ s docstring and name are retrieved from the code object. __module___is retrieved from globals.
The argument defaults, annotations and closure are set to NULL. ___qualname__is set to the same value as the
code object’ s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. As PyFunction_New (), but also allows setting the function object’ s

__qualname__ attribute. qualname should be a unicode object or NULL; if NULL, the _ _qualname_
attribute is set to the same value as the code object’ s co_qualname field.

W7 330 27
PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. &~ 24 A op &} A FH I = AAE &3 o}
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. < A A ope} A&H A GV 2] & H3kshy 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. 35> A A op&] Q1 2} 7] B 2k-S w13k3 ). o] &= ¢121¢] FZ o] L} NULL
2 5 95U ok
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
T4 AR ope) AR 7| R3S AR T T defaulis = Py_None o] 1} 52 0] o] of FUT),
A st systemError & WA A 7] 11 -1 WESRHU T}
PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. & A op2} A#H S Z A5 wrEgth o] A2 NULL ©] U A 2 A

o] REYU & AU
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int PyFunction_SetClosure (PyObject *op, PyObject *closure)
o AA opSt AHE 2EAE DA FUTE closure= Py_None o] 1t A A4 &] & o] o] oF ghy o}
A9 3t SystemError& WAA] 7] 21 -1-& HHE3H T

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. &5 21 3| op2] o] = H| o] A& ¥t&ghu ). o] 212 7} g - v 2] L NULL
o] /'\ o] 2= 1/] r,],

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations )

A ope] o] = H o] A& A AU T} annotationsS H A 2] Y Py_None ©] o] oF 1t}

A5t systemError& A A 7] 1L -13 WESgHU T}

8.5.2 QIAEIA HIME 2K

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunct ion to a class object. It
replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
o] PyTypeObject ALHAE Jpol i AAHA WA E S Yebdyth shojd =2 Tl &
) ek
int PyInstanceMethod_Check (PyObject *0)
o7t 28"~ HAE AA Y ZFE& WSSt} (PyInstanceMethod Type FJUTH. w7 A=
NULLo] ofu] ojof gtk of i A4 A A ok
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.

tr
e
i

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. Q12282 WA im3} AAH St AA S 9133 o

17

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2% ZAAE 3]3S} PyInstanceMethod Function ()9 W3 & B A.

8.5.3 HIAME ZHA|

HA == AZ49 (bound) T A AU T WA=
2= 2] 942 (unbound) WA = (S22 Ao A2
PyTypeObject PyMethod_Type
o] pyTypeObject AAHAE Fho| A WA E FS UEPHUTE o] A2 Tto|d =2 T3 types.
MethodType & ==H Y}
int PyMethod_Check (PyObject *0)
o7t A= AAHE FS vt Ut} (PyMethod Type & QU ThH. ] 7] M <4= NULL 9] o}y o of §H]
T}, o] B4 A AT T}
PyObject *PyMethod_New (PyObject *func, PyObject *self )
Return value: New reference. M 22 WA= AAE S F YT} funce ZHE AA o), self =
| =7} A A ook & A B AU func= uﬂxi c7tsEE w &2 T4 AT self = NULL O]

ofujofof g th.

T L AR A SExd dagao] Adg Y A
HAE)E He A2 5 AUtk
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PyObject *PyMethod_Function (PyObject *meth)

Return value: Borrowed reference. meth W] A =9} A AH = AR E ¥i3kshy o}
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

Return value: Borrowed reference. 2% A S 1|8} PyMethod_Function ()2 322 W A.
PyObject *PyMethod_Self (PyObject *meth)

Return value: Borrowed reference. meth M| A] 29} AAH A AEHAE W3S

rit

U
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 5% A S 33t PyMethod_Self ()9 W3 ZE B A.

8.5.4 Ml ZHx|

A ofE) el G2 o W g PG H AR UG o2 Wuieh 8 A2 A

/K,J_ AR 7} Bt ol F Utk 32 712'6}% 7+ ~8) 2 Qo] A Mg g HEE AL QR AT
Aol th gk Fx7 FF Ut groll AA26tE, A A z]—;q]uﬂzq Aol 38 o] A2 E U T} o] 2] 3k A
AA| 2] o FZ (de-referencing) = A4 F vlo] E I =2 RE| o) A Pe] Bk A2 A b5 oz APz
5] gkzrUth A AR L T2 ol 834 Uth

type PyCellObject

A A o AHEH = C 2 A

PyTypeObject PyCell_Type
A A3 o) S ek o A,

int PyCell_Check (PyObject *ob)
0b7} AL AR W 2-& MR T b NULL o] objofof S k. o] St B4 A F Tk

PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 3} Z3tst= Al A A& w51 ¥ists o) w7 A= NULL € 5
9% yh,

PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] W& JF3+gh o}

PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell2] U] 82 WSS A| T, cell ©] NULL ©] o} X 2} A A A QA&
glshA] k5T

int PyCell_Set (PyObject *cell, PyObject *value)
A AR cell®] W&<= value2 A7) o] A spd A o] A Wj§ ol that FxE A YT value
L NULL 2 % Q& Ut call= NOLL o] ofu]o]oF itk A AR 7k ol W, 1 o] ukEHE LTk, 4B
0o] wrekE it

void PyCell_SET (PyObject *cell, PyObject *value)
A AA cell®] 32 valueZ ARFUTE Fx A 2AHA G2, A2 AT GAE o] F o)A A

9% U1 Th; cell & NULL o] oFv] o] of 5431 41 7 4] of of 3] .
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8.5.5 T = ZiA|

SLE AA) & CPython TR A4E AR AZYUTH 7 AR & ob4 F4o] Fol A e 4% Fsd 3
FolglE yebdyth
type PyCodeObject
= ARE APehe o A AR C AL o] Yol BuE AAEA WAD 5 dFUh
PyTypeObject PyCode_Type
This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
int PyCode_GetNumFree (PyCodeObject *co)
cool gl AHf Mo A5 E WBF UL,
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 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 3.119 4 B 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.

H A 3.89 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 Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int
*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.
Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.

8.5.
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WA 3119 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 exception
is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

WA 3.110) =7}
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 3119 F7}.
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.

HZA 3119 7%
PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an exception
is raised.

HA 3119 7}

8.6 7|E} ZHA|

8.6.1 u} ZHH|

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/0 (FILE*) support from the C standard library. In Python 3, files and streams use the new i o module, which defines
several layers over the low-level unbuffered I/O of the operating system. The functions described below are convenience
C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter; third-party code is
advised to access the 1o 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] d# &= 549 514 7]& A} fdi gol A =ty
AR S 25Ut A} name, encoding, errors 9 newline-< ]E%): S &3] Y8l NUuLL d 4 Y5y Ttk
buffering 2 71 2-3k% A&7 A3 -1 A % LU T name® TS 11, o A WA T HA S A9
FAE U A3 Al NULL= ‘ﬂi%}%“%ﬁ‘r. Azpel het o ApM S -2 io.open() T ABAE
B2 2.

¢

HY ASS 7HAL e, 0S +F2 3 7| Aot 3etd
Ut (7} o) o] E%/] of| 2] K8t = A).
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W 32004 HA: name ) EB]REE FAIFYT
int PyObject_AsFileDescriptor (PyObject *p)

Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its value
is returned. If not, the object’ s £ileno () method is called if it exists; the method must return an integer, which
is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)

Return value: New reference. Part of the Stable ABL p.readline ([n]) @ 55Ut o] st¢= AA p
A S AFULE peE Y AA Y readline () WA ZE7F A+ ¢ YUt} no] 0
o™, o] Aol BAG o] A3 A =S 01’“14@ nol Rt A

=
1eisl A9 - 9
n]—O o

=%

]
UUh B9 Fol MEHE 5 Utk F AP BF, 5 2o 3
o1t ool ehno 08 2 0 8, 2 0|31 A1 01 B £-2 2 A1 51l o] ] ko
7h g gch
int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A& handler & &3l W7 ®i4E A L3I EF io.open_code () & WA 522 Ao Tt
The handler is a function of type:
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)
Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaran-
teed to be PyUnicodeObject.
userData ZAE = & T2 AgUth 5 5 th2 HEdoA S22 5 Y28 &, o] ZAH =
shol AElE A4 =W o P Utk
2 EHOoR YEE Fo| A BE,
A otiehd £ s Fol A2 BES 9
o] AAHY, AAFAY ZA D + gle
o ATk A Al B -12 Bl
5
k

Hol

1A= A (frozen) sys.modulesol Yot L& A
ZESH= AL 93 AIL

-

m, o]Z 9] pyFile SetOpenCodeHook ()l th3l &
o

AEZ 2|87t 27]315 o™ o9 & AT

oS oM O
o Ho

o] &= Py Initialize() Ao T&
Q1 A} gl o] ZHA} o] HI E setopencodehoo
W 3.8 7}

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABI. Write object obj to file object p. The only supported flag for flags is Py PRINT RAW,
if given, the str () of the object is written instead of the repr (). Return 0 on success or —1 on failure; the
appropriate exception will be set.

int PyFile WriteString (const char *s, PyObject *p)
Part of the Stable ABL. 214 s& 3L A A poll $uth AFslH 02 ¥H3ksta, A u)
Utk A A3 J.a;]gﬂ_ A A= Ytt

e —1-8 wkskat

oll
o

8.6.2 T = ZHH|

PyTypeObject PyModule_Type
Part of the Stable ABL. ©] PyTypeObject 12EH A= glo]H 2 E L JEPH YT o] AL types.
ModuleType O 2 Tto|W =2 3o =& H Ut}

int PyModule_Check (PyObject *p)
p7t 2E AA o] AY BE AA Y B FolH g vt Ut o] T4+ FA4 AT
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int PyModule_CheckExact (PyObject *p)
p7t BE AR O\ AT, Pyiodule_Type] AH Fo] ol B F& W of Yot T4 HBY
e},

PyObject *PyModule_NewObiject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9| EZ|HE 7} name S 2
AARAE AN g AAE 9SSt 259 _ name_ ,_ doc_ ,_ package_ % _ loader_ o]
EFREZTAYAUY (_name_ S A|2]sta EFNone o2 AAFFH UL, file OEHREE
AF e A T2 AL AU
B A 3.30] &7}
WA 34004 HA: _ package_ 9} loader_ 7}Nonel Z HAAFH Yt}

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule NewObject ()2} 8] <=3}A] 9k, name ©]
Uze AA thA UTF-8 2 A7 d FA9 4yt

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module ] ©] & 37+ F+3A3t= YAy g AA
Hhehetu ol o] A= 28 AAY __dict__ o]EPREL ZF Yt module©] 5 AA
AA S A B )7t kU™, systemError 7} &Y 8431 NULL ©] RESHE U th.
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly manip-
ulate a module’ s __dict_ .

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name__ ZF< ¥F3hgh o).
EEo] AlFetA A, AL o] ok H, SystemError 7F Y SAL NULL ©] RESHE U T}
HZ 330 F7%

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule_GetNameObject ()&} B3R 'utf-8'Z A FHH o] && 1}
a5t

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 2 &2 “Je”, & B 44 A @FH WREg E5& 7He) 7] & 2AEH Y NULLES
wigkstu o PyModuleDef.m _sizeS JFR A L.

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. & 0] BHE0} A pyModuleDef T2 Aol Tl &+ Z A E L ZE o] A 2] of| A uHE o]
A A FSEo M NULL = REH g o

PyObject *PyModule_GetFilenameObject (PyObject *module)

Return value: New reference. Part of the Stable ABlL. module®] __file_ ol EZHEE A}-£3}9 module
o) 2= 519 o] 22 WAL 4] @A FUTE EA4Do] o ¥, Systentrror &
QFAY Al 7] 22 NULL= RS oh; 29 7] ko d fUI = AR o i $t 2 & wghh

B A 3.20 F7}.

const char *PyModule_GetFilename (PyObject *module)

sk o,

WA 328E H X F: pyModule_GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.
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o]
fob

CaE X735}

5E AAE dNHos $g REE/S F4E W 25 olne e ol AndE BE (%73
#%7} PyImport_AppendInittab ()& AHgste] F7hE) o)A Bl AU th A3 gL

building L}
extending-with-embedding & 2 3} Al 2.
2713 35 BE Y A" E PyModule_Create ()] AEstal 23 2& AAE vt A, H 9

T-Z2A AAE wrgsto] ‘oA 2713 238+ syt

type PyModuleDef
Part of the Stable ABI (including all members). 25 AR S A=t AQF REABE T Y= E
Aoy FxA. dutg oz ZF R g i) o] o A o= 2731H HETF s 5y T

PyModuleDef Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.
const char *m_name
A 252 o] 5.
const char *m_doc
REY EAEY; YUlA O F pypoc STRVARE THEoj A EAEE W47 A2 U Th

Py_ssize_ tm_size

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ £ ree function has been called, if present.

o
N
()

£ 1% 445 BEo) A 4TS 27 wEo] An Qe mel e A A8t FerThe

1w

IAANO)

rlo ngi
Hlo
o
RUNIEAS

&
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PyMethodDef *m_methods

PyMethodDef FOZ 7|gH € BE +F FF Hlol2ol e 298, &7 gled NuIL Y

AsF Utk
PyModuleDef Slot *m_slots

oA 27318 et &2 Ao w4, {0, NULL} FEo 2 2P Uch urkA 27318 A8 3
w), m_slots= NULL ©] o] oF g+u] t}.

WA 350041 W70 WA 3.5 o] Ao, o] W7k G NULLE A5 o, et o] el
Asrick
A\

inquirym_reload

traverseproc m_traverse
EE AAe GC gAY F a2 g ek, 28314 of 0 W NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

WA 3904 M7 25 JEi7 29E 7] Aol te 229 A dsdth

o H
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inquirym_clear
25 AAL GC A Fo & Al (clear) T4, B 2314 oW NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

WA 39004 |7 2E A7 2EH 7] Aol tle TEH A s UTh
ﬁ*eeﬁmc m_free
AA E A Foll T Tt B2 8HA] 98 ¥ NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

WA 39004 WA BE AE 7 BRE 7] ol B 359 A gyt

713} e BE AAE A vl S 5 s Uk o] AL ‘B A 2713 2k ok, o2
4 B4 % S Ae ok
PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABL def2] 7 2ol wlel, API ¥ A module_api_version-<
7t st Al E AAE HEULE SiE WA Ad S Az E HAT XA dod,
RuntimeWarning< 3_ WA A 7Y T}

i ol g tRE PyModule Create ()& WA AHSdl of bt 245] 42 & ulj vt AHE-5H4]
(e}

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_AddObjectRef ().

CHEHA =713}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is created,
and the execution phase, when it is populated. The distinction is similar tothe _ _new__ () and __init__ () methods
of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection - as with Python modules. By default, multiple modules created from the same definition should be independent:
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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

PyType_FromSpec ()).
A 27345 AFgste] ®
=9dom g AL
oA 27135 2437 A8, 2713 §
PyModuleDef AAAEAAE WISt H3E 7] Aof, PyModuleDef 91
2 7] 315 of Ttk

PyObject *PyModuleDef_Init (PyModuleDef *def)

ESAMEdHzHEAYE Acr 7Hg Yt s RE2
2487 S 2

Return value: Borrowed reference. Part of the Stable ABI since version 3.5. & 242]7

27 Huste SutEA 271309 shol A AR o) Al ot
defE PyObject* 2 J|AE dtA L, of 2] 7h A shd NULL & Wby
WA 3,50 F7%
25 A2 m_slots W)W = PyModuleDef_Slot FZ A2 Wi d-L 71| Aok Fych:
type PyModuleDef_Slot

_\d
ot
W
e
BN
s
i
g

*

int slot
obel AW E AR A5 gt FoIH AEE, L2 D,
void *value
<2 Do wet 1 Ju) 7 dElR =, £ 29 Zh
WA 3.50] 27}
m_slots Wl AL id7} 09l &F o 2 ZFE 3 of g}
e bR % gL e 2y
Py_mod_create

5 AA A € 7] 98] L= e E AL TUN ol €X Y value ZJAB = AR 22 AR S
e dE A i

PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] 1= PEP 451¢] o] ® th &, ModuleSpec IAH 28 BE FOE WUt A & AAE
W3E AL, ol 2] S A A8k NULL S BHEke] of gtk

s Ut ol 52 F o7t ol gk specol A AU 3 REC| T Y BE 9
PN NG Aol FHoR 24T JEY JAS FH e oJEoR YTED
gk

WhhE AR 7} pyModule Typed A2EA d Bk QHUTh JZE B o= HE AT 97
E XY= 2 E S AR E = Jd5 YT 28 Y, PyModuleDef ol NULL O] oFd m_traverse,

_clear,m_free;00] o) dm_size; =+ Py_mod_create °0]2] 9] £F 0] 1.2, PyModule_Type
Axd s whubebd = o5y th
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int exec_module (PyObject *module)

&) 71¢] Py_mod_exec €5 °] A A, m_slots ¥ Gl YEF= =AU 2 A g Ut

Al 2713}l o 3 AR 7 -8 PEP 4895 FE A Al 2.

B

4

E.% AHA{ S}

oo

ook

A
T

O A 27132 AR Sl 1 ol oAl = the vt EEH UL o2 AP AR e, dE S
EEARE SZF oz NS 225U RES 943 273818 W PyModule_FrombDefAndSpec
PyModule_ExecDef& BF T &3] of o 5234 Al L.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule_ FromDefAndSpecZ () with module_api_version set to PYTHON_API_VERSTION.

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] 4= R E PyModule FromDefAndsSpec ()& WAl AbEafoF 3t th; &H4l3] 283
=

B A 3.50] &7}

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3.7. defol] A A H 2E A3 &£F(Py_mod_exec)S A&}

WA 3500 7}

int PyModule_SetDocString (PyObject *module, const char *docstring)

o 507 3&F YT
B A 3.50] &7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABI since version 3.7. NULL % & functions ¥ 4 2] S5 modulel| 37Ut} 7
d g5 gk A g &2 PyMethodDef ABAE FERFAANL (T BF °olF ¥
7l Zoll, CE FdH EE +F “F (functions)” = ¥tA o2 A WA w7} A= RES
stol, sfoll Fejao] A" A HAES} FASHA WEUth. ©] ¥4 = PyModule Creat

PyModule_FromDefAndSpec& A& 35to] PyModuleDef oA RES UHE W A5 02 TEH YTk

B A 3.50] &7}
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BE 2713} §5(F0A 27188 AgetE 49 BE A SR04 525 B4 heA 271818
g A9 L, BE A 27512 290 e B4 AST 5 dEUT

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 (), but steals a reference to value on success (if
it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

ZF31: Unlike other functions that steal references, PyModule_AddObject () only releases the reference to
value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

Example usage:

8.6. 7|E} AHA| 171
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-
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0O;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Stable ABL. module® 34 44E name 22 F 715Ut} o] 9 4= R EL 27|35} g
oA AHEE 4 AF YT oY Al =, 4% d 02 v o
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL. moduleol| 224 A+E name 2. 2 713Ut} o] HQ st R EQ 27|35} g
A A& 2 U5 B £ value = NULLE Z1ko} uITh ol e A 1%, 45 A] 02 WEHgI .
PyModule_AddIntMacro (module, macro)
module o int FE FAFYUD ol R F2 macoodl M HFUoh  AE =
PyModule_AddIntMacro (module, AF_INET) -2 AF_INET 7S 7} int A4~ AF_INETS moduleoﬂ
F7hgu ek @l Al 12, 4E5HH 02 W o
PyModule_AddStringMacro (module, macro)
modulel| A+ E F4-E F7H U T
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Partofthe Stable ABI since version 3.10. module®l| & AA S F7Fg Ut R A O Z pyType Ready ()=

SEcjo] 3 221 E shol defel gtk & AN o1 E2 A 7 tp_nancsl v T4 L4
AAgUT ol &7 2AsE -1, 4 ehd 0 AT,

WA 3.9 &7}
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PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference Part of the Stable ABL. & A 21 = 2] € o] th&f| def o] A W5 o] X

fus

2z
A= ‘i’}:?}?‘/]‘:]' ol YN EE AFEF e H WA 2 E A A 7]—Py5tate AddModule () & QE] Z 8]
gEf Ol ¢ éﬂﬂdﬂ%@ﬁchﬂEc ﬂ%;%*“ﬂ%ﬂﬁﬁﬂﬁ“ﬂﬂﬁ A4
SFsko ™, NULL S WhEHeh Ut

int PyState_AddModule (PyObject *module, PyModuleDef *def)

Part of the Stable ABI since verszon 33. %o A 25 AAE JdE =z E Ao dZ2F Yt o=
PyState_FindModule ()& 53] & AA o M5 A== 3
oA 271318 ALg-she] BhE BE oW 2371 5 U

golHE RELS IFXE 3 T xFo0=F PyState _AddModule & T E3l2=E, BRE 27|
oA BEFE AL BARFUG (AW 7 FAGUD. LEe) A 2718 e 2
PyState_ FlndModul 235 Aol TZ0] AQFUT) o] T =7 ook Y
EWAUSS T A AU (A H T=5tA, 223 e B Aol th gk 24 & 8ol ths
il %‘%Z?}gim).

T A= GILg Efraf oF Futh
4358 02, Av)5el 12 W o,
B A 3.30] F7}.

int PyState_RemoveModule (PyModuleDef *def)

Part of the Stdble ABI since version 3.3. defoll A W&o 2F A S AE Z e g AEjoll A Al At
dE3std 0L, Aot -1 gyt

S EA=GILES Evoﬁ oF gyt
¥ A 3.30] 7}

RN

*

B

i
9 bl ot

N}

8.6.3 O|E{zl|0|E{ ZHA|

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the ___getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.

PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqIter New ()&} WA AlB Fofl thdl iter () WA 49 &b 2z}t
B 410] oo w2 o] Ejel o &} Aol e W AA.

int PySeqIter_Check (PyObject *op)
op®] Bol pysegiter Typeo|d F& EHFUTLH o] 4+ T4 437U

PyObject *PySeqIlter_New (PyObject *seq)

Return value: New reference. Part of the Stable ABL. LXF A| A2 AR seq et 7| 2531 olEld| o] E &
WSSk A @7t B AT YA A A IndexError & 4279 o] gl o] A o] Tt}
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PyTypeObject PyCallIter_Type
Part of the Stable ABI. PyCallIlter New()%2titer () W& T4 F QX & Ao 93] widH o] g
o[ &} A A ol )3 % A,

int PyCallIter_ Check (PyObject *op)
op®) ol PycaliTier TypeolW & BUFULH o Y4t S B HULH

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL. M| 2 -2 o]E| & o] E]| & S8 F Yttt A WA vj7) A
callable> "1 7] W= Qlo] &2 = e BE do|d T E AA L 5 AsUTh 4 52 o B gl o] A
o vk FES Wkl of U th. callable ©] sentinel 2} 22 gk WHed o]l o] d o] TR H U Th

8.6.4 C|A3ZIE A

“Taage s AA9) AR B RES 71&she AR AUTh 2ASL & AR gAY el Y5
PyTypeObject PyProperty_Type
Part of the Stable ABL. W tA23HE FEL2 3t 3 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABIL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )
Return value: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI
int PyDescr_IsData (PyObject *descr)
Return non-zero if the descriptor objects descr describes a data attribute, or O if it describes a method. descr must
be a descriptor object; there is no error checking.
PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABL

8.6.5 =2}l0|A ZHA|

PyTypeObject PySlice_Type
Part of the Stable ABL & 2}o]l AA| o] & AA|. o] 21L& sfo] W AF2 slicedt ZFYrTh
int PySlice_Check (PyObject *ob)
ob7} & eho] 2 AA W 22 I T b NULL ©] ofulo]of FuTh. o Y4t B4 AT I Th
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Part of the Stable ABL. X A 2t 2 M EL &gfo]lA AAE st
start, stop 2 step VA7) W4 2L o] o] Lol A AR o2 HES Fhow AP U B
NULL 9 4 912w, o] 75 None o] 1% ol E2| HE ALGHUTH A AAE BT 4

= Wy
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the Stable ABL. Z 0] 7} length ] A| A 2~& 7FAQ 81, & 2Fol & A A slice ol A start, stop H step 1 E)
28 A ST lengh BT} 2 H 2 S o2 = A ] g,

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 /152 MM I A e AUk,
#3200 4 8 73: Aol slice W) M) vl W4 B o] PySliceObiect * AU Tk

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step, Py_ssize_t *slicelength)
Part of the Stable ABL. PySlice_GetIndi ces ()5 &ustA A gyt 4ol 7} length <l A A2
7} A ho], & 2fo) 2 A A sliceol| A start, stop H step Q1A A5 714 @ 11, slicelengthol] < EFo]2~9] 24 O] =,
ﬂ%@QQ%%EWﬂ%ﬂﬂét“%Aﬂ1£4ﬂﬂﬂ“%%m”ziﬂ%qw

EshE 02 NS, o)W o)) B 4TI -1 Mg

Fa: o] T IVE ZHT F JdE Ao FAFA G2 Aoz HEFYUL T2
PySlice_Unpack ()€ PySlice AdjustIndices ()2 230 2 A= oo rc} =

f

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

ergow AU

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
I3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 W7 Aol = slice v 7] W] wj 7] B4 P o] PySliceObject* JFUTH

WA 3.6.19 A H7A: Py_LIMITED_APIZ} AAE o] A & 741/} 0x030504003} 003060000 (&
3ot A k) /\]'O] 1} 0x03060100 ©]AFY ko= "4 A= 9o, PySlice_GetIndicesEx () &
PySlice Unpack () &+ PySlice_AdjustIndices () & A&3t= a2z FaE U Th QA X} star,
stop R step= o1 2] W F7Hg U

WA 36158 d A= Py_LIMITED_API 7} 0x03050400X o} 24 1} 0x030600002} 0x03060100
(Z3alA] &) Atelo] o' HAE oW pySlice GetIndicesEx ()« HAH 4yt

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py ssize_t *step)
Part of the Stable ABI since version 3.7. & 2Fo]2 A A 9] start, stop & step H| 0B WHE C AFZ =
StUth PY _SSIZE T MAXHTUFEZ ZEE PY _SSIZE T MAXE X-83] £0]3,PY _SSIZE_ T MINHET}
Z+L start 2} stop ¥ PY_SSIZE_T_MINZ Z83] &£0]3, -PY_SSIZE_T_MAX BT} 22 step Zt<
—PY_SSIZE_T_MAXE Z43) =9 yrch
ofgid -1Z, 4Fstd 02 vk o
WA 3.6.10] =7}

Py_ssize_tPySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. | @ length Z o] 2] A| 25 7} 4 5} 9] start/stop & &}o] 2 &l A~
= 243UTH WIS Mok QU AL Quk Sero] 2o] Aele} ApE Aoz ALk,

Serol 0] Yol B MAFTE G4 AT UL o] ES TE A GHUT
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WA 3.6.19] 7}

Ellipsis 24|

PyObject *Py_Ellipsis
stol A Ellipsis AA. o] AR WA=} A5 UTh Z2 50 Beste] thE AR 9} vhd A 2
el ok AUtk Py nNoned} upR7IR 2 AZE A )

8.6.6 MemoryView ZHx|

memoryview AAE C £% 3] SIE] o] A% THE ARG IAAAZ ADE 4 Qi ol AN =
ok
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. ¥ 3 Q1 E] 5] o] 2 & A F-3}= 2 A ol Al memoryview 2
AE WU o7 227 7bs & ¥ 3] A5-2 2| 213k 8, memoryview A1 = 9171/2: 717} 5 31, 18 A
2o 97] A8 ol ALt AF AL Aol e} ¢l 7)/22717h B 5 Qv
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. memE 35 ¥ ¥ 2 A}-8-3}o] memoryview
A W5 Uth flags= PyBUF_READ W} PyBUF_WRITE % ShUbd o 55Ut

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. o] 2 W3 FZA| viewE 7%
memoryview 4 2| & TH5 U Tk P8k ulo| E W ¥ Y] A<=, PyMemoryView_ FromMemory () 7F
5= g

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥] ¥ QE]#| o]~ & Ao 3= AAZHE HEE Y
A< FF(‘C’ Y ‘F ortran order ) & memoryview A A S 2H5 U T W 2 8] 7} ¢4 2 o] M memoryview
A= A W2 E 7ty 283 oW, BEARR o] ¥HE 0] 2] I memoryview = A v} EF

A7 S 712 Ay,

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

e

int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview A A H & QYT A A= memoryviewd B ZEAE TH
o} o] gt B 4 F I

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& AF ¥ 3 2] memoryview 2] H|F 7| EALE 9] ZAH E =85 Yt mview HFE X] memoryview Q1
2" op UL o] AR E FZ FRISHA ornz Ay AAR oF Ut 18X oW S &
Aglol ik

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] ¥t o 2 & A F A A Ao o = 2 E Y memoryview 7}
PyMemoryView_FromMemory () W PyMemoryView FromBuffer () &4 & 3tU=Z WEAH
© W NULLS ¥F3HgHU o} mview+= WHE X] memoryview Q1 2 E A of of ghu T,

ft
)

U

<
T U
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int PyWeakref_Check (PyObject *ob)
ob7} 2 AA} m ek AAW 2L I
int PyWeakref_CheckRef (PyObject *ob)
ob7} 2z AA W AL WAL o] &
int PyWeakref_CheckProxy (PyObject *ob)
ob7h ZeHA) AW e MG Th o 4t T AFHUT

o
)
%
-
rlr
o
ox
o,
of
i)
L
i)

S

PyObject *PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing reference object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob is not a weakly 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 ABIL. Return a weak reference proxy object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing proxy object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob is not a weakly 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 ABIL. Return the referenced object from a weak reference, ref.
If the referent is no longer live, returns Py_None.

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed reference.

PyObject *PyWeakref GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to PyWeakref GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Fart of the Stable ABI. This function is called by the t p_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 W=
o] A A Aol thak x}A| 3 A B = using-capsules S 2 3HA] Al Q.
WA 3.1 F7}

type PyCapsule

This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Part of the Stable ABL 7] <ol o] 3l 3} 2} (destructor) ZW 3. o] 2 A Ao H 1}

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_Destructor =% 9] & u]= pycapsule New () S FZ 3 A L.

int PyCapsule_CheckExact (PyObject *p)
A7} pycapsuleol W3S B FUCT of g B4 AT T

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Part of the Stable ABL pointer S & 3}8}= PyCapsuled %5 Yt} pointer
A2k= NULL O] obd & FUTH
Asfstd, ol 9] & A A st NULL S WY Tk
name FA+8 2 NULL o] U 23 C Aol the ZAH A & gl Ytk NnULL o] ofd, o] FAE &
Her ot el 725 o oF FUth (destructor 5o A A& = A5 UTh)
destructor AA}7FNULL o] of U ®, g o] 3 o e AAE T=HUth
o] A& REL JJEFHER AFA3E Y, nameS modulename . attributename & %] A3l of T
o} o]‘_%qﬂ] 3td o2 B Eo] PyCapsule Import () & AHE3te] AES A2 E T 4 9S T

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Pa;t]—of the Stable ABL. 7} ol A FH pointerE 7} A 3 Ut} Ao std, o 2] & A A 1 NULL
g,

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.

m[o

w}3}a}

ful

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL 21 %0] A2 A7) 57 A& W@y Ased, o9& AT NULLS
ey o
g ol NULL It AHE Zh= 212 A YU o] 22 NULL W3 I =
H&3] 38l PyCapsule_IsValid() Y PyErr_Occurred () S AFE3HE Al L.

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL 4ol 438 @4 A AES W Th Ao, o9 & A4 sha NULLS
Wty ok
HEol NULL AHAEES 2he 22 TP A QU o] A2 NULL W8 =5 o 25 5H vy th
o33 st PyCapsule_IsValld () Y PyErr_Occurred ()& AF&3HH Al L.

N
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const char *PyCapsule_GetName (PyObject *capsule)
FPart of the Stable ABL. €0l A3 A o] & &) Ao, o2& dA3sa nuLLS W
T
€| NULL o] 52 2+ A FHA Y th o] A2 NULL ¥kt T E & thA B S 61A g U T B &9
S8l W PyCapsule IsValid() W PyErr_Occurred()S AF&3II A L.

void *PyCapsule_Import (const char *name, int no_block)

Fart of the Stable ABIL. 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.

335 €9 W pointer £ WU Th Aol stH, o€ £ 448 NULLE WU T
WA 3.3 A ¥ A no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Fart of the Stable ABL capsule©] &3 A€ AAE FAFULh FES H&-2 NULLO] ofyH,
PyCapsule_CheckExact ()5 533}, NULL O] o}d Z A& 7} A &AE 1, YK o] o] name 1) 7}
Aol AAFULE (Fg o5 vushe Yol st FE = PyCapsule_GetPointer ()& F&
S Al L)

In other words, if PyCapsule TIsValid () returns a true value, calls to any of the accessors (any function

starting with PyCapsule_Get) are guaranteed to succeed.

AA 7} A2H o] B3 x5 00] ofd ghe WA Th 28X o 0L wEF T of
s Ao s d5uh
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W 5-2] AYA~E Z QB E context 2 A 6{}14 c}.
435He 02 wAE Tk AshshE 00] obd ghe WHEkeka o] 92 AR Itk
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W 5-2] 5}3) 2} destructor 2 74 A $hu T
dEehd 02 whUth Aot 0o] ofd gt wkshsta o 9] & A3 T th
int PyCapsule_SetName (PyObject *capsule, const char *name)

Partofthe Stable ABI. capsule Y 5-2] 0] &2 name 2. 2 A A3l NULL O] ol ™, o] &2 A& H T}t 2
frAF ol of Pt gl A7H o] A nameO] NULL©] o} ®, o] & sl Al &} 2] 32 A =317 gh5 U Th

/dFetd 02 WESHE Y ok Asistd 00] obd FhE wkEketal o9l & A A P T
int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W] 5-2] void = Q1 ] & pointer 2 4 A gt} Z QB = NULLo] o}d 4= A5

Y},
4Zehe 0 W g o A ek 0] ok gHe WEkelw o 95 AR T Tk,
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8.6.9 Frame Objects

type PyFrameObject
Part of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

¥ A 3.11 A ¥ 7 : The members of this structure were removed from the public C API. Refer to the What’ s
New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.
¥ A 3.11 9 A ¥ 7 : Previously, this type was only available after including <f rameobject . 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 3.9 F7}.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’ s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
WA 3119 7}

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.
H A 3.90] 271

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 3,119 &7}

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’ s £_globals attribute.

Return a strong reference. The result cannot be NULL.

HZA 3119 7k
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int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’ s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
WA 3119 F7}.
PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’ s £_1locals attribute (dict).
Return a strong reference.
WA 3119 F7}.
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 Xl|L{|O|E{ ZHA|

A ely AA = spol o] Al e ol olH e o8& FAH7] Al AH&st= AA AU Itz o=
PyGen_New () B== PyGen_NewlWithQualName ()& WA A S 2 §&3= Zlo] ofy el 32 4 & (yield)
st g °lF Eﬂ o] Edlo] REEo] U th
type PyGenObject
A @ o B A A o] AL = C FZA.
PyTypeObject PyGen_Type
A el ol Aol s gale @ A
int PyGen_Check (PyObject *ob)
ob7t AlF el ol AW & EF YT ob= NULLO] ofofof Fut. o] S A4 43 F Utk
int PyGen_CheckExact (PyObject *ob)
0b®] G| PyGen_Typeol® & EelFUTH obi NULLo] oh] ook FuTh. o] 4t B4 48
k.
PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame 23| ol 718F8E A A| &l o] g AA S BEo] w3t} o] 4=
frameol A3t FZ2E S Ut A= NULL o] ofy of oF gHU T}
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame Z}A| ol 7]1WFeE A} A| v &| o] ¥ AAE s 01 ‘31'51'6}% o], __name___

3} qualname_ 5 name 2 qualname Z U T} o] 4= frameol U3 FZ2 5 ZH YT frame
Q1A= NULL o] oFv] o] oF ek,

8.6.11 FREI x|

WA 3500 F7}
728 A7 async 1Y ER AAH G457 e AU
type PyCoroObject
ZFE AR ol AHEE = CF2A.
PyTypeObject PyCoro_Type
22E A o S G @ A,
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int PyCoro_CheckExact (PyObject *ob)
0be] Fo) pycoro_Typeol W F MG o NULLY 5§ Th o) T4 B4 4TI T
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame A S 7|HEo 2 A Z2E AAE wtEo] A wtES YTl _ name_
I} qualname 2 name I} qualname 2 4 A3 t}. o] St frameol 3 A2 E S X YT frame
A= NULLE 5 5 Y T

8.6.12 ZHEIAE B4 ZH|

B A 3.70]] &7},
WA 371004 ¥ A

o] PyContext, PyContextVar @

3
s o€ Sof:

Fa:  volAd 37104 RE AH2E WL
PyContextToken HAl PyObject EQIEHE AL&3}

// in 3.7.0:
PyContext *PyContext_New (wvoid) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

AFA B )82 bpo-347628 F R B4 2.

o] Aol A& contextvars RES $]8 38 C APIo] thaf A}A| 5] AT}
type PyContext
contextvars.Context A& YEU = ] A = C 2 A.

type PyContextVar
contextvars.ContextVar AR E JEIY &= o] AFEEH = C F£ZA.

type PyContextToken
contextvars.Token ZAAE YEY= o AR EH = C XA
PyTypeObject PyContext_Type
context S e = & AA.
PyTypeObject PyContextVar_Type
A 2E W45 L el g A,
PyTypeObject PyContextToken_Type
AdAE HE- EZ 32 e E & 4.
g A AR
int PyContext_CheckExact (PyObject *0)
07} PyContext_Type Bol® & B8l FUTh o NULL o] oh]o]of Fuith. o] B4t B4 43
Y,
int PyContextVar_CheckExact (PyObject ¥0)
07} PyContextvar Type §ol™ & S8 F UL ok NULLO] of]o]of FT). o] g4t g4t

BEEYh
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int PyContextToken_CheckExact (PyObject *0)
o7} PyContextToken_Type @ oA & EHFUTH o= NULL O] oy o oF Futh o] = 34t
Al :'_‘61—14 r,].

A XE A Ae] T

PyObject *PyContext_New (void)
Return value: New reference. | 28 ¥l AR AE AN E w5 Ut o & 7} 2 5H NULLE ¥ty o)

PyObject *PyContext_Copy (PyObject *ctx)

Return value: New reference. A2 ctx VB AE A A 9] &2 BARE S whEUth o 27} @A) 81 NULL
= Wb oh

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. AR 28| = AEAE Q] ke HALE S ub5 1), o 8] 7} WA 81 NULLS

Elakainiiag
int PyContext_Enter (PyObject *ctx)
A 2= AA AE2ER anE AR FUTE AF A 02 Wk, o A -1& vEHY T
int PyContext_Exit (PyObject *ctx)
cax AV AEZ H|ZA 5510 o)A AU AEES AR g =9 AA) AYAER EAPULL AF A 02
Hhgbsekar, of 2 Al -1& REY o)

A 2E W5 P4

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. Create a new ContextVar object. The name parameter is used for introspection
and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no default.
If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

Ad2E N5 g 7HA g Th 23 e 5ok o el 7h wA S 1S sk, ghol A9k 4
glol o e 7} g3k A oWl 0.2 W Tk

ua= A7 4ARY salee TAE keI S AN I A= B2 AR e
9, value = = 7H] AU th:
o default_value, NULL ©] o} H;
« var®] 7|3k, NULL O] oL |;
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~ E M4 9] AE]E rokenS ¥FSHSH PyContextVar Set () = A A= AT}
o] Fp= AF Al 02 WhEstaL, ol Al -1 wESkEhU o)
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8.6.13 DateTime ZHA|

Various date and time objects are supplied by the datet ime module. Before using any of these functions, the header
file datetime.h must be included in your source (note that this is not included by Python.h), and the macro
PyDateTime_IMPORT must be invoked, usually as part of the module initialisation function. The macro puts a pointer
to a C structure into a static variable, PyDateTimeAPT, that is used by the following macros.
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 object as datet ime.date in
the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of PyTypeObject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same object as datetime.time in
the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py 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 Py TypeOb ject represents the Python time zone info type; it is the same object as datetime.
tzinfo in the Python layer.

UTC A2 Eol Ax28}7] 93 v a2

PyObject *PyDateTime_TimeZone_UTC
UTCE Y= A1 ) AZES HEEst Ut datetime.timezone . utc 9 22 AR J Ut}
W 3.7 7%

3 A aE:

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] S Z8F Ut} ob= NULLO] o} oo gt} o] &= AF
S ARlE

int PyDateTime_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DateTimeType or asubtype of PyDateTime_DateTimeType.
ob must not be NULL. This function always succeeds.

184 Chapter 8. 1A A AHS



The Python/C API, 22|A 3.11.11

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & o]H & E&F Lt} 0ob=NULL©] o}L]o]of gt} o] 4=
T AAFEUTh

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TimeType or a subtype of PyDateTime_TimeType. ob must
not be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime _TimeType o] IS E8F T} ob= NULL O] o} o] of g}, o] = At
AEFUh

int PyDelta_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType or asubtype of PyDateTime_DeltaType. ob must
not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType oW #S 8 FUYTH ob= NULLO| o}y o] of gt} o] Sk
T AAFEUTh

int PyTZInfo_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TZInfoType or a subtype of PyDateTime_TZInfoType. ob
must not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime_TZInfoType @ oW IS E#F Ut} ob= NULLO] of]ojof 3t} o] 4=
T AAFEU

AAE =L IR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A/ A H d, ¥, 42| datetime.date 2 A& ¥1&g ).

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

Return value: New reference. A1 d, 4, 4, Al, &, 2 D njo]|3Z %2] datetime.datetime AAE
whe g o,
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
Return value: New reference. AR d, &, 4, A, &, &, nfo]ZZ % 2 fold®] datetime.datetime
A2 wrEg o,
H A 3.69] 7}

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Return value: New reference. A H A], B, Z W ufo] 3 2 2 9] datetime.time AA| S ¥13-sh T},
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A HA Al, &, Z, ufo] 2 2 % L fold®] datetime.time AR S wrEg ).
WA 3.6 F7}
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

Return value: New reference. AR 4, 2 D ulo]3 2 % & Vel &= datetime.timedelta AR S
Hkgstu . A3 nfo] 32 %29} 27t datetime. timedelta Ao Fsl| A E B A== A4F
3738 Yy
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PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset QA2 JEFU R &= o] S0 gle T 2 ZAl9] datetime.timezone
AANE =HFYUH
WA 3.7 F7}

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset 91 A} 2} tzname name & 2 JEFU A= 114 @ Z Al 9] datetime.
timezone AAE 5 YH

B A 3.7 &7}

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including sub-
classes (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
Fol intZ, 92 wkeHg o
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1o A 12742 9 int 2, Y& w3 o)
int PyDateTime_GET_DAY (PyDateTime_Date *0)
1914 31742 9] int 2, 4L W&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)
03 237}%] 9] int =, A] & &g ok
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
058 5971A 9] int &, #& W&y ot
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
0¥ 59712 9] int2, 2 & w33},
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
0F-E] 9999997}7] 9] int 2, ufo] 22 2 2 w3t}
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
WA 3.690 7}
PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
WA 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)
0Bl 237bA] 9 int &, Al & WH-3 o

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
0F-E] 597bA1 9 int &, &2 WH-g Tth

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
0FE 597+A] 9] int &2, 25 ¥Hehehy o
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int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
0-E] 9999997}7] 9] int &, ufo] 22 22 w3t}

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 ol A 9999999997} 2] ] int =, ¥ =5 W)
WA 330 27}

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
0%-E] 8639974 9] int &, 2 45 Whakghy ).
W7 330 27

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
001 41 999999 7} 2] 9] int 2, w}o]| T & % & Wk o}
B A 3.30]] 7}

DB APIE 7@ 3l R 59| WOl & 93 22

PyObject *PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. datetime.datetime. fromtimestamp () o] AZst= o] A3t QA &

Z 2 N datetime.datetime AA|E WS vk o}

PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp () o] A2t d A &3k QA F

Nl datetime.date AAE THE 1 ¥ESSHU T}

8.6.14 Objects for Type Hinting

3

=2

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only

GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python class
types.GenericAlias. The origin and args arguments set the GenericAlias ‘s __origin__ and
__args___ attributes respectively. origin should be a Py TypeObject*,and argscanbe a Py TupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a
type. The GenericAlias ‘s _ _parameters_  attribute is constructed lazily from __args__. On failure,

an exception is raised and NULL is returned.

Here’ s an example of how to make an extension type generic:

8.6. 7|El A
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-

}

// Other methods.

{"__class_getitem__",

static PyMethodDef my_obj_methods[] = {

Py_GenericAlias,

METH_O|METH_CLASS,

"See PEP 585

n}

L

o B
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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CHAPTER 9

=7\t mro[de|Mojd & A8 =

PI S5 AR Ao Py _Initialize () 45

— 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 ()
o« AH 3
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- Py _IsInitialized()

PyMem_GetAllocator ()

- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()

- Py_GetCompiler()

- Py _GetCopyright ()

Py GetPlatform()
- Py_GetVersion()
- +EeHE:
- Py_DecodeLocale ()
o MR DAt

- PyMem_RawMalloc ()

PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem RawFree ()

A: tp2 =Py Initialize () Ao £&3shd ¢t Bt} Py EncodeLocale (), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath(), Py_GetPythonHome (),
Py _GetProgramName () B—J PyEval_InitThreads ().

Ao oo Zeart AAFHY, 32 L FH AAFA A5yt dE £, bt
Py_BytesWarningFlag S 1Z AA 3} -bb+ Py _BytesWarningFla +

Q

it
[\®]
fru
>
o
o
A
=

int Py_BytesWarningFlag
bytest} bytearray$® str<, = Dbytes S int} 8|S o Z1E Ly stct 28t 3 AY
zow e e Ty
-bFHoE ATt
int Py_DebugFlag
% 247 7 29 AUTHAEA DS, A5 S46l o 2 Th.

int Py_DontWriteBytecodeFlag
00] ol gro= AAHY, vl W hs BES YEE Tl .pye U2 2293 347 BTk
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int Py_FrozenFlag
py_GetPath ()X & AN AR5 AT o 2] WX A& EAI8HA] gkt
Private flag used by _freeze_module and frozenmain programs.

int Py_ HashRandomizationFlag
PYTHONHASHSEED 27 W71 vl o] Q) 7] ¢k A+

fu

i

= oX
i

rg

o

w
X

oX,

)

°

o

Z#27F00] o), PYTHONHASHSEED 37 W& 2lo] B
int Py_IgnoreEnvironmentFlag
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
“ESt-T 3oz AAgE YT
int Py_InspectFlag
~3YET A AR ARz A
2IHEUEHESAPT T
-1 A3} PYTHONINSPECT 3+
int Py_InteractiveFlag
i edoz ARAYLH
int Py_IsolatedFlag

Ag] 22 glo|AS APt AE RE A sys.paths 2T HEQ tJAE B = A& ALY site-
packages T H B 2] = Et?: sk2] k5 Ut

-I AR AAH YT
WA 340 27}
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 37 W4 7hn)o] 9 e Extgd e AAE ™ 12 AR o]
ZLA| 8 U &2 PEP 5298 A28 A) S
7H8: A=

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._ WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO 37 W47l vjo] QA 9L EXge AAEE 12 A1)
ZA B -2 PEP 5282 F2 3441 L
e AES.

int Py_NoSiteFlag

2 site QEE oo ST E sys . pach] Ao E £4 A 222 AU Th E ol
siteE WA Ao R X E Tk ol2gt 222 v AU TH(EP A S ¥ site.main () &
TESAHAL).

-sFAeE AAFFE YT
int Py _NoUserSiteDirectory
2 = site-packages FII= =& sys.pathol] F7}3}A] &FU )

-s9} -1 34, 18] 1 PYTHONNOUSERSITE 37 W42 A A H Yt}
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int Py_OptimizeFlag

-0 A3} PYTHONOPTIMIZE &7 W42 AAH U h

int Py_QuietFlag

3ty e M= AZAG WA wAI A& EAISHA] S5
—g&How AP UL
B A 3.20 =7}

int Py_UnbufferedStdioFlag

stdoutZ} stderr 2E LS W H g A== 7
—u %43} PYTHONUNBUFFERED &7 W4

fru
i
o,
it
v
v

int Py_VerboseFlag

BEo] 27818 ujvith, 229 94 (GFA ol g = AR E
2AG e d, 2R AN Ul A ol A AR AP S8 58

gl me @EE Zﬂ*?é“%ﬁ}.

~v 2437} PYTHONVERBOSE 374 W42 AAF Yth

9.3 QI Z2|E =7|s2} uio|'Ee|A|0]M

void Py_Initialize ()

rir
Ir

43}
shol

rlu

Part of the Stable ABL 3}o] W QlE] Z 2] E] & 2 7]3} 3t} dho] # S U] A=, o
o] W/C API g5 A}8-317] Aol 525 of Ttk 3l 7] of 2] b2 3140

] 2 2rd 259 HolE(sys.modules)S 273511, 7|¥F 28 builtins, _ _main_ % sys
= ‘{P‘SHDP Esh 2E A %E(sys path) & 273}t sys. argvh AABHA Ut ol &
A= PySys_SetArgvEx () & AFESHA Al 2. (Py FinalizeEx () & WA T34 &¢11) F
WA 2 T 2 5P ob -8 QU 54 93Tk M ghol Sleriith 27 shol A akn A7 4 o 213
Uk,

S 2 7]
vl

L

Y n%

%
[\ o[o
R |l~|
o [

47]

1-0

r
o E>~I‘

Fa: A=A, 5 ZEE 0_TEXTO A 0_BINARY Z WA Ut} C A8 S AHE 8= 249
] gho] A Abg-oll = 4 Fg m H T

o

void Py_InitializeEx (int initsigs)

Initialize ()8 ZF YT} initsigs 7} 0 0] H

Part of the Stable ABI. ©] S~ jnitsigs 7} 1 ©] ™ Py_ T
|Hol e of 83 5 st

"
N2d A2l 7)o 2713 52 AvF =), go

intPy_IsInitialized()

Part of the Stable ABL. Z}o] % Q| Z 2|7} 2713t 1o ZH(00] o} )& wiasla,
AARA0)S ¥33Utt Py FinalizeEx () 7}V €9 &, Py _Tnitialize () 7} THA] 3 %% wj 7} A
AR L WkEgy o)

intPy_FinalizeEx ()

Part of the Stable ABI since version 3.6. Py_Initialize ()&} 3<% 1lo] W/C API &= AFg-0 o] & =38 H

oS A St e s e (ol ) A B o] T o] A A, o] A
WA 9k BE AR AE e E (oh2] Py_NewInterpreter ()8 ZZ8AA2)E Al AU Th o4

Hog, oA ﬂJrO] WAz B 7 @9 e W2 S AU (A Py _Tnitialize ()&
D}/\] EE??W ) Az S &5 O}Pr% A= oA syt dRbdow kg gk oYy Th

stol @ Alo]d =5 ol 27t g shd (M3 ™ & diolE S A -1 0] ¥rEg Yot
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o]l g ol ZHA] o2 AlFH UL WH & 2] 3§ 22T AAE THA] A& SHA]
FaL oM A A FStL Ag  YFUTh FAHCRE 228 5 9l gho] B 2] (=& DLL) ol A
FolH Az HE 2= 58 22 IH 2 DLLS AR E 517] Hof| sfojlo] &3 & w2 &
AL A2 4 JFUT & 22N i FE e AT AE S 22OWS
FE57] Aol shol oA &Fe BE B2 & At S AdTh

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize () and Py FinalizeEx () more than once.

Q1 =} §lo] ZHA} o] W E cpython._PySys_ClearAuditHooks & WA YT}
B A 3.60] &7}
void Py_Finalize ()

Part of the Stable ABIL. ©| A& Py_FinalizeEx ()% oA WA S35 = ul3) kS ZA|sh= v] A Y
Y th

9.4 ZTEMA A oi7H Ha

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

o] St (T &SI W) Py _Tnitialize () Ao T&d|oF FUt} str.encode () oA 2} 22 o] w]
2, T2 100] 28 AT} ole] A2l A AT

PYTHONTOENCODING ZE-2 A A ] (overrides) 3+ 31, 37 W47} 25817 ¢S wf Y % (embedding) .=
7HO Q139 & Ao 5 J == Fch

= errors’= PYTHONIOENCODING /= 7| B2 ZHT}2 A A o whe} trE Y th & AF&-317)
T A5t
o=l .
o

o] (£ the) AR} #A gl o] B4 “backslashreplace” ofl 2 A 2] 7] & AH-8-Fhol] 9] 3

encoding X /&
98 nuLL Y

sys.stderr
AL

Py FinalizeEx ()7} &% W, o] &= Py Tnitialize ()ol H)

3 thAl B2 o) oF Fth.

AF ot 02 WhSkaL, o] Al (& Sol JAEZ g H 7} oln] 27|39 & ©5) 00] obd ghg Wkt
Ut

WA 3.40] =7}

HA311EE A =F.

FFE TE AFL A 9

void Py_ SetProgramName (const wchar_t *name)

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

(ZEdod) ol e ry Tnitialize () 7FAFLE 325 7] Aol £E55 o
NA 222} main () Foll hetargv(0] AR FHE L FUTh (8ol
o) A& py_GetPath () 8k obef o] B ol M QB 2 E A3 s #d
Bl & 2 d AR g YT 71232 'python' YU Th A= 22 I
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WA A G AH AGLe 002 BLhe dol= RAGL b2l Ack Futh sl AEmelE 9
SEt o] Ag4o) 82 WAHA g Tk

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

A 3115 A H.

wchar_t *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () 22 AR =2 13 o] & o]} 7| B zkS vI5-ghy o}
ke A9 A AZAE MU TR e sAMAE S EuTh

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_Tnitialize ().

wchar_t *Py_GetPrefix ()

Fart of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py_ Set ProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python', the prefixis ' /usr/local’'. The
returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys .prefix. It is only useful on Unix. See also the next function.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

¥ A 3.100 A ¥ 7 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Part of the Stable ABL. A X¥d = =)
Py SetProgramName () OS2 AAH 23 o|E3 4K 37 tﬂ“r-/] 04“‘3 zh &t Z| =
FAFYUL; & 0] 2Z 33 o] 59| '/usr/local/bin/python' ¢ ¥, exec- preﬁx% ! /usr
local' YUt} vigte 22142 A4 Z%?f}ﬁ\_g 7He AU th $E2 2 3 SA-MA = kUL ©
= FH A9 = Makefile®] exec_prefix H4- 9L W= A configure 2T HE Q| ——exec-prefix
O]X}"ﬂ “H”?J‘%D‘r o] FkZ F}olH I oA sys.exec_prefix® AL 4 JFUThH FH 2o ARE

%4

>&

Kl Ull-’;l
j?_“
ne
=2
fuj
&)

§

N
g

)
?:
fr
Fﬁ
111,

o ¢
)

o o,
of 2t
S rlo

—

ul 7 : exec-prefix+ S A E %:31 L (71 A8 oL I F/lro]‘:'ﬂﬂ)o] o2 gdEeg Ego
A 22 uff prefix 2} o5 Y AR A Ao A, EHAEF T54 3L /usr/local/plat A H E g9
AANHT ZHE EHF -‘ﬂ'%‘% /usr/localoﬂ AAE 9;1%‘45]'-

dutd o 7 WA, Z2AZ 2 = ol 2z EY o] AlEFS 2T YT oAl & £ Solaris 2.x =
A A E A8 SF= Sparc 71 Al &2 T2 S A F 22 HF3HA UL, Solaris 2.x & A 8 31= Intel 7] Al = DP%
A Foly, FE2E A= Intel 71 A= = o2 ZA YUt 22 A AAY A= &
NATAE dutg oz g2 SHES FATYL v 2 9 Z*]ZﬂL "/]‘E oloF71 Yt} Ola"ﬂ'
Al2"le] 2] Aegko] U F k2 7] ul] & o prefix 2} exec-prefix= 2] 0] 7} gl o, ]"‘Z]'oﬂi”ﬂ%qq-
AL stolH viol E I & 32 SHE SHH Lo FYIAHA L (2 ol &S Aot et
AHSE shol A WA= F5H YY),

A28 FE] A= /usr/local/plat S ZF S Z o g thE 54'?4_ NE-y-! OE AHESIHA S
7ol /usr/local & Z-G3= imountl/]-automount Z2 98 A= S o Ayt

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.100)| 4] ¥4 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABI. 3}o| 3 A3l 5}do] AA| =& 13 o]
Py _SetProgramName () 22 AABUTHo|A 7| E &
th vEgkE FAE -2 A A AFAE 7 JUth A
F T o)A sys.executable & AR S 4= QJH U TH

l(f
o
rII,
r i
i)
<
=
o
Y,
rlo
[H

w2 19 o] 2(9)9)
=RAgo 2 ANRY
ok ok o ghe sol 4l
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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_Initialize ().

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.
B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py_Initialize ().

void Py_ SetPath (const wchar_t*)

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

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’ t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should
be separated by the platform dependent delimiter character, whichis ' : ' on Unix and macOS, '; ' on Windows.

T3l sys.executableo] Z2 3 AA| ARZ (Py_GetProgramFullPath() & FRIHAIL)Z
AR sys.prefix 8} sys.exec_prefix7} H|OIUEF FUth Py Initialize ()& TET
FAeR o8 2ATE AL BRI D YTk

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
AR A YR AoE BAN LR S50 $RE T EEALTFHAT - dF U
WA38NA WA o)A 2T o|E YAl =218 AR AE7}sys.executabled] AFEH UL
B A 3113 E H A H.

const char *Py_GetVersion ()
Part of the Stable ABL o] 3}o] 2 Q€] Z 2|6 2] WAL Wagh ). o] AL the & AL UL}

["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 ()

Fart of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. On macOS, itis 'darwin’'. On
Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. @} sho]d v ol th gk 34 A 24 A S vk, o & 590

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
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NEE EAde 44 ?ﬂ?{“% 7+ 7
of| Al sys.copyright & Ab&& 4 Q)

rjﬁ

const char *Py_GetCompiler ()

Part of the Stable ABL. & 2] s}o]d M AS UEst= o AFRH AT g &

o ol € 51

["[GCC 2:T022] "%

WhehE EAE 2 A AFAS A UTh A e T A FFH U o] 2 Fold ZE

o M4 sys.versiond] YFE AFH Ut
const char *Py_GetBuildInfo ()

Part of the Stable ABL. @A slo] W ez g|g Q2B A0 A| A HT o} W

BEE AT Y€ &

["#67, Aug 1 1997, 22:34:28"

n}5hE) _,_;q_ S AA AZAE 7H UL S22 g SANAE ¢
o A M4 sys .verSlon-/] dEZ AFHYh

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

PR o g shold =

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

arge X argvoll ]”}OHH sys.argve A FUTE o] M7 M= 22 I3 2 main (

AT S A}EEA g A A A o] sfo]| A O ZEHE E/\E]B‘]._L_—_ 218 3} o) o}qa}n

61"@]24
HE A3

o= —

oy
FE}E

g B2 8 of ATk Aol o] Yk AFT AP} PO L,argV-Jéﬂ“WH FES W A

= =2
zA

FAEY

dd 4 A5 Yrth o] BTt sys.argy 273 AjStA, Py _FatalError()E
[e]
=

updatepath 7} 0 0] W, o} 7] 7} X 7} o] 47} dl= RE A Ut} updatepath 7} 0 0] o] &

Q32| Z o We} sys.path® 24 Tk

AF&-SFo] X)W A ol

. 71E 23YEY o 8ol argv[0) 0% AYH W, 23 YE7} 9t e Pe] A =7 sys.

path &l F=7Fg Yot

« 2R 9O A (F, arge7 0°) Arkargy (0] °] 1% 519 o £ el 7] A ghow
ool ¥l 4G o] AR U o= BA A DA B (. ) F Lol R A

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

Fx: dd 23H9E
updatepath 2 A 235} 11
B2

o]9le] EH oz mlolM o =ZEHE YA
P—E HZ sys.pathE 227 P48k 20

r4° nP*

3.1.3 01" HAgAE= ,PySys_SetArgv()% SE3
22 aHE AE F IdFsU A& 5o S AREEH:

e S8 ZRIYL 02
%Ytk CVE-2008-59832

3 A AA sys.path 84

ru[m

o2 AA

5ol

[PyRun_SimpleString("import sys; sys.path.pop(0)\n");

B A 3.1.39] 7}
M 311478 d 29
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void PySys_SetArgv (int argc, wchar_t **argv)
Part of the Stable ABI. This AP is kept for backward compatibility: setting PyConfig.argvand PyConfig.
parse_argv should be used instead, see Python Initialization Configuration.

o] &4 python U E ZE 7} 18 AZHZA &= 3 wdatepath 7} 12 A A=
PySys_SetArgvEx () A 2EFUth

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
WA 3.4 WM A updatepath 752 -1l we} o5 Yt}
WA 3115 #H 2 F.
void Py_SetPythonHome (const wchar_t *home)
Fart of the Stable ABIL. This API is kept for backward compatibility: setting PyConfig. home should be used

instead, see Python Initialization Configuration.

2 g elE e, 5 R seldl holueielel A% PGS AA wAL vle

PYTHONHOME & X3 A L.

AR 2 IWL AYS Wgol MARA obe AA Agao] G008 Bt 24D
o
15

ok >
7be] 7 oF Fy JJrOl;L OJ % e FEt o] Agae] UgS WAHA
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
HA 3115E A4
wchar_t *Py_GetPythonHome ()

Part of the Stable ABL. 7] “&>, & py_setPythonHome () o tgt o] T Zol| A B ok grol vt A
=) 9l v} PYTHONHOME 37 W r9] g2 whabaty o).

This function should not be called before Py_Initialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py Initialize ().

9.5 AFE HER} MH CIEHTZ2|E 5

shol 4 Q1B el Bt 48] 2d = SAshA girUth B 2dE shold Z2 1S AU A8,
shol 4l AR o) eHal 5P A 257] Ao @A 2ol =7k Bgsfof she 49 2 melE 5 5.8 GILo| et
st A Bo] YU £ glolk, A IR AU AE g Adl= Z2 Aol BAE o &
Stk ol Bol, = AdlEsh Al 28 A 42 AT SN E, B2 A4 F Wol opy

—’F— Ath=
o} (sys.

gt eroM A | A 253 AL 5ho] 2/C APL 34
A il 4y
Akl o o

st7] Sl dEzelE e FrAor A=
setswitchinterval () & 5&}_‘}/]3 A Q). 2L 59 ol 7)1} 279} 7+ ZAj Aol Bz )
Aﬂ_,_ﬁﬁ]ﬂﬂui A= O]’ﬂ-%iﬂ-ol /'\E."C7]_/\]3ﬂg_'_9‘lgqq_
g}o] % QE] Z 8] E] = PyThreadstate gh= Hl o] B F2A] Yol 28 = ¥ 2 7] (bookkeeping) H H & K 73}
Utk @A pyThreadstate & 74e] 7]+ 3] A W= Q5 UTh PyThreadState_Get ()& AH&3t

of 2 5 ek
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9.5.1 &%t A 0f|AM GIL SHAISH]

GILE 2738t 29 &3 I=+ tha3 22 g
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fru
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xf
I
o

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] 22 vl § AutA o]0 A o] B Th5}3}7] 99 B o] M=} 2RI Th

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS W3 &2+ A &
Py_END_ALLOW_THREADS WA 2+ &

Ao E52 vs I 33 Y h

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

Bz H Fo] A e = el o3t =<
ek, Zo] A A5 7] Aol AR 2ol = Ae) FolE]

T= = ©

ol A8 Ut 22 A sta 2e = % = 744 9}
OF FUITH(HE 28 =7k A S-S G 50km 7o Wo) A Ae = A S Age 2 97 fEIYTh.
)2, ¢ g 5em 2dE e Ba o), 28 = g £AEE AFe) Hol 5L S5 oF g
B ASHO B4 T2LCILE B2 1 QIR AG A o)A e, v me) v3) & Fof 5o
Aol A& s} Tao) o], o)A AA o] AMAT I Q7 Gle F7] A ALE SE2517] A= /F8T
T Ads5ULh & E0], £8F z1ib%thashlib BE2 HolHE &5 ‘}ﬂb‘r of 2 & wlf GILS 3 Al & T
9.5.2 mlO|MO| TS X| Q2 A=

A& vto] AW API(7}¥] threading BE)E AFE3l] 2H =8 51, 2d = A7 A5 o2 A5 =R
Holl FAIH Z=7F S5 tTh JEJHL, Afﬂl‘:ﬂCOﬂ A BtEol A o (& 01 ZHA| 28 = &g 7] 5 0]

e T2 E QU

9= A 4F7} 2ol 2. 2] o] o] al), GIL S Ewdmaﬁngg%zawzgﬁ
B

B g 2 S o)A Shol 4 I EF BEoF 3HH (55 A AT A

%%}QQW%ﬂHAwC”ﬂﬂL¥i§ﬂ;ﬂﬁﬂﬂ CERRER
3 53130, ok 00 2 sho] 41/C APLALG-S A 25}7] ol el = A 2l
A= Aol EOIE S ARG, CILE A T8, vl A o 2 el = %ﬂﬂi¥i%ﬂﬂﬂ¢§qw

PyGILState_Ensure ()2} PyGILState Release() &F+= 99 &2
sdl =l sol A B ek duAe HETE g3} 2 U

[> mloﬁg a

PyGILState STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */

(TH& sl el Aol A1)
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(o148 s o] A oAl Al A
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py Initialize ()). Python supports the creation of additional interpreters (using Py NewInterpreter()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork()Oll CH3t =9| A}t

2f =0 o] FEH T E TR F 23 H L2 C fork () T35 A 2 =9 EZYUT fork () &AM 3H=
R o) A ARG AL, g A AT £2 #Fol £IE g sdl s ST ol S A0}
S v 7} CPython B E} Qo) A48 WS A B 5o 22l AgL 13U

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.

2 RE 2f =T AR THE A2 =5 CPythonﬂ HEtd Al 7F os. fork () & WERZFA| = A A 5HA|
AElH ook & vyt o] A2 AA| BB e} th2 B E PylnterpretersState A Ao &b+
e 2 € PyThreadstate AAE ol deAlold st= A< v Ut o A3} “v|2” TE 2] E ¢
STH S OR A8, fork () = CPython o} AEbei o] Hef 27154 QIE} 2 2] ef o “vf] Q1" o] = of A
TEF P AU F A 8= exec () 7t L Fo A LEHE ¥ YU

2o C 8 TEE AASAG Sl A H Z B R W AP DA 0 2 AL H = F I AUk

type PyInterpreterState
Part of the Limited API (as an opaque struct). ©] A}
HUth 22 JAH Iz £l 2= B2
TFZ2A = T AW 7E syt
& dEzZ ey £33t 2EEs AR Zhse e, Y 3d Ve 3 2
AL stils, AFols o A= %%3}74 FsUth A Az 52 oW JAH Z | H ol &3

A=Al FA o] & 2 =AM F/F Ut

type PyThreadState

i g
i
N
orr

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:

PyInterpreterState *interp
This thread’ s interpreter state.
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void PyEval_InitThreads ()
Part of the Stable ABL o} A% 3}A] k= 3 A H 4,
ol ¥ 3,63} o) A Wl Aol A, o] F7t EAFHA oW GILES TS AU Th
W 39004 W7 o)A o] Bk ok AT A ghrch

B 3700 A WA o W o)Al Py Initialize ) ol €3] BEEF N, AR HE 4H FTES
2271 Y

WA 3204 MA: o] = BlE Py _Initialize () Ao &2 5 YFUTH
WA 3.95H 2.

int PyEval_ThreadsInitialized()

Part of the Stable ABL. PyEval_InitThreads ()7} & %Q Rom,00] opd gh& WYL o] g
GIL-S /314 41 TET 5= oA, b ~g =& A Iﬂ1 EAPI S &S 3]yt t A 4
AFYTH

WA 3.7 4 M7 GILL o)Al Py_TInitialize()ol &3] 2713t
W 3,97 A H.
PyThreadState *PyEval_SaveThread ()

Part of the Stable ABL (RFEtiH) A< ¢z g g &
o] A ~# = AEl(NULL o] obd Y % Hrgkghy ot =
ok

void PyEval_RestoreThread (PyThreadState *tstate)

= Hxﬂ 3hal A = ARl NULLE A A A8},
o] gk

SolZthd, @A) 2 =7t 2L 8 S Hol o

Part of the Stable ABL (RFEtid) A9 Qg zZ g 2 FE3 A8 E A S NULLo] ofr] oo
S mrare 2 AH U TH 2ol WEO Ty, AR 28 =7} o] & A5 54A) ekgkolok Tt 187

oW w2 Abe7h $A g o,

Z31: 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 termination.

PyThreadState *PyThreadState_Get ()
Part of the Stable ABL. @A £~ = ZEjE vttt A9 JdE 22y S5 Ef6fof durh. @A
282 e b onLol @ A WA el el AT LA BEAINLLE FF Bt g

o).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. &2 A8 = ”EH% A A} sstate(NULL € 5~ A5 U TH 7F Al 38k 29 =
29tz A 9z 28 B85 of 3t F) A A %‘Qﬂ\’/‘r-

= e adE 228 A4S MRS, A B AH 22l e 289 A ks Th

PyGILState_STATE PyGILState_Ensure ()

Part of the Stable ABL. A} ~#d| =7} gloj W] S Ao} A A =g E3 FAA Qo] gtoj A
CAPIE 328 207 H Q=X Fodtych o A Z]' B Z09| PyGILState_Release ()°l t)3t
$E3 AL oler B 2H oA Uoke B ozl W 528 + ek AnAes, Age 4
B} 7} Release() A 01] o]A A2 B YN = 3 PyGILState_Ensure ()& PyGILState Release ()
S E 7t v A9 = #H APIE AR E 4 A5 U A& E9], Py _BEGIN _ALLOW_THREADSS}
Py END_ALLOW_THREADS W3R o] AALA 0l A1&2 3 &H Ut}

Wkt 248 PyGILState Ensure ()7} &% Y2 Wl ~d = Ae] o ot &
o]fo] 2o Aejol Y= = el PyGILState Release () & ALE ojof 3

o

}E 2f
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FHYags, ol IEEL 2 HT £ g5 Y- PyGILState Ensure ()] Tt Z+ 15 TEL2 2419
PyGILState Release ()] 3 && 93] AES A sl oF Tyt

B} M T, B S GILS M4k Q5] Aold REE B2E 4 Aeut At
AW Al o2l U)o,

Z31: 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 termination.

void PyGILState_Release (PyGILState_STATE)
Part of the Stable ABL. o] Ao % 3 2 & YL sfAITYL} o] &
PyGILState Ensure () &2 o] A3} 7]”\1/111]- 2y gutd oz o
oko}A], GILState APIE AH-8-3HU Th).
PyGILState_Ensure()o] Y3 BRE TEL 28 Ag oA PyGILState Release () that &
342 ol FoF Py th

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABIL o] ~glre AR ~Y = ):}EH% 7FA LUtk d A ~d = o A] GILState API7}F
AFEE R 9kgko W NULLS WhEs 4= 5 Ut H ol Ag oA X5 28 = AHE] $ = (auto-thread-
sat cal) o] #9517 & Ao, o0 2A A& P ol 2 4oL 2l S HA S
AL 7z Eeu/Ad Bk

int PyGILState_Check ()

AN ~2HE7FGILS BF3tal QoW 1S vkghelal 284 o d 02 w3gyth o] 34+ ofF
WU R E AA SN 55 4 GITh shold 2T el 7t % /1345 9l QA GILS ¥ sk
92 TR 1 WA o] AL T2 £ 2018 BoAUT of & So] 21 AYAE v e
e ol A $82 5 g, Gllo] A drks AL T T 2A7L 1R AYS sAe A
294 gow B/l BAREE ¢4 At
B & 3409 &7}
SulzRe duHo s 53 AV ZE Qo ST U shold 42 W E oA ALS ol & ZoAA 9.,
Py BEGIN ALLOW_THREADS
Part of the Stable ABIL o] ®w] 7 & ¥ { PyThreadState *_save; _save

PyEval_SaveThread(); & &gt o+ %é@_ﬂ Z2gH o] JlZol oA L; Aw
23X Py END_ALLOW_THREADS W2 &2} A X3 oF gt} o] mjaZof tdk AA S Y &2 915
FRIAA L

Py_END_ALLOW_THREADS
Part of the Stable ABI. ©] ] 3 & = PyEval_RestoreThread(_save); }Z ZFH Yttt 2=5235
7} 28 F o] 920 G5 HAL; o] A Py BEGIN_ALLOW_THREADS W A 22} & 23] oF g}, o]
I 2o o 5 AA 3 Y82 91 & FRSIAH A L.

Py_BLOCK_THREADS
Part of the Stable ABL. ¢] ] = PyEval_RestoreThread(_save); & 3FEUth @=5Z357}
Q= Py _END_ALLOW_THREADSS} FS St}

Py_UNBLOCK_THREADS

Part of the Stable ABL. ¢] lJ3 2= _save = PyEval_SaveThread(); & &%
W o] ¢l Py BEGIN ALLOW THREADSS) 558Ut}

it
v
o
K
rlr
ofy
i
}01.
o
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API

©
(3}
(3}
>
3
R

rr

nt

T Py Initialize() o]Z o T&F ofoF Tt}

SER
374N WA Py_Tnitialize ()= o|A| GIL& 27|33 T}

z

2 b

PylnterpreterState *PyInterpreterState_New ()
Part of the Stable ABL A A ] Z 2] E] AHe] ZAA S WUt DG AEHZEH ES RFT I+ AT
o) G0l e 522 4 F 3l of ShH Hf T ¢ A
Q1 2} glo] ZFA} o]l E cpython.PyInterpreterState_NewZE WA Yt}

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. Q1E] Z 2] €] Ae] AA|o] BE AR E QAT AY QAE =g &L H 73
o g ch.

o1z} glo] ZHA} o]l E cpython.PyInterpreterState_ClearS TAA A YT

void PyInterpreterState_Delete (PylnterpreterState *interp)

Part of the Stable ABL Q1E] Z 2] ¥] AE] AAE st Ut A <l Jzﬂ HELRL3 I g5yt
QB Z B E] AAB| &= PyInterpreterState_Clear ()ol i3t o] A T & A A AH o] oF gt}

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Part of the Stable ABIL. 520] 7] Q¥ Z 2] 2 A ] +6}L A 2 E A AAE U A A=
9E 22 0T ARt YA, ol 5ol Ul 52 ALG e oF o HRT 5 AzuTh
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 23| = AHe] 2A]9] RE ARE AQJLAASUL A ez &2 HF35)oF
ok
WA 3904 WA o] 4= oA PyThreadState .on_delete ZWME =3 Yt} oA &,
PyThreadState Delete() Oﬂ/\ﬂ SE=YPsUch
void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL. 23| = Ae] AAE s gt A Qe =
2 = A= pyThreadState_Clear ()o 3t ol A S &2 A4
void PyThreadState_DeleteCurrent (void)

AR ¥ = AHE g5ty A A zZelE S& A FYULE PyThreadstate Delete ()& b
A7 2, A9 JdEzEE 52 FAT 28 YFULh 28 = A& PyThreadState_Clear () ©l

et ol d 22 AEAE JofoF duth
PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % ¥ = AV tstate 2] A A Z# A& 71434 th
Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame ()& ZFZ3HAAL
istate~= NULL ©] o} of of gt}
W7 3.9¢ 7%

uint64_t PyThreadState_GetID (PyThreadState *tstate)

Part of the Stable ABI since version 3.10. 3}o] % X~ = AFE sstate ] J1-7-3F A8 = A E] A EALE 714 5
ue.

fstate~= NULL ©] o}1] o] ofF Tyt
WA 3.9 =7}
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PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 30 3 23| = A e tstate2] Q1 E]

Istate+= NULL ©| o}1] o] of gk},
A 3.90 &7}

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.

Resume them using the Py ThreadState_LeaveTracing () function.
B A 3110 =7}

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state
PyThreadState_EnterTracing () function.

See also PyEval_ SetTrace () and PyEval_SetProfile () functions.
WA 3119 F7}.

PylInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. @A A€ Z 2 E & 7}4 3 Y th

2 HE 7HAsU o

tstate  suspended by the

A spol W 2= A7 LAY AA dB =z B glow A A e E Ty Ik NULLS

B 4 gle U
T E2h= GIL2 H sl oF gt
H A 3.90] 271

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. QE|Z 28 9] I IDE wt&gtych. 18 A sh=t) o 8] 7 A

She 1 0] ukeks 3 of 2] 7} 4 F Uk,
%71 GILS B8l o gt
W2 370 2%,

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABI since version 3.8. QTE] Z 2] E] & ] o] E] 7} A2 = = I A1 8l & ¥k . o]
7 NULL S HEEEeEE ol o = A SkA] R kAl T E Ak Az EE gAY EE A E S gtk

AR oF g,

o] A2 ol Az AE) A HE A8 ol A8l oF Sk PyModule _GetState ()& HA

sk 2ol ohguh
WA 3.8 F7}.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *frame, int throwflag)

=dQ 37t g5 B

throwflag P} 7} M= A& o1 E1 9] throw () WA =l A ALEH YT 00] ob ™, FA| A9 A 2] 3

Y.
W 39004 WA o)Al T4t sstate vl 7} W42 2 T T,

W A 3.11 | A ¥ 7 : The frame parameter changed from PyFrameObject* to_PyInterpreterFrame*.
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
zE ¢ F7t s P
PEP 523 “CPythonol] & 9 37} API 3717 & 2514 Al 2.
W7 3.9¢ 7%
void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval frame)
=Y Frt S AZ T
PEP 523 “CPython®]] =¥ ¥ H 7} AP 7P & XS A L.
B A 3.9 F7}.
PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABl. &% o] ~#|=d Ate] A HE A A 4
AUPE T 2 8338 gAuee] 48E A 6l A8 T a7 AHE e of
AN Y= JHE /\}%@‘ff‘ ?i:% o o] 45 STEE Futh o] §47F NULLS HHEHEHH, o 9
W SEA] 9k kal S &A= A AU E AHE AT & glokar 7R oF T

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Fart of the Stable ABIL. Asynchronously raise an exception in a thread. The id argument is the thread id of the
target thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent
naive misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the
number of thread states modified; this is normally one, but will be zero if the thread id isn’ t found. If exc is NULL,
the pending exception (if any) for the thread is cleared. This raises no exceptions.

WA 3.79 A ¥ 7 The type of the id parameter changed from 1ong to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. A< Bz 28] 22 531 A4 28 = 4
NULL o] ohvof of F T, =& o o] w50} 4l 7l o] o] of Gl Th. o]
AFEl 7L A g o,

& sstate 2 A A U T tstate=
2 = oju] o] 9JOowH, Wt

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 termination.

H A 389 A W A: PyEval_RestoreThread (), Py_END_ALLOW_THREADS () %
PyGILState Ensure ()& dAHEF BAF o, JAH =g 7t ol deA o] st+= F<F
SEHH AN 2HEE TEFYTH

PyEval_RestoreThread ()& (SUE7F 27|35 A g wf22p) A AFLES 4 Q= 145 T
Squy,

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. & 2] A~ ¥ = AE|E NULLE ARSI A9 Sz g 2L AU =
o] Mol wkE o] Flofof stal AA) 2| =7} Hf3f oF gt} NULL o] ofi] o] of 6‘}— tstate QA= A X
2d = JEE Lhehf ) Selshe R AU — 184 god, A9 A o€zt H gy
PyEval_SaveThread ()€ (&HUEZF 2718 A 2 F-follz22h) 4 AHE 5 e L17E T
Uk,

void PyEval_AcquireLock ()

Part of the Stable ABL. A & Q¥ Z 2] ¥

=2 5Pk $2 ol BEo Zolok Gtk o] 2 =]
ou] Zo] 90w, ma Jei7} %A e
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HA 328 #AAH: o 5 dAA 2d9= AHE AAFA FHFUh oAl
PyEval_RestoreThread() |By= vEval_AcquireThread()E AL BFA A

FarL: TjﬂE‘r"]O] rﬂr ol d 2] A ] A g w AY A o] F4E TEHW, 28 =7 shol Mo o wE

A A= EW ]_]‘34“] _Py_IsFinalizing() o]t}
SyS.lSiflnallZng() A}%%}Oq o] & S of JIEj= g 7} spo]d ] Al o] d = 1L
Sl 91T 5 gk

WA 384 WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS() %
PyGIiLstate mnsure ()9 A =2 AAF gon, AL e} stol dej Aol d she B
TZ5Ed AR 2y =E 223}

void PyEval_Releaselock ()
Part of the Stable ABL. A9 QlE]Z g8 & AT} 2L o] A of ulEo] & olof Fth

WA 328 HAH: o 5= A 2¥E=E FHE AAFA st oAl
PyEval_SaveThread ()Y PyEval_ReleaseThread()E AH&3H4] Al L

9.6 AME SlE{=Z2|E] x|

o
1o
s

shol 4 QIE) = e B v ) 48
SO M e P R

B GEYe] 27158 0 ol A WA AR AR YUY, nEE e
Qe el E gtk A Qe el E sk 9, v <l ez EE A2 A Q%i%f&
A 25Uk B8 AT 2718 5 AW FPokn QAo Aee gho]d
old B A Azl YUt PylinterpreterState Main () &+ 27219 AE o il

Y,
jinss
°
v
[El
m\l
r]o
[k
fu
=,
J
2,
Y
rE
(L)
flo
[»
o)
[t
=2
>
£
)

PyThreadState_Swap () &5 AH§3t] A/ B Qe Zglg 7o A

RET 3% 5 etk

PyThreadState *Py_NewInterpreter ()
Part of the Stable ABL. A] A B QB Z2EE W5 Ut} o] AL sto] A 7 & A2 93l
o9 34 AU 53], A A F —‘ﬂEﬂoﬂ = 7|2 2 & builtins,__main_ Y sysE XT3}, ZE
AEEHRES AW, 5Y NS U 22D 2E Aol eys.modules)s) 2E 34 4=
(sys.path)® EHYUTh A} B ol = sys. argy HE7FASUTE A2 EFTV/0 2 g
sys.stdin, sys.stdout ¥ sys.stderr< Zr5 4t} (¢, 22 35 3 7|EAE 79,—}_@'1/] .

WEEE k2 A A M Al el ol A BB el A A 2 = AEE el Uk o] Ad = el A
sl Aol A ol 4 Ut Al A=} el ol £934I 2 ool = el
dABS F2AUN L. A AB e E S B o Ashshe, nuLL o] kg Uth; o 9] el
) 2ol = o] A3 @ ﬁﬂfﬂF*WWH%??ﬂﬂHﬂﬂﬂéﬁﬂﬂ%ﬁwq(G%EC

msi'
ﬂ
i)
In)
v
o
e
4
il
>
oo
ok
£

Rl

p

o >~[F
r]

r
l
Fl

o] H/C APL &9} mp 7t A &2, A G QB 28 H &2 o] & EE?FW] Zofl Bf-3f oF sf v wiskE
a A% G Th Tel, o R e] ThE 5ol 2/ AP T2} 2o, A e o AA) 2 e e o}
NS 8+ fsUHh)
G BE2 23 2ol (MR) A Z 8 Tt F-/rg Uth:
o A X 7|32 AR F=REY AL, A E S9 PyModule FromDefAndSpec (),ZFolE] =g
Ho sl ¥ x9 25 AA 7 v AL 27| UTE CHE A AR A Apvt o3t B E
A2 2ol U
o THA 27|3LE St BEY AF, A E 59 PyModule_Create (), 54 3ol A5 ¢
FE B u, A4A0R 21585, B E AT (L) Aol AZH UL GE (415) 9
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Hze g7t 22 &35 42E T, A 50 iﬂﬂﬂ o HApE e g oz APt
g init ¥4+ TEHA GHUTh u}a}/ﬂ gAav e AA = (ME) JE e 7t
FHE, A G TS oD 5 ElGHEP(O}EH H IL9F 0] A S FR S AL L).

o) AL O E|ZBE|7} Py _FinalizeEx () Py _Initialize()E &3] A3 thA] 27
e & s 42 E o dojuk= AR thEoll FolstAL; o B, 8 %-4 initmodule
St oA ZEE Utk O A 271318} npR A 7, o] = C £E 2 7@*—*@4 A vk o2 gt
BE ol FfES gnEyrh

void Py_EndInterpreter (PyThreadState *tstate)
Part of the Stable ABL. 017 A8 & A& T3H = (A B) dE Z g S ot gt Fol Ad = A
e @A) 2= deofof gt ofef o A= AEjol e dHe Fxsi Al L. EEo] whate W,
AA 2= A= NULLY YT o] Bz B et A d BE 2d = A7 s g uth (Y E =
JE %2 o] §42 52 57] ol LG ok 3hrd vhaha w) o) A FABULE) Py Finalizebx ()&
T AANA BAAC 7 57 E 7] e BE AR I Ze)EE 93 g

9.6.1 H{12} F2o| AlE

A QIE 22 B (B W9l I ef Bl = 2 22 A Aol 7] wfol, 15 ko] o] gt e
Uth— & 5¢],0s.close () & 22 AT 7Y A2 AHESHH A2 d7l stdof (A2 52 99
Hog) T2 WA F AFULE (M E) AejzelE 2hol] Bgo] I8 A wigol, 5 o] A=
AE oA S+ AGUTh ol AL 55 oA 28 (BF) A A4S A8 1) 59 185U
A B QB Z A TE AAE THE (HB) AHZ2H Y o] F T 44T + A5uUh 7hestd
3] 8f oF g th

AME QJE Z 2 H 2ol AR o] T, HAE, JA2EA B FHPAE FHIA GES 58S T 5
71 & o] oF gt 0181 sk A o5} *‘3“3% QFE AN ARH (NH) dEzelEe] =9 B E DA
delol S A ¢ A7l 2 AUtk Ao ASolM H2E 5 e AAE FFotA ge A= /A =

T2

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’ t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 H|=7| &&

HdJH =z g A Eo v57] ¢HS BU=wAYUSZo) AlFg Ut o8 st ¢ 35 EAH 2} void
=08 At Fe2 AP,
int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the Stable ABL. W<l SIEJZ 2] E] 28| =0 T &S T4+ 5
funce WA 2 =2 TEFH 7] Y3 Foll F71E Utk A A

HEA0E Fo HOW, funcs arg AXE Aol A7 el A mele) & :
402 AYs L shol A DE N LT w5714 02 TEH AW, ThS F 20 BE FEF U

. v = 35 FA A
AL LAES A A 58 SFHAA (G2 S AACAPIE AL+ AL

func= E3E 02, Asshd o] AT WA 12 Whska of YU Th fines THE W5 7] YL
AT AL 587 A FREA AT, A A B ol AAH W 2= A7) 99
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o] P4t AWHE o AA 2= et BLI}A how, A A zeE So] Ba s GHUTh
Ao Qe meEol A o] $42 TE3e W TEA7FGILE B AaloF Futh 28A Show, 34 fune
HAEa Qe z el 32 =% o okE + A5 )

A3 o] AL w]$ EE F Lo wk {83 AFE d- AUk funct 7 S ube] SEETE
BAo gHUth w9 AHETFAIAE S5 A Fo|g vy, A)AH FZo0] ¥k3lky 7] Ao
1 N IAEE TE5E T

func 7k 5EH A U Th o] B4t AN 2 Q99 C 2 a0l A Tl
A 3tat 7] kg th A, PYGILState APIZ AH&3FA Al 2.

WA 3.1 7}

W2 390141 W 3 o B2 A8 AE m Bl A FES W, fune P oA M e e o]
5294 Gu AL ABZEol A T2 EE UL oA 2 A1 A e HE A o ke

o] C AE o]~ S AFIA LESY Yo} F4 TS} ol 220 BB AAE 53| BEHE 2
A2 95, A A C A5 2 5FT 5 YUtk A D5 o= RES AN A kU h
A 2~ Y 5 Q%S S, 22 Po] Hus e 7R oJMELE o]

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_ SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace CALL, PyTrace EXCEPTION, PyTrace_LINE,
PyTrace RETURN, PyTrace_ C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what2| Zt arg2| 2|O|

PyTrace_CALL A} Py None.

PyTrace_ EXCEPTION sys.exc_info () oA ¥1EEH oj9] A
PyTrace_LINE A} Py None.

PyTrace RETURN T E Ao Al W3tE = gk, = ol 9] & Q13 A o] W NULL.
PyTrace_C_CALL =T =S AA.

PyTrace_C_EXCEPTION XE%+& 34 AA.

PyTrace_C_RETURN S=5 = 4 AA.

PyTrace_ OPCODE 84} Py_None

int PyTrace_CALL
gk vl s tigk Al EE o] Bus A, Alviel o ol tigk Al FEo] B )
ol thak whar v 7] 2] Zh Al o] B ol Tk o] Bl El o] H 2] A g
Hpol = 1= 2 9] Alo] Aol g7 WEol W5 2| k3ol o FAA

int PyTrace_EXCEPTION

“U

y_tracefunc

=z #) 99 sfo] A

A7 BABHAS ol Py_tracefunc ol ek what vi7] W9 gk S e A= 2y
Well A vpol E =7t X eld & o9 7} A4 wf wharol] th3l o] %ki TEgUth o] 79 B
9.8. —=Zmlznl FH 207
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o9] s}z Qs Frol M 8ol ¥ 717 AT, 9] 7 AFE of 7t m# 9o = wEE ) Fulo]
S2RUT 24 5w ol d B ol MES ST Ze Yot DR e 25U,

int PyTrace_LINE

The value passed as the what parameter to a Py_t racefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £ _trace_lines to 0 on that
frame.

int PyTrace_RETURN
SEol vty 1 & uf Py tracefunc 5ol t) 3F whar v} 7 WH42] 7k
int PyTrace_C_CALL
Ctr7l &5 8 & v py_tracefunc <ol S what v} 7] H2] L.
int PyTrace_C_EXCEPTION
C S0l A | 7 B A S vl Pyt racefunc ol )8 whar v} 7] H2] 7L
int PyTrace_C_RETURN
C&g71vtdail e u] Py tracefunc &5l t) 3k whar v 7] WH42] 7k
int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_ LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

See also the sys.setprofile () function.
TEAE GILE BR31a 9lojoF Fyh
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_ C_EXCEPTIONor PyTrace_C_RETURN as a value for the what parameter.

See also the sys.settrace () function.

EEAHE GILS A5 o] oF gtk

99 113 C|H{AH X|H

o e A UM A =AM A8 A& APk
PylInterpreterState *PyInterpreterState_Head ()
Az e JHl AA S elaEL] welof e AAE gyt
PylnterpreterState *PyInterpreterState_Main ()
H ¢l Az el E G AAE wkeeyth
PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Ae =z B el AA S e 2ENA interp ] 52| T JH 22 H AE| A& vty
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PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
AE Z Y interpe} FAH 2= B AENA A WA PyThreadState Ao th s ZAEH
k.
PyThreadSzate *PyThreadState_Next (PyThreadState *tstate)
0 pyInterpreterState Ao &5l BE 28 = AR | 2E A sstate 0] 2] TS 28 =

o AR S e o,

it

=]
g

e

gl

9.10 AgE 2 XA XH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading.local). The CPython Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

olele F4E TSV 0 GILS W B

Python.hof&= TLS API A1 ¢l o] Z 3} o]
pythread.h& Z 3| oF grc}.

%i{:l_\‘]/] r/}; 2%‘% Z]—%" %% xﬂ_‘g_—é-:}_q q_.

A ol FAFANL, 2= 22 AFLE G5

%0, rlr

Z+31: 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 PyOb ject*, these functions don’ t do refcount operations
on them either.

9.10.1 A EWH X EA (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 a
new type Py_tss_t instead of int to represent thread keys.

WA 3.7 37}
o] B7):
“CPythone] A~ ¥ =-2 8 A AL 9|35 A28 C-API” (PEP 539)

type Py_tss_t
of A4 FrE 20 = 719 S dehn, FoE 5 TLS 3 e} 2k 5 o, 7)o
2713 ZHE UEtd = W 2=7E dss Utk o] FRAl = 3 W flss U th
Py_LIMITED_API7Y B o= X k& ull, Py_tss NEEDS_INITE o] 9] A& &o] 3-&H Yt
Py_tss_NEEDS_INIT

ol |2 2= Py tss_t W49 %73} A} (initializer) 2 E--F Uttt o] W2 2= Py LIMITED_APIol| A
Aol = 7] okl Fo Al L.
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et

Ol

=X
[

ar

Py LIMITED_APIZ Q=9 273 25| 223 Y= Ao FH o] EFEalA 2o 4 o] &7tsd

Py_tss_t9 & 4.

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZ %7|3}9 73 22 AHe) o] 2k vk3sks)
A, 54 @9 A ) Al NULLE Wyt

void PyThread_tss_free (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after first

calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

ZF31: A freed key becomes a dangling pointer. You should reset the key to NULL.

HME

of =2 W W keys NULL O] ofy o of ¥yt E3, FoA Py tss t7h
PyThread tss_create ()2 27|13 EH A O, PyThread tss_set () FPyThread tss_get ()Y
E 2o Aoly x| ek uTh.
int PyThread_tss_is_created (Py_tss_t *key)
Part of the Stable ABI since version 3.7. =01 X Py_tss_t7} PyThread tss_create ()2 27|35 2
©w 00] obd ke WEFL T
int PyThread_tss_create (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z7|3}ol| A4-33}d 0 k=2 w1383t} key 127} 718 7] =
Zko)l Py_tss_NEEDS_INITE %7]3}% x| ¢ko W Z2ro] Fow A ¢k}, o
wagow 529 4 s - ol 271548 7ol el 325 op
= g
void PyThread_tss_delete (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. TSS 71 & 2tA|3to] BE A~ =04 719} #AH g 9 A 3+,
719 2713} Al E 27|35 A g2o 2 AU 93 H 7|= PyThread_tss_create () & THA]
z2713d + A5 Uk o] e 7“’ 7oA R Ao ® ©2E 4 55Ut v 3k F 7)o ths)
TE5h0 olr e 9 84 gath
int PyThread_tss_set (Py_tss_t *key, void *value)
Part 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_fss_t *key)

Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.
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9.10.2 AHE EZ& X &4 (TLS) API

WA 375E H A F: o] API= 48| =2 & &4 (75S) APIZ o)A E U th

14
filo

#i: o] M) APIE int 2 QS AAE & 45 gt HA 02 o] E 1 TLS 77} g ol
A A 8HA Utk ol H 3 BRFNA, Py Thread create key ()& Ao FEIE ZA) W o,
Pt oo e EAB N B obr el A 54 g,

>

ol
— o
=

92}

AoNA AFS T3 FAE A3l o] WA APIE A I = A AFEsiA = g Yth
int PyThread_create_key ()
Part of the Stable ABIL.

void PyThread_delete_key (int key)
Part of the Stable ABIL.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Fart of the Stable ABIL.

void PyThread_delete_key_value (int key)
Part of the Stable ABL

void PyThread_ReInitTLS ()
Part of the Stable ABL
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W 3.8 F7F

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preinitial-
ized with Py_PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o 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.

o The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
=718}, spold e Aol E 2 Ex FREAHA L.

o ®H7]:

PEP 587 “3z}o] W % 7|5} 41”7,

10.1 Example

T A REO A AYPE = AHEAF A he] R o

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;

PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(TH& sl oA ol A1)
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(o1& # o] A ol A A<)
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception (status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
I3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar t* Ex<E9] glA~E,
length 7} 0©] oFU W, items= NULL©] o} o] of 3t B E £2149 -2 NULL o] ofi] o] of gt
L EGR=S
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item< listoll 37} t}.
ol k5 T &Y ol WS AP 27358l of i Th
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item< list2] index°l 4+ gt}
index7} list Z o) Bt} A Y 220 W, item< listol] 37} (append) g1 th.
index must be greater than or equal to 0.
ol gt Tk ol WS AR 273} sf oF T
FZRA D=
Py_ssize_t length
ZXE Zol,

wchar_t **items
o= PuE.
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10.3 PyStatus

type PyStatus
2713} g B E A st F2A 4F, ol Ee 5.
oele] A%, el & WE C T ol F2 AFE + sk
TxA =
int exitcode
TR AT, exit () o ALH AL
const char *err_msg
of 2] WA A

const char *func

F9] o] 5, NULL Y & A5 YT

PyStatus PyStatus_Ok (void)
A

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
w2 g A (M £5).
PyStatus PyStatus_Exit (int exitcode)
AR FE =R ol A FRFULh
AeNE A S B4
int PyStatus_Exception (PyStatus status)

2 RO I R R R S A B B E‘?JHUP Folw, o2& AZsior FUnh; oS =9

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7 S5 AU
void Py_ExitStatusException (PyStatus status)

status 7} E 2 0] exit (exitcode) & T=TYTE status7}F ol 2 o] A ol & HIAI RS A3t 0
olold £g - F £F3JYT} PyStatus_Exception (status) 7} 0°] o}d uf ¥t & &3] oF

Fuch.
F2: YEAo=, o] WL pystatus. func® AF 3 vl M2 E A3 W, func7hNULLE
248 AUE BEE s §5E AT
of:
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PyStatus alloc (void **ptr, size_t size)

{

int

*ptr = PyMem_ RawMalloc (size);
if (*ptr == NULL) {

return PyStatus_NoMemory () ;
}
return PyStatus_Ok () ;

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

I3

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
A TS 27138k B
void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
shol 4l 4 0.2 b T4-S 278 g ek,
void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
Aol FALR AP A4S 2713 T
TRA =
intallocator
Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’ t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
e PYMEM_ALLOCATOR_MALLOC (3): use malloc () of the C library.
o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.
e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using --without-pymalloc.

vl ie] FelE FRe Al L.

Default: PYMEM_ALLOCATOR_NOT_SET
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int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to O, set coerce_c_localeand coerce_c_locale_ warn members to 0.
See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: -1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
00] ofy™, C 2A L o] A2 wf Far7} Eyd s
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_mode to 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".

Initialized the from PYTHONLEGACYWINDOWSF SENCODING environment variable value.

DEFAM L AG 7 FUTh #ifdef MS_WINDOWS A2+ A& 574 ZEA AHEE ¢

sl Ut
Default: 0.

int parse_argv

OO] 0]—\4 Eﬂ, Py _PrelInitializeFromArgs () 3]— Py PrelInitializeFromBytesArgs ()«
Aul shol Mol Y Z QAL PR LA} A 2L PO argy A4 PR EAFY

ok B E AAE BRI
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.

10.4.

PyPreConfig
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut£8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
« Set the Python memory allocators (PyPreConfig.allocator)
« Configure the LC_CTYPE locale (locale encoding)
« Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
ol M A 2713} ek o
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A T4 A Shel WL APA 7] 31 e
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)
preconfig A7 FA3 ol A shol W& AP 2 7] 3Fg Y T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
preconfig At /3 ol Al Shol S AR 27133 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 () < AFR3Slo] oo (B} £8)E
A28l of Fuich,
For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () & Py Prelnitialize() ©] %ol Py InitializeFromConfig() ©]Z
of Z&3te] A2 B wRY FFAE AAT 5+ ds5UTh  PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETC E AAEW Py Prelnitialize() Ao & 4 A5 T

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
shol A T/ A% e shebv H & 2@ T2,
When done, the PyConfig Clear () function must be used to release the configuration memory.
FZA 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)
Qo= BExY strS *config strZE B AU t)
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (argv 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)

ool B2 B2 E listE length e} items 2 4 A g T}

Preinitialize Python if needed.
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PyStatus PyConfig_Read (PyConfig *config)
BE sjold 7AL Ayt
ojn] 27|39 B=+ WA HA gFUTh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.100) A4 H7A: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 HA: PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py_InitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)
T4 WEEE s Al gtk

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyCon i g method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

ol WA= -4 j%x}h PyStatus_Exception () ¥ Py_ExitStatusException () & A}&3}o] o] 9]

g E5)E A=l oF gk
FZA =
PyWideStringList axrgv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argvis empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv (0] isequal to L"-m" (python -m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’ s directory. If it’ s a symbolic link,
resolve symbolic links.
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o 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 3110 F7}.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the _ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to O and configure_c_stdiois 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.
stdin G WY B2 dYg Yt
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —b command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.
WA 3.100] F7}.
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int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODERUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
WA 3110 F7}.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based . pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
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.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
« On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
o If buffered stdio equals zero, disable buffering of stdin, stdout and stderr streams.
o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] oby ™, stold 7t R =5 &3t}
Set to 1 by the —X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
00] ohul W, 2 A o 23 B4 FEl9l B CESREE

Set to 1 by the PYTHONDUMPREF'S environment variable.

27

rln
i
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y @, A]Z+ A] faulthandler.enable () & S &3 YTh
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_ langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
o Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii™".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if
legacy_windows_fs_encodingof PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
A9 Al T A
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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Default use_hash_seed value: —1 in Python mode, 0 in isolated mode.
wchar_t *home
ol & v E .
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
0°] ol d, dEE IS 223 Pyt
Setthe 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.
int inspect
~EPEY HHS AP F 54 BER Sojghth

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys. stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0O in isolated mode.

int interactive

If greater than O, enable the interactive mode (REPL).
Incremented by the —i command line option.
Default: 0.

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 Setuser_site_directoryto 0: don’ tadd the user site directory to sys.path.

o ¥}o]# REPLE tJ3}4] L EZ E oA readlined A FE X% 7]E readline +4 S &4

3ot = syt
Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.
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int legacy_windows_stdio

If non-zero, use i0.FileTO instead of io._WindowsConsolelIO for sys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
A= Lo A ek AL 7H5 U Th #ifdef MS_WINDOWS WA 2 & 959 E4 T o AL &S
AUt
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
0°] ok ¥, & Al 3t pymalloc W 2 2] 21l tf 3 FA S @23t
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.
W7 3.9¢] 27}

¥ 7 3.110]| 4] ¥ 7 : This macro is now used on Windows to locate the standard library extension modules,
typically under DLLs. However, for compatibility, note that this value is ignored for any non-standard layouts,
including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.pathsep).

Set by the PYTHONPATH environment variable.

Default: NULL.

Part of the Python Path Configuration input.
PyWideStringList module_search_paths
intmodule_search_paths_set

Module search paths: sys.path.

If module search_paths_set is equal to 0, Py _TInitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
SEDE LS
« 0: Peephole optimizer, set __debug__ to True.

e 1: Level 0, remove assertions, set __debug__ to False.
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o 2: Level 1, strip docstrings.
Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable value.
Default: 0.
PyWideStringList oxrig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argvlistis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argvinto 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 a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 31004 WHA: 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 com-
pilation 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 st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.
WA 3.119 A4 ¥ 7 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
o If Py_SetProgramName () has been called, use its argument.

¢ On macOS, use PYTHONEXECUTABLE environment variable if set.
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o If the WITH NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv [0] of argv if available and non-empty.

o 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 PYTHONPYCACHEPREF IX en-
vironment variable.

NULL©] ¥, sys.pycache_prefix+ None 2 2 A A}
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.
int show_ref_count
TEA S AR ALE BATUN
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
AAT o site RES YEE FY7W?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.
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Also disable these manipulations if the site module is explicitly imported later (call site.main () if
you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_ import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCOD ING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8_mode is non-zero.

o 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 locale
is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc

Enable tracemalloc?
0°] o}y ™, A]ZF A] tracemalloc.start () & T=F YT}

Setby -X tracemalloc=Ncommand line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

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.
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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, 0O in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

If greater 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 E E-2 sys.warnoptions & A< o2 F73 Yttt wlA 2 pyconfig.
warnoptions @& 7} WA HALE = warnings.filters9 3 WA &&Fo] FUt} (7h

T =2 AE9).
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 variable.
sys.dont_write_bytecode™ write bytecode®] YA H ZtoZ % 7|3 Vth
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argvisnon-zero, a rgv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —X command line option.

WA 3,904 M7 show_alloc_count BE7}AAE AS5 YT
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10.7 PyConfigE Al235 7|35}

shol A& 278} B4
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config T/l A shol & 27|33 o}
S &A= PyStatus_Exception ()3} Py_ExitStatusException () < AF&38lo] o9 (3 Y £3)E
A 2] sl oF gy ot
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.

2239 ol 55 A sk ol

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 parameters.
Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from the
configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception (status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_ Read (&config);

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)) A
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)) A
goto done;

status = Py_InitializeFromConfig (&config);
done:

PyConfig_Clear (&config);
return status;

108 AHZ|& +d

PyPreConfiqg InitIsolatedConfig ()} PyConfig InitIsolatedConfig() &4E Al2H o] A]
shol 918 A2l o 74 & HE LT ol & Sol, 3ol 2 8 =2 1o A5 AN,

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argvis 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 HlO|’M 1

PyPreConfiqg_InitPythonConfig ()& PyConfig InitPythonConfig() Sty dulsjo|yHAH 5
Sohe A8 A28 shol 4 ME ] A 74E FE T

87 W59 BE 2 AAe ol WS PASE o ARH s WY, Ao T4 Wee BARU,

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTEF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

e

Kl

PyConfigols A& FALS 93t og A7}
« AR 7YY

1) AUk

- PyConfig.home

- PyConfig.platlibdir

- PyConfig.pathconfig _warnings

- PyConfig.program_name

- PyConfig.pythonpath_env

- AR AL HaE e 2o B2 E 27 Al

- (PyConfig.program_nameo|A) Z2 13 AA A2 & 7] YtpaTn &7 A
- __ PYVENV_LAUNCHER__ 37 W<

-8 = £ A 8 HKEY_CURRENT USER <2} HKEY LOCAL_MACHINE 9]
“SoftwarePythonPythonCoreX.YPythonPath” o} o] &= HA2EEQ S8 20 H=Z
(7140 X.Y = 5ol 4 A ],

EE LR

- PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

- PyConfig.executable

- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

Set pathconfig _warnings to 0O to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).
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base_prefix\ base_exec_prefix BEZF AARAE R oW, ZV 7t prefix® exec_prefix® ZFS A+

PN
Py _RunMain ()3} Py_Main ()< sys.pathE £33}
e run_filename®] AAE I __main_ .py 2IHEE F35= tJAE o)W, run_filenamed
sys.path ¢l 713U Th
e isolated’F0o]H:

- run_module°] ™, A Y B 2| & sys.path ol F7HUh @A) tEH2 & =+
Ro W b A% 3] ‘E%Gb]"%-

- run_filenameo] AAHH, 5tdH Y A H 2 E sys.path goll F74h
- agx e, Wl FAY S sys.path ¥l F7FU T

site_import7F00] ofUW, site EE9| sys.pathS AT 5 A5 YT} user_site directory7Z}t
00] o}u] a1 A& 2}9] site-package T) @ E] 8] 7} 2R 31, site BE % A& 2}9] site-package T @ E 2] S sys.
pathol] &7k ok

thedt e T4 $Heo] A= P A th
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (92 HAR)
If a . _pth file is present:
e Set isolatedto 1.
e Set use _environment to 0.
e Set site importto 0.
e Set safe _pathto 1.

_ PYVENV_LAUNCHER___ 87 W4 = pyConfig.base_executableg AAsH= bl AFRF Ut}

10.11 Py_RunMain()

int Py_ RunMain (void)
w3y Zolu FA I /\1 AAH B (PyConfig run_command), 23 Y E (PyConfig.
run_filename) B 25 (PyConfig.run_module)< A3},

1
AEAoR, 181 -1 §4L AH§T ), REPLLS A ch
nhA o 2, sho] AL shol dekel = SHil exit () 40l AT 5 Ut FE FENE WHHIY

T}
Py_RunMain ()& Agske] 34 Ael RE|A RS = A2 A sho] AL o &= sho] W TS F2 3
Al /\]9_
H .
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
stol o] =4 317] Ao, g BH & AAE P U

See also PyConfig.orig_argv member.

10.13 CIEHA| =718} HISIH ZE X API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
o “SH A (Core)” 27|38} THA|, “Z] 2 3k9] s}o]#”:
- WZY;

Z X 5 (frozen modules);
- sys BEEZ REACZR 27 FH UL (o] & £0]: sys.path+ o2 EA8HA] kU Th.
+ “F(Main)” 2 7]3} %74], alol °] 43 271 YU
- importli
e ese A
- Alad A& AU
- sys BE 27|13 S FUTH (A & £9]: sys.stdout F sys.pathE THFUTH;
- faulthandler® tracemallocd 2 A EH A 7|58 A3ty
58 9EE o

o

X
>~

o

Kl

1

ox
94

v

au)

=

- site B =&

A==
o ©

u] 37 = A APL:
e PyConfig._init_main:ifsetto 0, Py _TnitializeFromConfig () stops atthe “Core” initialization
phase.
e PyConfig._isolated_interpreter: 0°] o)W, A=, AE 222 D X FE 583K g5
U,
PyStatus _Py_InitializeMain (void)
“F7 2713} GA R o] F 3], shol i 273 SEdYTh
“Sl A DA AL ol A REE JEE 514 91 import1ib BEo] TAH A gaUth A= FAL R
AN BB A A2 7S ABASA £ A skl WA o 02 AEA BT
Jom, AF82} 2] sys.meta_path Y ZE (importer) U} YZE & 4
a4 &7 o Foll 3 T o Wl Fhol ol A= AL A4 4 A D 4 913, o] 7 o] PEP 4329] £ 7]
% shuely .
“8] 417 A7 AT 2 )5 2| hekITh of GAlolA e ALS R 4 L, Pl o] 18 A eolof sh
A% obd) 2155 4] ebgkUTh APLE u B0 A A A Ao AP UTh: A4 2% 57 APIZF A A D
W 7kA] AAEA APIE F4 AW A AL = A5 T
“S 47 3} <7 2718} WA Aol o] A shol Al =S AW FHE o A):

13 2

[e)
-
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) |

exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

10.13. CIoHA| =781 H|Z 7] &3 API 235
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cHAPTER 11

22| 22

111 72

slolx o] v & 2] Fejo= BE stol A A e} vl o] H FRE T3t u]-3 7l § (private heap) & 5 RHgHU T
ﬂm*ﬂﬁJAﬂ%AﬂﬁﬂEﬂ #ejztol o W HA o= o] Fo] Ut Fho] A wl R A I,
ATRE 8 A0 QG EL AT 2L 5A AR A Belo G 2NS Ao A% ThE 74 L4E
AR 3 9%k

71 e oA, 9A HlE e @At 29 AAY wRe FeAret FE ALt vEl goll BE
ﬂﬂﬁ&%ﬂﬂﬁeﬂﬂﬂﬂﬂ%hl%ﬁﬂ%%ﬂgﬁﬁﬂq2%NWEQé%}ﬁﬂ‘*HNJ
AR A 2L oA A 2 AR o S0 D nf W e Bl AL FATULE
A Bol, A5t e 2R T AT S5/ AES S, A% A 4 RAA FAG,
FE EL A2 oA Tel s Ukt shold MRl Bel Al A A4S AR S A A
AAAA T, FA A B AA Wl A AEAES F .

stol A 3 o] #ej& AElz el ApA ol o3l 3= ], AbEAbE ] R o W2 e ESof tigh A ZAHE
%ﬂ@giiﬁﬂﬂﬂ¢%ﬁuVPW$%¢ﬁq%ﬂ%ﬂﬁ?%ﬁﬂ%ﬁ@ﬂﬂnAﬂ&ﬂﬂﬂﬂﬂ
Y5 E 9ty S -2 o] A Aol Y H 5ho] #/C APL - 53l 3hol A w12 8] A2 2}e] 8 3 o
we} 2 U o,

Hx Cﬂ%ﬁﬁrm}ﬂﬁﬁﬁﬂ%cﬂ]Eaﬂﬂﬁﬁﬁﬂﬁvdﬁ4ﬂWﬂﬂqﬁﬂH@@Tﬂ%@
oFdtUth: malloc(),calloc (), realloc() W free(). 18 A 3t} A2 2 d1 g &L LA
o2 ol 255t wjiofl, C &t} sho] & | 2 ﬂ*ﬂﬂﬂléJi o] Ay st XA AFE =
it 22, oF2 oAl 8f Zo] A B2 07 C glo| B g §FALE AR-SHo] W 2] BEES LA

st A S 5 syt

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/O */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;

(Th sl el Aol A<)
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(o] A | o] A e A AL
free (buf); /* malloc'ed */
return res;

o] ool 4, VO W ofl tf 3t vl 28] 8 2 C eho] B ef 2] &dAtel o3 A 2] g vt sfo] A v &2 &A=
g =

3
A2 NhekE = Hle| EE A Ao 21

In most situations, however, it is recommended to allocate memory from the Python heap specifically because the latter
is under control of the Python memory manager. For example, this is required when the interpreter is extended with new
object types written in C. Another reason for using the Python heap is the desire to inform the Python memory manager
about the memory needs of the extension module. Even when the requested memory is used exclusively for internal,
highly specific purposes, delegating all memory requests to the Python memory manager causes the interpreter to have a
more accurate image of its memory footprint as a whole. Consequently, under certain circumstances, the Python memory
manager may or may not trigger appropriate actions, like garbage collection, memory compaction or other preventive
procedures. Note that by using the C library allocator as shown in the previous example, the allocated memory for the
I/0 buffer escapes completely the Python memory manager.

o B7):
PYTHONMALLOC 27 W5 AR&-3to] fo| ol ] ALg- 3k w2 2] &datE 148 4 syt
W= A 28 pymalloc 2| of & L} (arena) 7} ¥F a3
AE dste ol AHEE & Asuh

oﬁ mlm

PYTHONMALLOCSTATS %
pymalloc W] 2] St=}12]

ot

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail, but
for debugging purposes a simplified table can be found at /iere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

« Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the G/L. The memory is requested directly to the
system.

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 ().
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11.3 ®A| M 22| QE{H|0|A

L 3t4 AL A A H
S

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc () and free();
calmalloc (1) (orcalloc (1, 1)) when requesting zero bytes.

B A 340 F7}

void *PyMem_RawMalloc (size_tn)

m°"

P kol th ek A s Uk o] e A= GA-MA, GILe AL B2 E

Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.
Oulo|ES 2 33t 715 8H¥ PyMem RawMalloc (1) o] thAl &8 A ¥ 7Fsshd -3 NULL
o obd E B S BT v B el ol | 4 0 2 E 271315 4] Uk

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

07 841} 0u}olE 3719 845 2 A3l PyMem_RawCalloc (1, 1)°] tAl &% A 7}
S35 783 NULL o] obd Z O E & wkEay o)
WA 350 &7}

void *PyMem_RawRealloc (void *p, size_t n)

p7H Al s MR e B2 2718 nutol E2 2T TH G2 ol AT A 22 F719) Ak el
A WA A ke

p7FNULLO| ¥, &2 PyMem_RawMalloc (n) 3 55 &UTH ol 03 2o, W2 552 37|+
ZAF A A= A& g, e Z o= NULL o] obd YTt
p7FNULL o] o} 3}, PyMem_RawMalloc (), PyMem_RawRealloc () T+ PyMem RawCalloc () °l
th st o] A T Zof o3l vEEE A o] of oF Tt
8o Aufstd, PyMem RawRealloc ()<= NULL= BH8Hslil p= ol A w2 8] o o3t F2 3+
ez 4490k

void PyMem_RawFree (void *p)
p7F 7tel 7= R E5E

oc

A TdYTE pE PyMem RawMalloc (), PyMem RawRealloc ()
T+ PyMem_RawCalloc()o theh o] $ &2 waH ZAojojok Fuct. 28A dAY
PyMem RawFree (p) 7} Al T&FH o™, F o= A 942 52o] Aol
p7ANULL oI, o} HAE S A Tk

11.4 0| 22| 2E{H0|A

ANSIC Z&o] whel 2d 8 59 A9 oulo] EE @ st uj o] =L x| A3} -2 st 1 3HL uho] A 7 of A
H 2 g & a5t A 6= o AR 4 IS5t

7]+ v 28] &A= pymalloc | 2] @RAE AHE UL

AL o] gE A = GILZ FA 8l oF F T

WA 3.6004 HA: 7|2 &A= o] Al Al~" malloc () tHAl pymalloc Y U T
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void *PyMem_Malloc (size_tn)

Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.

0¥}l EE 843t PyMem_Malloc (1) o] Al &% ZA A 7Hs3td A3k NULL o] ofd 2 E &
QRS U T W R el o' Al o 2 & 27315 ] k5 YT
void *PyMem_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

0719 84010l E 7|9 8 4AF 833 PyMem_Calloc (1, 1)°] Al EEH AAH 7314
AFRENULL O] obd IS e o

WA 3.5 =7}

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 712 7= vl 2 2] B2 9] 27] 2 nulo| 22 2AFUTL Y&-L o] AT} A28
279 A% el A B A A Fauch
CEP)

p7FNULLO| W, &2 PyMem_Malloc (n) 35Utk T8 A ¢ilno] 03 Z o, W R g
A7) 2AZFHA N AAE A = Fon, vhE Z e = NULL o] obd Yt}

p7]- NULL©] o} 3}, PyMem_Malloc (), PyMem Realloc () B+ PyMem_Calloc ()ol thst o] &
Z o] whakal Aojojo k.
LA o] A, pyMem Realloc ()2 NULL= HHESlal p= o] d R g] J o tf st Fa st
= A8k
void PyMem_Free (void *p)
Part of the Stable ABL p7} 7}gl7]l& WR2eE 55L& AT YULh pE PyMem Malloc(),
PyMem_Realloc () ¥ PyMem Calloc ()] that o] A T & o] Wkskdt Aojojof gyt 12X
%At PyMem_Free (p) 7t A TEH PO HoH A 42 F
p7FNULL O] |, o 2 & 35 2] oF 51t
Aol & sl that 22 F AF a2 7t Algg Ut TYPEC] 2= CY & vebd ol oA L.
PyMem_New (TYPE, n)

5]

f

o1 H

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 (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

1AL C AN AR Tk ps G B AR U S AL @) M me] AL 55
pol el e WA A 2.

void PyMem_Del (void *p)
PyMem_Free ()2 255U th

=3, 9lo] JAE C AP 58 AL§5HA @, shol Al 3
Agtol A F UL 28, o5 A5 shol W WAL 7hz A 2 vho] v e S84 o £A15 4| oA
o B EolAE A AT

e PyMem MALLOC (size)
e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)
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e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

3 w9l 54

o

AR thg B4 AEL shol A Yol A

ZF31: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

712 AA @A = pymalloc W 2 2] ZAHE AHE U T

HaL: o g

it

A& = GILE §-A 8 oF Tt}

void *PyObject_Malloc (size_tn)

Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.

0vle] EE 8431 PyObject_Malloc (1) o] thAl & A A H 7Hs o {3 NULL O] ofd 2
AHE WUtk W R e &= o]H A o2 E 27|38}5 A U Tth
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.

o7le & /\b}oa}o]E 3719 845 243d PyObject_Calloc(l, 1)°ol A &&= AXH 7}
58Hd AR NULL O] obd ZQIH E Wyt
WA 3,50 F7%

void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL p7} 7}e] 7] = Wl 2] 859 27| EnHlolER2 23U th YWE-2 o] dA A=
3719 H &3 WA= HAH A gsUth
p7F NULLo| ¥, &% PyObject_Malloc (n) & S5t 22 ¢k no] 03 2o, |
E59 27+ 2AHAWNAH A ¢har, whEE A EH & NULLe] obd Ut
p7FNULL o] o} 3t PyObject_Malloc (), PyObject_Realloc () T+ PyObject_Calloc ()l
5k o] A S Z ol o3l WHEHE A o] o] of Fr T
Qo] AustH, Pyobject_Realloc ()< NULLE WHSHalal p= o)A W2 g o) th3lt &3
ZAH=E %ZI%HD‘L

void PyObject_Free (void *p)

Part of the Stable ABL. p7} 78] 7] &= v 2 g EE2& 3|A PyObject_Malloc (),
PyObject_Realloc () B+ PyObject_Calloc ()] gt o] A T Zof 93l Wketd Zl o] ofof gy
t} 222 ¢ AL PyObject_Free (p) 7} oA o] &H ¢ o™ Ao R ¢ke S 2ho] dojdth

p7INULLOTH, ob% 2ei % 85 4] ehrviet.

o

td
ic)

EE
T
&
)
e
u
rlo
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11.6 7|2 22| X}

718 v ® 2] &gt
=S| 0| PyMem_RawMallo PyMem_Malloc PyObject_Malloc
ggladE "pymalloc" malloc pymalloc pymalloc
Oy i= "oymalloc_debug malloc+ T/ I pymalloc+UtH pymalloc+TH

pymalloc 8= 8]Z ¥ "malloc
=

£3
I

pymalloc ¢+ ¢]
1=

"malloc_debug"

" malloc

malloc+ ¥

1
malloc

malloc+ TH 1

1
malloc

malloc+ TH 1

Ha:

« Name: value for PYTHONMALLOC environment variable.

e« malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc ()

and free ().

e pymalloc: pymalloc memory allocator.

o “+ debug”: with debug hooks on the Python memory allocators.

11.7 22| &
W7 3.40] F7%
type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

“Debug build”: Python build in debug mode.

XL AL AL E 2

5

ME!

void *ctx

void* malloc (void *ct
void* calloc (void *ct
size_t elsize)

void* realloc (void *ctx,

new_size)
void free(void *ctx,

X, size_t size)

XI
void *ptr,

void *ptr)

size_t nelem,

size_t

1=

MEe 25 I

002 27|38 WEe) B2e B
U

LEC RS E L VINERES:
U

WEe 252 AT

B A 3.50] 4] ¥ 7: The PyMemAllocator structure was renamed to PyMemAlJlocatorEx and a new

calloc field was added.

type PyMemAllocatorDomain

2 =W A A sk d AFRE = @AY, = <

PYMEM DOMAIN_RAW

=L~
Eigah

242
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e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM_DOMAIN_ MEM
e
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free/()
PYMEM_DOMAIN_OBJ
g
e PyObject_Malloc ()
e PyObject_Realloc ()
e PyObject_Calloc/()

e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

A4E =e Qo] v we] 85 FFAE A S

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARE =H Y W2 B FFAE AR Tk
A AR oulol £ 2 2 3% w) A8 NULL o] ofd % Q1 E] & ks o BT

For the PYMEM DOMAIN _RAN domain, the allocator must be thread-safe: the GIL is not held when the allocator
is called.

A EFA7E Fol oby e (o] d FAE S E A O H), PyMem SetupDebugHooks () T8 &

=35t Al Aol T 2 52 oAl A A sl oF gyt

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

73 PyMem SetAllocator () does have the following contract:

« It can be called after Py PreTnitialize () and before Py TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

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.

11.7. o2 2| S2tx} ALR R} Ao 243
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11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preinitial-
ization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release mode
(ex: PYTHONMALLOC=debug).

The PyMem_ SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A3 A A AR

o 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).

e Check that the GIL is held when allocator functions of PYMEM_DOMATN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are called.

o 2 7F W ASH, U1 £ tracemalloc RES A3t R BEEo] &3d
7FA Ut} tracemalloco] Zto|x WR e @3S F4 Fola WRE £F0] 43

ENEIS]A

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1 : 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):

O o

R
o

[m
Jlajgh=)
s

[» >
= E

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):
o 'r' for PYMEM_DOMAIN_RAJ.
e 'm' for PYMEM DOMAIN_ MEM.

e 'o' for PYMEM DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[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.
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PI[N+S:N+2*S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t. If
“bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run, to
capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is the only
place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact. If
they’ ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The other
main failure mode is provoking a memory error when a program reads up one of the special bit patterns and tries to use
it as an address. If you get in a debugger then and look at the object, you’ re likely to see that it’ s entirely filled with
PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning uninitialized
memory is getting used).

WA 3.69 4 M 7A: The PyMem_SetupDebugHooks () function now also works on Python compiled in release
mode. On error, the debug hooks now use t racemalloc to get the traceback where a memory block was allocated. The
debug hooks now also check if the GIL is held when functions of PYMEM _DOMAIN_OBJ and PYMEM _DOMAIN_MEM
domains are called.

WA 380 A M 7Z: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and O0xED to use the same values than Windows
CRT debugmalloc () and free ().

11.9 pymalloc &=HX}

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.

obel v} A Th B8 A FY o
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
o 1R Ao M 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}|L} SHetx} AR X} RO

WA 3400 =7}
type PyObjectArenaAllocator
obelvt @3AE 7% ete ol AHgE = FEA. of FERANE Al e BEF 5k

11.9. pymalloc =X} 245



The Python/C API, Z2|A 3.11.11

He o|o|

void *ctx R A A= AL A8 A~
E

void* alloc(void *ctx, size_t size) size UFo] E 9] o} L& 33t

void free(void *ctx, void *ptr, size_t ol U= Aot

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
obelu B AU,
void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obel vt g AHE 44 g,

11.10 tracemalloc C API

W7 3,74 7%
int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BEA &AW e E52 FHFch
B8R 02 BT, o2l 7k BAFE (R AL A SR E FIHA BAEUH -1
HFekgh U o}, tracemalloc ©] B] &4 815 9l o -2 &5 vHEHgy o)
Hl e EFo] oju] FAHM, 7|E F A4S BAF U
int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

tracemalloc REOIA GG W2 B5S 54 AGU B0 2257 FoH o} AL

SHA| FE Ut

tracemalloc ©] W] &/ 8} = ¢l oW -2 & whehelal, 19 A ke

)
(@)
o
r 17
rit
¥
<
v

11.11 0O

g2 e AR A whe AU Th VO M 7L A A B4 AT AHg kel shol A Yol A TYHES
thAl A 9% U ek

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

3 AT AFL A 2L =AYk

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

99 F A ool A, AL B4 2 WGl Sk FE B 24P o) F AL AAE, A2 ThE
FPAE ERY AF AL BIER ]
A€ BF YUt b = AW Lol : -
Aol b FPAE 5] wf o

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 () A/

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_NewVarand PyObject_Del ().

OJAEL CEAELE AA F& Ao st FEst= Aol thak th& oA Agd A Ych
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ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

12.1 Sloj| ZHA| Sterst7|

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. ©] AL PyObject_Init ()7} +383= B
= sk, 7k 27) AA| 9 Zo] AR = 2753
PyObject_New (TYPE, typeobj)
Allocate a new Python object using the C structure type TYPE and the Python type object rypeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The caller will own the

only reference to the object (i.e. its reference count will be one). The size of the memory allocation is determined
from the tp_basicsize field of the type object.

Z+
2l

i

PyObject_NewVar (TYPE, typeobj, size)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp_itemsize field of
typeobj. This is useful for implementing objects like tuples, which are able to determine their size at construction
time. Embedding the array of fields into the same allocation decreases the number of allocations, improving the
memory management efficiency.

249



The Python/C API, Z2|A 3.11.11

void PyObject_Del (void *op)
Releases memory allocated to an object using PyOb ject_Newor PyOb ject_NewVar. This is normally 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
gho] Mol A None & & = ZE == A o] Aol th3t A2 B 715 = Py_None AR E A3 A
o A 3] o gL .

o] ®B.7]:

PyModule Create()
%4 w5 sty v

d

122 38 A £ =A|

stoj o] A @ A ololl AHgH = B2 F2A7 A5tk o] A oM o] 2t T2 A 2F AHE W of] &

12.2.1 7|2 4| ot o2 =
BE gl AA = TFALE AAY wEe Y HZoA AL *4 e FHIY
3 i A, AR

A AR Az S22 FEl AeE U
type PyObject

Part of the Limited APL. (Only some members are part of the stable ABL) 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 PyObject, 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 ABIL) This is an extension of PyObject that
adds the ob_ s1ize 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

Aol 7} WakA ke l}iﬂ% e = A2 FS A3 o A}85 = v =2 2 )Yt} PyObject HEAD
LA a 8= pd N

[PyObject ob_base;

9] pyobject AHAE FRIAHA L.
PyObject_VAR_HEAD

Axdauit) Zol7t th2 AAE VU= 22 S AdS o AHeH = a2 g Yt} PyOb-
ject_VAR_HEAD v} 2 2 = t}-& 3} o] 45 Yh:

[PyVarObject ob_base; ]

9 pyvarobject A AE FRIFAA L.
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int Py_ Is (PyObject *x, PyObject *y)
Part of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is vy in Python.
WA 3.109] 7}

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.

B A 3.100] &7}
int Py_IsTrue (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True in
Python.

WA 31000 7}

int Py_IsFalse (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the False singleton, the same as x is Falsein
Python.

WA 3.100] F7}.
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py SET_TYPE () function to set an object type.

WA 311904 HA: Py_TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
A 0] ol typeo]™ 00] obd Fr= Wbty th. 28 x| oF o 02 WY th Py _TYPE (0) ==
typedt S5
B A 3.9 F7}.
void Py_ SET_TYPE (PyObject *o, PyTypeObject *type)
AR 0] BL nype o2 AR T
W 3.9¢ 27
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.
¥ A 3.119 A ¥ 7 : The parameter type is no longer const PyObject*.
WA 3.100) A M7 : Py REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
AA 02] A2 ATE refertZ AT
W7 3.9¢ 7%
Py_ssize_ tPy_SIZE (PyVarObject ¥0)
Get the size of the Python object o.

Use the Py_SET_SIZE () function to set an object size.
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WA 31194 M A: Py_SIZE () 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)
A 02] A7) size® AA T T
WA 3.9 =7}
PyObject_HEAD_INIT (type)
o] A& MEL pyobject B 2713} o2 FAH I 2 YUtk o) 3R thE oz gy
t}:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 342 HME 3

type PyCFunction

Part of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this type
take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python. The
function must return a new reference.

W4 A B o3 2ok

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the Stable ABL. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:
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PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

B A 3.9 F7}.

type PyMethodDef
Part of the Stable ABI (including all members). 733 2] WA =& 7| &5t o] AFREH = F2A). o] 24
o =] AHe] BE} vk
const char *m1_name
Name of the method.

PyCFunction m1_meth

Pointer to the C implementation.

intml_flags
Flags bits indicating how the call should be constructed.

const char *m1_doc
Points to the contents of the docstring.

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as 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 dayrk
METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunction. The function expects
two PyOb ject* values. The first one is the self object for methods; for module functions, it is the module object.

The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH_VARARGS | METH_KEYWORDS,
METH FASTCALL | METH_KEYWORDS and METH_METHOD | METH_FASTCALL | METH_KEYWORDS.

METH _VARARGS | METH_KEYWORDS
ole gt S L7k 8l MM == PyCrunctioniithKeywords & olojoF duth. o] g Al 719
) 7] HE 7T U Tk self, args, kwargs. A 71 A kwargse BE 719 & Q1AL H A 2lo] ALt 7] 9 =
A7 o NULLY 4 QS5 th /) M= dulA © 2 pyarg ParseTupleAndKeywords () S

ARg-She] A=l g Ut
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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).

w7 379 =71
WA 3.1090 A ¥ 7 : METH_FASTCALL is now part of the stable ABI.

METH FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.
WA 3.7 7}

METH_METHOD
Can only be used in the combination with other flags: METH _METHOD | METH_FASTCALL |
METH_KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that contains
the method in question. The defining class might be a superclass of Py_TYPE (self).

WA =& PyCcMethod & o]o]of &=, self F o defining_class ¢1A}7} 719 METH_FASTCALL
| METH_KEYWORDS<®} 25Ut
B A 3.9 &7}

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 parame-
ter, and a PyOb ject* parameter representing the single argument.

Z 42 e ol A8 A 9w 2o 29 WA S8 8 A8 2wl uhel g vhehy T

o] 5
25 AYgH o= AT S stk o8l @ 2 F A Y stuE Fo X wA = e AR T 5
A%

HAER PO dxdartobd & AAZE A WA w7 W42 Adg Yt classmethod() WA
2~ W A = (class methods) & W= = o] A} Ut}

Ol A~E A7 old NULLe] A HA] w7/ M2 ALH Yt staticmethod () WA &
T2 AR ol ol A= A AR A A v A E (static methods) S HEE T AHEH U T

Shie] theE 44t 2 WA o] 2 4 e e A WA= 2EH EAE AT T
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METH_COEXIST

The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named __contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.
PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python callable object. The
caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked. self
can be NULL.

The callable object’ s __module__ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be set to
None or NULL.

o B
function._ module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

WA 3.9 7}

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

Return value: New reference. Part of the Stable ABIL. Equivalent to PyCMethod_New (ml, self, module,
NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (ml,
self, NULL, NULL).

12.2.3 E2EO| 0{EZ[RE AMA

type PyMemberDef

Z= oy o]

name const char * w9 o] &

type int CHzA N = A9 3

offset Pyssizet Wu7F 3ol AR FR A X s npol £ Tl o] 2 m Al

flags int D=7 97 g AR 27 F5 A S ehie Za 1A=

doc const char ¥ S2EZ9 Y& 7zt
type< ThESHC PFof s Gt B2 T_mM 32 F 3t 5 AU th AW 7F sho] Mo A AA A 2
o, 53 shold Fo 2 MeH
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O3 2 0|E 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 7FNULL Y u] T_OBJECT= None-2 WF3F3S}1l T_OBJECT_EX+= AttributeErrorE @AA 7T}
X Ao A T_OBJECTS} T_OBJECT_EX 7} tFEU T} T_OBJECT_EX7} T_OBJECTH T} &l & 015.3]%
Eo| 3t del & AR S T Lul2 4 g 3t2E, T_OBJECTH T} T_OBJECT_EXE A&

]_

flags& 227|192} 917] AN 2E A8 00 AL 97] A& A AE 93 READONLY ¥ 4= JF Y th
type©°l T_STRINGS A& }rJrL 71 & READONLYE Z=SHUth T STRING H| o= UTF 8= 3| AH
Utl T _OBJECTS} T _OBJECT_EX W gk AA| = 4 9:1;,‘141‘/}. (NULLE AA = Uh.

Y @73Y (PyType_FromSpec () o]y F A A& AHE 8L w50 X)), PyMemberDef+ @ A A
9] tp dictoffset, tp_weaklistoffset W tp_vectorcall_offsetoﬂ A Feles S W
_dlctoffset ,  weaklistoffset 4 vectorcalloffset _ ol g A& =3 4
<5 Yth T_PYSSIZET Y READONLY & A9l &foF 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 0. The attribute to set is described by
PyMemberDef m. Returns 0O if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (mcludmg all members). Fo| 3t ZE2HE & AN 2E Ao st L XA
PyTypeObject.tp _getset F o tet A x IZSHA L.
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151
[m

C

name const char ©]EZHE o]&
E3

02t

ofo|

get getter C function to get the attribute
st ster  O]EZREE AASAUL A AN C S, AL W ] EREE 9]
Agdurt
doc const char A EZ =~ EF
%
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 *); ]

dashd Al =& whestar, Adsfshd A A o 2 ¢F § NULL & Rhehe] 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 *); J

>
o,

OlEZHEE Al oF st B¢ F HA v e NuLL Yo 4Fehd 02, Adfstd A

o) 9} B —1-& Wl of gLt

12.3 & A

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_* functions, but
do not offer much that’ s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

Y AA L )RR BEEPR T AT FUL 277 2 o) = 7 8 AR 7} e 50} 7S A7) w R,
22 Co4 EAHC L 27 B A% 5 AL BEL FAFUTL of AdoA L @ AR o] BEE A 3
A BT AL PR L <Atz g g YT

29 7FeF FZ Qo E, o] MAL pyTypeobject?] o u|Q} Aol tf 3 522 A&}

12.3.1 2= 3

“tp %/E\_”
PyTypeObject & K % | E S+ HME/ERRE 3
EPageZS‘)‘Z
CTDI
<R> tp_name const char * __name__ X X
tp_basicsize Py _ssize_t X X X
tp_itemsize Py _ssize_t X X
CFS HolxIof A%
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H 1-0[™ Ho[X|of| M A=

PyTypeObject & & Faee 238, 1

ogt

ExMo/oEe|BE

=~
S
i Page 259, 2
—

TELDI

tp_dealloc

tp_vectorcall_ offset

(tp_getattr)
(tp_setattr)
tp_as_async
tp_repr
tp_as_number
tp_as_sequence
tp_as_mapping
tp_hash
tp_call

tp_str
tp_getattro
tp_setattro
tp_as_buffer
tp_flags
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
tp_new

tp_free
tp_1is_gc
<tp_bases>
<tp_mro>
[tp_cache]
[tp_subclasses]
[tp_weaklist]
(tp_del)
[tp_version_tad]
tp_finalize
tp_vectorcall

destructor

Py ssize_t
getattrfunc
setattrfunc
PyAsyncMethods *
reprfunc
PyNumberMethods *
PySequenceMethods *
PyMappingMethods *
hashfunc
ternaryfunc
reprfunc
getattrofunc
setattrofunc
PyBufferProcs *
unsigned long

const char *
traverseproc
inquiry
richcmpfunc

Py_ssize_ t
getiterfunc
iternextfunc
PyMethodDef []
PyMemberDef |]
PyGetSetDef |]
PyTypeObject *
PyObject *
descrgetfunc
descrsetfunc
Py_ssize_ t
initproc
allocfunc
newfunc
freefunc
inquiry
PyObject *
PyObject *
PyObject *
PyObject *
PyObject *
destructor
unsigned int
destructor
vectorcallfunc

__getattribute__,
_ setattr__, _ delattr___

Yy )y
S

=
{<)
2
=

_call

_str__
__getattribute__,
__ setattr__, _ delattr__

_ doc__

e, _le , _eq , _

_ gt ,_ge

_ iter_
__next__

_ base_
_dict__
_get__

__set_, delete
__init__
_ new___

__bases___
mro___

__subclasses_

_del__

__getattr__

__getattr__

M X X

MK M K

X X
X X
G
G
%
X X
%
%
%
G
X X
X
X G
X G
%
X 7
X
X G
X G
G
X 7
X
X
X
X
X
X
?
X
X
X 7
X X
22
X ? 7
X ?
X X
X

1'(): A slot name in parentheses indicates it is (effectively) deprecated.

<>: Names in angle brackets should be initially set to NULL and treated as read-only.
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ME &R
=X = ExOME
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__
nb_divmod binaryfunc _divmod__ _ rdiv-
mod__
nb_power ternaryfunc __poOW__ __ Ipow__
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_1lshift 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__
“U reserved void *
s 111 quare brackets are for internal use only.
R>- as a pre x) means the field is required (must be non-NULL). unarytunc —float__
floor _divide binaryfunc _ floordiv___
ﬁﬂlﬁﬂpd&ﬂﬁgéﬁae¢gdimﬁde binaryfunc __ifloordiv__
“’5” g?]]t-i {A é;lﬁ-% Uf;‘i M% blinaryf unc _.truediy_
ar@ rrup Shvai binarvfunc itruediv
X - PyType_Ready sets thlS value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots
Also see the inheritance column
mh* ¥ gth lenfunc _len__

X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value
% — the slots of the sub-struct are inherited individually
G — inherited, but only in combination with other slots; see the slot's description
? — it's complicated; see the slot's description
AR EF AN ol B HE 23 A AL B3| A3 02 J4P o) R L.
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= 5 S5 oME
mp_ass_subscript objobjargproc _ setitem__,
__delitem___
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem___
sqg_ass_item ssizeobjargproc __setitem___
_ delitem___
sq_contains objobjproc __contains__
sg_inplace_concat binaryfunc _jadd__
sqg_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc ()
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&= typedef

typedef o7 el 5 e
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 *
12.3. & ZHR| 261
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AR W EL okl £ o npedefE R L.

12.3.2 PyTypeObject 2|

PyTypeObject® XA Ael+ Include/object.hoA & 4 JF5 Ytk IR HYE

ol g kB ok

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;

(T sl o] Aol Al<5)
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(e1A sl o] A ol A AI5)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObiject;

12.3.3 PyObject &£

The type object structure extends the PyVaroOb ject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_Type (the metatype) initializes
tp_1itemsize, which means that its instances (i.e. type objects) must have the ob_ s i ze field.

Py_ssize_ t PyObject .ob_refcnt

Fart of the Stable ABI. This is the type object’ s reference count, initialized to 1 by the PyObject_HEAD_INIT
macro. Note that for statically allocated type objects, the type’ s instances (objects whose ob_t ype points back to
the type) do not count as references. But for dynamically allocated type objects, the instances do count as references.

A%
o] BE Au Fol o5 F&5 A &Y Th

PyTypeObject ¥*PyObject .ob_ type

Part of the Stable ABL ©] 212 3 9] &, = W E} & (metatype) YT} PyObject HEAD_INIT U3 Z o
st AR 2731 E o, gk Lt ﬁ—i &PyType_ Type °1 oj ok Ut 2L}, (Hol k) A=A
A Fbsslol e A0 R RE e 33 REY 49, Audel s §E3 27827} opeta

233} wetA, 2 NULLS PyOb] ect_HEAD_INIT a2 2 Adsty, o2 28 43517
ﬂOﬂ REY 27|33 A Foll A BEF YA H o8 27|38t AJUtTh o] AL %‘,HM#EE ok
Zo] 3Pk
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[Foo_Type.ob_type = &PyType_Type; ]

This should be done before any instances of the type are created. PyType_ Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. Py Type_Ready () will not change this
field if it is non-zero.

Al
ol = MHE Fo =g ALEF YT

PyObject *PyObject ._ob_next

PyObject *PyObject . _ob_prev

These fields are only present when the macro Py TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

ol == A H Yof sl FEHA FF U

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.

Al

o] 2EE= A E ol o) A& 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 *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in types,
it should be just the type name. If the module is a submodule of a package, the full package name is part of the
full module name. For example, a type named T defined in module M in subpackage Q in package P should have
the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name___
attribute.
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Aol Jod, AA| tp_name BEE_ name_ JEBZHEZ IANATF 9 on,  module  OE
g HEE FAYH A dFUtt (HAAA 2H 3 WE gy e dAH SR AAHEA = 3. o] A
Ao IS 9 F T4 dvke A4S SZ YT 8 pydoc 0 & ¥hE BE AHA o] UEH A ghs T
o) = nuLL o] op o] of T pyrypeobicce oA FLeA Ao BEAUT (FAA
tp_itemsized AL 5tal)

o] 2EE= M E ol o3l A5 A stk

Py _ssize t PyTypeObject.tp_basicsize

Py_ssize_ t PyTypeObject .tp_itemsize

o] FEE AHESHH B ALH 29 A7 S HiolE E‘r%i Add  dsyth

= 7lx) 220 o] gtk 1A 2ol OlﬁE%/\A L 0tp_itemsize BEE Z1L
B A9 Fo=00] old tp_itemsize BETZ} S 01/\ 1:]— I o] AAHE A0 F9
A2H”AE tp basicsize®Z AREH = T2 A7E %%Q‘%Ur-

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’ s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’ t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_ si ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

4 & (alignment) of] T3k 1 AEF: 7HA o] FEo 54 FHo]l da 5‘}?3, tp_basicsize 3Ll
Al e Eolof kY k. of: ¥ o] double Wl S FHS= FE MAFAITE tp itemsizew
sizeof (double) YUt} tp_basicsize’} sizeof (double) & W7 HES 3l 22 221
o] At (o] A o] doubled] BE &F AFdtolgtx 7R U oh.

7h Dol A2 e BE FY B, o] == NULL O] ofy o oF gt

As:

o] BEE A E POl ol A g AL Ut Ao
2 MB GoA tp itemsizedE TFE2 00] o}y 7t

2o me) the )= g

1—4_4

Jo 00] old tp_itemsizeZ} Yo, ANEA O
= 83 A A Lt (0] o)

(<]

destructor PyTypeObject .tp_dealloc

A28 2 513 2} (destructor) H4=of] th s Q1 E]. (JFE NoneF Ellipsis®] BAAH) Fo] T
A2 A7 S f A= A GEE BAF3HA] b 8t o] 48 AYsof FUth T4+ AH- o3

syt

[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 tp_ free. The object deallocator should be the one used to
allocate the instance; this is normally PyObject_Del () if the instance was allocated using PyObject_New

12.3.
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or PyObject_NewVar,or PyObject_GC_Del () if the instance was allocated using PyOb ject__GC_New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

As:
o MEL A1 Poz &Pk
Py_ssize_ t PyTypeObject.tp_vectorcall_offset

BRettp cal1d ¥ A&H Y thQ #HEF (vecrorcall) 22 EZ5 AHESto] AAE &5 A
TS dad o ol g B A e =AY YT

This field is only used if the flag Py TPFLAGS _HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcallfunc pointer.

o

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 AATt= RE ZFI s tp call® AN oFsa, 313 5 2Ho]
vectorcallfunc St52} A AE =& e o] oF YT} p_call & PyVectorcall Call ()2 AA3HH B4

t}:

7Zd31: It is not recommended for mutable heap types to implement the vectorcall protocol. When a user sets
__call__ inPython code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

WA 3804 HA: A 3.8 o] Aol =, o] €59 o] 5 0] tp_print AFYTH 3Fo]H 2.x0 A=, ItE =
A st dl AHEE 5 U Th sho] A 3.000 4 3.774A] =, AR = A EkE U T
Al

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALL flag is 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 Py TypeObject .tp_getattr
get-attribute-string $F5=of] T oF A B & 3Z 91 ],

o] BE: s AH Q5 Uth BAD W, tp_gerattro §49 2 AFHAW, o £l RE o] 2 A
Fok7] 9130 shol W £ AR T4l C £AHD S WolEolx @52 7he) A ok Ik
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A5
Group: tp_getattr, tp_getattro

ol A=+ tp_getattroft T/ A B Fof o5 FEHUTh AB F2 A B F9 tp getattrit
tp_getattroZ EF NULLY W) o] AF oA tp_getattrid} tp_getattros BT A<l ch

setattrfunc PyTypeObject .tp_setattr
OEEHE AR T AAE 98 Fool tha M A ZH,

o] A=t AAH YUtk AAND W, tp_setattro F9t 2A FFHAW, =L HE o F

F317] 913 ol £AQ A Al C EADL WolEol+ §4+8 shel A ok Pk
Als:
Group: tp_setattr, tp_setattro

o] B= tp_setattroft T AE Fof & FEH Utk AE F2 ME 9| tp setattrd
tp_setattro7} B5F NULLY W] Hlo| 28 oA tp setattrd} tp setattros BF A&

o
2

PyAsyncMethods *Py TypeObject .tp_as_async
FEA A olsl ol ET N5 7] o]ElEolH ZR2EZS FAdE= AAo v AR A=
F7FF2A ol th gk a2 QA E. ARA| T W82 v]E 7] A A ?Lixﬂ £ FxsAIL.

WA 3.50] F7}: o] Aol = tp_compare®} tp_reservedstd YH U T
AlS

tp_as_async BEE 445 A Aw, £3HE == fEH oz Aoy ych

]
Fl

@5t

rr

reprfunc PyTypeObject .tp_repr
W & repr () & FHsHE Srol g A=A 20H.

M HL PyObject_Repr ()3 ZHUTh:

[PyObject *tp_repr (PyObject *self);

Fee 2AGolY FUIE AAE WS of Ut o] Ao R, o] Fee eval () ol A2E wf
e B0l Fol AW 2L e 4R AH S wlakehs BALL MEsoF Tt o] o] 75 oA
dod, r<r 2 AIFSLAL > 2 Fihe FAE S uHES| of st o] Aol M A S B e B
FEL T AdojoF gy

As

ol Fr = AH Fog AEH T

7122k

o] =S HAEA FOoW, <%s object at sp> FA o BExpgo] WP Urth o] 7|4 ss& & o] &
o2, spe AA S v Far ASE U

PyNumberMethods *Py TypeObject .tp_as_number
A2 EEL FANE A VA BEE Teols 27 pRAlol g e, o] EE 54
A Aol A A T
AlS
tp_as_number YEX= AL R A0k 235 de L /HA o7 AL YT)

PySequenceMethods *Py TypeObject .tp_as_sequence
AAx 22 B FS T AA T AAH BEE T8 F7F F2A o ti g 2. o] B=E+
Al AR F Ao A A T

Al
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tp_as_sequence BEE A4 A AW, x@H A= APAo e A4F U,

PyMappingMethods * Py TypeOb ject .tp_as_mapping

WY EEEe PESE AA N BAH DES RS £ 7aA o U ZAE. o] EL v
23 2 AN 2B I

Al:

tp_as_mapping BEE= AASE X kA wt

F
o
(i
el
I
rlr
)
i
fu
ox
I
it
°
°

hashfunc Py TypeObject .tp_hash

W4 B4 hash ) & FASHE Bl @ A8 T,

MWL pyobject Hash ()9 Z5UTh

[nyhashft tp_hash (PyObject *);

-1 32 A A e gro 7 wkekE A ohofok gy ok s Al ghE Aitete F ol B b et e
o

5k 2haf of L.

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_HashNot Implemented ().

o] dr = B i oA A WA= ALS X5t 7] Y8l Pyobject_HashNot Implemented () E

YA Ao 7 AAT 4 QLT o] AL J}O]é‘i FolA9 _hash__ = Noned} 55 A2 3|4

Qoi, isinstance (o, collections.Hashable) ©] FalseZ &8}l A 93614 gt} w9
S 7R G U th - spol A =29 FAoA __hash_ = None< 27431 tp_hash €% 9|

PyObject_HashNotImplemented ()2 AAR=E Yt}

A

Group: tp_hash, tp_richcompare

o] B L= tp richcomparest &7 B ol o) AEF Ut NE 9 tp richcompare}

tp_ hash7]- EFNULLY W, B F L tp richcompare®}t tp_hashs BF A<t}

ternaryfunc PyTypeObject .tp_call

AR TE& FASE Trol Uit A e A ZolE. A7 Z#E o] oby W NnuLLol oo Stk A2
PyObject_call ()3 Z&Uth:

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

A%
o WEr An oz A5PYTh

=

reprfunc PyTypeObject .tp_str

WA Aabser ()& FABE ol et A8 ZAH. (strt o)Al Folw, str ()2 13 A4
A AE gzswﬂ vJ SAA L. O] M A= Pyobject_Str() S E&3te] AA YL 433+,
PyObject_Str ()2 o]l A 7|& T&3h)

ML pyobject_str() I ZHUth

[PyObject *tp_str (PyObject *self);

dolu U FE A& whghs oF it th & A FolA =, print () Fol oo A2
F3 o) 7] w2, A9 “X<%3 %X}C’é FHolofof Furh
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o , B21d 282 wkEtel 7] 938 pyobject Repr () o] EE&E Ut

getattrofunc Py TypeObject .tp_getattro

oJE T E ¢}7] (get-attribute) <ol th 3 A= A 21 H.

AN WL pyobject_GetAttr ()T 25 UTh

[PyObject *tp_getattro (PyObject *self, PyObject *attr); ]
dutH 0 F o] EE PyObject_GenericGetAttr ()& AAR3= Aol ATt} AA oJEFH
EE 2 AubE o e TAF T

Group: tp_getattr, tp_getattro

ol BEEtp getattrIFA B Fof| | ALEHUTH A B O tp getattrItp getattroZf
EFENULLY W) A B L2 H|o]AToA tp_getattrd tp_getattros: EF ALYt

7] 8%k

PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro

oJEZRE AAT AAE 91 ol ek A=A ZQlE.
MWL pyobject_SetAttr ()T 25 UTh

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value); ]
%%, value S NULLE A Ao} o Ee]HES AAsE A2 whEA] A dslof FUTh Aoz o
I & Pyobject_GenericSetAttr ()2 AASH= Ao A gt AA o] EFHEE HASI=
AREA QW AT
As

Group: tp_setattr, tp_setattro

ol B = tp setattrITA AR Foj & ALEFH Ut B 3o tp setattrItp setattroZ}
EENULLYE W], B FL2 wo]AFo A tp_setattrd tp_setattroE BF A&shch

7183k

PyBaseObject_Typeuses PyObject GenericSetAttr ().

PyBufferProcs *PyTypeObject .tp_as_buffer

e
N
4
N
24
2,
£
&)
13
ro,
)
©
i)
I
rlr

W QIE o) A8 THSE AM oW BAH ES EFHE
EEREEETE DL e

A%

tp_as_puffer BEEL 44 A AW, £FW B=L AEH oz 4EPYch

unsigned long Py TypeOb ject .tp_£flags

o] B thekst Zef 1o v E nfAaa duTh AR ZeaE £ A3 i3 W o 22 el Y
ohogE AE2 oﬂ/\]Jq o2 A ZAA = %Y & AR (= tp_as_number, tp_as_sequence,
tp_as_mapping® tp_as bufferg 5o FxH = & FxA) 9 54 F=7t 7 a3%S Uell=
o A8 VT ol el 8 E 21 ] =7} Lo, o] 2lo] BB aE § Aol A 8hA) Wofok 5H o4l
0°)] U NULL g2 2zt Ao = 7k —ﬂoygqp}

Al:
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Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’ s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the
tp_traverse and tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype and
the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

7] 8%k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
H|E u}lA=:

& HIE vpaa 7t A o H o] glFUth ol 52 | AMAR BAORS tp_flags BEO| %2 ¥
AE < JF U AR PyType HasFeature ()£ @3 &1 ghpobfE H Sl tp—>tp_flags
& £7h0°] obd A FAFrh
Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using PyType_FromSpec (). In this case, the ob_type 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).

A%
772
Py TPFLAGS_BASETYPE
SHIEEFS T2 FY wolaPog AST S AFFYUTE o] HEZF A AZHA] ko
ol o2 HH & ks 5 glHyth Javad “final” e 29 F-AU .
A%
e
Py_TPFLAGS_READY
o] Y| E& PyType Ready () &3l & AA 7} &A% 27|32 ufl A F Ut
Al
7
Py _TPFLAGS_READYING
O] H|E= PyType_Ready ()7} 8 AAE 27|33+ 5 AAZF YLt
A
%
Py TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section <=2+
78] A] 4=%] A 9. This bit also implies that the GC-related fields tp_traverse and tp_clear are
present in the type object.

Al
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together withthe t p_t raverseand tp_clearfields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.
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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
279
Py TPFLAGS_METHOD_DESCRIPTOR
o] H|EX A7t A ZAE A &L 1| A] = (unbound method) %] E 523+ Ve U Th
o] 2 17} type (meth) o] A= H:

e meth._ get_ (obj, cls) (*args, **kwds)(obj 7} None©o] o}d w]) = meth (obj,

*args, **kwds) 2} 5538l oF Fh

e meth._ get_ (None, cls) (*args, **kwds) = meth(*args, **kwds) 2} 553
oF BT

o] Z¥ 1+ obj.meth () & 22 WA A= TZ0f 3t H A 3}E 7HesHA FUTh obj.
methol g A A] “A 73% ﬂﬂ/ﬂ_(bound method)” A A 2 S %] k<)

W7 3.8 =7}
Al

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
o] 2¥)| 1+ PyLong Check () 2F 2 oA o] AP B FH QA A&eA o
st ol AR UTH o] 88 54 AA= PyObject_IsInstance ()& 22 Gyt AALE T b5
Utk WA 59 AFA B 2 tp rlagsE A A A Ao FUch 18X ko™
a8 38 P AT ZEetE FETAREE = A 3 uhel oz A FHs gy

Py TPFLAGS_HAVE_FINALIZE
O|H|EX tp finalize&Fol F XA IS w] 2FF U}
WA 3409 F7}
HA38EE HXH: AT B+ tp finalize X0 4 3 F2A o vt 714 317 wl
Fof, o] 2P 2= d+= Jé& SHA] 5y th

Py _TPFLAGS_HAVE_VECTORCALL

o HlEx a7t MHE 22EEs FAT of AFFE YUY AAT &S
tp_vectorcall_offset& FZIHAIL
Al
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This bit is inherited for types with the Py TPFLAGS_ IMMUTABLETYPE flag set, if tp_call is also
inherited.

W7 3.90) =7}

Py TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

Als:

This flag is not inherited.

W 3.100 57}

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’ t create the __new___ key in the
type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static typesif tp_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Al

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

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 tpp_new only succeed for subclasses.

H A 3.1000] 7}
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of amatch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

Z3: Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

As:
This flag is inherited by types that do not already set Py TPFLAGS_SEQUENCE.
o] B.7]:
PEP 634 - Structural Pattern Matching: Specification
WA 3.100] F7}.
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.
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Z31: Py TPFLAGS_MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Al
This flag is inherited by types that do not already set Py TPFLAGS_MAPPING.
©] B7):
PEP 634 - Structural Pattern Matching: Specification
WA 3.100] &7}
const char *PyTypeObject .tp_doc
o] @ Ao th3t EAEDYS AB} NULEE C EALo] gt e d FoE. o= g
ALY 2oA __doc oJEFRER =g Yoh
A
ol = A B ol o3 F&HH A syt

traverseproc PyTypeObject .tp_traverse

)
ofl
o

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 *argqg);

ghol o] ZHu) Al =3 Al A ol th &k ApA| g B H = A =2k Zpa A A4 Aol A Zhe 5 F U T

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py VISIT () on each of the instance’ s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->args);

Py _VISIT (self-—>kw);

Py_VISIT (self->dict);

return 0;

}

L

Py VISIT ()& ZZ ¢% 4 5 & dWn
AW = P A T NULL o] Tho] A # A1 E gk 753
o, W7t Alo]Z9 RV E 5 itk

]_

= A
get_referents () 47 1AL TIFEE P A WESIT A4S

7 3: When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

12.3. & ZA| 273



https://peps.python.org/pep-0634/

The Python/C API, Z2|A 3.11.11

Py VISIT()+ local_traverse () & visit2}targ 7] M7} o] o] 54 Z1& 273U th & o] &
2 2ol AL

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self),ordelegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

HA39A HA: g & F2 tp_traverseol Al Py _TYPE (self) & U 2o =2 7|ig Uth
ol W JJrO]’x‘iOﬂ/ﬂ = H114()217§ Al o] A 3HA A B Fefrol M SEol BB D 5 S U

As:
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS HAVE_GC flag bit: the flag
bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

[int tp_clear (PyObject *);

tp_clear W B4t A £ A ZA SR <8 AU AN 2 B BT ALFUD F
ato], A\ A RE ¢t clear 347 Aasle] BE F2 312 Zolof dhUth o] AL v H 3t}
Balol A2 gFod tp clear 8 Al FUA . A& 59, F& FL tp_clear F5E TASA
R5UTh FERo R 32 w30 $AE + 988 3HT 4 Al eItk BebA the 9
tp_clearSt¢to g2 B 28 ¥ 33= -’E?ﬂ':% Z7) o 2B oY o] AL 18 A LA ko,
tp_clear® FTH3}IA golE L W3l o] G = A9 g5

tp_clear?] +&L th2 o A &} o] slo] AW AA L = = 2pAle] Wwo g AdrExo) IFRE
2HA| 3} 3 "é]ﬂMl st ZAEE NULLZE A A ofF gt

static int

local_clear (localobject *self)

{
Py_CLEAR
Py_CLEAR
Py_CLEAR
Py_CLEAR
return O;

self->key);
self->args);
self->kw);
self->dict);

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with
the contained object). If it” s possible for such code to reference self again, it’ s important that the pointer to
the contained object be NULL at that time, so that self knows the contained object can no longer be used. The
Py_CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_deallocis called directly.

tpclear Yo REE P2 £VE FE Aol ], 32 2ol P 4 GE Tl d 24
o} shol W A5} 22 w9HE AN E e BRE Q&I WEle], £3hE B E sho W AA S
A2l 81, B tp_dealloc rE 5EFES Ao Aol AT 5 AH U

47} tp_clear
sbo] A o] 71u] x| = A Al t gk ApA| 3 R = AN =32 71a] 2] = A DA 2HE = HYTh
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Al
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS_HAVE_GC flag bit: the

flag bit,

it, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc Py TypeObject .tp_richcompare
F 3} ¥] i 8+ (rich comparison function) of] T g A B8 & Z Q1 g, A2 o} 25 Yth

[PyOb

ject *tp_richcompare (PyObject *self, PyObject *other, int op); ]

A

A w7} M= PyTypeobjectol ols Bold Fof AdAgo] HAgH YT

o] e vl I (WA SR Py_Truelt Py False)% whgbsf of hy . W7t F o= of ¢lA

o} o

o —

W, Py _NotImplementedE W33}, o2 o 27} DAY 3 H NULLS HHSH3l oo 2 A3 A A

ok oo,
t}2 A4 tp_richcompare®} PyObject_RichCompare () Al YA QAAE AILEH =& HoH
Utk
S 8l
<
Py LT
<=
Py LE
Py_EQ
=
Py NE
>
Py GT
>=
Py GE

FEw P48 A AT+ AES e vhaRs A BT

Py_

RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
vl o A 3ol whe}, 4o A Py_TruelU Py_False® i_h;;mn} VAL A%} VAL B:=C 8]
At SAE AT 5 Aok FUTh (S 501, Cinty float A = Sl U Th. Al A Axk=
PyObject_RichCompare ()l 3 A3 H A4S X A gt}
The returned value is a new strong reference.
ol 21 7F A3k, ol 9 & 7 3kar ol A NULLS Wk o
W7 3,74 7%

Als
Group: tp_hash, tp_richcompare

123. &

N
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o] A== tp hash A AB Fof &) AEFH Uk B 39 tp richcompare?} tp_hash7}
EFNULLO|H B &2 tp rlchcompareﬂ- tp_hashE A&y
7)1 &3k

PyBaseObject_Type provides a 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 PyObject* which is initialized to NULL.

ol M & tp weaklist} EFIA HAAIL; 2R F AA ALA| ol O 3 kel Fxz o glAE F =Y
Yrt.

Al

o] == M B Fof o3 ALE AT o] Y E &S IR L. A H Fo] o] 2 ZANS A A 2
g s Uth o= AE o] P“GUrE}% RSt IR HAE FEE AR TS UL Bl aE
ElRRS o=, ZAZ A F5Uth

A tp_weaklistoffset& 3| &4
Ao ol _slots_ Aelo] L, LA Wol2Y F kg A2 /hsE Aol g,

EFrEsEgdardrulxo st G E€F L =AY tp weaklistoffsete

§g ofspA B2 F 4 A BEU

P __slots__ Al __weakref_ 2= EX° TFHY, T X2 3MTFY A2

kol A B AEFEVEH I, &3 L2 O tp weaklistoffseto AZH Yt}

d 9 __slots__ A Ao _weakref_ g+ £X° §loW, F2 #Ho]AF A
tp_weaklistoffsets &Yl

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+ PyObject_GetIter ()& 22 A& ZEUth

[Pyobject *tp_iter (PyObject *self); ]

A%
o MEEAH Yoz AP Yrh

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); ]

ol ¥ o] E] 7} 2 A =] ®H NULL-ES HF&3] oF Ut} Stoplteration d 7 AR E 5, 228 A &S
TE JdFUTh o2 ol g7 A SHE, G A NULL-E ¥HEHsl oF k. I SR+ o] 9 < P
ole & o] E gt AT YUt

oJEel o8 BL tp_iter FLE Aojalof ahnl, o Bk (A olEF o) 8 AT AT} obd) o] E e
o) E] Q2B A AH S wksks] oF T T,

o] Bt pylter Next ()2} 22 A Y-S 25 Uth

As
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o BEEAB PO FEPUch
struct PyMethodDef *PyTypeObject .tp_methods
ol Fo] dutYHEE A Ad}= pyMethodDef 24| 2] A A NULL-5 3 8l & ol EHT‘?_H g9 xQE.
o] gEuith WA= fAa2adHE 2@k Y 9 (oFd tp_dictE
3= o] Z7bg LTk,
Az
o] = A B Yol gaf FLH A U (A EE TR WAUESS T ASFYh.
struct PyMemberDef *PyTypeObject .tp_members

o] o] alAE A0 dulboE W (T} &F)E HAFE pyMemberDef T2 A2 A& NULL-E
B ujgof thak A el A ZolE.

o] FEuieh Wi 2T HEE 288k FY MU (o tp_dictE FR s AIL) ol o]
F7Hdoh
As
ol A== A H Yo o) FLHA AU (EH = HE WAUSS T ASFUh.
struct PyGetSetDef *PyTypeObject .tp_getset

o] Po] Alrg A0 AAH oJEFYHEE MASE pycetsetDef FZ2 A2 A A NULL-ZE vj Qo
it el A 20 H.

w8 FEnjr}, getset AT HE S 2ote Fo g (oFf tp_dictE FRAIL) ol 5

o] 719 k.

A

o] BEx A= Yol o3 A5H A i (A4E o HEL T W AYES Ba) A5H U,
PyTypeObject *PyTypeObj ect.tp_base

W So] AL5E s ol agol] thak AEA EAE. o] Sl AL, B 45U AP UL O
USRI M ept g e Rt i TR

Fa: £ 27|80+ AG 2713} - F o] A& FUth CI9ol A= 278 A7) “F A AFS= (address
constants) of of & ‘/] ZOH 2 FEAIF S E HEE = PyType_GenericNew ()9 22 &4 XA A}
53099 F 4 Aol U T

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.

AHNA 02, tp_basew A g2 2713 oA A H ofoF Tt

Fr o] 7| B 7L sPyBaseObject_Type YU TH(Ftol W Z 2 T o Al &= object o7 L&A

As:

ol = A Fol o3| A3 A T (F3),
72k

] L=

1

PyObject *PyTypeObject .tp_dict
Bl YAl PyType Ready ()l &3l o 7]l 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
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attributes for the type may be added to this dictionary only if they don’ t correspond to overloaded operations (like

_add__()).
As:
ol =& A H Fof o3l F&HA AFUTH(o 7] HoH JEFFREL JEHMAUSTS B3 45
Y.
7183k
o] =7} NULLO| W, PyType Ready ()= A @31 8 & g oh
AH3: PyDict_SetItem()& AFEdtA Y thE Ao 2 A8 C-APIE tp dictE £A3=
A aAsa gt
descrgetfunc Py TypeObject .tp_descr_get
‘2 YE get” T4ol Bt Aal A .
5 ABE e 25U h
[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); ]
As
o WEL An goz &Pk
descrsetfunc PyTypeObject .tp_descr_set
U3 YH ghe AR5 AR 87 e ol vk A=A 2.
T4 AL 0T Ltk
[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); ]

value AR} - 2HA517) 98] NULLE A g U o
As
o] BEEAH PO FEH YT

Py_ssize_ t PyTypeObject .tp_dictoffset
o] PO AArE Ao JAAEA HLE 2= gAY 7 J o™, o] BE=00] oW JAA-H A Hp
gV e Fo] AdAadxoAe] @ _—Z/}\T% ST o] L Z AL pyObject_GenericGetAttr () ol
A AR Yt

ol EE tp dict@ EF A AL O

o] Ax 9] o] 0ET I W, A2HA TTRA
o, Asbs 2 FoRREe 2L A .
"Ji‘ﬂé TFZA ol 7hH o] Fio] x3E fEHOH‘L ApEsioF U th o &
gl E strojthtupled /\iEﬁOﬂXﬂ‘a}—‘:Eﬂ AUtk 9 Y
FLIBHE, tp basiceize DL o] A9 2o] 2749 GV 2] 2
2717 avpol 2l A 2o, S el 7} A W 2o 8L B tp_dicror oot S
-4 2 A A3} 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 mem-
ory for the dictionary, so it is may be more efficient to call PyOb ject_GetAttr () when accessing an attribute
on the object.

Al

flo
ofh
N,
i—",
>
i—";
1o
2
lut
Ac)
Ehd
lut
=2
=2
=
o)
v
)
As
L
v
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o] ZE & A B Fo o) AL Uth spA vk ofef YEH 7 2S iﬂ”ﬂ¢kwﬁwlliéﬂ%

AT 4+ JF5UTH o= B F Aaxdarb oAy thE Lz Ao 9V e & AT

Sgth 9V $4 tp_dictorfset B3 AR BE, A7} 5 ) SFofol Ttk

Bels goz 4908 4ol _slots Aol fm, And2 Mg AALE 2 ol gl g

o, g £Xo] d2"x wj X o] F7MH AL tp_dictoffset2 G EX L2z or 4HF

Y,

ZHE o2 AoH Foll _slots__Ado] JoW, F2 Wlo]AF oA tp_dictoffseta 4&d

e,

(_slots__ Aol __dict_ = <&F L F/EIE 71Ustes &9+ 93, ©A E3-2 gyt

d# Y _ _weakref_ AHH 7|5l E FUMEoFE % 5T

7|23k

This slot has no default. For static types, if the field is NULL thenno ___dict__ gets created for instances.
initproc PyTypeObject .tp_init

QA" 2735 g0 oo AE A £AH,

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an

instance without calling ___init__ (), and it is possible to reinitialize an instance by callingits ___init__ ()

method again.

T B e 25Ut

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); J

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of thecallto __init__ ().

3% TES 2ung AgAon UE ), 39 oo Y47}

ew@57H A7) G AH Fol obd ThE PO AnEAE
REUITH cp_newsh Aol B A H Y A2RAE W

NULLol ot d ll, tp_init S4E

ol drdAE Bt T TEHYUTh tp
HLstslH, o}l L8 tp init LT TEHXR
StA, A B 9 tp 11711:7}§i Utk

42 ohE 02 Waa T, o 2 Aol -1 MBS 698 BA T,
A%
o W=t An Yoz gyt

7183k

b

A

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

Ol AEl A~ BT} 312 of ok A A 3z ol E.
T B2 v 25 Uth

[Pyobject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }

2

52
X g oofy (UL 01)'
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7k
FAANBE Y A, 0ol B nE g dF A2 FA%H7] A8 G4 PyType GenericAlloc ()2

2 A4Z8 Ut
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For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended

value for all statically defined types.

newfunc PyTypeObject .tp_new

A AEIA A 4o T s A el A ZolE.

A
T A2 e 2Eyth

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

J

subtype Q1A= WS o] X 11 = AA 9] A YU args 2} kwds QA A= & %4 A7 = S
BRItk subnypeo] cp_new Bt BES S 33 2E BRE BE0] HATHIAL; o] G A
B & Yot (1A Belo] gl BL ol ).

tp_new 4= AR Oﬂ —'—71% & }st7] 93l subtype->tp_alloc (subtype, nitems) & &

ok o, 18 ohg % D02 BFe £ 2715HE S e oF Fink DA FATAL R

Sl -%715}* tp_ lnlt A 2] 7] w2 & oF ot Zhsk A2, B PO A BRE 27V|EV}
, 71

A]
FI B 7R 2713 = tp_init2 FH Ao FYth
Setthe Py TPFLAGS_DISALLOW_INSTANTIATION flagto 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.

msL' e

_|_4

723k

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 Py TypeObject .tp_£free

OA~E A o} A ol 3 A Fo

- v

)

- A

e 25U

flo

[void tp_free(void *self); ]

o] Y T2 = 7|3 A= PyoObject_Free () YUt

As

ol == HA AE Yol ool FEHAT, FHAME F (AW Tz wEolI AE F)ole FEHHA
o) e T;}-

AE =] .

7183k

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC ﬂag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_ge

7R A R 710 A T EEE ol thE AE A 24 H.

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); ]
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(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

Wol2g o] R E

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7 11: 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] £

ae o

=& 4554 gyt
PyObject *Py TypeObject .tp_mro
§ AA o)A Al Zshe] object 2 Bib SAE Wl A% AL EFIE F

e

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
Az
o] EEE LA AF UL PyType_Ready () ol &&= ALt Ut
PyObject ¥*Py TypeObject .tp_cache
AHgE A 5 UTh R A4S
Az
ol A== A& A kFUTh

PyObject *PyTypeObject .tp_subclasses
A Zefo] thek o Fx B YR A S
Al
o] FEE FEH A AF U
PyObject *Py TypeObject .tp_weaklist
o] @ AR th3t e F2E AT Fe Fx 2 AE FE FEHA stk R A8
A
ol A= AEHA YdmUth
destructor Py TypeObject .tp_del
ol 2= AAH T UM Al tp_finalized AHESHHAI L.

N
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unsigned int Py TypeOb ject .tp_version_tag
A = A A o] Q194 8k Tl AHE-F Ut W A8
A
ol A== A& A sy

destructor PyTypeObject .tp_finalize
QIa®ls o] e Al o] A g4l thak A e A E e, A Y

the3 2 Tk

[void tp_finalize (PyObject *self); ]

rlo
ofy

tp_finalizeZ} AARAE A, A ZEH+= J__I;Zji\_a sloldglo] = & uj o]
A 4 (A28 ATl E B ool A 499 AR 2 o)
oL ZolE, FR ¢3S E7] A &5 o Zé ZgHC e AAE RES

tp_finalizet @A o2 JE)E WABA erobol FUTH whebA] AL sHA) e shold ol A E
A5 B EL B 2tk

f ﬂ m{m

3 _Tx
)
=
fof
ey
binil}
<
o

-
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% coo ¥Y

/* Restore the saved exception. */
PyErr_ Restore (error_type, error_value, error_traceback);

7}3111 AE Fol WA, tp deallocd AANE WE g =Byt ole}, BE slo]d A
Coﬂf\ii ?%l%blr/}(ﬂ‘iﬂﬂ Tz 3¢ 3 437}51‘?*; 2 = Ae] 7}
] B I X i A" 4 Jd5YTh. tp_dealloco] 325 = AH == GIL(A S < E%;PJ E] & - Global
Interpreter Lock) & i%U}EE, glo] A API T &0 = EA 7 H A &5yt 1 gy = = &0 4
A7 2 CU C++ ghol B ef gl o] AAE 313 319, tp_deallocS Ea A E st =
glol B & g9 7S YkatA] kA Fo 3 oF g t).

Als:
old- = MH Foz ALH YT
WA 340 F7}

H 7 3.89]] 4] ¥ 7 : Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.

o ®B7]:
«otA s AA 5}o] Q&) A o] A7 (PEP 442)

I>

k9
[

2,
xEr
LIL
\ri.z

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call__. If tp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () isused.
Az

ol =& AEH A dsUth
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WA 390 7} (2= 3.88E EA8H A w397 AFEH UL

12.3.6 Static Types

Aoz, CaEoN FAH F A A (static) YU T, & A A pyTypeobject F2AE ZEA A4
1l PyType_Ready ()& A& 27|13 Yt
Ho

AR W AR (22 o 59 AABAL o UThE B Th stol WA 8 AFo) o EeRES

o A @ AR A B AEzelEo A FREER, AE Az Y FE FE & 25HA ot Fu T

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

0|

1237 & &
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’ s class statement. Heap types have the Py_ TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_FromModuleAndSpec ().

12.4 X} A 2 2A

type PyNumberMethods
of FRAE AN A ZRESS T
57 22 EZ AR A A G o]

224 Aoe e 2ayrh

>,
ofo
k)
rlr

o
4
=2
)
<
Hl
rO
,
et
ot
fy
<
In)
)
s
-
rlr

(typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_1lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

(THS sl el Aol A<)
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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;
.

(e1A sl o] A ol A AI5)

S o193 48 gt RE Aaude 4% Fae,
AR % She Aol H B AAH AU, &
o]8}3} AFe)l 4= Py NotImplementedZ HFES)
el & AR oF Pyt

TFEs oYL (Hoj =
Asko] FolE A ko,
A sHd NULL S HHEHEE

Z31: The nb_reserved field should always be NULL. It was previously called nb_10ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add
binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods .nb_absolute
inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert
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binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void ¥*PyNumberMethods.nb_reserved

unaryfunc PyNumberMet hods.nb_float

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.

ternaryfunc PyNumberMet hods .

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
unaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

]|
o

12.5 0O

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_1lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide
nb_inplace_true_divide
.nb_index

.nb_matrix multiply

.nb_inplace_matrix_multiply

AH A=A

type PyMappingMethods
of AL AN} i} 22 EZ L FATE vl A SE Bl A ZAE S FHUh Al A
=o 7} Sl ek:
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lenfunc PyMappingMethods .mp_length
o] ¥ PyMapping_Size ()9} PyObject_Size ()| A AH&H M, 22 AW Z ZE5Uth A4 9

dol7h oy H o] 917 o o] 2L NULLE 4B 5 &It

binaryfunc PyMappingMethods.mp_subscript
o] & £ = PyObject_GetItem()¥  PySequence_GetSlice()o A AF & T
PyObject_GetItem() ¥ Z2 MY & zZtH5 Uty PyMapping Check () &7F 12 W3St

o] 22 AgeRith 137 ko v nuLLd 4 A5y
objobjargproc PyMappingMethods.mp_ass_subscript

This functionisused by PyObject_SetItem(),PyObject_DelIltem(),PySequence_SetSlice ()
and PySequence_DelSlice (). It has the same signature as PyObject_SetItem (), but v can also be
set to NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 A[FHA A A

type PySequenceMethods
of FRA= AN A AL TREFS TS H A she drol i 2RIH S Ee Ut

lenfunc PySequenceMethods.sq_length
o] & E PySequence_Size ()%} PyObject_size () olA AH&E M, T2 AW 55Utk £3
sq_item¥} sq_ass_itemEeES 53 S5 AHd2E A2 sk ¢ AFEH U Th

binaryfunc PySequenceMethods.sq_concat
o] ¥+ PySequence Concat () oA ARGH M 22 AW S Zr5UTH nb_add €% 3l <A
SQAS AR &, + AabAo A = AR U Th

ssizeargfunc PySequenceMethods.sq_repeat
o] &4 PySequence_Repeat () oA AHGH M Z-& AW E 25U nb_multiply %< &9l
SRS NESF, * AN E AP

ssizeargfunc PySequenceMethods.sq _item
o] $5+ Pysequence_GetTtem()o| A A& 2 B e ZEUTh mp_subscript
2L 53 A B 23 YA (subscription) & A| =8 &, PyObject_GetItem()oA = A& Y th
PySequence_Check () @47 1S ¥I33teld, o] €2 & A Yokttt 28X oW NULLY &
P!
Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sg_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
] u—,——: PySequence_SetItem/() Oﬂ/ﬂ AR E T e AEE 25 Ytk mp_ass_subscript &
22 5 FE dYH A E A =3 F, Pyobject_SetItem ()3 PyObject_Delltem()oA %
AHEE YT A 7L S o A A A E X] YotA o o] EXSNULLE FA & & d5Uth
objobjproc PySequenceMethods.sq_contains
o] ¥4 PySequence_Contains () oA AFEE 5= 9 . 0]
FA = 7 ds5Uth o]uf PySequence_Contains () & G285k A& 2= W] 7HA] A/ AL E <9
AT

binaryfunc PySequenceMethods.sq_inplace_concat

[o
H
M
rlo
>
of,
fifo
P
oy
A
v
(]
ffy
il
rlo
=
G
&
£
u

of e+ PySequence InPlaceConcat () A A5 m Z& AL 51Utk A WA I
AMNRE 243t 1AL HEE o gyt o £F LS NULLE YA E 4 9o, ouf
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PySequence_InPlaceConcat () 2 PySequence_Concat () 22 ZW H Ut} nb_inplace_add
E£X2 < 3l A AR QAS AR S, SE Y +=olA AHF Y th
ssizeargfunc PySequenceMethods.sq _inplace_repeat

o] &+ PySequence InPlaceRepeat ()N A AF&E W & AW 25
A AANRNE 2AHL AL Wl FuUTh o] SEL NUL
w, o] uw] PySequence_InPlaceRepeat () ¥ PySequence_Repeat
nb_inplace multiply €% S8 A Al A8 FAES A X3

gy,

12.7 B AN L= A|

type PyBufferProcs
of FRA = WY 22 EZ Q3% Fof that 2AHE F5Uth Z2EF2 Al-F A (exporter) 2
A 7F W5 ol o ] 2 4]} A o %dh%ﬁ%%ﬂﬂqw

getbufferproc PyBufferProcs.bf_getbuffer

o] F4o) AHL TheT 2T

[int (PyObject *exporter, Py_buffer *view, int flags); ]

viewE A 5-7] 913l exporterol] t) 3t flagsoll A H 23S A2 Uch AE (3) S AL 3t o] T2
THL oS dAE A =3 oF Tt

(1) Check if the request can be met. If not, raise Buf ferError, set view—>0bj to NULL and return - 1.
2) eH"d d=& AUtk
(3) WEWZ] Sofl th et 7 7 HE S 7MY T
(4) Set view—>ob7j to exporter and increment view->obj.
(5) 05 Wk Tk
exporter 7 W5 B Ape) Aot Eele} AR oW, F A F2 AAE ST S AF Uk

» Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

o Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.

views] 8 BE = A4 05| 72 o] AR o] Yem, ATATL 54 2 Aol SHHof o AL
ERIEE IR R R P e

Py buffer +ZA A 718 7] BRE v Z2 gl = AlgAo Al &35t G2 227 glol A w] 74A] H
JdfoF Yt} format, shape, strides, suboffsets @ internald 28| A A= 7] A€ Y
U},

PyBuffer Filllnfo()=RE A F3J&
g5 Qe S AT

filo

2 A Aot A gt utol Ed WH & 47 =&

PyObject_GetBuffer ()& °] 55 AHe £¥AH & A A o 2P
releasebufferproc PyBufferProcs.bf_releasebuffer

o] B4 AHL The T 2HUTh

[void (PyObject *exporter, Py_buffer *view);
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W A WA 232 ARG AUL AAT T2 gle
bf releasebuffer=NULLY $ QS5UTH 212X oy o] a4 &L
GHAE YT

() WEW7] S5 st Y& 728 E gyt

(2) ZF2EI7F0o1d, views} FHH 2E W22 £ A T

AZAE MEA internal BEES A0l W 54 A0S F Aok Gtk o] AL WG A
O3 FAH o] B Ao, An] A Al W3] AR view AALE DB S YguIth

2= T M

, PyBufferProcs.
Lggn e A

el (g

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release ()+w ©] 7]5< A= Au| A} & Qg FH o]~ YT

12.8 H|S7| A L =A|

W7l 3,50 7%
type PyAsyncMethods

o] FZAE o] 9ol Bl Eo} v 5 7] o[l lo]E] AME FASE vl B2 T F4ol U EAHE B
e,

TF2A Aot e n 2E Uk

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
o] g9 N H L the 3 2HUTh:

[PyObject *am_await (PyObject *self); ]

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR 7} o] 9o B o] oW o] £ES NULLE AR T 5 Y5t
unaryfunc PyAsyncMethods.am_aiter

o] 4o WL e 2Tk

[PyObject *am_aiter (PyObject *self); ]
Must return an asynchronous iterator object. See __anext___ () for details.
AA 70157 o el ol A =R ESS TASA ¢ow o] LR NULLE A48 5 AFUTH

unaryfunc PyAsyncMethods .am_anext
o] g2 ML b3} 2HUTh

[PyObject *am_anext (PyObject *self); ]

Must return an awaitable object. See __anext___ () for details. This slot may be set to NULL.
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sendfunc PyAsyncMethods.am_send

o] 4o A WL e 2T

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
B A 3.100] =7}

129 =2 & typedef

typedef PyObject *(*alloefunce)(PyTypeObject *cls, Py_ssize_t nitems)
Fart of the Stable ABI. The purpose of this function is to separate memory allocation from memory initialization.
It should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized
to zeros, but with ob_refcnt setto 1 and ob_t ype set to the type argument. If the type’ s tp_itemsizeis
non-zero, the object’ s ob_ s i ze field should be initialized to nitems and the length of the allocated memory block
should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

o) Pt ThE QAH A 27188 FHA gobok Fith FH RIS FFE S HUTE 17
e newol o) 5% ol of Gtk

typedef void (*destructor)(PyObject*)
Part of the Stable ABI.

flo

typedef void (*£reefunc)(void*)
tp_freed ZARIAIAL.
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_newS ZZ Al
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL tp_initE FZRIAIAI L
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABL tp_repr& FZ3IHAL
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the Stable ABL. 24 A]2] W H oJEgHE ZhS vistshyth
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)
Part of the Stable ABL. 21A]2] HHH o] EZHE S A AUt} o] EEHEE 2HA 58] A value 21 A}
7FNULLE A A FH U
typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. 2| 9] | H o] EJE < WU
tp_getattros FZRIIAIAL
typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the Stable ABL. 24| 2] §H ¥ o]Eg|HE 713 AATH ]t} o] E@HEE AHA| 52 ¥ value Q1 2}
ZENULLE AAE Yr)

tp_setattros FTZRIAA|L.
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typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.

typedef int (*desecrset func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABL. tp_hashS FZ A L.
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompares ZZ YA L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the Stable ABL tp_iterE FZ 34 A| 2.
typedef PyObject *(*iternext func)(PyObject*)
Part of the Stable ABL. tp_iternextS FZ 3N A L.

typedef Py_ssize_t (¥*1lenfunc)(PyObject*)
Part of the Stable ABIL.

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)

typedef PyObject * (*unaryfunc)(PyObject*)
Part of the Stable ABIL.

typedef PyObject *(*binary£func)(PyObject*, PyObject*)
Part of the Stable ABIL.

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL.

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_1)
Part of the Stable ABIL.

typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABIL.

typedef int (*fobjobjproc)(PyObject*, PyObject*)
Part of the Stable ABIL.

typedef int (*fobjobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
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th&2 ghol &l 3 oo st o duth of 7)ol = o g o] vhd o = ERbHQl AR o] 3 YT
QHE Jhrhe & 1] Al HolF Itk O B2 ol A, A5 A1 % A< AL defining-new-types 2} new-types-
topics & FZ YA L

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

O A3 27181442 AFgSHE o] A TE (53] CPython TE Wlo] 2o A) 2 S S % U th

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */

5 /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR ("My objects"), /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */

(TH& sl el Aol A1)
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(e1A sl o] A ol A AI5)

0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

oFeh EZ, Aada B Ve B A4S A A5k B

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,

.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:
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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 *),

1241 28 7jH|x] 28 x|

23 F2E ZPSHE HAE FARL £ FE ol M) ADL A A 5 Yt ThE AR
%mwﬂ”dﬁﬂﬁAHﬂﬂéﬁﬁwﬂﬂéﬂﬂﬂm}%i%HX?lMW%Jﬂﬁmﬁ A}
EAQ) ol th e FE T AGFHE B2 AhA S et ol| A A A9 AFT B Y5

To create a container type, the tp_ f1lags field of the type object must include the Py TPFLAGS_HAVE_GC and
provide an implementation of the tp_t raverse handler. If instances of the type are mutable, a tp_ clear imple-
mentation must also be provided.

Py TPFLAGS_HAVE GC
ol a7t AAHE F AA = A7 2HE FAS EFMoF dUh HE SlE o] H 3 AAE
2" ol AA et skl U th

Aol P o] A= 7 7HA # 22 E58f ok Ut
1. The memory for the object must be allocated using PyObject_GC_Newor PyObject_GC_NewVar.
2. & A" Yo e F2E XFT 5 e BE D=V 27ISH Y, PyoObject _GC Track ()& &
ZsfloF k.
up7hA] &2, A A 9] sl Al A} (deallocator) += HI 523 F 2] & F3f oF ] th:
L o2 AH oIV S Fxsh= =7 783t 5 7] doll, Pyobject_GC_UnTrack ()& TE 8 oF FY T
2. AA| Y] w22 Pyobject GC_Del ()& AH-&3ko] & sl Al =] o oF g .

74 11: If atype adds the Py_TPFLAGS_HAVE_GC, then it mustimplement atleasta t p_ t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType_ Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that
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implements the garbage collector protocol and the child class does not include the Py_ TPFLAGS_HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyOb ject_ New but for container objects with the Py TPFLAGS_ HAVE_GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to 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. 53] 7] 7} A k= ZH o] Y AA| A ol AA op & F7FHHU T 57 71X
92 A2kl A 4 glon g 2A5 59 AAT R ENFFUL. .t raverse 427171 BA
S mE BE RRAAE B2 BT HE LA ZRE 2k

int PyObject_IS_GC (PyObject *obj)
A7} A AT Z2EES TR 00] obd @

Kol
o] F47H0S WAFE HlA 1A/ AAE FAT 5

)17
T,
=)
K
4
oft,
D)
O

erom 0

o

ukekgh o

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A o] GC T2 EFS FH 3L op7} HA| 718 X = A 7] 7}
FH Fold 15 Wately 28] ¢Fo W 05 W)
o] AL mlo] A S+ ge.is_tracked () o siFE Ut
W 3.9 7}
int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 21A] §0] GC ZE2EZS F A 78R A7 7FopE
olm] stojdeto]= oW 1Z Wty 13 A ¢kow 0 W th
o] AL glo] A S ge.is_finalized () o | ZFgY
B A 3.9 F7}.
void PyObject_GC_Del (void *op)
Part of the Stable ABIL  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.
void PyObject_GC_UnTrack (void *op)

Part of the Stble ABL $31717} 2A st Aeloly AA AL op AME A AT T
byobiect_co_track ()% o ARl Oa) Tl B oko] 32 A2 A Gl Al F A 2 8ol

Tt AI 2. @A A (tp_dealloc AR 7)€ tp_traverse A2 7] A Abg st 2=V 78

5% 7] ol Aol 8l o] B2 TZoF Tt

WA 3.89| A4 ¥ 7: The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been re-
moved from the public C APIL.

tp_traverse A 71E a3 2L W) §4 vh7) W4 E WolE U Tk
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typedef int (*visitproc)(PyObject *object, void *arg)
Part of the Stable ABI. tp_traverse A& 7] A= = Y22} g 3. = AAE
objectE, tp_traverse A 8|71 Al AR w7/ H4E argE S EF o]oF Ut} ntol Fol= 43}
7Hi A BAE T A 3l o] e BEA G5B A FUTH A AL A 5
F = glsdnh

tp_traverse A8 7]& Tha & o] o] o FTh:

typedef int (*t raverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL. ZAE]| o]\ A A 2] &AM skt 82 selfoll 214 235 Z+ A A of dil 5l visit
S5 S5l of 3l visiroll T St v 7)) A= 2 3E Aot A2l 712 AL H arg A Ytk visit =
NULL object Q1 2} 2 & &3} oF FH U th visit 7} 00] obd HS wk3ka}H 1 gho] S A] wisly o] o fépq t}.

tp_traverse X8 7] 2L IH.LQ-B]J] A&, Py _VISIT () UHELE7]— A2 Ut o] |z 2 & AFL3 e,

tp_traverse FAL Q2] o 58 42| visit % arg = A A3 of g Tk
void Py_VISIT (PyObject *0)

o7} NULL o] ofY ™, 0 &} arg QAVALZ visit NS S &Y visit7} 0] ofd g wiEsld, 221
wigtstUch o] |3 2 & AFRSHY, tp_ traverse A 87| 7F 23 ol Yt

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py _VISIT (self->bar);

return O;

}

tp_clear A8 7= inquiry 3ol Ay AR 7} £ o] NULL o] o] of g1t}

typedef int (*inquiry)(PyObject *self)
Part of the Stable ABL. 2% 432 AP L 5 J= A2 2 A4} B2 A=
AT Pong, o YAESE HY FIZa7glFUTh o HIMEE S
U TH(EA Z2o| 8l Py _DECREF () & SE3HA] up Al 2). o] A7} 7+
R 717 A 8 o] A =g SEFTh

gN' N{N‘

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 ABL 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)

Part 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] 71
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.
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HA 3.109) 57}
int PyGC_IsEnabled (void)

Fart 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.

B A 3.100] &7}
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API2} ABI BHX E0]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:

HIO|E H|E (&l dC|Qt =A]) E= Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY_MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE_LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10.0 is hexversion 0x030a00£0.
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Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant integer,
with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at run time.

B A 3.119) =7}
REE Fo]Z 1] 3 &+ Include/patchlevel.hol] A o] F Ut}
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abstract base class (34 w| o] A S| A)

annotation (

S wo]2~ Fe A hasattr () 22 2 HAIY S0l EHS AV v ESHA ZEH (& £, WA
HAE) B, AEH o)A E oot e AT T RN B o] & B4t ABCE 7Hd AR
ZHP2E =4, FH2E ASSHA o HAE isinstance () 2 issubclass () o 93] 7
) HE2sJUth abe BE ABAE EAL. sto]Hol= %2 W& ABC 5] Whete =1
So] &5 Ytk A8 X (collections.abc ZENA]), A (numbers &l A]),
oA, YZE 92} 2 (importlib.abc ZEO|A). abc ZES A3 A &4
TE AU

O
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dgo et & JE 2 AREH e A, SHE EYRE B e s v ke g d4-
golEd itk

A Wae] o) b o] A AW Al AA2T S YA, A WA, B2 54 9 G2 of el o]
AL A7 2 g, Ed 2, 42 _ _annotations_ EF o]EE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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argument (212}

F5E B2 G5 (EE WA S) 2 ADH L gL T EFY QAL A5
o I| ¥ E QRA} (keyword argument): T~ i%ﬂ:ﬁ A 217} kol B2 o1z} (& %o} name=) X %%
E Yol 2 9 E AGH & AA A& Eo, b33 22 complex () E&|A 335 &
BE 79E A2t
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2] 2R} (positional argument): 7] = d A=k t = °ll
At olHE E o go * & 2 A JFUTE o & So], b2 F 22 T34 3-‘4‘
BT 9 A A& Yo

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

AR 4 iele] o] 2 g2 Aol Aol hF ok ol T Yo A8 = 7 A S ol A £ calls A&
HAL BPAOR, oW EAN 0l A A2 A 5 AFUTh T ghol A9 Wl B ek,

Lol H 9 vj /)4 FHET FAQ A& A2} w7l ¥ 4~9] x}o] £} PEP 3625 H A 2.

asynchronous context manager (W] 57| A€ A& Az}

An object which controls the environment seen in an async with statement by defining ___aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (B]% 7| A2 o] €])
H]-5 7] Ay Eﬂ olH olH# oY & EHFE= T sync def & A5+ IAFH T4 Hol&=,
async for $2IAEE 5 9k AAS] GBS NEL yicld RS ERATE 2ol cHELITh
HE 057 Avdels @4 7}81 7)1 A %, ol E FE W o A= v]F 7] Al # ol E oEl o E] & 7}elF]

Y} o £ 51 o) u 7} WA ke A9, HAH o8 AN REFS QAT

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (H]-% 7] A #] o] €] o] €] #]| o] E])
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object

which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (H]£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] H-E
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A 22 £ A1 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =}

binary file (B} o] 2] 2} Y)
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.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference

In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_ 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 (H}o] E Q& A A))

Wy 2282 & AP C-A5 WA E A2 E T 5 Q5T o g ﬁEmemorYVleW AA S
EE09|1 bytes, bytearray, array.array AA &S 23Ut} Hlo|ELE R AR EL2 vlo] 1 g
13] ]‘3 E 05+ oy 7HA AAE ARRE 5 s UTH &5, vhely e ot 2 A%, A4S T AS

N
E

de Asol Y&y,

® AT L ol e vl o el 7bAA D B} Aruinh ol7 Aol YA E FF a7 vt

OEGH AX et AT UL 71 ¥ AA e 2= bytearray R}bytearray/] memoryview
75Utk BHE QS-S vhol 2] tlolE|7F B3 A (3] 7) A& vpo] EAF Aol ARH £
STEYLH ol AEY A Z=bytes8bytes AA Y memoryview 7} °]~‘45}

bytecode (H} o] E T &)
oM AN FEE H}Ol_ =2 ZA3}d5=d], CPython 01E4 ZEo A FolH 2 I YR F

fE?JHE‘r- Hlol|E I == .pyc 3tdol 74X Hof, 22 atd& F HA AP o of wekA A vyt
2o utelE FE o AL S T 5 YFUh. 9 “%7J Ao)” = Zhvpol E F=of o g5
7] AS At 71 717 ol AFAva Btk vlo]E I == A2 thE 3ho]ld 7 71 A ol A
25 Ao g 7|tstA =, sho] A v 3£ Zhol FA A o] A = 9tk Aol o] 8l oF Py Th
Hhol= 3= BHol 5] B 5L dis BE AFA o] b th
callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

/\

lut

[callable(argumentl, argument?2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the __call ()
method is also a callable.

callback (&)
QA AeE = ulele o) Adol A ARY AH 2 Fa

class (Z~)
gAY ) A

=
WA= o Ee =

class variable (28] & ¥ %)
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complex number (&2 %)

%3 A5 A 2de $Fu, RE A7 AR S o AR YT H5ite A5
S 1Y AFDE Fe AdH, 5 T 18, FEoA = J&E R7)F YT sto| M
T B 2E BasE 7R AQTIUE S5 RE § AUAE Bl A 7T} odF Fo,
3+13. math 259 B45 MHo] 23W, cmath S AR FULH BA45] 827 3 52
T84 754yt Bastrtal =712 ZEhE, A A FAE 5T

context manager (] A~ E ]2}
An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A €] A E H$)
Aeeof et o2 g /b Qi WS ol 2 A8 2d =7} sl o8 e g 2Hd 5 gls
2fe-28 AFaevsdych v, AEAE |4 E B, sty A A= of] AE s
=798 5 don AAE WY £ EEE FA4 N5 HATA A WSS FAFE AYY

contextvars= XA L.

contiguous (<)
W= ;<4 3}3) C-4 4 (C-contiguous) ©) A} . E 2+ A< (Fortran contiguous) 4 W] A< o)gta o AUt
QAL W3 L C-Aldo) A E S A% itk QA ] Aol A, FEEL A 2ol SF32, 00 A
A 2 E A4 e o] ¢ Ao o2 2o 9 X150 of Ttk thAHA C-% ol A, v B2l
29 AR FEEL 23t o upx|ut ol el A7} 7 whe] W o) SR 2k, ZEE AL )] d o
A, 3 WA 827} 71 ) W g,

coroutine (Z 5 €l)

ABZHE o duistd Fefduth ABEZEL 3 A Ho| A Y3t o2 A FHA &2
?}‘41’/}. ‘f/l% o o2 A ZAA AYGstar, EE3taL, AN = dFYTh o] AE2 async def
Bog TS 4 95U T PEP 4928 H A 8.

coroutine function (Z. €l &)
FEE AE 5 FE . ZTFY 4= asyne def Fo g A= 5 93, await @ async
forﬂ- async with 7|9 EE XTT 4 JFUTh o] AE2PEP 492 of] Y& == A5 th
CPython
spol =2y Adoje

H A
L= S N
Python 3} 22 th2 AEH +EE 2

decorator (t] 2| ] &)
02 g8 595+ 49, 25 @wrapper S AFESH g Widto 2 HEH Ut gl Z g o
El9] &3} o= classmethod () ¥ staticmethod () YU

Haelolel £He wA Be BUY Bk b F A5 Aot v goz TSk

ython.orgof| A ¥l £ Yt} o] 3£&-& Jython ©] 1} Iron-
{0 “CPython” o] A} Ut}

o 4
I
ro
n}
2

pas
o
g“;

def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arqg):

22N l%ﬂlidli EA A T d 2pF 2 Ut ol Zd o] g of] th gt o] ApAI S &2 T F Y
o} FY o ABPAE HH FHYth

descriptor (t] A 3.2 E])
Any object which defines the methods __get__ (),__set__ (),or __delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P2 WA =S o) 3 2HA| 3 )88 descriptors U T 2 2 E] AR b A o] Y- Y T

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 A1) 2] A = 2|3l A)
olEl H &l A= 84 AA Y %%j—é At AE G gAY E et 1A% . results
= {n: n ** 2 for n in range(10)}<2Ztn ** 20| FH 7] nS E3s= A Y E A
¥ t}. comprehensions& ZHZ A Al L.

dictionary view (5 A4 2] )
dict.keys(),dict.values(),dic t tems (
Utk o] 252 9 e 5ol thet
WAk E o B

dict-views & H A &

O HAEZEEFE AAES 9 e Rt B E
ot "J%% &sk=d, 97t g E ), 57} o] WetE
%}L?}_ Bl 2ER B W list (dictview) & AFESHE FUTh

docstring (52 E g)
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 (%] €}o]3)
Sul2 e F o] A5 AR EA Aty AA P BA G 22 A g, B
HAEY A ERHEV S S ALY AL %HD}(“OQXJE*EQLM‘MW’ﬂ“ﬂ‘tﬁv}‘a,l > 2
t}.’) EA S g 1:]]/\]0]] onﬂjﬂo]/\e AzeozH, Z ;\471“54 Fr=ot3g A &S —:ﬂaﬂogyﬂ

1>
o

{o

L QAL A g__,_olf\\/]r,]- 9 Eo]FHL type () 0]14-151nstance() = AH&sE AALE -‘74%‘4‘3]'-
(SHAI "L, BRolsg o] 74 o igﬁﬂ E‘_E—T—Omoﬂ frelsl oF gy th) iAo, hasattr ()
ﬂA}L‘rEAFPiE Y-S HUh

EAFP
& 2 H o} A4S £517] 7} ¢ th (Easier to ask for forgiveness than permission). ©] &3] & 4= gl& v}lo] 4
A9 282, 22 7|VG ol EYREY EAE 7HE A, I 7ol EE W Y E F5Uth o
ZEotal mbE 282 B try $hexcept w2 TAZ SAA AU o] g2
w2 Aojo| Al A= AF§-5 = LBYL AL 3 o vl g U T}

expression (X3 2))

oW groz 7ad 4 i FHAN 27 OhE B BASY, AN L UEY, o] 5, olELHE

A2, AR, BEET R G FelFE BE 2452 Hol 22 AYYTh THE BL Aojs)

grAom, RE Ao} THEEC] RAAA AL otk wnile A, BAHOZ ST 5 Gt
B = £ ol 1, A o] obd ]t}

T =] AFYTh
extension module (8% 2 &
CUC++Z FAE ZEQH, 3fo]# 2] C APIE AS-3IA 4 o] Y A2 T =0} A5 283t}

f-string (f-& 2} Q)
e E ool B9l BAIY HEEE Bal LEAY olelL et £y AL A6 o
Z ot PEP 498 & H A 2.

file object (3} 74 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AAZ = A F72] 3t AA 5ol YFuth Eraw) vlo] 2] 1<, ¥ 3 = (buffered) v}o] 1 2] 914, E)
2~ E 3t o] 59 A o)A E io RENA BF Utk 3t AA S HEE 1 H A A 2 open ()
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)= el
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rlr
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°
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file-like object (3} 2 A))
g} A7) o u)Z=3k gk,

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.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig Read () function:
see filesystem encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3} Q1)
Ared BEL A o & Rodn AwsE 4.

gto] M 33, o] 22, F F7 FAH 7L Y5 Uth sys.meta_path & TA AHE-SHE H B 4 = IFQlH
9} sys.path_hooks I} /A AFR 3= A2 dEE golH.

] Z}A| 3 Y22 PEP 302, PEP 420, PEP 451 o] U-2-Ut}.

floor division (B4~ V=A)
74 7 A E W ESe 84 Al A vl AabAbe // th ol E Bl ®AA 11 // 4
o Zre o7 H A wh Ag Y AL 2 752 EHEUTh (-11) // 47F-2.752 Y& 3 -30] Hoj

Fo sl oF g Th PEP 2382 H A &

function (2+4)

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol A2 4= Q5 Ut u] 7 4= & WA = 2} function A A = HA|

function annotation (34> o] &) o] A1)
Eins UH7Htﬂ/\‘/]"E'} 7

o], o] F4 % 7|9 int AAHE WolE
R :

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

3 o] g o] A B 2 function B ol A A Wt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The _ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

£ dHUh
generator (AU ] o] €])
Aol el o Eld ol e & BB FE T4 A FEAY Hole, AU FES BEE E:S
A P Fol thgUTh o] FEL for- 222 A8 AU next () F52 7 4 7
£ dH Uk
B3 Aol s &8 7he] 7| A 9, of | Z o A=
ou 7} HEslA] o AL

z N ol 8 ol el o] el & shel ALtk o w5k
AR §oE NN BEFS YTk

generator iterator (AU ] o] €] o] €] o] ¥])
Al el ol g7t = AA.
Zhyield+ YAIA LR A& S3ta, T XY (XY H4s o
A AEE 7193 E Ay F o g olE#EelE ZFAMEE, Y o Bt (& utth A2
Al&Fste gk ol g Y oh).

generator expression (2| U] 2| o] €] & 4])

2
olHHolEE T = R4, FZ AT HYE Bt for BB 7hestif o] Hol 2+
At A AE HYUth 2 22 S8R - E AT FES HEAH YT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 2} &)
22 A AR e FEd del +ES A T2 784D T S ofF FH AARHA =
s daeFel o 248 g ch

Azt 2a) %] €07 &3} functools.singledispatch () Bl Z & o] 2} PEP 443% H A 8.

generic type (A1 2] &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A e meld % 2 HAS

LY

global interpreter lock (A& QlE] Z 2 E| &)
3 ol @4 3] 2d| =7} shol A wle] = 3= &
g WAYZE. [@ict S 2L SR NFIEL
o3 92 5HE S BHEof A CPython 7-8-% B3
ZHE tgFad =36y 4A dEE w4, v
ER L=t

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

gm 1:1 ],\ﬂ A 2 ‘rr Eﬂ o g = ;d—:/_L) “’\Eﬂ of X]'-rri—.—(free threaded)” OE = B]Eq 2 s w3t
R A E o A SaS A B o oA 4 ool O Bo1a A0 g oA
As U

hash-based pyc (3] X] 7] 4} pyc)
L3S FEE Y] Yol NG A2 TU HE A A7) ofd FA|E AL S ulo|E T E A A
3} <. pyc-invalidation& ZZ3HA 2.

Z

E A5t = B A3 7] Y8l CPython 18 Z 2 ] 7}
o z3tel) A Blo] EAA O @ = A] AN A0
M5 Utk Bz AAE e AL A

EAA A AFHE WL BE RS

B ru

o

H:l rH
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hashable (3] A] 7}%5)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan__eqg___ () method). Hashable objects which compare
equal must have the same hash value.

AN A5 AANE Gl A AT W AEE 5 QA S, o] AR TR YA
o HAZE Ag37 WEG T

g shol o] BW WA AAEL A AT (FAEY 94U 2e) 4 AFe s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao YEL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B A0 7 A 7T (A7) AHA1E Al )
3talE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o g Yt
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (%Eﬂ)

P A s g eEe R AN BATE FLE (8 9% deo) o 28 Ju=
U

importing (Y £ H)
S 2E shold REA THE BEY shol W TEAA ASE 5 AEF S A3

importer( 152 E])
5ES B 53 2E S7)% sk AA; SA ol 5ol T o)A =r] A k.

interactive (t} 3}3))
shol w2 |3} )T 2lEl & 27 g, AE T E TET A AR EANL YA 4 AT,
=2t A9 A3E B 5 ok 2 Uk 27} o] BhA pythonS AW aHAl P
At A R 4 9g T A ofelriol & B AT R 1A E Eelhee g el

R AU (help (x) E 719 8HA1 8).

interpreted (?]E-]EL.E]E]E_)
ol SE B3ele) o) £l uf 2ol TPl 531357 59 ol W A3 o
Az g dofYguUtt o] A2 HAIH o= 43 A 3
Aot S9UTh 2 22O o] & o Ade] A= 7]+ AT, ?lEﬁ—E]Ei A= 2 E
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
genera[or.

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 further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean ___iter_ ()

method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 11 st) 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 ol T Z}A 3 W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] g)
7] g == Z 9 o] A (collation) =+ A E (sorting) ©] U ¥ & (ordering) o] AHE-5 = #= E8FE F
HEYJULE o & S0}, locale.strxfrm() S 2AYL EA YA S a=Ad 7|5 e = d AR

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9] & 21 z})
o1z & BHA L.

lambda (&t}
5290 gol FaAAE She A4 o2 PAH o F Qi U B4 BT BB REL EYLS

lambda [parameters]: expression YU rh

LBYL
5 7] Aol X2} (Look before you leap). ©] 7@ 2EtL-L T Eolu 23| & 517] doj]l HA|F o7 ALA
252 AARLh o] 2EhAS EAFP A2 U DUIF 3, e i B9 2AZ 54400 T
05 28 = @404, LBYL H2H-2 “H 772k “H7]” bl A 202 WA 2 Aol dsdth
& £9], FE if key in mapping: return mappinglkey] &= ZAA} Zof|, 3}X] 2 23] A9,
D2 25 key 2 mapping | A A AT AT 5 A% Th ol @ o) - %ol Lk BAFP 422
AETozAN2E 5 AU

list (]2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 = 2] 3 A)
AA2re 84S AR EE YR E AEst 1 2R E g2ER ST HE S . result =
1 & 00l A] 255 Afolof Ql+=

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0
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)

S

2S5 16715 (0x.) 52 EFE £A4GY g2 WY if 2 AFT S 9
59, range (256) °l A= BE 247 A H Yok
loader (2 ¢])
RES 28t AA. load_module () o]2h= o] £9] WA =S Hos|of FUrh ZrE&= BE 512l H
7t E#HE Ut AASFWRL2 PEP 302 &, =AM o]~ Z 8|~ &= importlib.abc.Loader & HA| 8.
locale encoding

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (7] 3] v 4] &)
5 A S o WFAH 9l W] S8

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & ZAM o] FHF+= 3 H. WE A2 3 H = 42 =g 3QlH o #-AH
171 AT kg e
HE A2 37 L3 sE WA =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

HEF ZE 2t o] Ml AAE Fobd ZH2E Tt AAS JAYth R 2 AA AP =220
Ao]EL2 7|2 TS AUt sto] A S EHFA He= A2 A" HEg S 28 s+ s
ALY R AL AN AL o] E77} A9 Do QAT Aol AL o, ve 2o as 2 e
Soba A0S ATTULE OB HE AN 22 27 (logeing), 2= k2] 271, A4 A4 24,
AZE 7R BL O Aol A8F % o
metaclasses | A T A8 U §-& 3H& 4= QI U Th
method (W] A &)
Sol2s v Qo AeE = g 1 2ejae) dadag o EeRERA 5EH Y, 1THAEE A
HAY A4} (HF self gt ETH 2 A2®E A AAERFULE T 9T HE 2572 S HAS
method resolution order (W A& 2 A 4= 4])
WA A7 AT 235 59 UM E A ol s Fu2EY £AYUD. 23 Do
gfo] A Qe ZE B o AFRH &1 Z9] AN S W82 The Python 2.3 Method Resolution OrderE X2
Uk
module (2-&)
sho W | 243k D) S WReh A7, REL 9Ao)9) shol i AA L B ol & B0E 25T
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module spec (2& A3

MRO

HES 2Tt AHE £ F 7} importlib.machinery.

ModuleSpec o] Q1A~H

[» jﬂ
rlr
juiss
kel
[t
ry
Y
o,
o
[
o
ol
k
30
rlr
-

HAE 24 =4 & HA L.

mutable (7}H)

7HH A& hol e 4= JA T id() & A3}

named tuple (V| J & £Z)

“named tuple(V] Y = 77-5)” o gh= ol FEolA A5t o] 5 22 A ET R
g A 8ol AHN2 S 4 e Be Folv el ALF U FoluZ
de T AsUTh

time.localtime () & os.stat () 7} ¥F8Het 2t £ 85le], o ] YA o] Y= EZ AUt} &=
T} & o= sys.float_info YUtk

£ AHg3to] gle
AN

e te 7=

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

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

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

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t uple and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S 37

Mok AE £ Fo. o5 B0L 9
B} obe A9, Ao, 1 o] & 3
Urth o & Eo], &4 builtins.open Zos. open(

o8 370 o8l W Y& FANCAE LI HEAA ARA 44 B0 28 E
t}. & £}, random.seed () = itertools.islice () &t »WH 1 34Eo] 242 random I}

itertools B o3 2% 90| B ck

namespace package (o] & -Z 7} 3] 7] A])

Cl
23 AMH 71X E2 AH|YEW 7]5 8= PEP 420 9] 7] #]. o] & 37+ 371 A& 222 2 AA 7}
Ne = AL, 53] __init .py BLo] YeBR At 9|74 o thEYTh
RE T

e A Oﬂ/ﬂ W4 E F2oe 5. & S0, the g5 Ul Bold e vt el Sle
AT ES A2+ A5t SHI 2Tz 72402 A2 072 B 92 HA St
2o F=ef o gt A9 MeE2 7P el AFzoA i FUth vRZIA R, A9 LS
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (- A€l S A)

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 (2 A])
B (IEGREU ) & 22 58 (MAE) o] BoH ZE dolg. =3 BE 7w2ed S92 9

254l o]~ 2o AT
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package (2} 7] A])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

Bt W7 A & ol 5 FF A = BHAL.

parameter (7] 7] ¥ 32)
G (5 BN E) Aol A TATH WS 5 Qe AR (B old 49 AAE) B AR ol B BL

ABE]. T 5] w7 a4} U Th
B

X]-71 ¥ = (positional-or-keyword): 9] %] 12} U 7|9 = Q121 2 AL 4= 9l+= AAE A AT
o] Zle] 71 & FEj o wi T JUTh o & S0 T3

« O

t}-ol A foo 9} bar
[def func (foo, bar=None): ... ]
« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
5 A WANS BB/ BAE EFHL 1 H o) AT 5 AFUTh o B Sof Th el A
posonlyl T} posonly2:
{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 71N E=-HE (keyword-only): 71 EE2 W A2 4= = AAE A AH UL 719 =-A8 v 7wl
£ g4 Aole] o)A B2 o 4 ool k] -9 A AL E 1o E gl A Ao S
T AF YT A& 59, b2 A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

o 7HA-91 A (var-positional): (Th2 w7 S0l o] 4] o] m] o5 o1 X1 9] 2] A=} Bl of) Al5-2
T A= AA A=Y L AA2E AP FUTh o] Wi v o] Fofl * & <ol
24 ZYE = s Uth A& S0 th2oll Al args:

[def func(*args, **kwargs): ... ]

o 7VH-71 9 = (var-keyword): (THE ] 7| HG5 S0l o afjA] o] n] WolEo] 2 7] 9 & Qx5 o H3))
AZD 4 At Y A% AYE AXEL AR FUTH o A AR5 v S o] Bl ++ 2
ol oA HolE = AdFUTh A& =0 9 ool A kwargs.

RS AEE QAR 98 7R ohek dg dol AL B4 AXEE AR T 5wt
ol z} g o7 &, Q1 xLo} v 7 H 4= 2] A}olof L} 2= FAQ A&, inspect .Parameter ]2, function
A, PEP 3625 HA| Q.

path entry (7 2 2 £ 2])
Az ) IE 7L g

z

[m
ok

BESE 2] 98 Fushe Q= 4w 4o s g4

SERILS

~—

path entry finder (7% 2 <l

2

sys.path_hooks ol & 288 (5§, 42 JdET 5) o] EF& 9<H U, Fo4W A= A=z
ERES IS €2 A5yt

AZ dED oA Eo] FHE= WA EEL importlib.abc.PathEntryFinder o Y34t}

path entry hook (7% 2 Q=g &)
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)
718 v el A= I T E Fotueld], Y EE A A BE

path-like object (3 25 2 A))
g A" A2 E YW E AA. AEF AA = 42 E YE W+ str U bytes AR o] ALY

o
R

Ut
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

ot FA o] B3 ARYE 48
é°§/ﬂi?}%7lé’jf& 12 v AU Z AU T PEP 4 A= AR

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= QojSol A AW AGES AN BEE TASE T4, Tho) A Aofoll A A4 AT AL
5% o) 6 952 7h7ko] it ool tlolu} T 27 o Bol, sl Ao A A4F i ol UYL for
2 Mg oo Be] BE 848 Y5 AUTE OHE B dojolt o1 F572] T4 B
glome, sholdol el%atA) e RS L thalel £44 712 E & ALgSH 7= Ptk

p
for i in range(len(food)):
print (food[i])

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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https://peps.python.org/pep-0519/
https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0411/
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.___gualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (=R 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 implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
@@K}f Zlo] F5 U
sequence (X] @ 2)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
_ reversed_ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (g A = 2] 3l A)
olHH & = 84 AAY EFE Aesta 245 F2 A4S wEst= 2H4 8 Y. results =
{c for c in 'abracadabra' if c not in 'abc'}e EXdY HS {'r', 'd'}E YA
U t}. comprehensions& #2814 Al 2

single dispatch (42 t] A3 x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T 23] x| 9] S FE.
slice (&2}o]A)
H5 0 s ARE LYGE AN, Gorol
variable name[l 3:5] A9 Oloj| A o 7] 7}
HE)Z7/|HL YRrdoe= sllce 7“24] A&y
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special method (54 WA &)
slol A o] Fof ojH A4HS, T4l

’ =
WEE AR B o] 52 2

4%
Sl U T

KN
L

EXNFog TEHE VAR ojd M EE F 7)Y
4= ] A == specialnames of] EA] & BFE o] A 94U T

fd my
mQL'
Jlm E=)

statement (%))
G 29 E (REY “BEblock)’) & FAFE FEAUTH 2L T84 o A 7 =E A5
=98 7R 2 & 59 studd Ytk 718 if, while, for.

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-

ence. The strong reference is taken by calling Py TNCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_ DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (Bl ~E 217 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 (Bl A E 3} <))

st AR S O % ¢ le 7Y A5 55 A2E e dAze vl = AG ol aEdg
AALHD A 1S A0 & A5 A T Sas Yo o2 (r'EE W) E

| A
49 3tY, sys.stdin, sys.stdout,i0.StringI0 & AAEHAE & 5
& =

dlol =@ 5 AR 2 412 5 9t 5D AA ] A vhol 2] 5

triple-quoted string (2% w}-2 % ¥ £2}4)
Fﬂrii )y AR C) A AZ SHAA FAE. 2F ok st R A EAE Ol /e
715 & AF oA = AT of 2] 7HA] o] frell A £ 27 U th o)A A o] H A] oF2 A2mZ Lt
%@%E% FAE ol 2T UAEF 513, A4 FAE 22 Gk o] Fofl 23 5 g,
SAEYE 20 53 2R 95T

type (%)
sholm A e Be TA0 oW FRe] AMANE AAFUTH BE AA L Dol 5Tk AR e

P2 _class_ OJEZREER A2 QAU type (ob])) 2 ES F A5 U

type alias (3 o] & 8] o]A)

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7'5& A" 3t= typing ¥} PEP 4845 = 8kA 2.
type hint (ﬁs‘ 3lE)
W, 22 B RE Y e vz Uk ] ZviE = & A sk of = H o] AL
Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 des xﬂﬂ'&h" A9 Mg, Fd2 oJERE 9 59 ¥ FEE typing.
get_type_hints () & AF&3to] AM A 4 5T}
o] 7= AWt typinwr PEP 484Z Az 354 8
universal newlines (WA & d3)
q _1,]-71-0 74'—'_»#‘!"@4 I’-OE_O]/R]-(S]_I_ Eﬂ/\E /\an.aﬁ/qd_ ﬂ]»l—% 7H3“ }

splitlines () Bat OM 2} PEP 278 sﬂrPFP 3116 Exﬂﬁ.

variable annotation (¥ <= o] 1= ¥]| o] A)

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

WM o] = H| o] A FH-2 A A annassign ol A A g o}

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7}4} 317)
Sho] AL Aot S8 22 1go), 28 A 20| A AL e ol W S8 22 1S9 S|
QL 74 oW A, shol i W T A AEL AR AL A2elo| 2ol AL A5 e A ok, Fe
Aoz AgH A &4.

venv & HA L.
virtual machine (7} 71 A])
szesolvon Ao 8 AFE. ol me] A4 /AL vl 3= n
=g A9 ok
Zen of Python (2}o] 4 Al)
ol x Tzl Pt AhEo BE5 0, Ao E ols st A8k ol =& FUth o] 52 th3}y
ZEZEA “import this” —% AEstd Bk

e
v
N
i
|
oy
rr
=
o
[m
K
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https://peps.python.org/pep-0484/
https://peps.python.org/pep-0278/
https://peps.python.org/pep-3116/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« 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.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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https://docutils.sourceforge.io/
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
Z+2) ] Guido van Rossumol] 2] 3l 1990t Z Rk vk o] FHF Ut Ftojx o= th& ArE =9 B2 38 9]
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 W d, JJrO] N Az EQ 01 A} € (PSF, https://www.python.org/psf/ %) o] A Q51 th o] &A= slo] A
A A A AHAS AFE S 58] A HH v g 23 YUt} Zope Corporation> PSF2] ¢ 3] Y Ut}
2 E gfolH wj =L Z7) /\/\?:]L]D]- (7N 22 A9 v A= https://opensource.org/E 2+
2). QAF o2, g B & (BFA T A= ot g Yth Ihol A w222 GPLY S Yt ol 9] F+ thgs
W Z S @ ks A Y th

HY = £ o E X S S ION, GPL &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-A 7] PSF yes
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F3: GPLY} EFATH: 2L 927} GPLE o] 42 W Eohche 21
eho] 2 GPL3} 2e] ol e o] WAL 37} 248 BEA 9 £ 48
S8 ehol Mt sho] W3} GPL Stof REH ThE 2 mE oS AYT 5
oLt

Guido®] A= 3}of| o] Wi £ Z 7hsstAl e W2 o7 A BAAS o Al AAFEH U T

Oh

C.2 mo|Moll HMASEHLE AFRSE7| <

r

o] okt

shol dol BEHE UM 4z eg o] o T2 zho] M) A
2E9 3 g Uth ol el at ehol Mo BEA T 52

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.11

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.11 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 3.11.11 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 3.11.11 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 3.11.11 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
3.11.11.

4. PSF is making Python 3.11.11 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.11

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.11, 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, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.11, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
(Th= Sl o] Aol A%)
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(e1A sl o] A ol A AI5)

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
(Th= sl o] Aol A
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(e1A sl o] A ol A AI5)

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.11 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

(@)

3 mtEl AmE ool chEt alolMlA W &0l

o] 442 shol il Wl Z ko] EIHE A4} 2 ZE g o] ol T & B LH A B S0 Qi 2ol Mgt S ele]
Bk

C.3.1 IZ2M EL|AE

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W] ]
2o mEd AN TEE ERFUC TS e ZEY T4 Itz $2 AQUTh

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,

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 23

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.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

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

(THE sl el Aol A<)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

7 o] A ol A A <)

C3.7 XML A Z2A|X &=

xmlrpe.client RE-S The 3 22 29) A3 EaHach

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o1 Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The 7} 22 5o ARHS EFF T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 ¢+11 2] < 2] Marek Majkowski @] =& o] 3Z 3} of
AFUTH 7)ol &= v 22 8ol 235 o] 5y th

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>

(TH sl el Aol A%)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/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 fol-
lowing 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.

L R

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH sl el Aol A%)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

7 o] A ol A A <)
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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 3F L2 W E —_yith-system-1ibffi & FA A k= 3 £ H libfi &2 AR S AR5 o]

Weg )

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 &8 A= &= Al Hl o] &2 & -& cfuhash ZZ A EE 7|Hko 2 gt}

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
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 W EE —-—-with-system-libmpdec & T/ 3}%] &+ oF, Z3HE libmpdec 22 AFE S

Abgakel M= ek

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 C14NHIAE AQIE

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,
(ThZ sl o] A of] Al<)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to

(TH& sl el Aol A1)
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https://github.com/MagicStack/uvloop/tree/v0.16.0
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(o1& # o] A ol A A<)
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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1=
ro

2rutsll o] 2|
..., 299
2to03, 299
>>>, 299
__all__ (package variable), 71
__dict__ (module attribute), 166
__doc___ (module attribute), 166
_ file_ (module attribute), 166
_ future_ , 304
__import_
built-in function,71
_ loader__ (module attribute), 166
_ _main_
module, 13, 192, 205
__name___ (module attribute), 166
__ package__ (module attribute), 166
_ PYVENV_LAUNCHER_ , 221,227
_ _slots_ ,312
_frozen (C struct), 73
_inittab (C struct), 74
_inittab.initfunc (C member), 74
_inittab.name (C member), 74
_Py_c_diff (C function), 128
_Py_c_neqg (C function), 128
_Py_c_pow (C function), 128
_Py_c_prod (C function), 128
_Py_c_quot (C function), 128
_Py_c_sum (C function), 128
_Py_InitializeMain (C function), 234
_Py_NoneStruct (Cvar), 250
_PyBytes_Resize (C function), 131
_PyCFunctionFast (Ctype), 252
_PyCFunctionFastWithKeywords (C type), 252
_PyFrameEvalFunction (C type), 203
_PyInterpreterState_GetEvalFrameFunc (C
Sfunction), 203
_PyInterpreterState_SetEvalFrameFunc (C
function), 204
_PyObject_GetDictPtr (C function), 93

_PyObject_New (C function), 249
_PyObject_NewVar (C function), 249
_PyTuple_Resize (C function), 152
_thread

module, 200

A

abort (C function), 70
abs
built-in function, 102

abstract base class (A4 H]o]x Z8 ), 299

allocfunc (Ctype), 289

annotation (o] = H| o] A), 299

argument (€13}, 300

argv (in module sys), 196

ascii

built-in function, 94

asynchronous context manager (8]% 7] AH
2 E A A, 300

asynchronous generator (8% 7] Al d o] H),
300

asynchronous generator iterator (8] % 7]
A &l ol &l o] E & o] ), 300

asynchronous iterable (H]5 7] o]E & &), 300

asynchronous iterator (H]Z 7] o] g d o] §),
300

attribute (JJEZHE), 300

awaitable (o] 9] o] E]E), 301

B

BDF1I, 301
binary file (AFo]y g 514), 301
binaryfunc (Ctype), 290
borrowed reference, 301
buffer interface

(see buffer protocol), 108
buffer object

(see buffer protocol), 108
buffer protocol, 108
built-in function
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_ _import_ ,71
abs, 102

ascii, 94

bytes, 94
classmethod, 254
compile, 72
divmod, 101

float, 103

hash, 94, 268

int, 103

len, 95, 104, 106, 154, 157, 159
pow, 101, 103

repr, 93, 267
staticmethod, 254
tuple, 105, 155

type, 95
builtins
module, 13, 192, 205
bytearray
object, 131
bytecode (M} E F &), 301
bytes
built—-in function, 94
object, 129

bytes-like object (Hlo]E A F A A)), 301

C

callable, 301
callback (Z4), 301
calloc (C function), 237
Capsule

object, 178
C-contiguous, 112,302
class (E#2), 301
class variable (E3 2 HE), 301
classmethod

built-in function, 254
cleanup functions, 70
close (in module os), 206
CO_FUTURE_DIVISION (C var), 47
code object, 162
compile

built-in function, 72
complex number

object, 128
complex number (B4 %), 302
context manager (AYAE #E| A}, 302
context variable (FAHXAE HS), 302
contiguous, 112
contiguous (%), 302
copyright (in module sys), 195
coroutine (ZFH), 302
coroutine function (ZFE &), 302
CPython, 302

D

decorator (6] Z g o] ), 302
descrgetfunc (C type), 289
descriptor (23 HE]), 302
descrsetfunc (Ctype), 290
destructor (Ctype), 289
dictionary

object, 155
dictionary (944 2]), 303

dictionary comprehension (€A g A= 3l

A1), 303
dictionary view (9448 H), 303
divmod
built-in function, 101
docstring (52EH), 303
duck-typing (2 €}o] ), 303

E

EAFP, 303

EOFError (built-in exception), 165
exc_info (in module sys), 11
executable (in module sys), 194
exit (C function), 70

expression (X ¢ 4]), 303
extension module (% 2 E), 303

F
f-string (FEAFY), 303
file

object, 164
file object (3 AXA)), 303
file-like object (ZLF A A)), 304
filesystem encoding and error handler,

304

finder (3}¢19), 304
float

built-in function, 103
floating point

object, 126
floor division (B4 veAl), 304
Fortran contiguous, 112,302
free (C function), 237
freefunc (Ctype), 289
freeze utility, 73

frozenset
object, 158

function
object, 160

function (&%), 304
function annotation (&34

G

garbage collection (Z}H] A =4), 305

L=H o] A), 304
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generator (A Y& o] €), 305 built-in function, 95, 104, 106, 154, 157,
generator expression (AlYd o] &E&2]), 305 159
generator iterator (AU @ °]¥ o]E & °]¥), lenfunc (Ctype), 290
305 list
generic function (AU g a4), 305 object, 153
generic type (A= &), 305 list (B1&E), 307
getattrfunc (C type), 289 list comprehension (B|2E AZ | 3A), 307
getattrofunc (C type), 289 loader (21), 308
getbufferproc (Ctype), 290 locale encoding, 308
getiterfunc (Ctype), 290 lock, interpreter, 197
GIL, 305 long integer
global interpreter lock, 197 object, 122
global interpreter lock (A< 9 ¥ Z 2 ¥ LONG_MAX (Cmacro), 123
=), 305
M

H magic
hash method (WA &), 308

built—-in function, 94, 268 magic method (Ff & A &), 308
hash-based pyc (8] A] 713 pyc), 305 main (), 193, 196
hashable (| A] 715), 306 malloc (C function), 237
hashfunc (C type), 290 mapping

object, 155

| mapping (7}3), 308
IDLE, 306 memoryview
immutable (£4), 306 object, 176
import path (YZE A=), 306 meta path finder (WE A2 3}21T), 308
importer (Y E¥), 306 metaclass (W e 8 2), 308
importing (¥ xH), 306 METH_CLASS (C macro), 254
incr_item(), 12,13 METH_COEXIST (C macro), 254
initproc (Ctype), 289 METH_FASTCALL (C macro), 253
inquiry (C type), 295 METH_KEYWORDS (C macro), 253
instancemethod METH_METHOD (C macro), 254

object, 161 METH_NOARGS (C macro), 254
int METH_O (C macro), 254

built—-in function, 103 METH_STATIC (C macro), 254
integer METH_VARARGS (C macro), 253

object, 122 method
interactive (th23), 306 object, 161
interpreted (18 Z 2 E &), 306 method (WA &), 308
interpreter lock, 197 magic, 308
interpreter shutdown (AEZZE £3),306 special, 313
iterable (o] €& &), 306 method resolution order (WMAE ZA £ A]),
iterator (o] € d o] H), 307 308
iternextfunc (C type), 290 MethodType (in module types), 160, 161

module
K __main__, 13,192,205
key function (7] <), 307 _thread, 200
KeyboardInterrupt (built-in exception), 58 builtins, 13, 192, 205
keyword argument (Z] X 212}, 307 object, 165
search path, 13, 192, 195

L signal, 58
lambda (&}, 307 sys, 13,192, 205
LBYL, 307 module (&), 308
len module spec (2E 29), 309
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modules (in module sys), 71, 192
ModuleType (in module types), 165
MRO, 309

mutable (7}W), 309

N

named tuple (M]Y9= F=),309
namespace (°] & &7H, 309

namespace package (°]& &7t 3} 7] A]), 309

nested scope (EF¥H 237 %Z),309
new-style class (F2EY 3 2), 309
newfunc (C type), 289

None
object, 121

numeric
object, 122

@)

object
bytearray, 131
bytes, 129
Capsule, 178
code, 162

complex number, 128
dictionary, 155
file, 164

floating point, 126
frozenset, 158
function, 160
instancemethod, 161
integer, 122

list, 153

long integer, 122
mapping, 155
memoryview, 176
method, 161

module, 165

None, 121

numeric, 122
sequence, 129

set, 158
tuple, 151
type, 7, 117

object (AA), 309

objobjargproc (C type), 290
objobjproc (Ctype), 290
OverflowError (built-in exception), 123, 124

P

package (3] 7] A]), 310
package variable

_all 71
parameter (W] 7] ¥H4), 310
PATH, 13

path

module search, 13,192, 195
path (in module sys), 13, 192, 195
path based finder (AZ 7]k 3}2lT), 310
path entry (F& AE=), 310

path entry finder (AZ AEZ 7<), 310

path entry hook (F=E JdEZF F), 310
path-like object (FEF AA)), 310
PEP, 311
platform (in module sys), 195
portion (EA), 311
positional argument (§ %] <12p), 311
pow

built-in function, 101, 103
provisional API (F+A APD), 311
provisional package (A #]7]A), 311
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 206
Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 70
Py_AuditHookFunction (Ctype), 70

Py_BEGIN_ALLOW_THREADS (C macro), 198, 201

Py_BLOCK_THREADS (C macro), 201
Py_buffer (Ctype), 109
Py_buffer.buf (C member), 109
Py_buffer. format (C member), 110
Py_buffer.internal (C member), 110
Py_buffer.itemsize (C member), 110
Py_buffer.len (C member), 109
Py_buffer.ndim (C member), 110
Py_buffer.ob] (C member), 109
Py_buffer.readonly (C member), 109
Py_buffer.shape (C member), 110
Py_buffer.strides (C member), 110
Py_buffer.suboffsets (Cmember), 110
Py_Buildvalue (C function), 82
Py_BytesMain (C function), 43
Py_BytesWarningFlag (Cvar), 190
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 50
Py_CompileString (C function), 46, 47
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 46
Py_CompileStringObject (C function), 46
Py_complex (Ctype), 128

Py_DEBUG (C macro), 14

Py_DebugFlag (Cvar), 190
Py_DecodeLocale (C function), 66
Py_DECREF (C function), 8, 50

Py_DecRef (C function), 50
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 190
Py_Ellipsis (Cvar), 176
Py_EncodeLocale (C function), 67
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Py_END_ALLOW_THREADS (C macro), 198, 201
Py_EndInterpreter (C function), 206
Py_EnterRecursiveCall (C function), 61
Py_EQ (C macro), 275

Py_eval_input (Cvar), 46

Py_Exit (C function), 70
Py_ExitStatusException (C function), 215
Py_False (Cvar), 125

Py_FatalError (C function), 70
Py_FatalError (), 196
Py_FdIsInteractive (C function), 65
Py_file_input (Cvar), 47

Py_Finalize (C function), 193
Py_FinalizeEx (C function), 70, 192, 205, 206
Py_FrozenFlag (Cvar), 190

Py_GE (C macro), 275

Py_GenericAlias (C function), 187
Py_GenericAliasType (Cvar), 188
Py_GetArgcArgv (C function), 234
Py_GetBuildInfo (C function), 196
Py_GetCompiler (C function), 196
Py_GetCopyright (C function), 195
Py_GETENV (C macro), 6
Py_GetExecPrefix (C function), 13, 194
Py_GetPath (C function), 13, 195
Py_GetPath (), 193,195

Py_GetPlatform (C function), 195
Py_GetPrefix (C function), 13, 194
Py_GetProgramFullPath (C function), 13, 194
Py_GetProgramName (C function), 194
Py_GetPythonHome (C function), 197
Py_GetVersion (C function), 195

Py_GT (C macro), 275

Py_hash_t (Ctype), 87
Py_HashRandomizationFlag (Cvar), 191
Py_IgnoreEnvironmentFlag (Cvar), 191
Py_INCREF (C function), 8, 49

Py_IncRef (C function), 50

Py_Initialize (C function), 13, 192,205
Py_Initialize(), 193
Py_InitializeEx (C function), 192
Py_InitializeFromConfig (C function), 230
Py_InspectFlag (Cvar), 191
Py_InteractiveFlag (Cvar), 191

Py_1Is (C function), 250

Py_IS_TYPE (C function), 251

Py_IsFalse (C function), 251
Py_IsInitialized (C function), 13, 192
Py_TIsNone (C function), 251
Py_IsolatedFlag (Cvar), 191

Py_TIsTrue (C function), 251

Py_LE (C macro), 275
Py_LeaveRecursiveCall (C function), 61
Py_LegacyWindowsFSEncodingFlag (Cvar), 191

Py_LegacyWindowsStdioFlag (Cvar), 191
Py_LIMITED_API (C macro), 15
Py_LT (C macro), 275
Py_Main (C function), 43
PY_MAJOR_VERSION (C macro), 297
Py_MAX (C macro), 6
Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 297
Py_MIN (C macro), 6
PY_MINOR_VERSION (C macro), 297
Py_mod_create (C macro), 169
Py_mod_exec (C macro), 169
Py_NE (C macro), 275
Py_NewInterpreter (C function), 205
Py_NewRef (C function), 49
Py_NO_INLINE (C macro), 6
Py_None (Cvar), 121
Py_NoSiteFlag (Cvar), 191
Py_NotImplemented (C var), 91
Py_NoUserSiteDirectory (Cvar), 191
Py_OpenCodeHookFunction (C type), 165
Py_OptimizeFlag (Cvar), 191
Py_PrelInitialize (C function), 218
Py_PreInitializeFromArgs (C function), 218
Py_PreInitializeFromBytesArgs (C function),
218
Py_PRINT_RAW (C macro), 91, 165
Py_QuietFlag (Cvar), 192
Py_REFCNT (C function), 251
PY_RELEASE_LEVEL (C macro), 297
PY_RELEASE_SERIAL (C macro), 297
Py_ReprEnter (C function), 61
Py_ReprLeave (C function), 62
Py_RETURN_FALSE (C macro), 125
Py_RETURN_NONE (C macro), 121
Py_RETURN_NOTIMPLEMENTED (C macro), 91
Py_RETURN_RICHCOMPARE (C macro), 275
Py_RETURN_TRUE (C macro), 125
Py_RunMain (C function), 233
Py_SET_REFCNT (C function), 251
Py_SET_SIZE (C function), 252
Py_SET_TYPE (C function), 251
Py_SetPath (C function), 195
Py_SetPath (), 195
Py_SetProgramName (C function), 13, 193
Py_SetProgramName (), 192, 194
Py_SetPythonHome (C function), 197
Py_SetStandardStreamEncoding (C function),
193
Py_single_input (Cvar), 47
Py_SIZE (C function), 251
Py_ssize_t (Ctype), 11
PY_SSIZE_T_MAX (C macro), 124
Py_STRINGIFY (C macro), 6
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Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 271
Py_TPFLAGS_BASETYPE (C macro), 270
Py_TPFLAGS_BYTES_SUBCLASS (C macro), 271
Py_TPFLAGS_DEFAULT (C macro), 270
Py_TPFLAGS_DICT_SUBCLASS (C macro), 271
Py_TPFLAGS_DISALLOW_INSTANTIATION (o
macro), 272
Py_TPFLAGS_HAVE_FINALIZE (C macro), 271
Py_TPFLAGS_HAVE_GC (C macro), 270
Py_TPFLAGS_HAVE_VECTORCALL (C macro), 271
Py_TPFLAGS_HEAPTYPE (C macro), 270
Py_TPFLAGS_IMMUTABLETYPE (C macro), 272
Py_TPFLAGS_LIST_SUBCLASS (C macro), 271
Py_TPFLAGS_LONG_SUBCLASS (C macro), 271
Py_TPFLAGS_MAPPING (C macro), 272
Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 271
Py_TPFLAGS_READY (C macro), 270
Py_TPFLAGS_READYING (C macro), 270
Py_TPFLAGS_SEQUENCE (C macro), 272
Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 271
Py_TPFLAGS_TYPE_SUBCLASS (C macro), 271
Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 271
Py_tracefunc (Ctype), 207
Py_True (Cvar), 125
Py_tss_NEEDS_INIT (C macro), 209
Py_tss_t (Ctype), 209
Py_TYPE (C function), 251
Py_UCS1 (Ctype), 133
Py_UCS2 (Ctype), 133
Py_UCS4 (Ctype), 133
Py_uhash_t (Ctype), 87
Py_UNBLOCK_THREADS (C macro), 201
Py_UnbufferedStdioFlag (Cvar), 192
Py_UNICODE (Ctype), 133
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 136
Py_UNICODE_IS_LOW_SURROGATE (C macro), 137
Py_UNICODE_IS_SURROGATE (C macro), 136
Py_UNICODE_TISALNUM (C function), 136
Py_UNICODE_ISALPHA (C function), 136
Py_UNICODE_ISDECIMAL (C function), 136
Py_UNICODE_ISDIGIT (C function), 136
Py_UNICODE_ISLINEBREAK (C function), 135
Py_UNICODE_TISLOWER (C function), 135
Py_UNICODE_TISNUMERIC (C function), 136
Py_UNICODE_ISPRINTARBRLE (C function), 136
Py_UNICODE_ISSPACE (C function), 135
Py_UNICODE_ISTITLE (C function), 135
Py_UNICODE_ISUPPER (C function), 135
Py_UNICODE_JOIN_SURROGATES (C macro), 137
Py_UNICODE_TODECIMAL (C function), 136
Py_UNICODE_TODIGIT (C function), 136
Py_UNICODE_TOLOWER (C function), 136
Py_UNICODE_TONUMERIC (C function), 136
Py_UNICODE_TOTITLE (C function), 136

Py_UNICODE_TOUPPER (Cfunction), 136

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvValue (C function), 84

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
97

Py_VerboseFlag (Cvar), 192

Py_Version (Cvar), 298

PY_VERSION_HEX (C macro), 297

Py_VISIT (C function), 295

Py_XDECREF (C function), 13, 50

Py_XINCREF (C function), 49

Py_XNewRef (C function), 50

PyAIter_Check (C function), 107

PyAnySet_Check (C function), 158

PyAnySet_CheckExact (C function), 158

PyArg_Parse (C function), 81

PyArg_ParseTuple (C function), 81

PyArg_ParseTupleAndKeywords (C function), 81

PyArg_UnpackTuple (C function), 81

PyArg_ValidateKeywordArguments
tion), 81

PyArg_VaParse (C function), 81

PyArg_VaParseTupleAndKeywords (C function),
81

PyASCIIObject (Crtype), 133

PyAsyncMethods (C type), 288

PyAsyncMethods.am_aiter (C member), 288

PyAsyncMethods.am_anext (C member), 288

PyAsyncMethods.am_await (C member), 288

PyAsyncMethods.am_send (C member), 288

PyBool_Check (C function), 125

PyBool_FromLong (C function), 125

PyBool_Type (Cvar), 125

PyBUF_ANY_CONTIGUOUS (C macro), 112

PyBUF_C_CONTIGUOUS (C macro), 112

PyBUF_CONTIG (C macro), 113

PyBUF_CONTIG_RO (C macro), 113

PyBUF_F_CONTIGUOUS (C macro), 112

PyBUF_FORMAT (C macro), 111

PyBUF_FULL (C macro), 113

PyBUF_FULL_RO (C macro), 113

PyBUF_INDIRECT (C macro), 112

PyBUF_MAX_NDIM (C macro), 111

PyBUF_ND (C macro), 112

PyBUF_READ (C macro), 176

PyBUF_RECORDS (C macro), 113

PyBUF_RECORDS_RO (C macro), 113

PyBUF_SIMPLE (C macro), 112

PyBUF_STRIDED (C macro), 113

PyBUF_STRIDED_RO (C macro), 113

PyBUF_STRIDES (C macro), 112

PyBUF_WRITABLE (C macro), 111

PyBUF_WRITE (C macro), 176

(C  func-
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PyBuffer_FillContiguousStrides
tion), 115
PyBuffer_FillInfo (C function), 115
PyBuffer_FromContiguous (C function), 115
PyBuffer_GetPointer (C function), 115
PyBuffer_IsContiguous (C function), 115
PyBuffer_Release (C function), 115
PyBuffer_SizeFromFormat (C function), 115
PyBuffer_ToContiguous (C function), 115
PyBufferProcs (Ctype), 108, 287
PyBufferProcs.bf_getbuffer (C member), 287
PyBufferProcs.bf_releasebuffer (C mem-
ber), 287
PyByteArray_AS_STRING (C function), 132
PyByteArray_AsString (C function), 132
PyByteArray_Check (C function), 131
PyByteArray_CheckExact (C function), 131
PyByteArray_Concat (C function), 132
PyByteArray_FromObject (C function), 132
PyByteArray_FromStringAndSize (C function),
132
PyByteArray_GET_SIZE (C function), 132
PyByteArray_Resize (C function), 132
PyByteArray_Size (C function), 132
PyByteArray_Type (Cvar), 131
PyByteArrayObject (Ctype), 131
PyBytes_AS_STRING (C function), 130
PyBytes_AsString (C function), 130
PyBytes_AsStringAndSize (C function), 131
PyBytes_Check (C function), 129
PyBytes_CheckExact (C function), 129
PyBytes_Concat (C function), 131
PyBytes_ConcatAndDel (C function), 131
PyBytes_FromFormat (C function), 130
PyBytes_FromFormatV (C function), 130
PyBytes_FromObject (C function), 130
PyBytes_FromString (C function), 129
PyBytes_FromStringAndSize (C function), 129
PyBytes_GET_SIZE (C function), 130
PyBytes_Size (C function), 130
PyBytes_Type (Cvar), 129
PyBytesObject (C type), 129
PyCallable_Check (C function), 101
PyCallIter_Check (C function), 174
PyCallIter_New (C function), 174
PyCallIter_Type (Cvar), 173
PyCapsule (Ctype), 178
PyCapsule_CheckExact (C function), 178
PyCapsule_Destructor (Ctype), 178
PyCapsule_GetContext (C function), 178
PyCapsule_GetDestructor (C function), 178
PyCapsule_GetName (C function), 178
PyCapsule_GetPointer (C function), 178
PyCapsule_TImport (C function), 179

(C  func-

PyCapsule_TIsValid (C function), 179
PyCapsule_New (C function), 178
PyCapsule_SetContext (C function), 179
PyCapsule_SetDestructor (C function), 179
PyCapsule_SetName (C function), 179
PyCapsule_SetPointer (C function), 179
PyCell_Check (C function), 162
PyCell_GET (C function), 162
PyCell_Get (C function), 162
PyCell_New (C function), 162
PyCell_SET (C function), 162
PyCell_Set (C function), 162
PyCell_Type (Cvar), 162
PyCellObject (Ctype), 162
PyCFunction (C type), 252
PyCFunction_New (C function), 255
PyCFunction_NewEx (C function), 255
PyCFunctionWithKeywords (C type), 252
PyCMethod (C type), 253
PyCMethod_New (C function), 255
PyCode_Addr2Line (C function), 163
PyCode_Addr2Location (C function), 163
PyCode_Check (C function), 163
PyCode_GetCellvars (C function), 164
PyCode_GetCode (C function), 164
PyCode_GetFreevars (C function), 164
PyCode_GetNumFree (C function), 163
PyCode_GetVarnames (C function), 164
PyCode_New (C function), 163
PyCode_NewEmpty (C function), 163
PyCode_NewWithPosOnlyArgs (C function), 163
PyCode_Type (Cvar), 163
PyCodec_BackslashReplaceErrors
tion), 89
PyCodec_Decode (C function), 88
PyCodec_Decoder (C function), 88
PyCodec_Encode (C function), 88
PyCodec_Encoder (C function), 88
PyCodec_IgnoreErrors (C function), 89
PyCodec_IncrementalDecoder (C function), 88
PyCodec_IncrementalEncoder (C function), 88
PyCodec_KnownEncoding (C function), 88
PyCodec_LookupError (C function), 89
PyCodec_NameReplaceErrors (C function), 89
PyCodec_Register (C function), 88
PyCodec_RegisterError (C function), 89
PyCodec_ReplaceErrors (C function), 89
PyCodec_StreamReader (C function), 89
PyCodec_StreamWriter (C function), 89
PyCodec_StrictErrors (C function), 89
PyCodec_Unregister (C function), 88
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 89
PyCodeObject (C type), 163

(C  func-
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PyCompactUnicodeObject (Ctype), 133
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version (C
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 129
PyComplex_Check (C function), 128
PyComplex_CheckExact (C function), 128
PyComplex_FromCComplex (C function), 129
PyComplex_FromDoubles (C function), 129
PyComplex_TImagAsDouble (C function), 129
PyComplex_RealAsDouble (C function), 129
PyComplex_Type (Cvar), 128
PyComplexObject (Ctype), 128
PyConfig (Ctype), 219
PyConfig_Clear (C function), 220
PyConfig_InitIsolatedConfig (C function),219
PyConfig_InitPythonConfig (C function), 219
PyConfig_Read (C function), 220
PyConfig_SetArgv (C function), 219
PyConfig_SetBytesArgv (C function), 219
PyConfig_SetBytesString (C function), 219
PyConfig_SetString (C function), 219
PyConfig_SetWideStringList (C function), 219
PyConfig.argv (C member), 220
PyConfig.base_exec_prefix (C member), 221
PyConfig.base_executable (C member), 221
PyConfig.base_prefix (C member), 221
PyConfig.buffered_stdio (C member), 221
PyConfig.bytes_warning (C member), 221
PyConfig.check_hash_pycs_mode (C member),
222
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
223
PyConfig.
PyConfig.
PyConfig.
PyConfig.

code_debug_ranges (C member), 221
configure_c_stdio (C member), 222
dev_mode (C member), 222
dump_refs (C member), 222
exec_prefix (C member), 222
executable (C member), 222
faulthandler (C member), 223
filesystem_encoding (C member),

filesystem_errors (C member), 223
hash_seed (C member), 223
home (C member), 224
import_time (C member), 224
PyConfig.inspect (C member), 224
PyConfig.install_signal_handlers (C mem-
ber), 224
PyConfig.interactive (C member), 224
PyConfig.isolated (C member), 224
PyConfig.legacy_windows_stdio (C member),
224
PyConfig.malloc_stats (C member), 225

PyConfig.module_search_paths (C member),
225
PyConfig.module_search_paths_set (C mem-
ber), 225
PyConfig.optimization_level (Cmember), 225
PyConfig.orig_argv (C member), 226
PyConfig.parse_argv (C member), 226
PyConfig.parser_debug (C member), 226
PyConfig.pathconfig_warnings (C member),
226
PyConfig.platlibdir (C member), 225
PyConfig.prefix (C member), 226
PyConfig.program_name (C member), 226
PyConfig.pycache_prefix (C member), 227
PyConfig.pythonpath_env (C member), 225
PyConfig.quiet (C member), 227
PyConfig.run_command (C member), 227
PyConfig.run_filename (C member), 227
PyConfig.run_module (C member), 227
PyConfig.safe_path (C member), 220
PyConfig.show_ref_count (Cmember), 227
PyConfig.site_import (C member), 227
PyConfig.skip_source_first_line (C mem-
ber), 228
PyConfig.stdio_encoding (C member), 228
PyConfig.stdio_errors (C member), 228
PyConfig.tracemalloc (C member), 228
PyConfig.use_environment (C member), 228
PyConfig.use_hash_seed (C member), 223
PyConfig.user_site_directory (C member),
228
PyConfig.verbose (C member), 229
PyConfig.warn_default_encoding (C mem-
ber), 221
PyConfig.warnoptions (C member), 229
PyConfig.write_bytecode (C member), 229
PyConfig.xoptions (C member), 229
PyContext (Ctype), 182
PyContext_CheckExact (C function), 182
PyContext_Copy (C function), 183
PyContext_CopyCurrent (C function), 183
PyContext_Enter (C function), 183
PyContext_Exit (C function), 183
PyContext_New (C function), 183
PyContext_Type (Cvar), 182
PyContextToken (C type), 182
PyContextToken_CheckExact (C function), 182
PyContextToken_Type (Cvar), 182
PyContextVar (Ctype), 182
PyContextVar_CheckExact (C function), 182
PyContextVar_Get (C function), 183
PyContextVar_New (C function), 183
PyContextVar_Reset (C function), 183
PyContextVar_Set (C function), 183
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PyContextVar_Type (C var), 182
PyCoro_CheckExact (C function), 181
PyCoro_New (C function), 182
PyCoro_Type (Cvar), 181
PyCoroObject (Ctype), 181
PyDate_Check (C function), 184
PyDate_CheckExact (C function), 184
PyDate_FromDate (C function), 185
PyDate_FromTimestamp (C function), 187
PyDateTime_Check (C function), 184
PyDateTime_CheckExact (C function), 184
PyDateTime_Date (Ctype), 184
PyDateTime_DATE_GET_FOLD (C function), 186
PyDateTime_DATE_GET_HOUR (C function), 186
PyDateTime_ DATE_GET_MICROSECOND (C func-
tion), 186
PyDateTime_DATE_GET_MINUTE (Cfunction), 186
PyDateTime_DATE_GET_SECOND (C function), 186
PyDateTime_DATE_GET_TZINFO (C function), 186
PyDateTime_DateTime (C type), 184
PyDateTime_DateTimeType (C var), 184
PyDateTime_DateType (Cvar), 184
PyDateTime_Delta (Ctype), 184
PyDateTime_DELTA_GET_DAYS (C function), 187
PyDateTime_DELTA_GET_MICROSECONDS (o)
function), 187
PyDateTime_DELTA_GET_SECONDS (C function),
187
PyDateTime_DeltaType (Cvar), 184
PyDateTime_FromDateAndTime (C function), 185
PyDateTime_FromDateAndTimeAndFold (C
function), 185
PyDateTime_FromTimestamp (C function), 187
PyDateTime_GET_DAY (C function), 186
PyDateTime_GET_MONTH (C function), 186
PyDateTime_GET_YEAR (C function), 186
PyDateTime_Time (C type), 184
PyDateTime_TIME_GET_FOLD (Cfunction), 187
PyDateTime_TIME_GET_HOUR (C function), 186
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 186
PyDateTime_TIME_GET_MINUTE (C function), 186
PyDateTime_TIME_GET_SECOND (Cfunction), 186
PyDateTime_TIME_GET_TZINFO (Cfunction), 187
PyDateTime_TimeType (Cvar), 184
PyDateTime_TimeZone_UTC (C var), 184
PyDateTime_TZInfoType (Cvar), 184
PyDelta_Check (C function), 185
PyDelta_CheckExact (C function), 185
PyDelta_FromDSU (C function), 185
PyDescr_IsData (C function), 174
PyDescr_NewClassMethod (C function), 174
PyDescr_NewGetSet (C function), 174
PyDescr_NewMember (C function), 174

PyDescr_NewMethod (C function), 174
PyDescr_NewWrapper (C function), 174
PyDict_Check (C function), 155
PyDict_CheckExact (C function), 155
PyDict_Clear (C function), 155
PyDict_Contains (C function), 155
PyDict_Copy (C function), 155
PyDict_DelItem (C function), 156
PyDict_DelItemString (C function), 156
PyDict_GetItem (C function), 156
PyDict_GetItemString (C function), 156
PyDict_GetItemWithError (C function), 156
PyDict_TItems (C function), 156
PyDict_Keys (C function), 156
PyDict_Merge (C function), 157
PyDict_MergeFromSeq2 (C function), 158
PyDict_New (C function), 155
PyDict_Next (C function), 157
PyDict_SetDefault (C function), 156
PyDict_SetItem (C function), 155
PyDict_SetItemString (C function), 156
PyDict_Size (C function), 157
PyDict_Type (C var), 155
PyDict_Update (C function), 157
PyDict_Values (C function), 157
PyDictObject (Ctype), 155
PyDictProxy_New (C function), 155
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 52
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 58
PyErr_Clear (C function), 11, 13,51
PyErr_ExceptionMatches (C function), 13, 56
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 57
PyErr_GetHandledException (C function), 57
PyErr_GivenExceptionMatches (C function), 56
PyErr_NewException (C function), 59
PyErr_NewExceptionWithDoc (C function), 59
PyErr_NoMemory (C function), 52
PyErr_NormalizeException (C function), 56
PyErr_Occurred (C function), 11, 56
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 56
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 53
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PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C function), 208

(C function), 54
PyErr_SetExcInfo (C function), 57
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename

tion), 53
PyErr_SetFromErrnoWithFilenameObject (C

function), 53
PyErr_SetFromErrnoWithFilenameObjects

(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C

function), 53
PyErr_SetHandledException (C function), 57
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),

54
PyErr_SetInterrupt (C function), 58
PyErr_SetInterruptEx (C function), 58
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetString (C function), 11,52
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 204
PyEval_AcquireThread (C function), 204
PyEval_AcquireThread (), 200
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 87
PyEval_GetFrame (C function), 87
PyEval_GetFuncDesc (C function), 88
PyEval_GetFuncName (C function), 87
PyEval_GetGlobals (C function), 87
PyEval_GetLocals (C function), 87
PyEval_InitThreads (C function), 199
PyEval_InitThreads (), 192
PyEval_MergeCompilerFlags (C function), 46
PyEval_ReleaseLock (C function), 205
PyEval_ReleaseThread (C function), 204
PyEval_ReleaseThread (), 200
PyEval_RestoreThread (C function), 198, 200
PyEval_RestoreThread (), 200
PyEval_SaveThread (C function), 198, 200
PyEval_SaveThread (), 200
PyEval_SetProfile (C function), 208

(C  func-

PyEval_ThreadsInitialized (C function), 200
PyExc_ArithmeticError (Cvar), 62
PyExc_AssertionError (Cvar), 62
PyExc_AttributeError (Cvar), 62
PyExc_BaseException (Cvar), 62
PyExc_BlockingIOError (Cvar), 62
PyExc_BrokenPipeError (Cvar), 62
PyExc_BufferError (Cvar), 62
PyExc_BytesWarning (Cvar), 63
PyExc_ChildProcessError (Cvar), 62
PyExc_ConnectionAbortedError (Cvar), 62
PyExc_ConnectionError (C var), 62
PyExc_ConnectionRefusedError (C var), 62
PyExc_ConnectionResetError (Cvar), 62
PyExc_DeprecationWarning (C var), 63
PyExc_EnvironmentError (Cvar), 63
PyExc_EOFError (Cvar), 62
PyExc_Exception (Cvar), 62
PyExc_FileExistsError (Cvar), 62
PyExc_FileNotFoundError (Cvar), 62
PyExc_FloatingPointError (Cvar), 62
PyExc_FutureWarning (C var), 63
PyExc_GeneratorExit (Cvar), 62
PyExc_ImportError (C var), 62
PyExc_ImportWarning (C var), 63
PyExc_IndentationError (Cvar), 62
PyExc_IndexError (C var), 62
PyExc_InterruptedError (Cvar), 62
PyExc_IOError (Cvar), 63
PyExc_IsADirectoryError (Cvar), 62
PyExc_KeyboardInterrupt (Cvar), 62
PyExc_KeyError (Cvar), 62
PyExc_LookupError (C var), 62
PyExc_MemoryError (C var), 62
PyExc_ModuleNotFoundError (C var), 62
PyExc_NameError (Cvar), 62
PyExc_NotADirectoryError (Cvar), 62
PyExc_NotImplementedError (C var), 62
PyExc_OSError (Cvar), 62
PyExc_OverflowError (Cvar), 62
PyExc_PendingDeprecationWarning (Cvar), 63
PyExc_PermissionError (Cvar), 62
PyExc_ProcessLookupError (C var), 62
PyExc_RecursionError (Cvar), 62
PyExc_ReferenceError (Cvar), 62
PyExc_ResourceWarning (Cvar), 63
PyExc_RuntimeError (Cvar), 62
PyExc_RuntimeWarning (C var), 63
PyExc_StopAsyncIteration (Cvar), 62
PyExc_StopIteration (Cvar), 62
PyExc_SyntaxError (Cvar), 62
PyExc_SyntaxWarning (C var), 63
PyExc_SystemError (Cvar), 62

348

it
0



The Python/C API, 22|A 3.11.11

PyExc_SystemExit (C var), 62
PyExc_TabError (Cvar), 62
PyExc_TimeoutError (Cvar), 62
PyExc_TypeError (Cvar), 62
PyExc_UnboundLocalError (C var), 62
PyExc_UnicodeDecodeError (Cvar), 62
PyExc_UnicodeEncodeError (Cvar), 62
PyExc_UnicodeError (Cvar), 62
PyExc_UnicodeTranslateError (Cvar), 62
PyExc_UnicodeWarning (C var), 63
PyExc_UserWarning (C var), 63
PyExc_ValueError (C var), 62
PyExc_Warning (C var), 63
PyExc_WindowsError (Cvar), 63
PyExc_ZeroDivisionError (Cvar), 62
PyException_GetCause (C function), 60
PyException_GetContext (C function), 59
PyException_GetTraceback (C function), 59
PyException_SetCause (C function), 60
PyException_SetContext (C function), 59
PyException_SetTraceback (C function), 59
PyFile_FromFd (C function), 164
PyFile_GetLine (C function), 165
PyFile_SetOpenCodeHook (C function), 165
PyFile_WriteObject (C function), 165
PyFile_WriteString (C function), 165
PyFloat_AS_DOUBLE (C function), 126
PyFloat_AsDouble (C function), 126
PyFloat_Check (C function), 126
PyFloat_CheckExact (C function), 126
PyFloat_FromDouble (C function), 126
PyFloat_FromString (C function), 126
PyFloat_GetInfo (C function), 126
PyFloat_GetMax (C function), 126
PyFloat_GetMin (C function), 126
PyFloat_Pack?2 (C function), 127
PyFloat_Pack4 (C function), 127
PyFloat_Pack8 (C function), 127
PyFloat_Type (Cvar), 126
PyFloat_Unpack?2 (C function), 127
PyFloat_Unpack4 (C function), 127
PyFloat_Unpack8 (C function), 127
PyFloatObject (Ctype), 126
PyFrame_Check (C function), 180
PyFrame_GetBack (C function), 180
PyFrame_GetBuiltins (C function), 180
PyFrame_GetCode (C function), 180
PyFrame_GetGenerator (C function), 180
PyFrame_GetGlobals (C function), 180
PyFrame_GetLasti (C function), 180
PyFrame_GetLineNumber (C function), 181
PyFrame_GetLocals (C function), 181
PyFrame_Type (Cvar), 180
PyFrameObject (C type), 180

PyFrozenSet_Check (C function), 158
PyFrozenSet_CheckExact (C function), 159
PyFrozenSet_New (C function), 159
PyFrozenSet_Type (Cvar), 158
PyFunction_Check (C function), 160
PyFunction_GetAnnotations (C function), 161
PyFunction_GetClosure (C function), 160
PyFunction_GetCode (C function), 160
PyFunction_GetDefaults (C function), 160
PyFunction_GetGlobals (C function), 160
PyFunction_GetModule (C function), 160
PyFunction_New (C function), 160
PyFunction_NewWithQualName (C function), 160
PyFunction_SetAnnotations (C function), 161
PyFunction_SetClosure (C function), 160
PyFunction_SetDefaults (C function), 160
PyFunction_Type (Cvar), 160
PyFunctionObject (C type), 160
PyGC_Collect (C function), 295
PyGC_Disable (C function), 295
PyGC_Enable (C function), 295
PyGC_IsEnabled (C function), 296
PyGen_Check (C function), 181
PyGen_CheckExact (C function), 181
PyGen_New (C function), 181
PyGen_NewWithQualName (C function), 181
PyGen_Type (Cvar), 181
PyGenObject (Ctype), 181
PyGetSetDef (C type), 256
PyGILState_Check (C function), 201
PyGILState_Ensure (C function), 200
PyGILState_GetThisThreadState (C function),
201
PyGILState_Release (C function), 201
PyHash_FuncDef (Ctype), 87
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 87
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyImport_AddModule (C function), 72
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 74
PyImport_ExecCodeModule (C function), 72
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function),
72
PyImport_ExecCodeModuleWithPathnames (C
function), 72
PyImport_ExtendInittab (C function), 74
PyImport_FrozenModules (Cvar), 74
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 73
PyImport_GetMagicTag (C function), 73
PyImport_GetModule (C function), 73
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PyImport_GetModuleDict (C function), 73
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (c
function), 73
PyImport_ImportModule (C function), 71
PyImport_ImportModuleEx (C function), 71
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (C func-
tion), 71
PyImport_ImportModuleNoBlock (C function),
71
PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 104
PyInstanceMethod_Check (C function), 161
PyInstanceMethod_Function (C function), 161
PyInstanceMethod_GET_FUNCTION (C function),
161
PyInstanceMethod_New (C function), 161
PyInstanceMethod_Type (Cvar), 161
PyInterpreterState (Ctype), 199
PyInterpreterState_Clear (C function), 202
PyInterpreterState_Delete (C function), 202
PyInterpreterState_Get (C function), 203
PyInterpreterState_GetDict (C function), 203
PyInterpreterState_GetID (C function), 203
PyInterpreterState_Head (C function), 208
PyInterpreterState_Main (C function), 208
PyInterpreterState_New (C function), 202
PyInterpreterState_Next (C function), 208
PyInterpreterState_ThreadHead (C function),
208
PyIter_Check (C function), 107
PyIter_Next (C function), 107
PyIter_Send (C function), 108
PyList_Append (C function), 154
PyList_AsTuple (C function), 155
PyList_Check (C function), 153
PyList_CheckExact (C function), 153
PyList_GET_ITEM (C function), 154
PyList_GET_SIZE (C function), 154
PyList_GetItem (C function), 10, 154
PyList_GetSlice (C function), 154
PyList_TInsert (C function), 154
PyList_New (C function), 153
PyList_Reverse (C function), 155
PyList_SET_ITEM (C function), 154
PyList_SetItem (C function), 8, 154
PyList_SetSlice (C function), 154
PyList_Size (C function), 154
PyList_Sort (C function), 155
PyList_Type (Cvar), 153
PyListObject (Ctype), 153
PyLong_AsDouble (C function), 125

PyLong_AsLong (C function), 123
PyLong_AsLongAndOverflow (C function), 123
PyLong_AsLongLong (C function), 123
PyLong_AsLongLongAndOverflow (C function),
123
PyLong_AsSize_t (C function), 124
PyLong_AsSsize_t (C function), 124
PyLong_AsUnsignedLong (C function), 124
PyLong_AsUnsignedLongLong (C function), 124
PyLong_AsUnsignedLongLongMask (C function),
124
PyLong_AsUnsignedLongMask (C function), 124
PyLong_AsVoidPtr (C function), 125
PyLong_Check (C function), 122
PyLong_CheckExact (C function), 122
PyLong_FromDouble (C function), 122
PyLong_FromLong (C function), 122
PyLong_FromLongLong (C function), 122
PyLong_FromSize_t (C function), 122
PyLong_FromSsize_t (C function), 122
PyLong_FromString (C function), 122
PyLong_FromUnicodeObject (C function), 123
PyLong_FromUnsignedLong (C function), 122
PyLong_FromUnsignedLongLong (C function), 122
PyLong_FromVoidPtr (C function), 123
PyLong_Type (Cvar), 122
PyLongObject (Ctype), 122
PyMapping_Check (C function), 106
PyMapping_DelItem (C function), 106
PyMapping_DelItemString (C function), 106
PyMapping_GetItemString (C function), 106
PyMapping_HasKey (C function), 106
PyMapping_HasKeyString (C function), 107
PyMapping_Items (C function), 107
PyMapping_Keys (C function), 107
PyMapping_Length (C function), 106
PyMapping_SetItemString (C function), 106
PyMapping_Size (C function), 106
PyMapping_Values (C function), 107
PyMappingMethods (C type), 285
PyMappingMethods.mp_ass_subscript (C
member), 286
PyMappingMethods.mp_length (C member), 285
PyMappingMethods.mp_subscript (C member),
286
PyMarshal_ReadLastObjectFromFile (C func-
tion), 75
PyMarshal_ReadLongFromFile (C function), 75
PyMarshal_ReadObjectFromFile (C function),
75
PyMarshal_ ReadObjectFromString
tion), 75
PyMarshal_ReadShortFromFile (C function), 75
PyMarshal_WriteLongToFile (C function), 74

(C  func-
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PyMarshal_WriteObjectToFile (C function), 75
PyMarshal_WriteObjectToString (C function),
75
PyMem_Calloc (C function), 240
PyMem_Del (C function), 240
PYMEM_DOMAIN_MEM (C macro), 243
PYMEM_DOMAIN_OBJ (C macro), 243
PYMEM_DOMAIN_RAW (C macro), 242
PyMem_Free (C function), 240
PyMem_GetAllocator (C function), 243
PyMem_Malloc (C function), 239
PyMem_New (C macro), 240
PyMem_RawCalloc (C function), 239
PyMem_RawFree (C function), 239
PyMem_RawMalloc (C function), 239
PyMem_RawRealloc (C function), 239
PyMem_Realloc (C function), 240
PyMem_Resize (C macro), 240
PyMem_SetAllocator (C function), 243
PyMem_SetupDebugHooks (C function), 243
PyMemAllocatorDomain (C type), 242
PyMemAllocatorEx (C type), 242
PyMember_GetOne (C function), 256
PyMember_SetOne (C function), 256
PyMemberDef (C type), 255
PyMemoryView_Check (C function), 176
PyMemoryView_FromBuffer (C function), 176
PyMemoryView_FromMemory (C function), 176
PyMemoryView_FromObject (C function), 176
PyMemoryView_GET_BASE (C function), 176
PyMemoryView_GET_BUFFER (C function), 176
PyMemoryView_GetContiguous (C function), 176
PyMethod_Check (C function), 161
PyMethod_Function (C function), 161
PyMethod_GET_FUNCTION (C function), 162
PyMethod_GET_SELF (C function), 162
PyMethod_New (C function), 161
PyMethod_Self (C function), 162
PyMethod_Type (Cvar), 161
PyMethodDef (C type), 253
PyMethodDef .ml_doc (C member), 253
PyMethodDef .ml_flags (C member), 253
PyMethodDef .ml_meth (C member), 253
PyMethodDef .ml_name (C member), 253
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function), 170
PyModule_AddIntConstant (C function), 172
PyModule_AddIntMacro (Cmacro), 172
PyModule_AddObject (C function), 171
PyModule_AddObjectRef (C function), 171
PyModule_AddStringConstant (C function), 172
PyModule_AddStringMacro (C macro), 172
PyModule_AddType (C function), 172
PyModule_Check (C function), 165

PyModule_CheckExact (C function), 165
PyModule_Create (C function), 168
PyModule_Create?2 (C function), 168
PyModule_ExecDef (C function), 170
PyModule_FromDefAndSpec (C function), 170
PyModule_FromDefAndSpec?2 (C function), 170
PyModule_GetDef (C function), 166
PyModule_GetDict (C function), 166
PyModule_GetFilename (C function), 166
PyModule_GetFilenameObject (C function), 166
PyModule_GetName (C function), 166
PyModule_GetNameObject (C function), 166
PyModule_GetState (C function), 166
PyModule_New (C function), 166
PyModule_NewObject (C function), 166
PyModule_SetDocString (C function), 170
PyModule_Type (C var), 165
PyModuleDef (C type), 167
PyModuleDef_Init (C function), 169
PyModuleDef_ Slot (C type), 169
PyModuleDef_Slot.slot (C member), 169
PyModuleDef_Slot.value (C member), 169
PyModuleDef .m_base (C member), 167
PyModuleDef .m_clear (C member), 167
PyModuleDef .m_doc (C member), 167
PyModuleDef .m_free (C member), 168
PyModuleDef .m_methods (C member), 167
PyModuleDef .m_name (C member), 167
PyModuleDef .m_size (C member), 167
PyModuleDef .m_slots (C member), 167
PyModuleDef.m_slots.m_reload (C member),
167
PyModuleDef .m_traverse (C member), 167
PyNumber_Absolute (C function), 102
PyNumber_Add (C function), 101
PyNumber_And (C function), 102
PyNumber_AsSsize_t (C function), 104
PyNumber_Check (C function), 101
PyNumber_Divmod (C function), 101
PyNumber_Float (C function), 103
PyNumber_FloorDivide (C function), 101
PyNumber_Index (C function), 103
PyNumber_InPlaceAdd (C function), 102
PyNumber_InPlaceAnd (C function), 103
PyNumber_InPlaceFloorDivide (C function), 102
PyNumber_InPlaceLshift (C function), 103
PyNumber_InPlaceMatrixMultiply (C func-
tion), 102
PyNumber_InPlaceMultiply (C function), 102
PyNumber_InPlaceOr (C function), 103
PyNumber_InPlacePower (C function), 103
PyNumber_InPlaceRemainder (C function), 103
PyNumber_InPlaceRshift (C function), 103
PyNumber_InPlaceSubtract (C function), 102
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PyNumber_InPlaceTrueDivide (C function), 103
PyNumber_InPlaceXor (C function), 103
PyNumber_Invert (C function), 102
PyNumber_Long (C function), 103
PyNumber_Lshift (C function), 102
PyNumber_MatrixMultiply (C function), 101
PyNumber_Multiply (C function), 101
PyNumber_Negative (C function), 101
PyNumber_Or (C function), 102
PyNumber_Positive (C function), 102
PyNumber_Power (C function), 101
PyNumber_Remainder (C function), 101
PyNumber_Rshift (C function), 102
PyNumber_Subtract (C function), 101
PyNumber_ToBase (C function), 104
PyNumber_TrueDivide (C function), 101
PyNumber_Xor (C function), 102
PyNumberMethods (C type), 283

PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
member), 285
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
284
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
ber), 285
PyNumberMethods.

nb_invert (C member), 284
nb_1shift (C member), 284
nb_matrix_multiply (C
nb_multiply (C member), 284
nb_negative (C member), 284
nb_or (C member), 285
nb_positive (C member), 284
nb_power (C member), 284
nb_remainder (C member),

nb_reserved (C member), 285
nb_rshift (C member), 285

nb_subtract (Cmember), 284
nb_true_divide (C mem-

nb_xor (C member), 285

PyObject (Ctype), 250

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 285
PyNumberMethods
PyNumberMethods
ber), 285
PyNumberMethods
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PySequence_Check (C function), 104
PySequence_Concat (C function), 104
PySequence_Contains (C function), 105
PySequence_Count (C function), 105
PySequence_DelItem (C function), 105
PySequence_DelSlice (C function), 105
PySequence_Fast (C function), 105
PySequence_Fast_GET_ITEM (C function), 106
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PyState_FindModule (C function), 173
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PyTypeObject.tp_setattro (C member), 269
PyTypeObject.tp_str (C member), 268
PyTypeObject.tp_subclasses (C member), 281
PyTypeObject.tp_traverse (C member), 273
PyTypeObject.tp_vectorcall (C member), 282
PyTypeObject.tp_vectorcall_ offset (C
member), 266
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PyTypeObject.tp_weaklist (C member), 281
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PyUnicode_AsWideCharString (C function), 143
PyUnicode_Check (C function), 133
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PyUnicode_Concat (C function), 149
PyUnicode_Contains (C function), 150
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PyUnicode_Count (C function), 150
PyUnicode_DATA (C function), 134
PyUnicode_Decode (C function), 144
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PyUnicode_DecodelLocaleAndSize (C function),
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PyUnicode_DecodeMBCSStateful (C function),
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tion), 147
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147
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146
PyUnicode_DecodeUTF8 (C function), 144
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144
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146
PyUnicode_DecodeUTF32 (C function), 145
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PyUnicode_Fill (C function), 139
PyUnicode_Find (C function), 149
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PyUnicode_FromFormat (C function), 137
PyUnicode_FromFormatV (C function), 138
PyUnicode_FromKindAndData (C function), 137
PyUnicode_FromObject (C function), 138
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PyWeakref_Check (C function), 177
PyWeakref_CheckProxy (C function), 177
PyWeakref_CheckRef (C function), 177
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qualified name (B34 o] &), 311

R

realloc (C function), 237
reference count (% 3 4), 312
regular package (B+F 3 7] #]), 312
releasebufferproc (C type), 290
repr

built—-in function, 93, 267
reprfunc (C type), 289
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stdin stdout, 193
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sendfunc (C type), 290
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object, 129
sequence (A]#2), 312
set
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setattrfunc (Ctype), 289
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SIGINT (C macro), 58
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module, 58
single dispatch (AF Y2 X)), 312
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string
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USE_STACKCHECK (C macro), 66

\Y
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virtual environment (7} 374), 314
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PYTHONEXECUTABLE, 226
PYTHONFAULTHANDLER, 223
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