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CHAPTER 1
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#define PY _SSIZE_T CLEAN
#include <Python.h>
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/
include/pythonversion/ and exec_prefix/include/pythonversion/, where prefix and
exec_prefix are defined by the corresponding parameters to Python’s configure script and version is ' $d.
%d' % sys.version_info[:2]. On Windows, the headers are installed in prefix/include, where
prefix is the installation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>;this will break on
multi-platform builds since the platform independent headers under pre £1ix include the platform specific headers
from exec_prefix.
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Py_MAX (x,y)
x 2}y Abolo] H Y-S v o

WA 3.30] F7}.

Py_STRINGIFY (x)
£ CEAEE dE} YT o & £ Py_STRINGIFY (123) 2 "123" & W33 th

B A 3.40] =7}

Py_MEMBER_SIZE (type, member)
(type) +Z2A 9 member & 27| & Hlo|EE W3 )
A 3.60] F7}.
Py_CHARMASK (c)
A2 FAF HE= [-128, 127] LH[0, 255] Ako] 9] AgofoF Ut o] Ml 2= unsigned char &
Mg c & vHEgych
Py_GETENV (s)

getenv (s) 9]—-,1—/\]—6‘]—7(] g AMEZ o2 ALH A (Z,Py_IgnoreEnvironmentFlag
7} AAE F$)NuLL & Hkskshy o

Py_UNUSED (arg)
Sho] U ALS QAo AESte] Hutdy AuE FAFYTE o|A]: int func(int a, int
Py_UNUSED (b)) { return a; }.
B A 3.40 F7}
Py_DEPRECATED (version)
| 7] (deprecated) 41 Aol AFE3FAH Al 2. o] I AR = A& o] F kol 9] X 3f oF Futh
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Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void);
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PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

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

PyDoc_STR (str)
ol BAL A SA2EYL A FUT SAEY o v B H ol A e W EAAL
A A s Tt
PEP7 ol BAE A Y S2EF glo] o]l =T 4 IS EAEYL WA ] pyDoc_STR
< AR AL

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

E 5ol 8 A (o) ¥ AL ZAE) W (type) 2 3 reference couny) & 721 3 A5k A7)
o A9 £7E AATUL ( € £l A% AE, B A8 A0 B 5 ypes o F44
oﬂnaoﬂgwoa AU & 4ol Goli An AL G E Solshe vz e

S0l PyList_Check (a) £ a7} 74871 AR 7k wo] @ B 2EQ 45 8 ]k,

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

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

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

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

6 Chapter 1. 27}
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A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always create a new strong reference (i.e.
increment the reference count) of the object they return. This leaves the caller with the responsibility to call
Py_DECREF () when they are done with the result; this soon becomes second nature.

B

L

ol

T A

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

DR 52 o Aol e F2 S 4 vl F7HA e Aol s Utk e Al die
F2REFA S AA de FEAsUN F2E A= A2 Sl Fx S AL sl 7t
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PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3)

t, 0, PyLong_FromLong(lL));
t, 1, PyLong_FromLong(2L));
t

(
(
(
(t, 2, PyUnicode_FromString("three™));
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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 PyObject_SetItem () and friends with items whose references you are only
borrowing, like arguments that were passed in to the function you are writing. In that case, their behaviour regarding
references is much saner, since you don’t have to take a new reference just so you can give that reference away (“have
it be stolen”). For example, this function sets all items of a list (actually, any mutable sequence) to a given item:

int
set_all (PyObject *target, PyObject *item)

(Th& sl AT ol AS)
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Py_ssize_t i, nj;

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) ;
3

return 0;

-~

= Qksk groll thafj A& Aol SRz the U T TR 3ol 2 E dgal e il Fxol ek &
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PyList_GetItem() & AH&3to] B]AENAN F5E 7HA W FRE A/ FUth — A&
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PyList_GetItem() & AF&3}l, 3t W& PySequence GetItem() & AF&SU T,

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

return total;

long
sum_sequence (PyObject *sequence)
{

Py_ssize_t i, n;

long total = 0, value;

(Th& sl AT ol AS)
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PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)

return -1; /* Has no length */

for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)

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

return total;

142 ¥

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

type Py_ssize_t
Part of the Stable ABIL A signed integral type such that sizeof (Py_ssize_t) ==
sizeof (size_t). €99 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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def incr_item(dict, key):
try:
item = dictlkey]
except KeyError:

item = 0
dictl[key] = item + 1
tee e guel $38CaEduch
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 */

(TF= Sl Aol A
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(o1 sl o] A A A%)

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one);

Py_XDECREF (incremented_item) ;

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

}
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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.

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

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

Defining Py_TRACE_REFS enables reference tracing (see the configure —--with-trace-refs
option). When defined, a circular doubly linked list of active objects is maintained by adding two extra
fields to every 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.)

ZEA B Y22 gho] W A v ZE 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 3.10.x.

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

2.1 A & =2 npolg] gEH o)A

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.

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.

(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.)

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

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

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

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

On Windows, extensions that use the Stable ABI should be linked against python3.d11 rather than a version-
specific library such as python39.d11.
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On some platforms, Python will look for and load shared library files named with the abi 3 tag (e.g. mymodule.
abi3. so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to
ensure that, for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

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

2.1.1 Limited API Scope and Performance

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

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

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

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

2.1.2 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 APT also includes other issues, such as expected
semantics.

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

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

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

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

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

2.2 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.
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2.3

Currently, the Limited API includes the following items:

Contents of Limited API

PyAlter Check ()

PyArg Parse ()
PyArg_ParseTuple ()

PyArg ParseTupleAndKeywords ()
PyArg UnpackTuple ()
PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()
PyArg _ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type
PyByteArraylIter_Type
PyByteArray AsString()
PyByteArray_ Concat ()
PyByteArray FromObject ()
PyByteArray FromStringAndSize ()
PyByteArray_Resize ()
PyByteArray_Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()

PyBytes_Size ()

PyBytes_Type

PyCFunction
PyCFunctionWithKeywords

PyCFunction_Call ()

2.3. Contents of Limited API
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e PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()

e PyCFunction_GetSelf ()

* PyCFunction_New ()

* PyCFunction_NewEx ()

e PyCFunction_Type

* PyCMethod_New ()

* PyCallIlter_New/()

e PyCalllter_Type

* PyCallable_Check ()

* PyCapsule Destructor

e PyCapsule_GetContext ()

e PyCapsule_GetDestructor ()

* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

* PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_ New()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

* PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

* PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

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

e PyCodec_LookupError ()

* PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError ()

e PyCodec_ReplaceErrors ()

* PyCodec_StreamReader ()
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e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister ()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()
* PyComplex_ImagAsDouble ()
* PyComplex_ RealAsDouble ()
* PyComplex_Type

* PyDescr_NewClassMethod()
* PyDescr_NewGetSet ()

* PyDescr_NewMember ()

* PyDescr._NewMethod ()

e PyDictItems_Type

e PyDictIterItem Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

* PyDictProxy_New ()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type
e PyDictValues_Type

* PyDict_Clear ()

e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_DelItem()

e PyDict_DelItemString()

e PyDict_GetItem()

e PyDict_GetItemString/()

e PyDict_GetItemWithError ()
e PyDict_Items ()

e PyDict_Keys ()

e PyDict_Merge ()

e PyDict_MergeFromSeqgZ ()

e PyDict_New()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString()

2.3. Contents of Limited API 17
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PyDict_Size ()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr BadArgument ()
PyErr_BadInternalCall ()
PyErr CheckSignals ()
PyErr Clear ()
PyErr_Display ()

PyErr ExceptionMatches ()
PyErr_Fetch ()

PyErr Format ()

PyErr._ FormatV()

PyErr_GetExcInfo ()

PyErr GivenExceptionMatches ()

PyErr_NewException ()

PyErr_ NewExceptionWithDoc ()

PyErr_ NoMemory ()

PyErr._NormalizeException ()

PyErr_Occurred()
PyErr_Print ()

PyErr_ PrintEx()
PyErr_ProgramText ()
PyErr_ResourceWarning()

PyErr_Restore()

PyErr_SetExcFromWindowsErr ()
PyErr_SetExcFromWindowsErrWithFilename ()
PyErr SetExcFromWindowsErrWithFilenameObject ()

PyErr SetExcFromWindowsErrWithFilenameObjects ()

PyErr SetExcInfo()

PyErr_SetFromErrno ()

PyErr SetFromErrnoWithFilename ()
PyErr SetFromErrnoWithFilenameObject ()

PyErr SetFromErrnoWithFilenameObjects ()

PyErr_SetFromWindowsErr ()

PyErr_SetFromWindowsErrWithFilename ()

PyErr_SetImportError ()

18
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* PyErr SetImportErrorSubclass ()
* PyErr SetInterrupt ()

* PyErr SetInterruptEx()

* PyErr_SetNone ()

e PyErr SetObject ()

* PyErr SetString()

e PyErr SyntaxLocation ()

* PyErr SyntaxLocationEx ()
* PyErr WarnEx ()

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval_ AcquireThread()

e PyEval_CallFunction ()

* PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
* PyEval_EvalCode ()

* PyEval EvalCodeEx ()

* PyEval EvalFrame ()

* PyEval EvalFrameEx ()

e PyEval_GetBuiltins()

* PyEval_GetFrame ()

* PyEval_ GetFuncDesc ()

* PyEval_GetFuncName ()

e PyEval_GetGlobals ()

* PyEval GetLocals ()

e PyEval InitThreads ()

* PyEval_ReleaseLock ()

* PyEval_ReleaseThread()

* PyEval RestoreThread/()

e PyEval_SaveThread()

* PyEval_ThreadsInitialized()
* PyExc_ArithmeticError

e PyExc_AssertionError

* PyExc_AttributeError

* PyExc_BaseException

* PyExc_BlockingIOError

* PyExc_BrokenPipeError

2.3. Contents of Limited API 19
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e PyExc_BufferError

* PyExc_BytesWarning

* PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
* PyExc_ConnectionError

* PyExc_ConnectionRefusedError
* PyExc_ConnectionResetError
e PyExc_DeprecationWarning

e PyExc_EOFError

* PyExc_EncodingWarning

e PyExc_EnvironmentError

* PyExc_Exception

e PyExc_FileExistsError

* PyExc_FileNotFoundError

e PyExc_FloatingPointError

* PyExc_FutureWarning

* PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

* PyExc_ImportWarning

* PyExc_IndentationError

e PyExc_IndexError

* PyExc_InterruptedError

* PyExc_IsADirectoryError

e PyExc_KeyError

e PyExc_KeyboardInterrupt

* PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
¢ PyExc_NameError

* PyExc_NotADirectoryError

* PyExc_NotImplementedError
e PyExc_OSError

* PyExc_OverflowError

* PyExc_PendingDeprecationWarning
e PyExc_PermissionkError

* PyExc_ProcessLookupError

e PyExc_RecursionError

* PyExc_ReferenceError
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e PyExc_ResourceWarning

e PyExc_RuntimeError

* PyExc_RuntimeWarning

e PyExc_StopAsynclIteration
* PyExc_StopIlteration

e PyExc_SyntaxError

* PyExc_SyntaxWarning

e PyExc_SystemError

* PyExc_SystemExit

e PyExc_TabError

* PyExc_TimeoutError

¢ PyExc_TypeError

* PyExc_UnboundLocalError
* PyExc_UnicodeDecodeError
e PyExc_UnicodeEncodeError
* PyExc_UnicodeError

* PyExc_UnicodeTranslateError
* PyExc_UnicodeWarning

e PyExc_UserWarning

* PyExc_ValueError

* PyExc_Warning

* PyExc_WindowsError

e PyExc_ZeroDivisionError
* PyExceptionClass_Name ()
* PyException_GetCause ()

e PyException_GetContext ()
s PyException_GetTraceback ()
* PyException_SetCause ()

e PyException_SetContext ()
e PyException_SetTraceback ()
* PyFile FromFd()

e PyFile_ GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_ Type

* PyFloat_AsDouble ()

e PyFloat_FromDouble ()

e PyFloat_FromString ()

* PyFloat_GetInfo()
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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_GetMagicTag ()
PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()

PyIndex_Check ()
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e PyInterpreterState

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

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

s PyIter Check ()

e PyIter_ Next ()

e PyIter_Send()

* PyListIter_Type

* PyListRevIter_Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert ()

* PyList_New/()

e PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

* PyList_Size()

e PyList_Sort ()

s PyList_Type

* PyLongObject

e PyLongRangeIter_Type

e PyLong_AsDouble ()

* PyLong_AsLong()

* PyLong AsLongAndOverflow ()
e PyLong_AsLongLong ()

* PyLong_AsLongLongAndOverflow ()
* PyLong_AsSize_ t ()

* PyLong_AsSsize_t ()

* PyLong_AsUnsignedLong ()

* PyLong AsUnsignedLongLong ()
* PyLong_AsUnsignedLongLongMask ()
* PyLong_ AsUnsignedLongMask ()
* PyLong_AsVoidPtr ()

* PyLong_ FromDouble ()
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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 ()

PyMem Free()
PyMem_Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_AddFunctions ()

PyModule_ AddIntConstant ()
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e PyModule_AddObject ()

* PyModule_ AddObjectRef ()

* PyModule_ AddStringConstant ()
* PyModule_AddType ()

e PyModule_ CreateZ ()

e PyModule_ ExecDef ()

e PyModule_ FromDefAndSpec?2 ()

e PyModule_GetDef ()

e PyModule_GetDict ()

* PyModule_GetFilename ()

e PyModule_ GetFilenameObject ()
e PyModule_GetName ()

* PyModule_GetNameObject ()

e PyModule_GetState ()

e PyModule_New ()

e PyModule_NewObject ()

* PyModule_SetDocString()

* PyModule_Type

e PyNumber_ Absolute ()

* PyNumber_Add ()

* PyNumber_And ()

* PyNumber AsSsize_t ()

e PyNumber_Check ()

* PyNumber_Divmod ()

* PyNumber_Float ()

e PyNumber_ FloorDivide ()

* PyNumber_InPlaceAdd /()

* PyNumber_InPlaceAnd/()

e PyNumber_InPlaceFloorDivide ()
* PyNumber_InPlaceLshift ()

* PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()

e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

¢ PyNumber_InPlaceRemainder ()

e PyNumber_ InPlaceRshift ()

* PyNumber_InPlaceSubtract ()

* PyNumber_InPlaceTrueDivide ()

* PyNumber_InPlaceXor ()
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PyNumber_Index ()
PyNumber_ Invert ()
PyNumber_Long ()
PyNumber_ Lshift ()
PyNumber_MatrixMultiply ()
PyNumber_ Multiply()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive ()
PyNumber_Power ()
PyNumber_ Remainder ()
PyNumber_ Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_ TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()

PyOS _AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
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()
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* PyObject_AsCharBuffer()

* PyObject_AsFileDescriptor ()
* PyObject_AsReadBuffer ()

e PyObject_AsWriteBuffer ()

e PyObject_Bytes ()

e PyObject_Call()

* PyObject_CallFunction()

e PyObject_CallFunctionObjArgs ()
* PyObject_CallMethod /()

* PyObject_CallMethodObjArgs ()
e PyObject_CallNoArgs ()

* PyObject_CallObject ()

* PyObject_Calloc ()

e PyObject_CheckReadBuffer ()
e PyObject_ClearWeakRefs ()

* PyObject_DelItem()

* PyObject_DelIltemString()

* PyObject_Dir ()

e PyObject_Format ()

* PyObject_Free()

* PyObject_GC_Del ()

e PyObject_GC_IsFinalized()

* PyObject_GC_IsTracked()

s PyObject_GC_Track ()

* PyObject_GC_UnTrack ()

* PyObject_GenericGetAttr ()

* PyObject_GenericGetDict ()

* PyObject_GenericSetAttr ()

e PyObject_GenericSetDict ()

e PyObject_GetAIter ()

e PyObject_GetAttr ()

e PyObject_GetAttrString()

e PyObject_GetItem()

e PyObject_GetIter ()

s PyObject_HasAttr ()

* PyObject_HasAttrString()

* PyObject_Hash ()

* PyObject_HashNotImplemented /()

* PyObject_Init ()
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PyObject_InitVar/()
PyObject_IsInstance ()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str()
PyObject_Type ()
PyProperty_Type
PyRangeIter_Type
PyRange_Type
PyReversed_Type
PySeqglter_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 ()
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* PySequence_Repeat ()

e PySequence_SetItem()

s PySequence_SetSlice()

* PySequence_Size ()

e PySequence_Tuple ()

* PySetIter_Type

* PySet_Add()

* PySet_Clear()

e PySet_Contains()

* PySet_Discard()

e PySet_New()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices ()

e PySlice_GetIndicesEx()

e PySlice_New/()

e PySlice_Type

e PySlice_Unpack/()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

* PyStructSequence_Desc

* PyStructSequence_Field

* PyStructSequence_GetItem()
e PyStructSequence_New ()

* PyStructSequence_NewType ()
e PyStructSequence_SetItem()
* PySuper_Type

* PySys_AddWarnOption ()

¢ PySys_AddWarnOptionUnicode ()
* PySys_AddXOption ()

e PySys_FormatStderr ()

* PySys_FormatStdout ()

* PySys_GetObject ()

e PySys_GetXOptions ()

* PySys_HasWarnOptions ()

* PySys_ResetWarnOptions ()
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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_GetInfol()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread _delete_key ()
PyThread delete_key_value()
PyThread_exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create ()

PyThread_ tss_delete ()
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e PyThread_ _tss_free/()

* PyThread_tss_get ()

e PyThread_tss_1s_created()

* PyThread_tss_set ()

e PyTraceBack_Here ()

e PyTraceBack_Print ()

* PyTraceBack_Type

e PyTuplelter_Type

e PyTuple_GetItem()

* PyTuple GetSlice ()

* PyTuple New()

* PyTuple_Pack ()

* PyTuple_SetItem()

* PyTuple Size ()

e PyTuple_Type

e PyTypeObject

* PyType ClearCache ()

* PyType_FromModuleAndSpec ()

* PyType_FromSpec()

* PyType_ FromSpecWithBases ()

* PyType_GenericAlloc ()

e PyType_GenericNew ()

e PyType_GetFlags ()

s PyType_GetModule ()

* PyType_GetModuleState()

* PyType_GetSlot ()

e PyType_IsSubtype ()

e PyType_Modified()

* PyType_Ready ()

e PyType_Slot

* PyType_Spec

* PyType_Type

e PyUnicodeDecodeError_Create()

e PyUnicodeDecodeError_GetEncoding()
* PyUnicodeDecodeError_GetEnd()

* PyUnicodeDecodeError_GetObject ()
e PyUnicodeDecodeError_GetReason ()
¢ PyUnicodeDecodeError_GetStart ()

* PyUnicodeDecodeError_SetEnd()
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PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError _GetStart ()
PyUnicodeEncodeError_SetEnd/()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodeIter_Type
PyUnicodeTranslateError_GetEnd ()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()

PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString/()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32String ()
PyUnicode_ AsUTF8AndSize ()
PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()

PyUnicode_AsWideCharString()

32

Chapter 2. C API Stability



The Python/C API, & x| 8|4 3.10.13

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_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
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 ()

2.3. Contents of Limited API
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* PyUnicode_FromOrdinal ()

* PyUnicode_FromString()

* PyUnicode_FromStringAndSize ()
e PyUnicode_FromWideChar ()

* PyUnicode_GetDefaultEncoding ()
* PyUnicode_GetLength ()

e PyUnicode_GetSize ()

e PyUnicode_InternFromString/()
* PyUnicode_InternImmortal ()
* PyUnicode_InternInPlace ()
e PyUnicode_IsIdentifier ()

e PyUnicode_Join ()

e PyUnicode_Partition()

e PyUnicode_RPartition()

e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

* PyUnicode_Replace ()

* PyUnicode_Resize ()

e PyUnicode_RichCompare ()

* PyUnicode_Split ()

* PyUnicode_Splitlines()

e PyUnicode_Substring()

e PyUnicode_Tailmatch ()

* PyUnicode_Translate ()

e PyUnicode_Type

e PyUnicode_WriteChar ()

e PyVarObject

* PyVarObject.ob_base

e PyVarObject.ob_size

* PyWWeakReference

* PyWeakref_ GetObject ()

* PyWeakref NewProxy ()

* PyWeakref_ NewRef ()

¢ PyWrapperDescr_Type

* PyWrapper_New ()

* PyZip_Type

* Py _AddPendingCall ()

e Py AtExit ()

* Py BEGIN_ALLOW_THREADS
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e Py BLOCK_THREADS

* Py BuildValue ()

e Py _BytesMain ()

* Py CompileString/()

* Py _DecRef ()

* Py DecodeLocale ()

e Py END ALLOW_THREADS

* Py _EncodeLocale ()

e Py EndInterpreter()

e Py _EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
e Py Finalize()

* Py FinalizeEx()

* Py GenericAlias ()

* Py GenericAliasType

* Py _GetBuildInfo()

* Py _GetCompiler()

* Py _GetCopyright ()

* Py GetExecPrefix()

e Py GetPath()

* Py GetPlatform()

* Py GetPrefix ()

* Py GetProgramFullPath ()
* Py _GetProgramName ()

* Py _GetPythonHome ()

* Py_GetRecursionLimit ()
* Py GetVersion()

e Py_HasFileSystemDefaultEncoding
* Py IncRef ()

* Py Initialize()

e Py InitializeEx()

* Py _Is()

e Py IsFalse()

e Py IsInitialized()

* Py IsNone ()

* Py IsTrue()
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Py _LeaveRecursiveCall ()
Py _Main ()
Py_MakePendingCalls ()
Py _NewInterpreter ()
Py_NewRef ()
Py_ReprEnter ()

Py _ReprLeave ()
Py_SetPath()

Py _SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionlLimit ()
Py_UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()
Py _XNewRef ()
Py_intptr_t

Py _ssize_ t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc

getter

hashfunc

initproc

inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc

setattrfunc
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* setattrofunc

* setter

* ssizeargfunc

* ssizeobjargproc

* ssizessizeargfunc

* ssizessizeobjargproc
* symtable

* ternaryfunc

* traverseproc

* unaryfunc

e visitproc
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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. & Q| Z | gjo W =2 T, o] A2 sto| WS WA= =2 T1WHS 35
AZE U th. argeShargy W) M4 C 22198 main () Fool AWH = A A9 ARG
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int Py_BytesMain (int argc, char **argvy)
Part of the Stable ABI since version 3.8. Py_Main () 2} FAFSHA] 2t argv= BFo] E B2 9] v g Y Yt}

WA 3.890 7}

int PyRun_AnyFile (FILE *fp, const char *filename)
olef PyRun_AnyFileExFlags () 2 ©3FE AE o o] 2P Uth closeit-2 02 & flags+= NULLE
ARE ez FAF Y

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
ol PyRun_AnyFileExFlags () & ©<3ld Qg H o)A g ULt o] AL closeit JAAFE 002 A
AE AElE dAEY

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
o}el PyRun_AnyFileExFlags () 9] ©<=3td g o]AadUth o] AL flugs QIAHE NULLE
AARE JEHE GAFUTH
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename 1is 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} W2t _main_ EEO A commandoﬂ = gto)W A~ T 5 A} main
o] &3t ‘3%2 A Ryt dEstd 0, o9 7} Ay s - %‘r?}‘%ﬂ} g7k Ao
AL FEE I ¥R o] 5 U flagsel o v]& oflE FESHA *1

He)5) %) g systenbxit 7} ST, of F4-EPy_InspectFlagZt 445 o) A &b & -1
S ueehA) ok e A ~E SR F A L.

int PyRun_SimpleFile (FILE *fp, const char *filename)
ote)] PyRun_SimpleFileExFlags () & ©<3td Qg o]~ YTt cdoseitS 022, flagsS
NULLE A" el & FAF Y

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
obe] PyRun_SimpleFileExFlags () o @38 QB F o] YUt flagsE NULLE A€ 4
B2 gAsyh

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.

i A=A, fpe rielv e RER dojof gyttt (& 5 fopen(filename, "rb")).
J9X Fom, oM LFE EE} Y ATYE AL SuteA AelHA 28 2 9Ly

int PyRun_InteractiveOne (FILE *fp, const char *filename)
ob#] PyRun_InteractiveOneFlags () 9 ©<3ld Qg o]~ AUt flagsE NULLZE A H
FE 2 FAF U

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags * flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys.ps1 and sys.ps?2. filename is decoded from the filesystem
encoding and error handler.

Yol BT HACE AFE W] 02, Y7 Yo -1&, B FE 24 ol g7 oW sho] o] g7
Z W|EH errcode.h AEZFFE 5o = o8] T=E W33t} (errcode.hE=Python.h
oAl JASFE3HA] ¢b7] wFoll B2t 53| AZFF =3 of Toll Al L)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ol PyRun_InteractiveLoopFlags () 9 ©<3lH AEH o]~ YUt flagsE NULLE A A=
FHE FAF U

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys .ps1 and sys.ps?2. 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) 9l &4+E 7187|125 4 A .
ot sjol el AE e ZEZEsL R F Ael sl H 1 B dold A8 A 12 E 7| ohel el 2
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o) st N gL
_tkinter.colA] 3t AAF <l

A=y

char *(*PyOS_ReadlineFunctionPointer) (FILE*, FILE*, const char*)
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PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2l PyRun_StringFlags ()2 @3t A A o]2Y Ut o] A&
flagsE NULLE A A H JH 2 FAF YT

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, Py-
CompilerFlags * flags)
Return value: New reference. flags= XA HA AL & S 2E AF-8319] globals? locals ZAA 2 XA H
AEREof| A sro| A Sto] W A I EF AW F T globals+= B A1 ] o] o] oF Fru th. locals+=
g 22 EFE TS BE AA7HE 5 AU Wil A siarts A2 IEE FE R4S
d] AH&3f of ot Al EE S A AU o
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PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}2l PyRun_FileExFlags ()2 ©<3}H QA€ 3 o] 2~ J Yt} closeits
002, flagsE NULLE A3 H JH 2 FAF UL

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. ©}2 PyRun_FileExFlags ()9 @3l Qg o]~ YUt flagsS
NULLE A" dE 2 dAF Y

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, PyCompilerFlags *flags)
Return value: New reference. V8l PyRun_FileExFlags ()2 ©<3tH A g H o] 2 d Yt} closeit
0oz AAd Az dAFYTH

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags * flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from
fp instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem
encoding and error handler. If closeit is true, the file is closed before PyRun_FileExFlags () returns.

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL. o}2] Py CompileStringFlags () & w<3tH
AE sl o]~ flagsE NULLE A B H HE 2 A

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags)
Return value: New reference. ©}&)| Py_CompileStringExFlags () & ©<=3t8 AE o]~ P Yt}
optimizes -12 239 JH =2 FAFU T

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. stroll Q= 3jo] W 22 T E LB BASI0 Antdsle] 23 7= AN E
B Th AR E 2L st Fol AU TH o AL AuAE 5 Y mEE ATk v A8E &
9o Py_eval_ input,Py_file_input E=+=Py_single_input©]o]jof Ut} filenamel Z
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PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompil-
erFlags *flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded
from the filesystem encoding and error handler.

WA 3200 7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. Part of the Stable ABL. 0] -2 T = A2} A A4 A 2 HETE Q=
PyEval_EvalCodeEx ()9 @<t QE o] 29 14 o} T2 QA= NULLE A AP U Th

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const
*args, int argcount, PyObject *const *kws, int kwcount, PyObject
*const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. Part of the Stable ABL. 0] Z 3715 3t &4 A A, v|g] AL H
SE AAE FAYUL o B4 A We) AU, A upe WP AA, A5 W g,
719 = 712k 71 = A8 ?JZH N2 g 2 A 224 FEE F4E YL

type PyFrameObject
Part of the Limited API (as an opaque struct). 23| & AA & 7]|&3tE g AFREH = AA 9 C F2A. 9]
P d=v dAEA AFBE 5+ AsUTh

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Return value: New reference. Part of the Stable ABL. A3 Z &) J2 H 71 Uth oA A AL
3%}, PyEval EvalFrameEx ()2 @<3tH Qe H oA gt

’

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABL. ©] Z21-& u}o]# ¢l zZ 2| E Q] H| <], Fu] x| 9t
FoeluTh A% =9 9 ARE = A 7F A AT Uk 28 o] nel vhol = 3158 345
)

528 QAT 271 throwflag W7} WAk A Z AT 5 gtk 2o, o2 7 54
YIS wq,xﬂﬂal o1&l AR throw () WA o] AR LTk
WA 34004 W : o] Yot o)A B o9l 288 MelA) hoke A HANES =T TN

Ky P

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf')
ol = A Fr = Y] Zeae HAsY, A2

r_EL
Y
rU[o
>
)
o
=)
A
SN,
filo
23
rlot
d
T
v

int Py_eval_input
Aele BEAL A8 stol A 2P A% A1F; py_Compilestring ()% 7] AHGHUITh

int Py_file_input
SQelut thE AsoA P BF NAAE 9
Py _CompileString ()3 &7 A&tk do = 71 gto|H A2 =

|ot= 714y

int Py_single_input
S FFS AT ol MY A F 715 py_CompileString ()3 @7 AUt th3hA]
Azl Bl Fzof| AR = 71 Z Yyt

struct PyCompilerFlags
o2 Aud Y ZHWHIE EE vl A8 H = FRA AU ZEVF AL E 7 v 5k A int
flags® HEH 2 ,:":7} A== 4§ PyCompilerFlags *flagsZ AEH Yth o] A9,
from __ future_  import+ flagss 3 o+ A5Y T}

PyCompilerFlags *flags”7} NULL Y uwjult}, cf_flagss= 03 Zth HF5H 1, from
__future__ import® Qs A2 WYLl

Al

SN
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int cf_flags
Astd e S8

int cf_feature_version
cof _feature_version> - 3}o] #1 WA YT} PY_MINOR_VERSIONCS 2 % 7|3} of of ).
o) g 7|EA o7 TA W, PyCF_ONLY_AST Z &) 17} ¢f _flugsdll A H 7o vk A&

Fuc.
WA 3.8 MA: of feature_version ==

int CO_FUTURE_DIVISION
flags| A ©] BIEE X A3l PEP 2389 the} U-7] AR} /& “A 4 LR 7] (true division)” 2 3
A =5 U

o

e

43


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

The Python/C API, & x| 8|4 3.10.13

44

Chapter 3. ©j

[e)
5

al

2~
T

Y

Al

ol



cHAPTER 4

e
PN
)
al

o] Qo) AL vhol W AR Y Fx A4S TS © AgH T

void Py_ INCREF (PyObject *0)
Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

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

When done using the object, release it by calling Py_ DECREF ().
The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XINCREF ().
Do not expect this function to actually modify o in any way.

void Py_XINCREF (PyObject *0)
Similar to Py_ TNCREF (), but the object o can be NULL, in which case this has no effect.

See also Py XNewRef ().

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

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

For example:

Py_INCREF (ob7j) ;
self->attr = obj;

can be written as:

self->attr = Py_NewRef (obj);

See also Py TNCREF ().
WA 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.
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WA 3,109 71

void Py_DECREF (PyObject *0)

Release a strong reference to object o, indicating the reference is no longer used.

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

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

Do not expect this function to actually modify o in any way.

A3 FG A e gy ol FEVSEFHEE S S IFUTH(AE E],_del_ ()
HAEZE e Sl Aadar S S|AE uf). o] st T = A9 o2& Auts x| A vk
AYH FTE+= BE Folxl A Aol AFEA AT = 5 Uth o| A2 Py DECREF () 7}
TEH7] Aol AY AN TEE 5 Q= BE AX 7 LA A= e 9lojoF g 523t
Uth ¢l & Eof, g|2E0 A AAE At Z== AA" AR of i3t FRE YA ol &
AVeHaL, Bl 2 E dlolE T2 E AAIS T, Al Wil tisl) py_DECREF () & ZE 8 oF g th

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.

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

void Py_IncRef (PyObject *0)

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

void Py_DecRef (PyObject *0)

g Feu ags Az E FZoloAw AR
_Py ForgetReference (), _Py NewReference () ¥ A

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.

st 4~ Q5 Yrtl: _Py Dealloc(),
M4 _Py RefTotal.
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CHAPTER D

o 2] A &

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

FAROE, ] BN A A AA A E PR UL o9 G, o9 gL = o]~ A,
0|2 e EIE Ee AR A ko nuLLe] E 4 AwUTHEA T AR 2 g 2 o] AT oA

o] ¢ 9] 3 o] NULLY]d NULLO] o}d Edo]AmME 712 £ ¢l U Tth.

STE3N GF Tt Asliste] Fprt Ao & o, dHtH o= oy BAI7]E AASA eyt &
=8 g7t oln] AR AFULE ol E Agsta o9 & A ¢ AU Hfdt e 2o A4 Fxu
HEe & E dest & utgslop & A Aol glsUth & Z%’JULZ |7} = ] ‘E}AI—UJV‘“”*OE
A<= 2] grofof gt OHHE Q15 vk3kelH, S E A A ol 2 7F A ﬂi’i%% gl Aol F oY
th ol & A2 etA FAY AF A A F}otA| F o, 5ol /C APIO| o gt 7} 32%0] =St =
ZhEotA k2 o & ¢ gle Ao Asid 5 syt

Z: OB EA V)= sys.exc_info ()9 A7} ol duth A= o} & E 2] 2] k2 (u}EtA] o] A 3]
X*«'Jr Q) | & of) 3] Fsh= W, A = =2  (WebA] A3t S TE) o9 & vk o

5.1 A} #]-%-7]

void PyErr_Clear ()
Part of the Stable ABL. o8] EA| 7] & A& Uth o8] BA7|7F A H o] A gkod a7t el
Yt

void PyErr_ PrintEx (int set_sys_last vars)
Part of the Stable ABL. & Ed|o]2M-& sys.stderr@ O]Jﬂé‘}_ﬂ o] EA7]E AZYth o8 7}
SystemExit 7} ojyd t,v_}, o] AL o= Ego]Aamo] Q4 H X ¢k sto| W R A AL SystemExit
Qzdzof oo A4 E o] mER SRV

ole) A 717H AAE F 9ol e o] P48 TEHAA L. TR GO W AP A of e} 7} Ay

gy

5
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set_sys_last vars 7} 0 ©o] o}y W, W4 sys.last_type, sys.last_value % sys.
last_traceback 2 Z+zF A E = o9 &, 7 W EFojam oz dAF T

void PyErr_Print ()
Part of the Stable ABL. PyErr_PrintEx (1) 2] ¥ A.
void PyErr_WriteUnraisable (PyObject *obyj)
Part of the Stable ABL. & 2 o] 2] 2} obj A A}E AF-23}9] sys.unraisablehook () & T& 3}

ol e e E o ol 97t A QA R A 2 E F AR R oS A A A 5 gl sys.
stderro] AR HAIAE A FUTE A S S0, __del () WA= ofle] 72w AHE-H

Y
o Bt WAAL S Gt ot BT AL AR T Axohz TEP U F5EY,
obj] tepro] AT WAl K] o] 14 I Th,
o) 448 52T ) )9S A= o] glofoF Pk

5.2 ]| ¢ g 2] 7] 7]

o) BB L ) =0l ofel A1 & Ao w i) ek Hol Ao, ool B 5 A

=4
B return Fo A AHEENULL Z A HE ¥HEHHY D‘r.

void PyErr_SetString (PyObject *type, const char *message)
Part of the Stable ABL. 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_SetObiject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] &= pyErr SetString ()3 FAFSEA g, ol 2] 2] “Zh7 ol o &) U2l
ol AH S AT 4 AT

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABI. o] &= of| 2] T A 7] & A A 5121 NULL-S ¥FSHgH
t}. exception> 3ko] X o) 2] e Ao of FUth. formard}t &5 v 7] W= ol 2] HIA| A& T B
o =290 §UT}; PyUnicode_FromFormat () ol A9} 22 o) u| @} Zh-& 25 Yt} formar2 ASCII
Az E FAL o,

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 ZZA| g2, 7}

M4=2] AR} thAl va_list AXE H 3]
WA 350 =7}

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

int PyErr_BadArgument ()
Part of the Stable ABI. ©] A2 PyErr_SetString (PyExc_TypeError, message)d &Y X
JUth A7) A message= ZEH AAE W Aite]l 29 A2S YERE YT REE YR &Y
e,

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABI. ©] A2 PyErr_SetNone (PyExc_MemoryError)
o] 29 BFY 1,]1—/} NULLES 93 A AA &7 4= bEE7ZE EE2T o return
PyErr_NoMemory () ; Btal & 4 15U Th

PyObject *PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. Part of the Stable ABL. C 2}o] B 2] g]
% ermo® A3 E uf ool % YA L He) F4YUTh 3 WA FHo) F4 errno
ol F WA FEo] (strerror () oA E2) oflg] WAIAQl & AAE TE U
PyErr_SetObject (type, object)E =&Yttt FY20A, errno Fto] A|l2® S &0

57k ol 8 & ekt C
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T 9 =2 UEtY = EINTROT » PyErr_CheckSignals ()& ZE3taL o] A o] ol 2] BAI7]E
Ao, 048 e STk o) BT B N0LLE sk, A2 d 520 Aol a3 et
A AEH TZo] o HE vlg & vl return PyErr SetFromErrno (type); ©|8t12 & 4 54T}

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Part of the Stable ABlL. PyErr SetFromErrno ()2} -FAFSHA| O, file-
nameObject 7t NULL®] o} ™, type2] A3 2ol Al A vi7) M2 dddvE 7152 ] 54
T} OsError o€ 8] -7, o €] IR 20 filename 9| EE{FEE 496l tl AHEH Ut

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-
Jject, PyObject * filenameObject2)
Return  value: Always  NULL. Part of the Stable ABI since version 3.7.
PyErr SetFromErrnoWithFilenameObject ()& S AFSA W, & M FIdH LS FHo=

7t A ) o 2l & LA 7] 7] Al F A LB AAE AT h
B A 3.40] =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. file-
name is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a conve-
nience function to raise WindowsError. If called with ierr of 0, the error code returned by a call
to GetLastError () is used instead. It calls the Win32 function FormatMessage () to retrieve
the Windows description of error code given by ierr or GetLastError (), then it constructs a tu-
ple object whose first item is the ierr value and whose second item is the corresponding error message
(gotten from FormatMessage ()), and then calls PyErr_SetObject (PyExc_WindowsError,
object). This function always returns NULL.

7184 A=,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return  value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErr () 2F fAFstH, HAAA D o2 & A Hst= F7F v
7} 14Ut

7HeA A=,

PyObject *PyErr_SetFromWindowsErrWithFilename (intierr, const char *filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErrWithFilenameObject () FASLA A, st o] C Ex Y
Z AlFFG YTt filename2 3t d A28 Q1T Y (0s.fsdecode ())& T TP F Ut}

7H A=

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-

Object *filename)
Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.

PyErr_SetFromWindowsErrWithFilenameObject () & FAFSEH, TAAZ o9 3L
AASE 27k v W) G

7H3 A=

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, Py-
Object *filename, PyObject
*filename?2)
Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.

PyErr_SetExcFromWindowsErrWithFilenameObject ()& FAFSHA W, & WHAA sld ™
23] 2 ol E i th
e e

B A 3.40] F7}.
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PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char

*filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7.

PyErr_SetFromWindowsErrWithFilename ()@ FAFSHH, HAAAZ o9 L X A=

F7h oA W4t 5 ok

7184 A=,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportError& YA A 7] = 3 9]
T AUth msge o2 o] wIAIA] A 2 A FH U & thNuLLo] 2 5 <=, named} path=
7L7L ImportError? name@} path A EZHEZ AFH Y}

B A 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_Set ImportError () 2}
- v oA R o] e WA 2 ImportErrord] A E FefAE AT = A5 U
WA 3.60 7}

void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
AA ol 2 of] o g 9t (file), & (line) R 2 220 (offset) B HE A Tt FA] | 2] 7} syntaxError
Zboty®, 7L ol B RES A5, o9 QA4 5t Al2H o] o €] 7} syntaxErrorebal Azt
a7 gt
WA 3.40] 7}

void PyErr_ SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the Stable ABI since version 3.7. Like PyErr_SyntaxLocationObject (), but filename is a
byte string decoded from the filesystem encoding and error handler.

B A 3.2 =7}

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

void PyErr_BadInternalCall ()
Part of the Stable ABI. ©] 21 PyErr_ SetString (PyExc_SystemError, message)? U &
A AdUth o 71 A message= U5 A4t & 0] 5}l W/C APL &) o] 2R HE A2 TEH A SS
vrER U o o v 8,

5.3

o,

2 e}

l TFE At C ZEoA A g DA A L. FFo] M warnings REOA HEW FASE &

Ulﬁia@ﬂ‘?‘r LAREH O 2 sys.stderro]l 3L WA A& 0141?““%5} I, A8 A BALE o2 '
Xd%ﬁ}i ARPE F= Jom, o] A ole 7t iYL A Fx 2 BAZ A3 o] g7} g
AT E S 7}‘522}14@ of| 9] 7} LAY 3} A] ko v ukE %k% 017, of 9] 7} A s -1 Ytk
A AR 7 AAZ Qs =X o 9] 9] o] f5 FdT 5 55U o] AL = A YUth) o7}
WS, S22 A A9 A E o FUTH(AE 5, &7 FRE Py DECREF () 314l
of 8 Z-& Wy o).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 73 11 W A| A| & L3 S T} category QA= AL HE (o & ZR3AIAI )Y
NULL ¢ Y T}; message 01 A= UTF-8 2 13 Y H EX U th stack_level & 28 =& =& A F
S PG oG 28 e ol A AAl AW 5ol = FolA Aok AT stack_level
o] 10|H PyErr WarnkEx ()& T&3t= T4, 2= 1 99 T, =5

A1 MFEPyExc_Warning®d A B Z#| Aokt PyExc_Warning2 PyExc_Exception
g AE ZHAYdYT}; 7|2 A1 HF = PyExce_RuntimeWarningQUtTh & sto|H A1 HFE
£olgol wE 4w WE o AAR A WeT AR Uk
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A3 A B AL UL, varnings W AWASH I & ARAANA 0§ B
A2 23 Alo)% 918 C APLE gl

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.

B A 3.40] =7}

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Fart of the Stable ABL. Similar to PyErr WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL. PyErr WarnEx ()2} -.c-’r/\}?ﬂ- 4= 9k, PyUnicode_FromFormat ()< A&
o] A WA RS 2R T} formare ASCI Q1 7 & T’:X]'g duh

B A 3.20] &7}
int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

Part of the Stable ABI since version 3.6. PyErr WarnFormat ()3 AFSE &= X 9k, category+=
ResourceWarning®| il sources warnings.WarningMessage () 2 A&t}

B A 3.60] &7}

5.4 o2 %1]7] £3]3}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 type (the first argument to the last call to one of the PyErr_Set* functions or to
PyErr Restore ()). If not set, return NULL. You do not own a reference to the return value, so you
do not need to Py_ DECREF () it.

27} GILE B§3]oF Fu T,

A o 9] 2} H]JJ_'G}X] Al /\]9_ WA PyErr ExceptionMatches ()= /\}—9“3}

int PyErr_ExceptionMatches (PyObject *exc)
Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred (), exc) %
FUT A9 7 AR A L W e T E e oF T o9 7SR kg vi®
1 ¥ko] A ot

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABI. given | 2] 7} exc?] ol 9] &3} d X spd 22 vk3kghu o} exc7} Z8 2 AR o),
giveno] A2 2o 28] 2B W% S WBFUTh excrt FEOE, F o] g 2E 9
QEn AL REE AT o) S AN E 8 A

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL. 47} A&E M| 719] W2 o8] A 7] E AUt ol A 7] 7F A A H A
Fkod, Al MaeE R NULLE AU AR Ao, AAAL AN ZF AA o T Fx2E
of 2 o] JA%EME} B EG ol AX= @ AA 7 2EA e W= NvLLd & AFUTh

5&
_l=°=
17 ol

F3: o Hr AR 2 A8 £ Aol s =L ol BANNE YA A02 A5t
BeA5) o} e IO AT AHSH U o F Fol:
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PyObject *type, *value, *traceback;
PyErr_Fetch(&type, &value, &traceback);

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

PyErr_Restore (type, value, traceback);

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

Part of the Stable ABL. M| AR & o] ZA| 7] AAZ T} o8] BA 7] 7} oln) AAE o] Qo
HA G Yt AA7FNuLL o] ¥, ol & A1 7] 7F A1 F Y T NULL type 3} 37 NULL ©] o} value
L} traceback & A E3HA] upA Al 2. ol 9] 2 Fefj o of Tt ZEE o 9] ol g A EsA]
R AL L. (o] H & 4 2= %H%}Dﬂ ol mE 3k —\':7‘1]7} WA ST o] &2 7 AA ol T gt
719'5—3 AAZUTH: 52 Aol Z Zﬂzﬂoﬂtﬁﬁl—ﬂ-_,_e frafloF el & Foll=HE= o8t AR E
1A syt (o] AL o] OHEL ATHE, o] & AFSSHA vt Al L. AP FUTh)

T o] ot ANA O o EA ) DA AR ARG HA ok S T AT AL
U

=3 @ZH—;]H BEANE ARSI W PyErr Fetch () & AFHR3HAAI L

_4

ol o

void PyErr_NormalizeExcept ion (PyObject **exc, PyObject **val, PyObject **tb)

Part of the Stable ABL. &7 3ol A, o}el| o] PyErr Fetch () 7} W= k2 “H] AP EH S
S 9deUTh 3, exch 22 AA o A val e 2L Felag] A2HL7} opduT). o] gk
o] 4% “EHAE AAE 2 Bloke o] AHEE 5 5T gho] olw] 3t o o, o d&
Aol Ui Guich A A A5 P A AT U

Fan: o §2 o9 ghol _traceback _{EREE Ra402 Y5t gtk Eefo)
Coe AR B o, 8 5} T ok ArjAe] B g ok
if (tb != NULL) {

PyException_SetTraceback (val, tb);
}

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

Part of the Stable ABI since version 3.7. sys.exc_info () 2 €8 A A &2, 48] FRE 7A YY)
o] AL A = LAY T of| 9] 7} of 2}, o] m] A ol o] & ZhE] YT Al AAo the A FxE e
Ut o] 3 ol Aol = wurLd & A5Ith el BB AEE S+ A5 4o

Ha: o] Pt AW Ao o9 A stel = mEolA A8H A ebauith 23, ZE ) o9
RS QA ARRT FANoL &) AET 5 AUk o8] S BAGA L AT
PyErr SetExcInfo ()E AFESHA Al L.

WA 330 7}

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

Part of the Stable ABI since version 3.7. sys.exc_info () &2 €& 2 A3 22, oo AHE HATH
T} o A2 A2 WA o 27} obieh, ol vl AT o] 9 AP AU o] ok AAe] xS
SHUT oIS A A2, A % 2T ol NULLS AREAA 2. A Aol hd LukE Q)

AL pPyErr Restore ()5 FRIHAIL

Fi: ol e iAo dog Heste s ZENA AHEHA A5tk 238, =
s =

14512 %050} 3 N3E 4 A A% HHE feAE
4]

11>
[-0

PyErr_GetExcInfo ()& A&
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WA 330 27}

5.5 A2 A 2Jsl7]

int PyErr_CheckSignals ()

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

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

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

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

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

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

void PyErr_ SetInterrupt ()

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

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)

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

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

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

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

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

WA 31000 &7}

int PySignal_SetWakeupFd (int fd)

o) 998 G4-= 4190 A Arhel 419 WA DY vhol =2 715 5 71 eAE
ATk, fis W] B2 7)o ofof itk ol de] el 7% A1E ME-g ok

#F -1 7 sE uEASFE UL oAl 27 dEidUTE o] A2 ol signal.
set_wakeup_fd () & TS55A T o B AAE 5 UL fde 53538 51Y 7| & A}o] of gt}
i E e MRS A e

WA 3504 A Aol A, e oA 2 A= ALyt
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5.6 ojlo] F

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference Part of the Stable ABL. ©] @& E] Sk A 98 S92 e 5t
stk name Q1A= A 9| 2] 2] o] 2, module.classname 3§42 C Ex}Folo]of 3H4 t}. base
S} dict QA= GubA 0 2 NULLY Yt} o] 2 A 31 Exception(CollA PyExc_Exceptionl &
AA 28 4 LU Th ol A SHE Sel 2 AR 7L BS o] ALk,

A 2eh 2] _module__ o e HEL name A2e] A WA FE (A A74A) 02 AR @
2oj2 o] 2 WA BE WA A )02 ARH UL base ARE DA Mol FoALE A
A v AT 5 ABUTh Shike] S 229 2D S FUTh dia AAHE Feh
Mg A s G e A H s B AT S A5 Th

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base,
PyObject *dict)
Return value: New reference. Part of the Stable ABL. A]| 22 o9 &2 S2EFHS A Hojad
ATH= AL A Q)81 PyErr NewException () B 245U Th: doco] NULLO] 0}‘/] , oAl 2] Fef ol
o gt %igaogi AHEE YT

WA 3200 7}

5.7 ol 2] A=A

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABL 3}o]# o]l Al _ traceback__ & 53| JH =& 4
U= 2R F2E oo Held Ego]amS vkstghuct A-AH Efojamio] gloW, NULL
= RESHghU T

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL o] 9] 9} AR Efo]AM S g AR ) L2 W Py_NoneS AHR3HA
Al L.

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL. S}o] oA _ context_ & T3] AA| 2 S 4
S B2 E slsl A2E A LB (E o8] AT A AR B3 e TARS
UthE wrakstych A 249 AdAEr} ¢low NuLLS whakgh o)

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABI. ©]| 2] 2} A4 ﬁE_“,éE ctx®E A AU TH A3 EH NULLS AFR- A A 2.
cx7h o 9] A2E 21 7] Belst=  HA= flsyth o] 22 coll thEk 3

PyObject *PyException_GetCause (PyObject *ex)

Return value: New reference. Part of the Stable ABL. 3}o]# oA _ cause_ & E3] AT 5+ U=
N HFzZ o HEH Y (99 AdA~BE A None, raise ... from ...°22 AAFYUHS
e o

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the Stable ABL ]| 2] &} A HH A AL causeZ AT TH A8 W NULLS AFR I A] 2.
cause7} 9 &) A2E AU None ¢l A &413H= & 74*}_ RE U ©] A2 causeol| o 2 3
Ut

__suppress_context_ = 0] &0 9 BA|ZA O Z TrueE AAFH YL}
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5.8 FrUZE ol ¢ A A

The B4 Cold HUSLE o 98 BET £33k o ALgE Utk

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 X reason ©] E 2]

HEE AE3519] UnicodeDecodeError AAE 95 Yt} encodingT} reason-> UTF-8 & Q1 7 ¥
AL
PyObject *PyUnicodeEncodeError_Create (const char *encoding, const Py UNICODE *ob-
Jject, Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,

const char *reason)
Return value: New reference. encoding, object, length, start, end 2 reason o] E 8| HE & A& 5} o]

UnicodeEncodeError A& w5 Yt} encodingT} reasonS UTF-8 2 A7 QP& B} Y th

WA 335H 7 A]:3.11

Py_UNICODE+= Ito]# 335 g X% 5Tl PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)ZE Ofo]1d o)A AL

PyObject *PyUnicodeTranslateError_Create (const Py_UNICODE *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *rea-
son)
Return value: New reference.  object, length, start, end L reason 9] E 8 HEE A& 3} 9

UnicodeTranslateError AA|E W5 YTk reasonS UTF-8 2 A F P H EXE Ut
WA 3358 94 3.11
Py_UNICODE+ Tto] ¥ 338 g X% 5Tl PyObject_CallFunction (PyExc_UnicodeTranslateErro
"Onns", ...)=2 ulo]a# o] SFAHA L.
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 017 o] 2] 21 A 9] encoding 9] E €] H E& WF3H3t
U,
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. o] 21 o| 2] A A 9] object o] E 2] HE & vt}
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. =011 o] 9] A A| 9] start S| E | HEE 7FA kA *startol] v X Ut start=
NULL®] ofuojof it A58t 05, Asfstd -1 Wk
int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py ssize_t start)
Part of the Stable ABL. Z20] R o] 2] AR 2] start H EBRHEE stantE DAY TH AZ3H 0L, A
shel 18 whehgh o,
int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. Fo] R of| 2] AA| 9] end ) E B HEE 71 A A *endol] ¥} X g t}. end=
NULL®] ofuojof Gt A58t 05, Asfstd -15 Wbk

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] 3R | Q] AA| 2] end S EB|HEZE endZ A AT AZ3HH 02, A3
st -12 v o

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (Py Objecl *exc)
Return value: New reference. Part of the Stable ABL. 5201 %1 o] 2] A A| 9] reason o] E B HEE Hl3+3t
ek,

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. £ | 2] AR 2] reason Q) E 8| H-E & reasonS 2 AUt} AZ3H 0
2, A5 sE -12 B o,

5.9 A7 A o]

o] F e IO B BE BFAA CFFAA dAd A &S 5= FHS ATTULh
A ZEZFREEA] ol H I EE S E 3] ‘E%t A 223Uth(glold T=E= A7 ZolE A5
2RAFUL). 55 2 EZo| A7 A& A5y w2l p_call THAE D3R U]

int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. |2 C & &) B R 1 5= A - S BAI TG YT
USE_STACKCHECKZ} A= gl o, o] &4 pyos_CheckStack ()2 AH&38Fo] OS ~El o] 21
EE 5 3J=A gAYk o] B¢, MemoryErrorg A4 st 00] obd Ftg REHHY] E}-

29 TR B4 AT AR SRR A FAF T o] 49, RecursionErrort AR 3 00]
obd gro] W th. =4 ghow, 0] wHekg Utk

where= A7 Z o] A|d+tC 2 213 RecursionError WA X o] o]o]E A" in instance check"
2} 22 UTF-8 Q17 FALE o] of oF FH T}
W 3904 WA o] T o] Al Al APIA & A 4= 5 Ut
void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py EnterRecursiveCall() =& £ Z 34t}
Py _EnterRecursiveCall () & Z+AZ A< S Zult}) st HA 5 &5 o] oF ST},
W 3904 WA : o] T o] A Al stE APIA & ARS 3 4~ Q5L Th
A o]y ol 3l co_repr Sk T W SR AT A7 ARGk 29E HB T
A
ES

A Qolx, tp_repr& &35 WA 7] A AAE zﬁ Aaflof Utk s F &
s Uth A A, 0] €2 reprlib.recursive_repr () o tigtC 55 EYYth

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL =8+& 2123} 7] 93 tp_repr 78 A2 A] i;g Ytk
A 7k 01 o A o, s ¢ AeE &gy o
U= £AE AAE kg of Ut o & S01, dict AA]
[...]15 933y
A7 Alstel] =2etd g 5o AeE gtk o] A tp_repr THS YNHH 2 2 NULL
< whghsl oF g th

DA oW, B 0L MBI tp_repr TEL YA OE ASD £ s

rlr —

void Py_ReprLeave (PyObject *object)
Part of the Stable ABL. Py_ReprEnter () S Z5 %Yt} 02 ¥I3t5l= Py ReprEnter () & Wit}
3 W 5 ZaoF T L),
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510 == d 9]

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

variables:
Ceol& ato]yl o] & =E
PyExc_BaseException BaseException !
PyExc_Exception Exception I
PyExc_ArithmeticError ArithmeticError '
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedE

rfonnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedE

rfonnectionRefusedError

PyExc_ConnectionResetErr

pfonnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError | FileNotFoundError
PyExc_FloatingPointError| FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError

PyExc_IsADirectoryError

IsADirectoryError

PyExc_KeyError

KeyError

PyExc_KeyboardInterrupt | KeyboardInterrupt
PyExc_LookupError LookupError T
PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundErro

rModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedErro

rNotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError| ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration| StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

tha sl o] Al ofl Al
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# 1- o4 ol AolA A%

Col&

br
[m

ERREE

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErrdnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

W A 3.3 o = 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 ¥ PyExc_TimeoutError+ PEP 3151& we} =5 g5 th

WA 3.59] 7} PyExc_StopAsynclteration ¥ PyExc_RecursionError
¥ A 3.69] 7}: PyExc_ModuleNotFoundError.
t}& 2 pyExc_OSErrore] that T84 H 3 Y Uth:

Ceol&
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

m

br

9|

W 3304 WA

T E:

ol A2 EES d g FeldF Uk

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

Col& ol o] & =E
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning
WA 3.20] 7}: PyExc_ResourceWarning
=
Lo R e o e BE d 9ol tiat wo]x Zefaduth
2AE oA ut AP Utk A A8l 7) A2 MS_WINDOWS 7} B E YA H A Edte] o] &AM dhe TEE BT sk,
Polle the mE A R Mola FeAdYh
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6.1 & A A -+l E

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

A 3.60] F7}.
int Py_FdIsInteractive (FILE *fp, const char *filename)

515 0] filename®] T VO 9 fp th3hA e 2 2538 F00] obdth S Tk
isatty (fileno (fp)) 7} & 3t49 AUt A Fel1 py_InteractiveFlagZt 3
o), o] 4L filename N E} 7F NULLO] AL} o] 0] 21 '<stdin>'o|L} '222' & 3FL}e}

Fds FEHE ’{‘}% Llacasiaii=g

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M| 2~ X3 Zof] U F 4]
& fork () U A Z2MAE BEA St SASE S 55317 Ao &8 o Ty
o E AAT A AT A A

Fi: Cfork() TEL (vl <I” Az H Q) “v 1" A =o A rt o] F oA of Tt
PyOS_BeforeFork () = u}pZ7FA U th

B A 3.70] &7}

void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ £3 & L Y H /E}EH = 74X
Bt T —’LE/\ﬂ/\ BA7F4F =R 2 BAAGlo], fork () Y @A ii/‘ﬂig B A sk F A
T E ST T EE T2 A SE3f ok FUth fork () 7F YA A/ AH A A T A 7Hs

.
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AT Crork() BEE (W9l Qe e e o)) “u] <" s ol Ak o ol A oF gk,
PyOS_AfterFork_Parent () =& B}7FA| Y T

WA 3.7 =7}

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M2~ 23 T Y F Qe Z 2 g A&
AAFE B4 fork (1} @A LEALE RAFE FAL G5 E 58D F, L2427 ol A
JE Z 2 E oA izﬂ 7Hs g o] Qo A mZ A Ao A & oF FU T fork () 7FE Y H
Al 2~ Bl o] Ak AL 7}ah o)

i Cfork() & (“Dﬂo 17 QUE 2z 2] B] &) “vi| 1” e = o A gk o] o] A of gy T
PyOS_AfterFork Chlld( u}z}ﬂx}%}»]u}

WA 379 F7}
o 17

os.register_at_fork( E A} L3d PyOS_BeforeFork (), PyOS_AfterFork_Parent ()
9 PyOS_AfterFork_ Chlld()oﬂ/ﬂ TZY ALA ALY sho) A F4E SE 4 95 UT)

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). ZZ N2~ =3 —‘?‘— o B ALE] R
gto] X JNE|Z 2B 7} A& AFSHTHH A2 ZEZ A 204 B %5101011 Tt A A ko] A
ZEA| 20 ZEHY, o] ¥4 EFTET ARV S YTH

WA 3.78HE 9 X o] 4= pyos_AfterFork_Child()E HAIS 5 YT

int PyOS_CheckStack ()
Part of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. Q1E]Z 2| E]of ~8} F 7t
o] #-535hw o kUt o] 212 A3 4 9= FI | A vk, USE_STACKCHECK ] 2] of 9]
S uw AP 5 %o (A4 DFo] TR 42 E Visual Crr A5 A2 § AHEGHE 2170 ).
USE_STACKCHECK- A5 2 2 Ao P Ut} o 2] & Al 9] I =oA H Y& MAs A= ¢ HUh
PyOS_sighandler_t PyOS_getsig (int i)

Fart of the Stable ABI. Return the current signal handler for signal i. This is a thin wrapper around either

sigaction () or signal (). Do not call those functions directly! PyOS_sighandler_t is a typedef
alias for void (*)int.

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Part of the Stable ABI. Set the signal handler for signal i to be h; return the old signal handler. This

is a thin wrapper around either sigaction () or signal (). Do not call those functions directly!
PyOS_sighandler_t is a typedef alias for void (*) int.

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

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

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

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape
error handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence

can be decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler instead
of decoding them.
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Nz s Qo= & X]—(wide character) &2} g ol T &k Z Qg & H}i‘rﬁg}q o}, W 2 2 & 3
PyMem_RawFree () S AFRSFA Al &. size 7} NULL©] o} ®H, @ EXE A9 3l ool =

*sizeo] 7|23}

ﬂ?ﬂfﬂlﬂ%b}uﬂ e ol 8 A NULL-E HE3HEHU T} sizeZ7F NULL O] of U ©H, W 2 8] of| 2] A] *size
7} (size_t) - ARG, Y3 o 2] Al (size_t)-22 AAFHh

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

CefolHeiglo W17} glow, f5e o 27} Ay sHA] ekobof gt

TAE S vl EQ R TA| JIF Y38l W Py_EncodeLocale () 48 AHESHAAl L

o B

PyUnicode_DecodeFSDefaultAndSize ()&} PyUnicode _DecodeLocaleAndSize () &5,
B A 3.50] &7}

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

_>:L

| 312

A 5

it (g,

r{n

WA 38 A HA: o] T4E oA LA Py_LegacyWindowsFSEncodingFlag7Z}0o] W
UTF-8 1392 AHS Syt

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

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

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

error_pos 7} NULL©] o}, *error_pos+= AF Al (size_t)-12 AT, 7Y ol Al
BoA g Bapel dg sk 449

The filesystem encoding and error handler are selected by PyConfig_Read(): see
filesystem encodingand filesystem errors membersof PyConfig.
Hlo|EY S 9ol BEx}F EXFGE thA] U Y3 W Py_Decodelocale () B4E ARSI A 2.

74 31: This function must not be called before Python is preinitialized and so that the LC_CTYPE locale
is properly configured: see the Py_Prelnitialize () function.

o 17

PyUnicode_EncodeFSDefault ()& PyUnicode_EncodeLocale () &4

WA 3.50] F7}.

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

WA 389 A W ZA: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero.

6.1.
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6.2 A|~H 3

sys E9 7158 CZEfAM AN & 5 QA F o}
TE2A N 23d FA dHzE Y 2= sys ZE gAYl 2Ttk
PyObject *PySys_GetObject (const char *name)

Return value: Borrowed reference. Part of the Stable ABL. sys &N A A A nameS ¥F33 A, 24
SHA] ko o 2] & A EHA] ¢l NULL-S WHHeh ok

_,d
rr
Jo
o
Ach
ful
%
5
A
<

int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL v7} NULL©] o} Sl sys 252 names vE 47 gt} NULLO| H name-< sys
BEoA AR P Yt 4F3std 0, ol 8 Al -1 ¥EEg T}

void PySys_ResetWarnOptions ()
Part of the Stable ABL  sys.warnoptions& ¥l Z|2EZ AUt o s¢=
Py Initialize() o]Ao T 4+ 54U}

void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABL s& sys.warnoptionso| 7}ttt 21 ZE gl2E9 942 F4
Py_Tnitialize () o]Ad o] &4F T &5f of Fch

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABI. unicodeS sys .warnoptionsol &7}gYt}.
23 o] §4E WA CPython 7@ Y HolA A2 & Qo EFA JoW
Py _Initialize()o|A] warningsE BA|A 02 AXE 317] Aoj| TE3) oF 3t A 59, =
AAE HEEF g 5 e vF derdd ol T2 27135 7] doll= 3

g},

void PySys_SetPath (const wchar_t *path)
Part of the Stable ABIL sys.pathS ZWZ9 AM AZ LEA(FH2 A=, AEPANAE= ) E
T d BE g AE oo k= parthol| A 3+ B2 gA~E A = A3t

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL format2. 2 7|5+ €9 FAE S sys.stdoutd] 7| St} g o] &AY
stefete o 9= DA sHA] ks Utk (ol & FEBHA A L).
formar ENE 22 E24Ae] £ 77]S 1000uko] £ o] 542 A gk o Ttk 100080 £ o] F
o, 28 £ADe] FYUTh 53, o] 2L FAT % o] ol N o BL W Th
“%.<N>s” 5 AR-&3to] Al gkl of it o] 714 <N>2 <N>of t} 8 e HAE S A 275
o€ o 1000u}o] 2§ 23}akA) SFE® ALE AR5 AUTh B3 %P E T AL, o F 2
S 4 Ael 8 AN T 5 A5
TA 7F BB AL, sys . stdout 7 A A F o] YA Fow, A v A A= A A (C F) stdout ]|
7Z1=5g Ytk

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

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

Part of the Stable ABL PySys_WriteStdout() ¥} - A}
PyUnicode_FromFormatV ()5S Ab&3Fo] X W33 W A X

(B
B A 3.20] F7}.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout ()3 ZX 9 t)Al sys. stderr o]} stderrol 54Ut}

B A 3.20] &7}

void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. sE X g4
PySys_GetXOptions ()7} st @A A vl 3 of] 73 o
ol & 5 dFUTH

S T A, W AAE
S 499 2oz A=A gds

qdoerg 8 42
o] &= py Tnitialize()
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WA 3200 7}

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys ._xoptions&} FAFSHA,
X FAe @A g e & Wt ol 7F 8 et NULL o] ¥HEE 1 o @) 7} A A ] U Th

B A 3.20] F7}.

int PySys_Audit (const char *event, const char *format, ...)
EE 84 5o A oIES BN AU 43 Al 02 Whekstal A3 A] o 2] S A4 ste] 00]
ohd ghe wHEg .

Zo] 2R 9L, forma} 7E AAE g ALY FEL TR
=

d

. o = . =
ol oW, Bl R4 B o] /PR UTH (1 2 SHL FEE 2 5A T, o] Tl ek A%}
4u 22 & ol g7 Wl A5

a:)
Y
[
4r
=4
N
1)
=3
]
4
30,
ofy
iy
i)

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

sys.audit () 2 o] FES} F I V5= FAFUS
W 3.8 =7}

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

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this API are called for all
interpreters created by the runtime.
userData /N E = 2 T2 AggUch = T the dedolA 252 5 SlolA, ol ZAH =
shol 4l JeNE 27 B2 5HH e P ek,
ol B4 py Initialize() o)A &= ehA T TH HEFY
2 o] &)1 Exceptiono] A AB ZA
(T2 ol# = A A (silenced) &F554Th.
The hook function is of type int (*)const char *event, PyObject *args, void
*userData, where args is guaranteed to be a PyTupleObject. The hook function is always
called with the GIL held by the Python interpreter that raised the event.
Zhakol T3k P4l @ AW 2 PEP 5782 22 3H41A 2. oM ES B4 A )&= FE YT EF goln
229 gat Aol ME Eol vpadslof iUtk A 82 2 I A Aol g ch
o1z} ¢l o] ZHA} oWl E sys.addaudithook& B A U TH

WA 3.8 7k

6.3 Z 2 A A A o]

void Py_FatalError (const char *message)

Part of the Stable ABL. X & 9l o] &] HA]| A & A48t T2 2E = UL offd A& 43
= A kFUth o] 3= S| A JAEZ B HE AS AFSshe Aol st 27 0] A= 9l wi vk
SEfoFFUThH oAl & 5o, AAl A7t EA4H A2 Hd . YA = 5 C gloj B g
3 abort () 7t £&5 o] core Y-S A3 I A =T T
Py_LIMITED_API W|IE7} = o] Q1A 942 3§ Py_FatalError () &5+ A &9 o)+
S Ao 2 25 A2 E Al YT
WA 39004 RA: T ol g2 AT e E 21 Yt

void Py_Exit (int status)
Part of the Stable ABL. @A) ZZ A AE Z8FUth o|AL Py FinalizeEx ()& 33 TS BF

6.3. ZTEA|A A o] 6

w
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/kol-EHL 1203§ /\J;Gslqr/],.
WA 3.6004 WA stold A o] oA of 21 7} B = FAIH A ks U T

int Py_AtExit (void (*func))

Part of the Stable ABL. Py_FinalizeEx ()7} €<% A g T}g E S23th Ay 4= Azt
§lo] 525 o] ke WRakA eolof Ttk At 2] Aol g8 5T 4+ sk S50
AFBHH, Py AtExit ()& 02 ¥ Aofstd -1 gyt vix o) 555 A g
Ha7t A Uk 2t A Bas Ju a4 W 529U A 85 A sholwe]

sto] Q) Al o] Al o] 25 7] w2 ol, funcol Al 5ol W APIZ B %‘}Eﬂ ok U},

PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABL ©] A& o}&]] PyImport_ImportModuleEx ()
o3t h=3kE Qg | o] 2 Y Y T}, globals$} locals Q1 AFS NULLE A A 5131 level- S 022 A A gy
th name QAo Fol ZIEWE (7] A9 A B RES AR 0, fromlist QA= B]AE [1+1]
2 A8 A vk gho]l 28 A koS w vEE = H A4S 5 7R Al o] & AAFH EE ]
=5 Uk (e =, nameo©) é_"xﬂi A B 25 A B S 7] A5 A Gt FIHA Q2

Sol HAFYUTH 7129 __all__ W5 Zl’“ﬂ AlB E%5 13‘:9141‘%) ?JiEzPU%ﬂl
Ot 2R F2E t‘&i‘ro}ﬂﬂr*bﬂ /\] of| 9] 7} A4 H NULLZ RFSHU T 2 E5S Y2 E o+ 1
A3t sys.modulesol| BES 71 A g5Uth

o] “%PT‘_ 51—/\1— zh;H AT EE /\]_B_-ch/]r/]_

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL. ©] 34>+ pyImport_ImportModule ()2 H A H

EA YUk

A 33604 WA o] 75 ThE AUEA JEE FBL HAT A 54| s
2L} ol 3300 A, T2 Aol ¥R B BE B9 42o% A
#4048 54 Pt e d asyh

z

4
N
=2

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist)

Return value: New reference. 252 YXE TUth U gol# g4 import_ () & &3l 7174 2

AW dsych

W 32 AEE H REO|UFH A A7 Aol S M2 xR, = AT A o9 71 47 H NULL
7| X)) A B

JUth __import__ () & uFRIIA &, v o] QA & fromlist 7} A 5= A k= B, T
HEo 8 3H S wfo] v g2 H A9 7 A Y Th

A¥xE A= pyImport_ImportModule () A8 &AL & AAE A AT}

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject
*locals, PyObject * fromlist, int level)
Return value: New reference. Part of the Stable ABI since version 3.7. 252 dZXE Ut =
__import__ () g7t o]l F4E A SE6t7] wlZell, W& shold T4 __import_ () & F3F
g AEE 5 dsUoh

W e dExE A EEolu A A A e Fx, e A A o927 24" NnuLL
Yyt __import__ () 9} R ZRA =, vl o] YA oF-E fromlist7F Al E A ¢k 7, 7] A1 B
EEo] R FF S ul o] vbsk g2 249 7)1 A U ok
W 3300 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_ImportModuleLevelObject ()2}
1] 52 5FA] RE name-& U= A A thA UTF-8 2 139 H FAE Y th

WA 33004 HA: leveld] 55 32 U&= 385 A &5 Th

=
LN
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PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABL. 0] A2 A “YXE T 75 5E53E 11
G2 AE Aol 2T (BA A S level 02 ALB3=0l, Aol AEES EFUch. sA A3
__builtins__ o Y= __import_ () FTE TEFPUTE o] A A A HAH YXE Z&
8ol AEE T 52 ol v Fhuk

o] g} -d‘l—/\L A} xlq] AT EE }\]._&rgq/]q_

PyObject *PyImport_ReloadModule (PyObject *m)

Return value: New reference. Part of the Stable ABl. 258 THA] & & (reload) & Ut} ThA] 2 =9 259
st F2E NS AL, AT Al ol 2] 7 A E NULLS 9HEHRE ‘4‘3]'(01[‘3]] BEE2 o83 =AY

oh.

PyObject *PyImport_AddModuleObiject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. & o] & 3| F 3= &
AAE 933U T name QA A= package.module §A Y 4+ A5 YTh WA ZE A4 g9
A=A e, glod 2 o] B8 gA o 49Tt Aol A] £ E 478l NULL

Fi: )L ERES EEFAUYJAXZE 31 5 Utk BREo| ofd A ghgtod, W B E
AANE QA BUth RES QX E 38 pyImport ImportModule (ol 1wy = 75}1/}%
G AIA S namedl Al B2 FRE ol § o2 PAH A A F2E o) EAA rrhd

grEol A4 kU Th

WA 330 27}

PyObject *PyImport_AddModule (const char *name)
Return value: Borrowed reference. Part of the Stable ABI. Py Import_AddModuleObject ()2} B]5238}
A2 name2 U IZE A A Al UTF-82 A3 H AL It

PyObject *PyImport_ExecCodeModule (const char *name, P) 017ject *co)

Return value: New reference. Part of the Stable ABL. 0] 2 2& ©| & (name)(package.module &
49 % 95 h sol g whelE T2 SAAA 9L U T conpile) £ Qe A=
A2, BEE 2EGYch BE AAol @ AR BRE WBeA, Ex o2l 7} T4
H o] 7F 4 A H NULLS WS o) of 2] 7 YA SHE sys.modules ol A name©] Al AH YT},
PyImport_ExecCodeModule () ol A Y& ul] nameo] sys.modulesol oju] o] T 51T}
sys.modulese] s 27158 nEL BATL AL AYPIT, IA RES Ax= Y
w 28 A 5 Qs (283 olhE BE AR o wol vl Eo) R w) <4 AElol] 922
&= o] gl7] Wi E v th

2E9 _ spec_ 3 _ loader_ = o}A AAL A grrid A A3 gto g AAFH YT AW 9
2EEHEREY _ loader (AAFH giu}?i 2 A5, 1%‘11 )} © 1 SourceFileLoader 9
Aadam AAFgYr)

REEO _ file. SEFHHEE F= AH 9 co_filenamel & AAF YL & Fctd
_ _cached_ = AAEYrhL

ol e oln dXE FHUUHE EES A REFYT EES A RES= o=l WS
PyImport_ReloadModule ()& FFZ3}I4

name®] package .module Ao Fo g L RH o] 55 7] 7| ¥, o|u] 0] A A k-2 3 7] A
TZ2= -3 sl A A gsyth

PyImport_ExecCodeModuleEx ()&} PyImport_ExecCodeModuleWithPathnames ()& 3
254 A

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *path-

name)
Return value: New reference. Part of the Stable ABl. Py Import_ExecCodeModule ()3} -f-AFSFA] 1,

RE A _ file_ o]EFHEENULLO| ol b pathname 2. 2 2 A F U T}

PyImport_ExecCodeModulelWithPathnames () & FZ 3} Al L
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PyObject *PyImport_ExecCodeModuleObiject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return  value: New  reference. Part of the Stable ABI  since version 3.7.
PyImport_ExecCodeModuleEx ()} G A A ¥ & A A9 _ cached o]EgHEE=
NULL©] o} 2} cpathname 2.2 AR Uth M 714 & 5 °] Aol Az e = AdYTh

B A 3.30]] &7}

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

*cpathname)
Return value: New reference. Part of the Stable ABL. PyImport_ExecCodeModuleObject ()2} A}

S} A 2k, name, pathname R cpathname-> UTF-8 2 A T QP H E 214 A U tTh pathname?] Ff©] NULLZE
798 7% o gto) athnamed] A FoFsH=A) ok el Tk

B & 3.20] &7}

HA 3304 HA: Hlo]E I E=
source_from_cache () & A& th

long PyImport_GetMagicNumber ()
Part of the Stable ABL. 3}o] % u}o]
gk w2 WE s vpo|E =
ek ol Al -18 whgkgh ok

A 33004 W7 sl Al -12 whEg ok

const char *PyImport_GetMagicTag ()
Part of the Stable ABL. PEP 3147 & 4] n}o] ulo]E F & u}Y o] E9] v] A g =]
t}. sys.implementation.cache_tag® ZE< AlE S 4 Q1 o] &4 th Al AF-R-3f] of o
FAA 2.

B A 3.20] &7}

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABl. & & E| o] AF2H = d 18] (€9 sys.
modules)E BHEFEHU T}, o] 2L ol = ] B ufr} EA|h W4 olo] S0 B A S

PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference Part of the Stable ABI since version 3.8 Fo]Z o]E2 07 ojn] I
52 wagh oy 2Bl o} EE B2 Sotrhu NuLL S HEEA v o2l AAFA
ek 28100 4515 N0 S RSl el S A T

WA 3.7 F7h

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABL. sys.path/pkg._ _path_ &% pathE § 3l 5}l
U A48 WLt sys . path_importer cache BAU SN 7AW F% YU ob4 A4
94 GO, A% FIE AT 5 It Fol BAD 1714 sys.path_nooks T BAT T}
5 o] glo™W Nones WU th; o] A2 & Ao Al A& 7|0k 3}l E 7} o] A2 & tf 3t 5}
AT E Zre + 52 ¢ FYth sys.path_importer_cache°l] 2345 7HA] Fyth. 343 H
AR o hal A28 228 AR

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. name 0] 2= o] 59 =& EE (frozen module) & & =g
oh 4 ESHN 12, RES 37 2o1W 02, 271 5ol Asjelw o9 8 A ek -1 L WA T,
BZEr7lAAFS ] 92 E H BEo AN ASHYHE PyImport ImportModule ()& S AI 2
(F2H o 2ol FEI4AL — o] BE REO] o]n] YLE 1 & 0] oA 2= oh)

¥ A 3.30] F7}.
HA 340 HA:__file AEFRFEEL O+ BEE AAHA G5

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL. PyImport_ImportFrozenModuleObject ()2} B]523}A] 9k, name-2 -1
F= AA th4l UTF-82 A9 H #A-E JUth

[ (m
Hy
[
A;Ll
1

(%‘]-Ué .pyc 3+¥) 2] w2 ¥ F (magic number) S WF
L 4n}o] E o | E Q] ¢t vlolE A E E R3] oF

) i

E
o)
e
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struct _frozen

o] 712 freeze FE B E| (o] H AX B2 Tools/freeze/E FRIAFAI L) 7t B4t =2
2E HA2IHEE AT 724 B YUtk Include/import.holl e Aol v 2
Ytk

struct _frozen {

const char *name;
const unsigned char *code;

fy PN

int size;

bi

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, P\Obje(t*(*mltfunc) void
Part of the Stable ABL 7] &9 W3 BE Holked dd RS F7FUch oA
= Q] o S
HA.—-

[e]
PyImport_ExtendInittab ()= < 71”%]—“ A sk e, HolES -5—} iy T o -1 49
FFUTE A B2 nameo) = o] 502 QX E & 5 JOW, initfunc TS A AT JZE
NA TEH = 2713 T2 AR F UL Py_Initlallze () Aol Z=3HoF Pt

struct _inittab

W EE E5 v dYd FES 7€ F2A. 4 FRAE JEZE WAEH ZEY
ol 273 A E AFFULE o5 ASCIE QI FH AL dUth stolHg W=
ZRIAWL PyImport_ExtendInittab ()3 T o] st T2A Y v E-& AHE3F 71 W3

EES AT+ A5YUY +ZA = Include/import . holl A th&3 Zo] Ao t}:

struct _inittab {
const char *name; /* ASCII encoded string */
PyObject* (*initfunc) (void);

bi

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

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

6.5 tlo]e] nFe 29

—3].0:] Z]Eﬂﬂ_l;] 7ﬂ;‘(]]§ A ‘@_}—.{,‘: 9;1
A e BT 4 9 57 Bl

o)l w= g Fojof Fuith

FHLC IZE7tmarshal BEF 22 Ho]E g
Ut 2 E3l g4 oz HolEHE 2e g4t 1
Fo H ol o8 & A ol A E = 9 Y

OL‘L_IE

ﬂ1+

of vpArE S uf ¢ ‘%‘l(mtern) d tZP A= T ?:MD} Hi%ﬂ 2& %% N %ﬂ"ﬂ EEE H}O] U El K
Abg-ghuy ) Py_MARSHATL_VERSION= A A 5t & 418 vebd Ut} (F A 2).
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native 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.

5. dlojg] mpaFy A 67
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void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
sto) W A values file2 vHFEU T versionS 31 B A& VUERY YT
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. B}FH value T8 E3H3F nlo] E G A A E vlstshy th. versionS 3t
g 412 Uepd U o,
ohe B4 2 AHS Y T g2 tha) 92 5 gy th
long PyMarshal_ReadLongFromFile (FILE *file)
Return a C 1ong from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in
using this function, regardless of the native size of 1ong.
ol 2] Al, 4 &3 o 9] (EOFError) S A48t 12 ey

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 Al, A 23k €] (EOFError) & A48l -1 W&y o

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

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

o A], A &3l o9 (EOFError, ValueError =¥ TypeError) S A A 8}3 NULLE wH&-sHy o}

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data”} 7}# 7] = len B} o] E S E35l= vlo] E B 3 2] H o] ] 2 E T of| A
shol W 2 7] wEksh o),

o Al, A &3%l o9 (EOFError, ValueError =¥ TypeError) S A A 8t3 NULLS WH&-sHU o}

ol 5L AA FF A HMAEES BE W FEF U F7F B H 9} o) Al = extending-index ol 25

A e o] #3 &4 = X2 M /el PyArg ParseTuple (), PyArqg _ParseTupleAndKeywords () 9
PyArg_Parse ()& BT A4 AR ol & ALY ol &ele ol AMSE = =W Z A4 (format strings)
2 AU 29U FAE L o] ¢ st 7t ol S 22 £ S AR U T
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924G 07 o el “E o ek (format units)” 2 T H Utk E w9 shte] sholH AR S
AR YRR Bl B BT R £ 29 99 AAAGUTh B AR o9 8 A9 5,
BEE FA AR obd Z W9l QA 02 o 3 Fol thF WA Fa QAo vh g F k.
the Aol A, 9879 (quoted) B4 S U B YU (52) BE 9] FB2 Y B9} YA 5
shol 4 A B AUth [hB 5] ee] FBE F48 ADsfof sk C A5 PP rh

SotE A& A e FAw AR A2 E 5 AEUTh HHE FULE L vlol
AN AR AT DL} gk

)
YA H A o s W ENULE S55 A gFyth
There are three ways strings and buffers can be converted to C:

e Formatssuch as y* and s* filla Py_ buf fer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. Asaresult, youhavetocall PyBuffer Release () after youhave finished
processing the data (or in any early abort case).

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

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

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

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

Zr3:  For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined be-
fore including Python.h. On Python 3.9 and older, the type of the length argument is Py ssize_t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.

s (str) [const char *] T UFE AAE FALo] the C 2AH 2 AFFUrh 7|& Eardol gt =
A& oAeldo] 45 AL T4 2UAH Hgo] AUt C FAE2 NULE F5gYth
T 3z

sholfl £+ YAE U = EAES TF8HA ghobok Tl TR THA ValueError o 97
PAGYTh FUIE AL ruee-8 ARY S AG 3ol C B2 WP th o] W] U3

S}9, UnicodeError 7} WA g o).

B3 ol TRE vho| =i AA T BobEo| A AT Y AL A E BolEol
BExd 2 eS8 9, PyUnicode FSConverter ()& converter2 0& 3

e,

WA 35004 A o] Holl, stold FA A W @ F= £ EZF AR E TypeError 7}

MU

s* (str T njo] £ Q& 7] [Py_buffer] o] ZWL vlo] E AR ARk o} ]2} ST AF| S o}
AUtk 3ER7} A2 Py buffer +2AE AU o] 4L A3 C Ex19-2 U &H NUL
Wpo|E 8 £ 4 AFUTH FUTE AAL rute-8 ITYS gl CEALZ WS
Ytk
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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 E& None) [const char *] s2} W] 281A v, sho] W AR 7k None D = &, o] 4-F C E<1H
7} NULLE A A= Ut}

z* (str, H}9] E 7 7} A &= None) [Py_buffer] s*&} v]=3}A] vk, 3ol W A= Noned = JHY
t}h o] AL py buffer —TLZxJH buf MW7} NULLE A4 Ut}

z# (strx, read-only byfes-like object or None) [const char *, Py _ssize_t] s#2} B]|5=3FA| gL, gho] W A A
ENoned % Ut o] 4% C 2 7FNvLLE AP YT

y (9] 7] A& n}o] E & F 720 A)) [const char *] This format converts a bytes-like object to a C pointer to a bor-

rowed character string; it does not accept Unicode objects. The bytes buffer must not contain embedded null
bytes; if it does, a ValueError exception is raised.

WA 35004 A7 o] Ao, Hlo]EE W ol A Y7g ' ulo] E7} A= W TypeError 7} 34 3
Su

y* (1] = &5 714) [Py_buffer] 5%2] o] W& £ §UTE A7} oh) e} who] EQF AA T ol 5
Ytk nol 2] HlolE) & oS ol A% B AT

yv# (read-only bytes-like object) [const char *, Py _ssize_t] s#2] o] gL U IF = AH| 7} o} &} u}o]
=92 A% utol S 9T},

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

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

u (str) [const Py_UNICODE *] s}o]# i
HE #1333y 7€ fUIE ‘ﬂ-‘ﬁ | o
AgsfoF T Py UNICODE—v—X]-o ISR
2R E U Th. ol d EALE g I
ValueError o 2] 7} 2FA8 g Tﬂ-

WA 35004 WA o] Aol =, gho] FAEAA WAAE d IE 2JAET L AE W TypeError 7}
gt EEaRa=

#3300 AAH A3t W 302014 A 78 U e ol AE py_UNICODE APIS] -]
Ut}; PyUnicode AsWideCharString () €& AF&35te] ulo] 23] o] A S A L.

u# (str) [const Py_UNICODE *, py_ssize_t] u?] 0] HYP 2 F 7 CHgo AFFE YT A AR ¥
FEfFUZE=EdolH ‘ﬂ-ﬂ"ﬂ gk Z I E o] a1, 7 HAY tﬂ/\t— AolduUrh ol A2 d I & 29
EE &P
WA 33004 H A JF5 Ut WA 312004 Al Ag Uth: o] A A Py UNICODE APIS] Y& <)
Ut}; PyUnicode AsWideCharString () €& AF&3to] wlo]l 13 o] A ‘5}/\‘ Al L.

Z (str I None) [const Py_UNICODE *] u®} )53} A 2t sto] W AA = Noned == d5U T} o]

3$ Py UNICODE EQE|7}NULLE AAE Uth

WA 33004 A= Q5 Uth WA 312004 Al AYYrch: o] A 28t py UNTCODE APIS] QH9)
Ut}; PyUnicode_AsWideCharString () = AF&3le] ulo] 28 o] A 3H4d Al L.

Z# (str or None) [const Py_UNICODE * Py_ssize_t] u# 9} B3R 1k slo] W A A= Noned 5
Ut} o] A% py UNTCODE £ E 7FNULLE A A E Yth

171 3.300 4] 3 A5 ek, WA 302004 Al A Yt o] A 24 py_unIcops APIS] AR
Ut}; PyUnicode AsWideCharString () €& AF&3te] ulol 13 o] A S Al L.

Il‘1
_}1_5

i

| € fUSE E24 NUL $8 v 5o tfat C =
N9 A, Py_UNICODE EQE W49 F4

@ﬂq~1v4ﬂ“ﬁ+ﬂﬂEi
814] ghobol G ) wrer 1ETh
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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* (§]7]-227] ulo] E A5 Z4A]) [Py_buffer] o] 292 ¢]7]-227] W3] AdE o]~ FA 8= ZE A A
& 58U TEAAZE Py burror FEAE AFULE 310l W L elel= /w0
‘/l\— JE5ULH T2 A= Y2 & S X PyBuffer Release ()& &8 oF gth

es (str) [const char *encoding, char **buffer] s2] o] P2 FUIEE B HHZE AFL 3= o] A
&HUth B8 NUL vol £/} 2505 A] @b Al o o] o] ol Al v 255 o,

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.

Wmlﬂﬂ%ﬂmkw%gﬁﬂﬂﬂﬂﬂﬁ%@%ﬂlﬂi%%ﬂQHeﬂﬂﬂﬂﬁ}}1
M FLY AE A E B2 S DufferE AT BEAE ALS Fol T W E A
3171 Y5l PyMem Free () & SE38) oF gt}

et (str,bytes = bytearray) [const char *encoding, char **buffer] v} o]|E EX}<d AA & t}A] 2
934 il EAA N TH: A2 A5 es s ZEUTh AL, FHL vkl = 4D AR 7} v A
TR AGH JAI G S AR soha 7R Y o

es# (str) [const char *encoding, char **buﬂ'er, Py_ssize_t *buffer_length] s#2] o] ¥ g
£ 2R 92 A5 Yse o A F U es £ B, o WL NUL EAE =
tlelHE 5&

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.

5 74 2% RE7} gtk
“buffer7} NULL Z Q1 E1 S 74e] 719, @t B3 2719 091 & 293, o] Mo = A9 o]
HE BAFSIL *huffers M2 dF3d 2EZA S F2GEF AAT U 322 AHE & &34
W2 & Al st7] Aol pyMem_Free ()8 TE9
*buffer7k NULL O] obd 218§ 712] 7] W (o] 1] @8 W), PyArg ParseTuple ()< °] 9|4 &
W3 2 A8 SLIL Huffer_length®) 273k W H 272 AU Th 19 thg A= o 6
W of] BEAFSEIL NUL S5 th WH 7t F423] 2A] 942 W, valueErrorZ7F AZH Yth.
T A7 B, *buffer_lengthi= 53 NUL Hlo] EE A| 23 I tlo|H ] doj2 AAH T
et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
Hpol E # 2t AA S thAl I SHA 3 AUt A= A6t es# ot Utk A,
TEL ulol= £AG AM L wl WS AgE An gL A echa g Fy o

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

B (int) [unsigned char] Converta 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 toa C unsigned short int, without overflow check-
ing.
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i (int) [int] Convert a Python integer to a plain C int.

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

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

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

K (int) [unsigned long long] Convert a Python integer toa C unsigned long long without overflow check-
ing.
n (int) [Py_ssize_t] oW A4E C Py _ssize tZ AT}

c (Z o] 12 bytes &= bytearray) [char] Convert a Python byte, represented as a bytes or bytearray
object of length 1, to a C char.

WA 33004 AA: bytearray AAE &t
C(Zo] 1¢] str) [int] Convert a Python character, represented as a st r object of length 1, to a C int.
f (float) [float] Convert a Python floating point number to a C f1oat.
d (float) [double] Convert a Python floating point number to a C double.

D (complex) [Py_complex] J}o]H BEA4E Cpry _complex FZAE AT

7€t A

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

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

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

status = converter (object, address);

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

converter7+ Py_CLEANUP_SUPPORTEDE WHeta}d, Q12 & £ 4 0] A= A3l + A2 5%

] o] %%7101] oju] gtH v R el & WA 713 & AT = AFUTh o] F WA SZE ol A, object
w7} W= NULL o] H U T}; address 2 £ 22 %k% ZrEyrh
WA 3.10]A WA : py_CLEANUP_SUPPORTED} &7} 914U Tth

p (bool) [int] AEH ke =23k H A E (£ 8 < predicate) 6‘}5’_ A2 =S
HEgh ok @4 o] oA intE 12, AR oW 002 AZFYTh BE
Ut gtol Kl o] =2 gh2 HIAESt= Wy of] o 8t XA 3 W82 truthE 234 A

B A 3.30] F7}.
(items) (tuple) [matching-items] A= Z o] 7}itemsol| = E A ‘%_‘r—‘?%-‘l] 91 glo] W A]F 2o oF T
Al z

th. C ARFS L items2] 7N 29 9] of] ]33 oF Ttk
“0” A4 (FFo] ZHAE Y LONG_MAXE 23t= A4 E A
syt — o4 =7 S A Lﬂ—‘“rzﬂ‘é'ﬂi’é

oul= CY v HRENA AT UHG — 29 2 0E 5 A5Uh.
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B4R the Bk 29 A0l A w7 g th $ 8 B3 Aol As e £ gtk 18 e

| shol 4 Q1A 22 o) ol A Q1AL AE VRS vheb U Tk AEA QAo Bl heke C WA
Egho 27]skE ofof gyt — A8 AR AAH A @S ), pyarg parseTuple () S
NG C Asel v ge AselA) etk

$ PyArg_ ParseTupleAndKeywords () AL sto]y 2zt glAES] YW A QA7 7| HE AL LS
HERI T A4, BE FI9E A8 A2 A9 ARk B, | & 4 ER EAAIA $

Qholl Z] A =] of oF g th.
H A 3.30] &7}

2995 2B o7l Bk 2EF el BARL o2l AR A B o) B o2 8T T}
(PyArg_ParseTuple () ©] “L"g/\] 7= o9l o] “dd JJ-Q ).

i 2R G B AEE A7) oA U AR EE A EAFE L 7] ol E] mAI A 9] ofl 7 H A A] thAl
ol MAIA = A E U T -i‘r;%HE% i Al g o

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

3 gho] AYE = 271 QA 2 A e Fo] AR & We] Faolof T o] 5L
59 2 AR B ALET ek 19 29 05l ol el AnA 2, ol el A WS}
o AHE @ AR 297 A5t o] 4% AF =W ko] el A AW AT LA e o

o)
99
Qe

Lln

=

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

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

API 5

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL. 9] x| uj7] ¥l X W42 Fol= 49 w7 "Hes 2
dF ot < W *a‘ﬁﬂ?f}fﬁ, AR L& kst e A A o 9] & A G U

P

E?‘J

e,

=]
UG |

Bl

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL ~ 7}¥ 7149 Q1 17} ofd va list& ol HES A L3td
PyArg _ParseTuple ()3 T4t

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], .

Part of the Stable ABL 9] x| &} 7] = ujj 7]] Bﬁ—/,\—% 2E A4 \ﬂ;?—iﬁ%%t}géf—g} o HEE R
B4 30} keywords QAH= 7191 = wl7) - o £ NULL-EE WA LT ¥ o] §2 917118
f S el Utk 4EetE e vhagynh Asishd, ARle st Ade A9 S

ub A 2] .
B 36904 WA : 91248 vl 7] ol vl g A o) 27h8 Qg

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

*keywords[], va_list vargs)
Part of the Stable ABL. 7} 7§49 ¢l x}7)F ol valistE ol EdthE= AL A9 34,
PyArg ParseTupleAndKeywords () & 35 4t}

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stable ABL 719 92 g9y 717 BARAEAA FAF Y oh
PyArg_ParseTupleAndKeywords () 7F Ab&5 A ¢k A folwt Zo3Uth o714 += o

u] o] AALE £33 o7 wfE P YT
WA 3.20] F7}.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABI. “o] A 2~E}D” 8F4=9] o1z} 2]~

EE Bl ot AHeE = & — o] 52 T}l
% 30| A A| 7] E METH_OLDARGS Ul| 7H W2 TR BA g EE AL S s Ut A ZE o)A
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

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

ThS2 o] S AbRo] o YUt oFet 2 E 3 _weakref £-91] BEL AioA ZhA S5
c}:

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;

ol Aol A PyArg_UnpackTuple () ol e TEL PyArg ParseTuple ()l 3t th2 &3}
AHoz F5FYTh:

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

6.6.2 7t =

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

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

Py Buildvalue ()& 34 F&< 753AE dayth 2R w4l = o] o] =9 &7 =
LY gA Lol o] gle’, Noned WA T 3] it
4917} 715 3k AA 7t # Slol A Wy Th 2717F00] v 14
Qe BER 5 oA

H o 7 ] olHE U= AA | A7) Al v HeE A
5= S Zﬂ““d"_ ‘:HJ]— Py _BuildValue ()7} &
= oqaaf,] FE=7bmalloc() S 231 $H WS
Py BuildvValue ()7} W= o g Eo] T/} 3 W=

o] & free () =

o2 Ao A, 89 4L 29l T dUth (T3) 25 oo 52 29l o] 7} ukeke slo| A
AA FAUTH [HZE] A FEHL2 AT C Y FYUth

Aol v F2 W HdaE 2 B A FAFUCTHEHA R s#9} 22 =9 o]y of
Aeotdyrh. oA 7 29l FAES £ ¢ &7 gA B+ d AFSE 5 5 U tth

s (str ™= None) [const char *] 'utf-8' A I Y AL 3] -8 C EXLEE o] M str 2
A2 WS C 22 2B 7FNULLO] ¥, None ©] AH-8-F YT
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s# (str or None) [const char *, Py _ssize t] 'utf-8' AIZ P2 A5t CEXLEH 1 Do) &
spol ¥ scr A4 = WA T CEAL FAE 7} NULLOTE, 0] 7} FAIH T Noneo] whe
Uk
H

y (bytes) [const char *] 01 2 C AL S ol bytes AAZ ASFUTE CZ2HE ZAEH 7}
NULL©| ™, None©| ¥+&g Ut}

y# (bytes) [const char *, Py _ssize t] o|AS&C &
C 2219 Z 9B 7} NULLO] ¥, None o] ¥F3E U

z (str == None) [const char *] s} Z5 Ut
z# (str or None) [const char *, Py_ssize t] s#3} 25Ut}

u (str) [const wchar_t *] Convert a null-terminated wchar_ t buffer of Unicode (UTF-16 or UCS-4) data
to a Python Unicode object. If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wchar_t *, Py _ssize_t] Y I = (UTF-16 F=+= UCS-4) o] 8] Y3 e} 1 Zo] &
shol §UTE AA T WS ITh FUILE ¥ F e 7} nonLolw, 2ol 7} FAE 1
Noneo©] ¥H3Hg 1t}

U (str = None) [const char *] s&} 25U T}

U# (str or None) [const char *, Py _ssize t] s#3} Z+5UTh

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] Converta C long int to a Python integer object.

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

H (int) [unsigned short int] Converta C unsigned short int toa Python integer object.

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

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

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

K (int) [unsigned long long] Convert a C unsigned long long to a Python integer object.
n (int) [Py_ssize t] CPy_ssize t& 3ol A4 =2 HES YL

c (Zo] 1¢] bytes) [char] Convert a C int representing a byte to a Python bytes object of length 1.
C (Zo°] 1] str) [int] Converta C int representing a character to Python st r object of length 1.
d (float) [double] Converta C double to a Python floating point number.

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

D (complex) [Py_complex *] C Py _complex TR A S vfo| W B4 42 HET T},

O (object) [PyObject *] Pass a Python object untouched but create a new strong reference to it (i.e. its ref-
erence 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 *] 02} 54 th

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

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

(items) (tuple) [matching-items] CZ}e] A|AAE & £ 22 slo| Al FZ 2 W3}
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[items] (list) [matching-items] C3] AN AAE & 571 22 gol A g|laEZ W)
AE2 glo| & =] o C

{items} (dict) [matching-items] C3}2] A A2 t}.
e G shtel $5E Aol 47 719 ko= AHgH LT
J = =5

Z= Al o2 7 oW, systemError o9 7+ A7

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. 7FX 7 =2] 2117} o} va_listE wrolE 2t
de ALdsd, Py _Buildvalue ()25 gk

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABI 2 W FAE format I F7F A AL e} size HFOl| EE WX FEE w2 25
Utk 92 w74 sl o] A] snprintf (3) & BAA L.

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABIL. =™ B2}4 format 2} 71 QA A} B-Z ygoll W) size o] ES WX A= E 2
89U FY2 w4 S ol A] vsnprintf (3)F BAAIL

PyOS_ snprintf()E]-PyOS vsnprintf ()= B&ECgolB 38 & snprintf () ¥ vsnprintf ()
£ QAo 180 B2 A AN REC RS AAFRA G S B BA4S BATE

A,

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

o] FE W G ThE 3} 2ol 345 o of Fuith:

e 0 <= rv < sizedu], &8 AT AZIow v EX7}srof 7|2 PS5 YU (strrv] e &3
"\O' H}o] E A 9)).

s rv >= size 4w, Y U] FHT AFSHY rv + 1 Ho]ES WL d2dY
strisize-1]2 ojujf \O"QL]D]—.

s rv < 0w, “f7F U Do) oI Th o|mE str(size-1]2 '\0" o] A e srd] oA
N EEER=SERTEEELE REEEE P E ]

e et 2AY YA BADNH A2 ML AFHU T

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

endptro] NULLO| W, A7 B4 S WBTULE BAL0] $5 254 272 58 Edo] op
W ValueErrorE YWAA] 7] 1.0 vF&-3h o).

endptr ©] NULL O] o} W, 7}5 3k 3 W2 FAE-& WE3lal *endptro] MEEA] ¢4 3 AR &
AE 71e) 7 w2 AT BApLe) 27 AIHERE 250 249 §EF Fdo] opH,
*endptro] EXF Y A|ZE 718 7| =& A A 8131, ValueErrorE WA A 7] 11 1.0

s7FHfloatol] A7Fet7] o U7 Z gt YERE off (& £, o8] SAF A "1e500"7F 1™
dAdYrh, overflow exceptlonﬂ-NULLO]Eﬂ (RA3 252 3H4) Py _HUGE_VALS HI3}3} 1,
AW 9T AAHA Gtk YA BOH, overflow except ione 3ho| A 9| A7
Zhel Aok Uttt 2 o9l BAAAI 7] -1.0E WYL T A EF HEE 3 oY A
A EAE 7] 7| =5 *endptr= A A FU T

W35 ThE o 87} BASH (] Bo) MR e B ofe)), A A% vhol W o9 E AAHIL 1.0
< whag .

C

rl

mlo
rE
r U
o
°
O
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WA 3.1 7}

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.

format_codes= 'e', 'E', "£', 'F', 'g', 'G' ¥ 'r' T oo Ut 'r' o P2, AFd
precision> 0°]ojoF s} FAIF UL 'r' TR FTEE HF repr () 4= XVHLHE}-

flags*= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 %+ Py_DTSF_ALT = 07} o)A &7 or & &

Asd:
* Py_DTSF_SIGN val7} 557} obd Wl = &AL viste £214 <be] 5 A7 2+ 2
3T
* Py_DTSF_ADD_DOT_0-> ¥H&tH #21g o] AFAE HolA] =& ot AL ST

e Py_DTSF_ALT+= “UJA” T8 FAL
PyOS_snprintf () "#' XA X}o] o 3k A A
piype©] NULLo] o}, 2 A ¥ 7} 7}8] 7] &= 32 Py_ _F
Py_DTST_NAN % StU2 A5 o, val7} 2t2} 8t 5, 75k
Uk 2k W ke F A o] = bufferol] th et A o] A, ¥
£ PyMem_Free ()& E&3to] H&E £214-& 3l o
B A 3.10] &7}
int PyOS_stricmp (const char *s/, const char *s2)
W& B4 2R Gt $AD AL o] @5 tha BAE TAGTHE Au A9 S stremp () 9
AL ZA st
int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)
i FAF TR Gt FAG UL o] B4t th FAE FAIRTHE AU A5 strnemp () 9
AL ZA Z53ch

INITE, Py_DTST_INFINITE =+

T+ NaNYg S eyt
Sof] Aofjstd NULLY Y Tth &2 A

6.8 =94

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. AR A3 =g Qdojr} AR A < = ol
glod 2= AFefe] A H 228 9 builtins ] 9A 2] & vHgH )

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABI A AP 2 Ao G HE Ay E
WEtel A, A A S 2 Ye] Lo W NULL-S Hw‘rz}q;}

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. S )] A3 Zgde] A Ay gAY E
ket AL, A A S ZE o] fled NULLe R T

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. @A 2] ~H & AE] o] = A& 9H3ghy o)
A 23 o 2 9ol 9low NULLY Y Th

PyThreadState_GetFrame ()& ZFZ AL
PyFrameObject *PyFrame_GetBack (PyFrameObject * frame)

Jrame Tk ] F- 28 5 7FA S U T

Return a strong reference, or NULL if frame has no outer frame.

frame-& NULL©| o}1] of oF 3+ t}.

W 3.9¢ 27
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PyCodeObject *PyFrame_GetCode (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. frame T =Z 7} 3 U T}

Return a strong reference.
frame-& NULL©] ofu]ofof gruth. A3H(Z ¢ Q) F =)+ NULLE 5~ iUt
WA 399 7}

int PyFrame_GetLineNumber (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. frame©] &) A 8] =<l

framee NULLO] ok o of g}

const char *PyEval_ GetFuncName (P\Obje 't * func)
Part of the Stable ABI. ﬁmc7} S, FEl s T Jd2" A AAE funce] o] &S WHgetal, 187
%o funco] 2 o] &S wEg Ytk

const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL. func®] 3ol whe} A" Ex14E S w3yt ¥kst gholl = a4 2 gl =
“()”, ” constructor”, > instance” & ” object” 7} E+H Ut} PyEval_GetFuncName () .4 A3} 9} o] o]

ol 9 funco] A o] HUth.

N
rE
fofs
i
rn’.
rit
%
<
kv

6.9 79 5549 29 g

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. ]2 Zd AM g5 SE3 T}

g o, o 2 EF X ohfthH, encodings 7| A& RESt] G4 A A o H52 A WA

FEo] H=F Yk

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.

H A 3.109) F7}

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABL. | A ¥ encodingol] HJ3] SEH Fd o] =0 whz} 1 o]} 0L wHEsH .
o frt B ABEI

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. W 79 7|9} Q179 APL

object= errorsZ 7 2| H o & 2] g ‘301"?3 S AFR-SFod X A H encodingoll 3 L AH QI Y T2
AUk FZdo] HolH 7|2 v AF2317] 350 errors7FNULL & 4= 95Ut QAT & 23S
4 Qo LookupErrorE 2HIAI 7 7‘ Yt}

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. W 79 7|9 t] 79 APL
object=errors® A2 A o] 22 WYL AFL ] AR H encodingol| ths AR t)IY 4R
AUt Zdo] HolH 7|2 ¥ S AF2317] 93] errors7F NULL & 4= 95U th Q1T E 2

T 3 © W LookupErrorE &4 A] 7‘1/11;]—
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6.9.1 T4 x3] API

b3 ol A, encoding FAHE & B AEALE AEE o] 23FH D=, o] W AYS
a2 2 oHA] A HUth Zdo] gle ™, KeyErrorZF A% ¥ 1L NULL ]

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. =] % encoding®l tj 3t Q1 Z 1§ &4+E 74 St

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 5 0] A encoding? ] 3t t] 9 s+5 714 3 Yt}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. ] B encoding®l] Y] et ITncrementalEncoder

A7 7HA g U

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. 2| B & encoding®)] U] 3+ IncrementalDecoder

A7 7HA g U

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. X A & encodingl] ™ 3t St reamReader ¥ E g

e MU

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

48 A ST

6.9.2 FUFT= 234 o8] AE]|7]& 552 API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL. A A H name 2. & o 2] A 2] MW I errors: 5
FREBAHUTYE 5 i ol EDS AR, AR/ TE
v 7 @—”PE A74HAe o o] W F4E 2 SdYTh

Z W e 3Fr} e <9 A E  UnicodeEncodeError, UnicodeDecodeError X =
UnlcodeTranslateErrorA AABEAE BolSolt, ZA7 HE EXU vlolEQ A A
29t ol 59 P FAE oA 9 2 Z Al qm ARE G YS YT (o] AERE FZ23= T4
FTUIZE ole] AAE FRALR). FHLE FofX A9 & HAYA 7| AL, ZA7F A+ Ald29
thA| 2t def EAEANA JATZF/HEE S ‘:‘r/\] A&l of 3t L Z S A Fot= BT E 2T
= 9= FEL ol FuTk

458t 05, ol 2 -1 Rty o

PyObject *PyCodec_LookupError (const char *name)
Return value: New reference. Part of the Stable ABL name 22 SE % o8] * g &4 5“'—’?—%
St A ENULLe]l AE E 5 =, o] ul= “strict” of Tt ol 2 A 2] Fo

PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE o] 2] 2 WA A 7] U T}

FUth 3] AnY P

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Zr35 ¢ &

e},

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -1 ZE 17 o8] & ? Y U+FFFDE X &3t}

tjo
[
A
Rty
H
Jo
<
kU
[t
=2
v
i
o
>
i)

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U I = Q17 Y o 2] & XML 2} IFZ 2 X33t
e},

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. FUZE Q1 FH o 2] & W & A] o] 2A o] = (\x,
\u E\U)E X

6.9. &

gir)
ol

229249

i
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PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. U T E A7 o ] & \N{...}
o)A o] = 2 A FHEU T

B A 3.50] &7}
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4
(o

o] Ao Y5t AA Y Y3} FHHA, L PR E R AR PO (N E Fol, BE 2 Y EE RE
A7 ) o)A AT} 45 AL Th, 485 4] S AR Foll AL, o] A o8] 2 Fu .

PyList_New ()2 THEJ AT, &5 o] o}2 NULLO| old Frto 2 A= 2] k2 g2 E AA e} 2o, A
2 2735 A k2 AA of HisiAE o] T8 AR 5 s Uth

71 AA) =2 & F

PyObject *Py_NotImplemented
2178 H @ 23toll thsl] A4ke] FHH A ka2 deEl= vl AHEH = Not Implemented 4 5 &.

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).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
5L fpoll A 0% A F e 2] A 18 WAGUEL fags QAL 5 98] §4 € FISole
o] A& Ut WH A A= & F e A2 Py_PRINT_RAWY YT F o] A, repr ()
o) str () o] 712Uk,

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABL. 0] attr_name Q)| EB|HE7} oW 1-&, 22 2] ¢t oW 02 ¥t} o] A&
g}o]# FH A hasattr (o, attr_name) J}ECUH/]E]- o] St = SHA]
__getattr_ ()% __getattribute_ () WINEZE T &5t T LA d=
QoA L. o8] EuE JdoeW Al Pyobject GetAttr ()2 AFL3IAA L.

4
>
)
i—’#

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

Part of the Stable ABI. 0l attr_name 9| E 8| HE7} g oW 18, :/_a 2] 9ro ™ 0L w3t} o] AL

glo]W ¥ 4 hasattr (o, attr_name)d TE53HUrch o] 4= A A F s ok
__getattr__ () & _ _getattribute_ () WA EE T &3 A =AE AAE @

Ex T #AsE A= ‘”7‘1]5‘01] FostA L. oy Hug dogd thal

PyObject_GetAttrString ()< AFE3HAAI L

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. 2} A 09 /\‘] attr_name©] 2= o] £9] o] EE|HE
2 AU B o2 BE gt AshE NULLS BT T o AL sol W HAA

o.attr_named} E53h T}
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PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Part of the Stable ABL. A A oo A attr_name©] 2= o] 5 9] o] ER|HE
E 7HAF YT B35tH o E R E k2, A etd NULLS BT o] A2 B R
o.attr named} =53}

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject ¥*name)

pay

Return value: New reference. Part of the Stable ABL. & 1A 9] tp_getattro &Fo X5 = g4t
A EZHE AE (getter) T, AA Y] (JAthH) __dict_ o & oJEHFERET o} A A <

MROO| 9l S22 g elo Y& tA2THE S 25U Th descriptorsol] 2. 9FF A A 3, o] o]
HUH2IHE = Aot o ESRERY ¢ ASHA W, B Hlo|H HAaa fH = 184 dsyth
28R ¢FoW AttributeError/F &AL}

int PyObject_SetAttr (PyObject *o0, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. 2| o°l] t3l, attr_nameo]2h= o] 22 o] EFHE IS v FoE AT
ok Asf Al o & DAL -1 HEF U et 0 vy o] AL vhold 24
o.attr_name = v =53]t}

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

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the Stable ABL. Z A o] W3l attr_name©)2h+= o] 52 o] EBHE S v o=z
th A Al A E DAL -1S HEF YT AFEHE 0 R o] A2 5t
o.attr_name = v} E5gr}.

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & A 9] tp_setattro &0 B XE & L¥l o] E 2] HE A (setter) &} &
2] ¥ (deleter) 3. A4 2] MRO®| )&= Ze 29 gA el A Hi o8 A dE & 2, ddE
Axds g ele] Yt o= HES AR HAL AR S AR SAFUTE 12A o,
AR (etd) __dict_ oA o EZFHEZF A AU AAF U AF st 00] vEgke a1,
28R o attributeError7F AT -1 0] HEEE U T}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
A3 0ol T3}, anr_nameo] B 0] 28] o) £ 2 HEF ALA Tk, A Al -1& W o
ol E& del o.attr_named F5FUch

pa)
rlo

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
A2 ooll thall, attr_name©)2h= o] 52| A E B {FEE AAI Utk A3 Al -1 &3 T o
gtolH EA del o.attr named =3 Th

pa)
rlo

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ U223 HE S AH
(getier) 2 913 AW ol 7. DL HY D4 e] 2 BEY o)

B A 3.30] F7}.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ T2 HE 2] A H (setter) S 9 3 GukA Q] +£3
o) 2AL GH I AR E FetalA] Gzt

B A 3.30] 7}

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABL opid®l| 2]3] A H A2H-S AL-83} 017} 029] ZHE
vl W &Yt} opidi Py LT, Py_LE, Py _EQ, Py_NE, Py_GT X+ Py_GE % dFvpojof stal Zh7) <,
<= ==, I=,>EE>=o T Ut o= o] FHA4 ol op 028 FFFUH 7]A ope
opidol| 3 Zot= AR U TE AF A vl ghE, A Al NULLS WHERRb Y o

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

Part of the Stable ABI. opid®l] 23] X A E AAFS AF&31o] 0]} 029 ZH2 v Y Th. opid=Py_LT,
Py_LE, Py_EQ, Py_NE, Py_GT ¥+ Py_GE 5 Stttofof 8}l 747} <, <=, ==, |=,> & >=°] 3| &

.
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Fuh @ A 12, AT AR oW 02, 13X 20T 12 M T o] & s W EAA o1
op 029} 55 F1ITh ©17] 4 op= opidel S FHs A AT,

2312 017027 L A A o] W, PyObject_RichCompareBool () & A Py_EQQ 9= 12,Py_NE
A9E 0% wakg

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

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

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A 02] EX14¥E %3-S A At}
9 592, 419 SHE NULLS MEEUI T o] 2L Bhol f F 74 repr (o)
g el oja) 523 ek

H A 340004 WG o] o= o)A Y I o] d o] 23 of glo] A 9] E 283 H A

RES T

PyObject *PyObject_ASCII (PyObject *o)
Return value: New reference Part of the Stable ABL. PyObject_Repr () A3, A 0] £ 3 S
A XA B \x, \u = \U o] 2 A| o] ZE AF51o] Pyobject_Repr () o] BFEFelE E 2} of| A H]
ASCII —EZ}% o] 2 A O]E Gyt o] AL oA 2014 Pyobject Repr ()l ol vigkd 234
SAREALL ARG ascii() B gl o5 £2H Uk

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL. AR 0] £214 T3S A4t A& Al 414
E¥LE, A9 A NULLE WU T o] 22 dhold A str (o) 2k FEFUL str () WHE
ol o8l mEbA print () ol Qi E EEH YT

W 3404 W7 o] Beolt o)Al L o Aol Eao] slo BA S E 283 WA
2% g,

PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL. 21 4] 02] vlo]|EE &L A4ttt Agjsid
NULLE, 435 Hio] EE A & vEghg Uth o]= o7} 7t obd wff 3ol 32 A 4 bytes (o)
2} F5FYLh bytes (o 3} 2], o7t Aol 022 27314 nio] EE A A W4l TypeError 7}
i @‘4 =

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. Z 3 2 derived 7} 3 2 cls2t 5 L3 A U clsol| A 3P E 9o 1-& Hkstkst
a3 ko 02 et o 2 7 A e -1 vk T
cls7} FZ oW, dlse] = Fmol ofal 247 ¢ AHUTh Aol shte] BAIA 18 Waks
A= 10 Ha, agA e’ oo] Ut
clsoll __subclasscheck_ () HIAE7F o™, PEP 31199 A9 = t 2 A B Z 2 AE)
3t7] fs =g Ut Z’-&‘Zl ?%2 W, derived7} A7 == P A B FEHHAY of cls] A B
QUth S cls. mro_ ol £85 o] 9%yt
dutH o Fe 2 AR (S typeoltt 3t Sef29 <
AAE __pases_ oEFFEM ) Zeh 20 FEol

% g% th

int PyObject_IsInstance (PyObject *inst, PyObject *cls)

d2w s 2R g a9y,
oF 3 3 o

o

Part of the Stable ABL inst7} cls 2 2 clse] A B S 2~9 AaE A0 1S HI3Hsl 1, 18X
0o 02 HBFITE. olel 7} WA E 12 MAH L o9 & A T

cs7} FEOIW, ddse] BE 5o sl AAL FAFUTh FoE shike] 7 Abel A 12 wkekaw
A3 1ol ¥, 194 skow oo] Hth

Lo

71. A =28 F 83
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clsoll __instancecheck__ () HIAE7} Q2 ¥, PEP 31199 AW = t & A B Z&] 2 A

st7] S8 & EH Uth —"’—E‘qx] 95}2“4 insti= 3 Ze 27 cls] B FHA Y wf cls] A2

ek,

2B it _class_ O|ERWEE ARomM TULE BRI AL AR L S A%

k.

AR cls=__bases__ o]EgHEM|o]x FH29d &

AFSAS o) 2 FALA TANAE AR T 5 A%
Py_hash_t PyObject_Hash (PyObject *0)

Part of the Stable ABL. AR 02] 3| A| gt Al4betal vkegy o) Asfetd -15 93y o] 212

vto] % ¥ 4] hash (o) & 55 FYTh

¥ A 3.20]| 4] *H 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_HashNot Implemented (PyObject *0)
Fart of the Stable ABIL. Set a TypeError indicating that type (o) is not hashable and return —1. This
function receives special treatment when stored in a t p_hash slot, allowing a type to explicitly indicate to the
interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL. 21 A] o0& #2 2 7HE31 ™ 1%, 222 god 0L ¥l o] AL glo| A
#9¥ 4] not not 09}5’:5“%5}- Aol st -

int PyObject_Not (PyObject *0)
Part of the Stable ABL. 21| o0& # 2o 2 7H5E31H
@4 not o9 S5 AVTh AsHY 12y

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

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

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL. 2] 09] Z o] & wta3t}. AR o7} Al DA W =2 EZS A F5}HY,
AA2 Aol 7k R T oe 7h et ~1o] e Ut o] AL Fhold B84 Len (o) 9
==3hr}

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

W 3400 =71

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABL 2} 2| key©l| 3l & 3}+= 02] R 4 & ¥HEH3} AL} A 3) A
NULLS NFEH o}, o A2 shol 4l £ &4 o [key] % F5F 1o

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL. AR keyS Z% voll ml gt A3 A] o 2] & TAA] 7] 11 -1 wHEghy
439 oz wawe AL ol B olxey] - vo FEAUL o] Bot vl

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. AR ool Al A A keyol] th &t v S A At} Aastd -1 wrsghch
o] 21 FFol W 4 del olkey] & F5HUTH
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PyObject *PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] A& d}lo]W ¥ 4] dir (o) 2 55314, 2 A
Aol A £AL (Mo YL 5 Y) PAEE WHBFAL, o 27} Jow
Ytk Ax7EnuLLel |, sho]d dir () 3 Hlesk, F A A] < (locals) 9] o] FE& WEF U ©]
A7, A ze o] F43H o 94 ‘3%2”& NULLO| WP A Rt PyErr Occurred ()& A&
skargh o,

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. 0] A2 3}o| W 28 4] iter (o) & 55Ut} AA
ol z}of| o) 3 A 2L o] E] &) o] B} & w135} A L}, A 7} o) ] o] B & o] B o] A X AA| & wkEkai )
AAE el o] E & & ¢l TypeErrors WA A7) 3 NULL& W& th

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

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

WA 3,109 57}

72 35 Z2EF

Ik

CPython2 5 717 52 Z2 EZ2 AUt} p_calls} H B Z (vectorcall).

721 tp call Z2 & F

tp call e ARTE 2o daBaE ZBYUD SR ABL o 24 oh

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

to] W FE 9 callable (*args, **kwargs) &} FAFSHA, 914 AAE A3 FE3 719 E AAE
A g & AFEste] E&F YT argsi= NULL O] ofyjojof Futh (A7 glod ¥l &35 A

S A L). A 71 = A7) §Lo A kwargss NULLY 5 54t}
o) 722 tp_callol A ¥ A1 0] oL T tp_newsh ep_initk AALE ol® 402 Aeghic,

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

7.2.2 Mg Z(Vectorcall) Zz2 & F

WA 3.9 71
Hi‘ HE Z2EZ2PEPSIA 225 282 o7 AT F 722 EE2 E9HASUTH

¥ F2 o2, CPython E&E0] X 43 W*r TEo A AHES AEFYth 28y o] A2
Z 35t 2 o] 0}"114‘:]' EEU} O]H B A AR} 3-8 (PyObject_call () & AFRS1A] 91
7\}%@‘4 ot webA, e ES 7\]1’16} SHNEE tp calls T3 O]E FUTh Esh o T2 EZS
A A% BAGCl BHBE FAA AF e oF GUTE o2 913 g L P
PyVectorcall Call ()& AAst= AYYt) o] Ao viE-&S A g}

A: HEZL Q= ZYPAE ZL2 U7 Y52 tp calld WrE A L& oF Tt

tP CallEDPLﬂﬂ Aotd Sd s W E —?fﬂﬁﬁfﬂ“ HEU oS S50, T EAT} oA Y] AR

AR} FE 37 kwargs YA 1 2] 2 ¥ g3l of S}Eﬂ, HEZE 13T o] G}

\‘
N
}o{:
i
[t
e
H
|
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Z 2= Py TPFLAGS_HAVE_VECTORCALL Z ¥ 1E X315} tp_vect orcall _offsetg vector-
callfunc 7} S33t= AA F2A UHe e zAog ARl HEZ 22828 13T 4 g4
olAL T} e AW L 7= T2 e v)|= 2oH YU}

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

* callable-e =5 = AR YU th
args= 97 ARG AE L ANE A gow PR CHIUD. 9 47 9o

NULLYD & 95U th
o nargsf= ¢ x| Q1 z}Le] 4o PY_VECTORCALL ARGUMENTS_OFFSET Z 3 21 & g3t Zdyrch
nargsfoll A DA 2] A £E oW, Pyvectorcal ] NARGS ()& /\]-—9'—6‘]-/\ A

* kwnames= 7)) = A o] F-& T3 FEYUTh Tl T3, kwargs S AU 2] 7). o] o] F
S AL (stroly A B S0 A" s o]ofopstm 3 oF Ptk 7Y E AR
oW, kwnames= 4l NULLY 5~ 35Ut

PY_VECTORCALL_ARGUMENTS_OFFSET

o] Ze 17} e F nargsf AR AAHW, 9T EAE GAIH O R args[-1]12 HAT & AF
ek 3 ares S WA 24 1005] P S R RMEL 958 B A0
args[-1] g2 S8 oF &k

PyObject_VectorcallMethod () & A%, ol 221 WAl args[0]o] HAEH = Y=L 91

.

27} &3 ¢lo)) A s & 4 Q1S wjuit}, £ A= PY_VECTORCALL_ARGUMENTS_OFFSETS
AHEetE Zlol EHULH o)A 3t AZHE wA T T FH 5] T4 SE (Ll self AAE

WEHZe 7AIE AAE TE

=
=

P, e BHEI AAAE 55 AP F5E A HAA L.
PyObject_Vectorcall ()2 44L& o

= g B &R

F31: CPython 38¢ 4 WMEF APIS} #d T4+ o]l REo] 22 o522 FAHO
Z2 AL 4+ dAds5Y: _PyObject_Vectorcall, _Py_ TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArgq,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. = 3l

PyObject_VectorcallDict+ _PyObject_FastCallDictZ A|ZFH Y EHYTLH oA o]EL
As dEo] gl MELR o 59 EHoE Hogg Yt

A Al
p_callg NG ], 5| ZE2H= Ao s 48 Ba7 s Uth CPythOH“ p_call& Mgt &
A Py_EnterRecursiveCall () J}Py_LeaveRecur51veCall () & AFESh T}

5242 A, MHES ABee 558 A9olt 294 @HUTh HEEA4L Food
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & A}-2-31 oF g4 t}.

ok

e} 2 %) 9 AP

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
M E 2 nargsf AAP7F 2ol A W, AA| A 52 BT BA b2} F5 T o)

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

I, FE FFS 98] pyvectorcal 1_NARGS & AF&-3f of gy .

H A 3.89] F7}.
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vectorcallfunc PyVectorcall_Function (PyObject *op)
op7} MEE Z2E TS A A5A) gho vl (Fo] ANeA 7 AxB ATt A DA 97 W 2o,
ML AT, ) B0 b ol A A T B B AEE AL, o] B
oA 2] & DA 7 A Fs U
O AL op7t MEIZ S N Y3 =A 2 Q5= ] 2 8231, Pyvectorcall_Function (op)
= NULLE Felshe] 43 & 4 AUk
WA 3.8 =7}

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Sz dAy g 2z Fo] A YA &} 71N E QARAE callable®] vectorcall func & &3t}
o] AL tp.call €F° YAY tp_call F8 AL37 A4 S5 FFJUoh
Py_TPFLAGS_HAVE_VECTORCALL Z e 1& E¢15}A] &1l tp_callE Z W GPZ] FsuUth

WA 3.8 F7}

7.23 A & API

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

e FiAS RSB ST O AU T AT S-S A 2 A

it

GEL RS

st ZYE args kwargs
PyObject_Call () PyObject * | F= g4 8]/NULL
PyObject_CallNoArgs () PyObject * | — —
PyObject_CallOneArg () PyObject * | 1 AA| —
PyObject_CallObject () PyObject * | FZ&/NULL —
PyObject_CallFunction() PyObject * | Z ™ (format) | —
PyObject_CallMethod () obj + char* ¥ 9 (format) | —
PyObject_CallFunctionObjArgs () | PyObject * | 7} (variadic) | —
PyObject_CallMethodObjArgs () obj + name 7} (variadic) | —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArqg () obj + name 1 A A —
PyObject_Vectorcall () PyObject * | WEF RS
PyObject_VectorcallDict () PyObject * | WEZF g A 8]/NULL
PyObject_VectorcallMethod () arg + name W= e =

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. 72 args® 5013 Q12k2} 9 A 2] kwargs® S0 7]
ol &= AAE F&E ol AA callables TEF U

st NULLS] SIS U | Q15 I8 S 0 R A 2. 850 2
I Q3R O™, kwargss= NULLY 5 95 4Yth

Al &5 235 WHEsha, /‘aﬁﬁs}@ o]l 2] & 2FA A] 7] 11 NULL-E whahgh ot
o] ALt} o)W AT T3} callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
FPart of the Stable ABI since version 3.10. QAZ} §lo] F8] 8 Ito| W AR callables TE3U ) AR}
Qo] Ze12 shol M AR AL AT AR PRI,

AEstd &5 235 qHsla, Austd o 9] & WA A] 7] 31 NULLS WY
WA 3.9 7}

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
B3] 1719] 914 ARk arg2 7191 = A} 9o 228 o)A A7) callable 5 E LI Th

=

72. 3£ Z2EE 87
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T

AEstd $& 235 sy, A 95k ¢ 9] & WA Al 7] 3L NULL-S Wk o).
WA 3.9 &7}

PyObject *PyObject_CallObiject (PyObject *callable, PyObject *args)
Return value: New reference. Part of the Stable ABL. & argsol] 2|3l 0% QA2 Z& & Flo| A 24
callable® 5% T T, 717} B 2 57) 90 args= NULLY 4 9% 11Th,

AEER 55 A4S VB, Aol ok o2 TN 7 T NULLE BT
o] AL th Fol A A TS5 FUT}: callable (*args).

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Part of the Stable ABL. 7}H 752 C QA2 F & & ol W A A callable
= &Ptk C AAb= Py_BuildvValue () 28 W FAE S AHE-8to] 7)< Yt} format
© NULLSD 5 910, Q1Ab7} Al 55 7 942 Lrebd U o,
AFetd S5 A3E Hhsketar, A v sty o 9] & WAl 7] 2L NULLS 9kt oh
o] AL t}L Flol W AN T3t} callable (*args).

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

WA 3404 M format®] B o] char *ollA WA 5T

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference Part of the Stable ABI 74 N49] C ARE AFR-SE] A A 0bjS] name
olgte olF9 MINES TP ULh C A= F=5 AN oF sh= py_Buildvalue () Y
AL ® 7legyth
format2 NULLY &= 9Jo ™, 917} Al 2= A 2L yeldy)
AEetd 25 235 Eeta, A etd o 9 & LA A7) 3L NULLZ WHHgy th
o] Z1Z th& ol FHA A F5FYUT: obj.name (argl, arg2, ...).

Note that if you only pass PyObject* args, PyObject_CallMethodObjArgs () is afaster alternative.

W 3400 A WA nameT} formar®] 3 o] char *o| A WA F Tt

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

HFEE 5F A0S NEeh, A S o9 WA 7 T NULLES BB o
1AL Tk Shol A £ AT 5

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABIL Call a method of the Python object obj, where the name
of the method is given as a Python string object in name. It is called with a variable number of PyObject*
arguments. The arguments are provided as a variable number of parameters followed by NULL.

4FotH ©& 435 nhghelar, Aajstd o 9| & 2 A 7] 3L NULLg Rhghehy ot

PyObject *PyObject_ CallMethodNoArgs ( PyObject *obj, PyObject *name)
A2 Qlo] shol W A obje] MM EE TEFUTEH o714 HIA = o] 52 nameol A 3}o] W £+
AA &2 Alsg

4B £ A9 NAsh, AshSHE o] 98 WA 7 T NULLE W o,
WA 3.90f =7}

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
& A2 AL arg® 3kl AR obje] PINEE ST o 714 WA = o] 52 nameol| A 3}o]
W E=AE AA = AlFHYth

4EotH ©& 435 nhghekar, Aafstd o 9| & 2 A 7] 3L NULLg Rbghehy o

r££

I‘BL

53Ut} callable (argl, arg2, ...).
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A 3909 7}

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

ZH gfol W AA callables TZ3H Tt QA= vectorcallfunci}ﬂ’\\%\?‘r callable©] ) E]
Z2 AN QSHY, callableo] A FE A= 42 4 &3

3t 2 ZAIE HtEsta, Aushd o 9 & WA Al 7] 31 NULL-E wHHEHU T}
3.90] &7}

3

of

=z
2

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

A A2 E E JEE*# g 88| A AR MU 2] kwdict® A2 719 = AR callable
FE U args WAL 917 AR £ o,

Ao 48T S22 AR, AR WAL ek e, o] Bt S el

oln 7| = ALz ARG EH|7HE A Bl 7F QUAIRE 9 2] AAfel] th @ FE o] }l= w v ARS

sl oF ),

WA 3.9 =7}

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf,
PyObject *kwnames)
HEHZ 55 73S AHE St MM =E EZ?“\%DP HAE o] 52 FFo] W FAHE name S E A F
AUtk AAEZ SE5 = AA = args[0]°] W, args[1]°] 4] /\lxﬁ‘ﬁ} args G- &9 AAE
‘/}E}‘éi Utk skt o] /4del 92 AR} Qo] oF fhU th. nargsf <= args[0]= T 91 2] AR ol H,
args[0] ol A" oz HAE 4 9l 2 PY_VECTORCALL_ARGUMENTS_OFFSET©] B & F Y
t}. 7Y = QA= Pyobject_Vectorcall ()oAXH AGE 4 Jd5yrth

mlo ;\2

AA N Py_TPFLAGS_METHOD_DESCRIPTOR 7]%°] Yo, AA| args HE] &S QAALZ A ZH X &
S A= AHE TZ Ik

dFetd 52 ZIE vhsketar, Asstd o 9] & WA A 7] L NULLZ R o)

WA 390 27}

724 5% A ¥ API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL. A o7} Z & & 1A iUt AA 7 Z8] B o)W 18, 18X goy 0
Hrgkgtu . o] S A AT U T

7.3 A =Z2EE

int PyNumber_Check (PyObject *0)
Fart of the Stable ABL. A 07} A} T2 EFS A|-&-3H 12 9Heelyl, 28X ko AR S vhgt
Fuch o] F4t 4 AT I

B 380A MA: o7k A2 A 18 W ok

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l 3} 02E T 3t 271}, A3 Al NULLS WHEHEHU T
S| AL shol AL o1 + 025 T

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 019 A 025 "R A X} }, A3 A NULLS ¥WFEHSHU T}
o] AL Fhol M FH A o1 - o028 FEHYTH

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 025 33t A3}, A9 A| NULLS WHEHgh o)

o AL Fol W EAA ol * 029 FE UL,

73. A =ZREE 89



The Python/C API, & x| 8|4 3.10.13

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value New reference. Part of the Stable ABI since version 3.7. 013} 025 3§ & FA1 3 270}, A )
Al NULL= ¥E8HgU T o] A2 sto| 2 £ d 4 o1 @ o029} 55 Y Th

B A 3.50] &7}

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. Return the floor of o/ divided by 02, or NULL on failure.
This is the equivalent of the Python expression o1 // o02.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating point value when passed two integers. This is the equivalent of the Python expression o1 / o2.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. 01& 022 U Y X1}, A s A] NULLS ¥F3HsHY
T o] AL Tol W B4 o1 3 029 BEFIL

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)

NULLS B33ttt} o] AL mto) W E3 A divmod (ol, 02 ¢ 55U

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, P}Object *03)
Return value: New reference. Part of the Stable ABL. W7 4= pow () & FZ2 3 Al 2. A3l NULL
& WU o] 22 Tol 4l EA 4 pow (o1, 02, 03) % FEEUTH o171 03 HEAIY
O} 038 FABHH W, 1 A20] by oneS ARHAA L (03] NULLE ALER FEE w22
oA 27} A g )

PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 02] 29} Fk(negation) <, A 3] A] NULLS
W) o] 28 sho| A EAA —o% 55U

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A] 05, A3 A| NULLES WI&shU ). o] A&
SholH & A4 +o5} F5HU T

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 02] 2Tl zkolu}, A5 A]NULLES W o} o] A2
stol ¥ F A abs (o) & FFFUTH

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. 433 A] 02] H] E WHA (bitwise negation) &, A 3] A]
NULLZ 9EHghU T o] AL glol A T 4] ~08} 55 YT

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

Return value: New reference. Part of the Stable ABL. A& Al 0l S 02935 &0 2 N ZE 3 A5,
A3 A NULLS BT T ol AL TolH BR4 ol << 029t EEFUTH

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL A& Al 0/ & 022 LEZ 0 F A|ZE 3t A&,

A3 A NULLS 9F3HU T o] A2 Tfo] 2 T84 o1 >> 028 F5FUT

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 029] “H]E Y =2 (bitwise and)” <,
Ao A NULLZ 98U th o] A2 sho]H 34 o1 & 02955 FY E}-

PyObject *PyNumber_Xox (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B] E ¥ v E} 2 =] 3 (bitwise
exclusive or)"&, A3} Al NULL-S WSO} o] A2 sho fl RAA) o1 ~ 029} S50,
PyObject *PyNumber_Ox (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABIL. A& Al 013} 022] “H] E Y 3= 2] & (bitwise or)” <
A3 A NULLS REFH T ol AL Tol W B4 ol | 029 EE T
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PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 02E T 3t A3} }, A9 A NULLS ¥WFEHSHU T}
o] A4kE olo] A A8 A| A} ol A (in-place) T H UTE o] AL 3Fo] W £ 0l += 029 FF
o,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l A 025 "R A X}, A3 A NULLS ¥FEHSHU T
o) QAL2 o o] 2| A5 A 22| o) Al (in-place) BT I Th. o] AL Tol W £F ol - 029 B
o,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 01T} 02& 3 3F A ¥}, A3 A NULLS ¥ T}
o] QAAL2 o 0] 2| B 5 A 2] ol Al (in-place) +AF VI Th. o] AL ol £ o1 *
S e,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 013} 02Z 3§
Al NULL= ¥HHghU ) o] 94k ol o] A1 989 Al AL] ol A (in-place) 53
ol @= o29tFSHUH

WA 3.5 7}

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l2 022 3 482 & 2 o] (floor) U, A 3 A
NULL& REHghuth. o] A4b2 ol o] 2|93t A 2}2] ol A (in-place) 5 3 F U T o] 212 sho] A 7
ol //= o298k 5@ YTh

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. Return a reasonable approximation for the mathematical
value of 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 o1 /= o2.

i)
¢

£

ol g
AW
o

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l 022 & U A W, A3 A
U}, of A4S o1 0] A AEHE Aol A (in-place) - F U k. o] 242 5o B £ 2 o1
S5

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 = pow () & F R34 A 2. A3 35}H NULL
= RESHtU T} o] AR ol o] A A 3HH A Ap2] ol A (in-place) 33 F U Th ©] A2 037} Py_Noned
o sho] A ol **= 028}, 1A O pow (ol, 02, o3)9 AAE HIFYH FFFUTE 03
E TS W, 22 Aol Py Noneg AL Al L (039 NULLS A& H 2359 v 2 g] AM| A7

Ay oh).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0l & 0295 &0 2 AN ZE 3 Z3E,
A3l Al NULLS REEHRHU T o] A4k ol o] A 3HA A A} ol A (in-place) 3 H U T} o] 212
ol M & ol <<= o289} FTFUTH

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 Al 0] 2 0272 LEZE 07 A ZE 3 AHE
A3l Al NULLS RFHRU T o] A4k ol o] A A 3HA A A} ol A (in-place) T3 F U T} o] 212
Spol M £ o1 > 029 BE T T

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “H]| E X =] 3 (bitwise and)” <,
A3 Al NULLS BFEHRFU T o] 4k ol o] A A3t Al A} ol A (in-place) T3 F U T} o] 212
ol ol &= o029 FFHYLH

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A5 A] 013} 029] “H] E W vl L4 3= 2] & (bitwise
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exclusive or)”&, A3} A] NULLS WU T} o] A4 ol o] A 3HH A2} ol A (in-place) 523
Utk ol A& shol A B ol "= 029 BE T

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 3-8 A] 013} 022] “H] EH 1= 2] 3} (bitwise or)” 2,
A3 Al NULLE BFEHRFU T o] A4k ol o] A A 3HA Al A} ol A (in-place) 3 F U T} o] 2
Fold £ ol |= o2t FTFYL

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 Al A4 22 HEH o5, A9 A] NULLS
WL T o] 28 shol A EAA) int (o) 9 55 ITh

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] float ZAA 2 WHEH 05, A9 A| NULLS
MR o] AL whol 4 EAA float (o) S 55 FUTh

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. 4F A] o] intE W 3HH 05, A3 A] NULLS
W o A s Al TypeError o9 74 A g ot

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

PyObject *PyNumber_ToBase (PyObject *n, int base)

Return value: New reference. Part of the Stable ABL. A4 n& 24 baseS AF&a| A W3 ExG S
kU ok base A Ab+= 2, 8, 10 == 16% SFLto O}: @"4‘3]’ A2, 8 == 169 -9, vEgtd 2t
gL '0b', '00' TEE '0x'9 z]/\ FEA A7 2zt kol 25U th nol J‘r o] & int 7} of U ¥, HA

PyNumber_Index ()2 HEH Ut}

Py_ssize_t PyNumber_ AsSsize_t (PyObject 0, PyObject *exc)
Fart of the Stable ABI. Returns o converted to a Py_ssize_t value if o can be interpreted as an integer. If
the call fails, an exception is raised and -1 is returned.

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

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

74 NAAL =22 EF

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

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL. A5 A] Al A2 02 AA 45 9k3tel 7, At -1 whEshyc}. o
gtol M 234 len (o) 2t FFHUTH

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 35 A] 012} 029] o] o] £ o] 7] & ¥l3ts}t 11, A 9) 3}
NULLE WS o) o] AL shol W R A4 o1 + 029 FEF T

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A|A 2~ AA| 05 count A WHE3 435 vt s} A )
5] Al NULLE WFEFEH o) o] A2 shol A EHA o * count St EEF LT

P
rlo

2
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PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 33 A] 012} 022] o] o] £ o] 7] & HI3ts} a1, A 9 3}
W NULL-E R o} o] A4b2 ol 7F X9 8 A 2] ol A (in-place) -3 B U T ©] A2 3}o| &
Fd4 ol += o298 FSHYTH

PyObject *PySequence_InPlaceRepeat (PyObject *o0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A] 2~ AR 05 count H ¥HE S ATE W35HA
i A9 Al NULL2 9ESHS U o} o] A2 o7} A A8t A| A2 ol A (in-place) 538 5 L T} ©
FolH FHA o *= count - FEHFUTh

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. Part of the Stable ABL 02] i & @ A& W33} A v}, A33H NULLS
WU T o 28 shol A A o1 9 55 T o,

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL. A| A2 A A 09 i1} i2 A}o] 2] £efo] A& N3k}
A}, AsfahE NULLS Wk ok o) A2 shol M EAA o[11:12] 9 BE I T

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)

pa)
rlo

A
3
Y
)
8\
w2
s
=
(¢}
>
=
i
)
<
fjr
QS
o
rE
3

O
P
=2
=2
s
o
i
£
i
£
o
e
K3
o
frt

iy

L,
%)
>
N
kJ
}I_\
o

= o
U Th 435 02 MBFUTH o AL oA B o(1] = ve FEFULL o Lty
SEREESE SO

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

int PySequence_DelItem (PyObject *o, Py_ssize_t i)
Part of the Stable ABL o A 9] i AR 8 AE AHA| T th Adsld -1 vksg ) o] A
T del oli]1&FFHUH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
Part of the Stable ABL. A|@ 2 AA vE A A2 AR 09 il A 2 AFo] 2] Eefo]20 Yy Th
ol AL veld FH o[i1:12]) = v ESHUTH

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL. A|h 2 A A 09] il A i2 Aol o] &Elo]2~E AA gyt Agsld -1&
HEERRUTh o] A2 ol R del o[il:i2] 8 EEHUTH

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 09l 1+ value®] 5 913Ut} =, o0 [key] == valued WE3}E= keyd
42 WU Anse 12 BB o] AL oW ERA o.count (value) 4 5 H
Utk

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABIL 09| value7} Q=2 &gt 09 & = 37} value2} 220 13 HESHS}H
2,294 grow 02 BT o) A -1 Mg th o] so] W B4 value in o9}

rlo
%
)
rx

T U
Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL. o [i] == valueS ¥E3tE= A WA Ad A iE ¥kstshuc), o8] Al -1

wEkelu o o] AL vho] W T4 0. index (value) & F5TTh

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A]A 2 o]E B E 02} 22 Y82 713 g2 E
AAE WA, A HE NULLES BB HHE G AEE RS A0 HAH U
o] AL Fol M FH A list (o) 2t 55T

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL. A|FA 24 o] #HE 02} Z2 Y& 7 F&
AAE et A, Aol st NULLS WU T o7F FE oW, A2 X 7F RIS E O, 29 A
Gow FEol A 4oz BEI UL ol AL Fhol 8 EHA tuple (o) % EE T

PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABL. A] 21} o] E] 2] & 0E T} PySequence_Fast*
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AD ool ALE R S gl AAE BB T A A DA o] 2 o] ohw mE vl A A
HAE R ALg3he] TypeErrors WA AU Th A7) A NULLS ¥ o

PySequence_Fast* &4 = o7} PyTupleObject W PyListObjectdtal 7} 311l 02 H o]
o A AN 237 wEof o] 27 o] & BEHFUTH

CPython 7@ M| AFFLC =2, o7} o] o] AJd 2 B2 E W, Whebg Ytk

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

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. 02| i A 45 w18sl=4), 07} PySequence Fast ()l 2|3
WHeke] 913, o7k NULL O] ok ™, 7} B A Wl Qlekar ZHg eyt
PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject £ 1 ¥ 2] o5 w A= RE&HFUTh o7} PySequence Fast () ol o3l RE&S| $1a1, o7}
NULL O] of 2kal 744 gt
gl ree] 277k WA W, Aol P
27 AAE 5 g el Aw s w e
PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 02 i AR 2425 wEst A, A9sd NULLS ¥FEHgHU T
PySequence_GetItem ()2 W& 3 Alo] 2 ut, ool 3l PySequence_Check () 7} Z+2 A A A}
314 obx, &5 A9 ag 24 3A et

75 njd =2 EE

_4

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

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

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL 5 Al 217 02] 7] 48 wiaksb7, A5 ok 18 WAFL T o] Fho] A
%34 len (o) 2 F5FUTH

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. Part of the Stable ABL. F XY keyol| 3| G 3l+= 02] 24 Ad] A NULLS
WSSt T} o] = Tho| W 8 A o [key ] & 55T UYTH Pyobject_GetItem ()T FZRHA L.

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the Stable ABL. Z} A 0| X &2+ keyS gk voll w3 o). A et -15 R o} o] 21
ol B okey] = v ESIFUTLE Pyobject_SetTtem ()T FRIIAA L. o] 4L vol
e FxE FAA sy
int PyMapping_DelItem (PyObject *o, PyObject *key)
27 0914 217 keyoll vl & vl B A A g T, Aoehe 12 WS Th ol 2L Tl £ del
olkeyl & FSFULE o] A2 Pyobject_Delltem ()] A JUTh

int PyMapping_DelItemString (PyObject *o, const char *key)
AA 0 A BAHE keyoll th3t w32 Al AU Tk A A -1 WAFU T o] 2L oA B3
del olkeyl& S5 HUTh

int PyMapping_HasKey (PyObject *0, PyObject *key)
Part of the Stable ABL w38 Ao key 717} YA 1S 9335111, 2
o]t oWl EBA key in o9 FE AU o] Bt B ABY
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__getitem__() MAEE &5 B I35 o9 AR B SO, oY RuS
who gy Al PyObject GetItem ()& A& Al L.

int PyMapping_HasKeyString (PyObject *0, const char *key)
Part of the Stable ABL. w3 AR o) key 7] 7} Y™ 1L w3311, 1
o]t st A BB M key in o9 EE AU o] Bt FH 4BY
__getitem_ () MINEE &3t YA AL AA S e A DASE A= JAH
T AAI L. dlE] R & woe]dl Al PyMapping GetItemString ()& AFE3HE Al L.
PyObject *PyMapping_Keys (PyObject *0)

Return value: New reference. Part of the Stable ABL. A 3318, 24| 02 7] 2|2 E & Whag Ut} A3
3}@, NULLS Hhek gy ok

WA 3TN WA: oAl F47t FAEY RES HERE

PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL. &3, 214 02] 7t 2] 2EE whEkshy o). A5
SHH, NULL= RFSHEHU T}

WA 370N WA ol Aol E Bt el aEU FES BBRE Y

PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABI. /d 83}, Z
et s At A

o
=

WA 3TN A W7 ol ol §4vt FAEY R E

7.6 olE]H ol =R EF

E3 o ol HE A AT F B4 AEUTh

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

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator
protocol, and O otherwise. This function always succeeds.

B A 3.100] 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 Py Iter_ Check () (itis up to the caller to check this). If there are no remaining
values, returns NULL with no exception set. If an error occurs while retrieving the item, returns NULL and
passes along the exception.

e o B & o] el o] Esl £ 8 A4 3e W, C D=L o] @ A0 ojof gk

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) ;

(Th& sl AT oll A%)
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(o1 sl o] A A A%)

Py_DECREF (iterator);

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

}

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

WA 3100 =7}

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. Sends the arg value into the iterator ifer. Returns:

* PYGEN_RETURN if iterator returns. Return value is returned via presult.
* PYGEN_NEXT if iterator yields. Yielded value is returned via presult.

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

7.7 H3 =22 & F

sto] H o A AFE T 4= QL= o AA|= o v R mlEd == W o
AA o= WA bytes & bytearray, 18 1 array.arraye} 22 43
ol B & om X A X A} 22 EFS B EE A FE %
ol2 gt Y- 77 Ao o u 7t YA Y (oputE) 2 w2 2] W H ol o3 Stk
Fuch o™ Aol A= T A flol A3 W 3ol AM| A8k A o] upghz] 3]

Spol e CHEAN v 22 E2 GAOR o] e85 ATHU o] ZREZ L T 744 o]

2 Sl A=, F ol “H H °1E%Jﬂ°l*”€ UlEd 2 9leg), 7 g AH 7S v ARE
= QA Utk o] Aol B AR 24 oA A yth
2t S0l A=, AR DA SHE Hl ol Bl o]l thet 2ABE 2 7] f3 ol 2] 7HA] R Ab
tH(el & S0l WA= wj7) =)

bytes E‘rbytearray-‘i} 22 3 AR = S W H E vl E A g P Ao
7FeUtth ol & €9, array.arrayol Y3 &5 = 84+ FE HolE 7
H o AE o] 28 £HA; o= 3t AR write () HIAEYUTEH HFH <
HolEE YWH T 5 Qe BE AAle ot 7152 5 (
‘415} A7 A-g AN 29 B2 8HA ¥ readinto () & 2

23Ut ¥ 7 A olas AA 7 §7]-2719 ¢ 7] A
i’lE% atiag
w3 Qe 5] o] 28] £nA7F th A AA ol s M3 E 2= Wi ol F 7HA7F syt

o HlE v/ M4 & Pyobject_GetBuffer ()5 T&3 T}

ofo
i
4

4
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it

s l_,r

e
ru
ofl

fuj
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30,
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e
[0]
N
>
it
[>
[y o008
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o fr I

= 2o
1% [ ofo (1
HN2lo
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oo g

ofo ofo iy,

o
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o yr, wr I s* A I = F}E ARSI PyArg ParseTuple ()(Bv 1 A = shvhH&

W pyBuffer Release ()& Z&d|oF gyt T2 A 314
3

T4 ggUh
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o2 AA 9 vlelu g HolB & sold 2 agmof A =EstE
£ (zero-copy) €20l WAUS L2 AHZE 5 A5 U HEF
S Al A, doo) HolB & vlold 2 g mo A o} GA =58 5 YH Y
LR C B ST MID ¢ Yo, 9 AA SholBe e AEE 7] Aol 22etr] g
= a1, vlolE]H Ql W2 2] (in-memory) F4] 02 L2315 Hlo]HE A3+

J 2%

2o doly @ 2], ¥ = pyobject £UH 7} ofy et @k C
oA e EAE = JS Ut HIE IR Akt 22
P
=

B4 e TLaEoR
ofo >

fr N o
i—'a
o
<

type Py_buffer

void *buf
HE o o3 7|ed =8 d F29 AZE 7He] 7] = 2 E. o] A2 Al ¥ A} (exporter) 9]
SR EA MR E5 WY REAAY T AFUTE A& 59, 59 stridesE AHEsHH
grol M=e) 259 22 7held & &yt
A% W Ge] A9, e vinel BEe) A2 A AUt

PyObject *ob7j
A new reference to the exporting object. The reference is owned by the consumer and automatically
released (i.e. reference count decremented) and set to NULL by PyBuffer Release (). The field is
the equivalent of the return value of any standard C-API function.

%5,\—?_]— 7§—-?—E, PyMemoryView_FromBuffer () B PyBuffer FillInfo ()& 7‘3]‘%]-?5_] Sl
Al (temporary) ¥ 31 8] -9, o] A= NULLYU T AubA 0 2, A F 3= (exporting) A 2= ©]
A AE 434 ghotok ek,

Py_ssize_t len
product (shape) * itemsize. AL B¢, st we] B59] dojdyth &4
Wjde] A9, A% TR BAMETY =84 F2A7F 24 2 ZolYdyth
((char *)buf) [0] oA ((char *)buf) [len-1] B A A= A5 S A3
SHo WA} FRE ALu S5 YTh g BEE o3t R Y& PyBUF _SIMPLE &K
PyBUF_WRITABLE U T}

i

ON
e rlr

int readonly
HH7F 7] AEAAE dEtH = FA 7| YU T o] == PyBUF_WRITABLE S 12 Al o]
Uk
Py_ssize_t itemsize
T 249 FE F7Mo]E)YYTE NULLO] old format Froll £ H struct.
calcsize () 3 25Uk
Z83 o9 &AW A7} PyBUF _FORMAT Ze) 1 §lo] B S QA3 Y, rormatS NULLE A
RE A" itemsizew A8 A FA Y g2 5 th
shape®] Y2 ™, product (shape) * itemsize == len -5 X7} A% A Q3L 40| A=
itemsized AHESte] M B E G 4 s h
PyBUF_STIMPLE ©|Y PyBUF_WRITABLE 839 ZAIZE shape®] NULLO| W, A H| A=
itemsizeE FASFA itemsize == 12 7}A S oF Tt
const char *format
G FE YRS AYdlEstruct ZE 2AEY EHYNULER
"B"(F & = vel BE)E 7P Th

o] 9= pyBUF FORMAT Z#2E Aol Ptk

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

Mo
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int ndim
W27k G2 e A < 001, burt 222HE it B 352 7]
AYtt. o] A%, shape, strides ® suboffsetss YFEA] NULL ©] o] of gy T},
U] 2 2 pyBUF_MAX_NDIME H | Y +Z 642 A3t} Al ZAHE o] Al 8-S &5l oF
EW%qﬂ%ﬂﬂﬂimﬂ%PﬁWU%KNMMﬂ 1742 A 2] & 4= Lo oF Fth
Py_ssize_t *shape
n-AHd W Q2 v R e) R ge Yetll= 2ol ndin®] Py_ssize t W], shape[0] *
* shape[ndim-1] * itemsize¥ len3} Zrolof Tt}
29 7S shape[n] >= 0& A|3F Yt} shape[n] == 0
Utk A g AR ke S A2 e AL

shape W} &2 2 1] 2o A) 21 7] A&},

Py_ssize_t *strides
7 2 QA A A LA 7FA 2 7] 95 AYHE vlo|E

4.

ro
oM,
Ho
rr
A
=

Fotged

E A|F5t= 4ol ndim®] Py_ssize_ t

4

sEvtolE e gele] A5 5 dguith D ulde] 3§, AETto S HE F4olA)
%, 2| stridesin] <= 091 498 A @ 5 glojok Fich AT g2 B4 o

e AZIAAL.
strides ¥ @& A n] 2}l A 7] ALt}

Py_ssize_t *suboffsets
Zol ndim® Py_ssize t 8] Q. suboffsets[n] >= 0 W,n HA AL w2t AAZH 7H2
fTL—O]Eﬁ ojil AB @ xA Zhe of‘.7&}5(de—referencing) 3 7} Z 9 E o B3t a}o] e 2 L}E}xﬂ
Utk 29 AH 2 Al 72 o 32 (de-referencing) 7} LA 5} A] kofof gHS 1/}1:,]-% 1,] Th(A L
Wl BEo A AEetolT)
BEEANH 2xMo]l 540 (5, dF27F 4884 ko), o] BEE NULL(Z]2 ) o] o] oF
3 o,
o] 719 ]9 E 22 3ol 1 o] u] A zho] el 2l (PIL) ol AL LItk o] el 2wl & 220

A 25 P o e A S S A e e BRI L.
suboffsets B} G-& A v 2o Al 91 7] A-g YUt

void *internal
o] 212 Al & 8k (exporting) A A ol of &) U R A o= AZg Ytk o & o] A ﬂ*ﬂ
(exporter) 7} B2 ThA] HAH S 4 o, W H 7} ‘GH A2 uj shape, strides 2 s 2 suboffsets wl g
sl Al s oF HFLXM] o 2 *‘"411‘2 XVJ'}% ol AL U T 2827} of 3hg WA s A= 0}
Hyh

7.7.2 W 94 &9

W=7 Pyobject_GetBuffer ()5 3l Al&3}+= (exporting) AA 2 ¥ 2 S HUA A5 th
o] = d 22 Bgdol AA e & YL BE, A= AT 5 &= AFS v {3
4571 919 flags AAFE AT,

€ Py buffer =& 24 F3 ol g ZZskA] kA HJHTh
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T BT flags®] AL WA 911 FAF L2 gho B A Aok T obd, buf, len, itemsize,

readonly, format

PyBUF_WRITABLE
readonly BEE Al@Uth A=W, A& X = RHEA] 227] 7Hs3E W 3 & AlF351A
U A E Busfer gttt 28X o, AlFA= 87 A8 MY A7) 7 HHE
AT 5 YA T BE 2zt il 4342 FA 80 oF T
PyBUF_FORMAT
format EE AAFUTh AAHEH, o] B & Zut=A Ao Tt 182 go
¥, o] &= WHEA] NULL o] o of gt
PyBUF_WRITABLEL T}2 A RE Ze19H 2 4 95Uttt PyBUF_SIMPLES| 0L 8 AHojE v g,
PyBUF_WRITABLEZ 5Y 3 TH 1E AHEH o kst 27] 7hsst & 84S o+ A5 YT

PyBUF _FORMATL PyBUF_SIMPLES A2 3 Aol |19t E 4 9<% Ut} PyBUF_SIMPLEL o] n]
P2 BT e v B) & v gk

shape, strides, suboffsets

vmelel el FEE Alojsh Fol 1k B} dadhs AR ULPYTh 4 222 2 obeol
e Fehad mE v =S £
274 shape | strides | suboffsets
A 34
PyBUF_INDIRECT yes yes 4 25t
yes yes NULL

PyBUF_STRIDES

PyBUF_ND yes NULL | NULL

PyBUF_SIMPLE NULL | NULL | NULL

CUzERASAHE YA H o2 g (T e, 2EZgo|E R E 23375 134 947 = Fch
~Eotol= A7} gl W, W5 L C-e1% ol of of BTk,
23 shape | strides | suboffsets | 9154
PyBUF_C_CONTIGUOUS yes yes NULL C
PyBUF_F_CONTIGUOUS yes yes NULL F
TC -
PyBUF_ANY CONTIGUOUS yes yes NULL CE=F
PyBUF_ND yes NULL | NULL C
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EER
BE VS 8RS o Ao Bl 2ol o) 283 BB UTh R4, N ZEEDLS AF ALS
He 2e o Fe 1 Al F g

g FoA Uvs BYFHA &2 A4S iUtk 28+ 545 3dst7] 930

PyBuffer IsContiguous ()& Z&3|oF gt
£74 shape | strides | suboffsets | <1< | readonly | format
PyBUF_FULL yes yes 286ty | U 0 yes
PyBUF_FULL_RO yes yes dastd | U 1EE0 | yes
PyBUF_RECORDS yes yes NULL U 0 yes
PyBUF_RECORDS_RO yes | yes NULL u TEE0 | yes
PyBUF_STRIDED yes yes NULL 8] 0 NULL
PyBUF_STRIDED_RO yes yes NULL U 1E=0 | NULL
PyBUF_CONTIG yes NULL | NULL C 0 NULL
PyBUF_CONTIG_RO yes NULL | NULL C 1%=+=0 | NULL

7.7.3 EZ3 g
NumPy-~€}2l: shape 3} strides

NumPy 2B} vl o] =8| & L 2= itemsize, ndim, shape W stridesZ 2] F Yth

ndim == 00|, bur7} 7}8| 7| =W E 8 Y X7} itemsize 37|19 22422 S| AFH Yt} o] A%, shape
W stridesE 5 NULLY YT
strides/hNULLOIE, WA FE 0 C D AT U T84 0w, 4u A The T 2ol
07450 W ol o A2 3] oF 3 -

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

oA AF ARl burs AA W 2E B2 o 2
o W F e S FAAS A S S 9gsu )

9

rln
]

7Fe & s Utk A5 A} (exporter) = ©]

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

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0O:

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

return True

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

if strides[j] > 0)

return 0 <= offset+imin and offset+imaxtitemsize <= memlen

PIL-~€}¥: shape, strides 2 suboffsets

Aut 5 Qo 5, PIL 28 Y s Goll &= AHd o Tt 84 7}Z% 27 A FEPBMW}%EJ B 7F x93
T+ dF YT Oﬂa S0, €Rt3-AA C i E char v[2][2][3]E2709 2- AL miEd< 78] 7] = 270 Y]
ZOH MERE B 4% 9g&5 U char (*v[2]) [2] [31. suboffsets EH A, o] F ZAE = bur9
Al Z R AW = E 4 e, W2 ol YA ol mi A 5= = F /W] char x[2][3] WiES
7k Yt}

T} NULL o] oF strides £} suboffsets 7} Q12 wf, N-2H9 Q& A7} 7he] 7] = N-AHg v F o] 8 Aof o 3t

TE g wAsE F2 AUk

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; i < ndim; 1i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];
}
}

return (void*)pointer;

7.7.4 W3 34 g

int PyObject_CheckBuffer (PyObject *obyj)

obj7} ¥ 3 QB30 28 A NFW 1 WEFIL, TFA o w 02 MBI TE 1o] Bk W,
Pyobject_Getuffer()7h 488 Aolehn RASA L &Uth of 34t B4 Ae Rt

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
flagsoll A1 B H £ viewE =5 exporter| Al &2 H Yt Zﬂ*x}(exporter) AR I e
tﬂﬁ E AlFS 4 gvhd, PyExc_BufferErrors °] © 7)1, view->0bjE NULLE A A5}, -1
2 wesof o,
A F3HH, viewE A1, view—>objE exporterol T3t A ZLZE AAE T, 0L vty 2%
g AR 2 2y A= o 2 9 (chained) W 3] FF 28] A-$, view—>0bi+ exporter Al o]
=3xS dsUd s AA F2AE H*ﬂ#)

PyObject_GetBuffer ()o] thet AFZAQ &L PyBuffer Release()ol 3t &3 %S
o] FofoF gt malloc () F free () & Hﬂ"% o} webA], A8 A 7 W R 2SS

PyBuffer Release ()& 74@'0] gt S EsloF Pt

O:

A

N mlo

:4
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void PyBuffer_ Release (Py_buffer *view)
Release the buffer view and release the strong reference (i.e. decrement the reference count) to the view’s
supporting object, view—>obj. This function MUST be called when the buffer is no longer being used,
otherwise reference leaks may occur.

pyObject_GetBuffer ()& 3 @A 42 W] o] & T Edk= AL AUtk
Py_ssize_t PyBuffer_ SizeFromFormat (const char *format)
formato] GAdtE itemsized v T o & 7} B A SHE, o 2] & A A] 7] AT -1

Yth
B A 3.9 &7}

int PyBuffer_IsContiguous (Py_buffer *view, char order)
viewZ ol ® W E 27} C 28t (order7} 'C') oY} ZET
St (order7F "2 1S UL 292 o 0S w9

void *PyBuf fer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
Z 0] A view W2 indices7} 7}E] 7] = W 2 8] 4 9L 71X YT} indices= view—>ndim Q1€ A 9]
W& 7he) A of gk,

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
bufel U ‘; 03_11\54 len B}l EE viewZ EARIUTLE forr= 'C' e 'F'(C 2B Y T X EH A
ded = AsUTh “15}“4 0°] Wkgke 31, o 27} 9 o™ ~10] REghg Ut

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
srcl] Q= len B} EE bufoll A< BHOE BAYTH order= 'C' == 'F' ITEE 'A'(C E]—,:_l
EEEE AR w4 EEE S oh A4 deuth 43w 00] WeE 1, o el 7} 9o -1
of WhEHE e,

o] St en = sre->leno]) H A ) gy T}

r G
)

ftlo
rE

2Bt (order7} 'F') L0 AU E F
BRI, o] BE B4 AT,

void PyBuffer_ FillContiguousStrides (intndims, Py_ssize_t *shape, Py_ssize_t *strides, int item-

size, char order)
strides W] 8-S Fo1 3 24 vlo]E 48} 0] A shape & & A5 (order7} 'C'H C 2EFY, order 7}
P X ETS AEY) W29 vio|E AERIo|E R AfJ T

int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)

readonly®l] e} 22 7] 7}5/d o] DA H len 2 7] 9] buf & =538 = A& A (exporter) o] T 3+ ¥ 7
23 Atk buf = +% %it Hpo] Eo] Al A AR 3 A Ut
flags A= 84 F3 S UERE UL o] e buf 7 87 AR 2 £ A %4 ¥ 3L PyBUF_WRITABLE?®]
flags®ll “%ﬂ o] AA gkow, FF W27 A= 2 viewE A=t
A F3H, view->objE exporterol]l Bt Al Iz E AAS, 0 w3yt 228X ¢rowH,
PyExc_BufferErrorE 4273, view->0bjE NULLE A A3 t}2 -1 ¥I3sh o}

o] Sk 7} getbufferproc®] YH- 2 AV2-%| W, exporter 7} A& k= (exporting) 2 A 2 A A =] of of 3} 11,
flags= A= A 2 AE A= o oF Frt. 1¥ A 9k S W exporter 7} NULL o] o] oF gt

78 Yo ns Z2EE

WA 3.05 g 9 A].

o] e sto] 204 “H2 B3 Z2EZ7APL 2o FUTh Sto|H 3o A o] ZREZ | K&
EABA dA T 2x FE o] A& YA FEE F4E2 A L EFGULh ) EL M W ZREFE

SR T34 g5 JSTL AU B HE A2 AL Yo £me Aol 4 gL T
whelA, PyObject GetBuffer ()(E=y* UYw* =W T E AR 3= PyArg ParseTuple () AE2
&)= TE 3k 7o i gt v v [ 7}Z131 W HENAE S Wl PyBurfer Release ()&

TES= Aol FHUh

mln
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int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. Z2} 7|9F 5 02 ALZE 4 Q1= ¢ 7] A& 2] § x| ol thet 2AHE
WU obj AR DL AIHE FA W AEF o)A E A Asfof FUth JFEd, 0=
WESkaL, buffers MR 2] F1 A 2 A A SEAL, buffer_leng W3 Aol= AU olF A, -1
Wkhskal, TypeError& A gt

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 9121 2] t] o] E] & % gHal= 917] A& vl = 2) 9] 2ol o & 2 Q¥ & magh ),
obj A= T A IHE ¢7] 7 W3 AE s o] 25 APl of vt AFshd, 05 whethsta,
buffers M 2 2] 9 X 2 DAL, buffer_lene W3 Dol2 AAFUT o2 Alel, -1& W2stal,
TypeErrors A4 gyt

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} @ A IR E ¢}7] 75 W 3 AH s o] 25 A Astd 15 W yth
297 2o, 02 HAFYT o 4t B 4TI
o G4 W E FHA L3 AT 3 S, G T EEHE B AT

o 2] = Al
Foat A L. o] HuE oW thAl Pyobject _GetBuffer () S A& A

¢}
a£.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 227] 7}-5-3F W & 2] §] 2] o] th3k 2 A H & RE3 Ut obj AA= D Al 29
E, A W3 A o] 25 A sl of Futh ¥ o, 05 WL, buffers W2 2] 91X = 47
S}z, buffer_len< W3 Aol AR Th ol Aloll, 15 ¥F2StaL, TypeErrors A Yt
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CHAPTER 8

o] Zo] gt A vtol A A P AW AL H UL 25 A ZEH Jo] AAE ADstE= AL
dut}; gfol A JEI’MW AAE e 202 S 7HH X 48R ofvhd, WA g
AALE Sl oF FUth o & , AR 7 2 Q1A %‘f‘tﬁ}ﬁ% A, PyDict_Check ()& A& A
2. 0] 2 gto] W AA o “é—i”ﬂﬁé TFA= o JdHFYTh

A o) Aol A AWeis Bt AT e Ao G2 50 27 ANSAT, B Bar
= et NULLS AREh W2 e) A~ 9 uko] WA

A4 A A = NoLLE Bl s @
Az E 7 54 F2E 5 A5

8.1 7] A
o] ol At shol W & AR 9k A2 E A Noneol tha) A F Tk

8.1.1 & A A

type PyTypeObiject
Part of the Limited API (as an opaque struct). W33 & 7| & sF= o] AR = AA Y C 24

PyTypeObject PyType_Type
Part of the Stable ABL o] 212 @ A2 & AA AUt} shold AF2 typedt 2 A AT
int PyType_Check (PyObject *0)
A 07k £2F AR A AT Fe] A2EAE Tge] F AW 00] obd g BTk
£RE %%02 Wby T}, o %‘"%TE} &gt

1% I*

int PyType_CheckExact (PyObject *0)
AR 07} AA ol Ak, £EW AA S A1 Fo] oh]w 00] obd gHe WAL ThE BE A
02 WHRFTE o] Bt B4 AT TUT

unsigned int PyType_ClearCache ()
Part of the Stable ABL. W& 23] A& AUt A WA el & vhEkgh ot
unsigned long PyType_GetF1lags (PyTypeObject *type)
Fart of the Stable ABI. Return the tp_ f1ags member of type. This function is primarily meant for use with
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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 APL

WA 320 F7}
WA 34004 W7 9332 o)A long©] oty gt unsigned long YU Th

void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL. &3} 24 9] ZE AH o gt Y& A A& FaZ Syt o] oE
SREYHol2 ZUAE $ELR £A Fole o F4F 5280k Ttk

int PyType_HasFeature (PyTypeObject *o, int feature)
B AR 07} 715 feamres A 3HHA 00] obd Zh-g Wk TH @ 7|52 GG ¥ E SR B A
k.

int PyType_IS_GC (PyTypeObject *0)
B AA £B 4270 e A9S 2L 9oW FL NFFU oL F Hej
Py_TPFLAGS_HAVE_GCE A g}

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL. a7} b2] A H & ol & vttt

o] I AA AB Fuk AU &, subclasscheck () 7 boll tis] EEH A 5
t}h issubclass () 7} 38k A0 22 HAALE oW PyObject_IsSubclass ()& 5Z&314]
Al 2.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL. & A9 tp alloc €22 Y3 4ulk A& 7).
sho] o) 73 v me] & vl AV EL ALE 5] A AARAE FFHIL BE U §S NULLE 27
sty

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABL. & AR 2] tp new €52 3 4d¥ X g 7]. €9
tp_alloc &% Agatel A A2 AE BEUTH

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. & 7| A& vt gyth 273 & ‘Ei]—E:] H 2= 3 A o 3l o] v A
EE Z3soF Ut o] e Y vlolx FHao A AEE €22 FHEUTE 43 A 0=
DT, 0 F A -12 W o9l AT

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
parents. On the contrary, if the type being created does include Py TPFLAGS HAVE_GC in its flags then it
must implement the GC protocol itself by at least implementing the tp_t raverse handle.

void *PyType_GetSlot (PyTypeObject *type, int slot)

Part of the Stable ABI since version 3.4. A1 3 H €% AZH &4 2AH & &g}
oj¥, £X o] NULLO| A &7t 7 & 8HA] 2 Wi/ W T EH e

Aoz s TAAE AL Ph P ow AL T,
slot Q12}2] 71531 & PyType_Slot.slotS FZ 34 A L.
WA 340 27}
WA 31004 H7A: PyType_GetSlot () can now accept all types. Previously, it was limited to ieap
types.

PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. Py Type_FromModuleAndSpec () & A3t & wE uj
AAE Y3} pAY BE A2 BBIUTH

FolR P AFAE 2 Eo] oW, TypeErrorE A A3} NULLS WHEHgHU T}

ol g dntFoE HAEY AYH RES VAL E o AEE UL o g A =of A,
PyType_GetModule (Py_TYPE (self)) & 9 &3 AHE vt3alx] ¢S &= Ao Y3t Al
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N
¥ pyCMethodE

WA 3.9 7}
void *PyType_GetModuleState (PyTypeObject *type)

Fo1X P} AFBH BEo| YO, TypeErrorE A A 81 NULLES ¥t}
npel AAH BEo] QAT FEI7FNULLO] |, o 9] & 478 5HA] ¢k NULLS wHEHh T}

e gaeTaRAL Y 9L vet AP

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return value: New reference. Part of the Stable ABI since version 3.10. Creates and returns a heap type from
the spec (Py_TPFLAGS_HEAPTYPE).

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

o] &= MEE Foll PyType Ready ()& TE&FYth
B A 3.9 &7}

W7 3.10]] A M 73 : The function now accepts a single class as the bases argument and NULL as the t p_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)< 553Ut

WA 3300 27}

PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABL. PyType_FromSpecWithBases (spec, NULL)

sk ES

type PyType_Spec
Part of the Stable ABI (including all members). 8 2] 35 o 5= F+=XA.

const char *PyType_ Spec.name
o] o] &, PyTypeObject . tp_names A A S+ o] AR Yth

int PyType_Spec.basicsize

int PyType_Spec.itemsize
AA~H 29 F 7] (HFo] E), PylypeObject.tp_basicsize} PyTypeObject.
tp_itemsized AR st= ol AHEH UTH

int Py_TyEe_Spec .flags
@ =2, PyTypeObject.tp_flagss AA st ol AHEFE U

Py_TPFLAGS_HEAPTYPE = #®H a2 7t A A F o A A % o o,
PyType_FromSpecWithBases () 7} AF5 02 Z e 2E AT}
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PyType_Slot *PyType_Spec.slots
PyType_Slot FxAS M. 54 €53 {0, NULL}ol &3] T g Yt

type PyType_Slot
Part of the Stable ABI (including all members). 2] M BA A 7|52 A 3= XA, £F D 7L =<
HE 233y oh
int PyType_Slot.slot

<= 1ID.

<3 IDE= F+ %A PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods W PyAsyncMethods & HE o]& o] py_ HFAE £49] o]
£2 AT ol Bol,:

e PyTypeObject.tp_deallocg AAd=Py_tp_dealloc

e PyNumberMethods.nb_addS A7 3= Py_nb_add

e PySequenceMethods.sq _lengthS AAS=Py_sqg _length
S = = pyType Specd} PyType_Slot=2 AFESHe] A AAE 4= 5T

* tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

* tp_vectorcall

» tp weaklistoffset (PyMemberDefES FFZ 3} Al L)

e tp_dictoffset (PyMemberDef & 33234 Al 2)

* tp_vectorcall_offset (PyMemberDef S ZFZ 3 Al L)
oS B= = A 3tH APIO A PyType_ Specd} PyType_Slot & Al&35te] AT 4=
fAs Ut
* bf _getbuffer

e bf releasebuffer

ZAEZ o = Py_tp_basesU Py_tp_baseE AAst= Ao A7FE £ 3l
o} EAE 938 d, YA PyType_FromSpecWithBases () 2] bases QA AS
A

[e]
WA 399 A ¥ A : Slots in PyBuf ferProcs may be set in the unlimited APL.

void ¥*PyType_Slot.pfunc
229 Ao gAUTh R o AL F5ol BB 2 A YY),

Slots other than Py_ tp_doc may not be NULL.
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8.1.2 None 74

Noneol| 3t Py TypeObject+w 3o R/C APIO|A A =&5 X 95Ut Noned AZE0|7] uf &0
(Col A ==F AH&3lA]) A A oto|HIE B & AAMsHE 202 SR P 2 o]+ E PyNone_Check ()
T7E A 1/]"/]‘-

PyObject *Py_None
Zre] 2215 U el = gko] A None AA| G Ut o] AA|o= WA= IS5 YT IFX 342
o] o2 A A 9} up R /1A 2 A 2] 8 of gt

Py_RETURN_NONE
C &% ol Al py_none® WS A& SWk2A A2 T THE, Nones] B2 158 S77 1

urEkg o).

A
2

8.2 A A

8.2.1 4 A

HE AL 909 379 “ong” A4 AA = TP YL

of g A, hE-E 2] PyLong_As* API= Ak} e 4= Q1= (return type)-1S WHSHgUth 235
A& A ASHHE PyErr._Occurred ()& AFEIHAA] L

type PyLongObject
Part of the Limited API (as an opaque struct). ©] PyObject®] A1 B &2 glo|H A4 AAE e

ot

PyTypeObject PyLong_Type
Part of the Stable ABL ©] PyTypeObject 2B A& Fhol A4 FZ epY Ut o] A2 slo] A
ASS int e} 2 AR YJuth

int PyLong_Check (PyObject *p)
Q12}7} PyLongObjecto]U PyLongObject ] A H & ol S ukdkdhut}. o] g+ 4 A
3o,

int PyLong_CheckExact (PyObject *p)
QI A} 7} PyLongObject ©| A Bk PyLongObject? Al H & o] o}
4 4B

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. vZ¥-E] A PyLongObject AAE wrEs} A Y,
A3l st NULLE RHEH g o

=)
L
fifo
r]I.
g
i)
i)
v
o

ol
-
rr

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 ABL. Return a new PyLongObject object from a C
unsigned long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. Part of the Stable ABL. C Py_ssize tZFE A] PyLongObject AAS
ukskal A, Ao shd NULL-S Bk e o)

PyObject *PyLong_FromSize_t (size_t v)
Return value: New reference. Part of the Stable ABL C size_t 25 E] A} PyLongObject AR & HI3

stAY, A9 s NuLLS WY o)

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongOb ject object from a C long
long, or NULL on failure.

e
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PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C
unsigned long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)

Return value: New reference. Part of the Stable ABIL. ve] A4 HE o 2 W) A pyLongObject A S
Hkehst A o, A9l 8l E NULL-S HEE S o)

PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABI. str2] B2}4 3k 7|9r S & 3 A} PyLongObjectS
Tt EAE 32 base] A (719 ofl whet 3 A g U th pend 7} NULL O] oFU W, *pend =
A £ Fol 2= A MA ZAE 7He A YUth base7} 0] ¥, sir-2 integers 78 & & AF-&-3H Al
S AE Yt ojull, 00] obd AR42] A3 02 valueErrors WA Z Y Th base7} 00] o} W,
25} 36 Apolol glojot 50, AAE B AU Bu A% A4 5L 52 Abole] gl
Wz e FABUT 247 808 valuerrrorh BT T

o X7

Python methods int . to_bytes () and int.from_bytes () toconverta PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyOb ject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

Return value: New reference. EALE udl] = FUIE 212 A| B2 E sto|H Aoz

[Sh=
WA 3300 7}

22

S}
=

gl

PyObject *PyLong_FromVoidPtr (void *p)

Return value: New reference. Part of the Stable ABL. €| pZ 5 €] glo]H A4
e PyLong AsVoidptr ()& AFREt] AR A 238 4 dH T

it

a
ful

i
°
£
ke
ro
An)

long PyLong_AsLong (PyObject *obj)

Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,
first call its __index__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a 1ong.

olg} Al -1& U Th RS AL A AW pyErr Occurred () S AR L.
WA 380 A ARG = o™ index_ () € AR EY T

H A 3.109) A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first call its __index___ () method (if present) to convert it to a PyLongOb ject.

obj®] Fko] LONG_MAX K th 3 71} LONG_MINH T} 2t O W, *overflows 747} 10] W -1 2 A A 31
-1 983 o) 28 R koW Foverflows 022 A AT UL} o2 o 9] 7} A S Foverflow S
008 HAsta -1 F49 o] wadhrh.

N Al 12 ¥EE Ut R A S Al ASH ™ PyErr Occurred () & AFE3HE Al L.
WA 3804 A AFE o e index () & ARERYTH
WA 3.109 A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Fart of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of 0bj is out of range fora long long.
g Al 12 eIt R 5 4L A A W pyErr Occurred () S AHE3HIA L.
M 3800 WA AT Jed __index ()& AREEUTH

H A 3.109) A ¥ 7 : This function will no longer use __int__ ().
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Fart of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

0bj2] Z}o] LLONG_MAXE T} 2 A1} LLONG_MINX T} 2O W “oyerflowE Z+zt 10|} -1 8 A A8t
-1 wtEstych 22 % o, foverflows 002 A AT T TFE o] 7} A SHE *overflowE
002 HdASHA -1 F A8} o] w3 th

N Al 12 WUt R A S A ASH W PyErr Occurred () S AFESHA Al £
WA 320 Z7}.

WA 38 WA Al gom  index ()= ALk

WA 3.109 4] ¥ 7 : This function will no longeruse __int__ ().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL pylong®] C Py_ssize t &S Wr3gUt}. pylong2 PyLongObject?] 9l
8 o] of Gk,

pylong®] 7ko] Py_ssize t2] M E Holyd overflowErrorE WA A 7Yt}
N A -1 WBFUTE REAL AAFAE pyirr occurred () AEHAL

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Fart of the Stable ABIL. Return a C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o|# Al (unsigned long)-1< Y& Uth 2RSS A A A PyErr Occurred ()& AH&
AL

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABI. pylong®] C size_t %8S WUt} pylongS PyLongObjectd] QA2 E A
of of gt
pylong?] 7ko] size_t 2 WY E ¥lojyw OoverflowErrorE WA LY}
o ] Al (size_t)-1SwtEstUch RS A S A AW PyErr Occurred ()& AFE3HAIA] L.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Fart of the Stable ABIL. Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

o 8 A (unsigned long long)-1< ®HFE 3 Y o} REAHS AAsHHE
PyErr_Occurred ()& A& Al

WA 3.1 A HA: 29 pylong= ©] A TypeError7} ol gl OverflowErrorE YA A Z Y th

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Fart of the Stable ABL. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

o #] Al (unsigned long) -1 ¥ Utch R3S A ASIEYE PyErr Occurred ()& AH&
42

HA 38N A AT = S index_ () & AHSEFYTH
¥ A 3.109| A ¥ 7 : This function will no longeruse __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obyj)
Part of the Stable ABI. Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, firstcall its __index__ () method (if present) to convert it to a PyLongOb ject.
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If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o]l 8 A] (unsigned long long)-1<& Y33 o} R34S AAGHHA
PyErr_Occurred ()& AF&3HAH AL
HA380A HA: AR S o index_ () &AM UL

W 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.
ole] Al -1.0& WUt RS E A A pyErr Occurred ()& AHESHAHALL

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 A NULLE ¥F&3tUth RS A& A At ¥ PyErr Occurred ()& A A L.

8.22 Ez|d AA

sho o] B AL A5 HE Zejaw
LUk mebd QulA el A4 L AHA g

% g%tk

int PyBool_Check (PyObject *0)
07} PyBool_Type BolW T& BAF U o B4t B4 4

dH Yt} Py_False Py_Truedts F 719 &9
2o AgHA Roth A HE AE

ol

.

PyObject *Py_False
sho] W False 4. o] AAE WA=} f&Uth B2 249 FAN AL b2 AA 9} v 2
A )4 of g .

PyObject *Py_True
sho] W True AA. o] A= WA EF QU T 22 Ao} BANA £ 2 A 9} v}RA A 2
A el sl of g th.

Py_RETURN_FALSE
Frol A py_ralse® W, 3% 48 A3 S/ P4

Py _RETURN_TRUE
o A Py_TrueE HHEHs)

H
‘}E
PN
ol
4
i
_lZi

A7) Z7HA AUtk
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL v2] =2 gkl b2}l Py_True Y Py_Falseo] ot
A F2E dkEghyoh

8.2.3 -5 &3 AA

type PyFloatObject
o] pyObject®] A B P& stol W RF 243 AAE vebdvth

PyTypeObject PyFloat_Type
Part of the Stable ABL ©] PyTypeObject AAE A= gto|H BE 443 IS JeEpY ULt o] 22
glo] W A Sl A float 2k Z-& AA Yt

int PyFloat_Check (PyObject *p)
Q1R}7} PyFloatObject W PyFloatObject® A H & o]

2.

s
e
filo
2
b
i)
i
i)
o

o
>
rlr
odt
ox
oX,
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int PyFloat_CheckExact (PyObject *p)
AA7} PyFloatObject o] AR PyFloatObject ] Al H &L opH S W&ttt o] =
B4 4B eI

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABIL. str®] £214 7k2 7|9C. & PyFloatObject A
£ s A, A9 s NULL.

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. vZ2 - ¥] PyFloatObject AAE s AL}, A
S} NULL.

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABI. Return a C doub1e representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa ___float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to _ _index__ (). This method returns —1.0
upon failure, so one should call PyErr_Occurred () to check for errors.

WA WA AT 5 DOW _index_ () B A FULh

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®] A U=, 247k, 2 A %,Eoﬂ 3 AH
structseq IAEAE EHF U S 31 float . hE ¥+ oF2 H &

double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

e
H
%
ot

v
0 0%
k3
kd

double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

8.2.4 H s A

shol o] A% AR L CAPINA 2 1) % A9 the Yo TAHUTH shibe shol i 2o
w59 sto] A AH o] L, T St AA BAS g EhlE C A AU APIE F 7H BEE
44T 5 g FHE AF T

TRAZA Y Hag

W) SR o)) @ FEAE Mol S ol 1 AE MBHE Pht LAHE B9 R Reke gro
2 thEUth o] & API Ao 4] 9% U o,

type Py_complex

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
Cpry_complex Hg ARG to] F H20] g Mtk

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
C Py _complex A& AHE3Io] 7 B4 Afo] & vhag o

Py_complex _Py_c_neg (Py_complex num)
Return the negation of the complex number num, using the C Py_ compex representation.
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Py_complex _Py_c_prod (Py_complex left, Py_complex right)
Cry complex BAE ARt = Base] 52 wagh

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
C Py complex ERE A1 F Bago) B Mag.

divisor7} null ], o] #l A == 0& JH8He}al, errnoE EDOMO & A A gt}

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
CPy complex BHS A3t num?| exp A5 A FS vty
3k

— H
num©] null o] 31 exp7} G} A7} ofU |, o] A E= 08 ¥H8Hetil errnoE EDOMS Z A A Fh T

shold 27 2 A 2] B s

type PyComplexObject
vholH B A S U= Pyobject o] A H &,

PyTypeObject PyComplex_Type
Part of the Stable ABI. ©] PyTypeObject A2E A= who] W B A4 3-8 e Ut sho] A A&
complex®} 22 A A Y Th

int PyComplex_Check (PyObject *p)
QlA}7} PyComplexObject U PyComplexObject AH & o] S ¥istsh}. o] g4 += 3

4 43,

int PyComplex_CheckExact (PyObject *p)
Ol A} 7} PyComplexObject©] A Bl PyComplexObject] A B §38 o] of W & widshc}
o] = P AFTH U

)

PyObject *PyComplex_FromCComplex (Py_complex v)

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABI. real W imag® M Z & PyComplexObject AAS
whgkgh o,

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)
Part of the Stable ABI. Return the imaginary part of op as a C double.

Py_complex PyComplex_AsCComplex (PyObject *op)
Ha op] Py_complex e WHEE YT
op7t ol W B4 AR 7F ol YA complex_ () HIAEZF QoW o] == HA opE 3}
ol EAL AXE A E I HAEE E%%“J"/} __complex __ ()7} X*-Jﬂ A koo
_ float_ () EhAITYTL}H _ float_ () 7FAYH A ko _index_()itﬁiﬂ?;ﬁ%\:}.
Totsre, ol WA 108 %o E waAg T,

B A 38004 W3 A8 5 Ithd __index_ () B AR EU T
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8.3 Al A A

Nz AR B3 QA el o
e,

112 A4S o] 2 Aol A o Yt of Fol A shol A Sl 1F & 57
TR DL AN E O

ol

8.3.1 nlo|E A A

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] Pyobjectd) A H @& sho] A nlol=d A% S Lhebduth

PyTypeObject PyBytes_Type
Part of the Stable ABL. ©] PyTypeObject?] AIAEH AL slo] W vlol|EYE & Ve YT slol A
A% byteset 22 A Yt

int PyBytes_Check (PyObject *0)
A o7} vl EGD A o] ALt vpo] EA o M H Yo <
4 A3

int PyBytes_CheckExact (PyObject *0)
AA o7} vRo] EQ AA o] A RE vl E A P2 AH 2
R e lch

[>
T
[>
g
e
o
rE
rlet
E—?‘-L
A
v
o
%
5
rr

ro
[>
rT
[>
rlr
o
T
as)
e
o
rE
rlot
3
T
v
)

PyObject *PyBytes_FromString (const char *v)
Return value New reference. Part of the Stable ABL. A &3l Zto 2 v BXF Q] BALER S Zh= A
Hpo] E G AA £ whebetal, Asf ot NULLES HHERY ok Wi 7] M4 vE NULL O] oFy of of T
AArekA ks Th

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A 33}d Zko] v XL 9] B AL o] 31 Z o] 7} len
9 ) Hhol = AA S WHsha, Ao 5hE NULLS U Tk v7h NULLO W, Hlo] £ A 7]
W& 2718 A ek

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C print £ ()-2€}Y format =223} 7HA 7149
Q1 A2 wrolA], Ax} gho] M Hfo|E G AR o] 272 ﬂ]&ﬁh* 7 tofl gro]l U vlo| EE AAE
WRgh . 7 QA C 3 olofof 310] formar B Aol 9 £ EAE I} A% o) Sl of
FUT 985 L 29 BAL he 245U o)

EAEA] e
%% n/a 25 g % &AL
1e int o vlolE, CintZ 2 Ut
%d int printf ("sd") & S5}
Su unsigned int printf ("su") o S5 Th]
$1d long printf ("$1d") 2} S5 FUHT
$1lu unsigned long | printf ("$1u") o} ES5ITHT
$zd Py_ssize_t | printf ("$zd") & =53 H!
$zu size_t printf ("szu") 2} S5 ]
%1 int printf ("$i") & S5}
$x int printf ("sx") &} FS5FTH!
$s const char* gd.28 CExajg.
Sp const void* C X9 1674 B4, Z;MZ printfrlojH ATE
Y=A o] Aaglol 2lEld oxs Al 2take] R ETE e
A9 Sl 78] prenct ("apt) St 5T UL
AT 4 Gt T FAE EU EADY oA Lito] m F3) AR 1o B4 A WS,
27} QA = AEY

U2 A A A w1, I, zd, 2, £ x) oA 08 Bel 1= AU A AN E JFS v AU
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PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 719 QAE FHotttE= A2 Al st e
PyBytes_FromFormat ()3 Z5Uth

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABI. W ¥ Z 2 EZS F 3 3}= A4 02 Hlo|EE TS
Whehgh o

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL H}o]|EF A A 0] 2 o] E wlalgh ),

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
o2} At @l PyBytes_Size ()9 MiAZ F 4.

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL 02] W&ol t 3t £ B & wi&3Uth ZQE = len(o) + 1HlJERZ FTA
H oo YR WHE ZHe Ytk W 3 8] npx] et ulo] E= & d (null) HPO]Eﬂ A=A ol FA §Lo]
A doyrct AA 7 PyBytes_FromStringAndSize (NULL, size) & A3l W= W&
012] A7 oty d Hlol Bl & A A= G HUth 232 sl A= ?} HUth o7} HpolEQ
AR 7} obU W, PyBytes AsString ()< NULLS ¥FEFEl 3 TypeErrorS YH A AU th

char *PyBytes_AS_STRING (PyObject *string)
o 2] AAF 9l= PyBytes _AsString () W E 3 Al

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABL. =3 WA buffer2} lengthZ AR 0bjo] B-F 7 Y& whag ot
length7y NULLO] W, vFo] EQ A4 = U738 d vlo| EE 23 = lgyth weF 138 vd g =
-1& ¥3tetal valueErrors WA A 7 U th
buffer= obje] VI w151 721714 261, 20 71 2 ol =71 5 B e Uengihe] = 5 951 4
or<=t}h. AA 7 PyBytes_FromStringAndSize (NULL, size) & AFRSte] W& wrEo] X

AS7h ol W HloEl 2 4 AR AE & HUTh BT AAHAL < H LTk obj7} wpol 2 A

7} o} W PyBytes AsStringAndSize () -12 W&t TypeErrorE A A 7 141’/}
WA 3504 WA o] do)| =, vlo] EE Aol d vlo|EV} 23 o] 9J W TypeError 7} W33
Ut

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABIL. bytes®l| newpart®] W& TlE 2l A} v}o

d

_4

Ed AR E #hytese] TH5UTH T2
A7 A x2S aF U bytes?] o A ghol ﬂh‘} %Zi% UG A AA 7 REold 5 gled
bytes©ll ‘41?& °:ﬂx4 Tz o3 WAL *bytes®] 2 NULLE AP UTH A& @lﬂ 7FARH
g,
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
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

g qolE 275w Ed AR 278 VP . A0S A2 e ol =R A E
5 ek AL§ 314 A 2 bytes 7} o] W] SLE o] ThE ol dhel A 91 4 glrhel ALgshA nh Al .
e vhol = A o] B2 A7k 10] obd ] o] T2 T EAE AL el ATy 7 vlo =
AAe] F4F halue(£8 7158 5 Ysth e Ael, e = A 2718 dgthic. 4%
o1, *hytes= 27|17 WA H vlo| EQ A& 7‘711 =31 00] JL%‘JE} *bytes®] FaE AH HA
oFE 5 Q15U ok Aol AselH, hyresol 913 el whol 2 AA L B AT T, bytes7}
NULLZ A AT 11, MemoryError7F A A E o -1 0] ¥k3kg Ut}
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8.3.2 nlo|E ujjd A A

type PyByteArrayObject
o] PyObject®] AH -2 3} 4 bytearray A A& ERY U T

PyTypeObject PyByteArray_Type
Part of the Stable ABL ©] PyTypeobject 912El 2 5ho] 4l bytearray - thebgiuith; sho] 4l
A%&2] bytearray®t 2 AA 4tk

L ELS EL]

int PyByteArray_Check (PyObject *0)
A2 07} bytearray 7 2| ©] 7] 1} bytearray 3 2] A/ B & A2 AW ZH-S vkt o] 4

Al _T'_tﬂ-l/] Iﬂ—

int PyByteArray_CheckExact (PyObject *0)
A A 07} bytearray 2 ] ©] A] Bk, bytearray F o] A B & AAE A& of W S wEFUL o] 4+
A 23 )

A1 A API g4~
PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W ¥ = 2 E Z& F33}= 499 214 (o) ZHH
R A | 22 bytearray AA S =& o)

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL string>} 71 Z o] (len) 2 5-€] A 22 bytearray 2] 3| &
vhsyth AsfstE, NuLLo] HEE Ut

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. ¥}o] E 8] <& a 2} bE o] o] B o] A 22 bytearray
RIS g o,

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABIL. NULL Z B & &3t & byrearray] 27]= wr&g ).

char *PyByteArray_ As String (PyObject *bytearray)
Part of the Stable ABL. NULL Q1B & &2l 3t & bytearray?] W-&2 char ¥l & 2 WU o}, Hk3ty]
WGl = G4 ol | o] £ 7k 27 Lk

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABIL. bytearray®] W5 W 2] 27| & leno & Z 73T}

rr

Iz

oAz £EE Al ddS s £AHE FASHA FFUHh

char *PyByteArray_AS_STRING (PyObject *bytearray)
PyByteArray_ AsString ()] Wl3Z 2 W A.

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
PyByteArray_Size ()& "l Z v 4.
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SREASELE

oo 41 339] A PEP 393 78S 0| %, §UTE AR RALR chbe RAL AE3f0] AA §
YIS £4 0902 Al e Re4e FARYTh BE 5 2T} 128, 256 E i 65536
vlehl B o] o AW A9 A5tk 194 ow, B EAEE 111412 (A U
% 9]) ] eho]of of Ptk

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) 1 APLZ} Al API 78] Ao 7 Qe U= AR & S0l 2wy ol whe uli A o 7 % 71X Ae) 7}
2 5 vt
* “3F A (canonical)” FU I E A= # A H A ¢k FUFE APLo] o k5ol & AA Ju Tt
TAANA FEote 7 B AL 2HS 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 API.

A3 A AN §URE AE 722 APLSH 87 5ol A 312604 AAF UL To)Fr RE SUTE
WA= <A e] Utk 2A 3 A H = PEP 6232 FX3AAAIL

T2 gol oA FUZE FH AR E = 718 FUZE AA 9tk

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the Stable ABL ©] &2 77 EQ B
a%@¢%°4dmmaﬁuqe@%uiz%x%?azw%ahwm—}%?gﬂg
WA 3300 27}

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.
W 33004 M A o] WA, o] A& WE A] 3ho] 8] “UY ¢ (narrow)” L} “&}o] = (wide)”
FUILE WA F o= 22 AAA =R ol whe} 164 = & o]} 3202 Fol Az th

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject

o Pyobject AH BEL shold fUILE AAE UehdUth A9 BE A9, FULE A S
A SHe BE APLE47} pyopject ZABE F 5t W@stn 2 28 A3 AL oy,

WA 330 7}

PyTypeObject PyUnicode_Type
Part of the Stable ABL. ©] PyTypeObject Q2B A= gto]H FUZE &S e U gholA
Fro strZ &g Yrth

g APLE AA| 2 C ol 22 oln whE AAE SRl §UZE A7) R ¢7] A8 vlo]Eol oA
soh ol A8 4 gth
int PyUnicode_Check (PyObject *0)

AR o7t FURE AR o] ALt fFUTE AH B9 dxdiold Fe MEgTh o] 4

AZ g

A
o

o~

rlr
o
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int PyUnicode_CheckExact (PyObject *0)

A 07k U DE AA A v A H B Anb A} oh W 22 Mg o] 4k T4 4T

Fh .
int PyUnicode_READY (PyObject *0)

T2 AA| o7} “5F % A (canonical)” FH AA] FAGU T o] 212 ofefjo]l A HA A viaEE

a7 Al B s

B A 02 Waksta, A5 Al )8 AASEA 12 W), 53 vz Ego] 435

T o,

B A 3.30] &7}

WA 31004 AAHAF U HA 324 AAFYUTh: o APl
PyUnicode_FromUnicode ()2} A A A Yt}

Py_ssiz e leUnlcode GET_LENGTH (PyObject *0)
FUIZE Ex1ge do]l& 7= ZAEZ HE3Y ) o= “3FH A (canonical)” £ Q] U T =

22 o of I Tk (R AFSEA) e Th.
WA 3.3 7}

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *0)
AR E2 A 2E 98 UCSI, UCS2 == UCS4 A4 o 7§~ E 9 578 & (canonical) F 3
of thet ZAHE vkt Yth F34 (canonlcal) j_?ﬂ o] 'Q“H]'T_‘ B2} 3701 R AAEEA] kY
t}; PyUnicode KIND () S At83lo] SulE2 a2 & AEAA L. o] AL °“/‘1]£6}7] 3101]
PyUnicode_READY () 7} &5 ¢l o] of Zhut}.

B A 3.30] F7}.
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode KIND () Wl3 29| Z+S wkaah ).

WA 330 27}

HA 31000 A S A H A5 Ut HA 312004 Al AE Yth: PyUnicode_WCHAR_KIND+= H A H 9]
S4Yth

unsigned int PyUnicode_KIND (PyObject *0)
o) fURE AR 7L vl 6 B A3 o] AT B A
A5 (N BEHYAL) F SIS BBFUT ok
S (AR ek T,
HZA 330 F7%L

void *PyUnicode_DATA (PyObject *0)
A U ZE B 5o )3k void ZQAEE 93U th o= “FH A (canonical)” £ FUIE
27 oF B ok (A AFSFA 5L Th.
WA 330 F7%

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
T+ A (canonical) 3% & data(PyUnicode DATA ()& QL2 ) 2)of ¥t o] a2 2= 2 A AAL
(sanity checks) & 33} 2] ko m x| X AHEE17] Y AUt TE2AE=HE IR SZolA
B2 & kind 3k} data EJAEE | A] & oF Tt indext AL 9] QIE A (00 A Al 2 T
] 3L valuew 3| G 91 A of] 7| ZH o] of ot A = EQIE Zhdu
B A 3.30]] &7}

Z uto] E & YEFY = PyUnicode &
& (canomcal)” B3 $UIE AA A ]:
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Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
T A (canonical) £ & data(PyUnicode DATA () & QL E)oJA TE ZAEE ¢}
U 4] (ready) & ©] 3= A g5y th
WA 3.30 F7F

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
“3 %4 (canonical)” % & o] o] o} =, f U T A A 0o 4 FAE A5 1ITh ole] A% 9718 Sl
St} PyUnicode READ () Rt} &4 o] Boj A Yth
WA 330 F7h

PyUnicode_MAX_CHAR_VALUE (0)
“F*H A (canonical)” 3£ F o] o] oF B}, 0 7|V O & ThE £ AHE
EE YT o] A2 3 ZARA] o] A vk F AL o] E ) o]
WA 330 F7}

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
H A D Py UNTCODE R 278 F= &Y & viS3 (N EA O E #L 2T 2
th. o= fFUEE A of of U TH(FAFSHA] k53U Th.
WA 33004 F A H AU WA 302004 Al AF Utk o] d 28D FUIE APIS] AR YT

PyUnicode_GET_LENGTH ()& A}&3Fo] mlo]l 1 o] A A A L

fy

Yk A

HEE T A

b Ao

=

U

]:o{l E-?i"
b
|
]
[

9
°

3 =
o
=

m to
o 12

s

ﬂ‘l‘

s

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
HAE Py UNTCODE @S] 7] & vtol E T 2 RE&AF T o= FUIZE AA| of of FUth (A
ApatA) ek Th.
9033014 545 6o A 31290 4 AAGUEL: )8 2Eke 3 apie) AR
PyUnicode_GET_LENGTH () S A&3}o] ufo] 1 o] A 3HA] A L.

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *0)

const char *PyUnicode_AS_DATA (PyObject *0)
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
o argument has to be a Unicode object (not checked).

WA 3304 M o] a2 oA v|E& ol - @2 Fol Py UNICODE £ H
of EAstA i wEojofF ;A - ANT F AUt (Y 2AF A nuLLS v
g3styth. Af PyUnicode_nBYTE_DATA() W3ZZE AL AY PyUnicode WRITE ()Y
PyUnicode_READ () & At-&3tEE T =& o] A5 AI 2

WA 33004 2= 5 th WA 3. 1201]/\1 Zﬂﬂ%‘%\’/‘r o] A8t U FE APIS] AR Yt}
PyUnicode_nBYTE_DATA () M| &2 A LGS AFR 3= E ufo] 1 o] A 34 A] 2.

int PyUnicode_IsIdentifier (PyObject *0)
Part of the Stable ABIL. 910] A o] of] w}z} 2} o] -3 & 3F A1 ¥ xFo] W 12 w&-3 T}, Al A identifiers.
237 oW 08 Mg )

WA 3,900 4 W7 A o] £ (ready) ¥ 4] 99k W, o] B4 B Py_Fatalfrror ()& %

A st
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Y
FUILEE P #4542 AFFUTE 7P A5 D23 A2 shol T4 o wehC F4o w5 =
Jevjaz

int Py_UNICODE_ISSPACE (Py_UCS4 ch)
ch7} 21 A A of] w2} 1 0] 1} 08 kg k.

int Py_UNICODE_ISLOWER (Py_UCS4 ch)
ch7} 22 A A o] whet 1 o]} 02 REghehy o
int Py_UNICODE_ISUPPER (Py_UCS4 ch)

ch7b 221 A of] w2} 1 0] 02 wh- gy o
int Py_UNICODE_ISTITLE (Py_UCS4 ch)

ch7} A& Aol FAFAA o] whe} 1 0]t} 05 RE&H ot
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)

ch7} & vhg E A1 A o] whet 10]u 05 W o)
int Py_UNICODE_ISDECIMAL (Py_U/CS4 ch)
ch7F1071 5 F 21 A of] w2} 1 0]} 02 WhHgh Th
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
ch7} ] 2 (digit) & AFAA] o] whef 10]uf 02 W T}
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
ch7} <2 2 (numeric) FAF1 A o] whet 1 0] 05 RESHHY T}

int Py UNICODE_ISALPHA (Py UCS4 ch)
ch7} &3kl F24Q1 A of] whe} 10] 4 08 REghY T

int Py_UNICODE_ISALNUM (Py UCS4 ch)
ch7t QXA ZARAA o] whe} 10] 4 02 Rhk gty o

int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
ch7} A4 7158 B AFl A of whel 1 0]} 02 Mk ok 43 4 gl BAbs, A4 75 e Ao
2+ ASCIL 23] o] = (0x20) S Al 9] 32, ‘rr‘/] F = F Al o] Bl | o] 2ol A “Other” Lt “Separator”
Z A" AU (o] 29 oﬂ/ﬂ A 7Hs @ ZAE repr () o] EAL Ol tis| = &2 uf o] A
o]z 5 A ¢ O]'O]: e TANE ol F-9 B4 Al L. sys . stdout 9] 1/]- sys.stderrd] 7] 5% Ex4 9
A elet Aol glssuh)

TS API= w2 2 A 22} ¥ 3o AFR 3 2 94 T}

Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
223z WEE BA o o

WA 335E #HA]: o] 4= 74ehsk 7 o]

|>
=
o
>,
ofo
]
°
kS

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
22 HkE 2 chE W T
WA 335E 57 o] & s Al o)~ v g & ARS U o
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
A& AolA2 HEH FA chE WHHU T
WA 3358 57 o] & g Al o] & v g5 AR ok
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
107 o] A4z W3E B2 chE w3t o] Zlo] E71535td -1 w3shych ol mjlaz =
of| 9] & WA 7] A ey Th
int Py_UNICODE_TODIGIT (Py_UCS4 ch)
3 2y A4 7 W3y 22 ch s a0z Erb5eE -1
o 2] & LA 7] A 5T

o
=
rit
s
<
=
s
0
Hu
rr
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double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
double 2 W 28 £} chE W Th o] Zlo] BAh5EE -1, 0% wEgt . o] WAzt ol &
WA 7] A kU T

e APIE ALg 3] A2 A o] £ 8 thE 4 %L

Py_UNICODE_IS_SURROGATE (ch)
ch7} A2 A o] E Q1A &Qlstt} (0xD800 <= ch <= 0xDFFF).

Py_UNICODE_IS_HIGH_SURROGATE (ch)

ch7} 9] AZA o] E AR &Ad ) (0xD800 <= ch <= 0xDBFF).
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch7} 3t AZ A o] E A A] &gt} (0xDCO0 <= ch <= OxDFFF).
Py_UNICODE_JOIN_SURROGATES (high, low)

FARACE £AE Aot & Py_UCS4 gh= WHHU T high®} lows ZH2 A 2 A o] E #9]

A3t 58 A=A o) E duth

LEREETY PN

Md

SRER

FUTE AANE BED 7B DA G40l A 23he] vl The APIZ AL 3P4 Al 2

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

Return value: New reference. M| + U E A& WY th maxchar-2 ZA G B2 & A A Hof 2=
ZoESJoFFYTE ZAFOZ, 127, 255, 65535, 1114111 A|F 2o A 713 717k ghoz 238 &
% 93

e A FUTE ANE FYAE o DTS PR AU o] GHE AE ol BE AA &
715 23T+ A5 Uk

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. =] A kind(7} 53t Zh2 PyUnicode KIND ()ol o8] wt&#
PyUnicode_1BYTE_KIND SYUTHE M2 FYUZE AAE H5YT buffer= kind o vz}
EA 1,2 EE 4ulo] E Y] size T o] Wl B & 7he] Aok i th

B A 3.30] &7}

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Part of the Stable ABL char ¥ 3 uo| A U Z = A A& W5 Ut} Hlo|EE
UTF-8& 39 d 2oz s g Ut Wae A AA o EARE Ut W 3 7k NunL o] ofy |, wkgh
HZ T 7 AAL = A5 S, HlolH #40] 585 A 5Uth

w7} NULLo| ¥, o] &= ¥ 7} NULLE A A E PyUnicode FromUnicode () A3 ZZ g},
o] AF8 -2 H A H o PyUnicode_New () Z WA= 9L, 3Fo] A 3.1200 A Al 74 Ut

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Part of the Stable ABL. UTF-8 2 QI Y H 9-F & char ¥ uo| A FUIZ=
A% BEU,

PyObject *PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf ()-2E}Y format =AFE 3} 7FHA 7149
A2 2514, 23} hol ¥l §UTE RG] 272 ALeln ENH gro] S0 EALL Wk
T} W4 A} € o) o] oF 3+ formar ASCII Q1 7 QR H B2t o] ol E29} &3] U X3 oF
FUth o2 9 247} 588 Uk
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EHEA [ 3 4

5% n/a BEEKES

Sc int Cint® 35, dd &=}

%d int printf ("sd") 2} 53 ch!

Su unsigned int printf ("su") & S5 H]

$1d long printf ("$1d") 2} F5FYH!

311 long printf ("$1i") 2} =53 ch!

$1u unsigned long printf ("slu") & F5FYch!

$11d long long printf ("$11d") & S5 }]

$111 long long printf ("$11i") 9 353 ch!

$11lu unsigned long long printf ("$11u") & F5Ych!

$zd Py _ssize_t printf ("%$zd") 9 =53 h!

$zi Py_ssize_t printf ("s$zi") & FS5FYcH!

$zu size_t printf ("szu") & 5 FYh!

%1 int printf ("$i") & S5 h!

$x int printf ("sx") o} F5gYch!

$s const char* gd.Z228 CExujg.

Sp const void* CE2AE9 1634 B4, ZAZY printf 7} A==
&3 #Aglol BlEE 0x2 A &et= Zlo] R g=
A AAstd A printf ("sp") 2t FFHFUH

SA PyObject* ascii ()& &3 23}

35U PyObject* Uz AA.

5V PyObject*, const char* | FUIZ = A (NULLY 4= 5 U th et F HA| o7
HrEA d-F35 C A2 (R HA w7} | 7F NULL
o AHEHYTh.

53 PyObject* PyObject_Str ()2 SZ3F A7}

SR PyObject* PyObject_Repr ()< 2&3% A3}

Y AL U A 29 EAG o] BF AvEAGe] Tvh 2 AR 31, $7} A4k

Z7: Uy ZulE B9 = vlolEvF old B} 42Utk AW ZufE] o= nysn 9} vy Q]
“?‘“f H}—O]E /\o]“! (PyObject* O]Z}—7}—NULLo]tﬂ) no A" "/U" ugsn nopm \:1] ngvnﬂ 76]_?_
A} = dUth(Pyobiect* ¢1AH7F NULL o] o} @),

#3200 4 WA me11am Sk s 1lum o] B3 A Aol F ks A o
B 33004 M1 meLin, ne11in 8 szino] B @ A o] F7hE gl

B 34004 WA st TRAY, 0T, "eVT, ves, nerv o] B WuI S U E Euje) A de]
F74s glveh,

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

A

ol

Return value: New reference. Part of the Stable ABL. A &3] & 7]19] AXE FH3ltt= IS AL
PyUnicode_FromFormat ()3 5 4 gth

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABL. Q1T Q3 H AA objE FUIZE AAZE 2T Th

bytes,bytearray @ 7|} vlo]|E A7 A A= F] A encoding®l| W} errors@ 7 2] 3k of| 2] A 2] &
AH&ste] R Y Ut & thNULLe] E 5 13, o] A9 AEF o)A 7] EFES AR U o (R}

3
BE AA = TypeErrorZt A4S =5 FUth
=]

DU A ek AA 0] Fx e E AaAd A Yol

ER

rﬂ
mlm

Hie ALt ATE e Bz A48H Yk

rlr

A7 A} (d, u, 1d, 1i, Tu, 1id, 11, 1lu, zd, zi, zu, i, x) 2] 7
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Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. U ZE AA| 9] Zo]E& T & XA EZ W3y th

WA 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)
S RUTE AR A TE AAZ BAE BAFUL o] §E AR5 B4 MBS S 5D
7bs 8 memcpy () 2 ST o 2] Al -1 WHehsta 04]9] =3 “ Adunh 237 ko BAb
d 22 42 shakghoh

WA 330 =7}

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
B2 EAE S A3 YT} fill_char& unicode[start:start+length] ol &Y}
fill_charo] =24 H ) AR ot A, E2Hg ol & o] Fx7E o At
A% H 24 58 BSHAL, ol @l A 12 BB A9 S TN DY
B A 3.30] F7}.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. A4 BALE H Ut XYL PyUnicode_New () & 53
gEgolof FUTh FURLE EAAE BHolng, 22 S FA 57} obd 54| 514 skofof
ok
o] &5 unicode7t FUIE AA AA, A7 HAE Holute=A, AA 7 A ekA =42 ¢
DA (%, HE 47 1917) elghi,

WA 330 7}

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Part of the Stable ABI since version 3.7. BAFAA BEAE F5UTE o] 4= maz
PyUnicode_READ_CHAR ()9} @8 unicode?} FUFTE AA| o] Q@ A7 HAE o]t

SRR =
WA 3.30] F7}.

PyObject *PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Part of the Stable ABI since version 3.7. &AF Q1 Gl start(E 3 T} of A
A A end(A 2 FUTH 7HA] str2] 3F9 A 2 UL S5 dd s A AE A s
ek,

B A 3.30] 7}

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buﬁ”er Py_ssize_t buflen, int copy_null)
Part of the Stable ABI since version 3.7. copy_null©] A A=A, @ BEX&5 £33to] EA1Y us UCS4 H
ol BALE T o ] Al NULLE WHEH5}ar o 9] 2 44 3] o (53], huflen©] ue] Do) B} 0
SystemError). A &34 buffer 7} ¥+ Ut}

B A 3.30] 7}

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *u)
Part of the Stable ABI since version 3.7. A9 uS PyMem Malloc ()& AH&3lo] S5 A UCS4
W o] BAR YT o] A o] Auf3d, NULLo] ¥F3EE] 3 MemoryErrorZF A FE Ut} ¥istE ¥
e gAF7td I& T ET QS TH

B A 3.30] F7}.

XN
3
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5215l Py_UNICODE API

WA 33004 A5 G Uch A 312004 A AT

o] API 3452 PEP 393 -8 ol o8] 3 A5 Q15U T, Sho] & 3.xoll A A A= A 917] w o], 84 52
Aol A AFeT 5 QAT oAl L AR oAa)] AT w e B4 S 5 1SS AAsloF Tk

PyObject *PyUnicode_FromUnicode (const Py _UNICODE *u, Py_ssize_t size)
Return value: New reference. 5] A 3.7 (size) 2] Py_UNICODE ¥ ¥ uol| A U 7= A Z w5t}
u=NULLY 4~ o, o] ufj = Y &o] = A gkxth BRstdo|HE A ¢+ A2 AHEAH
By Uk 37 Al AR o] 2 AR Uk,
¥ 3 7hnusso] ofu W, e e B4 AR Y 5 A5 th weha, A% §URE AA ) $HLu
7FNULL Y i ¥ 58 Yt
B ¥ 7} NULLO| ¥, PyUnicode KIND ()&} 2 AN A w225 AFE3H7] Ao B o] )
AWM PyUnicode_READY () & <3 oF gt}

WA 33004 AAFG AU WA 312004 AIAF U o]d 28D FUIE API
o dB AUttt PyUnicode FromKindAndData (), PyUnicode_FromWideChar () E+
PyUnicode_New ()& AH-§38to] who] 1 o] A sty Al 2.
Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’s internal Py_ UNTCODE buffer, or NULL on error. This will
create the Py UNICODE* representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

¥ 33014 1215 QU o, W 312004 A AT U Th: o8 26kl S 7= APIS] ARSI T
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () T+ A}SH
Al APIE AHE-GFo] mpo] 1d| o] A S A 2.

PyObject *PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. 591l size®] Py_UNICODE B ¥ ol = ZE 102 AE2 107 Zrol
w2} ASCIL £ 2} 092 th 2| 3] U R = A& whyth o] 71 w8 d NuLL-S 9Hehghu o)

WA 33004 A AH A5t WA 311004 Al AG Ytth: o)A 28 Py UNTCODE AP1S] 7<)
Ut}; Py UNICODE_TODECIMAL () 2 AF&3to] mpol 1 o] A 3HA] Al Q.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra

null terminator) in size. Note that the resulting Py, UNICODE* string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

B A 3.30] &7}

#3300 91705 1< LIt ¥ 3120040 A A Uth: ol 4 26he) fU3E APLS] AR LTk
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () =+ FA}SH
A} APIE AHE-G1o] mpo] 1 o] A S Al 2.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABIL. S| 2|9 Py UNICODE B89 Z7]& & 9 & U3t (A B A o] E S
EREET T

WA 33004 F A= g Uth WA 302004 A A UTH: o] 28 U Z = APLY dF <t
PyUnicode_ GET LENGTH () E Ab&-3to] mpo] 1 o] A 3141 A] <.

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABL. B 25 FUIZE= A H O A2HAE NZES
AR U 7= A7 0] ZAFU T obj7} ol v) (45 o obd) A §UT= AR oW, B2 A58

7171 %% RBF Lk

FUREL} o)e] A2 7 o]9]e] A Typerrror WA AT
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2AY

A

(¢}

A 2AL ALY ALG] LG AACNN 2 HAES UuY T4 dEeh

PyObject *PyUnicode_DecodeLocaleAndSize (const char *swr, Py_ssize_t len, const char *er-

rors)
Return value: New reference. Part of the Stable ABI since version 3.7. QFE & o] = 2} VxWorks 2] UTF-8 o] .}

ZHAEY A AL AFFY FAE S HAZGFUTH A D= = ol 8 A 2] 7]+ "strict"”
94— "surrogateescape"(PEP 383) d Ytk E]_]:_’E‘]% errors7F NULLO| W "strict" o8] A& 7]&
AE gtk e d EAR Buob AT d EAL TS gk

Py_FileSystemDefaultEncoding(3to]% AJZHA] g2 2A YD AT ) AA £AE S A D5}
2 PyUnicode _DecodeFSDefaultAndSize () & ARSI A 2.

This function ignores the Python UTF-8 Mode.
] ®7):

Py_DecodeLocale () &4

B A 3.30] F7}.

HA 3.701]/‘1 t&’é: o] = o] Al FEZ O] EE A9 il surrogateescape ol 2] A 2] 7] o] A
249 9 = ARR YT o] A=, Py_DecodelLocale () ©] surrogateescape©]| AHEH
ﬂﬂ,b‘ixﬂ Eﬂ]"] TP stricto] AFEE AHF YT

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Return  value: New  reference. Part of the Stable ABI since version 3.7.
PyUnicode_DecodelLocaleAndSize ()@} FAFSFA| ¥, strlen() & AF£3e Ex4E 2

o] & AUt
B A 3.30]] 7}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. U I E AAE ¢tz 2o]r 9}
VxWorks o] 4| UTF-8 2 QA 7 J 3t A}, T2 S FoN A A AL JQFF o= A7 G Fch x4
HE=o# Al 7]= "strict"®} "surrogateescape"(PEP 383) Y Ut}. Q1 F = errors7} NULL
ol "strict" o2 A 7]E A& F YT bytes AAE YT unicode= WEH 4 EAE
38 4 el

E 29L& Py _FileSystemDefaultEncoding(T}o] A|ZA] Q& 2A|d dFYP) o2 TGS
2 ® PyUnicode EncodeFSDefault () S A3 Al L.

This function ignores the Python UTF-8 Mode.

o ®B7]:

Py_EncodeLocale () &4

H A 3.30] F7}.

WA 3704 HA: o] S= o)A StE R o] EE A6}l surrogateescape o] & 2] 7] o] A A)
2H9d 7Y% /\]._&fgqr,]. o]Aol|= Py _EncodeLocale () ©] surrogateescape®| AF&5
2,84 2 AL 9 A7 YL strictol AHEH AF YT

126

Chapter 8. -4 A A=


https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0383

The Python/C API, & x| 8|4 3.10.13

&L

PP A

9 o] 57} Vel A EAIES A FYPSt Y F Y W, Py_FileSystemDefaultEncoding & ¢l
FAYPo g ARSI, Py _File ystemDefaultEncodeErrors E o 3] A 87| =2 AF&3) oF gt} (PEP
3837} PEP 529). AR} & B4 Fo 9 o] &2 bytesZ AF Y3 HE, "os" AE7E AHE3
PyUnicode_FSConverter ()& A& 4= ﬁ%"OH oF &t}:

int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the Stable ABIL. 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 3.1 7}
#3604 WA A5 AxE webs gyt
PyUnicode_FSDecoder ()& W& 42 AT oHO]:KQ-IAE]—

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.

WA 3200 F7h
WA 3600 W : AR A oS In,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding and error

handler.

Py_FileSystemDefaultEncoding o] AAE A ¢¥ow, 2A Y AdFF oz Zulghc}
Py_FileSystemDefaultEncoding 2 Al Z Al Z2A Y AdIYANA 27359
T 4% & glsdth @A 2EALE A2 “/‘Oﬂf‘i TAE S yAdafoF 34,

PyUnicode_DecodeLocaleAndSize () & AFE3HH AL

o X17]):

Py_DecodeLocale () &4

B A 3,604 HA: Py _FileSystemDefaultEncodeErrors o & %8 7] & AR )

PyObject *PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Part of the Stable ABL. Decode a null-terminated string from the filesystem
encoding and error handler.

Py _FileSystemDefaultEncoding ¢ AAHZ ¢kow =AY oAy oz Zuwlahr}
A QO]% &1 QO PyUnicode _DecodeFSDefaultAndSize ()& AFE3FA Al L.
WA 3.600A HMA:Py_FileSystemDefaultEncodeErrors o A2 7]& AF&$H o).

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. Py_FileSystemDefaultEncodeErrors o
A 71 & AFE St YR = AAE Py_FileSystemDefaultEncoding® Q137 3}, bytes
£ WU Th A3 bytes Aol & wlol £7} 2349 4 9ol FolFiAL

Py_FileSystemDefaultEncoding ©] AAE X ¢god, 2A|d QI o g Zwlshc}

Py_FileSystemDefaultEncoding = A& Al Z2A| Y AFZ oA 273t= 0] YFo| AT 5+
FEUTH A 2AL AdFPoZ EXFEE AF P oF 5}, PyUnicode EncodeLocale ()<
2N 2

o H17]:

Py_EncodeLocale () &4

8.3. A Fx AH 127


https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0529

The Python/C API, & x| 8|4 3.10.13

WA 3200 7}
WA 3.6004 HA: Py _FileSystemDefaultEncodeErrors o & X & 7| & AF-&g4th

wchar_t x| ¢

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. Create a Unicode object from the wchar_t buffer w 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 *w, Py_ssize_t size)
Fart of the Stable ABL.  Copy the Unicode object contents into the wchar_t buffer w. 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. 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)
Part of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output
string always ends with a null character. If size is not NULL, write the number of wide characters (excluding
the trailing null termination character) into *size. Note that the resulting wchar_t string might contain null
characters, which would cause the string to be truncated when used with most C functions. If size is NULL and
the wchar_t* string contains null characters a ValueError is raised.

4% A pymen_ALloc () ol 918 WEHE W52 WA T (pyren_rree ()2 AHEER] AT
AlL). o] 3] Al, NULL-ES W35}l #size= A 2 ] A] g5 Ut W R g &Fo] A 9)|3H MemoryError
2o,

WA 3200 7}

WA 3794 ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null charac-

ters.
18 R A
golHe £5 5 93l CE AAE WA Zd JFS AU oyt IdE2 BF o3 T4 ES
3 AHG AT dF Y
ok APIS] tf F2-2 F 7H9] Q1 2} encoding ¥} errors & 31, W str () EAE AA A2 A=
22 ou gk
encoding NULLZ A AW 7|2 A7 g UTF-8¢] A2 Utk g Alad" 352 3
Q o] & A FYo| PyUnicode FSConverter () S A3 of Utk oAL YRAo=z W
Py_FileSystemDefaultEncoding & AFE3U T o] = Q7] AL o2 A= oo 47
Ao A= A Ao st 2AE 7} 5 a1, Th2 Al adlol A= A8 A7k AFE YT (7H &

X g2 7% 0] setlocale2 &= uf)).

o8 A2+ errors 2 A% =, ZE o thaf] FojH 7] A& AT v sk NULLE AR E
Asuth BE U 2eo) b3k 7] & ol 2] 2 2] & “strict” Y Y T (ValueError 7} ¥ E oh.

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

+
!
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o

IR}

=2

1
fin}

22 Qv md APIY U T

PyObject *PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABL. Q1 7 H X4 59] size v}o| EE T Z Y 5Fo] 74

FE A& v YTk encoding3} errors st ( HW o] A2 o] 5o vzl Wk &2 o v
Utk AHSE 292 sojd 39 ¢ XléEﬂ% ARgste] 23 gtk IE A o 9] 7} A sk
NULL< RE&Hehy ot

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABL. U I = A& A7 3}l 23S 5}o] A bytes

AA =2 33Ut} encoding=} errors= U I E encode () HAEQ 22 o] E9] n/] Ho 2
2 ougUrch AMgE Fd L2 glojH Td FHAAEFHE }‘}3' sto] 23 Uth Z oA o] 7}
WA B NULLS whShghy o}

PyObject *PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding,
const char *errors) .
Return value: New reference. 1% size®] Py UNI CODE ¥ ¥ s& 73 3}11 I}o] A bytes 2 A & WF3F

St} encoding} errors= -+ I = encode () WA =2 222 o] E9] ufj 7] M9} 222 o) n| Yt}
NS 12 o] o] A A2 e 8 A0l %518 e el ol 4 2171 A oL E
wag .

WA 33004 A A= 5 U th WA 31100 A XMQHD} o] 2~etY Py UNTCODE API9] Y-S
Ut}; PyUnicode AsEncodedString () < AF&3}o] mlo] 2ol A A Al L

UTF-8 24

£ © UTF-8 7 APIY Y t}:

PyObject *PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. UTF-8 2 Q1 Z HJH E ALY s size HFo|EE U] 7
sho] FUTE AR S BEUTh 2o o978 5 NULLS kg ok,

PyObject *PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return  value: New  reference. Part of the Stable ABL consumed 7]— NULL ©] H,
PyUnicode_DecodeUTF8 ()X H T 23 Ut}h consumed7} NULL©o] oUW, 33 E9A Sk
UTF-8 ulo] £ Al A2 E o 8] 2 A2l 4] shuith ol 8@ vlol =t tlm g ) fom fag e
v} o) E 4= consumed ol A7 U th.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-82 Al-&3}o] FUIZE AAE A7 Y32
A3E vlo] A bytes 21 A 2 WU TE of 2] A 2= “strict” YU Th Zd o "1 Oﬂﬂﬂ 7} Ay sk
NULL< 9HEHghU o}

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Part of the Stable ABI since version 3.10. U I E A 2] UTF-8 ¢l F Hof thsl Z ol g & wtdlsla,
AFFH B A7) & (vFo] E &Y 2) sizeoll AF T th. size A= NULLY = AF YT ©] %
N7 A=A sy iEE W ol E e g I E ZAJAETF A o #AQlel, FAF F7

o ko) £ 7} 271 U o (sizeoll E 315 2] b4 L] T,
o & 74 A 5HE, NULLe) o 9] 3B T W 3 size7h A ) A ShgUI ek

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated
and pointers to it become invalid when the Unicode object is garbage collected.

B A 3.30] &7}
WA 3704 WA 9k3E -2 o)A char *7} ok 2f const char *§JUTh
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A 3.109]| 4] ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize ()} ZA %}, 375 A 38| 51U Th
B A 3.30] F7}.
WA 374 HA: w3e & o)A char *7} o}Ygf const char *¢uth
PyObject *PyUnicode_EncodeUTF8 (const Py UNICODE *s, Py_ssize_t size, const char *errors)

Return value: New reference. UTF-8-& A}-8-3}o] 52 0] A size] Py UNICODE W ¥ s& A7 )11 1} 0]
2 bytes A A& WU Th T E o A] o] 9] 7} LAY 8HH NULL-& HEEHSHU o)

HA 334 FAAHAFUTH HA 3114 AAFUTh: oA 28 Py UNICODE
API 9] dFE JYt}; PyUnicode AsUTF8String(), PyUnicode_AsUTF8AndSize () 4}
PyUnicode_AsEncodedString () < AH&3Fo] nfo] 1 o] A 31 Al &

UTF-32 2.9

<2 UTF-32 29 APIY Y t}:

PyObject *PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byte-

order)
Return value: New reference. Part of the Stable ABL. UTF-322 QAT Y 3 FEXL o A size H}O| EE

Haigstasid FUZE AAE B2 errors(NULLO] obY ) & ol A& F YUt
7] 8 2k “strict” Y Y T}

byteorder 7} NULL©] ofU W, T F T &= A A H Hlo| E =X 2 AFL ] 1) Z WS A 23 o}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

*byteorder7}0°] L, 18 tlo]E] 9] X g 4ulo] 7] vlo] E =4 EA](BOM) ©] W, H 2 7} o]
MOIE EAE A8 1 BOME A3t fURE BAG] B8 A @ “byteorder7} -1
o} 1o] W, BE Hlo|E A EAIZF S o HAE YT

&8 T, *byteorder= Y T o E] 8] Fo| A AR vlolE £AE DA H T
byteorder 7} NULL o], T E-2 Y| o] E| B = A] R EZ A Zg T}
ol A o £] 7} g 3h e NULL-& HE g o

PyObject *PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed)
Return value: ~ New reference. Part of the Stable ABL consumed 7} NULL ©| |,
PyUnicode_DecodeUTF32()x 8 % # ?;g Y t} consumed 7} NULL ©] o} 1] W,
PyUni codeﬁDecodeUTFBZStateful () & 23 B4 UTF-32 vlolE Al B2 (7FE 42
FolE o] A A] o= ol E oflH &2 HestA syt o2l g vlo]Ex YA Y E A gkon

f3IgE nlolE £~ consumedoﬂ REa=ARa=g

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. 4] ©] E] 5 B}o| E <= A] 2 UTF-32 <1 &
Spol 4l vo] E FAHE-S WATUTE £AEL T4 BOM vh2 AR g U o8 A
AUttt T oA o 9] 7} 8 & NULL-S B o)

PyObject *PyUnicode_EncodeUTF32 (const Py _UNICODE *s, Py_ssize_t size, const char *errors,

int byteorder)
Return value: New reference. sl Q= FUZE H|o]E 9 UTF-32% A IZYH S =835+ glo| A
bytes 2 A & t&%‘r%wt}.%éi = HFO|E A of| et 7] S Ut

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1 big endian
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byteorder 7} 0011, &8 #2149 F4 1T = BOM v} (U+FEFF) 2 A1 2yt o & F 2=
o) A=, BOM u}=7} ool 27} =] ¢k<Th

A| o
Py_UNICODE_WIDEZ} AT X ¢to W, A2 A 0]E #o| b T &=
Fdo| A o ¢ 7} B 5 NULLS WY T}

W 3304 A= Y5 Th WA 3014 AARUTh: o] d 28 Y Py_UNTCODE APIS] 4%
ol t}. PyUnicode_AsUTF32S5tring () o|i} PyUnicode_AsEncodedString () L A2}
upo] 1 o] B4 A L.

Fl

ER =YFHY

ey

UTF-16 79

<2 UTF-16 29 APIY Y T}:

PyObject *PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byte-

order)
Return value: New reference. Part of the Stable ABI. UTF-16 2. 2 27 H W 3 B X} QG of| A] size H} | ES

Yagsti s g FUZE AAE WU T errors(NULLO] b B) &= ol 8 A 2] & F o T
71 B 2k “strict” Y U T}

byteorder7} NULL o] ol W, T T = X A H "o E A & AL-g31o] T Z Y-S A &3t}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

*byteorder7b00]al, 13 v o] Bl ] X F 2H}o] E7} Hlo] E $=A] 3 A (BOM) ©| |, T] L H = ©]
HlolE A 2 351 BOM2 A3 U= EArg ol A A 5 Uth *byteorder7F -1
ojif 10| RE HlolE <A A7 2o BEAFY YT (\ufeffib \ufffe #A7F HUth).

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL O] W, T -2 Y| o] E]| B <=4 R EZ A] ZHSHU T,
Telo] A ol 2] 7} A S NULLS W o

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed)

Return value: ~ New reference. Part of the Stable ABL consumed 7} NULL ©| |,

PyUnicode_DecodeUTF16 ()2 8 % Z 3 U th consumed 7} NULL ©] o} 1] ¥,

PyUnicode_DecodeUTFl6Stateful () & &3 E A UTF-16 vlo]|E A|FA(7EH &4

Hlo|E U 28 A ZA 0 E ) E o2l 2 A 2| 5HA] 5 UTh ol g3t ulo]| Ex YA YA oFon

tZ Y H o]l E <= consumed ol 1 7¢H Y th.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. W] ©]E] B v}o] E <= A 2 UTF-16 ¢ 7 & AFR-5}o]
Spo) A uho| € A1 & WETL Th £AFDS T4 BOM v 2 Al ek ol 2] A2l Ssrict”

AUt T oA o 9] 7} g 81 NULL& REHe o)

PyObject *PyUnicode_EncodeUTF16 (const Py UNICODE *s, Py_ssize_t size, const char *errors,
int byteorder)
Return value: New reference. s°| = -+ T = tf o] E] 2] UTF-16 Q1 FJH H-S E3H51= 5}o] A bytes
A7 S W Th 29 & The Hlo] E £ Aol we} 7| Ptk

byteorder == -1: little endian

byteorder == 0: native byte order (writes a BOM mark)

byteorder == 1: Dbig endian

byteorder 7} 0] ¥, &8 B9 -2 34§17 E BOM 1t (U+FEFF) & A &3t o2 F 1 &
o A=, BOM ut=2 7} gFell 37} 2] k<5 th

Py_UNICODE_WIDEZ} ZoE W, & Py UNICODE Fto] AR A o|E Ho 2 A9 4 95Uttt

Aol A ko, 7t Py UNICODE 3h-2 UCS-2 EA2 34 Ut
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ol A o £] 7} g 3h e NULL-S Wh g o

WA 33004 HAFHASYTH HA 311 AADYUTH: o)A ~84Y Py UNICODEAPIA IR
Yt}; PyUnicode AsUTF16String () ©|Y PyUnicode_AsEncodedString () < /\}—9-0}04
ufo] 1 o] A S Al

UTF-7 29

<2 UTF-7 29 APIY Y t}:

PyObject *PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. UTF-7TZ QA & EAL4E s size Hfo|EE U7
Spol U T A7 & WU Th 7o ol A o] 2k A SHE NULLE WS g o,

PyObject *PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New reference. Part of the Stable ABL consumed 7} NULL ©| H,
PyUnicode_DecodeUTF7 () A ®H 523 Uth consumed7} NULL©o] oUW, &3 & 9A Sk
UTF-7 base-64 442 o &l = Aels| <] gh&vith olel @ vle| =t mgs A ghom fugd
HlO|E = consumed of] A & Yt}

PyObject *PyUnicode_EncodeUTF7 (const Py _UNICODE *s, Py_ssize_t size, int base64SetO, int

base64 WhiteSpace, const char *errors)

Return value: New reference. UTF-7S AF&3}o] 0] R 2 7]9] Py UNICODE ¥ & QA7 3}11 1}0]
% bytes A A& WHHU Tk Zd o) A] o 9] 7} A3 5FHE NULL-S WHSHGH U T}
base64SetO 7} 0©] o} U™, “Set O”(th& S 3 2|7} gl= FF3) = base-64 2 A I F T
base64 WhiteSpace 7} 00] o}, FH¥0-2 base-64 2 QA1 ZHJFH Ut} go] A “utf-7> T o] A = t}0
o= gAYk
WA 33004 #H 215 A5 th WA 31100 A Zﬂ A" Uth: o] d 284d Py UNTCODE AP1S] 47
Ut} PyUnicode_AsEncodedString () € AFE3SFo] ulo] 1d o] A S Al L.

SR NE

[kl

A

o
i
K
1%

o

2 “fFYIE o] 2 A o] = (Unicode Escape)” T 8] API{] U T}

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. Part of the Stable ABL. FU T E o] A A|o]Z QA A H E XL 59 size v} 9]

EE Ungste] FURE AR S BFUTh 24 o] 97k B 5HE NULLES BT

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. U T & o] A FA| o] L& A3t FUTZE AA S
AT G AFE bytes A = R T of| ] A 2] += “strict” Y U] D} Fdlof| A of &] 7} g 5H
NULLE WHHgh ok

PyObject *PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, P} ssize_t size)
Return value: New reference. 5+ U T T o] AH o] 2 & AL 3}e] o] A size] Py UNICODE B ¥ &
Q1515 5131 bytes 214 2 WHEH g oF. 7Eo) 4] ol 2] 7} WA 5 NULL S MEE R o)

W7 33614 9145 Sl U T 14 31100 A AAG U T: o] 4 <8k by rcoDE APLY] 9%
Ut}; PyUnicode AsUnicodeEscapeString () & AF&3Fo] ulo]l1d o] A S A| L
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0S2 “YA] FUFZE o] 2 A o] = (Raw Unicode Escape)” 2 APIY Y t}:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char

*errors)
Return value: New reference. Part of the Stable ABL. YA] FUIZE o]~ FA| o] = AFFH BER}E 59 size
Hlol EE U A Y3 FUIZE AAE U Th ZE A o 2] 7} A 31 NULL-S vheHghu o).

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. QA FUZE o] AA o] ZE AR5l FUZE
AAE A3 QF skl ZE bytes AA = kU T} o 2] A 2] &= “strict” § ‘/l o} S o A o 2] 7}
HhA) S NULL-S whEU o

PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. QA U ZE o] 2 A o] & AFR-5Fo] 0] A size] Py UNICODE ¥ 3 &
0131583 bytes A4S HEHE o}, 9ol A o8] 7} b ahE noLL S ek o,

WA 33004 H A 5 Ut WA 3114 Al Ag Uth: o] A A8 Py UNICODE APIS] YF-9]
Ut} PyUnicode_AsRawUnicodeEscapeString () ©]Y PyUnicode AsEncodedString ()
2 Ag310] nlol el o] A1 Al &

Latin-1 =9

S 2 Latin-1 9 APIY U T}: Latin-12 22 256712 U TZE Ao sgsly 917 d
olERt s &g Yt
PyObject *PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL Latin-1 Q1 Z Q3 H £ 2} 4 5] size B} o] EE T
of fUZE AAE WU th I oA o & 7} 28 6t NULLS BFSHh o)

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Latin-1S AF-§3te] FUZ = AAE A7 Qs
ZA3E 1ho] A bytes 22| 2 wkgHehU T of 2] A 2]+ “strict” YUt} ZE o] A o] 2] 7} LAY 8FE NULL
& wagy o,

PyObject *PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Latin-1-& AF2-3}o] 0] A size] Py UNICODE W ¥ & QAT Y3} ufo] A
bytes AA| & Wkt ZEl o A o €] 7} A shd NULL S WHE gy o

WA 33004 A AH Q5 WA 3114 A AGUth: o)A 28t Py UNICODE APIS] 4 2-¢]
Ut}; PyUnicode_AsLatinlString () ©|Y} PyUnicode_AsEncodedString () < A& 3}
vpo] z1# o] JHA Al 2.

ofy
=2
=
fin)
=2
>

g3

R

-

ASCIl =9

=< ASCII 29 API] Ut} 7TH| E ASCI H| o] B & 5] §H Ut} th& € ZEE ol E A4 gtk

PyObject *PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. ASCII 1 T H F X4 59] size H} o] EE t] T 5}
FUSE AAE w5 th o)A o] 9 74 9 5HE NULL S B o,

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCII S Al&35to] FUZE AR E AFZYPst 2
£ vho] A bytes AA| 2 RESHHU ok ol 2] A 2] = “strict” U TF. Fd]of A] of &] 7} 1
& wagh,

PyObject *PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. ASCIIS AF-8381o] 0] A size®] Py UNICODE W ¥ & 973} sho] A
bytes 2} 4] S Wbk gt k. 9] ofl A of 9] 7} g 3 NULLS Wbk T
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WA 33004 F A= JdFUThH HA 311 A AFYTh: o] €Y Py UNICODE API9] Y&
AJYt}; Pyunicode AsSASCIIString () ©|W PyUnicode AsEncodedString () < AH-&35}e]
vpo] Z1# o] JH Al 2.

SRR EL

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

chg- w3 = APIY Y ok

PyObject *PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping,
const char *errors)
Return value: New reference. Part of the Stable ABL. 5= R mapping A& AF-&35to] A7 H BEXL s

o] size WHo| £ H T30l FUIE AAE U h T ol 4] o] 9] 4 g s nULLS T
Y

mapping©] NULL O] ¥, Latin-1 T Z o] A-&H Uth ¥ X] ¢k O™ mapping-> vFo] E A5 (0] A]
255 AbolS A E FUZE FAE, AT (FUZE AT s g Ut B+ None & 2 1jj 33 3] of
gt v F = A] 932 ¢ o] B H}o] E (None, 0XxFFFE =& '\ufffe'Z W35 &= A&l of] g},
LookupErrorE +43h= 2)-& A=A ¢k mjgd o g Hele o] ol & WA Y ch

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABL. 5] X mapping AR & A1-&3te] FUZE A=
AT QJstaL AIHE bytes A 2 WL T}, of 2] A 2] += “strict” YU o}, ZEl o[ A] | &] 7} Ug S H
NULLS WHeHgh ok

mapping AA = FUIE A5 F5E bytes A A, 00 A 255 AFo] 9] A4 = None 2 2 1| s 3 of
Fyth Noneol WlF = & 28T o g} vfF EH A -2 F A Al (LookupErrorE et 2)

TR A 2 oz A E]H o of 2 7h Ayt

PyObject *PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. 591 A mapping 21 A & AF2-3to] F0] X size] P y_ UNICODE ¥ ¥ & 13

Qotal 2 A3 bytes A4 2 @AY o Dol A o 9] 7} 8 8hd NULLS RESHgR Y T

81703300 4 3105 1< o, 8170 311904 A8 Lt o]0 ABR py_ovCons APLS] 2%
Ut} PyUnicode_AsCharmapString () ©|W PyUnicode_AsEncodedString () < AF&3lo
vhol 28] o] A Al &

S FE APIE SUIEE SUTER 0 Fachs Ao A S8

PyObject *PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL &2} 1l 33 ] o] & E AL o] BxES W3l
A3 FUZE AAE S th ZE oA o 9 7} B 8 NULLE WEE U T
g HolES FUIE AT AFE FUZE AT AU None(AH7F A A1 5 &5 gyt 9
o 33 3} of g e,
W ol Be _geriten () B oA U ATHY Hueh YA AL} T AT
Yt w A= A] ke &} Aﬂ—r(LookupError = Fdste 2D+ 74 =27 1 a2 EARE UTh
errorsi= S E o X o] AREA Q1 o u] Ut} 7] ol A2 € AHS S UEh = NULLY ¢ YTk
PyObject *PyUnicode_TranslateCharmap (const Py UNICODE *s, Py_ssize_t size, PyObject
*mapping, const char *errors)

Return value: New reference. =2} mapping Bl 0] B-& & -83}o] 0] R size®] Py UNICODE ¥ 3 & WH3EH
St 2 U I AAE vyt I 9o A o 9 71 A SHAE NULLS HFEHg Y o).

WA 33004 s A A5 U Th WA 3114 A AF Yth: o] 28k Py UNTCODE APIE] G-
Ut}; PyUnicode_Translate ()W LWk Fd 7|0F APIE AFR3Fo] ufo] 2 g o] A 314 Al L.
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=% 8 MBCS 79

thg£& MBCS 51 APLY U th A4 9% _?_01]/\1UP A 4 9121 Win32 MBCS M #H7] & AF-§-319]
A FA Y MBCS(E = DBCS) &= ©4] st ofu e} /15 g S Aol fof shA L. o4
AIF 2 Tes AdAste 7149 ARSA A7 o8 Aol g Yk

PyObject *PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS ¢ 3 H &2}
59 size Aol ES YR QG 5te] I E AAE WUtk ZE oA o] 9] 7} A 8HH NULL-g BE
Uk,

PyObject *PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference.  Part of the Stable ABI on Windows since version 3.7. consumed
7} NULL©] W, PyUnicode DecodeMBCS ()X 38 F &gt} consumed 7} NULL©] o}y w9,
PyUnicode_DecodeMBCSStateful () < 238 A& (lead) B} EE YA YA ¢ i H

v}o) & =7} consumed ol A 7 U Tk

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & A}-&-3}o] U
= AAE A2 Dt AHE o] bytes A A = REAFU T of 2] A 2] & “strict” Y Y T} ] o]
A ol 9] 7} kA 8k NULL-& WHEHE Y o

o 1,

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. AR H T = ¥ o] A&
A-gtel §UTE A7 S AL 5Fo] 4 bytes A7 S WA Th, ol A of 2] 7} A 3
NULLS Wby th cp_ACP = 3| o] A & AH-3Fo] MBCS A EHE A5 Uth

B A 3.30] F7}.

PyObject *PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. MBCS & Al-§-3}0] 0] A size2] Py UNICODE W & Q17 Q31 sho] A
bytes A | S w133 o) Fuof A o 9] 7} WA S NULLS WHHg o}

WA 33004 AAFHAF U WA 4004 AAAF U o] 28 L Py UNICODE
API9] 4B A Yt}; PyUnicode AsMBCSString(), PyUnicode_EncodeCodePage () ==
PyUnicode AsEncodedString () & AF-&3}o] ulo]l1d o] A AL

HA=gt &R

LR RER = )

<>

oh& APIE 99 AA ) EADL (BN A BAGol L FALUH Ael @ 5 o
A A3 fu = S aaae.

o 9] 7 A B B % NULLO| U -1 ¥kEkshy o)

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABl. & £2}¥ & o]o] & o] s} 2L FUIE
EAEE AT T

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABl. A€ & £ 83lo] fFUTZE BX Y g|2EE A
FYUT sepo] NULLO| W, R E Fu) B FA N o] £AFUTE 137 oW, Fol 4
8 Aboll A E3o] ol T, 2 of maxplit o] +HF Utk 50| H, Algho] AR A ks
ok PRAE A3 o) 2 e 2854 g

PyObject *PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Part of the Stable ABI. Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepend is 0, the line break characters are not
included in the resulting strings.

It
i
=
034_, ]l’l
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PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. 50 2 separatorS A-&3to] Bx1G A|92~E A4
S 4% fUnE AL BT o

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)
Part of the Stable ABI. substro] 0] A 18] ol A (direction == -1 FFAF € X & 535S 9] 1]
BtaL, direction == 1-> F P AF A& YJu| P} strstart:end] & EXEH 12 “J@rf“/] o},

A ¢fo™ 0g vk o of 27 sk -1 2 ey o

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Part of the Stable ABL. 5] R directione A+&3}9] (direction == 12 A WsF A& 2| u| 3} 11, direction
=12 g3 A -JU] U ThH stristart:end] oA subsrre] A AR § X & wrag o
‘ﬂﬁ‘r 2 A HWH °1x].4 A AQQUTE -1 g2 A 3= 50| &S e, -2+ ol 87t
WA A o 9] 7 B A E S YERE YT

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Part of the Stable ABI since version 3.7. 520 A directionS -85} (direction == 1-2 A 3F
)11, direction == -1 99} A M2 ol n|Ft}) str[start :end] oA EX}Fche] A
HhHehy o} gkt gk 4 ‘?i’“ﬂ 9 Z]«] JEAPUTh -1 g2 A5k 5] o= YEh L, -2
T olH7E AP A7t AR H A= YEFE YT

B A 3.30] 7}

B A 3. 704 HA: start} end= ©) A strstart:end] AP A E XA

T
*

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the Stable ABL str[start:end] oA substro] A XA A 5733tE S 4+E 33}
ol e} 7 A el -1 kg T,

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Part of the Stable ABL strol| A substr2] 2 o maxcount 573 replstr 2 VL1
A FUYI= AAE &Y T} maxcount == -1 ZE S 3-8 WA T o vy,
int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABL. & A4 & Wl w3ty 2+ 25, 25, Foll il -1, 0, 1= v o}
o] v A Al ~1S WtSe B g, oY E FRASH7] 8 PyErr_Occurred()E TE8 ok &

e,

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Part of the Stable ABL. U Z = AA| uniE string?} vl w5t 27 2L, 22, o o) -1, 0, 1

o

=1 n E T =

HhEheb U ASCIE QIF Y H A RE A st 2] 7 S A7, v] ASCII & A47F 23+ |
T4 9y BAF-S 150-8859-1 2 3 A1 g th.

o] g o Q] & WA 7| A] 5t
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right int op)

Return value: New reference. Part of the Stable ABL. F -f-U = B2}9 S £ 53} 8] I (rich comparison)

S} ke 2 S HAGL
* 9] 7} A B} NULL
e AFAQ H|WE=Py TrueYPy_False
o 3 23S A4 ¢glo Py _NotImplemented

op°ll 7}’ k2 Py_GT, Py_GE, Py_EQ,Py_NE,Py_LT 3 Py_LEYY T}

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Part of the Stable ABL format3} argsol| A M 24 AA & ¥i3g )
o] AL format % argse} -FAFEUTH
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int PyUnicode_Contains (PyObject *container, PyObject *element)
Part of the Stable ABL. element 7} container®l| ZZ3=] o] Q& X] &<lsla 1o e} ZHojuh AR LS wviet
F o,
element= T L 84 FUIT EALZE A A of I th ol 27k o™ ~10] vk3kg Ut}

void PyUnicode_InternInPlace (PyObject **string)
Part of the Stable ABIL. Intern the argument *string 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
*string, it sets *string to it (releasing the reference to the old string object and creating a new strong reference
to the interned string object), otherwise it leaves *string alone and interns it (creating a new strong reference).
(Clarification: even though there is a lot of talk about references, think of this function as reference-neutral;
you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *v)
Return value:  New reference. Part of the Stable ABIL PyUni code_FromString ()3}
PyUnicode_InternInPlace ()9 %3 Q" (intern) & A SFUYIZE Ex4E AAY, T2
= 7FA ol dof 19 | FAE AA ol gk A (A FRE ‘:‘J%‘r@ﬂ =

8.3.4 7F& AA

type PyTupleObject
o] pyObjecte] M H gL Jtold FZ AAE vebd Ut

PyTypeObject PyTuple_Type
Part of the Stable ABL ©] PyTypeObject AAEAE o] W B2 S eyt Fto] A A =9
tupled} 2 AA Y th

int PyTuple_Check (PyObject *p)
P RE AA AU FE G A W) dadaw 2 ERF U o] 4k B4 AT T

int PyTuple_CheckExact (PyObject *p)
p7t FE AAAT, FE B AH Be Aadar oUW B EHF UL, o] FaE B4
4Edth

PyObject *PyTuple_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. 2.7 len Q1 5Z A A}, A 9] A NULL-E W33 o}

PyObject *PyTuple_Pack (Py_ssize_t n, ...)

Return value: New reference. Part of the Stable ABL. 7] n 9 M| H& A1}, A9 A] NULLE HF3HsH
Utk B g2 shol A AR el 71 4 a 9] C AR % /185 ULk PyTuple Pack (2,
a, b)+EPy_Buildvalue (" (00)", a, b)SssFYth

Py_ssize_t PyTuple_Size (PyObject *p)

Part of the Stable ABL. 2 2 x| o] th s+ = €

e
i
o,
>
ofl
i
3
o
u
N
]
rE
g
o
<
i)

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
T2 pe 2718 YT o] 37+ NULLo] oy Al
A FE Ut

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABI. Return the object at position pos in the tuple pointed
to by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.

22 7hel Aok Futh o8 AAH: 53

4

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py Tuple GetItem ()} 8]S231A] gL, Q1 2}HE &0l 1A k<o)

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7Vel 7l = 5= lowS} high A}ol 9] £8lo|~E
sk A, Aot NULL S WU T o] AL ol 2 A A p[low:high]
PaE Zo R UL QA5 A 4 Th

1o
o
ol
L
°
£
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int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL p7} 7}2] 7] = =9 pos 9] 2| o] A oof] 3+ 2 E AU AF3E 0
& ST pos7 W91 B ol H, —1 WHRELT IndexError 919 & 478 2T,

Fa: o] T ool e FRE“FANL” FTFE T AR A FEel olv] d& FHol ths
FzEHEY D]—(dlscard).

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple SetItem()Z HIHAIRE o] AALE o844 kom 22 FES A2 wf* v+ AL-8-3]

oF gk

N(

JiL: o] AR = ool th3 F2E “F XL, PyTuple_SetItem() S 2e], WA 59l FEol o g
22 WA s Ut pos A AN F29 ZE Fxe FrEUTh

md

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
F& 2715 245t A E 5 A5 YT newsiz
gt A AR B R, A Oﬂ sl Fx7F st A=
u] A H oW o] 22 AFE A WAl 2. F g gl AAAY EolF U o] A= &
%§°446HUHE*§%EtﬂOE% A, w7 B T&A Y Btk 458 0
Rtk SetoldlE BE L, wpol A 58 5257 A% 2otn ARAA L &
R I e i e S A
/é?ﬁ 3}11, MemoryError W} SystemErrorS WA Al 7L Th

[e]

REYNZE Polb ATk B2
g ok Ut FEol IE9 o}
f 2

Y rft rlo

=]

=
1=}

0

Suie:

L o o ook (2 rlr

gl _]\1 mlm m
n?‘i

—ﬂmé

HU ol o rin &

8.3.5 1txA| A AA AA

struct sequence) 2} A= namedtuple () AAS] C

F2A Al ( =
2T F = AFaYUY F2RA A DAE B, 1

2o HA
ek
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. Part of the Stable ABIL o}2jjoll AW H desc?] H|o]E| 2 M2 F+2A A1F
2L syt 27 9 OIAHA—PyStructSequence New () 2 W& 4= YT

e, S ol=ates 5

=2 O H
A IZAANDA FL BEo]of

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc2 27 A A2 % nype AR ol A 271531 T,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitType2} ZHA] 9 AF3HH 02, Aofshd —12 ¥istshy o).

WA 340 7}

type PyStructSequence_Desc
Fart of the Stable ABI (including all members). W5 T2 A A @2 o] g AR E 33}

g= cH BEl

name const char * FZA A A Y o] =

doc const char * S Fol st SAE" o of gk Z A E L) A kst
2 NULL

fields PyStructSequence_Fi¢el 2 T2 & o]52 7IX NULLE Zv+=uld

: of oh e Z e

n_in_sequengcént stol A FZoA B 5 3= dE F (FEE AHEH

A

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyOb ject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.
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T [ce [

=

nand const | BEI S[Ee T oI EYE GES SES Tl W N0LL, ol 20| Gt FH=
char * | F8 9 PyStructSequence_UnnamedField® AAdYc}

doc | const 4t =~EFo|L} Akl a W NULL
char *

const char *const PyStructSequence_UnnamedField
F REAHE GAF/ AT = o5 55 3L

WA 3904 M7A: Fol char *oll A A= AU

PyObject *PyStructSequence_New (PyTypeObject *type)
Return value: New reference. Part of the Stable ABl. Py St ructSequence_NewType () & & THE type
of QAEAE PR,

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL p7} 71e] 71 = £ 2 A Al 29 9 A posoll =
AAE U 29 A7 H A 5 Ut

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () S5 mja 2,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. FZ A AP p Ad X posoll Y= TEZ Zhoz AATYLL
PyTuple_SET_ITEM()3} upZR7 A&, o] A2 M E& ?lé%ié% A< wjwk AF-&5) of 3Fu ),

Fa: o) drod i F2E“FH UL

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem () =53 u|a =,

. o
Far: o] g

rlr

ool &k

wl

=

fr

AT

8.3.6 Z|2E 7|

type PyListObject
o] pyObject] A H &L stold g 2E A S e d U th
PyTypeObject PyList_Type
Part of the Stable ABI. ©] PyTypeObject AAH A= gho] 8| AE &S e U] o] AL slo] A
A5 list & 22 AA Y th
int PyList_Check (PyObject *p)
prLEl2E AA B aE W AR Y QoA FE BT o] Fe B4 AT UL
int PyList_CheckExact (PyObject *p)
p7t B AE AAo| A B2 E o A H O] AT ofH E vk th o] T 34
AZ gk
PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL 43 3Fd Z o] len Q1 A B|2EE, A 934 NULL
2 W o,

1z leno] 0K T 2, WY 2lAE A9 FEL2 NULLE A HUh webA BE F5
PyList_SetItem()&E *‘xﬂ 7ﬂxﬂi 73 7] Aol pysequence_SetItem ()} 22 574 API
S E ARG AL Ifol M T E AAE =T 4 g5 YT
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Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL listol A} 2] 2 E AR o] Z o] & Wr&3uth; o] = 2|2~ E AR o thstlen (1ist)
ot sE U

Py_ssize_t PyList_GET_SIZE (PyObject *list)
ol AAF Qe PyList_Size ()Y jaz A,

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL list7} 712 7] &= 2] 2 E of| A index $ X| 2] AAE
WU o A X = 2 7F oty ol ok Stk 2l A E Y] Zo AR E 9] QlE A2 A AH A s
index7} HS S Bl o] U (<0 == >=len(list)), NULLS W83} 11 IndexError o2& A A}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. 9| &) AL Q1 PyList_GetItem ()2 W3 Z 3 4].
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

Part of the Stable ABL. 8] ~2E 2] A Y jndexol] Q= F5SitemS Z AT Th A F3HH 0 WS
U T index7F B E HoluU Y, -1 vkEst IndexError o9& dA g}

item®l T3t F2E “F A7 FFS T X9 22E o] 9= FEol

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
olg] AAF Q1= PyList_setltem()9] WAE P4, ANbAHO R ofd gl gl A B 2ES

A5+ ol AHE Ytk

» PyList_SetItem ()3 &e] UA=EE 2o

Far: o] 3R = itemol] I FEEF “FA L7,
r @zt ree 9oy

0e 22 el A e Th s o i 970

30 R

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. &5 item-S 2] 2 E [iste] A G X index ol A4 U AF31H 0 WY
o}; Asfsld -1& ‘ﬂ—?_]—‘G]-_T’_ o 2] & At} list.insert (index, item) ol 3|3t}

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 2] 2~ E [iste] Zo A A iteme F7FgU T A23H4A 02 WSy} A9 s
12 ek o 9] 2 A FUT 1ist . append (item) o o BT,

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. Part of the Stable ABL [listol| A low 2} high Alo]ofl Q&= AAES 285t
24 E 2 ukshgh Tk Ao 8he NULLS WHEFeh e o] 9|2 A A BT Lict [low:high) o 3%
ST Bl i Zol AR o) olE g e A% A ko,

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL  low2} high AFo]l 9] list&eto]l 25 itemliste] W&o =2 A3}
list[low:high] = itemlistol S| ZTUT}. itemlist= NULL & 5 =], ¥l g|l2E9 Y
2 Ut (2ol 2 A, AESHE 02, ATjaE 12 HHU T Bl AE o] AR e

e CERE

int PyList_Soxt (PyObject *list)
Part of the Stable ABL list 322 Al el A Btk 42349 02, Aslaha -1 whahghoh
o] AL list.sort () ¢ E5FYrh

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list2] 3522 Az} A F A5 Uch AZ35Hd 0
C} o] AL 1ist.reverse () 3]—5‘: g o}

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL list2] W& & £33 5t= A 52 2AA & w3yt

tuple (list) &} 53y}

m]o
éa
o
(2
iR
o
r]I,
r 0
i)
A
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8.4 ZE| ol A

8.4.1 g1z AA|

type PyDictObject
o] pyobjecte] AH @2 sto]d A el A E ey ch

PyTypeObject PyDict_Type
Part of the Stable ABIL ©] PyTypeObject AAEAE gtolA 9 L UJEY YTt o] AL
ol A S dict et 22 AA Ut

int PyDict_Check (PyObject *p)
p7dict A o] Artdict o] A B P JAA2EAH FE whgUth o] 4= P4 45 Fch
int PyDict_CheckExact (PyObject *p)
p7tdict AA O AT, dict B A B B AAEAL opE B WETUT o] Ft I AT
Ut
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. Al 22 ¥ g A4 2] & w33} 7 U, A3 31d NULL
& uhagh,
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. ¢} 7]
MappingProxyType AA S wtad ) o] AL vt
+4 A7) A9 g wEE o ASH Y.

void PyDict_Clear (PyObject *p)
Part of the Stable ABL 7]& Y& & 7]-3 A< 9.y

R

oy

int PyDict_Contains (PyObject *p, PyObject *key)

Part of the Stable ABI. €1 A4 g poﬂ key7} =] o] Q=X AU th po] T o] key2} Y A BHH 1
= 9Estal, 2192 o 02 R Y T o W -1 REEE Y T o= -’4"’]‘{3 £9d4 key in

pS}t 5

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL p2} 22 7]-7F S £331= A G-V ] & Hkst
g,

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. B A ] 2] pof| valS key 7| 2 A AUt} key= S| A 7Fs3oF St 28 X
.07 Typerrror7h MHATH Th A EHE 02, A S -1 WET o}, o] Fa= valol @
Bx8 S04 B

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the Stable ABI. Insert val into the dictionary p using key as a key. key should be a const char*.
The key object is created using PyUnicode_FromString (key). Return O on success or —1 on failure.
This function does not steal a reference to val.

int PyDict_DelItem (PyObject *p, PyObject *key)
Fart of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if it isn’t,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return O on success or —1 on
failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Partf he Stable ABL <21 pol A £419 k2 4148 719 B8 A AT B key7h B A el
§2W, KeyError7h AR th 43518 02, Aoahel -1 wrEgh T,

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. © A U 2] pol| A 7| 7} keyd 1A & ¥F3Hghu o}
key 717} o9 of| 2] & A 8hA] ¢kl NULL& "By o)

_hash_ ()% _eq_ () WAEE SE3= 3¢ DA = o= AP ULh dlg] EUE A
o8l Al PyDict_GetItemWithError ()5 AFE3HI AL
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¥ A 3.100] A] ¥ 7 : Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABIL 9| 2] & A A3} A 9= pypict_GetItem ()Y
HE QU] o 2] 7} A e o 9] & A A ST NULLS ¥ U T 7] 7F glod o 9] & A A 3R
3 NULLS WHEHgh ot

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. Part of the Stable ABL This is the same as PyDict_GetItem(), but
key is specified as a const char*, rather thana PyOb ject*.

__hash__ ()% _eq () FINEE &3t A AE AAE T+ S 2AsHE o9+
AAFH UL o8] RuE Ao #W thAl pyDict_GetItemWithError () S AFE3HAA L.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] 212 3}o| 8 =5 2] dict.setdefault () & ZHUth £A) 3}
A, 9 g poll A keyoll 3 3t gt WU T 7] 7} dictol] 12, 3k defaultobj 2 4k A= A,
defauliobj 4 AEG U T o] Gt keyS] A B4E 23] L 4112 A 54 02 B S A
2 W A kg o,
WA 3.4 F7}.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference.  Part of the Stable ABL. HAMgle RE FJEL
PyListObjectE ¥ragt}.

Kl
%
ol
rlr

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. 9|8l LE 7| &
wEF .

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. G U 8] p&] E ZFS E£3H8}= pPyListObjectS
LlacsigR =

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL. G- 2lo] Qe 52 & watuth o= gAelo] thd len (p) &
S5

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Fart of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to O prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject * variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration.
Its value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets
are not consecutive.

dE 5d:

2

&3l= PyListObjectE

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value))
/* do something interesting with the values... *

S -

-

M e pe olH el o]/ Foll WAl
< b skA R, 7] Aol MAH A o

-0,
i}
M
Iy
i
e
v
Ach
i
o
o
o,
o

m
]
E=)
gL
fifo
23
o),
o
rlr

s
)
2

PyObject *key, *value;
Py_ssize_t pos = 0;

(RS STl Ao A%
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(o1 sl o] A A A%)

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABIL W} A A bE o] E] & o] E 3tHA], 7]-3k S 9 g a0l =713 b
gAY AY PyMapping. Keys ()%} PyObject_GetItem() % ]‘{_ e EE AL = A5
t}. override7} Zro] |, aoll Y= 7]1E o] bo| A L X 3t= 7] 7F o WA E A, :/_r'gz] ko
dAsk= 717k gl vl %*Ol F7F Utk 43stH 0= E‘}%‘rﬂﬂ, of| ] 7} WA 5 -1 WhEHg]
S-S
int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABIL. ©]+= Col| A PyDict_Merge (a, b, 1) 7231, F AR QA Ao “keys” O] E
olEl g o] E 5}#] oF=rh= ARt
HEEFS} L, o] 9] 71 A SHH -1

HEZF & Wl PyDict_Update () 7} 7]-3k %S] Al o) o3
A5, sko] Mo A a.update (b) 9}%/\}%‘14 ot 4Fstd 0=
< e Th

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *squ int override)
Part of the Stable ABI. seq22] 7]-zk %o 2 A8 aE 73 A A Y By 1:]— seq2= 7)-Fk o8
she 4ol 29 olHE E 4‘%4] sk ol B g8 A o of Ut S5 7] 7k L2 W, override
7b 3ol mpxjuto] SE|etar, T ¥ A ¢kod A WA v S gt 4 /\1 0= whghstar, o 2] 7}
WA ehE -12 et F5 3 gto] AL o] FH5 U th(REE 3t Al 9))

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:

alkey] = value
8.4.2 3 AA|
This section details the public API for set and frozenset objects. Any functional-
ity not listed below is best accessed wusing either the abstract object protocol (including
PyObject_CallMethod(), PyObject_RichCompareBool (), PyObject_Hash (),

PyObject_Repr (), PyObject_IsTrue (), PyObject_Print (), and PyObject_GetIter()) or
the abstract number protocol (including PyNumber_ And (), PyNumber_Subtract (), PyNumber_Or (),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber__InPlaceSubtract (),
PyNumber_InPlaceOr (),and PyNumber_InPlaceXor ()).

type PySetObject
This subtype of PyOb ject is used to hold the internal data for both set and frozenset objects. It is like
aPyDictObject in thatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type
Part of the Stable ABL. 0] Z-& 3}o] H set §& YEIN = PyTypeObject? AA~EHAQ YT
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PyTypeObject PyFrozenSet_Type
Part of the Stable ABIL. 0] A2 3}o]| W frozenset ¥ YEI = PyTypeObjectd

2l
23 A AR E BE st A AN o] B3 ZAHNA A5 FUTh MBI 2, AR G BE
OlEiﬂ% g gho] A AR ol A ZF ot
int PySet_Check (PyObject *p)
p7set AAY AR o] Ardaw e BT o) 4 T AT T
int PyFrozenSet_Check (PyObject *p)
p7F frozenset AA Y A H o] AlA~EAY Z-E ¥EgY T} o] S A AAF3Y o).

int PyAnySet_Check (PyObject *p)
p7tset AR, frozenset AA Ei= AH He] AAE AW FE BT} o] T4t T4 AT

ok,

int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.

WA 3,109 7}

int PyAnySet_CheckExact (PyObject *p)
p7tset AA Y frozenset 24 ]Z] U A HE O] dAaHAE oY ZE HHEg . o] sk
B4 43T,

int PyFrozenSet_CheckExact (PyObject *p)
p7} £rozenset Ao A vk A W AATAE oW FE MU o 4= B ATY

grt.

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterableol] 2|3l ¥F3+H =
= Wyt iterable> M2 W S W57 A8 NULL 4 = AFUTh AF }fﬁ A %ﬂ%‘—
A58} NULLS WEFHI T iterableo] AR o 2] &o] ol W TypeError WA AT
ARAE QTS BAE 0 E F8 T (cmset (5)),

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABIL. iterableo] 2] & ¥Igld AAE =33 22
frozenset2 HFE St} jterabled N 2-¢ ¥l frozenset2 W=7] Y& NULL & 4 A5 Ut AF
3 A R3S, Al et NULL-E R T} dterable©] A A Z o] E 2 & o] 0}1/] @ TypeError&
a4 AU,

set ¢ frozenset ] AAHA T T59 A B PO Axdxe tfs] thS T fI2E AT
T AFYTh
A Y

Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABL set ] frozenset A2 4 o] & ¥FEd Ut} len (anyset) & 5534
t}. anyset©] set, frozenset == A H o] AJA2EH AV} oly W PyExc_SystemErrorE YA A
AUk

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
o2l A A pySet_size () S AR FA4.

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL. W AEH 1, HAH A kO H 0, ol 2] 7 &g obd - 12 Rt oo A
__contains__ () HIAEL}E= T, 0] T 31-’\5 3 A] B 7153 AT A A frozenset & 2 X5 WH &
A F YT keyZt S Al 7155, TypeErrorE S A Y tTh anyset©] set, frozenset
T AH o dABE AT} oW PyExc_SystemErrors 2 A U T}

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABI. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a
MemoryError if there is no room to grow. Raise a SystemError if sef is not an instance of set or its
subtype.
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= = set oy 27 AH FO AxrE 0= AHEE 5= I AT frozenset oL} 1 A H
2B 2o = ALR S S gy T

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABI. WHAE 7 Al A H 1S H]—:ﬂ_—z's]u_ LA A ko (ol A% 3R] U th
0% 923, o 8L S 1§ P A% 5 S 7100 O3l KeyErrorE WAA7)
2] k55U Tth key7t S| Al B 7F5 8 TypeErrorE ““g/‘] AUtk o] X discard() HIA ==
2], o] A=Al B3 S A A frozenset & 2 A5 H 351 A] o5 T setO] set oU} 1
A B 53.4 Cﬂé‘ﬂéﬂ oty pyExc_SystemErrorE WA U Th

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABIL setol] 5] &= 2] o] AA| o thsl A FZE vkst
S, sercll A A A AT Ao 5 NULLS MBI T 5ol ¥o] 9 W, KeybrrorE
QEAA YT sero] set oL I AH O] AAAEH AT} oYW SystemErrorE WA Al Z Y Th

int PySet_Clear (PyObject *set)
Part of the Stable ABL. 7]£9] & @4 &S w3t}

8.5.1 gt A A)

shold 4o BAE @ 747 §47F A5 Th

type PyFunctionObject
ool AHgHE C T2,
PyTypeObject PyFunction_Type

G| A& pyTypeohiects] AAH A0l M ol ¥4 Y& vhehiEh ol =2 2ehulol A
types.FunctionTypel @ ==tk

int PyFunction_Check (PyObject *0)

07} &< AR (PyFunction_ Type B)W <& Wk o) w7l ¥4=+= NULL o] o}y o of g th
ol g5t P4 AT

PyObject *PyFunction_New (PyObject *code, PyObject *globals)

Return value: New reference. = A code2} AFH A &< AR S w183 o). globals= 4ol A
AA2 4 9 A W47} 1 HA Y 2o o] of T T

$40) S2ET o] 52 T ARl A AT _module__ 2 globalso] A 1A 11tk Q17
718, o olA 2 F2 A4 = NULLE AAFE YT _ qualname__ % T o]l T2 R
2FE Y,

PyObject *PyFunction_NewWithQualName (PyObject *code, Py Object *globals, PyObject *qualname)
Return value: New reference. PyFunction_New () 2} B3R 2k, S A A2 _ qualname_ o E
HRESAAT 5 J=F FUth qualname= FUIE 7—‘1Xﬂb‘rNULL°] o] of gujt}; NULLO| H,
__gqualname__ 9] E ﬂ HE+__name_ SERFES T2 go=w AP Ut

WA 330 27}

PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. 35 A A ope} AFH I = AAE 93U}
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. 35 21 A op&} AXH A A 2 &E ¥i3shy o).

PyObject *PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. Return a borrowed reference to the __module__ attribute of the function
object op. It can be NULL.

This is normally a string containing the module name, but can be set to any other object by Python code.
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PyObject *PyFunction_GetDefaults (PyObject *op)
Return value Borrowed reference. &5 AR op] QA A} 7| B kS wkg 3y th o] &= Q21 FZ o}
NULLY 4= 15U th
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
o AA opel QA 71832 AU defaultsi= Py_None o] F-& o] o] oF gy ot
Aot SystemErrorE WAYA 7] 3 -1& WHEHgH T}
PyObject *PyFunction_GetClosure (PyObject *op)

Return value: Borrowed reference. 3= 24 A| op2} AFH S Z A5 ¥F3Hg Ut} o] 22 NULL o] A
Ao B2 5 A5

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
St AA)| op}t AFH S22 AE DA U dosure= Py_None oL} A A3 o] FZo]ofof gt}
Ao sld systemErrorE WA 7131 -18 HHEgHU T}

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 3+ AR op2] o] E]| o] A& wiEghyt} o] 242 7 g -y gy
NULL € 5 54Ut

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
Sk A A opQ] o = H| o] A& A A T Th annotations> A 2] L} Py_None ©] o] of gt
A3} 8tH systemErrorg WA 7] A -15 9HEHeU T

8.5.2 QJAEA B A= A

AA~E A WA EE Pycrunctiond] Y8k B F ol PycFunctiond E# & AA o dAsE= =22
vhH Ut o] A 9] pyMethod_New (func, NULL, class) @22 thAg}.

PyTypeObject PyInstanceMethod_Type
°l PyTypeobject Aadas golf JA2d2 A= F2 debdyth stold 22+
SHA FFUh

int PyInstanceMethod_Check (PyObject *0)
o7F 2" A A E AR H IFE ¥t (PyInstanceMethod Type & YU Tth. vf7] Ha
NULLO] oF]ojo St o] 4t 34 4B e 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.

rlr

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. Q12~8 2~ WA E im3} AFH 4

) AA S T2 o
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 255 A AFS 1] 3}+= PyInstanceMethod Function ()9 |3 &

.

8.5.3 WA= 7|

HAEE d2H (bound) 4+ A AUt WA= P AHEAL
A 4= A 22 (unbound) HIN = (S AA 0 A2d l ME)=
PyTypeObject PyMethod_Type

o] PyTypeObject 2B AE Sto] W HIAE S e YUt o] A2 gto]f =2 T3 types.
MethodTypeZ =<5 U Th

Qo) 2ea0) Anadae] AZE U
o A S S g th

int PyMethod_Check (PyObject *0)
o7} A= A g W Th (PyMet hod_Type F YU Th. Wi/ M= NULLO] ofy o] of
Ut} o] 3t AR A 23k o)
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PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M 22 WA= A& 58 F Tt func— olojo] F & AA ol H, self
EHAETLAZAE o & A2BE AP YT funceE HAEZISESE W] SEE - YUt self+
NULL©] o of of gt}

PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth Wl A =2} A#H St A & wiakgh ot

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2.5F FAAME ¥ 8} PyMethod_Function ()8l W2 & WA,

PyObject *PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. meth W| A =2} AAH AA~EHAE ubegh o}

PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2.5+ ZAAMS 3|81+ PyMethod _Self ()9 W32 2 ¥ A.

8.5.4 Al A

“A” A= o] 2FZo A FR3t= HeE FASE= o) AFRH Yt o) g3k Manit, ghS A 35}
A& A AA 7 rEA-] UL S FRe= 4 a8 2 9 11"* @401]— oH”EH—’F%/\}%‘}% 5
’*:’4«1 Al of] o g+ 7é}§—7}i7§%‘/15} Zroll AN 2~3hd, Al 7“%4] ZHA T Al Aof) 23 ko] AFSE Y th
olg gt A A2l A 3F=x (de-referencing) = “§ 4 & nfo S2HEEY A Yol daFThH BA A A
sz AR A gsyh A A= o2 Xl 78 le = g5 Uth

type PyCellObject
A AR AHgH = CF2A.

PyTypeObject PyCell_Type
A A o B3 B A

ﬁ

int PyCell_Check (ob)
ob7t A A ™ 32 WU T ob= NULLO] oh o] of Stk o B4 FA AT U

PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob & Z33= Al A A& w& 2 whagh ot v 7] M= NuLL 9

T AFUTh

PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] -8 W3- o}

PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell2] U] -§-& WF8H3}A| B, cell©] NULL o] o X &} A A 3] 9 2] &
gelskA] ks yth

int PyCell_Set (PyObjecz *cell, PyObject *value)
A AT cell®] 8- value AR T o) 9A 511 o] AR v gl Ul e F2E A G T
value’= NULL 2 5 915U O cell= NULL o] oFujof oF HUITh; A 214 7k obL] 7, —1 o] wHEHR U .
d&shd, 0°] W Ytk

void PyCell_SET (PyObject *cell, PyObject *value)
A A cell®) - value AAFUTH F2E A4 2R A 3L, AL 9% AR} o 2o} A A

3
934U OF; cell-& NULL] obu] ofof 5} A 21 7] of of gL
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8.5.5 & A

SLE AA CPython 78 452 AR AZYUTH 2 AR = 014 Gool Fol 97 e 48 58
2= gol 2l & ek,

type PyCodeObject
= AAE Aste ol AH8EE AA S CF2A. o] ¥ A= AdAEA AAE = A5 U

PyTypeObject PyCode_Type
o] 22 Python code &S YElY & PyTypeObject?d] AI2E A YUt

int PyCode_Check (PyObject *co)
co7} code AR W F WBAGLTE, o Y5t G4 4B

int PyCode_GetNumFree (PyCodeObject *co)
cooll A= 2t W] S gy ok

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject
*code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject * filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. M} ZT= AR E vyt =89S wE7] 98 tjv] T= AA 7 2
239, Al PyCode_NewEmpty () S AHE Al 2. HEo]| E I =9] A o) 7} 24 W A= 7] w2 o,
PyCode_New ()& A7 £23+8 33 spol 4 mAo] 47 & Y&

PyCodeObject ¥*PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,

int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject * freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Ject *Inotab)

Return value: New reference. PyCode_New ()@} Bl =3t X| g 1% AL AAE 3 =7}

“posonlyargcount” 7} 15 Y] T}

WA 3.8 =7}

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. A/ 238 314 W, st 9 A AR & HEE Zr= A 0l I= AR E ¥
Ut A3 I = A& exec () Exeval () 3= A2 EHY YT

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.

8.6 7]E} A

8.6.1 u}d A

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the
buffered I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new io module,
which defines several layers over the low-level unbuffered I/O of the operating system. The functions described below
are convenience C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter;
third-party code is advised to access the 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] &+ 549 Y 7|& A} fdZ2 JolA
g AAE T5 YTt AR} name, encoding, errors X newlinee 7] 2 3FS AFE-317] 938 nULL & 5
15Ut buffering & 71 WZES AE317] 13 -1 A 5 U Th name- FAIH L, o A ¥4 )
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#4291 §209 Uch. A5 Al NULLS WBFU T Aol 3k B A4 A2 Lo, open ()
>

WA 32004 HA: name ) EBHEE FA YT}

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]) 2 T53 Ut} o] g4+ AA|
polAl st &S gssUth pv= 3tY AA Y readline () WA EZ} Q= °‘-4-/] AA L —’F 9}’“‘4‘3}
no] 00| ¥, 9] Zole} A glo] A3 3}%% S5 Uth no] 0Kt 3, n Hfo| E o] AFZ It
oAl ¢l A s th E4ASEEo] EE 5 UFUTE F AS B, 3l 2ol A EESH W
FAG o] vkskg Yt 28vhno] 0K T X—.LE‘H, Zdole}t BA G &S AT TP Eofl SA
S 23t EOFError 7} & g th

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A8 handler S &3 Wj7} M-S A8 == 10, open_code () 9] ARHA A T2 AHF Tt

The handler is a function of type PyObject * (*)PyObject *path, void *userData, where
path is guaranteed to be PyUnicodeObject.

userData OB = & 42 A UL &
ol A A4 g 9B

o] FL EHOor YJXE Fo| AHEFH ER, A4 F 3l A 1 (frozen) sys .modulesol JIThal 43l
o E 3

B ohE ARl 529 £ Jong, o £

AT olehd % A9 3o A28 REE AT EaE A4S AL
At Zo) AT Y, A ATA Y ZA T 4 glom, o]To] pyrile SetOpenCodeHook () ol sk
i%%@m@quwwm@¢%1%%%a EEEEPE P EE TR EERE

o] gt Py Tnitialize () A TENE SHA YT}
A=A} glo] ZHAF o] Ml E setopencodehook-& FHAYAIZ] Y
W7 3.80] 7}

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the Stable ABL. 2 A| objE 5}Q A A poﬂ EFUth flagsoll A AL = L8t &
Py_PRINT_RAWHUTH Fo AW, repr () A AA| 2 str() o] 7| FF Ut 433td 02, A
AFA 1E AT 489 ol 44T e

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL. & A4 s& 3+Y A A poﬂ Ul AZ3d 0L vdsty, Ansd -1
whekghU ) 489 o9l 7} A H o
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8.6.2 X5 7 A

PyTypeObject PyModule_Type

Part of the Stable ABL ©] PyTypeObject AAEAL sto] M RE F-S JERE YT o] AL types.
ModuleTypel & Jlo]# =2 T3 o] =& H Ut}

int PyModule_Check (PyObject *p)
p7tEE AA ol AV BE AA 9 B Pold e ikttt o] = 3 AT U

int PyModule_CheckExact (PyObject *p)
p7} BE AR o A8, Pyiiodule_Typed] AH % o] oh)
o,

PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9| E 8| HE 7} nameS 2
AAE N 2E AAEESYtt 259 _ name_ ,_ doc_ ,_ package_ ¥ _ loader_
OJEFREZ AYAUTH(_name_ S A eI RF Nonel & AAHYUThH; _ file  olEF
HEES AlBols A 5249 AU,

WA 3300 27}
WA 3404 HA: _ package_ 2} loader_ 7}Nonel 2 AAH Yt}

)
et
o
r=
riet
i)
v
=
o
o
e
rr
)
ox
oX
ot

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABl. PyModule_NewObject ()2} B]523}A] 9h, name ©]
SUFE Az A UTF-8& A AP H E214 YUt}

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] ©] & F7+& Fd3l= g1 g 24
£ kUt o] AAlE BE A Y __dict_ A EFREL ZHUTH moduleo] 2E A (=
E25 A9 AH )7} ok, systemError7F &4 8Hal NULL o] WHEHE Yt

It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly ma-
nipulate a module’s __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name_  ZFS ¥F3HsH
th 25o] Al FskA AU, EAFE o] ok ™, SystemError 7} WA SFal NULL o] ¥HEhE Yot

WA 330 7}

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule_GetNameObject ()2 H]SE3FA B 'ut f-8' 2 A FHH o] &
Nt

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 252 “AE]”, & 5 A A Sdd v 2e &
2 Y133t} PyModuleDef.m sizeS FZ A L.

Jh
o
N
N
AU
N
rr
Fl
rO
i
I
=z
[«
=
=

PyModuleDef *PyModule_GetDef£ (PyObject *module)
Part of the Stable ABL. 2& o] WE0] 2 PyModuleDef FZ Aol thsk EQEJL} BE o] A2 oA
RhE ol A A koW NULLES Rheh gy ok

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL module®] __file_ o] EE|HEE A3} module
o) 2 =% 349 o B2 WHATUT. 35 A AL 7= FA-do] oW, Systensrror
2 W73 NULLS MBI 184 O fUTE AR o a B2 E WA

B A 3.2 =7}

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABL. PyModule GetFilenameObject ()2} B3R 2 ‘utf-8* 2 A FJH 51
B Rk

WA 328E 9 A: PyModule GetFilename ()2 QI YT & gl Ao o3|
UnicodeEncodeError& WA A Yt} Al PyModule GetFilenameObject ()& AF&3HA
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Al L.

C2E& %73

wE AME duAoR 4 BE (275 B4E YR UE B4 2ol nY
ST} PyImport_AppendInittab ()& AH&3to] F7FE) oA e YTt =}
U} extending-with-embedding & 3FZ 314 Al 2.
27138} 4= BE Ao AAEAE pyModule Create () o] AE3LT A3 BE A& vtdtal 7L},
Qo] 727 A E kel “oheA 27138 2 2 4 AsUh
type PyModuleDef
Part of the Stable ABI (including all members) 5 AAE J’ =4 ge3r
&%) 7 aal, A D 7ol o ol Bl AA 0w 2 r5HE W
PyModuleDef_Base m_base
o] W& A pyModuleDef_ HEAD_INITE X 7|3} Al L.

const char *m_name
A 252 o] F.

const char *m_doc
REY EAEY,; YA O F pypoc STRVARE WS A EAEF W57 AFRH Ut

Py_ssize_tm_size

25 el BA AGo] ofd PyModule GetState ()2 RIT ¢ Y B vy F
Jo] FAE £ JFULH o] A2 o9 AR AHZH A BRES AFE3HE A& HdH
v U th

ol MRe] I EE WY Al m_sizes 7|22 TFE M, ZE AA 7 S AAE off (QThH
m_free &7t TE2F Zof) sAIH Yt

m_sizeE -1E AASH EE G JHE 27 w2l A B A z2JHE AAsHA] %+
o= Sk

=7t otd o2 At RES Al 27131 & 5 vk Koly AEjol 288 7}
M2 e g A GUH bdA 2713l = 50] okd m_sizeZt B2 FUH

ZLA B Y82 PEP 31212 ZZ 3 A L.

PyMethodDef *m_methods
PyMethodDef 3O 2 7|5+ BE &F 5 H ol B ot 2. &7 §loENULLY
=

PyModuleDef _Slot *m_slots
A 27135 AT <X B9 WE, (0, NULLY FECE FRPEUL ddA 27|35
A&, m_slots<= NULL o] o] of gt}
W 3500 W 017 3.5 o) Aol s, o] W7k A NULLE AR 90w, the 3 o] el
HAsuth:

inquirym_reload
traverseproc m_traverse
2 E 279 GC 94| 5 £2 8 B Pt D254 o B NULL.
25 AH7F 23S QAT ob g dFE A o o] vt EEH A F U o] AL
°l el AL, REol AYH 7] A F AUtk (Py_mod exec F). T A5t
71]%, m_sizeZFORT} 21 BE AE](PyModule GetState () 7} HEEsl+= )7}NULL<>]U% o]
RS z] Ut
WA 39004 A7 25 A7 2R 7] Aol He £S5 A sy
inquirym_clear
BE AA ) GC Be] Foll 52T A (clear) 1}, B 2514 ¢0 W NULL.

_|>4

~
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25 4L LA AL, ok Giel A Q9o o] $oh TR A e oL
55| gEolQ A%, BEo] 4957 A4 FFAUTh(Py_mod_exec ). o A8
A, m sized} OEE} I3 2E AE (PyModule GetState ()7} ¥F83l=) 7FNULL O] H o]
7t T EHA FsUth

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.

W 39014 WA wE et AR ] Aol By 5852 gt
freefunc m_£free
BE A 2 HA Fol T2F P4k LA oW NULL.

25 7 S A QAT oA &FE A ¢kgko o] &4t S EH A kUi oA
REol ttso|X A%, BEol AdE 7] AHY A-JUth(Py_mod_exec TF). H 75@10}
Ae, m sizeZFORT 331 5 AE](PyModule_GetState () 7} HE3Hsl= )7}NULL°]U4 o]
Tt EEH A st

WA 39004 M7 2E FE7E EEH 7] Aol e £S5 A FFU T

Ir

“TheA 27182kl 5h, the

m]o

25 2713 fé}—?% EE AAE AH =2 9EE 4= 955Utk o] 7
F 25 AN I T shuE AUt
PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. def 2] 2] ol e}, Al 2E AAE w5 Yt} o AL module_api_version
©] PYTHON_API_VERSIONC Z HAH pPyModul eﬁCrea te2 () A8 Z&Yrc}

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Part of the Stable ABI. def 2] 7 2] of| w2}, API ¥ A module_api_version<
7} ste] A BE AAE v UTH sid W o] A el ez ey WA X 5hA] ko,
RuntimeWarningg A Al Z Yt}

BA3: o] Yot URE pymodule Create () B UAl AHSE oF BTk 8l e B R g u Rk ALE
442,

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObjectRef ().

oA 27135}

& A A sk th2 2 “ohA 27]§]— S 8= AYuUth o] PP R SN §F RELS
sto] W REF} o] oA SR YT 2738 BE AA 7 vt ol & wf 2] 2843 ©A (creation phase)
o} 2] ¢ A wl) o] A3 A (execution phase)Z ESFHUTH TEHLZ ZH 29 new ()&} __init_ ()
H A =8 F AR U T}

GHA 271388 AFSst] TrEo X REF 2, o] RE2 AFEC| obd Ut} sysmodules IS A
Asta E'_%_r% U}/\] YEE 3d, A BE AA7F HEA A, o] BRELS dy 7 A =7 0] H85
Ut - 3lold BEF 7 A Ut 7202, e FoJoA ThEoj o3 BRELS 5 YA oloof

O HihE AT O E BEAE 4TE P gEd . 5, 2 s
PyModule_GetState ()& /\}&oﬁxﬂ)ur:_ u]ﬁ(ﬂ rES dict__ Y pryTy
T N Sl ) o & A ke of of P Th

A 27131E AHgste] T RE RES A E QAHZEHE ALY A2 7[dg Ut th%
RESHSHALE §FA= A2 dtd o= o] & EA3H7] o Tt

EE AA (s =
e_FromSpec () 8.2

o S
fuj
S rlr
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oA 27132 2 A3H7] Yoll, 2713 &4 (Pylnit_modulename) = B o] QA & m slotsE 7FRA
PyModuleDef AXRAAE HHEHEHU T H]'%E] 7] Aef, PyModuleDef AA2HAE )L 45 A3}
SEUEERE St
PyObject *PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 28 2|7} §3} = 34
b= A Haels gvl2 ) 271348 sfold Ao A T,

defE PyObiject* 2 N AE AL, o & 7} A 8 H NULLS ¥H3H3HU T}
WA 350 F7h
25 J9 9] m_slots AW £ PyModuleDef_Slot XA v & 712 A oF g t}:

type PyModuleDef_Slot

it

int slot
obeh AW E ALE 5 S gk FolA AHE, £ ID.
void *value
X Do whe} 2 w7 EekAl =, 29 7k
WA 35 01] Z7}
m_slots M| E@Lid7}0Q &£ F o 7 Z &3] of ghth
A8 AR EE e e 25y
Py_mod create
€ AA AAE e A6 TEH e FE AL FU o] €59 value EJAH = =3 2
/‘1“3 = 2= gE e Ak FUth
PyObject *create_module (PyObject *spec, PyModuleDef *def )

o] 34 PEP 4519 F2]® U2, ModuleSpec AAE A9 BE Fo & w5yt A 2E AA S
BkekaL 71, of 815 A A 3kl NULL-S Wkl of gt

ol I oz FASoF FuUTh 53] L2 RES ] YEEFJH LA =5 FIF2T}
HL/\gsL/\ QolA, Jejo] stolW F=E T &8 P Yt

shte] B Y ollA o3 Py_mod_create €= AR T 5t

Py_mod_createg 11@5%1 orom QXE HRL pyModule New () S AFgdto] vt BE A
A& Ut o] &2 7} oby a]’Spec"ﬂ/ﬂ ATUH &F REC TY BE ZYE FF3FHA
REAZ PRI AT A FAOE 24N 1 AR 2T FA hE oGOz QEE D 4
5% 7] gt
W88 A pytioaule_typed] A2HA 9 BRE YT YT B ASARE 47
ANE ANQE}=3F EE FS AL 5 A5 D} T84, PyModuleDef o]l NULLO] o}
m_ traverse m_clear,m_free;00] o}l dm_size; EE=Py_mod_create 0|2 8] &£F o] O™,
PyModule_Type A A A wkHlstE 4 9l& U th

::I,

Py_mod_exec
EssAqsr] A8 35 d-E AAGUS olA2 ol R I=E A st A
ESFgUTh WA O, o] ot Zelag 458 BEo) FATUL B4 AgL B3
Utk

int exec_module (PyObject *module)
o] 2] 7§ 9] Py_mod_exec €X 0] A H ™, m_slots Wi ol YEF L= A HE A2l g Uth
oA 2 7] 3}o] o 3k ZhA| & W82 PEP 4895 FZ 8 Al
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REAL S

N

A%

o

oA 271315 A8E o] oW offidA = oS 57 EEFH Y
A, dE 50 BE AAE 542 AT o 285Utk RES &A% 2736
PyModule_FromDefAndSpec®} PyModule_ExecDefS EF T &3l of ghof 2] 341 Al 2.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

WA 3.5 =7}

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef  *def,  PyObject  *spec, int mod-
ule_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.

Far: o] @ & PyModule FromDefAndSpec ()& WA A8l o FUth; 43 228
AA 2

W7 350 =7

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Part of the Stable ABI since version 3.7. defoll A AH & A3 £F(Py_mod_exec) S A& Tt
B A 3.50] &7}

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the Stable ABI since version 3.7. module® S 2~E %] < docstring©. 2 AUt} o] St
PyModule CreateY PyModule_FromDefAndSpece AR 3}o] PyModuleDefol| Al EE& T

S Ao s Yt
WA 3500 7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)
Part of the Stable ABI since verszon 3.7. NULL £ & functions 8] G 2] &5 module®l| 7t} 71d

2o tf 3t At WL pyMethodDer AHAE FZRIFAANL (2F 2E o] = ”’7]—0] 91 7]
o, CE 79" 2§ ‘T—Z “8} 2= (functions)”= Q¥R 02 3 WA 7] W42 BES £A

3t sfol FeEf e QAAHA Uﬂ/ﬂ 2} T AFSHA u]’C yth. o] &4+ PyModule_Create\/]—
PyModule_FromDefAndSpec2 A& 3}o] PyModuleDef o A _1_52_ NEu] Ao TEH

Y th
B A 3.50] &7}

X
o
L

2~
T

By
>

3} S (DA 271315 AHg et AU EE A
RN AR AR A
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.

>
o(l;zl) il
F['F

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:
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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 0bj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
WA 3.100] 7.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI. Similar to PyModule_AddObjectRef (),butsteals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule AddObject () function.

ZF3: Unlike other functions that steal references, PyModule_AddObject () only releases the reference
to value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
error.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return O;

The example can also be written without checking explicitly if obj is NULL:
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static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

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®| B 245 name 2. 2 F715HUt) o] #o] 4= R EQ 27
ol AT 5 AU ole A -1, 435 02 Mgk

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL module®l| A4 A+E nameS 2 F 71Ut} o] A st 2 EQ 273}
ol AEE 5 AUk BAY valies NULLE Zubok FUth of 2] A -12, 4F A 0%
sHekg o,

int PyModule_AddIntMacro (PyObject *module, macro)
module ol int F5E F7FE U o5 FE macoo A HAF Ut A E F°
PyModule_AddIntMacro (module, AF_INET) 2 AF_INET %< 7}X int A4 AF_INETS
modulel| 71Ut ol g] Al -1&, 433H 02 W& oh

int PyModule_AddStringMacro (PyObject *module, macro)
module®)| EA+LE A5 F7Hg

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. moduled] @ AAE F71gdUtt. yYyFEAFo=z
PyType_Ready ()E ZE5te] @ AAE teoldetol =Y D} Y AR o] 52 A F tp_named]
wpA e 7 2 2ol A 1A Gtk o @) 7h B AEHE -1, AF5E 08 BB T

B A 3.9 F7}.

1)

2E 2R3

G 27131 AR ez AYAENA 23T F YA€ RES e Yh o)+ U5
BE Ao g Fxwow BE AE AAT 5 JEE

o] FLEL thhA 27312 A8t TS0l A RE AL A5 81A] k5 U th T oA 18 st
BEol o /| HEo A & 7| Wl EJ Ut

PyObject *PyState_FindModule (PyModuleDef *def’)
Return value: Borrowed reference. Part of the Stable ABL. & A Q1 E] Z 2] ] of] )&} defoll A W&o A
25 AAE w3t} o] HAEE ALL S W tﬂ;ﬂ o5 AA 7} PyStatefAddModule ()2
AH =z 2E Aejol] A5 o] JojoF FUrth T 2 7“11]%7§<e RA Y A E Z 2] E AE] ol
ob4 A2 A oW, NULLE HEEI

int PyState_AddModule (PyObject *module, Py ModuleDef *def
Part of the Stable ABI since version 3 3 o A E A= Qg =
o] PyState_FindModule ()< OH 2 s 7“11] °ﬂ 0“/\1]’\ grArE
QA 27158 A ole] BE REIW An U
FolHNE RES IJFE 3 & x5 0 F pyState_AddModuleS TE3RE, RE X7|3} 7
SolA FEoE AL BRTUG (AW RATYh. RE AN 2713 20 3F
PyState_FindModuleS T&£3t= ALt A A T&0] Q3 T} o] T4t 22

28] el o] AA e
.
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FYZEMAUZL TR AT AQUTHAH TEHAL, BRG Fe) BA) O3 A G
o-goll T8l sl 7 8L 2z shoz M)

int PyState_RemoveModule (PyModuleDef *def)
Part of the Stable ABI since version 3.3. def | A 513 ZE A& A =Z g H el A A ATY
th AF5td 02, Aot d -1 vk o)
T &A= GILS 238l oF g h

W 330 27

8.6.3 olE|#|o|¥ A

ol M- F 7He] H§ olg# o AA gy ﬁ“ﬂ, /\]?_" O]E%‘ﬂlolﬂ“ __getitem_ ()
MAEE A Qs Aol A AR5} % 5 A (sentinel) & AHE-3H 1,
A2 Zh g5 gl SHES i%?‘f}l, TE AIS gho] vhehd o ]Ei Hol S FEFYTH
PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqIter New ()& W Al Foll ot iter () W& T2 & <1z}
F410f) o e ol el o8] AR ol e F A,

int PySeqIter_Check (op)
ope] P o| PySeqiter Typeo|H IF= &

i
N
o
o

k,e
B
o
i
&
iy
2
"l
fily
ru[u:

o
)
°

th o] e I AT

PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. G¥F A| A2 AR seq2} $HA| 2H5-3l= o] Bl gl o] H &
U Th Al g a7t M EAT YA At A IndexErrorE 27| W o] € & o] ’4 o] Zrh

PyTypeObject PyCallIter_Type
Part of the Stable ABL. PyCalllter New ()%} iter () W3 Sho F QlxF & 2o o3& wi3kd
EEEEELEEEEEL)

int PyCallIter_ Check (op)
ope) ol Fycallrter Typeo W AE EHFUTH of Bt B4 AT T

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL. A 2 -2 0] ElgolHE 3 &t A
W callable- W) 7] A glo] 2T 5 A= BE FolA Z2E A4A L Y
o] Ei o] Ao t}g &=L ulsa| of St} callable©) sentmel.‘l]— e 7ke
ESE N
o Oy .

8.6.4 t]~=aH¥E A
“Oaa g’ AA 9 R AEYRFEE 7Iedte AAYUTE 2252 3 AA 9 9 gl A5Y
c}.
PyTypeObject PyProperty_Type
Part of the Stable ABL. Y& 23 HE 52 9353 4 A.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMember (PyTypeObject *type, stxuct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMethod (PyTypeObject *type, stxruct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.
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PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void
*wrapped)
Return value: New reference.

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.

int PyDescr_IsData (PyObject *descr)
Return non-zero if the descriptor objects descr describes a data attribute, or 0 if it describes a method. descr
must be a descriptor object; there is no error checking.

PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABI.

8.6.5 &elo]A A

PyTypeObject PySlice_Type
Part of the Stable ABL & 2}o] 244 2] & AA|. o] AL Flo] W AlZ9] sliced} 25Ut

int PySlice_Check (PyObject *ob)
ob7h &eol 22 AA W & WS Tk obi NULL O] obu o] of k. o] 4 A 4B T

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Part of the Stable ABL. A| A& gt o 2 A 28 &to| 2~ A& viaghy ot
sar siop % siep U7} ¥ 2 0\ 2] Gl A el E) o2 AEH T RE e
NULL @) 4 910, o] 49 Noneo] sl o] E2 HE ] ALSHUTh A AAE IE 5 glow
NULLE WHEHgh ok

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 1 A\| A 25 7}A 310, & 8lol 2 A A sliceol) A start, stop 2 step
AAAE 7hA 5 UTh length i th 2 AH 2 E o 2 &2 A 2] ot

A 08 MASu, ool 9] 49 ol 1.8 BT T (981 5 3 oneo] o
B M L B, oL S E AR R,

o 715 AgSm AA L ke AU
WA 32004 WA Aol = slice Wi 7] M ~2] w7} W4 & o] PysliceObject* A5 U T
int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
Part of the Stable ABL. PySlice GetIndi ces ()5 &9stA A gt} 4ol 7t lengthQl A B AE
7}y A5, & 2fo) 2 A sliceol| A start, stop W step A A5 7}A @ 11, slicelengthol] & EFo] 29 Z °]
2 AR WS ol del At A Sjol o] Aejsh AUH WA o2 T

43t 05 kst o # | o9& A sk -1 Ry Th

B: o Bt 218 24T 5 U= AAL0lE AAAA 9L ASE AU, B
PySlice_Unpack ()} PySlice_AdjustIndices ()8 XS E EHX]]H ojor gt =

= O
Et

if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) |
// return error

}

enrgoz oAU

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);
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WA 32004 WHA: Aol = slice Wi 7] W 5=2] vl 7] A4 3 o] PySliceObject* P55 Y TH

WA 3.6.19 4 HA: Py_LIMITED_APIZ}F AAF o] A &A1Y 0x030504003} 0x03060000
(Z83}A] 9F8) Ao} 0x03060100 o] AHe] gro & A% Y O™, PySlice_GetIndicesEx ()
hPySlice _Unpack () #PySlice_AdjustIndices () & /\]-3‘6]-—‘: Iz g LA YTt At
start, stop 2 step+= ] & \ﬂ B 718Uk

WA 36,15 9 A]: Py _LIMITED_APIZ}0x03050400E TF2A Y} 0x030600003 003060100
(23R &) Alol9 gto 2 dAE Y oW PySlice_GetIndicesEx ()= FXH T4t

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~ 21| 9] start, stop L step H| o8] AHEC HASF=E F
Sttt PY_SSIZE_T MAXHT}Z ZFS PY SSIZE T _MAXE Z-83] 0|1, PY_SSIZE_ T MIN
B} 22 start &} stop S PY_SSIZE_T_MINZ Z-83] &0|1,-PY_SSIZE_T_MAXX T} 22 step
Z¥S -PY_SSIZE_ T _MAXE Z£3| =Yt}

olew -12, 4F3hd 08 W
H A 3.6.10] =7}

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
step)
Part of the Stdb]e ABI sznce version 3. 7 A 7 H length Z o2 A|AXE 7]-7q 5fod start/stop o] A

WA 3.6.10] F7}

8.6.6 Ellipsis 21|

PyObject *Py_Ellipsis

ol Ellipsis AA|. o] AA|ol&= wIA =7t glsUth =2 Sl49F AR sto] o2 A A 9 vkt
7AA 2 A glsl oF FUth Py Noned} npR7 A 2 AZE AA YUt

8.6.7 MemoryView 7} x|

memoryview A= C £ B3 QEFH o]~ 5 thE AA G vpA7HA R AEE 5 e ol AA=

e
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL ¥ ¥ Q€] 8] o] 25 A| & 3}+= 2] 4| o] 4] memoryview
AAE HSUtTh obj7} 27 7453 W A2 2 DY, memoryview AR = QA 7)/2 77 = 1,
a2 ¢kow ¢ 7] Aol Avk Al T A4 A el mret ¢} 71/ 7172 4 sy Th

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 ¥ 3] 2 Al-§-3}9] mem-
oryview 21 4| & 25Ut} flags= PyBUF_READ Y PyBUF_WRITE 5 3t 4 55Ut

B A 3.30] F7}.

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. F ol A W ¥ FZA viewE ZH#H= memoryview A RS w5 Yo} rekgt
Hlol E W 9] %+, PyMemoryView FromMemory () 7} A& = = Yyt

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ 3| QE] g o] 25 Ao 5t= A Z HE w229
92 A 3 (‘C’ U} ‘Fortran order ) & memoryview A 2| 2 k5 Ut} v 2 2] 7} ¢4 4 o] ' memoryview
AR A MR s Zhe AU 2187 oW, B AR o] Bk 0] A] 3 memoryview = A HFo] EE
AR E 7H YT
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int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview A E 2 WY Th A A= memoryviewe] AH FEPAE T
SUrth o]l @ AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A &2+ ¥ H 2] memoryview 2] H]-& 7] BAFEL o] ¥ EE E8F Ut mviews ¥HE X memoryview
A olof Tt o AR E FE B @rome 47 Aok gtk 187 ow
SE ATl AU

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] HWFoe 2 St A F A A A o E <A EH Y memoryview 7}
PyMemoryView_ FromMemory () YW} PyMemoryView FromBuffer () &4 & 3tU=Z W&
o] H oW NULL-S WFHEHH U o} myview= WEE A] memoryview 12~ 8 A of oF g},

S
+ 2

il

shol e oFet F2E 17 AME AAFUTH 8 F2E A4 FARE T AX 2AAA A7 Fol
&UTh 2 WA 2k 3 Aol v, F WAL b e & Aol AA S meb] o 8L

int PyWeakref_Check (ob)
ob7} F2 A} 22t A7)

(E
oL
o
rE
riet
o
<
v
%)
%
4
rr
o
o
o,
of
ot
<
v

int PyWeakref_CheckRef (ob)
ob7} 2% AR W 22 WHFU T o] A5t G AFHUh

int PyWeakref_CheckProxy (ob)
ob7k A AR W S AT o B4 AL BT

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 ABI. Return a weak reference proxy object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing proxy object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If ob is not a weakly 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 ABL. 2F3F 2% (ref) 258 Iz 9 A A
th 27 o Aokl A] ¢ke ™, Py Noned HHEHEHY T

it

R

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always
call Py TNCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref')
Return value: Borrowed reference. Pylicakref GetObject ()2 FAFSHA 9, ol 2] AALE 43 31 A
Fevazz PP

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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8.6.9 &

o] Az Ab-gof o 3t ZHA| 3 A B = using-capsules S F R34 A L.
WA 3.1 F7}

type PyCapsule
This subtype of PyOb ject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to
access C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Part of the Stable ABIL. <ol o} 3t 5}3] Z} (destructor) ZW &, o] A AH o) FH}:

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor &% 2] 2] 0] pyCapsule_New () & ZFZ 34 Al L.

int PyCapsule_CheckExact (PyObject *p)
AA7} PyCapsuleo]™ g E8FUH. o] < A ATI U
PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

Return value: New reference Part of the Stable ABIL pointerE 7€ 3}8t= PyCapsuled BH5 U Th
pointer A A= NULL©] o}d 45 J& U th

A5, o 9] 2 A A ST NULLE Whakaly o).

name £AYEE NULL o]} 58 C £A4Le] tha EAEQ 5 9% th nULLo] ol W, o] F4F
g2 e} 2@ §A5 o] of gt (destructor Y F-A A S| A& == A5 Th)

destructor AA7F NULLO] ob U H, g o] 3t d uf e AR TESHUTh

o] &S REY JJEYHEZ AFASHY, nameS modulename.attributename® A A
gtk o]FA A thE BRE©] PyCapsule_Import ()& AHESt €S YXE T 5

Y.

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL & ol A %% pointerE 7} A S Ut A 9314, o9 & 4 A3 NULLS B1HE
ek
name W 7§ A= A gol A% o] 53 A &SHA vl of of k. g ol AFHE ©]F°] NULL

°ld, A EEI nameX= NULL o] o] oF §yt}. m}o] M2 C g stremp () & AHE3Y] & o5

ul g o,

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABIL. 7§l A &5 & A o3 2= vkttt A9 std, o9 & A A s NULLS
HHEHgh o,
7140] NULL 543 A8 2 22 T AQUTh o L NULL ¥ I 58 Tha B3 8 BRI Th
H&3] 38l PyCapsule _IsValid() Y PyErr_Occurred () S AFE3HA Al L.

f

]

;0 OI‘
oy 2

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL. 7] & ol A1 ZH | AL AEE vistshc}. Ao s
< W o,

AL o] NULL ABIAEES 2+ A AUt} o] AL NULL ¥HSF T E2 Tha B384 w5
t}; WEs] 3t PyCapsule _IsValid() Y PyErr Occurred()E AF&3HI A L.

ES

o 9] & A A slal NULL

const char *PyCapsule_GetName (PyObject *capsule)

Part of the Stable ABL. ] ol 249 A o] &L wtatst ) Al d, o9& A A1 NULLES
klaaiaRh=2
A€o NULL o] 5& 2+ A2 FHA YU o] 22 NULL ¥igF I =& tha RS 3HA w5 YT

[}
o

W3] 8l8] W PyCapsule IsValid() Y PyErr _Occurred () S A& A

=

8.6. 7]E} 7214 161



The Python/C API, & x| 8|4 3.10.13

void *PyCapsule_Import (const char *name, int no_block)
Part of the Stable ABL. 252 <& oJEgHENA C AA o 3t TAEHE AdXZE YT} name
7] M4E=module.attribute A8 o] EZHE AA o] = .
name-Z, ©] FAHG 2 A g5] A 28l oF U T no_blocke] o)W, EE51A] ¢kl BE
o} (PyImport_ImportModuleNoBlock ()& /\]-*OL‘GH A]). no_blocko] AAolH, &
olx E Shth(PyImport_ImportModule ()< A3 A]).

F e AL W poinier S WU Th A3, o] 9] & 4451 NULLE WU o,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] &3 & A A& FAgytl. FE3F &2 NULLO| of ],
PyCapsule_CheckExact ()& &33}a, NULLO] ofd 27} A= v, Y& o] F ©] name vl
A W59 QG (A% 015 Hlwshs Wil B9 AR E PyCapsule GetPointer ()8
DEL BREN
=, PyCapsule Isvalid()7} gk Whehetd, B & 2 AH(PyCapsule_Get () & & A &5l

€ ol the i% o] & ol HAH Y
ARG E3 T ALE o B3 QA5 00] obd g MBI TE T3 A GoW 02 WA o,
o] 4 A sHA e o

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W 5-2] AEAE Z A E]E context 2 d A SH t}.
433w 02 WagUTh A3 5hE 00] obyl Zhe WL o 2] S AR FTh

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W52} 5}3) A} destructor 2 4 A g ¢}
4E3H 0 WU Th A5 5hE 00] obyl Zhe W o 9] & AR Th

int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABL capsule W 5-2] 0| S & name2 & A A3t} NULLO] o} HE, o] &2 AsHT}
L) FA= A oF gt ol AH oA nameol NULLo] o} ®, o] & “Hxﬂ 3 3 A E3HA]
e

g8k 02 Wyt AsfstE 00] obd ghe Whekstal o9 £ A Yt

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W] 5-2] void 3 Q1 ] & pointer 2 4 A gt} E QA E| &= NULLO| o}d 4=
o)1tk
A A .

AF3td 02 vksgt b Asfeld 00] ofd ZEE B3kl o &)

<
>

SRR )

8.6.10 A oe] AA]

A d ey AA = spolx o] Ad ol g o]Hd olEl & F&5H7] el Ab&sh= A duch dabA o
2 PyGen_New () ¥+ PyGen_NewlithQualName ()5 HA|Z 02 &3+ Zo] ofYz S 4=
(yield) 5t= &E o] H | o] Edto] whEo] Yt}

type PyGenObject
At el ol e Ao AHgH = C T2

PyTypeObject PyGen_Type
Al ol g A A ol s Fat= F AA

int PyGen_Check (PyObject *ob)

ob7k A el ol B AA W L el 5 Th ob NULLe] ob]o]of itk o] R4t B4 4T
Yrh.
int PyGen_CheckExact (PyObject *ob)
0b®] B0l PyGen_Typeol W AL EHFUTH obe NULLO] ohL o} of Gtk o] T A A

o,

162 Chapter 8. -4 A A=



The Python/C API, & x| 8|4 3.10.13

PyObject *PyGen_New (PyFrameObject * frame)
Return value: New reference. frame 2} A] ol] 71¥FsE A A v @] o] ] A A& W&o ¥13gh Tt o] Sk
frameol )& F2E FH YT AA= NULLO] o] o] of T

PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame Z4A) ol 7]1¥FsE A AU & o] E] A A & W&o ¥Fsl=d], _ _name_
7 _ qualname_ = name D qualname® ARt} o] &&= frameol] Tist AR E S Ut

frame QA}= NULL©] o] of of gt

8.6.11 I F¢l A x|

B A 3.59] 7}
FEE A= async 7| ER AAE 471 vhgst= A YU h
type PyCoroObject

ZF° AR ol AHEE = CF2A.

PyTypeObject PyCoro_Type
278 AA o A F e F A,

int PyCoro_CheckExact (PyObject *ob)
ob®] o) PyCoro_Typeol W F< WHAFYTh ob= NULLY 5 §l5UTE ] &

U,

PyObject *PyCoro_New (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame AAE 7|0 2 A ZZ2E AA|E WS A HEgY T _ name_
I} __qualname__ 2 name I} qualnameZ 2 AUt} o] St= frameol OISt FZE T H U}
frame AA=NULLY 4= 55U T

i

2

.
A3

rr

8.6.12 AY A~ e WS AH|

ZFa: HA 37101m i Tlo]H 37104 EE AYAE Ha C APIY A W o] PyContext
PyContextVar & PyContextToken Al pyobject ZOAHE AIS3=E HAEHYS YL 9 &
o:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

ZRA BF Y82 bpo-347625 F R A A L.

WA 3.7 27}
o] o|Aql+= contextvars EES 93l &8 C APIoj tf3] 2pA| 3] A g}

type PyContext
contextvars.Context A& UEIY = o] AHE5H = C F+2A.

type PyContextVar
contextvars.ContextVar AAE JEIY &= o] AFEE = C FZA.

type PyContextToken
contextvars.Token 2AE YEI = ¢ AR EH = C 7£ZA.

PyTypeObject PyContext_Type
context & VeI = & AA.
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PyTypeObject PyContextVar_Type

A8 2E WS P ehds 3 44,
PyTypeObject PyContextToken_Type

AG2E W5 E2 B2 e g AA.

g A A

int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type B ol & E8FUth o= NULLO| ofojof Ut o] It T ¥
)

int PyContextVar_CheckExact (PyObject *0)
o7} PyContextVar_Type B o] F& EHF YT o= NULLO] ofy o of it} o] T At
43Ik,

int PyContextToken_CheckExact (PyObject *0)
o7} PyContextToken_Type @ ol W & Ee]F Ut o= NULLO| of ook gt o] 4=
34 43 FYh

AE e AA Bl §5

PyObject *PyContext_New (void)
Return value: New reference. M 22 Wl AU 2~E AR E w5 Yth o & 71 $ A5 NULLE wHEHg]
Uk,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. A2 H ctx ZAEAE A o] ¢ BEALE S
NULLS WHHgh ok

—

2

Fuh ez wgsta

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. QA 28| = AEAE Q] &2 BALE .S ul=1t}, of 2] 7} WA 31 NULL

< W

int PyContext_Enter (PyObject *ctx)
AR 2= @A AHA2ER s AAFUTE AT Al 0= BFehstal, o 2] Al -12 W&ty o

int PyContext_Exit (PyObject *ctx)
cix AN AEE N FAANL o] A ANLES B 2 =e] A AYAER BAG T T A
S wEsla, o 2] Al -1 HkEkgy o),

ful

l_‘

2
)
> o
m
2:)
L
4

AN
2=
PyObject *PyContextVar_New (const char *name, PyObject *def)
Return value: New reference. Create a new ContextVar object. The name parameter is used for introspec-
tion and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no
default. If an error has occurred, this function returns NULL.
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
A 2E W45 g2 AAGUTh 235 5o ol @ 7h TS -1 NBHI, go] YeAY
A} 2] ol 2] 7 2514 erow 08 wMEkgh o).
A 2E W7 BAR W, valuets 12E 74 7)1 EOAE L BUTh AHAE Wb EAH A
25O W, value= tha= 7He] Yt}
e default_value, NULL©] o} ™H;

e var®] 7|2k, NULLO] o} H;

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.
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int PyContextVar_Reset (PyObject *var, PyObject *token)
var A A~E H59] Al E rokens W33l PyContextVar Set () T Ao A= A A s
t}. o] 3hpe AF Al 05 REgeLaL, ol 2] Al -12 whER g T

8.6.13 DateTime A A

thF3t G et A ZE A 7F datetime REANA AlFF Utk o] @45 AHESH7] Ao, sl H 3+
datetime.n7} 4 20] 5 o]of 51 (Python.nsk E&A A %ol £ A L), AMAO 2
BE %273} 349 9X 2 pyDateTime IMPORT |22 E & o Yth a2 C 22 A o3t
X O HE 2 n| Z Z o A AF-8-FH = static M4 PyDateTimeAPIo| Y5t}
UTC 2 ZEol AN 2317 gt 2=
PyObject *PyDateTime_TimeZone_UTC
UTCE Uet= A A2 E< RFgHtuth datetime. timezone . utc 2} 22 A4 J U th
WA 379 F7}
R A
int PyDate_Check (PyObject *ob)
ob7} PyDateTime_DateType & ©] A} PyDateTime_DateTyped A H Fo|H IS 8 FY
t}. ob= NULLO] ofyofof ghyth. o] = G A3 duth
int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime_DateType & o] ¥ FZ E&F YT} obt NULLO] o}y ofof Ftt. o] 4=
B BFFUTh
int PyDateTime_Check (PyObject *ob)
ob7} PyDateTime_DateTimeType & 0| Z//\} PyDateTime_DateTimeTypel] A H ol &
£ 5 Utk obi= NULLO] oFU o] of LT, o] Tt T4 A B T o

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & o] IS E&] U T} obe NULLO| ofofof &t} o]
4 g4k 4B T

N

int PyTime_Check (PyObject *ob)
ob7} PyDateTime_TimeType & o] AL} PyDateTime_TimeTyped A H dolH A& S8
k. ob= NULL®] obuof of gt o] gha= G4 s th

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime_TimeType B oW & EFUTH obe NULLO] o o] of Tt o] &
Eisng: e l=

int PyDelta_Check (PyObject *ob)
ob7} PyDateTime_DeltaType o] AU PyDateTime_DeltaTyped AH ol IS &
Utk b NULLe] ohulo]oF gk of B4t 34 AE T

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType ¥ o] ¥ F& & FUTh ob= NULLO] o} o] oF gt}
34 AU

int PyTZInfo_Check (PyObject *ob)
ob7} PyDateTime_TZInfoType & ©]| ALY PyDateTime_TZInfoTypel A H o] IS =5
FUITh. ob NULLO] oFUoloF T T o Bt 34 BT

int PyTZInfo_CheckExact (PyObject *ob)

ob7} PyDateTime_TZInfoType & o] ¥ 22 =8 Z1Ut} ob= NULLO] o} o] oF gt} o] 34
< 4FdUnh

3
i

)
s

o
%
-
rlr

AR S pEE 2R

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 A€ A, ¥, 49 datetime.date AA S ¥t}
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PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,
int usecond ) .
Return value: New reference. A1 39 3, 9, 4, A, &, X D ulo]3 2 %9] datetime.datetime 2]

A& wkskgh o}

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. A1 A H 'd, ¥, 4, Al, &, &, vlo]Z 2 % W fold®] datetime.datetime
23 & vk g,

B A 3.60] F7}.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. A| 5 Al, B, 2 D ulo]3 2 22 datetime.time AA|E HI3

rﬁ

]

£

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A1 B A A], &, 2, nlo] a2 % 4 fold9] datetime.time A E W33}

[RR=
WA 3.600 =7}

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. AR H 4, &2 W ulo]a 2% & UE Y& datetime.timedelta
AA S vrEs Utk 23 vlolma 2 %9} 5_7]- datetime.timedelta A Ao & A H HYo
PR R P ENE

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)
Return value: New reference. offset AAFZ YEFY R &= o] &5 o] gle 114 L Z A9 datetime.
timezone AAE 31t}
WA 3.7 7}

PyObject *PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
Return value: New reference. offset Q1 AL2} tzname name 2. Z Y EFW R &= 114 2 ZA19] datetime.
timezone AAE & FYH
B A 3.70] F7}.
I AR oA BEE 255 = 32, AX= A H ZPY 2 (718 PyDateTime_DateTime) S FE 3o
PyDateTime_Date®] IAE A ofof Tt QA= NULLO] of] o of afm, 3 2 A A}SLA] k5 U th:
int PyDateTime_ GET _YEAR (PyDateTime_Date *0)
o] int &, WS uksksh T}
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1o A 127bA] ) int 2, 45 Whehghu o
int PyDateTime_GET_DAY (PyDateTime_Date *0)
1614 31714 9] int 2, 9L vk3k3h o}
IR A ZF AR A BEE FESS= |3 =Z. AR = A B FY 25 £330 PyDateTime_DateTime
o] Q1A el A o] ok 3. 1Ak NULLO] o] o] of 3huf, S AAFeHA] 9] T
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
BE 237bA) 9] int 2, Al & w3 o)
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
5B 59717 9] int, 22 wHEh o)
int PyDateTime DATE GET SECOND (PyDateTime_DateTime *0)
FH 597k 9 int 2, 2 & W oh
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
05-E] 9999997} %] 9] int 2, ulo] T 2 2 & wk3gh ).

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.

B A 3.60] F7}.
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PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).

B A 3.100] &7}
AN AA AN BEE FE= IR AA= A E ZFHAE 27 %}04 PyDateTime_Time?] J2® 2
o of Fth. Q1A= NULLO] ofu]of of 3] & AAEEA
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
HE 237h2] 9 int 2, Al E Wby ok

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
HE 597K 9] intZ, B< ui3kshy ok

int PyDateTime TIME GET SECOND (PyDateTime_Time *0)
FH 59712 9] int 2, 25 9

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
0%-€] 9999997} 2] ¢] int &, wlo] 2 & % E vk o).

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.

WA 3.60 F7}

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).

H A 3.109) 7}

NZE e ARl N BEE 2EoE 2. AXE AH FAE £
Q12s8 o] of ). QIARE NULLe] ofu]ofof 3] gL 4

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 oj] A 999999999 71 2] o] int =2, & & widsh T}

WA 3.39] F7}.

int PyDateTime DELTA_GET_ SECONDS (PyDateTime_Delta *0)
HE 863997}A 9] int2, & 52 w3l

WA 330 7}

int PyDateTime_DELTA_GET MICROSECONDS (PyDateTime_Delta *0)
00l 4] 999999 7} 2] 9] int &, vlo] T 2% & w3 dh o}

WA 330 27}
DB APIE 7 83l= BEEY A E Hstmja=:

—\—‘

01 PyDateTime_Delta?]

>~
>
o
X
b
zfy I
A U
3

PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () ol A3t o] A3l ¢l =}
EZ 2 A datetime.datetime AA|E 9FE 1 HvkES o)

PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date. fromtimestamp () o] AE3}= o] A5t A {2
Z M) datetime.date AAE W=7 9H3HgU T}
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8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Fart of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias‘s __origin___
and __args___ attributes respectively. origin should be a PyTypeObject*, and args can be a
PyTupleObject* orany PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed
and __args__issetto (args, ). Minimal checking is done for the arguments, so the function will succeed
even if origin is not a type. The GenericAlias‘s __parameters__ attribute is constructed lazily from
__args___. On failure, an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS,
—"See PEP 585"}

}

o H17]:
The data model method ___class_getitem__ ().

WA 3.9 &7}

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

=713} stold Aol d B &8 =

| g o8l Qe
sho o] 271815 7] Holl The B4E AANA T2 4 A&Uth

— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py _SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
* AHE
— Py_IsInitialized()
— PyMem GetAllocator ()

— PyObject_GetArenaAllocator ()

WA $4 22 2ol AL, e FHo] W/C API F4-8 AH8-8H7] Aol by Initialize()
™ ;ﬂo
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Py_GetBuildInfo()

Py_GetCompiler ()
— Py _GetCopyright ()
— Py_GetPlatform()
— Py _GetVersion ()
R
— Py_DecodeLocale ()
- vme] Fekan

— PyMem_RawMalloc ()

PyMem_RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

zr3: t} & 4= py Initialize() Ao £&3tH ¢F Utk Py EncodeLocale(),
Py_GetPath(), Py_GetPrefix(), Py _GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () ‘:,’-l PyEval_InitThreads().

02 A TA W4
ho| o=ttt 75 FAS Aol AT A A de Tt sy 71 2AC R, o]t SH =
BE & A ol 21101%‘45}.

A g8 SRVt AAFHE, EHa F2 -l AAE AF-AUth A E 0], -bE

Py_BytesWarningFlag E 12 AA3}1 -bbe= Py _BytesWarningFlag 222 AA st}

int Py_BytesWarningFlag
bytesUbytearray® strg, == bytesE int} v u] A1 E Fd Ut 2Rt I AY
2o o2 g By g

b gdoE AR

117

int Py_DebugFlag
2 EA7 U7 29 AUTHREA 98, A9 g0l g 2T,

-d 43} PYTHONDEBUG &7 W48 A A FH Uth

int Py_DontWriteBytecodeFlag
00l ohl o2 A AT, ol 22 2 FE YLE Bl pyoHAE 24D 3 B1ich

int Py_FrozenFlag
Py GetPath()olA B& HA F2E AT off o] WA A S FAISHA] g5 th

_freeze_importlib®} frozenmain T2 I WA AL 5t= 7l S YTt

int Py_ HashRandomizationFlag
PYTHONHASHSEED &7 W47} v o] ¢l A ‘E%% FAld 7 s 12 Ak
] A

=& 2713tk

int Py_IgnoreEnvironmentFlag
AAE 4 9= EEPYTHON* &7 W4 (o] & £ PYTHONPATHS} PYTHONHOME) & F-A] &Yt}

—ES} -1 SM o7 AAH YT
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int Py_ InspectFlag
a9 Est A WA QAR A A —c
e 23 9EY 9L 498 5 o8 Y
%

-1 € A3} PYTHONINSPECT 3+

FAE AT, sys.stdinZF Bud = HolA] Y
1

t® Syt

int Py_InteractiveFlag
L exdom AAE L

int Py_IsolatedFlag
A% Brg sto A AR 4
site-packages T & E] 2] & Z 3}

I FAeZ AFFE YL
B A 3.40] =7}

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 W7l v]o] QA 32 FAdz A= 12 44T
Yt
ZpAH 8 &2 PEP 5298 Z 2314 A L.
7HeA A=,

int Py_LegacyWindowsStdioFlag
ZH27F00] o} ™, sys BE A2EHE 93] windowsConsoleIO WAl i0.FileIOE AE &
Yt
PYTHONLEGACYWINDOWSSTDIO 37 W27} u]o] QA ¢3& Exldz A4= w12 A4}
AL A B &2 PEP 5282 231414 &
7144 A=,

int Py_NoSiteFlag
EE site YEES} o]o #ulE =
U3l Sltea PAHCR IXE
main () & TESHHAIL).

-swAez AAg Utk

int Py_NoUserSiteDirectory
A& A} site-packages T E & sys.pathol 71614 g5 U T

-s2} -1 34, 183 PYTHONNOUSERSITE &7 W42 AAE Yth

ﬂi?‘.'z 0)
E=)
ki
o
T
rok
I
£
o

int Py_OptimizeFlag
-0 43 PYTHONOPTIMIZE 37 w2 AAHUth

int Py_QuietFlag
3t E REo A= A ZE3 WA wA A S FAISHA] ks Ut

—ggAoz AAFYT)
B A 3.20 F7}.
int Py_UnbufferedStdioFlag

stdout 7} stderr 2 E H -2 W 3 F | A == A gt
-u A3} PYTHONUNBUFFERED &7 W2 AAE Ut

int Py VerboseFlag
o] 27|13 ujuit}, == ) EAISHE HAAE A F YT 2

Eﬁ}iﬂb‘r7L°“ﬂ,¢g%7§ﬁ§ AALE = ZF 3ol th 3w A A& syt =3 F 8 A

E Ao v AR E AFFYh

H

=
-v &3} PYTHONVERBOSE 37
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9.3 d¥|z ey 27]3}e} stold A o] A

void Py_Initialize ()

Part of the Stable ABL 3}o] A Q1E] Z 2B 2 %73} 3hch sto] WS Y gate S8 =2 2o A
T, ThE o] "/C APL FE AHE-3H7] Aol &) of i th; B 74A] o9 = sho 4l 2735} A&

i A5 oA, EE R EE O_TEXTO| A O_BINARYE HA Tt} C HEFY & AHS-3)
H] slo] W ALg o = S vk

rir
i
iy
o

void Py_InitializeEx (int initsigs)
Part of the Stable ABIL. ©] St jnitsigs7} 1°]™A Py _Initialize ()X ZF YT} initsigs7} 0
old, Al1d Al 7o 2713} 55 AvH =, sto| o] E w 58T 5 5T

int Py_IsInitialized()
Part of the Stable ABIL. Tto]® QE]Z ] €] 7} 27|3t5 g od Z(00] o)< whdtala, 18
A ARO0)S & Py _FinalizeEx () 7V &EH §, Py _Initialize ()7} THA|

w7HA AR L vk o,

int Py_FinalizeEx ()

Part of the Stable ABI since version 3.6. Py_Initialize ()} 34 a}o]#/C APl &4 A&l 2] 3
THH BE 273E AY AL, Py _Initialize()o] st upA et 52 o] F w5 H A
gk, ob & AR E 2] 32 BRE A B A Z el (oF#l] Py _NewInterpreter ()& FRIIAHAIL)E
AAZULE o] Aoz, o] A2 gto| A JAH Z e g7} &3 B wE2gE fAF T (AA
Py_Initialize()E ThA S&&A @0 F WA Z S&6W ob 7 Y% 3hA] k5 Uth 4yt
Ao g g g2 odurth stojd Al o] =5 ol 7t A stH (MY H dlolE E8A]) -19]
Llcie= AR =

o) F4t o2 A4A o f 2 ABHUT WA S8 Z2 o] 38 22 19 AR E A A&
2]
]

c‘?%_—

A ko
A |

O3l stol A& ThA] A A AS  YFUTE FHOE 2EF 4 Qi ol Hejel (£
of 4 stol 2l QlE|me]E] & 2 $§ m2 19 L DLLS

W2 S AT e 5 dEUTh 3§ =R
=2a9e FE 37 A0 ol Aol A TFe RE

W2 3o g 59 253 AA 317
(_del__() WAE)7}Ith& Z
NEESFFHOR 2EH 27 o
W2 A E A g2 AUt (FrE 2
e HE e HAHA st FFEE
YR G2 273t FHo] FH oY SEHY 2

Py_Initialize ()& Py _FinalizeEx ()& F W o] T&3HH o] FAI7F YA + 5T

oo b &
>

o
i ok
ofo

o} 5

oK
e B
Y

T 1=

)

)

%

Bx

N>
oft
©

o1z} glo] ZHA} o]l E cpython._PySys_ClearAuditHooks & WA YT}
B A 3.60] F7}.

void Py_Finalize ()
Part of the Stable ABL. ]| A2 Py FinalizeEx ()% o] AT} 535 =
Uik

i)
rr
z
=

A8 kg A
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9.4 ZZA|A AA w7 HS

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

ol 4= (&3 ttA) Py Initialize() Ao ETZ&doF T tTl str.encode () oA} 22
o)z, B2 100] A48T AR olel HelE AU

PYTHONIOENCODING ZES Al A 9 (overrides) 3t 17, 37 W47t 25612 &S u] W & (embedding)
FE=7HO AFTHYS Xﬂ‘ﬂ%‘? AEE Tt

encoding /= errorst= PYTHONIOENCODING W/E+= 7| B ZH(thE A A o et o5 U th = A&
st7] 8l nuLL Y o A5y Th

sys.stderr& o] (& t}2) A A 3} A ¢l o] &4} “backslashreplace” of| 2] & 2] 71 & AF& & 7
BERPES

Py FinalizeEx ()7} S&% W, ol &= Py Initialize ()o )3 & S Eof J3FE v x| 7]
S19) Al 52 o] of T,

dE3tH 0-& HEE3ta, of| 8] A] (ol & 0] A ZEE 7} oln] 27|8H & &F)00] ofd g
e o,

B A 3.40 F7}

void Py_SetProgramName (const wchar_t *name)

Part of the Stable ABL. (& H t}H) o) &= Py Initialize ()7} i{%gi 357 A &=
s ojof gyt AHzZ 2 E oA —iil‘“’"/] main () 5o thetargv(0] AAHS] FE G FY
t} (}ol = B} 7 &qﬁmqu}) o) AL Py GetPath () S} otef e o2 fﬂ’“oﬂﬁ °1Eq 2 ] Al 3
ot AHE spol A HEHY 2ol ‘jﬁiﬂ £ e d A YT 71232 "python' YU T A}
T Z2 WS APste A UL HAHA v A A2 022 Eve ol FAE S
7] Aokt ol X B Z B H Y FE+= o] A4 WE&S WAEA st

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () 22 AXRH =2 T3 o] o} 7| E7FE vi3Hy
th W3 A2 A A AGAE 7P ULH S5 e A= g UTh

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

7 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPrefix ()

Part of the Stable ABL Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python', the prefixis ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corresponds
to the prefix variable in the top-level Makefile and the ——prefix argument to the configure script
at build time. The value is available to Python code as sys .prefix. Itis only useful on Unix. See also the
next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

H A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

(
Part of the Stable ABL. A X ¥ Z P Z-Z<4A 31do thdt execprefixs w3y o
Py_SetProgramName () OS2 AAH 21 o|E7 dH 374 H49 o B3t 72
3 S H UL ol & Eo] 223 o] &9 '/usr/local/bin/python' o] ¥, exec-prefix= '/
usr/local Gtk W EARE A4 444 712 GUDh TaAE 48 £AAAE 2
AUt} o] A = Makefile exec_prefix W2} 1 E Al configure 2T HES
—-—exec-prefix ?_]Z]-Oﬂ U o] g2 FolM T =AM sys.exec_prefix@ AFEE 4=

AsUth FY oA v {83t
B 7 1 exec-prefix = Z W E 242 91 Y (718 43
A 22 u prefix &} t}-F U t}. 01131.}\4;(] A, =

=

O:l:’

5}t 34 ehol e 2ol b Tl e e] =

Z224 31dL /usr/local/plat A B E g9

s
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Rl

L2 Jusr/localdl A€ 4= AdH Yt}

Fo Sueols amegol ABTY £F AU o S S0 Solaris 2x
c 7| AEL L ZYZ 0o 7 71E3FA 1 Solaris 2.x S 4 3] 51+= Intel 7] A|
AE A3 ‘3]-—EIntel 7]74]“ T oE SAEYYLE T2 9 AAYg A=
\ ; S 29 AAE 2 ook AUtk

7] w2 o preﬁxQ]-e ec-prefix= 2 v] 7L glow, Wl FAE =
Yo Bz %A A ol $AAN 2 (Lo} oS
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S
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o
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Ar g >
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= 1l
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>

v
T
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Au

m‘
T
2
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o,
10 1
o, 12 o,
Ay
=2
o lo
9
Ay
—d
kv

I o>
)
&

O
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KL ox T rfn
sg rr &
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>

A who] A Aol = 42 9 U TH).

A= /usr/local/platS ZF ZAZ o ol of & -‘l]-"‘ A 2d o8 ALR B HA S =
/usr/local 2 Z73t= = mount .} automount T Z 1A S T A= vH S 4 AJd YT

AL > gl O Trff done mx
nm 1O, ol roh

2 [r

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

H A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABIL. T}o] 3 A3 uldo] AN =21 0]%% Hlslstut}; o] AL 22 1Y o] &
(18] Py_setProgramName () &2 ARG UTH A 7| ZE AX A2 & st st= “‘T“&%Qi
AUt vigE FAE 2 A8 A4S 7 PUth S A= 32 - A = g Ut o
ZFS glo] M T Eo|A] sys.executableE AFRE 4 Q15U T

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

¥ A 3.109 A ¥ 7 : It now returns NULL if called before Py, Tnitialize ().

wchar_t *Py_GetPath ()

Fart of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not
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 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

Fart of the Stable ABI since version 3.7. Set the default module search path. If this function is called before
Py _Initialize(),thenPy_GetPath () won’tattempttocompute a default search path but uses the one
provided instead. This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter character, which
is ' : ' on Unix and macOS, '; ' on Windows.

sys executableo] ZZ W AR AE (Py_GetProgramFullPath () & ZZ3}H A L)
AE 1 sys.prefix® sys.exec_prefix7}H|OIJAEE FUTH Py _Initialize()E X
FaARdu 0% 445 AL sEAIA 22 A5k

Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.
Az QAL YEAOR BAHBE, SEe] 4R F T2 TFAAL 5 A5 Th
WA 3804 WA ojAl 2213 o]F Al Z2 13 AR FZ7} sys.executabled] A-&H

Y.

e A
% mi r

const char *Py_GetVersion ()

Part of the Stable ABL ©] 3}o] % Qe = 2] E] 2] 8] A& wkggtuth o] AL t}2 3} e Ex1d Juth

"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.
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const char *Py_GetPlatform ()
Part of the Stable ABIL. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. OnmacOS,itis 'darwin’'.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. @AY 3}o] %1 W A of] th &t 5 4] A=A FAL-S v, o & £

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

WeE B9 e 3 AL e Pt S5 e 2 AHAE o Btk o] e sol 4l
FToA] sys.copyright 2 A& 4 5 Urth

const char *Py_GetCompiler ()
Part of the Stable ABL 7] 5to] ® M AL W= ol o] AR E ATde] BEAS B35 72RA] uH3
duch s &9

"[GCC 2.7.2.2]"

WA EALE 4H AgLE AR ®
FT oA HE sys.versiond] SEHZ A|FH

A e £AHAE P o gL ol

L ﬂ}{N‘

const char *Py_GetBuildInfo ()
Part of the Stable ABL. @A) g}o] A gz g A EHA AAA AF e} W g W A 7hof| o 3
AEE v A& &

"#67, Aug 1 1997, 22:34:28"

ke FAE 2 A - AFAE 7 AYUL S A 3 A E P UTh o] g2 Tholx
FT oA M sys. VerSlOH«] A B 2 AZE ).

void PySys_SetArgvEx (int argc wchar_t **argv, int updatepath)
Partofthe Stable ABIL argc @ argvel] 7] H]-OH/ﬂ sys.argve AAYt o] w7 M4 2 739
main () ol Agd A FARSHA R A AA FFo] slo] M QB ZeHE TAY = A3
Sra16] of Uik AR A gl k92 ok B Aol H o] 9% T *‘6“6‘*3%1‘57}
R, argvel 3 0A FHL 0 2ALL 5 AL o 47k sys.argy 27]shol Ashabe
Py FatalError () S AFg3sto] XA ol % 5

updatepath7} 0] W, & 7] 72| 7} o] =7} 3= BE A QU th. updatepath 7} 0] obU W, g4 o3
% e) 2ol we} sys . path 4 6‘14 ot

« V|2 2~FYEY o] Folargv([0] 22 AGHME, 23 HEV Q& UHAEHY ) =27}
sys.path ¢l =7 Yth.

© IRA FOoW (5, arge7b 00] Arkargv[0] 0] 71 91 o] 52 7] 7] A 9F2W), sys.path
ol ¥l EAFg o] F7HA U, o= A A X“" g2 (r.ME ol Frhete A3 2s

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

Fy: Y A3 FE A3 o]2o EA o o) o =P EE WA= 0
updatepath@ AZ23}l11, Y3l= ) Z sys.pathsE 22 Z JPALE= A o] 25U T CVE-2008-5983
ZZ B A L.

3.1.3 o]A MAANNAME, PySys_SetArgv () E TE3 & A HA| sys.path R4E FF 0 F A7
Shol 22 BINE DL 4 AwTh A Bol B2 A&l

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

WA 3.1.39 F7%
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void PySys_SetArgv (int argc, wchar_t **argvy)
Part of the Stable ABL ©] 8+4+= python Q] Z 2| 7} -1 & A 25 A 9= 3} updatepath7} 1 2 7
AE PySys_SetArgvEx () A F 2=l

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
W7 3.4 A W7 : updatepath k- -1l w2t thE U T

void Py_SetPythonHome (const wchar_t *home)
Part of the Stable ABL. 7] 2 «&” tjalg 2], & & dto] A glol B g9 9= AT} <A}
FEAE 2] 2 u]= PYTHONHOME & FZ A4 Al 2

WA =219 g e F gl s A e A Aged] oo
FFel Aok g ) ool M ez el Ee] B o] A4c) S-S WA o

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

2Ade

2 EU:s
sS4k

wchar_t *Py_GetPythonHome ()
Part of the Stable ABL. 7] “&” Z py sSetPythonHome () o T3t o] A T Z oA A Zhol L}
A A= T PYTHONHOME 37 49| kS wheshyoh
This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.109) 4] ¥ 73 : It now returns NULL if called before Py _Tnitialize ().

9.5 27l Aels} Ao ez

A AIE ZejE = 28] 2 = A gt BE 29 E steld 2 a9e AUt A3,

o} 2 jﬂAdﬂﬂﬂdﬁAﬂtﬂivﬂﬁd el o EZeE 2 2L GlLo|gtn
Zo] dFULh 2 g, 1 e A2 AT UF 2d s 22 oA B dod 5
G2 Eo], 5 AHEA BA6] 2E AH | FE AFE 2N W, B2 A4 T We] ol
o

mebA, GILE 8 53t A8 =gk hol Al Ao A ZHE 38t A L 5ho] H/C API 45
Aol QFUth TA AdS Zelr] Y8 ez HE F7 4 3}
setsw1tch1nterval ) S ZAZRIAAL). EEL 9 7y 27|t Ze ZAAA EZ2F 1/
A = A= 2=, 252 ok Tfol A ii‘ﬂEﬂ AdE sy
gto)l W QlE] = 8l E]&= PyThreadState Bh= d] o] E] FX A ¥ 27| (bookkeeping) A H & H
Stttk A PyThreadstate & 7Fg] 7] = 3] A9 A4 5 QG5 Ut PyThreadState Get ()<
AFEst] A& 4 AFUTh

9.5.1 2% I oA GIL &) A5}~

GILE 2A3he 220 74 Do The 3 22 (ae 722 5o 9)

xfy
<
kv

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

o] AL TS AukA o]0 A o] B he:3}5}7] S5 B e} M=o} E A g h:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

=

s
B[l
o
e
kJ
)
)
™
X
12
g
-
i
=
re
%
A
v

Py_BEGIN_ALLOW_THREADS W} 3 &
Py_END_ALLOW_THREADS Wja 2= &

fo] BEe g TER S ch
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PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

o] 459 ZHE WAl L th2 3 ZH Utk A Azl Fo] dA] A= Ao tid £ EHE
Bo3te g AMSEgE U S8 At 2= e E AFE u, Zo] SAIE 7] Aol A ~d = e
ZOEHE 7Aoo U TH(HE 287 SA] ES A 550 A o AR 2= A E AT
F A7 EIULH. 2, 22 IE55 7 A2YEAHE QS o, 28 = A ZAEHE A5
Ao &L 53 oF gt

FH3a: A" 10 T4 22 GILES 223t 7 b4 ALE At o] A gk W2 8] W& 53
25 ot E oy G5 s} g o], ol Aol AT D37 glE A7 A AS SEFH]
A= F8& = AdFULh & Eof, £F z1ib8 hashlib ZEL Ho|HE ¢E3A YU A & o
GILZ s A gtk

9.5.2 spo]Mo] WS ] e Ad=

4§ o] 2 API(7}¥ threading H)E AH§3he] 258 WEY, 2= HH 7l 45 0% Ads
o2 fjo] EAH TE7SubFUTh T, 28 E7ECoA BHE] A wf (o] & So) AR 2@l = B
7150] 9 A4 ehol Hef el of) 3, GILE Mf3HA i, 152 98 2 =

ol st Ag =o|A] stol M T EE SEdOF A (FTF UA AF S A 4R 2ol Bef gl of| A A3k 29
APLS| 927 FuTh, WA 2= A AR 728 BN AEze

-8, GILS 3 S3}37, upz 2o & 5}o] M/C APL AF&-S A 2H517] Aol A = AE] ZAE S A F3 o)
SR, 2= A ZANE ALANTL, GILE HAD 02, A o 2e= e AR FEE
AR oF Uitk

PyGILState Ensure ()@ PyGILState Release () 4= 99 EE AP S AE 02 43k
C g oA Fto|HE &3 ERbE A &+ a3 25Ut

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created auto-
matically by Py Tnitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork() ol tist 2] A3}
g o] o] FEof T = o2 23 AL C fork
|

o R Aadel A, 22 A2 £33 F

| 242 AT
% 31, 214 2] B lock-objects & A 44 T Tk sho] M-S ek AL U 3E W), 3 o] Aol F 53 A L}
]

o
2@
o
%)
H
o
=
o
=2
=
ol
=
o
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9 2L 08 7152 AHgste] 22 2
rk ()=

fork () & B3t 91 A4 fork ( E‘}%'} U sto]l M S S E8HH),
ﬂﬂﬁﬂﬂﬂﬂhAﬂtﬂioﬂ%ﬂﬂﬁﬂW%%%ﬁ%ﬂﬂﬂﬂ?%ﬂﬂ%ﬁ%#ﬂ%qq
PyOS_AfterFork Child()w L83 5L AMAAASe] 1 A9 A & 4= = 2L ol d Ut}

B RE 2 =sh Aehthe A4S T P@WMAHﬂ““ﬂﬂmsmm ) o o7 2 A 85
A A= oo &S ougtt o] A2 x| A=z E e} tFE BE PylinterpreterState A
&8t 8 B E PyThreadstate A& stold gl Al o] A sh= 2= o m gyt o] 23 “v|Ql” < H
2 2]E e 543 54 2= 8, fork () & CPython & HELQ] 0] °43H 2713 QA Z 2 H Y “H
oo Bl B 5 2 5] o] of LItk A% o9 L exec ()7 1 Foll ZA 523 E A9k

Tee C Y ES AL ol A ZHE WFT W 4 Qb 02 ALgH E G B

type PyInterpreterState
Part of the Limited API (as an opaque struct). ©] A5 F+Z = o8] g8 27
el Ut 22z el H o £ote 2des BE dE| 9 2 VA e
ol FxA = /0 W 7k glsuth
O dHz e o £33 28 = AR 7 g v R e, d | 9
A B, ALl obR AR TR 5A 5 Th A QB3
A=A BA ol e 2o A FFH U

type PyThreadState
Part of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The

only public data member is interp (PyInterpreterState*), which points to this thread’s interpreter
state.

void PyEval_InitThreads ()
Part of the Stable ABL. o} A = 31X 9k+= 9| X & Sk,
shol 43,67 o] A W] Aol A=, o] B4 7k EASHA koW GILE BEAS YT
WA 39904 WA oAl o] Tt ob AT £ AFA b,
MA 37 M WA o] Fs oAl py_Initialize ()oll sl T2 A, oL = 44
=T et glsuTh
WA 320 WA: o] &£ U= Py Initialize() Aol EE2T = glsYth
W7 39004 5 AH A ch WA 31164 AAR I
int PyEval_ThreadsInitialized()
Part of the Stable ABL. PyEval_ InitThreads ()7} &% Q2 H, 00] o} %,\L—% wrskshy o} 9]
FTEGILS ERFIA A ST 5 oA, T d 2F =5 AP uf 5 API TS S 3] 931 o
A& S AT
WA 3TN HA: GILE o)A Py_Initialize ()l & Z7]3E Yt}
B2 3,900 4] 125 AT WA 311604 A A H T,

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (FFE5thd) A9 ¢z glg &2 A5t 2~ = A S NULLE A A
1, o] A A8 = A (uLLo] obd U th & ME g h 2o BhEol Aok, A A= 2L
25 3] of Fth.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL (FFEthH) A9 ¢lE|Z 2l 22 53510 A3 & A S NULLo] ofu o] of
Sz ssare AT T So] B Ol ALk, AA) 2=} o 255 gkgkolof Fich, 194
o}gt‘-j o zl— /\hq] 7]. aMg ULq \:]-,
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FHa: "Epd o] sfojdgjA| o] 2 uf) A Zof| A o] FrE
S0l A AgEEts Ag et EeH UL 92 =X
o]t} sys.is_finalizing ()2 AF&3}o] ]51/\%
HI QA AT JF YT

W, 22 =7k stol o] o3}
Ei{Ui _Py_IsFinalizing ()

ez 2|7} vhol d 2| Al o] A

=
—‘_?1_'4—1—’

fob gy
o P
E ru
rﬁi

PyThreadState *PyThreadState_Get ()
Part of the Stable ABL. @A 2~ & = Al & ¥l3ksh o}
A E AE]7F NULLO] X & Q] o

Ay Th.

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. @A} 28| = AE) & <12} sstate(NULL L = 5 U th 7F Al&- 8k 28 = Ae) 2}
stz guch A9 AHZH 5 843 ok sk A= A ek ok

OF e adE 22 AFALE AFRS, A B A 2z E ot T8k A] gk Tth

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABL. AR g =7} gfo] M o] A Aev} A ez g S #A gle] slolA
CAPIE 5= &7 EH 9 =% EQstrh o] AL ﬂi o] PyGILState_Release ()ol thst
SERES o) F et AH B Dot T Y ‘:ﬂ T T UFUTH I o2, A E A
7} Release() A oj] o] A /\}EHE B AL =3 PyGILState Ensure ()@ PyGILState_Release ()
& o o2 Ad e #EH APIE AFR S 5 5 Ytk & £, Py BEGIN ALLOW_THREADSS}
Py _END_ALLOW_THREADS WA 2 2] AA}A o] Al&-& 385 Urth

Wbek g2 pyGILstate Ensure ()7F &5 9= Wl Ad & Ao dist 2 FH e W=7 0,
glo] o] Z+2 AEfo) Y= E S8 PyGILState_Release () 2 AT o] of Tt} |
FeEHEE, o) WEEL FHT + U5 YUY - PyGILState_Ensure ()9 that Z+ 11
241 €] PyGILState_Release (ol et &8 A8 AES A oF Fuch

Gt HAF o, DA 2 =5 GILLS A5t 4919 Shold REE BT 5 dFUth At
L EREERSES

3 HEepdo] grojdeAl o] d 2 ufj A oA o] F4F TEHH, 28 =7 ko] Ao o) Tk
S0 A gtz 2¥ =Vt SEEUL QA = F %%zﬁ}%tﬂ _Py_IsFinalizing()
o]t sys.is_finalizing () & ARE3}e] o] &5 S E317] Ao AE =z g] g7} slo] d g A| o] A

93 eA FAT 4 A5

void PyGILState_Release (PyGILState_STATE)
Part of the Stable ABIL. o] A o]l % 3 R E 242 ATt} o] T& Zoj, slo| M o] A= o
PyGTIState Ensure() £ ol AT 2L UTH (LB L A O 2 o] Al 53 o] Al LelA
2] 9Fo}A], GILState APIS AMg-3UTh).

PyGILState_Ensure ()9 I BE TEL 2L AH oA PyGILState_Release ()l th sl
TE=H RS olFHoFdYh

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABI o] A= HA ~ Eﬂ T AEE 71A LYt d 2] &9 o A] GILState API
7} A2 E A 9ok o W NULL-S HFEFEE 4= glG U th W Q A = A AFE AH & ALE Eg(autO-
thread-state call) ©] —,—ffuﬂ 2] e A2 Oﬂ ,H Qo 2g=o= At o] B 3t A g = AE] 7L 2ol
AN L. oA £ £ P ulT BT,

int PyGILState_Check ()

AR 2UE=E7FGILS Hfota Qo 18 whahslam 132 grow 0L Whakgh ) o] g o}
it BE A =0 A 28 4 YUtk shol Ad = Adel7F 2 7] 315 9l A A GIL-S B f-5fal
“°ﬂﬂrﬁﬂﬂﬂwjﬂd%%iE%Wﬁ%@$°W%ﬂ%% 29 A e} R e
T Ao A §82 5 v, GILol A vk A& ¢ 23X A A4S FH AL
a97 god g2 E4REE B4 dan
WA 3.40] F7L

& fase AR R FYAUEE glo] AR U Thol W & v o] A AR ol & ZHo A A 2.
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Py BEGIN_ALLOW_THREADS

Part of the Stable ABL o] W] 3 & ¥ { PyThreadState *_save; _save =
PyEval_SaveThread(); & &FHUTE o+ 237 2FH A Aol FYFAHAL;
HuE = py END ALLOW THREADS W) 29} A x|&f of 3 th o] uj 2 2o o] 3+ A 3 &2

A F2HAAL

Py_END_ALLOW_THREADS
Part of the Stable ABL. ©] W] Z 2 = PyEval_RestoreThread(_save); }Z ZFF Yt} 2=
Z235 7t 28H o] 9L FoBAHA L ; o)A Py BEGIN ALLOW_THREADS UHELEQ} A %] | oF
it o] W22 o W“@ﬂ*ﬂ"ﬂ &2 & FxgA L

Py_BLOCK_THREADS
Part of the Stable ABI. ©] W] 2 2+ PyEval_RestoreThread(_save); & &ZF Ut gd==Z&
%7} Q= Py_END_ALLOW_THREADSS} S5 Shu T}

Py_UNBLOCK_THREADS
Part of the Stable ABI. ©] W] 2+ _save = PyEval_SaveThread(); & F3FFIUth: d= 52
T W4 Ao @l Py _BEGIN_ALLOW_THREADSS} 55 & th

©

5.5 2% API

>
N

d

rr

T TPy Initialize() o]3 o] &5 ojof gt}

=1
370 WA : Py_Tnitialize ()& oA GILE 273} o}

z O

r_>.i jlles

PylInterpreterState *PyInterpreterState New ()
Part of the Stable ABL. A ¢1E| Z 2] & A AAE w5 UL A9 ¢ =Zgg EL EFd s
QA o] ool vl ek B2 A Pskaof A T 5 U

Q1 2} glo] ZHAF o|HIE cpython.PyInterpreterState_NewS 2 A Z Ut}

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. QIE]Z 2] E] AE] 2A|Y RE ARE AQNAATUL A9 A zgE F&
B3] oF g

o1z} glo] ZHAF o|HIE cpython.PyInterpreterState_ClearE WAAI Y Th

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. QIE]Z 2] ¥] A ] AA & S dUch A ezl EL R{ T I gl
Ut} Qe B ¥ AEl= PyinterpreterState Clear () Oﬂ o gt o] A E%E AR = o] oF
S
PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the Stable ABI. 520] 2] Q1E| F/] B AR o &£3= A 2= A AAES Ytk
ZeE £2 HRT B QAW of B0l that 5E L Adsslob st Be@ 4 AU
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 23| = AHE] 2149 2= AR E QA AT A
Tk
WA 3904 HA: o] &4 = o]A| PyThreadState.on_delete WM E T &Yt} o] Ao,
PyThreadState Delete ()oA TE&JP5H5 YT}

12
rO
vl
K
Ach
vl
u]
ftlo
f
E
:o||=
2o

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL 28| = 8] AAE 53U} A
2 = A= PyThreadState_Clear ()9 st ol d T &2

void PyThreadState_DeleteCurrent (void)
A A= Al E oot AYG JdH =z 2 H S A FJ Yt PyThreadstate_Delete ()2}
AAR A9 dezeE 2 AT 2R ook 2= AH =
PyThreadState_Clear ()] H3l o)A S & =& A A= o] oF gt}

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}0] % 28| = AFE] sstare] A A =8 42 7FA 3 U th
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Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & ZZ3A AL

tstate~=NULL©| o}1] o] oF gt}

B A 3.9 &7}

uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3ol 23| = Ae) sstate®] 13 28| = Abel 219 =}

7AAG Ut
istater= NULL©] o}1] o] of gt}
WA 3.9 7}

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}0] 3 28| = AE] state®] QA E ZEEHE 7FA 3 Tk

istate+= NULL©] o}1] o] of gt}
A 3.9 7}

PylnterpreterState *PyInterpreterState_Get (void)
FPart of the Stable ABI since version 3.9. AR A E Z 2| HE 7IA S YT

AR Fpo W 22 = Al 7k A AA) QAE el E 7 Qe WA o2 2 W gtk NULL
2 wEe 5 5y

T E A= GILS HA3)oF gy Th
WA 3.9 F7}.

et

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the Stable ABI since version 3.7. AE]Z2]E 9] 17 IDE W&t 287 3= o 87}
LAY S ~10] ¥hE 31 o 2 7k A A Y

SEAE=GILS HG8foF &t
B A 3.70] &7}

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABI since version 3.8. AE] Z 2] E]H t o|E{ 7} A2 4= &= 9 2 € vk&shy
o] I 7FNULLS Whehoh W o 9] = WS A] 94 tal S Ak= H Z B 9| E A S 5

gleka 714 s of gk,

o] AL o] A Z e AH] A K E A &S= o] AF-3loF 8l= PyModule GetState ()&

th A 3k Zl o] o gyt
H A 3.89 F7}

typedef PyObject *(*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int

throwflag)
EEEE RSO}

throwflag ™} 7| W <=+ A &l ] B 9] throw () WA ZoA AFEH Uth: 00] ofy®, A o2 &
EEL A
B 3904 M7 o)Al T sstare T 7] ME H I T
_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
=d 9 37t 52 AAS U
PEP 523 “CPythono]l = #| % 7} API 371’ E R34 A Q.
W7 3.9 71

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunc-

tion eval_frame)
=z ¢ 7t g8 A FEYh

PEP 523 “CPython®f| Z & 9] 3 7} API 7P & FZ 34 A L.
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A 3909 7}

PyObject *PyThreadState_GetDict ()
Return value: Borrowed reference. Part of the Stable ABL. &-7o] A= Ae] AR E A& 4 Q=
ﬂHHﬂEHWWHW¥ﬂgﬂ°ﬂﬁdﬂﬂ”W%ﬂ%ﬂ%ﬂ&%@ﬂ%ﬂ%&%ﬂ%%
th @A ~HE A E AT S ol o] @48 S = FUth o] 47 NULLE WHEHSHY,
A9 AT G TEAE A A= AUE AT 5 ATk Aok B

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Parththe Stable ABL. ~d|Z oA v]E5 7| A o2 o2& TAA A YT id A A= thAd ~d =9 4~ 3

Ziddyrh excs DA Z AL AAJUTh o] F4s excoll tigt ol FxrE F XA gkFUTh

€A £E AR, o8 TEDE A C AL A P GILS R FD Az T2
Ao Pt £ H A= A & WU dREH o R (o] A ¥k A¥ T idE 3HA] X EHH
0°] F YT} exc7} NULLO] W, CEﬂEoﬂ &l AR F < e 7 v AP A YL o] 22 o9&
4o 72 gk th

WA 3.79| A ¥ 7 : The type of the id parameter changed from long to unsigned long.
yp p g

void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. A< QIH Z 2| g 22 355t AA 28 = A E stateE A A S T state
= NULLO] ob] o] of Tk, 22 o] Aol WS o] A Z1o] of of LItk o] 2 d| o] o] u] So] glow,
2 AR 7y g o

Fa: "feol stode Aol d @ o 2 ol A o]
aoixlzl kvt 2d et FER UL AA A= F
o]t sys.is_finalizing () & AFE3le] o] 45
HadeA &g 5 %1%‘/]14-

W, 28| =7} kol of o5 g
aﬂtﬂ _Py_IsFinalizing()

ez 2|l 7} shol d 2] Al o] A

ol =1
aT =
=g =
O L=

—‘_?{J—!—‘

} %
T =5t7] Al

WA 3809 A W AH: PyrEval RestoreThread(), Py END_ALLOW_THREADS () 9
PyGILState Ensure ()8 QAHEF AAHJow, AHze 7} sto]defA o] st
FAITESHAE IAA 2 =E TEFYH

PyEval_ RestoreThread ()= (AHEZZ713H A FgS w24 FA AL ST Q= 3403
5k

void PyEval_ReleaseThread (PyThreadState *tstate)

Part of the Stable ABL. &) ~#| & A ]S NULLE ARSI A9 ez e &L A g}
=2 o)l wEol glofof 3a @A) 2 =7} B A3 of dth NULLo] ofu] o] of B ssiate 213}
= @A 289 = A E et eA A e d v AR U — 297 ko, P A ol 7t
Higyrh

Pyival_SaveThread ()& (AU 27 27348 7 g Aol 2 ) B4 AR T 4 e 25F

AUk,

void PyEval_AcquirelLock ()

Part of the Stable ABL. A< gz elE 28 =gtk 22 o] Ao wEo]Folof FUt} o
g =o] oju] Fo] glow, WA e 7 AP T
WA 328F HA: o e A 2d= HFHE A

Al
PyEval_RestoreThread ()Y PyEval_AcquireThread ()& A& 34 Al

Fi: Aekgo] stoldejA|o]d B W) Ad| o)A o] A4S T E3, 28 =7} who] Hof o3
EOV\]Z] FRtetE 2 Ert FRP UL 99X g TEE WA }Eﬂtﬂ _Py_IsFinalizing()
ot sys.is_finalizing () & AR&3te] o] 5 T&5H7] Aol B Z 2] ¥ 7} ateo] d 2] A o] A4
A=A FE 5 %l%blv}.

WA 3809 A W A: PyEval RestoreThread(), Py END_ALLOW_THREADS () %

PyGILState Ensure ()8} RAFHEF AN oY, A Z e g7l ol d A oA 3=
oz EHd A AHEE E 23 h

182 Chapter 9. %=7]3}, stojde|Ao]d B 2=



The Python/C API, & x| 8|4 3.10.13

void PyEval_ReleaseLock ()

Part of the Stable ABL. A% Q1] ZE g & ATt} S o] Ao TrE o] FH o] oF gt}

HA 328 #A: o = A 8= FHE BASA sy oAl
PyEval_SaveThread ()Y PyEval_ReleaseThread () S AT Al L.

9.6 B ez elE] 2|9

2ol B9, & d stojd Az e A AT, 22 Z2 AL, o/ e A=A
o} =4 °1E1 2B & whsolof st A7 S Ut AB AH 2 HE 238 € 5 =5 Pt
‘o’ JH e H = dErd o] 27]3HE o) kS0 = A WA JE Iz HY Ut BE2 22 A X0
A de stold ezl AU AH ezl g et &2, W AdB e H e Ald Aot 22
AR Z2AL A AYS Agynh B3 AEY 273 S A S ety dubH o s dEd
5}l ua]xﬂ Mi T A oJqua Bl YUtk PyInterpreterstate_Main() ¥4E 122 Ao

oyt dstate Sunn () B A AN BT el 4B 4 S T BAE A
g3 HED AAT 5 AT
PyThreadState *Py_NewInterpreter ()
Part of the Stable ABI. X} A B QIE]Z 2 E] & w5 Ut} o] AL Ffo] W T & A2 23 (AY) AA 3
29 g‘r?ﬂcgqq E3), A o E Z g o= 7|1 EEbuiltins, _main__ g sys~ﬁt&6}°fl,
EfREFS 7H%‘i,%%l HAS 25Utk 229 2F H ol E(sys. moduleS)JJr
ZE(sys.path)E /YU TE A A o&= sys.argv ‘ﬂ—.—ﬂ SUth N2 g3 I/O
_,]_o1 A A sys.stdin, sys.stdout ¥ sys.stderr< &QWD}(E}, e e e I

g oh.
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2s °
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void Py_EndInterpreter (PyThreadState *tstate)
Part of the Stable ABL. 0] 3 2= A2 235 = (AE) AHZYHE I Ut Fo]3 23
= Aels AA 28 = A olok St okele] 2d= Aelo] B g AHE AR L. TEo|
ke W, FA) 2= el e NuLL YUt o] Bz E et HEE RE A= ARV S E Y]
th (A9 AE T E 22 o] 42 5E5)7] Ao Haaokain weE w o] Aa] FAFULL)
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9.6.1 W12} F2 A

AE QE e E (R W Az E) & g Z2 A9 Aol /] W, 15 o] Aol s
5T — ol & So], 0s.close () 9 A& ASE 51 A4L2 AHE3H A2 dd wdo] (A2
Zo oo o) e mA & dEUTh (HE) Az el 7ho] Fgo] T4 & A WE], A
sgo] AN 4554 9 5 AT o AL 53 wekA 28 (3 A) A W5 E AT
=8 ad5UTh B A0 AEzeEol A BE AR E TE (H2) AE e g o) o] F B2k YT 5

&tk 45 ek w4 oF g,

Ar Qe e g Zho) AL A B B4, WAL, AT A EE FUAE TR FES SHB T
7)ol oF itk olE @ Ao o) AW £ YEE AS FRH (HH) AHzHY 2EH LE
Ao JFL T A ¢ A MEAUT A9 ASAA F2 5 = AN FRAA Gt A=

3714 2 % 2.3 o,

Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState_ Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

HE 7] 4™

Heldyzey 2g = v57] dEe Hll= vlAUZ] AlggUth ol #3 &--& o 2QAH <}
void 32 Q1E] Q12| FEj & H Pt
int Py_AddPendingCall (int (*func)) void*
, void *arg Part of the Stable ABL ™| 2] QI Z 2|E A=A T2 g
0] WHHS 1 funee= W1 ¢l 2| =o)X 55 7] Aol ol =7 Uk A
o] whehg U,
BeAor fol You, funce arg AAE AHgsto] 2= w < < JEI’%H 2fEdA TS
@%Z*.EE AYPE e ol Fegnud w HjFr|Hor FEHAW, b F 2] B

2 Uk

€ cleriuy. 95
5 A, ol 9] 43 gle] -

SOl 2= A A =l E 52 BASAN (ebA funct A CAPIE ASE F A

func= 333 02, A5 5Hel o9 AT A 12 sl of T funcs THE W57 TUL
AAAow SAs7) A5 S0 A GAW, A ALz el So] HAHY 2 =E AB5H]
)

Hsl A3 S A=
ol e Adste ol A 2= A7 285K ¢doH, A Az Y Fo] ] A A5

AMERJIH ZEE A o] g T =3 H T4V G

IL= sl of Futh 2384 ko, o
fune7) A Qe L elE] 01] M EEHES ok 5 olsyth

B o] AL v S Aot 782 AgE dF AUk func?t 7Hs R B e ST
T B2 gsUth vl 2t A A" S22 A Foleh vy, A A" FE o] Hkgle 7]
el func7} TEH A gggqq_ ol gt dRMH R Yoo C Y EgA oW IEETE

K=

Ir
jn)

X,
]I..?‘_',
ok
X
52
>
L
iu)
=2

A, PyGILState APIZ AH-&-3H A L.

3} Bz gl TE= 1, func 4= o] A v <l A E Z 2] E
AN TEHA JAAE QB ZYEANN TEHEE o kg Ut o)Al 7”\13 Ol Z 2 Bl & A}A|

B A 3.10] &7}
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o] C A3 o] 22 AHEFHE Z2}A Yo} 8 DET} st A £ FHE ANE T3 SEFH
oMI=E N5, hA AHCFFE TET 5 ALUTh A8 B5 ofERREE MANA %%
Yok QEsl ol At 4§48 2AEER AN £ YD S0, £ 4 Po] Ras s |8 oE:
o)A M) shol Al £ E F4 Fol LuE A 2HUTH

typedef int (*Py_tracefunc) (PyObject *obj, PymeeObjecr *frame, int what, PyObject *arg)
PyEval_SetProfile ()3 PyEval_SetTrace () S AFRSto] S5 H 4 T2 g durch A
H ) uH N HE= == zﬂ—z,:oﬂ obj & AGE AA ol frameﬁ o] HE 7]. J}aﬂ od gﬂ ol A A o]
a1, what< “‘—’,\— PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE, PyTrace_RETURN,
PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN &= PyTrace_OPCODE %

Stitol i, arg= whar®] Frell whek oY T

what®] gk arg®] ] nj

PyTrace_CALL a}AF Py None.

PyTrace_EXCEPTION sys.exc_info () o A] ¥I3tE o 2] AE
PyTrace_LINE a}AF Py None.

PyTrace_RETURN SR Al Wh3tE] = g, B ol 9] & 9l o] W NULL.
PyTrace_C_CALL S5 = o AA.

PyTrace_C_EXCEPTION | 325 = &4 A 4.

PyTrace C_RETURN S5+ o AAl.

PyTrace_OPCODE Ay Py None

int PyTrace_CALL
geud vz gk A S0 Rus Ay, Avdelge] gk Al 5o Hid
Py tracefunc @l that what vl 7} 2] %k Al @ ol ol thek o] e o] H o B A
2ol =g 4 golH ute] E I ER 9] Alo] AFo] gl7] ol RuH A ek ]W-JETVW

int PyTrace_EXCEPTION
of| & 7 A = UH Py_tracefunc @oll et whar Wi 7§ W49 gh 29 T A
ol A vle] E I =7} ﬂ?ﬂ% = °ﬂﬂ7 2732 ol wharoll thsfl o] Fre® TEH Ut} ©]
= o9 A= °]"H afo] i AEfo] B 77 = 7}3?3‘41'/}, of| 9] 7} A ot o] ZF el e
20 3EH UL 24 B41ol2 o o MEE +A Ttk Zr s delol s AR
int PyTrace_LINE
Z WS o|HEY B 1E vl what Wi 7 A4 E Py _tracefunc T4 (SHA W Z 25
duthol Ad=E = 2k g 28 Y9 f_trace_linesE 027 A3} 3
H]%“ﬂ“ T AU

int PyTrace_RETURN

oSL o,
©
ol
0 gob

SEo|vtgE e 1 & ufl Py tracefunc 5ol W SF what v 7] H49]
int PyTrace_C_CALL
Cegs7la&5H 8 &l py tracefunc T tdt whar v 7)) W2] 7k,

int PyTrace_C_EXCEPTION
C oA Q7 AL W] Py_tracefunc 5ol ) 3t whar vl 7)) H=2] 2.

int PyTrace_C_RETURN
C&47vtd3 e u] Py tracefunc &9l o Sk whar v} 7] A2 ZL.

int PyTrace_OPCODE
A FIEAYH AT G} Py tracesunc § AT 223 dY G4 obduh el Be
what W 7| A9] gk o] o]HIEE 7| H A o 2 HIEE R kG Ut =Y Y9 f_trace_opcodesE
12 A3l YA oz 8 g o o

void PyEval_SetP rof ile (Py_tracefunc func, PyObject *obj)
za2add] F4E funcE AR FUTH obj Mi7) Hr= A AR i) R4 o] AEE Y, o
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ole] stold ARG NULLY & AU Th T2 T4k el & 79 of 3, 22 vkt ol
of T FhZ A&t A AFstr] o Meleta AdE bAs A& AlF A :
PyTrace_LINE, PyTrace_OPCODE ¥ PyTrace_EXCEPTIONS A3t 2 & #Z T &= o|HlE 9
s &g Y
3 E A= GILE B A31aL glof ok 3 th

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

#4 YO8 e WAL 34 F57h2 WS opUES R o MES FASA T, 52
He=Cd AN BHH o|HE S A5 A Gt AS A SHA, PyEval SetProfile ()T}
AU PyEval SetTrace ()& /\]-—9-3]-04 CEQ E 54 gt what 7] A9 o=
PyTrace_C_CALL,PyTrace_C_EXCEPTION & PyTrace_C_RETURN% FABHA] k5 Tk

T EAE GILS BR3ka Qlojof g th

9.9 ¥ oA A

o] FFE2 AF UM A EFAA T AME3L7] 98 A Yt
PylInterpreterState *PyInterpreterState_Head ()

Aelz el e e AAE2] B2 mEd gle A4S Hagdunh
PylnterpreterState *PyInterpreterState_Main ()

H ¢l ez el E A AAE Ryt

PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aelz el e e ARl BB A interp 0] 2] th A H 2] E A A& &ag o
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
OV E Z 2] H interpS} BAE ~d T gl AENA A WAA| pyThreadState AAof tfat Z A E S 1l
25U,
PyThreadState *PyThreadState_Next (PyThreadState *tstate)

8 pyInterpreterState AR o £3t= BE A¥ & AR | 2E oA sstate 0] 2] T2 AH &
AE] AAE g T}

9.10 2¥= 2 AA L A Y

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

oA FrE LT W CILS AT B2 FUh 252 AA S Aeduth
o)

o

=
Python.hof|i= TLS APl A 2l o] 235 o] 9 A ¢k-goll oA L, 2dE 22 AFAE AMSsed
pythread.hE E &3] oF gy}

Z3: None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject*, these functions don’t do
refcount operations on them either.

186 Chapter 9. 2713}, stoldelAlo|d @ ~e=



The Python/C API, & x| 8|4 3.10.13

9.10.1 2| =¥ &4 (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

B A 3.79] 7}

o B7]:

“CPython®] 2~ =-2 Z A F4E 2|5t A -2 C-API” (PEP 539)

type Py_tss_t
o AR FEE 2 E 719 AElE Yeu, Aol & s TLS 3ol met 2 & 9o, 7]
2713 ZH & UEtd = R 2=7E AUtk o] FxAl = 3 W7 flss U th
Py_LIMITED_API7} B E A ¢k& wl, Py tss NEEDS INITE o] @9 A& dto] 3&FH Y}
Py_tss_NEEDS_INIT
ol lA B = Py tss_t WG9 & 73 A} (initializer) 2 &-4-F Ut} o] |2 2= Py_LIMITED_API|
A A5 A kol ol et Al L.

54

ok

g

)
_—(?L_',
>
ot
o
oX,
o
]
oft
s
(7
N
N
olr

Py_LIMITED_APIZ =¥ &7 Bgof da3h U= Al fof| £do| EF
ry_tss_to &4 &G

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZ %7|3}H g 22 AHe 9] 3t
whekst AL, 54 @ Al Al NULLS RES gy Tk

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.

Z31: A freed key becomes a dangling pointer. You should reset the key to NULL.

WA=
of g45 WA WA kyt worLol obyelof Futh  EE, FolR py_rss 7}
PyThread_tss_create()Z z 7] 3 5 XA oF gk o H, PyThread_tss_set ()3

PyThread_tss_get ()9 522 H 5 A F5Uth

int PyThread_tss_is_created (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. =X Py_tss_t7} PyThread_tss_create () & Z7|3}5]
9123 00] ol & whehgh o,

int PyThread_tss_create (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z713}o] AZ3}H 0 2+ WU} key A A7}
7vel7]= gkol Py_tss_NEEDS_INITE 27315 A ¢ko ¥ F2bo] FoH A ¢k
2o Ao WA o2 529 5 gt olv] 271318 7o) Y8 £ &5
erom] %4 452 Wi,

void PyThread_tss_delete (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7| & At A 8lo] E A =0 A 7] FA A kS 9 A 31,
719 2713} A& 2713 H A e o7 HAIIULE 99 H 7= PyThread tss_create ()&
CpA] 27)348 5 YU T o] B 22 oA BEHew 52 5 Yeti—olu] 33 H
7)ol el TE6HH o7 ¥ A& 84 ghsyTh
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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_1ss_t *key)
Part of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current
thread. This returns NULL if no value is associated with the key in the current thread.

9.10.2 ~# = 24 A% 2 (TLS) API

WA 3TEE A o] API= 43 =3 A A4 (TSS) APIZ A E U th

ZF31: o] AL API= int E SHASIA NAE & 4= gles WA S 2 HolE|HTLS 7| 7F H o H A
A A3tA] FF Ut o]y st FEAZ A, PyThread create_key ()& A FE|E S A 9igs o,
TLS gt o] E e ZAEF A BT o3 U4 314 s Uth

HolA A5 T8 AR A6, o] WA APIE A ZEA ARg3i A= <k Huth

int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)
Part of the Stable ABI.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Part of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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W7 3.80] 27},

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preini-
tialized with Py _PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For

example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.

For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler

is registered.

The Py_RunMain () function can be used to write a customized Python program.
Z713}) stol Al o] d W A Ex IR A L.
o Bl

PEP 587 «“3}o]# 7|3} 1£43”.

10.1 Example

&}

4 AE] RENA AP = A2 9] Tho] Ao of:

int main(int argc, char **argv)

{

PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {
goto exception;

*/

(F= soTAT ol AS)
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(o1 sl o] A A A%)

}

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception (status)) {
goto exception;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&config);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non—-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* 249 gl~E.,

length7} 0 ©] o} W, items<= NULL©| oftjo]of 8411 & FAYG -2 NULLO] ofy o of gt}
HA =
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)

item- listol] F7FgHd ot

ol & TETtH W ol WS AP 2713} 8 of T

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t
*item)
item< list2] index©l] 4+ <] g ok

index7} list 2 o) BT AV 2O W, item= listoll 57} (append) g1 T
index=05.t} 2 A} Zofof gt}
o] B2 T Ealel W o] ML AFA X 7] 315 oF ).

TERA L=

Py_ssize_t length
g 2E Zo),

wchar_t **items
PaE FEE.
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10.3 PyStatus

type PyStatus
2718 5 HHE At F2A: 3F, e B 8.

AN 3%, A HE BEC F45 0B AT 5 AFUTh
TEA BE:

int exitcode
28 FT. exit () o AEH <=}

fl

const char *err_msg

o & #l A1 A].

const char *func
Y& vHE 59 o] F, NULLE 9

oy

U,

PyStatus PyStatus_Ok (void)
33

PyStatus PyStatus_Error (const char *err_msg)
WA A 7} 23R % 7]3) of 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
W] g A (e 25,
PyStatus PyStatus_Exit (int exitcode)
AR T8 IZER ol WE FEFYT
FEE A et g
int PyStatus_Exception (PyStatus status)

ezt A AU7R olUE FEAUR FolH, AE Ao FuT oI E Sof

Py _ExitStatusException () & S&3}o].

int PyStatus_IsError (PyStatus status)

AA7E o E Py 7t

int PyStatus_IsExit (PyStatus status)

4347t F2 AR

void Py_ExitStatusException (Py Status stalus)
status7} S F 0| exit (exitcode) & EEF YT staus7} ol 2 o] A of| &] WA X & A3}
0ol old $5 F==2 FEFYTH PyStatus_Exceptlon (status) 7}F0¢] ofd Wit T &

3 of g,

ML pystatus. funce AAF= gl= v]|2 22 A2 3= ¥, func /b NULL
= d= ?:”FE AR o

2, 3fo
Au ] 5 ey
ol

>
>
i [°

PyStatus alloc (void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

int main(int argc, char **argv)

{

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

3

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

AR FAS 2

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)

Shol W 74 02 A A& 2718 o,

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)

EEEEREEREEEEPEE )oY

TEA L=

intallocator
Name of the Python memory allocators:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.

e PYMEM_ALLOCATOR_MALLOC (3): usemalloc () of the C library.

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug

hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using —--without-pymalloc.

v e Aol g FRs Al L.

Default: PYMEM_ALLOCATOR_NOT_SET.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

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.

192

Chapter 10. z}o]# %73} 1A




The Python/C API, & x| 8|4 3.10.13

Default: —1 in Python config, 0 in isolated config.

int coerce_c_locale_warn
0o] ol ™, C 2A Yol ZA D wf 717} A3}

Default: -1 in Python config, 0 in isolated config.

int dev_mode
If non-zero, enables the Python Development Mode: see PyConfig.dev_mode.

Default: —1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding
If non-zero:

e Set PyPreConfig.utf8_mode to 0,
e Set PyConfig.filesystem encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.
A= 2o ut AF-& 7F53 U th #ifdef MS_WINDOWS A EE= A= EA TS o AR S
T AUt
T M| .
Default: 0.

int parse_argv
00] 0]-14 @, Py PrelInitializeFromArgs () E}PyiPreInitializeFromBytesArgs ()=
Ak sl Mo] B3 F AAE TE BASE AT 2L FAOR argy AXE TE BAF U
Wel & A8 FRFAA L.

Default: 1 in Python config, 0 in isolated config.

int use_environment
Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.

int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Set by the —X ut £8 command line option and the PYTHONUTF 8 environment variable.

Default: —1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

¢ Set the Python memory allocators (PyPreConfig.allocator)

¢ Configure the LC_CTYPE locale (locale encoding)

* Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
shol e AP 27 Bhshe

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A A o A sho] S AR Z7]8 3 T

preconfig must not be NULL.
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PyStatus Py_PrelInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const
*argv)

preconfig AP A3 o A Bho]l W& APH 2713 Th
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const
*argv)
preconfig XA 7439 A] 3ol AL AR Z7] 83 ek,
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.

preconfig must not be NULL.

S EA=PyStatus_Exception () I Py_ExitStatusException () < AFR3l] o9 (F Y E5)
= AgsfoF
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() Oyéﬂﬂ Py_InitializeFromConfig/() 0}@
of &5t AHEA B WEY TFAE AXNT & A5 PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETO 2 HAE W py Prelnitialize () Ao E&T 4 & h

Python memory allocation functions like PyMem_RawMalloc () must not be used before the Python preinitializa-
tion, whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called
before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_ InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException (status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
stol & 74457] 913 2o sitvlE & 2 e T2A.

When done, the PyConfig_Clear () function must be used to release the configuration memory.
T2 HA =

void PyConfig InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.
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PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t
*str)
Qlol= ALY sr& *config_strZ EAFgU 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 argy list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)
Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py__DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list, Py_ssize_t
length, wchar_t **items)
Qlol= B B A E listE length®} items 2 4 A gt}

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
BE vold 4L A5y

olw] 2718tH B =+ WAHA FFUTh

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 3.1091 4 W7 : The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argv equals 1.

void PyConfig_Clear (PyConfig *config)
774 vl 22 E s At
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-

uration (PyPreConfig) in based on the PyConfig. If configuration fields which are in common with
PyPreConfig are tuned, they must be set before calling a PyCon fig method:

* PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArqgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

o] A =9 T &A= PyStatus_Exception () ¥ Py_ExitStatusException () < AF&3}o]

d eyt E£5)E A s oF gy}
TxA) D=

PyWideStringList axgwv
Command line arguments: sys.argv.
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Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

wchar_t *base_exec_prefix
sys.base_exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable
Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix
sys.base_prefix.

Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin G WY B2 dYYn
Default: 1.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —b command line option.
Default: 0.

int warn_default_encoding
If non-zero, emit a EncodingWarning warning when io. Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

Default: 0.
B A 3.109] &7}

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.
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Default: L"default™".
See also PEP 552 “Deterministic pycs”.

int configure_c_stdio
If non-zero, configure C standard streams:

* On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode
09] opuJ ™, sholal A B =8 B4 SE o).
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

0ol ofy®, T8 Al o A3 B4 JEld =
Set to 1 by the PYTHONDUMPREF' S environment variable.

237

4

rin
i
ein}
[k

= gh o

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—-—-with-trace-refs option.

Default: 0.

wchar_t *exec_prefix
The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0] ol ™, A Z A] faulthandler.enable () € =% Th
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding
Filesystem encoding: sys.getfilesystemencoding ().

On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
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¢ Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,
"ANSI_X3.4-1968" is replaced with "ascii".

See also the filesystem errors member.

wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by  default, or "replace" if
legacy_windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
* "surrogateescape"
* "surrogatepass" (only supported with the UTF-8 encoding)
See also the i lesystem encoding member.
unsigned long hash_seed

int use_hash_seed
F29] 314 B4 A

If use_hash_seediszero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home
shol W & T el e e,
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.

Part of the Python Path Configuration input.

int import_time
0o oh ™, YEE A7+ =25 gt
Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment
variable.

Default: 0.

int inspect
~2YE} 9 4B F oI5y BER Sojgth

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . stdin does not appear to
be a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable
is non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.
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int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
Default: 0.

int isolated

* sys.pathol= 23 HE Y& H 2 (argv[0] o] v A HAE 2o A AgUrh = AL

« Sho] %l REPLL B3} 4] =
SR FAA = B

e use_environment®} user site directoryE 022 A Th

T EO|A] readlineS YEE A& 7] & readline T4 S

Default: 0 in Python mode, 1 in isolated mode.
See also PyPreConfig.isolated.

int legacy_windows_stdio

09°] o}y, sys.stdin, sys.stdout @ sys.stderro] io.WindowsConsoleIO th4l
io.FileIOE AFEJHYTh

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

AT LA T AFR 7F53 Ut #ifdef MS_WINDOWS M3 2= A5 E4 I o AFR S
s O]_/;qur
T AR\ .

Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats
0°] ok, F& Al kol 2d pymalloc v| 22| D Abol] B3k A S = dYth

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 PLATLIBD IR macro whichis set by the configure --with-platlibdir
option (default: "1ib™).

Part of the Python Path Configuration input.
WA 399 71

wchar_t *pythonpath_env
Module search paths (sys .path) as a string separated by DELIM (os .path.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_setisequal to 0, the function calculating the Python Path Configuration
overrides the module_ search_paths and sets module_search_paths_set to 1.
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Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).

Part of the Python Path Configuration output.

int optimization_level

CECEEERES
¢ 0: Peephole optimizer, set __debug___ to True.
¢ 1: Level 0, remove assertions, set ___debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable
value.

Default: 0.

PyWideStringList oxig_argv

The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig argv list is empty and argv is not a list only containing an empty string,
PyConfig_ Read () copies argv into orig_argv before modifying argv (if parse_argvis
non-zero).

See also the argv member and the Py Get ArgcArgv () function.
Default: empty list.
WA 3.100] =7}

int parse_argv

Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 31094 WM A: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.

Default: 0.

int pathconfig_warnings

On Unix, if non-zero, calculating the Python Path Configuration can log warnings into stderr. If equals
to 0, suppress these warnings.

It has no effect on Windows.
Default: 1 in Python mode, O in isolated mode.

Part of the Python Path Configuration input.

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.
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wchar_t *program_name
Program name used to initialize executable and in early error messages during Python initialization.

e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e [fthe WITH_NEXT_FRAMEWORK macro is defined, use __ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argv if available and non-empty.

¢ Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix
Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

NULL®]®, sys.pycache_prefix+ Nonel & A A FH Yt}
Default: NULL.

int quiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive
mode.

Incremented by the —g command line option.
Default: 0.

wchar_t *run_command
Value of the —c command line option.

Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename
Filename passed on the command line: trailing command line argument without —c or —m.

For example, it is set to script .py by the python3 script.py argcommand.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_module
Value of the —m command line option.

Used by Py_RunMain ().
Default: NULL.

int show_ref count
FE A F AR A5 BAGUR
-X showrefcount % & FHSE 12 AP rh
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import
AZE T site RES YEE FU7P

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 (butsys.stderr
always uses "backslashreplace™" error handler).

If Py _SetStandardStreamEncoding () has been called, use its error and errors arguments if
they are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.ut f8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig. ut f8_mode is non-zero, or if the LC_CTYPE lo-
cale is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

0°] o}y ™, A]ZF A] tracemalloc.start () S T &)

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment
Use environment variables?

If equals to zero, ignore the environment variables.
Default: 1 in Python config and 0 in isolated config.

intuser_site_directory
If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.
Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, O in isolated mode.

int verbose
Verbose mode. If greater than 0, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.
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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 R E L sys.warnoptionsE& d«¢ o7 F71g Ut ulA 2 Pyconfig.
warnoptions &2 7173 WA AALE = warnings.filters? A WA dEo] HuUrt}
g =2 A4E9).

The —W command line options adds its value to warnoptions, 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.

int write_bytecode
If equal to 0, Python won’t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment vari-
able.

sys.dont_write_bytecode® write_bytecode? WFAH Lo Z Z7|3g Ut}
Default: 1.

PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.

Default: empty list.

If parse_argv is non-zero, a rgv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —X command line option.

WA 3904 WA show_alloc_count BEZ} A AE A5}

10.7 PyConfigE A}-8-3 2 7]3}

shol M & 2788k T4
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config 773 o A ZFol WS = 7|3} Th
T EA=PyStatus_Exception () & Py_ExitStatusException () & AFR3le] Je (g} £5
< AelshoF itk
If PyImport_FrozenModules (), PyImport_AppendInittab () or
PyImport_ExtendInittab () are used, they must be set or called after Python preinitialization and

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

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Z2OF o] E& AAsE
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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);

712 A4S s H S o, 7+4S 92 e &F SR EE dA g Y o

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Append our custom search path to sys.path */
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

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

goto done;

}
status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

108 Az 74

PyPreConfig_InitIsolatedConfig() 2 PyConfig InitIsolatedConfig() S= A|2AH 0
A shol A g Aok TAL BE UL ol & Sol, ol 48 8 =2 10| F e 4.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Python Path Configuration (“output fields”) to ignore
these configuration files and avoid the function computing the default path configuration.

10.9 s}o]Xl 74

PyPreConfig_InitPythonConfig ()2 PyConfig_InitPythonConfig() T4 Lnk 3lo] A A
S5 A8 Aol H Tho M S MEBA] 918 74 S wE T,
e}

=)
i= bl
$7 M5 B e E QAL Thol M TABE B ALgE S Y, Ao A M AP

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConfigolts A2 7S A8 old B 2F o YdgUth:
- A2 74 99

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig_warnings
— PyConfig.program name
— PyConfig.pythonpath_env
- AR AQ e A A2 E 27 e
— (PyConfig.program_nameo|A) Z2 1A AR AZ2E A7) YstpaTH I W
— _ PYVENV_LAUNCHER__ 37 ¥4

- = % A 8) HKEY_CURRENT USER <} HKEY_LOCAL_MACHINE 2]
“SoftwarePythonPythonCoreX.YPythonPath” o} & o]] Q&= H A ~2EE S & =23 H=Z
(714 XY= Fhold W U oh.

- Az T4 59 B
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— 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
Aol = 3te) “2 ¥ YEv7h AR o] YA o, sl AL AR A e BEE A9 A A=
FAAE AArstU ) module search_paths_set©] 00]W, module_search_paths7} A A= 11
module_search_paths_set©o] 12 AAFH Ut}
Aol e RE AR 74 Y BES YN H o2 AYsto) 7|2 AR TS AN T4 BA
A& 5 AdssUrth vlo] Q1A grotx A2 A H A0 2 HF P th module_search_paths_set
o] 12 AAF W module_search_paths+= AFHE Ao Z 7+t o] A9, 2 A g8 2=
=AEYTh
A2 AL ALY ANE AN pacnconsio warningsF 022 AFIYNL (o2 A8

Ax ot ol AT 21 54 gk Th.

base_prefixltbase exec prefix BEZFAAE R Fo W 7V 72t prefix® exec_prefix® e
44U,

Py_RunMain ()3} Py _Main ()< sys.pathds $A3gYt}:

it
bl
o
o
rlr
iul
i)
)
Au)
)
EEL

e run_filename©] A A 31 _ main_ .py 2T HE
run_filenameg sys.path &of 713k

e isolated7}F0o]dA:

— run_module©o] AAEM, AR JHE B E sys.path & 71Ut A tdEEE &
24 Rlow ol F AR 544 U h

- run_filename°] AAEH, stdH o] tJeE] 2] & sys.path &l &7} th
- 287 o, ¥l FAEE sys.path $oll 743 oh
S >~

site_importZk 0°] oty ™, site E & sys.paths® FAZ F dF4Yroh
user_site_directoryZt 00] obal Ab-g2t9| site-package Tl FE] 2] 7} EAJ 3t W, site RES
A& 219 site-package Tl 2 E] 8] & sys.pathol F7FE T
U 22 74 stdo] A= FA40 A E Ut

* pyvenv.cfg

* python._pth (&5 H-&)

* pybuilddir.txt (92 H8)

o
T =
__ PYVENV_LAUNCHER__ 37 W= PyConfig.base_executablegd AR 3= ) A EEH UTH

10.11 Py_RunMain()

int Py_RunMain (void)
HeE Zolv FAgA AAA HE (PyConfig.run_command), 223 Y E (PyConfig.

run_filename) B & (PyConflg run_module)g A3}

NEAOR, T2 3 i AL AT w, REPLS APk,
Ak

vpA o 2, o] AL shol dekel = Bil exit () B0l AT 4 At B2 AE)E WEFUT
Py_RunMain ()@ A3tel B4 Aol BEol A AW £ 84 Ao shol e o shol W FAS B

234 A
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

gtole] =4 5t7] Aef, Al ¥ & IAE 7HA U

See also PyConfig.orig_argv member.

10.13 ttA 2713} vl F 70 37 = API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
 “F 4 (Core)” 27|13} A, “Z] £ 3H2] s}ol ™
- W
- W9l
- YWH g} zr=
Coys REL REAO w275 R UTHEIE Sol: sys.pachi o4 £ gaLITh.
¢ “F(Main)” 27]3} A, sfo] o] &3] 27|13 Yt
- importlibE A X|3t1 FA Ut}
- A2 TS AEF U
- Aa2d A2 71 AAd U
- sys BE 27|35 &5FdUt}(dE E9]: sys.stdoutF sys.pathE THYh;
- faulthandler® tracemallocd Z2 AHA 7|5 A5

- site BES Y2 E Iy}

2 & (frozen modules);

- 5%
v 7] 77 A APL
e PyConfig._init_main: 022 AAEW, Py TnitializeFromConfig ()= “3AA” 273} ot
Aol A F &g oh
e PyConfig._isolated_interpreter: 00] oJy™¥, 28 =, A H T2 M2 W EFE 3§34
U Th
PyStatus _Py_InitializeMain (void)

“Z Z7)3h %ﬂli o] Eato], 3o W 27)52 SE g},

“8] 417 BA o A o} BEE JEE 514 93 importlib BEC TR A &Uth 42 AL
A A B 1tk Ao 08 A RSk £ A 5] Al shol Ao ) Skl AL AR
9% 4 ou], g4} B9 sys.meta_path UEE (mporten) Lt YEE F 5 HAF 5 v
4 ©A o 3ol = 9 o] Aol Thol WA A= TAL ANE S AA B 4 9, o Ze] PEP 4329
%71%— shubluie,

W4 B 7L A E AW A Sk Th: o] BN B ALY 4 9L, Folo] 18] golo}
LA oA AT A B o AP 3 7hel 4 2R A el Ao 2 FAH T 48 37 APIZE
27D W7HA AAEA APIE £ AHAG AAL 5 54

_' ]”_1,]- =z z7]pj_ 1‘/}-7:]] }\]— ]Oﬂ/\:i J—]—o] /}Iﬁ E /él_sg -]—}1;__' Oiﬂxﬂ:

void init_python (void)
{
PyStatus status;

PyConfig config;

(TF& sl AT ol AS)
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(el

Z

L

# o] A oAl A A%)

PyConfig_InitPythonConfig(&configqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) A
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);

n
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AEE 724 0% 245, AEAT AT & grhe 2 .
279} 71 e} U3 9] 91 & 919 5] B2 BRL o] AW Aol LT To] w/C API 42 5l ool 4l v 2]
Bel7te] 2 gof wek 4A 8 U

H B2 2] &4 98t A}, B2 2 2HE C gho] By g o A ‘HE ShE gfo ]m A ol 3l 4 3 3}A]
ololo} UL\%D]— malloc (), calloc(), realloc() E free(). 22 A 3}, A& =2 d1 =&
Tt o2 ol ZHE8H7] Wi ell, C &3 Ake} 5t W o &2 2] %E] 2} 2ol %fﬂ’i o] AP sl x| A
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222 das) FFan A+ AU

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
free(buf); /* malloc'ed */
return res;

o] oo A, /O 5] ol hek 2] 4L C 2ho] Mgl Fparo] ol 3) Al F ik shol v W= Bl
A Ak MEs] ke = d Axe] Frel v gl ghch
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

o] ®7]:
PYTHONMALLOC 37 W45 ARg-3to] spo] o M ARg-8h= Wl B 2] &2 #4484 olsyth

PYTHONMALLOCSTATS 37 W= A - pymalloc 2} A| o}#| L} (arena) 7} ©H5o] & wjujc} 28| £ 8
Al pymalloc | 2 2] & F2Le] B A& A4 st= o] A2 5= 5 Ut

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at sere. There is no hard requirement to use the memory
returned by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although
this is the recommended practice). For example, one could use the memory returned by PyMem_RawMalloc ()
for allocating Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

e Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
to the system.

e “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the G/L held. The memory is taken from the Python private heap.

* Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the
Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching
specific deallocating functions must be used. For example, PyMem_Free () must be used to free memory allocated
using PyMem_Malloc ().

11.3 ¥4 ¥ g ¢lgd o] A

OFS B4 AR A2 Bebajol o g s ATk o2l e B 2= S A, GILE $ AT AR
SRS

7|52 YA W2 dFAE v S AR o) malloc(),calloc(),realloc() 2 free();0
HOl|EE 8 T Wi malloc (1) (B calloc(l, 1)) EEFYTh

WA 3.4 271

void *PyMem_RawMalloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.
0vle] EE 8 431 753 PyMem_RawMalloc (1) o] thAl 2% A4 753 /-3 NULL
o] obd X E WHtUth W R 2= ofd A o2& 27|35 A FFYrth
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void *PyMem_RawCalloc (size_t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

0Me & Q—OH]—O]E 3719 84 E QA3 PyMem_RawCalloc (1, 1)°ol Al T&H AAH
7}s3hd Zf3kNULLe] ofbd Z QA HE ¥HEgh T

WA 3.5 &7}

void *PyMem_RawRealloc (void *p, size_t n)
p7t 77l Wl R 859 Z7EnvtolEE 2 AYTE W&L ol AR 2R 279 H4&3
ol A& WA e A eksyth
p7FNULLO| W, §&-& PyMem_RawMalloc (n) 255 &Ytk nol 03 Z2 oW, vRe] 559 37
€ 24F AR A A= ¢k, WEE £ H = NULLo] obd YT
p 7} NULL ©] o} U 3}, PyMem_RawMalloc (), PyMem RawRealloc() &
PyMem_RawCalloc () o] tlgt o] A s =0 o] 3 vt3tH Zlo]ofof gt
QA4 o] AustE, PyMem_RawRealloc ()< NULL-S HFSHSAl p= o] A W 2 2] & o of o gt 7 & s
ZIHE FAF YL

void PyMem_RawFree (void *p)
p7F 78 Z1= W2 e EES AT YLt pe PyMem RawMalloc (), PyMem_RawRealloc ()
T = PyMem RawCalloc ()] tst o] A T &2 ¥t3td Zojojof gttt T2 XA dAY
PyMem_RawFree (p) 7} A TEFH W, F = A ¢4 F7o] Dol

p7FNULLOJ ™, op 2H ] &= =35 2] o33 U o

rlr

11.4 W2 A H o] A

ANSIC & ]Eq'\:ﬂ[“jﬁﬂalqo-‘lx]ﬂ}-()ﬂ]—o] % 3?——-}&]19] %Z_]'_%x];g:}q_%
3o A v 2 g & gty A et ) AT 4 Sy Th
7)1 o 2 2] &A= pymalloc W) 2 2] SHFAFE AR T

%
N
2y
i)
rlo
i)
o
X

i o] g

it

A = GILE fr A3 oF F Th

WA 36004 §7: 7] FF A= o] Al Al2~"l malloc () tHAl pymalloc U th.

void *PyMem_Malloc (size_t n)
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.

OHlolEE 2 A 3l™ PyMem_Malloc (1) o] tHAl &9 ZIA 8 71531H 173 NULL O] ofd 2

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
ZEer10S.

0708 82} 0ulolE 3719 845 QA3 PyMem_Calloc (1, 1)°]thAl &4 AAH 7I%
st a3k NULLe] obd 2 £ Rk Tk
H A 3,50 271

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL. p7} 7}2] 7] = H| 2 g
M2 A7 H &g HolA = HEH A ¢

p7FNULLO| ¥, &2 PyMem_Malloc (n) &
59 7)== 2AHA A A = ‘i’%_‘ltﬂ, ‘:‘&L

229 278 nvtoleR 2FFUL HE
byt
=

o]

=

o}

rlo

e

g D}; 28R ok no] 034 2o, Wi g
Z 9B & NULLO] obd YT

1 O
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p7FNULLo] o}d 8 PyMem Malloc (), PyMem_Realloc () E¥ PyMem Calloc () ol )3k o] A
5% o] wHakat Z o] o] of ik,
7o) AN, Pyven Realloc () NULLS WSS p o] A W m e o] et fad
B = §AH UL

void PyMem_Free (void *p)
Part of the Stable ABL p7} 7}e] 7] o 2 g —2«%—‘% SiAl G U pE PyMem Malloc(),
PyMem_Realloc () ®x PyMem Calloc ()oll 3k o] d T & o] wk&hdl Zlojojof k. 18

2 ¢ PyMem_Free (p) 7} ShA S &= 9l o o E A 42 52o] dojduth
p7FNULLO] |, o} F 2 AT 3= 2] ek Tth
HoE 93l th=3% 7&% P AF 227 AFF Utk TYPEC] RE CE S Ve {9

TYPE *PyMem_New (TYPE, size_t n)
Same as PyMem Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.

ol

ERES

TYPE *PyMem_Resize (void *p, TYPE, size_t n)
Same as PyMem_Realloc (), butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
apointer cast to TYPE *. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

o)A C A7) MAZYYThpt B4 A LB U ol el 2 AT of W me) £ )5
ul po] Ao ke BAFAA L

void PyMem_Del (void *p)
PyMem_Free () ﬂ- S5yt

3 fol hEE CAPL &€ ARS8HA] e4al, shold vl 2] SAE A5 ©E517] A6 ths a2z
Aol Aled lﬂ%ur <= AHgstd ol WA g ZtEAEE vhely ] 8 o] FAIH A

QhobA] B BE o) A& A5 g U th
* PyMem_MALLOC (size)
e PyMem_ NEW (type, size)
¢ PyMem_ REALLOC (ptr, size)
e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem DEL (ptr)

%
rlo
i)
)
X

ANSIC 2] me B9l 9 A outol 8 2 3T wls] S A H R ThE BH 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.

714 AR GALE pymalloc W % 2] EFAE AHS T ok

A o] FE AL T wl = GILES FAS oF FYth

void *PyObject_Malloc (size_t n)
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.
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=

OHlo|EE

EAEE R

L.

ol TEd AANH 7hsstE AL
gl o] Aoz E 27|35 A g5yt

LE=]

R 43 pyObject_Malloc (1)

gk m=

3k NULL o] ofd

void *PyObject_Calloc (size_t nelem, size_t elsize)

Part 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
ZEer0s.

07§ @41} 0uto]E 7] @ &8 248 PyObject_Calloc(l, 1)o thAl £&d AAY
7He3Hd A NULLo| obd E I E W&t

B A 3.50] &7}

void *PyObject_Realloc (void *p, size_t n)

Part of the Sable ABL p7} 7] 7] = W2 @ B29) 278 nulo]E2 24T} U&L o A7

MEL 2719 A& WA= HAEHA syt

p7FNULLO|®H, &2 PyObject_Malloc (n) 3
250 27t 245 A v A A b, WaE

p 7t

NULL ©]

oy

X O
iy |

S FUTh 187 % nol
1

Bl NULLO] obd Yt
PyObject_Malloc(),

PyObject_Calloc ()l th3t o] TZof o3l whekd A o] of of gt}

o
aL

_O]
-

o] Au|stH, Pyobject_Realloc () S NULLE

BZ FA g Yk

void PyObject_Free (void *p)

Part of the Stable ABL p7} 7}2] 7] &= W &
PyObject_Realloc ()
Uty 28X A Y PyObject_Free (p)

Y.

p7FNULLO|H,

ob A=

T+

T A

[e) =y
Lg:lzl

uhgr

7} ol ol 3

et

< 1

gl E5S AE Y

X = PyObject_Calloc () Oﬂ th &k o] A

=53

peolAd MR

0 2o, w

PyObject_Realloc()

[Rst

2]

T

rlr

2 Jdol gt 5

o] %%% PyObject_Malloc (),
T 2ol o) HkEE A o]ofok
oW RO A ok F o] Yol

11.6 7] 2 vz e =}
7|2 v 2e &gAt
T4 o= PyMem_RawMallpd®yMem_Malloc | PyOb-
ject_Malloc
EE RIS "pymalloc™" malloc pymalloc pymalloc
SR AR "pymalloc_debugtalloc + YH | pymalloc + Y | pymalloc + T
a W1 W1
pymalloc ¢l= BZ 2 | "malloc" malloc malloc malloc
s
pymalloc 1= YYH I | "malloc_debug"| malloc + YY¥ | malloc + T/ | malloc + T| H
1A= h h 1

¢ Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions: malloc (),calloc (), realloc ()
and free ().

e pymalloc: pymalloc memory allocator.

e “+ debug”: with debug hooks on the Python memory allocators.

* “Debug build”: Python build in debug mode.
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11.7 e ggat AbgA} % <]

B A 340 7}

type PyMemAllocatorEx
Structure used to describe a memory block allocator. The structure has the following fields:

g= 5T

void *ctx A AR AR 2 AL AF 2 7 E)
AE

void* malloc (void *ctx, size_t size) Ry 55 gyt

void* calloc (void *ctx, size_t nelem, 002 %73 H vrg B2 T

size_t elsize) gt

void* realloc (void *ctx, void *ptr, HEz BEES IGsA Y I %

size_t new_size) ;ﬁ@'qr’]’

void free(void *ctx, void *ptr) W2y &8 AT

B A 3. 5°ﬂ Al 7 PyMemAllocator 7+Z A 8] o] & 0] PyMemAllocatorEx® B I M2 &

calloc ¥ 7} 715 95Utk

type PyMemAllocatorDomain
B Q1S AR o) A DAY, =2

PYMEM DOMAIN_RAW

ek
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM_DOMAIN_MEM

<.
T

et

* PyMem Malloc(),
* PyMem Realloc ()
* PyMem_Calloc ()
* PyMem Free()

PYMEM DOMAIN_OBJ
e
1=

* PyObject_Malloc()
* PyObject_Realloc ()
* PyObject_Calloc ()
e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
274" =gl e E5 EFAE 7HAF Ut
void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
AR89 =re WEe] 55 EAE A4k
A EFA= 0kl ES 8 3w 172 NULLO] obd Z Q1H £ vhghs| of Tt
e

(o)
PYMEM_DOMAIN_RAW =19 H ¢, A= A = St o FUth: §FA7 S22 wf GILS

A FF U
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A

T 2L7F 2 0] ol U™ (o] A SRS i%fﬂ%] o), PyMem_SetupDebugHooks () S5
] %

S 2 8h0] Al Ba} o] TW L 52 ChAl X3 of 3 o

A3: PyMem SetAllocator () does have the following contract:

e It can be called after Py Prelnitialize () and before Py _TnitializeFromConfig()
to install a custom memory allocator. There are no restrictions over the installed allocator other than
the ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called
without the GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

void PyMem_SetupDebugHooks (void)
Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preini-
tialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release
mode (ex: PYTHONMALLOC=debug).

The PyMem SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem SetAllocator().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A3 A A A

* Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem _Malloc ().

¢ Detect write before the start of the buffer (buffer underflow).
¢ Detect write after the end of the buffer (buffer overflow).

¢ Check that the GIL is held when allocator functions of PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are called.

o H7F A, YL T2 tracemalloc EES AFESlo] W28 BEEo] &H
7FA g Utk tracemalloco] Sto| X R g & F4 ol R EFo] 3

ol A YTh

Let S =sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1:j] means
the slice of bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs
from a Python slice):

2l

o Elo]x
ot o

p[—-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] APIidentifier (ASCII character):

e 'r' for PYMEM_DOMAIN_RAW.

e 'm' for PYMEM_DOMAIN_MEM.

e 'o"' for PYMEM_DOMAIN_OBJ.
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p[—-S+1:0] Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.

p[0:N] The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to unini-
tialized 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.

pI[N:N+S] Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.
PIN+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 3.691 4 ¥ 7A: The PyMem_SetupDebugHooks () function now also works on Python compiled in re-
lease mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM_DOMAIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

WA 3.89| A ¥ 7 : Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Win-
dows CRT debugmalloc () and free ().

11.9 pymalloc &=}

stol R o= o] g2 &2 (512u}0] E o]t A Aol F A 3}H pymalloc 3 A7 955Ut 256 KiB
o) 174 /1% 2 “obel hrena)* 2he 2 AL AE I 512 o] SR T 2 T 4
PyMem_RawMalloc ()3} PyMem_RawRealloc () 2 & thA|H Yt}

pymalloc &  PYMEM_DOMAIN_MEM(%]| : PyMem_Malloc()) ¥  PYMEM_DOMAIN_OBJ( :
PyObject_Malloc ()) =W 2ol 7] ka1t

ol B THE B4 E AS T
E oA virtualAlloc () ¥ VirtualFree (),
{3 4 91 © W mmap () I munmap ()

2] oMW malloc () free ()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled
at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).
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1191 pymalloc o}elv} Sekat A8 7 4 o]

B A 3.40] 7}

type PyObjectArenaAllocator
obelv} @3AE 71 ete ol AHgE = FEA. of FERANE Al e BEF 5tk

= ST

void rotx A A AT A2 E e AdA
=

void* alloc(void *ctx, size_t size) size HFo] E 9] o} U5 TGt

void free(void *ctx, void *ptr, size_t old| U= s A gt

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

obelu} @ RAE A4

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
obellLt @RS A4 FU Tk

11.10 tracemalloc C API

WA 3.7 =7}

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BEEoA &FH vRe E5& FAFTch
934 08 WAL o2k LAY (R A2 A7) 9 W0 o) & FYIA RAG
2 w3kt o). tracemalloc ©] B]| EAI 3} ¢l oW —2 & wlskstu o).
W R e E5o] oju] AL, 7|& F AL BT
int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc oA YR V2] 222 24 s AGUTh B2 0] A A gow oy A%
a4 et
tracemalloc ©] B & A St Qo™ —2&5 WI3ks} 3, 22 X] ¢ O 0

a9

whEHh o,

riet
i)

tlo

11.11 <

th22 78 Al o A w2 o Al U th VO M5 7 3 A &4 2 AHEste] sho] A ol A s
= ohA] B4 dH U
PyObject *res;
char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

B AF G AL AEHE 2 BEYYTh

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

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 74 oA, 3 P4 e WGl 3k F4E B 24P SN L. AA 2, A=
e BYAE EFL S Fol a2 G EEF, ol A W B ol o) 22 W APIS ULl &
ol el

AHESHE A2 4 YUt ths ZE AJA L= 7 le P AL “4,1% Shibe A 2 ThE oA
AFE F /1) e FGAE EFEH] w2l AP A (faw) 20 2 EAFUh

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 () */

shold RolA UA MEE BRE A% NS B 2%, 5o A AAE byobject_New(),
PyObject_NewVar () W PyObject_Del () 2 &= 11 3] A U}t

OJAESCEMER AA & AYstal +ASE Aol i th= Foll A dd Adyh

218 Chapter 11. w2 2] 32




CHAPTER 12

A7 7@ A9

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

121 ol AA Gs17)

PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If zype 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, PyTypeOb/'ect *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABIL. ©] Z-& pyObject_Init ()7} $33= BE
2 5851, 74 27] AR o] do] FHE 27 3heh ok

TYPE *PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. Allocate a new Python object using the C structure type TYPE and the Python
type object type. 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.

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Pyjsizej size)
Return value: New reference. C+ZA & TYPEZ} 5ol EFY & typed AL-2-31o] M 22 glo]H AN E
FHT . shold A Ael2 AojE A G BEt 215k A b v, T e TP
2 A0 Sl tpee] cpitenoize Dol o Fold 2719 size AES ST ol
Ze ARE AL F8 AU § . e 2ol A
WS 23 A7 W, S ST 2o 5o, W2 & El E%*é o] FddE Tt

void PyObject_Del (void *op)
PyObject_New () W} PyObject_NewVar ()& A& AR o &3d w22 & )| Al ?Mv‘r o]
2 dutg o g A Yol AFH tp_dealloc A7l TEF YUtk WEY7 B+ &
shol AR 7L P Bx, o] £F Foll & Ao BEof A 2a)A = e FuTh

mlk
rlo
o
m[n
2
lu
E
034.
.?l_',

2
gk
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PyObject _Py_NoneStruct
sto]# oA None & & =E5 = AA. o] AAof st ZAHE P75 = Py _None A EZE AHE

A o A 23 of g o
o 17

spold o] A g Agofoll AHRE = W2 F2AF AUtk o] Ao X ole’t 2 A 2 ARE E R ol
sl Ayt

g

1221 7|12 A% Pz a2

REsold AME TIAo AAe vlwe BAY Aol AL 4o AEE THFUD o 5L
PyObiectSh Pyvarobject B0 2 BAE 0, 02 2E ol A2 BofolA, A4 e RgAow
AeEe gR e $4e ol Ao HY

type PyObject
Part of the Limited APL. (Only some members are part of the stable ABI.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In
a normal “release” build, it contains only the object’s reference count and a pointer to the corresponding type
object. Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be cast to a
PyObject*. Access to the members must be done by using the macros Py REFCNT and Py_ TYPE.

type PyVarObject
Part of the Limited APIL. (Only some members are part of the stable ABL) ©] 212 ob_size BEE F7}
S pyobiecte] B AUTE o AL Aolebs AES 742 Aol w A S H T o] FL E5
3po] /C APIO| YEHA] 9F5 Ut Py _REFCNT, Py _TYPE Yl Py SIZE WA ZE ARE-SFo] v o
oA =3 of ok,

PyObject_HEAD
Zol7F WetA] ¢k A& et M2 32 A AT o] AHEH &= v 2 2 YUtk PyObject_HEAD
22 = oS 2ol FgE UTh

PyObject ob_base;

99 Pyobject AHAE FRIAAIL.

PyObject_ VAR_HEAD
I~ dauith Aol 7k ThE AR E Ve A 22 §S HAs o) ALES) = v 22 Y th PyOb-
ject_VAR_HEAD 1] 212 &= T}--3} 2o] 345 ]}

PyVarObject ob_base;

9] pyvarobject AHAE FRIIAA L.

int Py_Is (const PyObject *x, const 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 (const 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}
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int Py_IsTrue (const PyObject *x)
Part of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True
in Python.

WA 31000 7}

int Py_IsFalse (const PyObject *x)
Part of the Stable ABI since version 3.10. Test if an object is the Fal se singleton, the same as x is False
in Python.

WA 3100 7}

PyTypeObject *Py_TYPE (const 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.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
A2 09} F o] typec] ™ 0°] obd ghs Wb U Th 1R A o 0 05 WY T Py_TYPE (0) ==
typed} 5 UL

H A 3.9 F7}.

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
23 09] §L ype® AAFIUTH

WA 3.9 7}

Py_ssize_t Py_REFCNT (const PyObject *0)
Get the reference count of the Python object o.

WA 3100904 W7 : Py_REFCNT () is changed to the inline static function. Use Py_SET_REFCNT () to
set an object reference count.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
A2 00 Fx AFTE refo® AT

B A 3.9 F7}.

Py_ssize_t Py_SIZE (const PyVarObject *0)
Get the size of the Python object o.

Use the Py_SET_SIZE () function to set an object size.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AR 02] 27| size® AR FUTH
WA 3.9 =7}
PyObject_HEAD_ INIT (fype)
o] A& M2 pPyobject B9 2713} g2 FAFH = AR YU o] AR ThZ o=
gk
1= .

ol
O

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (fype, size)
O] AL ob_size BEE Z33to], |22 Pyvarobject o 273} gto g A= a2

Je} ol viaz e teow gy

_PyObject_EXTRA_INIT
1, type, size,
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1222 g A= 79

type PyCFunction
Part of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this
type take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception
shall have been set. If not NULL, the return value is interpreted as the return value of the function as exposed
in Python. The function must return a new reference.

4 A9 e ey h

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords
Part of the Stable ABI. A1 ™ o] METH_VARARGS | METH_KEYWORDS ¢l lo]#H Z 2 ES CE F+33}
T H AR E = T 3. e AR e 2syth

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
Mg ol METH _FASTCALL 1 3ho]d E8185& C2 T3 vl AHSH = o . o A1

7 25Ut

i}

o}

rlo
o

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords
X" o] METH_FASTCALL | METH _KEYWORDS ¢ 3fo]X Z2HE LS CE 1A= AFREH = T4
Y. g A2 33 25 yth:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod
A} % 0] METH_METHOD | METH_FASTCALL | METH_KEYWORDS ¢l 3}o|¥ Z& &
Lol AHEEE B5 9. B4 AHLe gedt 2

o
r 4
off
ol

CE F

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

A 399 27}
type PyMethodDef
Part of the Stable ABI (including all members). &7 2] A =& 7|&3tE o] AR = 224, 9]
FRANE A Ao Bt g
const char *ml_name
A= o] &
PyCFunction m1_meth
CT&of thet =4
intml_flags
flags bits indicating how the call should be constructed
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const char *ml_doc
=ae3e Y82 7t QYL

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.

e 2e 55 FH0] dHU

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject* values. The first one is the self object for methods; for module functions, it is the module

object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () of PyArg_UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
ol st 2 27} = WA EE PyCFunctionWiithKeywords & o] o]of sttt} o] &4
= A Y A AeE 7N U self, args, kwargs. 97| A kwargs+ 2 E 0] X
9 QAU AL ANE AR Pow woiLd -+ AE I WA Mre QAo
PyArg ParseTupleAndKeywords () S AF&3le] 28] Yt}

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

A 3.70] &7}
H A 3.109 A ¥ 7 : METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

B A 3.7 &7}

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
32 3k F el 2 (defining class), 5, EA 2] MM EE 238 Ze 25 A Y3H= METH_FASTCALL
| METH_KEYWORDS®] &% st S el Py _TYPE (self) 9 73 S8l Y & s Uth

H A == pycMethod & o] o]of dt=t], self F o] defining_class A A7} F719
METH_FASTCALL | METH_KEYWORDSS} Z+5 U th

W2 3.9 7}

METH_NOARGS
7] M7t gle M == METH NOARGS 2| 12 UddH o] o, A7 FolHeA &
875Ut PyCFunction @olojof Euth 3 A w7l 9] o] 52 WA O Z self o]
TEou} A AxE A 3 FEE BRI BE FSo] F wA vl W nuLLg Uk
METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking

PyArg ParseTuple () with a "O" argument. They have the type PyCFunction, with the self pa-
rameter, and a PyOb ject* parameter representing the single argument.

o] ¥ 44t BE FHS Ueht o] A8 A ghu Fe) 29 A =9 3 ST )
5ol 39E Grolt AT 5 Gk o H B2 5 A ) SIS Fof

N

19 g vk

r
>
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METH_CLASS
HASE 99 2827k obd @ AR 7
48 A8 BB A= A fAR

METH_STATIC
HAER o] AaE A7 opd NULLe] A HA w7 B2 AEg Yrh staticmethod () WA
B2 AF2 3 u)] WS o] X = A3 S A8 A A W A E (static methods) S TE= o] AEE U T
e T2 A4s 22 HAE o] 52 7HA 2 A YAl HA =7 R EE =X 5 Ao gt
METH_COEXIST
71€ AY A MM =7 2= Utk METH_COEXIST7} @2, 7| 2312 985 = J o & Ay
HeE AYGULh €2 dH7M A HolE Aol 2EXBZ, o & 59 sq_contains 52 EA=
__contains__ () 2t= % @ WAEE A 22 o] 29 & PyCFunctionS £ = 38}A] 9F
Syth 8271 J 2= ¥, PyCFunction©] 23 A A el =511 53 FE2F ULk o]+
PyCFunction®]] t 3+ T & o] el A S E X} Z H 315 o] 7] w2l F8& )

A AR o) M2 AGHUTE classmethod () WA
Z 2 W A = (class methods)E TH= = d] AF&H U T

1223 &gy ] o2 HE AA A

type PyMemberDef
Part of the Stable ABI (including all members). C 7-Z A W o] S| F3t= o] oJETHEE 7|&5=
F2A. 2=+ o33 5k

4= C3 ol n

name const char * | Wy 9] o] &

type int CFxA o J+= Ao g

offset | Py_ssize_t | W7} P AA| L Z2A ol $] X5t vFo| E T2 9] @ =4
flags | int 197 A8 AR 27| 15 FAS Gep = Sd 1 W[E
doc const char * | SA~EH O Y& 7FE|zl Yt}

typed ThFEHC ol S Gohe Be T_ w2 3 S 5 A5 ch We vk s Aol A a2
g ), 555 vhol A WOz MEg ),

WAE o5 CdH
T_SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBIJECT_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 7} NULLY u] T_OBJECT+= None< W33}l T_OBJECT_EX+ AttributeErrorE WA A]
Z1th= Ao Al T_0BJECTS} T _OBJECT_EX7} thEUt} T_OBJECT_EX7} T_OBJECTH T} 3| &
AEFHE Ydltdel B ALEL o ul2 A X8 st2 2, T OBJECTE T} T _OBJECT EXS AME-
BHY Al L.
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flagse 2719t 7] AAHEE Al 00l A, ¢7] A8 HAE 93] READONLY 4 5= S5 T
typeo©l T_STRINGS Al&3lTH= Z1-& READONLY S —5\56 Ut} T_STRING H]©]E]+= UTF-8 2 &} A
=t} T_OBJECTS} T_OBJECT_EX ué] Wk 2 E 5 9dSUth (NULLE AR E Y.

Y 87 F (PyType_FromsSpec () ol v F A Z& AHE-8te] ¥hE0]3), PyMemberDef+ 3 A A
9] tp_dictoffset, tp_weaklistoffset W tp_vectorcall_ offsetol d|Fst= E4 W
_ dictoffset_ , weaklistoffset_ % _ vectorcalloffset_ o th3t Ho =& £33t
4 95Ut T_PYSSIZETY READONLYE Ao & of gt} o & &4

static PyMemberDef spam_type_members[] = {
{"__dictoffset__ ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},

{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns O if successful and a negative value on failure.

type PyGetSetDef

Part of the Stable ABI (including all members). ol 3l Z 2 HE] 2L IANAE A= FZA.
PyTypeObject.tp_getset 3o 3t AHE IFZIFAA]L
4= [ca [ 99
name | const oEZHE o] &
char *
get getter C function to get the attribute
set | seter | OIECIHES AAFAL TATE AGECGF, A A JEGTHES
7] 489t}
doc const Agd =27
char *
clo- void * getter @} setter o] =7} tf| o] ] & A F 3= A H A T4 Z Ol E
sure

The get function takes one PyObject* parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

Aestd Al Fxg whebstal, dsfsha A o 2 ok 97 NULL2 Rhghel o 3 o

set functions take two PyOb ject* parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

JEZHEE Aol st AL F A v/ A= nNvLLYd Yt AZsH 02, Agjstd A A=
o2] o} A 12wk of g o,
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12.3 3 AA

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions,
but do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects
behave, so they are very important to the interpreter itself and to any extension module that implements new types.

£ 7“211L PRE TP A3 FU 2771 2 o]%% 7+ 8 AH 7} e S0 7kS A A3}
T, F2 C o 2B ol 7] B9 75 T FL FE= ??%MDP 1 *i‘éiﬂl/ﬂ%ﬁé A A 2]
che ZA 8] AH B U e ZRA A UrE}UrL L/\ME Agyth

theo) 2 Bz Qo o AL Py Typeoniect o] o uoh AL o] e B2 AT TH

“tp _g_%”
PyTypeObject < =' £ EL A E/OJETHE A
EZ

OT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc _ setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * R %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * RERE=ES %
tp_as_sequence PySequenceMethods * RS 9
tp_as_mapping PyMappingMethods * RIERE=ES 9
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X €
tp_setattro setattrofunc __setattr__, __ delattr__ X X G
tp_as_buffer PyBufferProcs ¥ %
tp_flags unsigned long X X ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X QG
tp_clear inquiry X (€
tp_richcompare richcmpfunc _It ,_le ,_eq_,_ne_,|X G

_gt_,_ge

tp_weaklistoffset Py ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc _ next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_,_delete_ X

EEEREC R E:S
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& 1- o4 ol Aol A A%

PyTypeObject &% 3 EL AT/ EZHE A

EZ
QT DI

tp_dictoffset Py ssize_t X ?

tp_init initproc __init__ X X X

tp_alloc allocfunc X ?

tp_new newfunc _ new__ X X ?

tp_free freefunc X X ?

tp_is_gc inquiry X X

<tp_bases> PyObject * __bases__ ~

<tp_mro> PyObject * _ mro__ ~

[tp_cache] PyObject *

[tp_subclasses] PyObject * __subclasses__

[tp_weaklist] PyObject *

(tp_del) destructor

[tp_version_tag] unsigned int

tp_finalize destructor _del__ X

tp_vectorcall vectorcallfunc

AR &%

S5 3 ST HAE

am_await unaryfunc __await__

am_aiter unaryrfunc __aiter__

am_anext unaryfunc __anext__

am_send sendfunc

nb_add binaryfunc _add__ _ radd__

nb_inplace_add binaryfunc __jadd__

nb_subtract binaryfunc _sub___ rsub__

nb_inplace_subtract binaryfunc __isub__

nb_multiply binaryfunc _mul___ rmul__

nb_inplace_multiply binaryfunc __imul__

nb_remainder binaryfunc _mod__ _ rmod__

nb_inplace_remainder binaryfunc __imod__

' (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

2.
“0”: PyBaseObject_Type©°l| A7
“T”: pyType_Type©l] A3

“p»: 7| B 7k (&2 NULLE AAE 7-9)

X - PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this wvalue

TS ST Aol A%

(it should be NULL)

? - PyType_Ready may set this value depending on other slots

Also see the inheritance column (

“1”- }E} _{J_l\_

b

o°

DR

- it's complicated;

"I") .

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
- the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
see the slot's description

Qe Lxe QulolEHE 25 AAS Fol ERA 02 F5F ol Rl AL,

see the slot's description

12.3. & A
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& 2- o4 3o Aol A A%
E B EFAAE
nb_divmod binaryfunc __divmod__ __ rdiv-
mod___
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc _ipow_
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_Ilshift 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__ __ rXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc _jor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc _ _matmul __ __ rmat-
mul__
nb_inplace_matrix_multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem___
mp_ass_subscript objobjargproc __setitem__,
__delitem__
sq_length lenfunc __len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem___
sq_ass_item ssizeobjargproc __setitem___
__delitem__
sq_contains objobjproc __contains__
sq_inplace_ concat binaryfunc _ dadd__
sqg_inplace_ repeat ssizeargfunc __imul__
bf _getbuffer getbufferproc()
bf_releasebuffer releasebufferproc()

228
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%5 typedef
typedef i e HHEH Y
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
PyObseat
230 Pyobject * Chapter 12. A -3 2 ¢]
hashfunc PyObject * Py_hash_t
richcmpfunc PyObiect *
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AAT WG obel 25 o npedel & FE I L.

12.3.2 PyTypeObject # 2]

PyTypeObject® F+Z A A9+ Include/object.holA & 4 AFYTh I HOE 93], o}
Ao & wHE o

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_lbasicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

(B sl ol Aol A1)
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(o1 sl o] A A A%)

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObiject;

12.3.3 PyObject &%

The type object structure extends the Py VarOb ject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

Py_ssize_t PyObject .ob_refcnt

Part of the Stable ABIL This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects whose ob__t ype points back to the type) do not count as references. But for dynamically allocated type
objects, the instances do count as references.

A%
o] BEE A ol o3 A5H A kT

PyTypeObject *PyObject .ob_type

Part of the Stable ABIL. ©] 212 & 9] g ,—é | €} & (metatype) Y Ut} PyObject HEAD_INIT W=
2o thg AAE 273t W, g2 dutHg o= &PyType_TypeOMOF Uk 22y, (Ao x)
YE A AHS 7Hs 8l of st EO‘XJE. R 75384 259 A9, AudyE 23 27
A7} oby ek & ok whebA, %?73.% NULLS PyObject_HEAD_INIT M]3 22 A3},
02 A4S 557 Aol R 2713} T A& dEE YA H o7 27]35tet= A YUt
o] A2 dntA o & v} o] &P U

Foo_Type.ob_type = &PyType_Type;

o] AAEAE BE 7] Ao =33l of wr,} PyType_Ready ()+ ob_type©] NULLQIA] &<l
3tal, ZE‘E}‘H o)A Fef A ob_type BEE 278 UTh PyType_Ready ()& 0°] o™
o] A= 2 W AR Y5t
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ol dEEAME For FEHFH YT

PyObject *PyObject . _ob_next

PyObject *PyOb ject . _ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link
the object into a doubly linked list of a/l live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys.getobjects ()
function and to print the objects that are still alive at the end of a run when the environment variable
PYTHONDUMPREF'S is set.

As

o] BEt An go ofs) 4454 a5y

oft

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.

A

o] BEL A Pof o3 455 A G

l>

12.3.5 PyTypeObject &=

ZteFde AE5S AW ete Aol stk BE7FNULLE A8 ) PyType_Ready () 7} 3k
AARE 4 glom, “7]%&” A= g5 Urth (PyBaseObject_Typed}t PyType Typeo] AAH WL
=7t aRA o 7B A5l F9 AL
const char *PyTypeObject. tp_name
3 o]Zo] £ FE NUL-ZT8 EAEL 71e]7]= 200, BE Aoz AN &2 9= o] 42,
2AQL A BE o] E, 250l A, T B o] Fololof gtk WAH] 49, B B o B
oojor gt mE ol A A H = EH, AA] 5714 o] B2 AR 2F ol £ BT,
ol & S0, 37| A pY A B 37| A el U= E% Mol B E Tete B2 tp_name 2731247}

"P.Q.M.T"o]o]oF Ttk

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key '__module__'.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is
made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
___name___ attribute.
Aol glow, AA| tp_name BE¥X _ name_ HEZHEZ ANqA T 90w, module_
01 rﬂ HE= AYHA Ut S oA A=, 9 elo] A H R dAH A ¢ 3.
o] A& o Eizr-% S I F T 5 ke A2 S YTE B3 pydoc & 2 THE B A YA o UEH
A %}S yrtt.

o] E=NULLO] oftfofof Ut} Py TypeObject () oA FE8tA BRs BEJUth(FA A A
tp_itemsizeE AL staL).
As:
o] BE = A B FPof o A= A k5T

Py _ssize_t PyTypeObject .tp_basicsize
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Py _ssize_t PyTypeObject.tp_itemsize

o] ZEES AFESE ¥ dxd 29 A7 S HolE B 2 A S sy

= 71A E50) Fol 5T 14 o] AABAY W0 tp itemsize BEE 23, 719 Aol
A28 20 Hojl00] ofd tp_itemsize BETF AU Th A Qo] AxB A0 Fo A9, BE

AIAE AL tp basicsizeZ AAEHE L 37|15 Z45Uth

b Aol A" A0 PO HY, A2E A= ob_size BET} §lofof 5}“4, AAEA I =
tp_basicsized| N 33}7] tp_itemsizeE T3 ZrdUTH o 714 N-& AA o] “«Z4o)” ?:]1/]14.
N2 Ut o8 AAFAY ob_size BEO| AZF UL A9 7F A5 UTH & 59, A5
=55 e 7] 931 29 ob_sized AHE3Fal, N2 abs (ob_size) YU Th ES AAEHA HH
ol ob_size BE7L ALk AN AXH2 727} b8 Aolehs F2 ol Ut (18 &
Y AE Yo LA = 1A Ho] A2HAE AT | A" A0 = 9 1] Ql= ob_size BET}
Sz uiTh).

7182 A7)0 &= w32 & PyObject_HEADY PyObject_VAR_HEAD(?lZ;?jZ: TZAE AA3=
o Ap8-3 2)oll 915 A AH S2H 29 DE} F AT v, ol A2 thAl EATTHA _ob_prevsl
_ob_next BEE EFHUYT} o]+ tp basicsized 27]§]r7<}a e FYsHA vk Y2
Aadx X & A st o A}ﬁﬂ T2A M sizeof AAE AHESH= A YY) 712 27
o= GC 3y 2717} 3= A ok5uth

7 & (alignment) o] T g+ 27 AFEF: 71 o] & 54 Ao "Qﬁ'@}‘iﬂ, tp_basicsize Fk
oA e ojok gt o o] double WIS T 3= IS A TAI L tp itemsize=
sizeof (double) YUYt} tp_basicsizeZ} sizeof (double) 9 HH—,—ﬂ-ﬂ Edl=ALzE
T A AUt (o] Z o] doubled] BE 8 Abdtolebal 7Hg ).

7ha 2ol a8 sst 9 BE Fe A, o] B nuLLe] ohi]ojof Fuith,

A

ol BEEAE Yol o] Hx=Z AEF Utk Wlo]ago 00] old tp itemsizeZ} YW,
WA 02 AB QoA o itonsiof T 00 obd oz AAHE AL AASA B vic

(W ol 2w 2] 730l wet oh2 )= g h,

destructor PyTypeObject .tp_dealloc

A2~ E 2 943 2 (destructor) 4=l T 8k 2 QN H. (4 SE NoneF Ellipsis®] -9 H) Fo] s
°1AEV\7]’6LD¥ B A = A] O}EEEZL&Z] % g o] FE BY s ok Ut 4 A the

Syt

void tp_dealloc (PyObject *self);

g2} e 2 22 327102 u) PyiDECREF ()&} Py _XxDECREF () Wja 20| 3 &Y
th o] ARl A2|H A= o -3 2ASHA R, o] o et Frx+= syt A 2 e dad a7t
AT EE 2 AL, (3 Tl ST T ol Ao A BB Ag ) 2l
Hotaf S RE R WS AT TS, § tp rree P58 TEA ok IITh Yo A8 Y
] o—,—(Py_TPFLAGS_BASETYPE ZY IV EZAHAAYRA G A) tp_freed A
2=t AR & s Al 7] (deallocator) & 2 &5 & st AA &F oHZﬂ 7= A" AE
ot ol ARSE A oo oF Pyt °lﬁ?jé7} PyObject_New ()4 PyObject_VarNew () £
AFRSte] T E QoM AWlA O Z pyobject_Del () o], AABE AT} PyObject_GC_New () Y
PyObject_GC_NewVar ()& AF&3t] &35 oW pyobject_GC_Del () YUY T}

If the type supports garbage collection (has the Py TPFLAGS_HAVE_ GC flag bit set), the destructor should
call PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);
}

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF () ) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:
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static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

A%
o EEAu Yoz 4&PUrh

Py_ssize_t PyTypeObject .tp_vectorcall_offset
A3 tp callol B &8 A yotol g = (vectorcall) T2 EZE ARt AAE &3

AE = o %u—r"ﬂEH?f}/‘*E“x* ZA Yt
o) AT Z o)1 Py TPFLAGS HAVE VECTORCALLO] AAE 9L uf gk A2 Ut 718 uf, o
AL vectorcall func ¥ O]Ei.J AE 2o A Y @ ZAS Z3Foh= Fo Aaof oF P Th

vectorcallfunc =B = NULLY 4 o, ojuf] QIA~H A= Py TPFLAGS HAVE_VECTORCALLO]
HﬂﬂﬂMOAAHﬂiﬂw41A%¢%§%}@qumui%ﬂ%qw.

Py_TPFLAGS_HAVE_VECTORCALLS AASt=REZH e tp call® AAdorsta, T =
Z+o] vectorcallfunc 52} A #AEH =& wE oo Ut ip_call & Pyvectorcall Call ()2 27

3hul g Uk

AR: W (heap) Bo) M 22 E DL TAFE AL AFHA Btk SR ol 4
A= J ca

NA __call_ & AR, ip_callt 73215 o] HE|F 9 X344 kA Futh
#3800 M v 38 01 Ao, ol €% 9] o5 ol tp_print AFUTh Jtol 2xo A=,
1z °1JHK}L tﬂ A5 d5Uth gho] A 3.000 4] 3.77HA] =, AFE A k5 U T

As

This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALLflagis not always inherited.
If it’s not, then the subclass won’t use vectorcall, except when PyVectorcall_Call () isexplicitly called.
This is in particular the case for eap types (including subclasses defined in Python).

getattrfunc Py TypeOb j ect. tp_getattr
get-attribute-string $F<=of] o] 1 A = & 3 Q1.

o) BEL AAR QG Th A D W, ep_getartro B4} 2A AFHAL, o EIHE o] 5L
Al-&3t7] f18f shol A FAE AA thAl C AL S ot ol& & 7He Aok Pyt

As

5 tp_getattr, tp_getattro

o] A& tp _getattro2} A AB ol s FEHUTh B FS B F tp getattrJ)r
tp_getattroZ} 25 NULLY W] wlo]AH A tp getattrd} tp getattros BT A
Ut

setattrfunc PyTypeObject .tp_setattr
e B A4 AAE 9T Gaol ot A9 o)
ol B HAHASUTE BYE ul, tp_setattro 5o A 25 AT, JEYRE o5
Agat7] A&l ol EAE AA 4l C EAE S HotEol+= T8 7 Aok Futh
AS
5 tp_setattr, tp_setattro
o] = tp_setattroﬁl— A B Fol o ASH UL B HL B FO tp setattrdt
tp_setattroZ} 2 NULLY W] wo]Ad A tp setattrd} tp setattros BEF AL

e},

o
)

3
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PyAsyncMethods *Py TypeObject .tp_as_async

T A oflolHEF 5 7] olHH olH 22 EFS 7SI AAd T #HE J =& 23}
= F7FF2A O thg ZAEH. AAISH 82 v 5 7] 7“Xﬂ T2AE FRIAAIL
WA 3.50] F7}: o] Aoll= tp_compare®} tp_reserveditd 5T}
Al

tp_as async BEL 455X AW, 23Y BEL AR o2 gy

reprfunc PyTypeObject .tp_repr
WA 4 repr ()2 TS Fool et AE A ZolE,

X WL pyobject_Repr ()3 245 Yth:

PyObject *tp_repr (PyObject *self);

e TAG Y FUZE AA|E vEESl of Ut o] H o g, o] FeEeval () o AEE
o] A3 A o] FojA W T2 TS VA AAE wEE= FAE S v oF fﬂ’l/]ﬁ} o] Z o]
7hsskAl ko, 1< 2 AIFSE > B Bus BAFE S HHEE| o sl o] ExE oA A A9
H S B F 22 4 glojok gyt

AL

ol Ar Pog AEHYTH

BA
=8 HA3A oW, <%s object at %p> FA L EAE o] vt F Ut A7 A ss+= &
So®, spr AAY HRe F4E X FFUTh

PyNumberMethods *Py TypeObject .tp_as_number
A ZRESS TAFE AR T diE D=
FA A A o A AT ] ok
As

tp_as_number BEE AEHE A AW, 2949 A= NEH o R FEF U

]
Hl
%
=)
rr
o
N
-
BN
é
=2
=2
)
Hl
r o
o,
)
i)
[
rr

PySequenceMethods *PyTypeObject .tp_as_se
NA2 2222 2As: AW A
© Al A FEA A A8
As

tp_as_sequence A= 445 A ¢Avh W ot A Aoz & Uch

rﬂ 'ﬂ
('D
'.3
Q
()]

PyMappingMethods *PyTypeObject .tp_as_mapping
Y R E2S FASE AN FAY =2 TR
g ) -z A ol Al A Rk T
As:
tp_as_mapping BEE FEFH A A 238H A== /EF o2 FEFH YT

hashfunc Py TypeObject .tp_hash
U §4 hash () & FASHE T4l Ul g A A 2918,

ML pyobject_Hash ()9 ZHUth:

Rl
N
4
N
2
=2
=
rot
K
rO
,
©
e
[t
rlr

Py_hash_t tp_hash (PyObject *);

S e A WB GO T WA A gobo} FUTH A TS AL T o2l 7 LA
Pt o9 8 4T 1S W o} YTk,
o] A7} 4 AT R ¥ O (L8| tp_richcompare’} A AT A] ko), AA| 9] s|AE F 31&
Al E+= TypeErrorS WA AUt} o] AL pyobject_HashNotImplemented ()2 A A3}

AT 25U,
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of B B FoA A wWMA=g FEHEL R sl
PyObject_HashNotImplemented ()& WA Ao Z HAAT = UdHYrtrh ol AL =z
o] F£F A9 _ hash__ = Noned} T 53 Z‘IE_E 3 A 5 of, isinstance(o,
collections.Hashable) ©] False& —Q—H}E 71] w3stA Utk vt AL upxa
ZFA YU} - sto] W =& Fd20lA __hash_ = Noned HAATYH tp_ hash =
PyObject_HashNot Implemented ()& AR E Uth

Az
1% : tp_hash, tp_richcompare
o] Ar = tp richcomparei]r A A B o o AALH Uk A B ¥ tp richcompare$}

=2 — 1

tp_hash7} R NULLY W], B L tp richcompare®} tp_hashE 25 A&t}

ternaryfunc PyTypeObject .tp_call
AA TE= TS ol e A8 A 208, AA| 7} Z21E 0] of Y™ NULLo|of of Tyt
A Z PyObject_Call ()3} ZFUTH:

PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

As:

o EEAB Yoz 4&PYrh

reprfunc PyTypeObject .tp_str
W dakstr ()2 @3 fﬁ—’Foﬂ that Al A 2 AE. (stri o)A Foln, str()
BAHE Tl Fost AL A§ A2} pyobject_str()E 3&3te] AR 2
PyObject_Str ()< o] A g 7] Z3t})

MWL pyobject Str ()3 Utk

o o

_4

PyObject *tp_str (PyObject *self);

e BAGlU FUFZE AAE vkgs) oF Ut o A FolA X, print () Foll o )
AHEE @ o7 w o, AA S “X5e FAE FAlofoF P th

A%

o] BE=AH Por AEH YT

7|2 %k:

o] B8 MAF A o, B9 B3-S ut33l7] 95 Pyobject _Repr()©] T&F YT

getattrofunc Py TypeOb ject . tp_getattro
o] E 2] HE 97| (get-attribute) Tr5>of] th3F A e & ZO1E.

MWL pyobject_GetAttr ()3 Z5Uth:

PyObject *tp_getattro (PyObject *self, PyObject *attr);

AWtE 0 7 o] = 5 pyObject_GenericGetAttr ()2 AAR3= 2ol HelgdUth, AA o] E g
RES HE dnAe g FAL
As

J%:tp_getattr, tp_getattro
o] = tp getattr-\z} A B o & AsE Ut B 9 tp getattrd

tp_getattroZ} 5 NULLY uf A H &L 4 O]/\ﬁo oA tp_getattrI} tp _getattros B
TS5y

7123k

PyBaseObject_TypeZ PyObject_GenericGetAttr ()< AFE3Yt}

setattrofunc PyTypeObject .tp_setattro
JEHE AT} AR E 917 5ol the A A EAH,
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MWL pyobject SetAttr ()3 24Utk

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

T3 valueE NULLE A A 3to] o] ER|HEE AHA| 3= A& W= A] X P3| oF gt dutd oz
o] 3= & pyObject_GenericSetAttr ()E AAsl= Zlol AL AA| AESHEE LA
She kAol My FRTUD,

As:

% :tp_setattr, tp_setattro

o] = tp setattrﬂ]— A AB o g AE5FB Utk MNEBE 9 tp setattrd
tp_setattroZ} RF NULLY W], B 2 w|o]|AFoA tp_setattrT} tp_setattros B
= 45T

7183k

PyBaseObject_TypeZ PyObject_GenericSetAttr ()< AFE3Yt}

PyBufferProcs *PyTypeObject .tp_as_buffer

w5 QlEjsl o] 28 FRASE Aol 9 AR BES EYSHE 27 F2A e EAL. o] A=
SEEEL EEE ERRtEE ek

As

tp as buffer BEE A4H A FAW, 2gE g a4 o2 A4H U

unsigned long Py TypeOb ject .tp_£flags

o DE& e Fo129) WE Ayt Ly F1E 54 4% BE Ay ule
S et Ut g2 AE Od}\],X-IOETﬂ-/\]—ZXHo]—Z]‘_ kol o t
tp_as_sequence, tp_as_mapping R tp_as_bufferE T3] FxY

DL § R A2 FERRE o AHSH U o8 2o W =5t glow, of
94 2+87] Tofob kvl A 00l L NULL ghE 2 A0 2 s o 3

A%
o] Fr o A& BEIFUTE YR E S I v E=EA SR ASF UL S, oo S92
HEZF AAE o Qlod, A8 Fo] o] ZejZ v EE AEHIch & A9t #-dd S
HE &= 84 72 A7 259 W d46HA A5 Unh &, Sdl 2 v EY wlo|2F 9 gho] &
F2A e ZAE S A B Fog BEAPULh py TPFLAGS HAVE GC Z@1 W EL
tp_traverse®}ttp clear BEJ A AEH UL S, A B 5‘301]/\‘] Py_TPFLAGS_HAVE _GC &
NI BEZNEAAER G AHE | tp traversed} tp clear BE7} 2R8I NULL 32 2=
A%,

7)1 &3k

PyBaseObject_Type< Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPES AR&3huch
H|E nfA=:

U= HE vpAI7F A4 FoH o s U ol | AAAZ FA OR 81 tp flags B
o #L AT 5+ Y5tk AR PyType HasFeature ()= B ST L pSfE Hﬁ}L
tp->tp_flags & £7}00°] obdX] A7 Th

Py_TPFLAGS_HEAPTYPE
ol N EE g AA AA7F ol EFE wf AHF UL oA & £, PyType FromSpec ()& At
S3to] FHOZ WHEo A §. o] AF, AAEA0] ob_type TEE= Fof gst A7 7HE3}
), Al o1AE1A7} M=o 4w % 724 7} INCREFS 11, 9l ~ € ~ 7} 5] = ] DECREFS 1] t}
(Ol = AE FY Adardxef] HLEH A FFUTH A28 29 ob_type o] F23H= 3 W INCREF
u} DECREF € Y t}).

Al
277

238

Chapter 12. Az 73 =Y



The Python/C API, & x| 8|4 3.10.13

Py_TPFLAGS_BASETYPE

o MEL Y ThE Yo Wol AP o R 48T 4 e W AFPUTh o WES AFHA
oW o] POz AH P& WE 4 G5t Java®] “final” Feh 29 A O,

A%:

m

Py_TPFLAGS_READY
o] HlE= PyType Ready ()l &|&] & A7} 443 27139 ] 24t
Al :
20%?
Py_TPFLAGS_READYING
O]l H|E& PyType Ready ()7} 8 AAE 27|33+ 5 AAZF UL
A% :
20%?

Py_TPFLAGS_HAVE_GC
ol MEE AATL A £2 & ADT A AFFUT o] =S AR, A~

PyObject_GC_New () S A&t RFE o] & oF 311 PyObject_GC_Del ()2 A& 3}
)5 o ok Gtk =8 7l A 4 A2 Aol 27 JH L 5T o] HlEE EFGC

T tp traverse®}tp clear7} & AA o Y2 A g Th
Az

J%: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

@ﬁw
sy

17 A}

A=}

H
9

Py TPFLAGS_HAVE _GC Z#|1 H|E = tp_traverse®} tp_clear T E 9}
Uth, &, A2 Foll A py TPFLAGS HAVE GC Z 2 W EZL DA A &
tp_traverse®tp_clear @E7} 2|3} NULL 32 Zt= A9

dﬁJh

RS

Kl o

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

As:

7?

Py_TPFLAGS_METHOD_DESCRIPTOR
ol | Ex AA| 7} A AF A -2 v A = (unbound method) A & 5 2He+S L ERE Y T).

o] 22 17} type (meth) ol A A= H:

e meth._ _get_ (obj, cls) (*args, **kwds)(obj 7} None ©] o} d uf) =
meth (obj, *args, **kwds)} E53d) o},

e meth._ get_ (None, cls) (*args, **kwds)+=meth(*args, **kwds)dE%5

s of T,

o] 2 1+ obj.meth () 2} -2 HEH QA WA E SZ0 et H A3LE 7Hs oA Tutt:
obj.methol tf3 A A] “AA A= = A = (bound method)” A A E WHEX] 9+ th

WA 3.89] E7}
As:

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get
is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS

Py_TPFLAGS_TUPLE_SUBCLASS
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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 () &} 22 Foll A Fol FH HE SH2AA] AL6HA 2
Hale o) AL E Ut o183 54 AAME PyObject_Tsinstance () 9 22 4wk AAE T
WU T ol A S E AR A A 2 tp_flagsE AR AAE oF ), 138 A
o 1% I AZ A8 st ZTETH AR = A4 F 3ol weEk thEA AF gt
Py_TPFLAGS_HAVE_FINALIZE
ol HIE= tp_finalize €30l @ &A= o A E Ut
WA 3.40] 7}
WA 385 H F A ABZ 2B tp_finalize €%°] 3/ @ F2A o dttar 744 7]
m 2o, o] £ 1E HE 2284 FF Ut

Py_TPFLAGS_HAVE_VECTORCALL
ol | EE Y avt WEHZ 22EFE FET o AFdF Utk AAS W&
tp_vectorcall offset< ZZTAAIL.

Al

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL.

B A 3.99] E7}.

Py TPFLAGS_IMMUTABLETYPE
This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.

PyType_Ready () automatically applies this flag to static types.
As:

This flag is not inherited.

WA 3.109 7}

Py_TPFLAGS_DISALLOW_INSTANTIATION
Disallow creating instances of the type: set tp_new to NULL and don’t create the __new___ key in
the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on stafic types if tp_base is NULL or &§PyBaseObject_Type and
tp_new is NULL.

Al

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

ZF31: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract
base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

WA 3109 7}

Py_TPFLAGS_MAPPING
This bit indicates that instances of the class may match mapping patterns when used as the subject of a
mat ch block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.
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z3: Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

A

This flag is inherited by types that do not already set Py_ TPFLAGS_SEQUENCE.
o B

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.

Z3: Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

As:

This flag is inherited by types that do not already set Py_ TPFLAGS_MAPPING.
o B

PEP 634 — Structural Pattern Matching: Specification

WA 3.109 7}

const char *PyTypeObject.tp_doc
o] @ A A ol WﬁP%iEE‘ A& ot= NUL-F 8 C Aol thak A el A 221, o]+ P2} 39

AxB2oA __doc_ OJEZRER =g UTH

As

o] D= A1 Pol o3 F& A b
traverseproc PyTypeObject .tp_traverse

7HR| A =3 719] & g4l 1‘416* A A 2Q¥. Py TPFLAGS_HAVE_GC Z 1 H|E7I A4

Aol 7 AU ABL 023 2o

int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

Tpol o] 7 A =3 A A of] th g ApA| & B = A = 7pal A =4 A e A Fe < st

tp_traverse EAE & 7 A £ 7oA F2R £ ZA 8= ol AHSF U tp_traverse
g dWA R FAL s A2"bXAT Af sk vpold AA Q7 A A qH of] o 3

l

Py _VISIT() § TEZSULh 9 E 59, 2L _thread 3 2 E9 EL’\ local traverse ()

QU

static int
local_traverse(localobject *self, visitproc visit, woid *arg)

{

Py_VISIT (self->args);
Py_VISIT (self->kw);
Py_VISIT (self->dict);
return 0;

By VISIT () B2 80 Hoi & e Wbl WA D T2 Bl £ S41A2. selskey
W= 94 ¥ NULLO| U} shol 4 EA G R A B2 28] AR E 4+ 95Uk
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Wl w7} Aol 29 A7 F 4 RlohE A %3 v, O
get_referents () 7 1AL = e

74 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 via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

Py VISIT ()= local_traverse () visit®} arg Wj7) M7} o] o] &5 A& L+ Yt} o=
O] FS BolA mAAL.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py_ TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated
type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

HA 39 A 3 dF F 2 tp_traverseo| A Py _TYPE (self) &S WES Ao Z 7|tg Y
th o] A w9 sho] oA =, B L 402172 I8, o] B A 5tH A B Fe oA FEo] AT
91Uk

Az

J-%: Py TPFLAGS_HAVE_GC,tp_traverse,tp_clear

o] BT = tp clear8®} Py TPFLAGS HAVE GC Ze I H|EQ} &7 A B o g AL Yt
ZH L YE, tp_traverse @ tp_clear7} A B oA BFE00]H BF wo]AF oA A4

Yot

inquiry PyTypeObject .tp_clear

7Hal A =3 719] A 8] <= (clear function) o]

tjsk AEl A E QY. Py TPFLAGS_HAVE_GC Z# 1
MEZt AAE ol A E U AL T 2

int tp_clear (PyObject *);

tp_clear MW gt 7H01A] =R 7] oA A &8 7HH A oM FR ¢8-S EE o A E Y
th 235, AAABe BE tp clear 47 23] BE R &3S EofoF FUh o)A
B3 8o MR GO tp clear A5 E AFAHAA L. dE 5, 52 P tp clear
FrE THINA FEULE FEUC 2L F2 ) AL TS S THE S Q7 dEdyh
et g2 GO tp clear FF WO T FE2S I3 £ Z7) o FEoF UL o] AL
a8 AEA o, tp_clear® FTHSHA Qotx 5 Wt olf+= AY Y5yt
tp_clear®] +HL thg oA &} o] spo] Al AA A 4= &= A4l W o tf sk A2E A0 AR E
AAI 8L B W ol o & 2 QN E S NULLE A A 5] of T

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR(self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be released (via Py_DECREF ()) until after the pointer to the contained object is set
to NULL. This is because releasing the reference may cause the contained object to become trash, triggering
a chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it’s possible for such code to reference self again, it’s im-
portant that the pointer to the contained object be NULL at that time, so that self knows the contained object
can no longer be used. The Py_ CLEAR () macro performs the operations in a safe order.
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Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_deallocis called directly.

tp_clear &5 —4 EXE AR cEFS EFE Ao wRd, FR o3 AT £ gl oA &
24 O]LJr-’JrO] Aot e 23 AAE AT Ao+ lsuth v, 23H B E sl A
ANE delstal, F9 tp_dealloc @47t tp_clearg T2 EE 243t Aol AT 5+ 9
S4yth

gpo] A o] 7pn| ] =3 A| Al of] o 3F ALAM| 3F A B = A A <=3} 7he) 2] = 5] A Yo A 2 4= JdHU T
AL

Z—E‘—: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

o= tptmwmwﬂﬁ/mnmwfmmwxaﬂlmEﬂﬂﬂﬁﬂdﬂ
o} 2 IV E, tp_traverse D tp_clear7} AE oA X 00| ZF v o]

g,

richcmpfunc PyTypeOb ject.tp_richcompare
%53k ¥] 2L &4 (rich comparison function) of] tf 8t A &l 4 A E. A2 o33 25Ut}

I>L

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

A AA wj 7] W= pyTypeobjectol Yl HH o] Aadado] HAAFH U

o] G4 Wi ATH(AWHA © 2 by Truelbpy False)S s ok Stk vw st Ael5 of 917
o™, Py NotImplementedE WHEH3lal, Th2 of & 7} @AY 81 NULLS WH&Hslal o 9] 2 A&
8o Ty
ot} A= tp_richcompare®} PyObject_RichCompare ()2 Al AR AAZ AL EE A

BES=S

I
Py LT | <
Py_LE | <=
Py _EQ | ==
Py _NE | !=
Py_GT | >
Py_GE | >=

FRANT IS AA AT S YT he a2 BB

Py_RETURN_RICHCOMPARE(VHL A, VAL_B, op)
v o A3} W}, 4o A Py_TrueY Py_FalseZE WiEshuth VAL_AS}F VAL B=C v
AT A2 7513;}* 9) o] oF B T} (o] 2 So), CintL} float D 5 Gl Th). Al WA ol ap=
PyObject_RichCompare ()AAAE S FH A4S AU}

The returned value is a new strong reference.
ol 21 7F A3k, ol 9 & A7 3kar ol A NULLS Rh Y o
W7l 3,74 27}

1%:tp_hash, tp_richcompare

o] - ¥ tp hash} A A B Foj & A<=H Uttt A B &9 tp richcompare®}tp_hash7}
B FNULLO|WH M H 8L tp_richcompare®} tp_hashg A<3SHU T}

713

PyBaseObject_Type2 A<4H 4 9= tp_richcompare £33 AlFgUch 18]}, tp_hash
W), 4 B A AR A ov] A% Be] Aadat wwe Aol 5 Gt
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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.

o) BES tp weaklist9} EHFHA PIAIL; TRL B AM AA ol the ok B2 P e

= N

As:

o] A=+ A B Fof o FEH A, ofef] UEH F3S FXBAA L. A B Fo] o] ez AL
AR 4 AFUL; ol= A E o] wlo] 2y o F3 F=x B AE FJEES AHSTE AT
Utk Bl2E d=E @A tp weaklistoffsetS B8 HAH BE, BA| 7} € A k5t
Zle Forg FoHA ol _slots_ Ado] gla, 2219 Wo]2d F o3 IFx 73
2 ° s 2l Zbetal g €% 2z A9

Aol 90w, e Bz P AE = SRS Ant s v
AARsto S F&

o]  slots_ Ao _ weakref =

gt et IR g|AEFEVLEHIL, S5 2 t is

o _ slots_ A A __weakref_ B+ E£F°] flow, F2 w oA

tp_weaklistoffsetg A&t

tp_weaklistoffset%

getiterfunc Py TypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

o] §4 Pyobject_GetTter ()9 2-& 8-S R&UTH

PyObject *tp_iter (PyObject *self);

As:
ol B MHE Fog ALHYTh

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iferator. The signature is:

PyObject *tp_iternext (PyObject *self);

o] Bl o] E| 7} £ A H W NULLS WFgha oF & th; StopIteration A&7 AAE 5, 183
g 5 JFUTH thE ol g7 2 s, A NULLS HHEsl of FUth 1 EA = 2l
da7tolE g olH et AT Yt

olEldlo)E L tp iter TS5 E A3 of d ], A TFLE (X ol H o) AAE AT} olY)
ol Bl & o] ] Q1 AE A A wkEk| of T

o] &= Pylter Next ()&} 22 AYE Zr5yth
Al
ol M= = MH oz ALH YT

struct PyMethodDef *PyTypeObject.tp_methods
o] o] Ak WA =S HABHE Pyvet hodber FZA S AA NULL-E 5 W Do) that Aej 4 =
AH.

Wi o) BT WA E U2 HEE £ G GAU e (ohd) ep_dict FRIAAL)
g o] 7hg Uk,

A
o] A== AMH Fof o3 A&4EH A FHUT (MAEE Y2 WAYESS T8 AEF Y.

l_,

s

244 Chapter 12. A -3 =€



The Python/C API, & x| 8|4 3.10.13

struct PyMemberDef *PyTypeObject .tp_members
o] PO AT A9 AutdolE AW (ZEYUER)E A ASh= PyMemberDef T2 A 9] 4 A NULL-
TR gel g A J‘* ERIH.

o] dEuteh @ 23 [ E 238t o 9 (o tp_dictE FERIAAIL) ol
FEo] F7HE U

Az

ol 2= AE Yol & FEHA Ut (AW E dE vMAUSS S8 SH .

struct P)GetSetDef *PyTypeObject.tp_getset

o] o] AAE AL AME AEGHEE MAF= PyGet SetDef FZ A2 A2 NULL-FF v Qo

gk A e Z .

wj g o] i getset YA HE S E3ete F o gAY (oF] tp_dictE FZRFAHAIL)

FEol F7H U

As

o
kL
I
rlr
>
(T
ofl
=2
1o

o8] 445 ) FUTH(ALE o EPREL TE WAUZE T3 4&FY

PyTypeObject *PyTypeObject .tp_base
g S 40) A% E L Mol Ag 0] gk A A 2. o FEol AL, BY 4GB ARD I T
A5evE 88 SEeol § AME A0 45 oF .

B30 % 27150 A9 2713 57 4 0] 485 Tk C90l A 27 SR 7L “F & A4 (address
constants)”’ o] oF St T} EQE E FA|A O & HEE = PyType GenericNew ()9} 22 4 A A
As FETC99 T4 A YT

a8, PyBaseObject Type () I 2+ FH o)A k2 Ho
A-E AT 287 lsUTh ﬁréﬁ%o & 5

=
‘;

AdstA Ut F Ad P BF o]
ARAO R, tp_baset FF REY 27|35} F4ol A A= of oF Fth

A
ol Z== A H Yol ol F<5H A b5 TH(E W S)).
7123k

o] drx 9] 7] B 7L gPyBaseObject_Type QU TH(FolH Z 2 T8 H o A= object o &2 &
HA dsUTh.

PyObject *PyTypeObject .tp_dict
Fol YA el pyType Ready ()l &3l o] 7] ol A %H Ut

o] A=+ AukA © Z PyType_Ready 7} EEE] 7] A NULLE 2 7|3} o]oF gt} g2 7] o]E
BHE‘E iﬂﬁ}b gAY 2 27132 & JdFUTh € PyType_Ready () 7} < 27133t
W, o st F7L o E rﬂ E7F(__add__ ()& Z2) e 2= Asbe | 3R] = Aol v
ol YA g ol 3748 Uitk
As
o] E = A B Fof o) KA GFUTh( 7] HoH o EFREL thE W AUE S &3l
A& h.
7123k

k53]

o] =7} NULLO| W, PyType_Ready ()& M B EE &3t}

I PyDict_SetItem() S AFESFAYTIE Ao 2 U8 C-APIZ tp_dictE 4 A 3=
o

|
AL A s
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descrgetfunc PyTypeObject .tp_descr_get

“q_/_\_:_q_% Eﬂ get” tﬂ—f,:o]] q]sl- /HEHXJ _z_o] 1:4
B A WL The T 2o

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

A
o] A== AH Fo7 ALH U}

descrsetfunc PyTypeObject .tp_descr_set

O23a Py S AR AA3H7] 93 shof bjsk A el 2 FolE.

W4 B o3 2e

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

value A A= ZH-S 2431 7] 98 nuLLE A A Yo
As
o] Y= N H oz L)

Py_ssize_t PyTypeObject .tp_dictoffset

o] &9 ‘?li‘ﬂioﬂ A2El X~ HEE :TL—“?: ]‘%
Un dags wa Save g9 dad
PyObject_ GenerchetAttr(} o A] A} 14\5]-
o] EE tp dicte} TFEA A L; 1A
e,

o Bzl gho] 08Tt W, AT A PR Aoz YE ] NS A A
Row, drds A BorREY 92 2

v, A48 A o Zh Aol Rl ¥4

YA E & stroly tuplel] AH o 7}
E8E o] QA LTt E, tp basicsize BEE= o] AL &
RSN 2. EAE 2717k 4upo] 2l Az ao 4], 24
B W tp dictoffsets -42 A3 oF gt

Axddxo] AA g e AL vt 2o 59 tp_dictoffset Q2 AL 5 QlFUth:

2 vehy

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

o] 71X tp_basicsize, tp_itemsize W tp_dictoffsetZ 3 AR AA 351, ob_size:=
A2d x| A HAFUTE F5+= ob_sized] RS E AMGsto] Ao RS E AAstn 2 AHzlo|
AHEEHUTH (o] AAHE AR 3T B8+ glsUTh _PyObject_GetDictPtr () oA 3 Y

o)

A%:

o] A= A H Fol o5 4&P Uk AT ok UAE FAL BHFPA L AH Fo] o] &
ZAL AAYT 5 AHUTE ol A8 @ dxbaT} o] 2 YT thE ez o] 942
AgRe EFYTh GAVEE 34 tp_dictorfset B3 WAR DR, £A7HH A ol
Pk,

Zeja 2oz Ao Yol _slots_ Ao 9iL, A2EA W4 G2l E 2 wo] 2ol
e, S SEol AATAWMAG] FARL ep_dictorrser L AT SE 2T
439 vch

Seja o 48 ol _slots__ Aol 90w, G o] 2ol A tp_dictorrsetd 4
,4\_‘6‘1—1/151.

-1 A .

(__slots__Adel__dict__ 2= E5F& F718 =
o} 23V _ weakref_ A H 7|52 FUtEofd o5 95
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713k

This slot has no default. For static types, if the field is NULL thenno ___dict___ gets created for instances.

initproc Py TypeObject .tp_init

QAT 275} F4o] ot M H Qe

ol g FH2e _ init. () WA= G UCE __init_ () G UIRAIE, __init_ ()
S 3E3A PG AAHAE ZAT S glon,  init_ () HIAEE A 3559 AAHAE
oAl 2713} & 4= 5yt

S A Y2 o2 ZE Ut

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

self 1A= %2 7)1318 A2HAAUTE args®kwds Q1A= __init_ () &9 Y9} 7|YP = A=}
£ YEbd Yt

NULLo| okd W], tp_init TH5E % A~ AYACE wtE lf, Y tp_new
7RO JA2HAE MAE S T EFUTh tp_new T7F A Y A B o] opd & P 9
A2HAE WS, o F i tp init e TEHA FF5UTH tp_new?t Al Fo A H

AAEAE WMBEE, AH o tp init7}t ZSE UL

338 02 Wkl L, ol ] Aol = -1 WHEhetal o9 & 2yt
As:

o] JEL A H Fo = J&HTh

7123

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

AAE A et Shof T3l A ER A EQIE,

5 MWL T2t 2tk

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

As

ol =& AA AHE Yo el FLHAAT, T4 B F(EWHE FoE BEoI AHE F)ede
AEHA geut

7123k

54 An g9 49, o =t mE Y ¥Y AL FARA AN T4
PyType_GenericAlloc ()22 AAF Ut}

AR A B o] FAL, PyBaseObject_Type PyType_GenericAlloc ()< AFEEUT} o] A o]
AHoz JojH BE POl AFH = YU

newfunc PyTypeObject .tp_new

OJAEIA /\ﬂ/\q ‘Cﬂ- oﬂ q]s}/\-]E_l‘J;g gz-_?_E{'

T AP e 2tk

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype A= THE 0] A 3L Q= A S & JUth; argsSkwds A A= F i%A A9} 79 = AAE

P O subiypeo] tpnow 857 BEE L 33 22 BRGS0l FA A2 0 32
AP 5 01/\‘4\3}(5};‘] T AE o] gle @2 obgyTh.

e 833517] 93l subtype->tp_alloc (subtype, nitems)Z

S 71 27158 2ok FUTE. BAA 245

WRY 4 Qe 2L o inie Ael 7)ol Aok T e A2, 2 el A9 w

rn 2 ok
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271817} tp_newol A 3= o]0k 343, PR A9 OJRE 27)FE tp inic 0 Aok T
Ui,

Set the Py TPFLAGS DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

A

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

7183k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

[freefunc PyTypeObject .tp_£free
Qe A g 34 ool o3k MEl A TolE). AHe ke 2ot

void tp_free(void *self);

o] I T 3E = 273} A= PyObject_Free () YU Th

anis}

iy

ol 2= AA AE o e FLEHAAT, T4 HE F(EWHE FoE TSI AR

ok

) ol =

1 HA
ZA AHE YA, o] == PyType_GenericAlloc ()3} Py _TPFLAGS_HAVE_GC Z¥ L HE
o] k3 A A et7o At T A 7|2 AR T

=
H 39 H¢ PyBaseObject_Type< PyObject_Del S ARE3 T}

inquiry PyTypeObject .tp_is_gec
7 A SR 710 A T2 E = ol thE A= A A E.

7H A =771 54 AA 7 A 7}“ SE2| & dolof Ut gt o2, AR o tp flags
%Eg EJ_, Py_TPFLAGS_HAVE_ Gc HEE go3std =83 28U 48 o=

9) Y At st 208 S 4
S0 M8 B0 o) Bt Aok ok A4 AL P d 18, 5 B
Q€20 W 0 WES ok FUTh AL T3 2T

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

A
o] A== AMH Fo=z AJ&LH Ut}
718 Zk

o] £X & 7] gko] glssUth o] EEVFNULLO| W, Py TPFLAGS _HAVE_GC7} 7164 TS EE

ARE-ISIcN

PyObject *Py TypeObject .tp_bases
CEES BEE

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.
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7] 31: Multiple inheritance does not work well for statically defined types. If you set tp_bases to a
tuple, Python will not raise an error, but some slots will only be inherited from the first base.

A

o]

e o

EE45HA A5 Uth

PyObject *PyTypeObject .tp_mro
) AA oA Al Zehe] opject 2 Bib S4E WolAq Ae R

mlm

=
This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.
As:

o] BEE FEH A RF UL PyType _Ready () ol o8] A| = A4k Ut

PyObject *PyTypeObject .tp_cache
ARG Al U W A8

As:
ol A& A5HA A5tk

PyObject *PyTypeObject .tp_subclasses
A B Fefao) tigh o Fx g AE YR A8

As:
ol =& AEH A ds Ut

PyObject *PyTypeObject .tp_weaklist
o] @ A ol et kgt 2 E A% S Fx P 2E S| ALH A st YR A&

As:
ol & AEHA ds Ut

destructor Py TypeObject .tp_del
ol A= HAFHAFUT A tp finalized AHESHYA L.

unsigned int Py TypeObject .tp_version_tag

WA= ANl Qg ehe B LS E Ut S
A%
o) A=t F45 A Pk

destructor PyTypeObject .tp_finalize
A~B~ o] el Al o] A F4oll o3t A A ZolE. HHL e} T

void tp_finalize (PyObject *self);

tp_finalizeZFAARE W, JEZZEH= AX
7HA) 537 (AR 27 ﬁa}g Az f?}.o,]
Ut} o Bols AZ 432 27 A
tp_finalizex @A Q] FElE WA 8HA] Fotof Y D}; H}BW Ap45hA] eke mho] dgto] A
s AF PN BT 25U
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

(TF= Sl Aol A
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(o1 sl o] A A A%)

VA V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

w3k, 78| A A H go| WA, tp_dealloce 7“Zﬂ§ IinsEat: RS8N, O]"Jﬂ' Es -’4’01"‘4 ’\Eﬂ
EoM 22d syt (AA7 B2 A o @] dR7F A, &
7 A o2 3" dsUTh. tp_dealloc"] TEY e 2dEs
Global Interpreter Lock) & A3t 2 2, 5}o| W APl S &0l &= A7} & %

A AA7FhE Cu C++ 2hol B 2f 2] o] AR S 313 51, tp_deallocS &= 3 27 ]‘: ]/‘1 a 7“Xﬂ g
431515 ool Bz 2ol /182 919517 @h Al @ of g ok,

A

o) BEL A H Fow oy

HZA 340 F7}

B A 3.80f 4] ¥ 7 : Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags
bit in order for this field to be used. This is no longer required.

o B7|:
“QHH st A A vto]d 2 A o] A7 (PEP 442)

[

vectorcallfunc Py TypeObject .tp_vectorcall
ol ¥ AA 9 TEol AH&dte HWEE 5. 5, type.__call & AT
AFEE Ut tp_vectorcall®] NULLO|®, _ new__ ¢ _init__ & AFR3}

AU,

Az
ol A== A&HHA syttt
WA 390 27} (D==388E 254 w395 E ALLE UTH

12.3.6 Static Types
AEAHeR, CAEA ZHQ B2 A (static) U Th. F B A PyTypeObject FX2 A= ZEA A3
= AL PyType_Ready () & A& }04 Z713- g Ut
Ay}A o 7 sho] oA o) 3ol vjsl] o] Al Y]
« A F2 st vlolaz AP Ut &, thE A5E A E 5 lsyth

AA (23 v ]%-4 2HAE obdUthE 2l YU stoj oA @ A e o]

R S A e e

P34 B AAE A2 A TN BRI 2R, A A 2elE AR A E 2 TR Yol

Also, since Py TypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.
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1237 3 §

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType_FromSpec (),
PyType_FromSpecWithBases (),or PyType_ FromModuleAndSpec ().

124 5221 A 24

type PyNumberMethods
of FRAE ANt A 2REZS 7=

Fore e mees Ade) A AB e FAE o

TF2A Aot e H 2E U

>
P
o
1)
2

typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_1lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc
binaryfunc

nb_matrix_multiply;
nb_inplace_matrix_multiply;

} PyNumberMethods;

T A

A} )

=2

et

A~
T=

kil

=
a

slokgTh (4 of

12.4. 2 AA| A
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‘/}h A9 Fo Axd AU, Foi 3 3 A4katol thaf ko] o= A ko,
& 34+ Py _NotImplementedE W) ofslH, T} of 8] 7} &2 81 NULL-& HH3H3]
a1 o Q] & A A3l oF Tt

1.4—.—4

Z3: nb_reserved E+x A NULLO| o] oF T} o]Ao= nb_longstd o, sfo] A
3.0.190 4 o] 5 o] v} A5 YT

binaryfunc PyNumberMethods.nb_add

binaryfunc PyNumberMet hods .nb_subtract

binaryfunc PyNumberMethods.nb_multiply

binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMet hods.nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods.nb_negative

unaryfunc PyNumberMethods.nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMet hods.nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods .nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMet hods.nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMethods.nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or
binaryfunc PyNumberMet hods.nb_floor_divide
binaryfunc PyNumberMethods .nb_true_divide
binaryfunc PyNumberMethods .nb_inplace_floor_divide

binaryfunc PyNumberMethods.nb_inplace_true_divide

252 Chapter 12. A -3 =€



The Python/C API, & x| 8|4 3.10.13

unaryfunc PyNumberMethods.nb_index
binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 mjg A A 72 A

type PyMappingMethods
of FxA e A B ZREFS AL o AH S Fol o)
Aol W7k L e

lenfunc PyMappingMethods .mp_length

o] & PyMapping Size ()€ PyObject_Size () oA ALEHH, 22 A W& Zr5Uth AA)
of doj7} goju o] QA ¢kow o] £XS NULLE AT 5 JlF Ut

ok
K
rO
A
it
it
)y
°
o
)

binaryfunc PyMappingMethods.mp_subscript
o] ¥ 4~ = PyObject_GetItem()3 PySequence_GetSlice()o] A A} & Q Di
PyObject_GetItem ()3} Z2 A W& zZF5 Y} PyMapplng_Check () d5711E
HH, ol X< XHHO]C‘“/]DP :LE‘Z] HOWNULLY & A5 U

objobjargproc PyMappingMethods.mp_ass_subscript
o] &4 pyobject_SetItem(), PyObject_Delltem(), PyObject_SetSlice() %
PyObject_DelSlice () A AFEE YT} PyObject_SetItem () H Z2 AHE ZA v vE
NULLE AASo] BB AT S gk of SFo] uLLolF, AA L = 0T AA S

PEER St

12.6 XA AA| A

type PySequenceMethods
of FERAE AANNAL T2 EZE TR o] ABotE 5ol g 2ABE Fauh

lenfunc PySequenceMethods.sq_length
o] &< PySequence_size () 2k PyObject_Size () oM AHEH B}, T2 A WLE 5T &=
St sq item¥} sq ass_itemEHRE T S5 AY2E A g st ol AMEH U

binaryfunc PySequenceMethods.sq_concat
o] 4= PySequence_Concat () oA AF2EH 1 22 AHE Z+5Uth nb_add €3S 53 ==
2GS A5, + AR | A = AR U T

ssizeargfunc PySequenceMethods.sq_repeat
o] 84+ PySequence_Repeat ()X AFEE W 22 AH & Zr5 Utk nb_multiply €&
ol 27 FAS AR F, - ARl A AS LI

ssizeargﬁmc PySequenceMethods sq_item

0] 5t~ = PySequence_GetItem() 01] A /\]-—Q—E] W Ze AW E Zr5 Uttt mp _subscript £
2L E ABATHA (subscrlpuon) A& PyObject_GetItem ()N = A2 YTt
PySequence_Check () &4 7F1& H]—Q—a‘]—af] Ui ] 3 AYorgd Yl 18 9o NULL
o] 2> 01’\1/11‘/}

S9) Qs a3 2ol A
£ A8t sq_itenmd] AEH
:LEHE holl A U th

ssizeobjargproc PySequenceMethods.sq_ass_item
o] &= pySequence_SetItem() oA AFEEH Y 2 WS 215 Uth mp_ass_subscript
’E‘%é EoH BE ) J AAE A E3 &, pyobject_SetItem ()3T PyObject_DelItem()oll
AE ASFUTh AR 45 o7 A Ao ghow o] SELNULLE HA E 5 A%

Yo,

HuUth: sq_length &Xx o] A AW, o] & T=31L ]?ﬂé 2 o]
= 9] AUl AE AU sq_lengthZFNULLO|H, QEll A=
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objobjproc PySequenceMethods.sq_contains
o] &4+ PySequence_Contains ()i AI&E = glon Z+
NULLEZ YA & 4 954t} o]Ju PySequence_Contains () &
£ % ehas] B AR .

binaryfunc PySequenceMethods.sq_inplace_concat
o] 4= PySequence InPlaceConcat () A A=W Z
A 9 AAARE AL T A S vEEE) oF ?JQDP Ol %%% NULL 2 &7
c o

ssizeargfunc PySequenceMethods.sq_inplace_repeat
o] &4 = PySequence_InPlaceRepeat ()olA AL EH® Z& AW zr45 Y
WA A AAAE £AFT TAS BEAL U o RS wILe 9A B 4
o, olu] PySequence_InPlaceRepeat () & PySequence Repeat ()2 ZW H Ut}
nb_inplace multiply %8 B8 £k AlAbe BAL NEF 5, 28 0 —o|HE A&

gy,

12.7 W3] A A 724

type PyBufferProcs
ol FEA= Wy ZEEzo] LA Tl tiek 29l
AA 7 W7 H ol H £ iﬂlﬂﬁ%ﬂOﬂ <=3%h=

getbufferproc PyBufferProcs.bf_getbuffer

o] 40 e the st 2EUTh

= g5 Ut Z 2 E 22 A -F A (exporter)

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

views A7) 3 exporteroll th 3t flagsell AARFH 2 3& A FUch 2AE (3) & A3, o]
o] L2 TS BAE WEEA] 3 oF Ut

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view->o0bj to NULL and
return —1.

2) 839 2= AUt
(3) WEW7] sl e i+ 7F2HE S7H A Ut
(4) Set view->o0b7j to exporter and increment view->obj.
(5) 0 Wkt
exporter7} W FF 2] A Qlojuf E] Y] dF o™, F 7HA F R AAE AT 5 AsUTh

* Re-export: Each member of the tree acts as the exporting object and sets view—>ob 7 to a new reference
to itself.

* Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

view] 78 BE L AA W 72 Ao AP of Yow, B ER 2 G0 $Fsok s 7 A
L AW 84 3 Y5y oh

Py_buffer 7Z A A 7}8] 7]+ BE W RE gl = AFAFl Al &35t T2 48|27} ¢lo] & w 7-A]
a2 o dYtt format, shape, strides, suboffsets 9 lnternal% 21| AL Al = 9 7]

Ag Pk

PyBuffer FillInfo ()= RE QA 3L =4 A sd A a3l vlo|EE v HE 44
=3 6‘]-/\ 011~ H]-m xﬂ_:_b‘h,]q_

PyObject_GetBuffer ()& ©] &5 X 482 & AEH oAy

releasebufferproc PyBufferProcs.bf_releasebuffer

o] Fao] AL e 2HU T
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void (PyObject *exporter, Py_buffer *view);

HE 2 A 83 AUk AdS RN

bf releasebuffer+ NULLY & YH5U Lt 2128 A ¢¢oH, o] o & L ey ¢ 7
oA BAE 2T

(D) HEWZ] Sigol the W+ 72 S 29t

(2) ZFEE] 7001, viewe} A H RE W R

s
A& A= ‘ﬂ'E/\] internal & c% /\]—%?‘S}Oﬂ Hy EA 2L

0N

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer_Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release ()€ ©] 71%5& A#e 22 & AdE F o] AUt

12.8 v]57] AA F2A4)

B A 3.50]] &7},

type PyAsyncMethods
o] FxAE olflole 2t vE 7] olEdolE AAE FHS=H B2
gsyoh

227 Aol e 2y

r;
ﬂii'
é
fu)
oL
B
ro
)
frt

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] Foel AL the T 25U

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AH 7k of gl o] E] o] oh] W o] L2 NULLE AR T 4 EUTh

unaryfunc PyAsyncMethods.am_aiter

o] Aol ABE thet 2

PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext___ () for details.
AR 7L E7] olEldlo|d ZeEZS AR o o] 2 NULLE AARE £ 95U Th
unaryfunc PyAsyncMethods.am_anext
o] B AL 3} 2o oh
PyObject *am_anext (PyObject *self);
ojdlolH & 1a el oF Utk AFAIE W82 __anext_ () & FERIAUAL. o] &

NULLZ @7& 2 & s Yt

sendfunc PyAsyncMethods.am_send

o] F4o) WL The T 25U
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PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
WA 3.109 71

12.9 &5 3 typedef

typedef PyObject *(*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
Part of the Stable ABL o] 2] 52 2 W 2] Z7|3lo] A v 28] &5 Ffste APyt ="
2ol Ajtet dolo], AAsA FEH 1,008 27|13} A ob_refent& 12 AAFH L ob_type
2P JAAZ AR MR EFo g A E vES o FUth @9 tp_itemsizeZt00] oFl
H, AA9] ob_size BE = nitemsE 27|35 1 dFH 22 EE9 Zo]=tp_basicsize +
nitems*tp_itemsize oJo}F 3}, sizeof (void*) 9 B2 18] 28 Fojof gl 12 X
ok © WA nitems7} AHEE A ko BEE Q] Aol tp basicsize o oF FUTh
o = thE A" A 2735 £ 5HA]| erotokhyth, w2 e & EF = Ut 2
tp_newol 913} 5] of of Fuink.

typedef void (*destructor) (PyObject*)
Part of the Stable ABI.

typedef void (*£reefunc) (void*)
tp_ frees FZRIAIA L.

typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_newE 23} A L.

typedef int (*initproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_init5 ZZ A A L.

typedef PyObject *(*reprfunc) (PyObject*)
Part of the Stable ABL. tp_repr< IFZ 34 A L.

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
Part of the Stable ABL. A A& W H o] E|{E g2 k&3 oh

typedef int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
Part of the Stable ABL. AA| 2] % oJEHE 1S AATUTH o] ETREE 27| 312 ¥ value
AA7FNULLE A H U Th

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Part of the Stable ABL. 1A 2] W H o]E|HE 7S wk3kghch
tp_getattros FTZRIAA L.

typedef int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
Part of the Stable ABL. AA|2] W H o]EZHE 2 AAT UL} o]EHEE 24|52 ¥ value
AA7knuiLe A g Yok
tp_setattros FZIIA A L.

typedef PyObject *(*descrget func) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.

typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc) (PyObject*)
Part of the Stable ABL tp_hash& ZZ 3} Al L.

typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompares ZFZ 34 Al L.
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typedef PyObject *(*getiter£func) (PyObject*)
Part of the Stable ABL tp_iterE& ZFZ 34 Al L.

typedef PyObject *(*iternextfunc) (PyObject*)
Part of the Stable ABL. tp_iternextE& FZ3}AIA L.

typedef Py_ssize_t (*lenfunc) (PyObject*)
Part of the Stable ABI.

typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc) (PyObject*)
Part of the Stable ABI.

typedef PyObject *(*binaryfunc) (PyObject*, PyObject*)
Fart of the Stable ABIL.

typedef PySendResult (*sendfunc) (PyObject*, PyObject*, PyObject**)
See am_send.

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI.

typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
Part of the Stable ABI.

typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.

typedef int (*objobjproc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef int (fobjobjargproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

12.10 <

th2 Fhol A & Aol o] st o Juth o 7]oll= o o] vhd 5 = YuHA Rl AR o] 2 Y
th AR =7t EE IY At S RolFuUth o B2 oA, 48 B E 9 554 & defining-new-types 2}
new-types-topics & ZHZ 34 Al L.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

o AA 3 2 7] 3 A2 ALE S o] A F = (53] CPython T E Wo] 2o ) E S £ 5 5 UTh:
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static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
/* tp_itemsize */
destructor)myobj_dealloc, /* tp_dealloc */
/* tp_vectorcall_offset */
/* tp_getattr */
/* tp_setattr */
/* tp_as_async */
eprfunc)myobj_repr, /* tp_repr */
/* tp_as_number */
/* tp_as_sequence */
/* tp_as_mapping */
/* tp_hash */
/* tp_call */
/* tp_str */
/* tp_getattro */
/* tp_setattro */
/* tp_as_buffer */
, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_traverse */
/* tp_clear */
/* tp_richcompare */
/* tp_weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp_base */
/* tp_dict */
/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */
/* tp_alloc */
myobj_new, /* tp_new */

~

~ K S S o~ 0~

O O O O OO OO0 O ~0O OO O  ~O0O
N~ S SN S~ o~ N N NS S S S SN S~ O~

~

N~ SN SN S~ S~ N

~

O O O O O O OO OO oo oo oo
~ ~

bi

o

Y

PN P EE R RESELES

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_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,

(B sl ol Aol A1)
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(o1 sl o] A A A%)

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
i

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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12.11 <3} 78] %] 3] x| ¥

1 sho] o) 2] 98 oA
FUT e Ade ta 22

2 s
| Th3 F2wk A et F2 7H A Aol gk oj|

olUdL wEeld, & AA 9 tp flags BE I} Py TPFLAGS HAVE GCES Z 83| of 31
tp_traverse A8 7] +AE AFdoFFUtt. o] AABEATL7PHOIA, tp clear THE A-Z3 oF
k.
Py_TPFLAGS_HAVE_GC
ol Z AV AAAE B AA= 7] APE 7 AS EFs ok Uk A E S o] AAE
ZAH o)y AA gt 35U T
A" ol Y A= F 7HA] 2 & E5380 oF Ut
1. AR W|R 8= Pyobject_GC_New() Y PyObject_GC_NewVar ()5 AFE3Fo] &3] oF &
yrtt.
2. T2 A ol Yo thet 2 E =T ¢+ = RE D7 273 E W, pyobject_GC_Track () S
Tl o FyTh
up 7R 2, A 9] sl Al A} (deallocator) = ¥ S8k 5f 2] 22 F4381 oF Tt
I o4& AH W E F=xste BE7H 723 5 7] All, Pyobject_GC_UnTrack ()& EE oF g

g},
2. AR W B el pyobject o pel ()8 AHESho] B o A1E of of Tk,

=

73 1: If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at least a tp_traverse
handler or explicitly use one from its subclass or subclasses.

When calling PyType Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverseand tp_clear fields if the type inherits from a class that im-
plements the garbage collector protocol and the child class does not include the Py TPFLAGS_HAVE_GC
flag.

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)
PyObject_New () 2} FAFSHAI WY, Py TPFLAGS_HAVE_GC Eej 17} A H AE ol AAE 9
sk A.

TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
PyObject_NewVar ()&} FAVSFA W, Py TPFLAGS HAVE _GC Ze|27F AR Aol AAES
A 2.

TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
PyObject_NewVar () Oﬂ o3 3E AA e Z271E WATULE 277 2 A E ARG A etd
NULLE 9HBHE T opis oF4) 441 7] 7 2281 7) gkolok g o,
void PyObject_GC_Track (P»Object *op)
Part of the Stable ABL. =3 7] 7} 4 3t= ZAH o]\ AA| J & AA| opE F7FHHULE =R 7=
o 71 %] ¢k AJ7tel A 5“% Foorzg FAFHE Zo AA V) F2d oF 5‘1'\41‘/} tp_traverse
A7 gAshe e BEs R RS A Y EEa ok Th BE 4R BEE AU,
int PyObject_IS_GC (PyObject *obyj)
A7} 7B A £ A7) 2 EES FASE 00] ol ghe ¥HEHea, T84 ghow 02 Wk ok

o) F57H0L HFIH HulA £A71 7 AN E 2 AT 5 DU Th
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int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 1A Fo] GC ZE2EZFE T3} op7} T A 714 A
FAZI7F A oW 1S vh3ketal 13X koW 05 g T

o] Z1-& sto] A T ge.is_tracked () o P F YT
B A 3.9 F7}.

int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] AR o] GC ZEEZF-E F 3 7}8) R A7 7} op s
oju] sfojdeto] = oW 1S sl 18 A ¢FoW 0-F RHEEY T

o] AL s}o] W 4 ge.is_finalized () ol iU Th
H A 3.90] 37}

void PyObject_GC_Del (void *op)
Part of the Stable ABL. PyObject_GC_New () W PyObject_GC_NewVar () & AR&38lo] A Ao &
99 v =.2) 2 o] g o

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL. $F 7|7} A 3t= A" ol AA HAToNA op AANE A AFY )
PyObject_GC_Track ()& o] AA ol thafl thA] ZE58te] T2 AA| gl thA] F71E = 3ol
YA L. B A A (tp_dealloc A B 7)) & tp_traverse A 7] A AH-§3t= B =7}
Fa3 7] Aol AA o e o] FE T & oF Pt

WA 3.8 4] H7A: _PyObject_GC_TRACK () ¥} _PyObject_GC_UNTRACK () W2 2= &8 C API 9

Al AAE A5 Ut

tp_traverse A 7lE e 2L ¥l B4 w7} A5E BolE ULk

typedef int (*visitproc) (PyObject *object, void *arg)
Part of the Stable ABL tp_traverse X & 7)o AgdE = W22} &40 g, o] a4 el sh= 2
S objectZ, tp_traverse A 719 Al AR w7} HM4F arg® T2 5 o] o Ptk o] Foj=
8 A 9A 2 TR A ol R PSS AU TH A AT AR ) R S
Aasfop e Aot Yo

tp_traverse A2 7]= th FolofoF i}

typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL. ZH]o]v] AR ] &4 st Ut &L selfoll 21 H 23H ZF A A o off 5l
visit 5 T =5l oF 3o, visirol] T i 7) M= 23E AA S} A2 712 AEgH arg AU T
visit 34 NULL object Q1AFZ T &8 <F U th visit7} 0] obd gh& W&t 1 gho] S A
Hhghs] of of gh T

tp_traverse A8 7] 2L @357 YN, py_visiT () A Z 7L AlFEH UL o] W32 E A}_5}

HWY, tp_traverse X AR} o] 52 B3] visit 2 arg® A A3l oF P th:

void Py_VISIT (PyObject *0)
07k NULLO] o} ®, 0 &} arg JAAR visit F-& S&Fth visit7}00] obd 3k REksd, 171
WU T o] Wi AR &AM, tp_traverse A8 7] 7 thg 3 2o Ut

o

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

tp_clear A8 7]+ inquiry § ol AY AA 7} & o] NULL o] o] of Fh T}

typedef int (*inquiry) (PyObject *self)

Part of the Stable ABL % 32 AANL 5 Q= F2 2 AAFUL. 29l AAE B2 8L
QAT 5 gome o NS E He] & BRI} QsLth o S E 523 Folx A2 7}
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:Onl_'o

]
—_
L
v
~

= F2] Zzo| 3l Py _DECREF () & SE&3A] upA Al R). o] AA 7} FZ =&
Fo3la IS A7 7 AA 8 o] =S s &Y Th

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)
Part of the Stable ABIL. Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is

disabled or already collecting, returns 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, 0 for disabled and 1 for enabled.

WA 31000 &7}

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.

WA 31000 &7}

int PyGC_IsEnabled (void)

Part of the Stable ABI since version 3.10. Query the state of the garbage collector: similar to gc.
isenabled (). Returns the current state, O for disabled and 1 for enabled.

WA 3100 7}
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CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.

PY_MAJOR_VERSION
The 3in3.4.1a2.

PY MINOR_VERSION
The 4in3.4.1a2.

PY_MICRO_VERSION
Thel1in3.4.1a2.

PY RELEASE_LEVEL
The a in 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or OxF 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:

HiolE | HIE (9] ATt <eA]) | 5 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.
EE Fo]Z 1] 3 &%= Include/patchlevel.hol] 7 2] 1]t}
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T A5yt
o3 22 s v S st
s 527" IE B5] IEEJHT W, L ol FE TEAZE, UEE, FED) O
FEE 99 3 7| vpo| W ZELE.

e Ellipsis W& A<,
3
O~

2103 5404 25 =8 3fo] 43
EgE gAsA AT 5 2

2to3 & ET gol B oA 1ib2to3 E AFH UL SHH R AYPT = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & H A K.

abstract base class (34 W|o]| A Ze|A) FA W o]~ FdA2Ehasattr () 22}
A v EeA A (g 5 UH’“ HAE) A5, A o] A5 Ho 3= g
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYste, SHAE ASEA FoHA
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
)

rr
éé fu
r{n:
o
=
fol
riot
ox
o
ot
v
v

2T (importlib.abc 2E|A]). abc RES AR5 A] Z} H ABCE W& & 5 UYth
annotation (o] - El|o] ) FFol wlel 3 I E T ALESHE= Wy, FU2oEZHE &
L RkS g A2 9 glol 8yt
21 H9] o] mH| o] 2 A ¥ A Zhof] BAM AT 4~ oqxl‘j]' Z‘ﬂﬁ Ay, A S L 49 ol
HolAd2 27 &, Fd2, 42 __annotations__ EF o]EZ|HE xix Huth

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

argument (7)) 48 TEY ) T4 (B A S) 2 DDA E gL T R QA Ak
o 719 = AR} (keyword argument): T = wf] A FE X7} of] B2 AR} (o] & E0], name=) E&

% 2 okof| 2 o] _I/qL-]a]E;qﬂ-Q‘—O]x} 01] Eo], t}& 3 2L complex () Egoﬂ/ﬂ3»}
5 BEF 719 E dAY Yt

rr
%
+
2
)
24
>

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 9 ] QR} (positional argument): 7]
HeAY olE e E o gl * &
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>
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0,
N

complex (3, 5)
complex (* (3, 5))

ARH= G4 whE 9 o § 22 A Aol thAF Utk of thgfel B85 F 4S50 tha A calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol

R

|19 v 75 FE T FAQ A7 AR} w7 W 4=2] Ao] 2} PEP 3625 H A Q.
asynchronous context manager (V] 57| ARV AE A2|2}) __aenter_ () &F__aexit__ () HIAE=EEH

ogto 2 M async with ZolA Hol= &4 & A3t AA. PEP 4922 T Q5| 04’\\41’/]-.

asynchronous generator (W5 7] AU el o]e]) 1] 7] A Lie o)) ol e o] 6] & ¥ T §4. async
def 2 9| ¥ & TR P4 A ol L, async for FE LT 4 Uk AR FEE B
St yield BUAE ERUTHE ol thEYTh
HE WS/ AV E §5F el AR, o ¥ RH oA %] AU dolE o Hd ol &
ARGt o =5t o u7h HEsA ke B9, BT oI A BETS GAUTh

_/;\_

v 5 7] Al dolE St await @A asyne for 3} asyne with B2 2888 5 9%

ek

asynchronous generator iterator (W] 7] A& o] €] o]g]d|o]¥]) v]= 7] A& o] g T7 wte = A A,
H)5 7] ol #lo] 8 QA __anext__ () & E&3tW oSllolHE AAE FHF, o] AL T
yield A4 747 W57 AV o8 &9 ]S Aq g,
Zyields QAALE A E ST, 29 (A A4EH 7] 5 ry-FES EFoE)
A AEE 719 UTh b5 7] Al deld o8 o] 8 7} _anext__ () 7t EHF = E Y
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 K A Q.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA

Exe sl olEdolH & S8 F ok g th PEP 492 & == 55Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.

__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
v iy EﬂVﬂ'x] H]-5 7] ]Eifﬂ °olH ¢ __anext_ () MINE7} EElF = ol HES FUTh

PEP 4922 % 5 95U th

attribute (6] E 2] H-E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] 9 o]E] &) await EAA | AHEE = = AA. I FE o]y _await_ () HIAE=E 71X
AA7FE 4 A5 UTh PEP 4925 B A 2.

BDFL Z#}8] 28 &4l =] %} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] A A},

binary file (9ol V2] ShQD) who] =915 24152 9T & 4 9 512 2. vhol v el 4] o 2= vhol
HEl B ('rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @ gzip.GzipFile 9] ¢ A‘?ji%%—’,\— Q< t}

str AAE Q3 2 5 Qi 9 AR A HAE 5 ® FEA L

‘/’i

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 srong reference to the object and so destroy it.
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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 D F AA)) Hy] T2 5 E YL C-A5 HHE JQaxE ?:} T A5}
o] # F% memoryview 7”21]—— EE0|1 bytes, bytearray, array.array AAES =33t

#

U} wpol = Q5 27 52 wpol v 2] to| 1 & - of 2] 7pA @S ol A8 4 % Uk §t
wlolviel S = A%, £ AL B A% 2 A5 Jxuth

o AstE2 } ojve dlolg 7 7t A A 27t dssUth o]d Bl A¥AE FF <AL
27) vpolE AR AA ek EATITh b M AR o] 2L bytearray S bytearray o)
memoryview 7]— g5 Yrth o2 dAEL vlojy g HolE 7 2 AR (“Y7] AL vHloEY R
AA) o] AFHEF 27F U old A& A&+« bytes® bytes AA 2] memoryview 7}
915,

bytecode (W}o]E F &) Flo|H AL FEE=nlo|E FE & #5195 =0, CPython OJEJEQ Bl o] A] 3ol A
Z2IW YR YU Hlo]E I =& .pyc 3ol A FHof, 22 3tdS 7 HA AT o)
o Wep 2] Al BhEUTH(& 2o A vlo]lE =] A HTL S 3T JFUTh. O] “TZHAdo =
Zhupol E I T o t) 3-8t 71 Al E Aot 7 71 A oA A E i Gyt vl E I ==
HE T2 ghol A 7H 7 Al A Ze T AL & 7|t etA| &, ko] A w3 Thel| QA A o] A = grh=
Zof] Fo] & oF .
HIoE I & HHol59 HE2dis B A Aol U3yt

callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (£9)) QA2 AGE L= ujef o] A AoA] AHE A B Z8 T,

class variable (%Eﬁé. E"J—r) =
A A= Ha

coercion (Z o] A) Z-& PO F AAE FREsH: A4to] dojuf= 52 TP AL THE FJo 7
SAA g HEsh= A ol & 59, int (3.15) £ A E A 382 WAL ARk 344.5
oA, 2k AAF= THE & o] 31 (Bhih int, THE SFub= float), & Tl 8H7] Aol 22 P o2 Whs] of
5‘\/]1’/} 1‘“‘*7‘] o TypeErrors do Utk oA glol&, 385 = FE2AT =22 19
M7t 22 Por AgsfsFolof Futh Al S Eol, 2F 3+4.5 F= thAl £loat (3) +4.5

complex number (5 42) <53 A4 A 260 S|, RE A7t Ap R spio tor 53
HUth sl e Ao o4 I (19 AFHE FT AL, TF FAE 12, FelA =
2 F71FUh Stol M2 T2 BUIHE 2 & Ba I%RMD}; st 3 ArALE

= TE 722
j. math 252 H45 wHdo] BQ6HH, cmathE AHEFU T
) O =

Seha w714 R, A9 B4 FA

t}
context manager (AY2E #A2|2}) _ _enter_ () 2} _exit_ () WIANEE ZYTOoZHN with Foll
A Bol= 38AL A o]st= AA. MBMOECQHﬁ*ﬂﬂ

contextvariable( Hre W) AY2E0 uet g2 S 7HE 5 = H. o]
of| off 3 D]'E T 2E -2 A G} v 23
E’ﬂ,?ﬂ"/}-/] Ay A~ dA~E7 QS ¢ oy A9
H57] 23X AFE FH 3= A YUTth contextvarsg
contiguous (<) ¥ 3= A E3] C-A S (C-contiguous)©] A+ LE T A5 (Fortran contiguous) Q. 0] 95 0]
=

S o AR Utk AL Wt C-dSoldN 2Ed A&tk XA B4, F
Aol ARSI, 00l 4] Al ZF5HE © B3 Qe 0] AT oh 2 v 2] of wh 3] of of gl c. Thal
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C-QA% W Qo A, v m2) F40) TS FEES FE L W) vk T et g we) Wb,
AT, ZED A% Aol A, A WA Auso) A1 e W

coroutine (Z+9) I FH 2 HE F/H o drbshd P d Uk A ERE2 3 A Hofl A At &
XV“ﬂ/ﬂ gt & 0%’4 e ARl A A ek, 225, AN AU Th o A

=2 async de f—E—RE—T’-L‘Q 9l Ut PEP 4925 | 1_8_
coroutine function (Z 3¢ ¢) 78 AAE EFE= 4. ZFH 4= asynce def_r_ Oi Ao
4= 31, await &} async for®async with 7]%5»‘;: E3He 4= QU T o] AE 2 PEP 492

of <3 =95 AL

CPython sho] % &zam Sloje] 714 & @ Sl ul, python.orgell A ¥l Z3H U ek, o] @S Jython o] 1k
914 ] 4] “CPython” o] A5 1],

Hgdavt
decorator (t)] .| OIEJ) == HFE T, BE ewrapper TS AHE S WSS
AgH Ut v 2 o) E 2] £31 o= classmethod () -»]-statlcmethod AUt
A

ol e B vA A BHY LYYk B2 F T4 A= v o= FEFIh

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

2ol E SR 3HA T @ Ak 29Ut dl Z o] ¥ o tf & t] ApA S &2 T

29 g Ady 125“49‘4‘:}

descriptor (] 23 HE]) WA= __get_ () o]y} _set_ () o]y __delete_ () &
FH2AEYFENYA2THEH L, JEFE 23| = 58 A2 #8S 4oyt 2,

ab® AAY, 2AY, Al etE A8 S ), a9 Fei GAU oA b BT o5 B AAE
Ak ST eI, HRae gAY E WA= S2H UG H2aTEE
oS 3h AL Thol wol 3t AL olse] W] o, B4, WA=, =2 g, Zel2 v AE, 20

HAS, 73 SR T2 T B2 75 72 E o )F A Q7w EdYh
23 HE o W A=Eof of 3k AFA| 3F Y& descriptors L T] 2 3 E] AR R A of] U3y T}

ln“

dictionary (944 2]) 9499 7]1& kol 52171 A& w & (associative array). 7]+ __hash__ () <}
_eq_ () QAEE ZERE AANTE S Q5ULE oA A S EE YT

dictionary comprehension (5 42| A= A) olEHE = 84 AAY dHEE A3t d34E
go g E vtEst= 7H43 Y. results = {n: n ** 2 for n in range (10)}<

= 8
Fn *x 20| Wl H 7] ng 233= 9 EE AT th comprehensions-& F2 3 Al S
dictionary v1ew (G AHe H) dict
Zﬂ =< _I}\:]L_}E] ‘I'I"‘j/]'J—- “'T]‘%‘

el 7hiAdE o, {71 o] W3
list (dictview) & AFE3

eys(),dict.values(),dict.items () WA E7} EEFT+= 2

o] AEZ ‘”‘4‘43] FES e FHARE 11]—‘—0}—Eﬂ,—,/*‘1
Mg Sithe QU 9A e BE 9% o At R B
Utk dct -views S H A8

AR A ERA 0T e 249 28, 2927 29
A= of Fo o Feh 2, B, RES _doc__o]EHER
soone, Ao AUAE AT FEAA Fadvh

23
%7}%1% A A= Eﬂl AA S B= 1 R AEZEH%‘
H e
Be

EﬂL
Lﬂtlﬂ mkﬂmlm—gw

docstring (S 2E ) Fe, g4 2
o= FAIE AR A o] o
Lﬂﬁqr/} QEZAFHAMNES &3

duck-typing (4] €0]g) Zn}l2 IEH o=
28d; A, &3] HA = o] E g
suchE, 1AL etk S4E ¥ A ﬂJ
A A g sgFozN FALS N 5 %%HE}. =] E}Ol* 2 type () ©]t}isinstance ()
= A& HARE S T (SHAI R 9 EFolsg o] 4wl o] &~ QEH/\EE%}%_/,: 9) S0l -] 3| oF
shuth) tjAlof], hasattr () AANW EAFP 22 18-S & Uth

::1
>~
_,_,

EAFP 3 =R ttE= 84 & 1317] 71 4 t} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
sl 2 AT S, SULE A1 ol EelWES £AF /Ao, 1 g0l BelE o9l & F
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Uth o] 23 st w2 2edL B2 trySexcept £ EAZ EFJ A FH Yt} o] HZ

o} e b2 Be o] oA A3 AHGE £ LBYL e ot o u]H U ok
expression (Xd42]) ojH o=z ;oﬁg 9L =
AE ASIFE Al BUT, B8 3
A

1Z
rlo
@)

&g ff— Y A H

extension module (&3 2 &) C U C++2 ZAH B EQlH|, 5}o] A 2] C APIE A3 A] Al o] L} AFR- A}
FE} AT A&y

f-string (f-EA}F) '£' U 'F' & g B FAE FYHEES &3] “f-wA g ol 2, 2 W
Bape 2B 2 o] 299U PEP 498 < A S

file object (3} ZAA]|) sH AFd ol i3l 3} L A FA API(read () Ywrite () Z2HMAES)E EHUW
= AA. Do ol mpel, 3 ARl = AA Ya3 A st olu e A AU FAl A
(°‘ﬂa o, 2 Y=Y, Ad-HEY W H, &, gto]=, T5) ol et AMAE FAT = A5t

3 AR = oY F A ] (file-like objects)\} 2~E & (streams) ©| 2} 1= & H 1]t}

A 2 A 27 5D AAS o] U Th D raw) Ho] V2] 5He, W S (buffered) 1ho] 1 2] 5+,
g2E 5 o] Bo] Aol 2t o BENA ZY BT A ARE BEL U PP L
open () T4 225 AT
=

file-like object (3} Z4A]) s+ 24| & v e L.

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating 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 () func-
tion: see filesystem encodingand filesystem errors members of PyConfig.

See also the locale encoding.
finder (s}eIt)) QEEH RES A% =0 & oD Amahe A4,

o)l 33. o]& 8, F 279 3 f 7}t 95Ut sys.meta_path & 7 AL sH= HEF A=
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl .

o] &AM 3 22 PEP 302, PEP 420, PEP 451 of] U8t}

floor division(%* YxA) 7H 77k A2 Wl eke 5 U4l
& o], ¥4 11 // 49 g2 27t H A A5 A2 2.75
7}-2.758 W9 & -30] Foll FoJsloF Ittt PEP 2385 H A 8.

function (8) &AM A oW & EHFE °‘ﬁ«l EFE. AU 2 o)L oz 7 AGE = =
o], vty o] Ao AFgE 4= syt v 7] ¥ oF A = &} function A A= HA S

function annotation (g4~ o] - H| o] A) &4 o 7| H 5} vkS) 2H9] o] g o] A

mlm 0>4
m}ﬂ >

Al AAAb= /7 T
HE YTk (-11) // 4

@ oo de WAooz 3 A 2 A8 YTk o & Sol, o F4E T A9 int ARE
‘:“OPEO”*OE 71 = a1, F Al int ¥ ks & 2o R 7]¢H%M‘?‘r:
def sum_two_numbers(a: int, b: int) -> int:

return a + b

S o mH| o] A 22 function ol A A g Tk

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
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__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (7101 7] 7)) €] A5 A b= o 218 3o 2 st 94 273}

uhg We Fz

F2 58S AL ZE F JE 8 /A F=A7E 53 /A A4S 3T 7ha) A
F77]€ gc ¢v‘§r§ AFEEA Ao & 4= QlH Ut

generator (AU & o] &) | & o] E Nﬂﬁﬂ olH & B I g Wt gAY Boled, 49 e
= U vyield 58845 2@3th= Ao] thgUth o] EL for-FZE AR 8 A U next ()
T";"“i st ol b A = S5 UTh
BE A ol g5 7e 71 A e
S o v 7t W &R 42 A=,

i
ra
Ao
JE:
_I_4

rr
N
_\Z

olFf o]E# ol £ 7t Ytk o=

generator iterator (] U] @] o] €] o]g]@|o]E]) A g o] ¥ sl-z,\_ 7} wl=

Zyields QA Ao A2)E FehaL, 19 A9 (A
A% el 7 el g ok Ay el ol ol Elel ol gl 7} A A=
A2 A 2Fahs g4 o) o u) g U o,

for A} A P is Ao Fo] B AN BA4) 4F BTk A3t B4

A% e S wEo WU Th

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 8] §) 22 A4S A2 v Fsdd del 7T o8 Tz 748 . 22
A

uf o] | 7 o] AHEE A=t x] gl o] A8 F Uth
At 2]z €018 %3} functools.singledispatch () Bl 22| o2} PEP 4435 H A Q.

generic type (A Y] 2 &) A rype 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 olgjzZeglE = 2 HAL

global interpreter lock (A< QlE]Z2|E] &) I ol 2 7] 3}}e] A =7) upo] nlo]E = & A 33}
S5 ®HAs7] 9138 CPython A ¥ Z 2] ¥ 7} /\}30}L HAUE. (dict} 2583 ‘ﬂ%‘ﬁé%% x
6‘3} ) A o] FA|H o7 FA] HA| 20 o3l ¢+ L= F TS o] A CPython —TL?‘;% <=5
Ut Iz AAE F 1 A2 JAHZYHE v 2ad 387 A e+ 4l ve

=2 AN AAZ AT B4 B SRS S A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0.
(AR Y uA A - dlolHE F1e)“adg = Z}-n—i—'—(free threaded)” JEZEHE HEILA}
3= 1}7191 LE2dFHolA XYl T dd T2 MM F A A A WY
Urth o] 45 ol E FES= A2 FdS X E5HA v 01/‘1 TI‘Z] ]3‘0] =] to{é‘ Aog
o AR a1 01 ST

hash-based pyc (] A] 7|9t pyc) FE3S FB37] A8 TG & 5L HF 54 A Zbe] obd A&
AH8-5h= o]l E 7= 7fA] 5. pyc-invalidation2 &2 5HA| &

hashable (| A] 7}5) A 7} 44 1 gho] WA b= A g2 2831 (__hash__ () I =7 B 83
oh, & AA vl E 7 JO0WH (__eq () WIAEZFZ AT, siA| 7} strhar rych &
ohal B2 H = A 7s e A A E 9] S Al g2 Zotof st
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_,d
ofr

0
rlo

M
i—";
i
10

7 AUl 7y e Wz ALg e 5 A k=, o] AR LR E 9

Aoz A g AHE3H7] Wl Ed Tk

E gpol el 2 Y AAEL A 75Ut (BlaEYH ‘ﬂﬁﬂﬂ 2oy 7k Aol gL
(R 11%frozenset o) B Aol EL 159 2450 3| 7t gk

Al 7MY ok F"L 2] Zefae] A" AAEL 1%3.°E3H/\l 7Fegyth (A7)

A0S AL Bl E) BF 2 g v 2E 3, A G2 id () 2 FE e Ych

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable (E¥) 7 A4 72 2= AA. 29 AA) = o2 2429, 52 . =
WA 4 UGITh A 8 A A AAE ol oF ST ek B A el ook
e ol A ER 8 4TS TuTh ol & Sol, 9A e 7],

import path () 3 73‘ 2) A% 7|uk 5oy 7k o B
OﬂEE]) I;L_ ]__‘: Eo]- o] ZF .

7149) B9 BT AANAY _path__ ol S REZHE & 4% Yk
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nmporter(°ueb 52 R7E 31 2E S E }% 235 S Aol 5kl H o) 2

J=tl, JEzeE 252
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< A9d A7t obet AB Z 2 H o] Juth o] 2L YA H o2 AY 5t
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2 AYPE = main BEOIVAIHEVAYPS E

A=
%] AA. ol HEY JrzE= B (list, str,
tuple 7&% /*l A2 Y5, dict Z2 2R U A2 FE, 91 A5, _iter () Y AA=
o

e 2eas AR T

o|HHEX for Fxo AHEE 5 9,15’— ANE2E B8 8 o+ D}E we X (le() map()
ol AHgE 5 dFUTh olEE A WA ?:‘? i
£ &5 Utk 9 1E13ﬂ°]131" wEY A
IIH, E‘%“\% iter() & EO]'A]’]' O]Ei‘}ﬂ Ei 7—]1 '“E =
= A8 Ee EH"‘_‘GHH Ao 2 S| FEH, F2E 2= 5t olH
TE WU Th o B o] B, A, Al o] H = HAL.

iterator (°]E] & o] €]) ti o] 194 2EYS 5983t A olEH olE]9] __next_ () HIAEE WHEAH S

ESESH (Ee ‘41 } & next () 2 AGeH) 2EH &= EJ%%QX}Eﬂtﬂii?ﬂ Yt ¢

o]Are] HiolE 7 g2 w= ﬂ]/\] StopIteratlon C‘ﬂﬂ S dogyrtt o] AHfA, o # o]E A

A= 2351, 0]—,—./] __next_ () HIAEZE ?_ StopIteration 92 & thA] 427 7]“&

gk olHdE ol H = °]E1 g o] e A Z}LE EHFE_iter. () FINEE7HE Zio] 2557

ufj Zof], ol B &l o] ¥ = o] Bl 2] & 0] 7| = sl th & O]Eir’ﬁ B2 dotEole Y oA AHE-E

T AFULE T8 o= o] He oJH Y o] AE A EstE ZEYYTh (1ist Z-2) ZH oY

7“14]1_ iter () ¥R ADstAY for FZ o AHRE wfjuitt A o]HH o] H & WY th o] "

Ag ole g ool thall A et L ot d, At o] #| o] Mol ALEH o] ] &AZH o]HH o HE
S F A, W HH YA | Kol A vhE 1/]1:}

typeiter o] T ZpA] 8 Y& 0] 9l Th
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(
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CPython -3 A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

g o] A (collation) S+ A & (sorting) ©] L} ¥l & (ordering) o] AH-&-=

key functlon 7] &) 7 g =
1Yt} o] & £0], locale.strxfrm() < Z2A Y EF YA S WE+=
t}.

S gE B Ly ene
A 718 B o A4S
ol W B =77 QA5 0] oA A A oA Fol=AE Alofstr] 35l 7] F4E whot
EY9Uth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UF5Yc}

[n LLFIF

7l drE vtE=gl= oy ol JAFULE o & E9], str.lower () HAEE Ao ZTE Qe
AEE A7 42 AHEE S stk i o=, 7] e lambda @QQE s =
%%tﬂ, ol&] Al durth: lambda r: (r[0], r[2]). 3k operator BE-2 Al ¢ 7] &4
AAAE AlFd Yt attrgetter (), itemgetter (), methodcaller (). 7] &4E HET

AH8-3F= ol t) 3k o]l & Sorting HOW TO S H A &
keyword argument (7] 9] & Q12}) <A} & B A Q.
lambda (&t} 22 uf gto] T AL e 34 02 TAH o] 2 gl 9t T Fr AL E
A= WL lambda [parameters]: expression YUYt}
LBYL % 7] A oj X 2} (Look before you leap). ©] T AEFAL T Z o)L} 23] 2 317] Aol YA H o2 A}LA
AAFEU T o] 2B S FAFP AW 3 ol 31, B if 2o 2A)2 57470l ALk
| = 270l A, LBYL 22 “H 7|79 “H 7] 2ol A 2705 WA 2 Al s
E90],FE if key in mapping: return mapplng[key] = AAF 3o, 3R 23]
ofl, th& 2 E7} keyE mapping| A Al AstH Asf g 5+ JJF Y h O]E* o] 9t % ©| 1 EAFP
SHS Ao EN S AE 5 st
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).

rlr

p=
fus

=
HEE
Fal

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (B|2E) WA sto] A A, T o]Fox B3, Ao st M 27F0) o] 7] wfZell, A2
2] 2 E (linked list) 2. Th= t}2 A o] o] v & 3} AU T}

list comprehensnon EFl2E Pz A) A2 A5 AR = dRE A3ty 1 2d9E gaER
S FE 7FZ3 . result = ['{:#04x}"'. format( ) for x in range(256) if x

5 2 — 0] 0014 255 Abo]o] 9= B4 E2] 1604 (0x.) 5L FFate BAL P2=g
BEUT if 4L AR 4 5 UTh A2, range (256) o Y& BE 247 APy

=2 ru[n
D> 3o mIo

loader (2¢]) EE& E2E 3= AA. load_module () o= 0] E9 HAEE Aot 2=
HE 3}o] ﬂ 7t =8 Ytk AAI S WL PFP 302 &, A d| o]~ F 82~ = importlib.abe.

Loader & HA| 8.
magic method (W] 2 Wl A &) 5 v A = o] u]F4 A Q] w23k

mapping (W] 3) 9499 7] 23S A Y3 Mapping ©] L} MutableMapping 4+ Hl o] A& A
of AAH HAEEE F3HS= Aol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 Y5t

meta path finder (W]E} 2 2 SFQIE]) sys.meta_path o AAlo] Be%t shelc). el 42 shole
A= dl=e sl 9 Bes o 9/1E 5% e
HEl A2 st 7 A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fuch

¢

metaclass (e} S 2) Fefre] Sehos Fehs Bt Ben o F, Fehx gAY, Mol FHAE
o 528 W T e Fel o A QS Wob Fe2E B r Ade Ay, oy
A AFY T2 Aol EL /8 FHLS AFFTE shol AL SHIA B AL A~
WEl 22 s 4 drks AUt R Ag A AL o] 27 A e AW, et
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5”.:
[>
rlr
ol
18
ok
ld

Ho
o
o
:?l_',‘

),

]
o} %

v o

[» o
RN
>

A2FUch oJEHE AN~ & 7] (logging),
2t

1ol 2 2qle] gAY T

Ao
i
52

o
metaclasses o A © Z}AM|SF 8-S 3+

method (WA =) Z2 2 vl Qhof| A A o] =
f

N
@ 3o MM
Me > oy oz

= 22 AAE A oEFRHEZMN TEHW,
I HAEE A A A2 (R self gtal E¥TH B A2HA A E wgUth 3 o 5449

27z 5 HAL

method resolution order (W A& 2 A $:4]) WA= 7éxé A= 235l SoF U A5 »
25 =AU 23 2R E sho]d A Z el H o AFSH 52 M S| §-2 The

Python 2.3 Method Resolution Order& 2. Yt}

module (25) Jol ] =9 2134 A1 E BYAE AA. LEL G2 Solt AANES P oIB
B2 25Utk RS JE Aol o5 shol Wl oz 2EP Yok

712 & BA L.

module spec (R & A29) R E2 ZEFEH AR E dZE B ARES F11 = o] & F 7L
importlib.machinery.ModuleSpec & QIAH A,

MRO WA= 27 =4 & HAHLQ

time.localtime()-T’»]-os.stat() 7} wi3kel 2kS £35te], ol 3 YAF o] v d = EZd Y}
I & o= sys.float_infodyt}:

>>> gsys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

E&, tupleoA] 4&sta o] F B2 2= E Ao 5=

S ZH e Ao 1 S B Ao ol S A A8 A el o

collections.namedtuple () 2 W& = UdH5U T 3219 7|HL A H ZASA Y WA WA 01‘:
=]

FEoAAE Z2E T e 27 F7HuA =S F7eH7| = Th

namespace (¢]5 3% W57 AGEH = F4 ol I GV E FAF YT AAlo FHE o5
_'7}(‘11]/‘15 o Al) ErEotyet Ao, A, WA o] & Fbo] 5Tk ol & 3 01%%%%
WA REAS ALPUTh o & E9], &5 builtins.open & os. open() L 359 ol
F7roll 95 FEgYTh £, o5 F3 | RE5o] 45 FAF=AE LHA Tsolx

v_‘_‘

[e]
i=] -
7]—5/‘%4—-,-;-%] HEAo 228 Ut o & £9], random.seed () =& ltertools islice(
o 1

randon 3} itertools B &3] 7 g0l BAAAUTH

712 & AMH 7] A 5] AE YR 7] %5 8= PEP 420 ¥ 7] 4.

237
A AA S 5= YL, 53] __init_ .py Fdo] glemw A7

namespace package (©] S
o]2 Z 7+ I 7 A=
74 b B o
EE T HAS.

nested scope (FHE AT Z) SR HooA HEE FRe= 5. o
qH g2 g JEHmrEES 7&5%‘?
7}—%“33,311%] = 7] o s oF g
FUth v R, A A4E2 A Y o5 3ol A 3L YT nonlocal 2 HFZ A5 o

e A2 BT,

new-style class (5 A€} 2 EH’\) AL ne ZH2 AA o AFRH = U2 HAY oA 9
2. 27]9 FolH HANAE, 23 F2ed FH2v _slots_, 2T HE, ek E,
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__getattribute_ (), FH2 WAL, 28l g WA =9 T2 sto] A A FIA thFst 755

H88 5 Agdw Uk

object (A 3]) ¥l ()= HEY Zh & 23 52 (IAL) o] Folg RE tlolE. we, RE frortd
Sl A gad M. aaag s,

package (3] 7] 2]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module with a __path___ attribute.

At w712 2ol 5 S 71 A = BAL.

parameter (W7 ) o5 (= WA E) BY oA F7E bS5 Y= A (e oWl A9 AAS) &
A Q8= o] & 22 AHE. oA S/ Wi 7 5

o A X-71 9 = (positional-or-keyword): $] 2] QA1 A} v} 7] =

Uth o] Zlo] 712 e w7 AUt ol & 501 o

]ru

A4tz ADE 5 gl AAE AR
el

AN A foo 2} bar:

def func(foo, bar=None):

o 9 X-A & (positional-only): ) X Z W Al52 5 & AXE AFFUL J X AL wids+=
34 Aol o) v A *Eiﬂ/fwsgﬂazJCﬂ@ﬂ§¢aﬁft%1%%ﬂﬂ%
ol A posonlyl =} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

* 71 =-A-& (keyword-only): 71%5 B AFE e AAE AR 71 =-A8 v p
MAE G4 )9 A5 5 S0l A ol Ske] 7091 Al A} 5 o) 2 E el A
gold st & 01,1‘/}% ol A kw_onlyl £} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

» 749191 3] (var-positional): (FHE WA AW Sl o)A o] u] Wl Sl 912 AAS o B )
AFD 5 g AX ARE Golo NDAE AAFU o A v i AAS o] Fo
8 ool Bol A 1 5 Ygvinh o1 E Sof T oA args:

def func(*args, **kwargs):

ZPRANE (arkenword (8 A EA 49 o121 LA = AAEA Klsh
e 999 A5 AN A4S A AU o] & THAMSE AR o] Fef
| 014 golg 4 A5t o 2 Sof 919) ollo] A kwargs.

A A QS 99 7B R o A A0 A 5 AAEE A S 9D

Q1 =} 30]?,:} &, A xpe} uf /M =2] Zpolof] L2+ FAQ A F, inspect.Parameter S,
function 2, PEP 362% H A 8.

path entry (2 dlEz]) 22 7|0 7ot 7} QEE & RESES 27 8] Bnels ¥ 4= 4o

Shbel B, )

pathentryﬁnder(ﬂi SRS E] 9}elt]) sys.path_hooks ol Y= ZHE (S, A2 dEZ ) ol E8F
E 9 A, FoIA A2 dEE 2 RES ZEVHE LY IFY

AR JEZ Ay Eo] FHEE= A EEL importlib.abe.PathEntryFinder o U314t}

path entry hook (F 2 A E 2] F) sys.path_hook | 2E = EeEUT, 54 4= =2 oA &2
ES WS g drtd 42 dEg oot & 85tk

path based finder (3 2 7|4t 5}Qlt]) 7|3 v} 42 5ot S % s, YEE 4= o BE
%Yt

path-like object (A7 AA) 519 A28 A28 e A8, A ARE A2 E ehy ser
Ubytes A o] AL} os.PathLike T2 EF S 3= A YYTh os.Pathlike T2 EF
S A Q3= AA = os. fspath () T4 S TEA str thbytes Y A28 A2 2 W3kg &
MQHE]- th4l os.fsdecode () & os.fsencode () & Z+Zt str U bytes 23}E B A5l=4)
AHEE 4 5 UTH PEP 5198 = Y= 5 UTh

filo
L
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PEP shol 7140 A% PEPE shol 4 AT FE AT ot EE 222~ e 2
o Shet A= e 7152 BB sk AA EA YU Th PEPE AQHE 750l th et 2 g
2AS AT ek

PEPE= F8 A2 7 5< Altsta 2A o e AFUE 949
AR3E AR ‘3%71%8& 71w A
gt ol A2 2 A S A o] A5y

PEP 1 &=z 34 8.

portion (£ ) PEP 420 o A] % 2] & 214 &, o] F 37k 3 7] A of] e]upA] 3h= shrte] v e ol £o] =
SIS0 A @ip Lol AZEE AT 75T

positional argument ($] 2] ?12}) QI#} £ H A Q.

provisional API (Z+d API) 7 APl= %= gto| B89 I A T84 B4

u] 3ol Mol Sojzk A7
U el A el g 7% 3ka

A, Cleislel a0 2 W o g5 S 9 el 3 AN
ST RO A TR o] FAH A b Mol Yol Qv ad WL B
Ao doj At ke AT — APIE E3et7] Mol 51 o5t 2RA Aol

B ZSoluk Do AUt
APIO AN 2 XS, 37 T34 o] &
H A= sl FA T3S /X

G BF vhol nef el oW A B AR
Yok § A 82 PEP 411€ 28 F 1)

provisional package (24 2] 7] 2]) &4 API & BEA|

Python 3000 (5}0] 4 3000) T}o] % 3.x vl 2}ole] W H (¥ A 39] WjE 7} W u]#)e] o]of7| & A Ao uh
Eol3 o] Folth) °] A& “Py3k” & S0] 27| = Yt

Pythonic (g}o] Qi thg) thE ol EolA drtA A /g ES AHRslA ZEE Fd 3k A, stol4d o
of ol A 7H A AHE S = ol A S Aol mhe
A A 2 oY Y2 for & AHEEA] o F 2
ol ol d 5 e FAE] YO8 2, ol 4
A8 = ok

2O Y il ko i
ol gy A% o Mok fo

ol

for i in range(len(food)):
print (food[i])

o 25 e spol ok 2 ol FF Y th:

for piece in food:
print (piece)

qualified name (g 77349 0] 8) LES| Ao ~mz oA BEo| Aol H Feh2, T4, WA Eo] o] 27
278 Hol3k o THE o E. PEP 3155 o A A Bt HAHS] Be} Zejao] A5l
R7EE o) 2L AR o o 27 2HU T

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

ICI

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

252 7t 7] AHSE ul, &3] BF3E ol 5 (fully qualified name)& 5 F 5 I 7| A ==
ZPAA 2R 7te Aor 2eld olF2 g ol & S°], email .mime. text:
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>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (R 314) AA o that =R 4. AR IR 3471008 “9011] , W22 7} vk
”9143]' AR AT FHE INH O =T gtojHl I o EH A& FAT CP\thlm T3 ;A
’\?J‘/]D}. sys BE2 54 AA|9 I=x 34+E E8]F+ getrefcount ( Ao gt

ol L HINA & HAL

slots_ el %) ARSI, a2 A=ARELE G T

o8 AAFOEA v 2l S FasHs Z0E U 97 3
A E A Hole ), el WAS § 4 =R oA e el ¢ 182k gl
W3 F 92 FH e o] EHUTh

sequence (A]A2) _ getiten () S5 AEES 53| 45 AGAS AL wpE
S, Al @22 Zo]E E3FE=_ len ™

.III'H_\_,_L,

r°"

UE 2, 1ist, str, tuple,bytes 7} 5 YT dict =3l _ getitem_ (
2 AR, 25 o A5 A A2 9] 2 7B AHEH] wFol AALTF ol PO E H
FRTE 20 el3oF T o

collections.abc.Sequence FA Hlolx Fd A= _ getitem () & __len ()=
oA R ZHSE QA EHo~E AHYd=0, count (), index (), _ contains__ (),
__reversed__ () & F7HgUrth o] &4H AHH oA E T TS register () E AHE3
AHAdez 5524 dgUn

set comprehension (3 AL |3 A) ol Eof J= 842 AAV IEE A sty 238 H2 A
W3tsl= 7+ 43 . results = {c for c in 'abracadabra' if ¢ not in 'abc'}
=BG HEg {'r', 'd'}E AT comprehensionsS FFZE T Al L

single dispatch (9.2 T) A5 %]) 7@ o] stue] Qo] Wol 7|23 AAH = A @5 o252 Y
& 3.

Slice (&24o]2) B A T2 9 ARG FUSE AR, Sehol 2t A8 22YE T/ UL ASAN W
Ut} variable_name[1:3:5] A3, [] FollA A 7S =ALE & L—E—ﬁﬂ?}‘%q HZs
(HE 229 E) B0 RRHOZ o1ice AAE ASFUTH

special method (54> A &) slo] A o] Fof o] AL, cﬂg} 2o AgPstu] BAFH O T TEE = oA
E. oA HAEEF e REZ A FE ZvE o] 52 23 I 55U T 54 WA == specialnames

o EAZ Bl A ULk

statement (Z7) =& 29 E (R =2 “E5 (block)”) & 735t F2JUTh &2 234 o] AL
7IHN=S /\}ﬁﬁh ol 7HA +28 F9 sttd Yt 714 if, while, for.

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code

holding the reference. The strong reference is taken by calling Py TNCREF () when the reference is created
and released with Py_ DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (&) A E 2137 9Y) 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 (5] 2 & 5}9)) str AR & 23 £ 5 Qe 7Y A4, 5%, GAE 5L A4 2 & volE A
HolHAE Y AH AT FAE Q15T & A% AU HAE e dzE HAE BE
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('r'E='w)E 99 9Y, sys.stdin, sys.stdout,1i0.5tringI0 & AAHAE E 4 U5

dlel =GR A7) & 932 4 9 5 AR thal A vel v e) 59 = Fa A L.
triple-quoted string ({3 -3 % 8 FA4e) -2E () o} 202 E () A AR FeA FAL. 1
WgE bz FelAel 2Ae] g 75 AT AL FA W, o AR o fol A Lm I} 9

2 o) o) ol 31

type (3) sholx AA] P&
AA P& __class__ o]EF

3 ol o Y IES Dot d FEE UL I E EH
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

EoEd 2ol g a7 G e & dsuth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o

T EY BOE QA S, HAE ~AERS
& "\r\n', AL W ZNEA] Fe '\,

Z 714 Q1 Aol BfA = bytes.splitlines () ¥ 5ol 2} PEP 278 &} PEP 3116 = H A S
variable annotation (H4> o] = H|o]A) W4 = Z A olEFHE o] - H o] Al

W EE 22 o B RE ol H o] 4 e T g ge A AT

class C:
field: 'annotation'

Tint g 7R o=

fu
ok
(o
[
fu
>
ofo
it
T
v
2
il
e
=
2
&
o

W4 ol i o] A Ak o

dEEBE

count: int = 0

W4 o] B o] -2 A4 annassign o A A ™ &t}
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} 7)) sto] % A8 A9} 38 Z 2 I 0], T2 A|AH oA A s = ThE Tto]
WG 22 OYEY & TS FA FoWA, ol A Wi 7| A5 A A sHA Y G 1 o]
Sohe AL bssl e, A8 A0 AelE 49 84,

venv & HA 8.
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L

EASE

virtual machine (7}4} 7| 74])

&7} 293 vhel =

Zen of Python (J]-Ol Al 24]
AUt o = EH g‘r?'fo

ol 8l 3taL ARE Sk H ==

kel 2 ¢y ek,
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APPENDIX B

o] A Aol &3}

o] A A= reStructuredText 20| A TEE 0] A1 o2 ) gfo] A A E 93 53| A=t
¢l Sphinx & AH&- @5 U T

Agx el o] & 913 24 QA Nk slo] M A 2} I 2 A A 02 AP F AR =8 Yyt 7] o 3}
2 AT, o] # ol th$F 7 B += reporting-bugs 3| o] A| & IS Al 2. A 22 A B AR AA Y
g gy ol

& RS/ Be A8 =5y

RUNNE

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

W2 At sholad Aof, shold - ghol B Yl sfol AR Aol 7] F st 7o) Ake] R A <
EE22 glo] A £ v Z 7] Misc/ACKS & FR I AL
spolxlo] o] B A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) of| A o] 24 74] L, o] Lol A] o] WA 2 ZEF o] E FAUF YT
200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}
o) Bl ool M e A K ANAL £FoH S S8 AR w92l 2234 o). Zope Corporation &

PSFo] 391 391U Th,

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234

o [¢) H

A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

09.0~12 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 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 2.142.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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gttt GPL €3 glo] Al 9lo] W3 GPL 3ol Y d T2 2z EF o] & 2¢s 4= oA & o2
A2 194 5t

Guido®] 2| £ 5}ol o] W EE 7H5 317 BE BL 9% AARAAF oA A= F T

C2 s}l ol A 28} A A1-83517] 1% o] & ok

olo] W Az E ¢ o] 9} AW A= PSF License Agreementl] W} gho] Al A 7} Hof g U th

glo] W 3.8.6 7 F, AW A9 oA, 225 Y 7]} T == PSF License Agreement 2} Zero-Clause BSD license©l|
e} o] 5 ol A A7 Ryt

gtol Ao F3H dF Az EY ool thE ghol A7t AL H Ut gholAlas sl gho] Al o 5l st
= FE &7 JEG Ut o]t glojalae] BEAAST EZL £51E 4~z EQ ofof tjsh glojal s E
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.13 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 3.10.13 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 3.10.13 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 3.10.13 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
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
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
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
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
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
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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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

%
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

%
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/*****************************************‘k**********************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

* documentation for such software.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

%
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L R

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "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
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

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 @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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

(TF& sl A ol A%)
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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.3.15 zlib

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i

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] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

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. 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.3.18 W3C C14N H| 2 E A9 E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-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:

(TF& sl A ol A%)

296 Appendix C. & x}¢} glo] A A



https://www.w3.org/TR/xml-c14n2-testcases/

The Python/C API, & x| 8|4 3.10.13

(o1 sl o] A A A%)

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.

%
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APPENDIX D

sho] 3} o] WA
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.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

299



The Python/C API, & x| 8|4 3.10.13

300 Appendix D. #]z4



)
ro

Non-alphabetical

..., 265
2t o3, 265
>>> 265
__all__ (package variable), 64
__dict__ (module attribute), 150
__doc___ (module attribute), 150
_ file_  (module attribute), 150
_ future_ ,269
_ import_

o, 64
_ loader___ (module attribute), 150
_ _main_

2E,11,172,183
__name___ (module attribute), 150
__package__ (module attribute), 150
__ _PYVENV_LAUNCHER__, 196, 201
_ slots_ ,276
_frozen (C struct), 66
_inittab (C struct), 67
_Py_c_diff (C function), 113
_Py_c_neqg (C function), 113
_Py_c_pow (C function), 114
_Py_c_prod (C function), 113
_Py_c_quot (C function), 114
_Py_c_sum (C function), 113
_Py_InitializeMain (C function), 207
_Py_NonesStruct (Cvar), 219
_PyBytes_Resize (C function), 116
_PyCFunctionFast (C type), 222
_PyCFunctionFastWithKeywords (C type), 222
_PyFrameEvalFunction (Ctype), 181
_PyInterpreterState_GetEvalFrameFunc

(C function), 181
_PyInterpreterState_SetEvalFrameFunc
(C function), 181

_PyObject_New (C function), 219
_PyObject_NewVar (C function), 219
_PyTuple_Resize (C function), 138
_thread

2E,178
A A

bytearray, 117

bytes, 115

Capsule, 161
complex number, 113
dictionary, 141
file, 148

floating point, 112
frozenset, 143
function, 145
instancemethod, 146
integer, 109

list, 139

long integer, 109
mapping, 141
memoryview, 159
method, 146

module, 150

None, 109

numeric, 109
sequence, 115

set, 143

tuple, 137

type, 6, 105

A

abort (), 63
abs
W7 g4, 90
abstract base class (FA H| o]~
265
allocfunc (Ctype), 256
annotation (o] - H| ] A), 265
argument (Q13A}), 265
argv (in module sys), 175
ascii
W g, 83
asynchronous context manager (9% 7] #A
B~ E B2 7). 266
asynchronous generator (H]% 7] Ay o]
B), 266
asynchronous generator iterator (H]%7]
Al el g o B &l o] ), 266
asynchronous iterable (H] % 7] o] g & &),
266

i
&
D

301



The Python/C API, & x| 8|4 3.10.13
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generic type (AU &), 270 long integer
getattrfunc (Ctype), 256 A, 109
getattrofunc (C type), 256 LONG_MAX, 110
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Py_Initialize (C function), 172
Py_Initialize(), 11,173,183
Py_InitializeEx (C function), 172

Py_InitializeFromConfig (C function), 203

Py_InspectFlag (Cvar), 170
Py_InteractiveFlag (Cvar), 171
Py_TIs (C function), 220

Py_IS_TYPE (C function), 221
Py_IsFalse (C function), 221
Py_IsInitialized (C function), 172
Py_TIsInitialized(), Il
Py_TIsNone (C function), 220
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Py_IsolatedFlag (Cvar), 171

Py_IsTrue (C function), 220
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Py_ReprLeave (C function), 56

Py_RETURN_FALSE (C macro), 112

Py_RETURN_NONE (C macro), 109

Py_RETURN_NOTIMPLEMENTED (C macro), 81

Py_RETURN_TRUE (C macro), 112

Py_RunMain (C function), 206

Py_SET_REFCNT (C function), 221

Py_SET_SIZE (C function), 221

Py_SET_TYPE (C function), 221

Py_SetPath (C function), 174

Py_SetPath (), 174

Py_SetProgramName (C function), 173

Py_SetProgramName (), 11, 172174

Py_SetPythonHome (C function), 176

Py_SetStandardStreamEncoding (C function),
173

Py_single_input (Cvar), 42

Py_SIZE (C function), 221

Py_ssize_t (Ctype), 9

PY SSIZE_T_MAX, 111

Py_STRINGIFY (C macro), 5

Py_TPFLAGS_BASE_EXC_SUBCLASS (W& W),
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Py_TPFLAGS_DEFAULT (W& W), 239
Py_TPFLAGS_DICT_SUBCLASS (W% ¥4, 240
Py_TPFLAGS_DISALLOW_INSTANTIATION (4
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240
Py_TPFLAGS_HEAPTYPE (W& <), 238
Py_TPFLAGS_IMMUTABLETYPE (W% ¥ <), 240
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Py_TPFLAGS_LONG_SUBCLASS (W7 ¥ 4), 239
Py_TPFLAGS_MAPPING (W& W), 240
Py_TPFLAGS_METHOD_DESCRIPTOR (W& W),
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Py_TPFLAGS_READYING (W7 ¥H4), 239
Py_TPFLAGS_SEQUENCE (W& <), 241
Py_TPFLAGS_TUPLE_SUBCLASS (W7 ¥ 4), 239
Py_TPFLAGS_TYPE_SUBCLASS (W& <), 240
Py_TPFLAGS_UNICODE_SUBCLASS (W& W),
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Py_tracefunc (Ctype), 185
Py_True (Cvar), 112
Py_tss_NEEDS_INIT (C macro), 187
Py_tss_t (Ctype), 187
Py_TYPE (C function), 221
Py_UCS1 (Cnype), 118
Py_UCS2 (Ctype), 118
Py_UCS4 (Ctype), 118
Py_UNBLOCK_THREADS (C macro), 180
Py_UnbufferedStdioFlag (Cvar), 171
Py_UNICODE (C type), 118
Py_UNICODE_IS_HIGH_SURROGATE (C macro),
122
Py_UNICODE_IS_LOW_SURROGATE (C macro),
122
Py_UNICODE_IS_SURROGATE (C macro), 122
Py_UNICODE_ISALNUM (C function), 121
Py_UNICODE_ISALPHA (C function), 121
Py_UNICODE_ISDECIMAL (C function), 121
Py_UNICODE_ISDIGIT (C function), 121
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Py_UNICODE_ISLOWER (C function), 121
Py_UNICODE_ISNUMERIC (C function), 121
Py_UNICODE_ISPRINTABLE (C function), 121
Py_UNICODE_ISSPACE (C function), 121
Py_UNICODE_ISTITLE (C function), 121
Py_UNICODE_ISUPPER (C function), 121
Py_UNICODE_JOIN_SURROGATES (C macro), 122
Py_UNICODE_TODECIMAL (C function), 121
Py_UNICODE_TODIGIT (C function), 121
Py_UNICODE_TOLOWER (C function), 121
Py_UNICODE_TONUMERIC (C function), 121
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macro), 86
Py_VerboseFlag (Cvar), 171
PY_VERSION_HEX (C macro), 263
Py_VISIT (C function), 261
Py_XDECREF (C function), 46
Py_XDECREF (), 11
Py_XINCREF (C function), 45
Py_XNewRef (C function), 45
PyAIter_Check (C function), 95
PyAnySet_Check (C function), 144
PyAnySet_CheckExact (C function), 144
PyArg_Parse (C function), 73
PyArg_ParseTuple (C function), 73
PyArg_ParseTupleAndKeywords (C function),
73
PyArg_UnpackTuple (C function), 74
PyArg_ValidateKeywordArguments (C func-
tion), 73
PyArg_VaParse (C function), 73
PyArg_VaParseTupleAndKeywords (C func-
tion), 73
PyASCIIObject (Ctype), 118
PyAsyncMethods (C type), 255
PyAsyncMethods.am_aiter (C member), 255
PyAsyncMethods.am_anext (C member), 255
PyAsyncMethods.am_await (C member), 255
PyAsyncMethods.am_send (C member), 255
PyBool_Check (C function), 112
PyBool_FromLong (C function), 112
PyBUF_ANY_CONTIGUOUS (C macro), 99
PyBUF_C_CONTIGUOUS (C macro), 99
PyBUF_CONTIG (C macro), 100
PyBUF_CONTIG_RO (C macro), 100
PyBUF_F_CONTIGUOUS (C macro), 99
PyBUF_FORMAT (C macro), 99
PyBUF_FULL (C macro), 100
PyBUF_FULL_RO (C macro), 100
PyBUF_INDIRECT (C macro), 99
PyBUF_ND (C macro), 99
PyBUF_RECORDS (C macro), 100
PyBUF_RECORDS_RO (C macro), 100
PyBUF_SIMPLE (C macro), 99
PyBUF_STRIDED (C macro), 100
PyBUF_STRIDED_RO (C macro), 100
PyBUF_STRIDES (C macro), 99
PyBUF_WRITABLE (C macro), 99
PyBuffer_ FillContiguousStrides (C func-
tion), 102
PyBuffer_FillInfo (C function), 102
PyBuffer_FromContiguous (C function), 102
PyBuffer_GetPointer (C function), 102
PyBuffer_ IsContiguous (C function), 102

(«©

PyBuffer_Release (C function), 101
PyBuffer_SizeFromFormat (C function), 102
PyBuffer_ToContiguous (C function), 102
PyBufferProcs, 96
PyBufferProcs (Ctype), 254
PyBufferProcs.bf_getbuffer (C member),
254
PyBufferProcs.bf_releasebuffer (C mem-
ber), 254
PyByteArray_AS_STRING (C function), 117
PyByteArray_AsString (C function), 117
PyByteArray_Check (C function), 117
PyByteArray_CheckExact (C function), 117
PyByteArray_Concat (C function), 117
PyByteArray_FromObject (C function), 117
PyByteArray_FromStringAndSize (C func-
tion), 117
PyByteArray_GET_SIZE (C function), 117
PyByteArray_Resize (C function), 117
PyByteArray_Size (C function), 117
PyByteArray_Type (Cvar), 117
PyByteArrayObject (Ctype), 117
PyBytes_AS_STRING (C function), 116
PyBytes_AsString (C function), 116
PyBytes_AsStringAndSize (C function), 116
PyBytes_Check (C function), 115
PyBytes_CheckExact (C function), 115
PyBytes_Concat (C function), 116
PyBytes_ConcatAndDel (C function), 116
PyBytes_FromFormat (C function), 115
PyBytes_FromFormatV (C function), 116
PyBytes_FromObject (C function), 116
PyBytes_FromString (C function), 115
PyBytes_FromStringAndSize (C function), 115
PyBytes_GET_SIZE (C function), 116
PyBytes_Size (C function), 116
PyBytes_Type (Cvar), 115
PyBytesObject (Ctype), 115
PyCallable_Check (C function), 89
PyCallIter_Check (C function), 157
PyCallIter_New (C function), 157
PyCallIter_Type (Cvar), 157
PyCapsule (Ctype), 161
PyCapsule_CheckExact (C function), 161
PyCapsule_Destructor (Ctype), 161
PyCapsule_GetContext (C function), 161
PyCapsule_GetDestructor (C function), 161
PyCapsule_GetName (C function), 161
PyCapsule_GetPointer (C function), 161
PyCapsule_Import (C function), 161
PyCapsule_TIsValid (C function), 162
PyCapsule_New (C function), 161
PyCapsule_SetContext (C function), 162
PyCapsule_SetDestructor (C function), 162
PyCapsule_SetName (C function), 162
PyCapsule_SetPointer (C function), 162
PyCell_Check (C function), 147
PyCell_ GET (C function), 147
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PyCell_Get (C function), 147
PyCell_New (C function), 147
PyCell_SET (C function), 147
PyCell_Set (C function), 147
PyCell_Type (Cvar), 147
PyCellObject (C type), 147
PyCFunction (C type), 222
PyCFunctionWithKeywords (C type), 222
PyCMethod (C type), 222
PyCode_Addr2Line (C function), 148
PyCode_Check (C function), 148
PyCode_GetNumFree (C function), 148
PyCode_New (C function), 148
PyCode_NewEmpty (C function), 148
PyCode_NewWithPosOnlyArgs (C function), 148
PyCode_Type (C var), 148
PyCodec_BRackslashReplaceErrors (C func-
tion), 79
PyCodec_Decode (C function), 78
PyCodec_Decoder (C function), 79
PyCodec_Encode (C function), 78
PyCodec_Encoder (C function), 79
PyCodec_IgnoreErrors (C function), 79
PyCodec_IncrementalDecoder (C function), 79
PyCodec_IncrementalEncoder (C function), 79
PyCodec_KnownEncoding (C function), 78
PyCodec_LookupError (C function), 79
PyCodec_NameReplaceErrors (C function), 79
PyCodec_Register (C function), 78
PyCodec_RegisterError (C function), 79
PyCodec_ReplaceErrors (C function), 79
PyCodec_StreamReader (C function), 79
PyCodec_StreamWriter (C function), 79
PyCodec_StrictErrors (C function), 79
PyCodec_Unregister (C function), 78
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 79
PyCodeObject (C type), 148
PyCompactUnicodeObject (Ctype), 118
PyCompilerFlags (C struct), 42
PyCompilerFlags.cf_feature_version (C
member), 43
PyCompilerFlags.cf_flags (C member), 42
PyComplex_AsCComplex (C function), 114
PyComplex_Check (C function), 114
PyComplex_CheckExact (C function), 114
PyComplex_FromCComplex (C function), 114
PyComplex_FromDoubles (C function), 114
PyComplex_TImagAsDouble (C function), 114
PyComplex_RealAsDouble (C function), 114
PyComplex_Type (Cvar), 114
PyComplexObject (Ctype), 114
PyConfig (Ctype), 194

PyConfig.argv (C member), 195
PyConfig.base_exec_prefix (C member), 196
PyConfig.base_executable (C member), 196
PyConfig.base_prefix (C member), 196

PyConfig.buffered_stdio (Cmember), 196

PyConfig.bytes_warning (C member), 196
PyConfig.check_hash_pycs_mode (C mem-
ber), 196
PyConfig.configure_c_stdio (C member),
197
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
197
PyConfig.filesystem_errors
198
PyConfig.hash_seed (C member), 198
PyConfig.home (C member), 198
PyConfig.import_time (C member), 198
PyConfig.inspect (C member), 198
PyConfig.install_signal_handlers (c
member), 198
PyConfig.interactive (C member), 198
PyConfig.isolated (C member), 199
PyConfig.legacy_windows_stdio (C mem-
ber), 199
PyConfig.malloc_stats (C member), 199
PyConfig.module_search_paths (C member),
199
PyConfig.module_search_paths_set C
member), 199
PyConfig.optimization_level (C member),
200
PyConfig.orig_argv (C member), 200
PyConfig.parse_argv (C member), 200
PyConfig.parser_debug (C member), 200
PyConfig.pathconfig_warnings (C member),
200
PyConfig.platlibdir (C member), 199
PyConfig.prefix (C member), 200
PyConfig.program_name (C member), 200
PyConfig.pycache_prefix (Cmember), 201
PyConfig.PyConfig_Clear (C function), 195
PyConfig.PyConfig_InitIsolatedConfig
(C function), 194
PyConfig.PyConfig_InitPythonConfig (C
function), 194
PyConfig.PyConfig_Read (C function), 195
PyConfig.PyConfig_SetArgv (C function), 195
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 195
PyConfig.PyConfig_SetBytesString c
function), 195
PyConfig.PyConfig_SetString (C function),
194
PyConfig.PyConfig_SetWideStringList (C
function), 195
PyConfig.pythonpath_env (C member), 199
PyConfig.quiet (C member), 201
PyConfig.run_command (C member), 201

dev_mode (C member), 197
dump_refs (C member), 197
exec_prefix (C member), 197
executable (C member), 197
faulthandler (C member), 197
filesystem_encoding (C member),

(C member),

9]
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run_filename (C member), 201
run_module (C member), 201
show_ref_count (C member), 201
PyConfig.site_import (C member), 201
PyConfig.skip_source_first_line (Cmem-
ber), 202
PyConfig.stdio_encoding (C member), 202
PyConfig.stdio_errors (C member), 202
PyConfig.tracemalloc (C member), 202
PyConfig.use_environment (C member), 202
PyConfig.use_hash_seed (C member), 198
PyConfig.user_site_directory (C member),
202
PyConfig.verbose (C member), 202
PyConfig.warn_default_encoding (C mem-
ber), 196
PyConfig.warnoptions (C member), 203
PyConfig.write_bytecode (C member), 203
PyConfig.xoptions (C member), 203
PyContext (Ctype), 163
PyContext_CheckExact (C function), 164
PyContext_Copy (C function), 164
PyContext_CopyCurrent (C function), 164
PyContext_Enter (C function), 164
PyContext_Exit (C function), 164
PyContext_New (C function), 164
PyContext_Type (Cvar), 163
PyContextToken (Ctype), 163
PyContextToken_CheckExact (C function), 164
PyContextToken_Type (C var), 164
PyContextVar (Ctype), 163
PyContextVar_CheckExact (C function), 164
PyContextVar_Get (C function), 164
PyContextVar_New (C function), 164
PyContextVar_Reset (C function), 164
PyContextVar_Set (C function), 164
PyContextVar_Type (Cvar), 163
PyCoro_CheckExact (C function), 163
PyCoro_New (C function), 163
PyCoro_Type (Cvar), 163
PyCoroObject (Ctype), 163
PyDate_Check (C function), 165
PyDate_CheckExact (C function), 165
PyDate_FromDate (C function), 165
PyDate_FromTimestamp (C function), 167
PyDateTime_Check (C function), 165
PyDateTime_CheckExact (C function), 165
PyDateTime_DATE_GET_FOLD (C function), 166
PyDateTime_DATE_GET_HOUR (C function), 166
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 166
PyDateTime_DATE_GET_MINUTE (C function),
166
PyDateTime_DATE_GET_SECOND (C function),
166
PyDateTime_DATE_GET_TZINFO (C function),
166
PyDateTime_DELTA_GET_DAYS (C function), 167

PyConfig.
PyConfig.
PyConfig.

PyDateTime_DELTA_GET_MICROSECONDS c
function), 167
PyDateTime_DELTA_GET_SECONDS (C function),
167
PyDateTime_FromDateAndTime (C function),
165
PyDateTime_FromDateAndTimeAndFold (C
function), 166
PyDateTime_FromTimestamp (C function), 167
PyDateTime_GET_DAY (C function), 166
PyDateTime_GET_MONTH (C function), 166
PyDateTime_GET_YEAR (C function), 166
PyDateTime_TIME_GET_FOLD (C function), 167
PyDateTime_TIME_GET_HOUR (C function), 167
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 167
PyDateTime_TIME_GET_MINUTE (C function),
167
PyDateTime_TIME_GET_SECOND (C function),
167
PyDateTime_TIME_GET_TZINFO (C function),
167
PyDateTime_TimeZone_UTC (C var), 165
PyDelta_Check (C function), 165
PyDelta_CheckExact (C function), 165
PyDelta_FromDSU (C function), 166
PyDescr_IsData (C function), 158
PyDescr_NewClassMethod (C function), 158
PyDescr_NewGetSet (C function), 157
PyDescr_NewMember (C function), 157
PyDescr_NewMethod (C function), 157
PyDescr_NewWrapper (C function), 157
PyDict_Check (C function), 141
PyDict_CheckExact (C function), 141
PyDict_Clear (C function), 141
PyDict_Contains (C function), 141
PyDict_Copy (C function), 141
PyDict_DelItem (C function), 141
PyDict_DelItemString (C function), 141
PyDict_GetItem (C function), 141
PyDict_GetItemString (C function), 142
PyDict_GetItemWithError (C function), 142
PyDict_Ttems (C function), 142
PyDict_Keys (C function), 142
PyDict_Merge (C function), 143
PyDict_MergeFromSeq2 (C function), 143
PyDict_New (C function), 141
PyDict_Next (C function), 142
PyDict_SetDefault (C function), 142
PyDict_SetItem (C function), 141
PyDict_SetItemString (C function), 141
PyDict_Size (C function), 142
PyDict_Type (Cvar), 141
PyDict_Update (C function), 143
PyDict_Values (C function), 142
PyDictObject (Ctype), 141
PyDictProxy_New (C function), 141
PyDoc_STR (C macro), 5
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PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 48
PyErr_BadInternalCall (C function), 50
PyErr_CheckSignals (C function), 53
PyErr_Clear (C function), 47
PyErr_Clear (), 9,11
PyErr_ExceptionMatches (C function), 51
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C function), 51
PyErr_Format (C function), 48
PyErr_FormatV (C function), 48
PyErr_GetExcInfo (C function), 52
PyErr_GivenExceptionMatches (C function),
51
PyErr_NewException (C function), 54
PyErr_NewExceptionWithDoc (C function), 54
PyErr_NoMemory (C function), 48
PyErr_NormalizeException (C function), 52
PyErr_Occurred (C function), 51
PyErr_Occurred(), 9
PyErr_Print (C function), 48
PyErr_PrintEx (C function), 47
PyErr_ResourceWarning (C function), 51
PyErr_Restore (C function), 52
PyErr_SetExcFromWindowsErr (C function), 49

PyErr_SetExcFromWindowsErrWithFilename

(C function), 49

PyErr_WriteUnraisable (C function), 48
PyEval_AcquireLock (C function), 182
PyEval_AcquireThread (C function), 182
PyEval_AcquireThread (), 178
PyEval_EvalCode (C function), 42
PyEval_EvalCodeEx (C function), 42
PyEval_EvalFrame (C function), 42
PyEval_EvalFrameEx (C function), 42
PyEval_GetBuiltins (C function), 77
PyEval_GetFrame (C function), 77
PyEval_GetFuncDesc (C function), 78
PyEval_GetFuncName (C function), 78
PyEval_GetGlobals (C function), 77
PyEval_GetLocals (C function), 77
PyEval_InitThreads (C function), 178
PyEval_InitThreads (), 172
PyEval_MergeCompilerFlags (C function), 42
PyEval_ReleaseLock (C function), 182
PyEval_ReleaseThread (C function), 182
PyEval_ReleaseThread (), 178
PyEval_RestoreThread (C function), 178
PyEval_RestoreThread (), 177,178
PyEval_SaveThread (C function), 178
PyEval_SaveThread (), 177,178
PyEval_SetProfile (C function), 185
PyEval_SetTrace (C function), 186
PyEval_ThreadsInitialized (C function), 178

PyErr_SetExcFromWindowsErrWithFilename@ykxd ArithmeticError, 57

(C function), 49

PyExc_AssertionError, 57

PyErr_SetExcFromWindowsErrWithFilename@yksat AttributeError, 57

(C function), 49
PyErr_SetExcInfo (C function), 52
PyErr_SetFromErrno (C function), 48
PyErr_SetFromErrnoWithFilename (C func-
tion), 49
PyErr_SetFromErrnoWithFilenameObject
(C function), 49
PyErr_SetFromErrnoWithFilenameObjects
(C function), 49
PyErr_SetFromWindowsErr (C function), 49

PyErr_SetFromWindowsErrWithFilename (C

function), 49
PyErr_SetImportError (C function), 50
PyErr_SetImportErrorSubclass (C function),

50
PyErr_SetInterrupt (C function), 53
PyErr_SetInterruptEx (C function), 53
PyErr_SetNone (C function), 48
PyErr_SetObject (C function), 48
PyErr_SetString (C function), 48
PyErr_SetString(),9
PyErr_SyntaxLocation (C function), 50
PyErr_SyntaxLocationEx (C function), 50
PyErr_SyntaxLocationObject (C function), 50
PyErr_WarnEx (C function), 50
PyErr_WarnExplicit (C function), 51
PyErr_WarnExplicitObject (C function), 51
PyErr_WarnFormat (C function), 51

PyExc_BaseException, 57
PyExc_BlockingIOError, 57
PyExc_BrokenPipeError, 57
PyExc_BufferError, 57
PyExc_BytesWarning, 58
PyExc_ChildProcessError, 57
PyExc_ConnectionAbortedError, 57
PyExc_ConnectionError, 57
PyExc_ConnectionRefusedError, 57
PyExc_ConnectionResetError, 57
PyExc_DeprecationWarning, 58
PyExc_EnvironmentError, 58
PyExc_EOFError, 57
PyExc_Exception, 57
PyExc_FileExistsError, 57
PyExc_FileNotFoundError, 57
PyExc_FloatingPointError, 57
PyExc_FutureWarning, 58
PyExc_GeneratorExit, 57
PyExc_ImportError, 57
PyExc_ImportWarning, 58
PyExc_IndentationError, 57
PyExc_IndexError, 57
PyExc_InterruptedError, 57
PyExc_IOError, 58
PyExc_IsADirectoryError, 57
PyExc_KeyboardInterrupt, 57
PyExc_KeyError, 57

9]
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PyExc_LookupError, 57
PyExc_MemoryError, 57
PyExc_ModuleNotFoundError, 57
PyExc_NameError, 57
PyExc_NotADirectoryError, 57
PyExc_NotImplementedError, 57
PyExc_OSError, 57
PyExc_OverflowError, 57
PyExc_PendingDeprecationWarning, 58
PyExc_PermissionError, 57
PyExc_ProcessLookupError, 57
PyExc_RecursionError, 57
PyExc_ReferenceError, 57
PyExc_ResourceWarning, 58
PyExc_RuntimeError, 57
PyExc_RuntimeWarning, 58
PyExc_StopAsyncIteration, 57
PyExc_StopIteration,57
PyExc_SyntaxError, 57
PyExc_SyntaxWarning, 58
PyExc_SystemError, 57
PyExc_SystemExit, 57
PyExc_TabError, 57
PyExc_TimeoutError, 57
PyExc_TypeError, 57
PyExc_UnboundLocalError, 57
PyExc_UnicodeDecodeError, 57
PyExc_UnicodeEncodeError, 57
PyExc_UnicodeError, 57
PyExc_UnicodeTranslateError, 57
PyExc_UnicodeWarning, 58
PyExc_UserWarning, 58
PyExc_ValueError, 57

PyExc_Warning, 58
PyExc_WindowsError, 58
PyExc_ZeroDivisionError, 57
PyException_GetCause (C function), 54
PyException_GetContext (C function), 54
PyException_GetTraceback (C function), 54
PyException_SetCause (C function), 54
PyException_SetContext (C function), 54
PyException_SetTraceback (C function), 54
PyFile_FromFd (C function), 148
PyFile_GetLine (C function), 149
PyFile_SetOpenCodeHook (C function), 149
PyFile_WriteObject (C function), 149
PyFile_WriteString (C function), 149
PyFloat_AS_DOUBLE (C function), 113
PyFloat_AsDouble (C function), 113
PyFloat_Check (C function), 112
PyFloat_CheckExact (C function), 112
PyFloat_FromDouble (C function), 113
PyFloat_FromString (C function), 113
PyFloat_GetInfo (C function), 113
PyFloat_GetMax (C function), 113
PyFloat_GetMin (C function), 113
PyFloat_Type (Cvar), 112
PyFloatObject (Ctype), 112

PyFrame_GetBack (C function), 77
PyFrame_GetCode (C function), 77
PyFrame_GetLineNumber (C function), 78
PyFrameObject (C type), 42
PyFrozenSet_Check (C function), 144
PyFrozenSet_CheckExact (C function), 144
PyFrozenSet_New (C function), 144
PyFrozenSet_Type (Cvar), 143
PyFunction_Check (C function), 145
PyFunction_GetAnnotations (C function), 146
PyFunction_GetClosure (C function), 146
PyFunction_GetCode (C function), 145
PyFunction_GetDefaults (C function), 145
PyFunction_GetGlobals (C function), 145
PyFunction_GetModule (C function), 145
PyFunction_New (C function), 145
PyFunction_NewWithQualName (C function),
145
PyFunction_SetAnnotations (C function), 146
PyFunction_SetClosure (C function), 146
PyFunction_SetDefaults (C function), 146
PyFunction_Type (Cvar), 145
PyFunctionObject (C type), 145
PyGC_Collect (C function), 262
PyGC_Disable (C function), 262
PyGC_Enable (C function), 262
PyGC_TIsEnabled (C function), 262
PyGen_Check (C function), 162
PyGen_CheckExact (C function), 162
PyGen_New (C function), 162
PyGen_NewWithQualName (C function), 163
PyGen_Type (Cvar), 162
PyGenObject (C type), 162
PyGetSetDef (C type), 225
PyGILState_Check (C function), 179
PyGILState_Ensure (C function), 179
PyGILState_GetThisThreadState (C func-
tion), 179
PyGILState_Release (C function), 179
PyImport_AddModule (C function), 65
PyImport_AddModuleObject (C function), 65
PyImport_AppendInittab (C function), 67
PyImport_ExecCodeModule (C function), 65
PyImport_ExecCodeModuleEx (C function), 65
PyImport_ExecCodeModuleObject (C func-
tion), 65
PyImport_ExecCodeModuleWithPathnames
(C function), 66
PyImport_ExtendInittab (C function), 67
PyImport_FrozenModules (C var), 67
PyImport_GetImporter (C function), 66
PyImport_GetMagicNumber (C function), 66
PyImport_GetMagicTag (C function), 66
PyImport_GetModule (C function), 66
PyImport_GetModuleDict (C function), 66
PyImport_Import (C function), 64
PyImport_ImportFrozenModule (C function),
66

310

3
e



The Python/C API, & x| 8|4 3.10.13

PyImport_ImportFrozenModuleObject (C
function), 66

PyImport_ImportModule (C function), 64

PyImport_ImportModulekx (C function), 64

PyImport_ImportModuleLevel (C function), 64

PyImport_ImportModuleLevelObject (o
function), 64

PyImport_ImportModuleNoBlock (C function),
64

PyImport_ReloadModule (C function), 65

PyIndex_Check (C function), 92

PyInstanceMethod_Check (C function), 146

PyInstanceMethod_Function (C function), 146

PyInstanceMethod_GET_FUNCTION (C func-
tion), 146

PyInstanceMethod_New (C function), 146

PyInstanceMethod_Type (C var), 146

PyInterpreterState (Ctype), 178

PyInterpreterState_Clear (C function), 180

PyInterpreterState_Delete (C function), 180

PyInterpreterState_Get (C function), 181

PyInterpreterState_GetDict (C function),
181

PyInterpreterState_GetID (C function), 181

PyInterpreterState_Head (C function), 186

PyInterpreterState_Main (C function), 186

PyInterpreterState_New (C function), 180

PyInterpreterState_Next (C function), 186

PyInterpreterState_ThreadHead (C func-
tion), 186

PyIter_Check (C function), 95

PyIter_Next (C function), 95

PyIter_Send (C function), 96

PyList_Append (C function), 140

PyList_AsTuple (C function), 140

PyList_Check (C function), 139

PyList_CheckExact (C function), 139

PyList_GET_ITEM (C function), 140

PyList_GET_SIZE (C function), 140

PyList_GetItem (C function), 140

PyList_GetItem(),8

PyList_GetSlice (C function), 140

PyList_TInsert (C function), 140

PyList_New (C function), 139

PyList_Reverse (C function), 140

PyList_SET_ITEM (C function), 140

PyList_SetItem (C function), 140

PyList_SetItem(),7

PyList_SetSlice (C function), 140

PyList_Size (C function), 139

PyList_Sort (C function), 140

PyList_Type (Cvar), 139

PyListObject (Ctype), 139

PyLong_AsDouble (C function), 112

PyLong_AsLong (C function), 110

PyLong_AsLongAndOverflow (C function), 110

PyLong_AsLongLong (C function), 110

PyLong_AsLongLongAndOverflow (C function),
110
PyLong_AsSize_t (C function), 111
PyLong_AsSsize_t (C function), 111
PyLong_AsUnsignedLong (C function), 111
PyLong_AsUnsignedLongLong (C function), 111
PyLong_AsUnsignedLongLongMask (C func-
tion), 111
PyLong_AsUnsignedLongMask (C function), 111
PyLong_AsVoidPtr (C function), 112
PyLong_Check (C function), 109
PyLong_CheckExact (C function), 109
PyLong_FromDouble (C function), 110
PyLong_FromLong (C function), 109
PyLong_FromLongLong (C function), 109
PyLong_FromSize_t (C function), 109
PyLong_FromSsize_t (C function), 109
PyLong_FromString (C function), 110
PyLong_FromUnicodeObject (C function), 110
PyLong_FromUnsignedLong (C function), 109
PyLong_FromUnsignedLonglong (C function),
109
PyLong_FromVoidPtr (C function), 110
PyLong_Type (Cvar), 109
PyLongObject (Ctype), 109
PyMapping_Check (C function), 94
PyMapping_DelItem (C function), 94
PyMapping_DelItemString (C function), 94
PyMapping_GetItemString (C function), 94
PyMapping_HasKey (C function), 94
PyMapping_HasKeyString (C function), 95
PyMapping_Items (C function), 95
PyMapping_Keys (C function), 95
PyMapping_Length (C function), 94
PyMapping_SetItemString (C function), 94
PyMapping_Size (C function), 94
PyMapping_Values (C function), 95
PyMappingMethods (C type), 253
PyMappingMethods.mp_ass_subscript (C
member), 253
PyMappingMethods.mp_length (C member),
253
PyMappingMethods.mp_subscript (C mem-
ber), 253
PyMarshal_ReadLastObjectFromFile (&
function), 68
PyMarshal_ReadLongFromFile (C function), 68
PyMarshal_ReadObjectFromFile (C function),
68
PyMarshal_ReadObjectFromString (C func-
tion), 68
PyMarshal_ReadShortFromFile (C function),
68
PyMarshal_WriteLongToFile (C function), 67
PyMarshal_WriteObjectToFile (C function),
67
PyMarshal_WriteObjectToString (C func-
tion), 68
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PyMem_Calloc (C function), 211
PyMem_Del (C function), 212
PyMem_Free (C function), 212
PyMem_GetAllocator (C function), 214
PyMem_Malloc (C function), 211
PyMem_New (C function), 212
PyMem_RawCalloc (C function), 210
PyMem_RawFree (C function), 211
PyMem_RawMalloc (C function), 210
PyMem_RawRealloc (C function), 211
PyMem_Realloc (C function), 211
PyMem_Resize (C function), 212
PyMem_SetAllocator (C function), 214
PyMem_SetupDebugHooks (C function), 215
PyMemAllocatorDomain (C type), 214
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 214
PyMemAllocatorDomain.PYMEM_DOMAIN_OBJ
(C macro), 214
PyMemAllocatorDomain.PYMEM DOMAIN_RAW
(C macro), 214
PyMemAllocatorEx (C type), 214
PyMember_GetOne (C function), 225
PyMember_SetOne (C function), 225
PyMemberDef (C type), 224
PyMemoryView_Check (C function), 159
PyMemoryView_FromBuffer (C function), 159
PyMemoryView_FromMemory (C function), 159
PyMemoryView_FromObject (C function), 159
PyMemoryView_GET_BASE (C function), 160
PyMemoryView_GET_BUFFER (C function), 160
PyMemoryView_GetContiguous (C function),
159
PyMethod_Check (C function), 146
PyMethod_Function (C function), 147
PyMethod_GET_FUNCTION (C function), 147
PyMethod_GET_SELF (C function), 147
PyMethod_New (C function), 146
PyMethod_Self (C function), 147
PyMethod_Type (Cvar), 146
PyMethodDef (C type), 222
PyMethodDef .ml_doc (C member), 222
PyMethodDef .ml_flags (C member), 222
PyMethodDef .ml_meth (C member), 222
PyMethodDef .ml_name (C member), 222
PyModule_AddFunctions (C function), 154
PyModule_AddIntConstant (C function), 156
PyModule_AddIntMacro (C function), 156
PyModule_AddObject (C function), 155
PyModule_AddObjectRef (C function), 154
PyModule_AddStringConstant (C function),
156
PyModule_AddStringMacro (C function), 156
PyModule_AddType (C function), 156
PyModule_Check (C function), 150
PyModule_CheckExact (C function), 150
PyModule_Create (C function), 152
PyModule_Create?2 (C function), 152

PyModule_ExecDef (C function), 154
PyModule_FromDefAndSpec (C function), 154
PyModule_FromDefAndSpec?2 (C function), 154
PyModule_GetDef (C function), 150
PyModule_GetDict (C function), 150
PyModule_GetFilename (C function), 150
PyModule_GetFilenameObject (C function),
150
PyModule_GetName (C function), 150
PyModule_GetNameObject (C function), 150
PyModule_GetState (C function), 150
PyModule_New (C function), 150
PyModule_NewObject (C function), 150
PyModule_SetDocString (C function), 154
PyModule_Type (Cvar), 150
PyModuleDef (C type), 151
PyModuleDef_Init (C function), 153
PyModuleDef_Slot (Ctype), 153
PyModuleDef_Slot.slot (C member), 153
PyModuleDef_Slot.value (C member), 153
PyModuleDef .m_base (C member), 151
PyModuleDef .m_clear (C member), 151
PyModuleDef .m_doc (C member), 151
PyModuleDef .m_free (C member), 152
PyModuleDef .m_methods (C member), 151
PyModuleDef .m_name (C member), 151
PyModuleDef .m_size (C member), 151
PyModuleDef .m_slots (C member), 151
PyModuleDef.m_slots.m_reload (C member),
151
PyModuleDef .m_traverse (C member), 151
PyNumber_Absolute (C function), 90
PyNumber_Add (C function), 89
PyNumber_And (C function), 90
PyNumber_AsSsize_t (C function), 92
PyNumber_Check (C function), 89
PyNumber_Divmod (C function), 90
PyNumber_Float (C function), 92
PyNumber_FloorDivide (C function), 90
PyNumber_Index (C function), 92
PyNumber_InPlaceAdd (C function), 90
PyNumber_InPlaceAnd (C function), 91
PyNumber_InPlaceFloorDivide (C function),
91
PyNumber_InPlaceLshift (C function), 91
PyNumber_InPlaceMatrixMultiply (C func-
tion), 91
PyNumber_InPlaceMultiply (C function), 91
PyNumber_InPlaceOr (C function), 92
PyNumber_InPlacePower (C function), 91
PyNumber_InPlaceRemainder (C function), 91
PyNumber_InPlaceRshift (C function), 91
PyNumber_InPlaceSubtract (C function), 91
PyNumber_InPlaceTrueDivide (C function), 91
PyNumber_InPlaceXor (C function), 91
PyNumber_Invert (C function), 90
PyNumber_Long (C function), 92
PyNumber_Lshift (C function), 90
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PyNumber_MatrixMultiply (C function), 89
PyNumber_Multiply (C function), 89
PyNumber_Negative (C function), 90
PyNumber_Or (C function), 90
PyNumber_Positive (C function), 90

PyNumberMethods
PyNumberMethods
252
PyNumberMethods
PyNumberMethods

.nb_or (C member), 252
.nb_positive (C member),

.nb_power (C member), 252
.nb_remainder (C member),

PyNumber_Power (C function), 90
PyNumber_Remainder (C function), 90

PyNumber_Rshift

(C function), 90

PyNumber_Subtract (C function), 89

PyNumber_ ToBase

(C function), 92

PyNumber_TrueDivide (C function), 90
PyNumber_Xor (C function), 90

PyNumberMethods
PyNumberMethods
252
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 252
PyNumberMethods
PyNumberMethods
ber), 252
PyNumberMethods
ber), 252

(Ctype), 251
.nb_absolute (C member),

.nb_add (C member), 252
.nb_and (C member), 252
.nb_bool (C member), 252
.nb_divmod (C member), 252
.nb_float (C member), 252
.nb_floor_divide (C mem-

.nb_index (C member), 252
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

252
PyNumberMethods
252
PyNumberMethods
PyNumberMethods
252
PyNumberMethods
ber), 252
PyNumberMethods .nb_xor (C member), 252
PyObject (C type), 220
PyObject_AsCharBuffer (C function), 102
PyObject_ASCIT (C function), 83
PyObject_AsFileDescriptor (C function), 149
PyObject_AsReadBuffer (C function), 103
PyObject_AsWriteBuffer (C function), 103
PyObject_Bytes (C function), 83
PyObject_Call (C function), 87
PyObject_CallFunction (C function), 88
PyObject_CallFunctionObjArgs (C function),
88
PyObject_CallMethod (C function), 88
PyObject_CallMethodNoArgs (C function), 88

.nb_reserved (C member),

.nb_rshift (C member), 252
.nb_subtract (C member),

.nb_true_divide (C mem-

PyNumberMethods.nb_inplace_floor_divideyObject_CallMethodObjArgs (C function), 88

(C member),
PyNumberMethods

252

.nb_inplace_1lshift (C

member), 252
PyNumberMethods.nb_inplace_matrix_multiBiGbject_Calloc (C function), 213
(C member), 253

PyNumberMethods

.nb_inplace_multiply (C

member), 252

PyNumberMethods.nb_inplace_or (C mem-
ber), 252
PyNumberMethods.nb_inplace_power (o

member), 252

PyNumberMethods

.nb_inplace_remainder

(C member), 252

PyNumberMethods

.nb_inplace_rshift (C

member), 252

PyNumberMethods

.nb_inplace_subtract (C

member), 252

PyNumberMethods.nb_inplace_true_divide

(C member), 252

PyNumberMethods
ber), 252
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_inplace_xor (C mem-

.nb_int (C member), 252

.nb_invert (C member), 252
.nb_1shift (C member), 252
.nb_matrix_multiply (C

member), 253

PyNumberMethods
252

PyNumberMethods
252

.nb_multiply (C member),

.nb_negative (C member),

PyObject_CallMethodOneArqg (C function), 88
PyObject_CallNoArgs (C function), 87
PyObject_CallObject (C function), 88

PyObject_CallOneArqg (C function), 87
PyObject_CheckBuffer (C function), 101
PyObject_CheckReadBuffer (C function), 103
PyObject_ClearWeakRefs (C function), 160
PyObject_Del (C function), 219
PyObject_DelAttr (C function), 82
PyObject_DelAttrString (C function), 82
PyObject_DelItem (C function), 84
PyObject_Dir (C function), 84
PyObject_Format (C function), 83
PyObject_Free (C function), 213
PyObject_GC_Del (C function), 261
PyObject_GC_IsFinalized (C function), 261
PyObject_GC_IsTracked (C function), 260
PyObject_GC_New (C function), 260
PyObject_GC_NewVar (C function), 260
PyObject_GC_Resize (C function), 260
PyObject_GC_Track (C function), 260
PyObject_GC_UnTrack (C function), 261
PyObject_GenericGetAttr (C function), 82
PyObject_GenericGetDict (C function), 82
PyObject_GenericSetAttr (C function), 82
PyObject_GenericSetDict (C function), 82
PyObject_GetAIter (C function), 85
PyObject_GetArenaAllocator (C function),
217
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PyObject_GetAttr (C function), 81
PyObject_GetAttrString (C function), 82
PyObject_GetBuffer (C function), 101
PyObject_GetItem (C function), 84
PyObject_GetIter (C function), 85
PyObject_HasAttr (C function), 81
PyObject_HasAttrString (C function), 81
PyObject_Hash (C function), 84
PyObject_HashNotImplemented (C function),
84
PyObject_HEAD (C macro), 220
PyObject_HEAD_INIT (C macro), 221
PyObject_Init (C function), 219
PyObject_InitVar (C function), 219
PyObject_IS_GC (C function), 260
PyObject_TIsInstance (C function), 83
PyObject_IsSubclass (C function), 83
PyObject_IsTrue (C function), 84
PyObject_Length (C function), 84
PyObject_LengthHint (C function), 84
PyObject_Malloc (C function), 212
PyObject_New (C function), 219
PyObject_NewVar (C function), 219
PyObject_Not (C function), 84
PyObject._ob_next (C member), 233
PyObject._ob_prev (C member), 233
PyObject_Print (C function), 81
PyObject_Realloc (C function), 213
PyObject_Repr (C function), 83
PyObject_RichCompare (C function), 82
PyObject_RichCompareBool (C function), 82
PyObject_SetArenaAllocator (C function),
217
PyObject_SetAttr (C function), 82
PyObject_SetAttrString (C function), 82
PyObject_SetItem (C function), 84
PyObject_Size (C function), 84
PyObject_Str (C function), 83
PyObject_Type (C function), 84
PyObject_TypeCheck (C function), 84
PyObject_VAR_HEAD (C macro), 220
PyObject_Vectorcall (C function), 89
PyObject_VectorcallDict (C function), 89
PyObject_VectorcallMethod (C function), 89
PyObjectArenaAllocator (Ctype), 217
PyObject.ob_refcnt (C member), 232
PyObject.ob_type (C member), 232
PyOS_AfterFork (C function), 60
PyOS_AfterFork_Child (C function), 60
PyOS_AfterFork_Parent (C function), 59
PyOS_BeforeFork (C function), 59
PyOS_CheckStack (C function), 60
PyOS_double_to_string (C function), 77
PyOS_FSPath (C function), 59
PyOS_getsig (C function), 60
PyOS_InputHook (C var), 40
PyOS_ReadlineFunctionPointer (Cvar), 41
PyOS_setsig (C function), 60

PyOS_snprintf (C function), 76
PyOS_stricmp (C function), 77
PyOS_string_to_double (C function), 76
PyOS_strnicmp (C function), 77
PyOS_vsnprintf (C function), 76
PyPreConfig (Ctype), 192
PyPreConfig.allocator (C member), 192
PyPreConfig.coerce_c_locale (C member),
192
PyPreConfig.coerce_c_locale_warn (e
member), 193
PyPreConfig.configure_locale (C member),
192
PyPreConfig.dev_mode (C member), 193
PyPreConfig.isolated (C member), 193
PyPreConfig.legacy_windows_fs_encoding
(C member), 193
PyPreConfig.parse_argv (C member), 193

PyPreConfig.PyPreConfig_InitIsolatedConfig

(C function), 192

PyPreConfig.PyPreConfig_InitPythonConfig

(C function), 192
PyPreConfig.use_environment (C member),

193
PyPreConfig.utf8_mode (C member), 193
PyProperty_Type (Cvar), 157
PyRun_AnyFile (C function), 39
PyRun_AnyFileEx (C function), 39
PyRun_AnyFileExFlags (C function), 39
PyRun_AnyFileFlags (C function), 39
PyRun_File (C function), 41
PyRun_FileEx (C function), 41
PyRun_FileExFlags (C function), 41
PyRun_FileFlags (C function), 41
PyRun_InteractiveLoop (C function), 40
PyRun_InteractiveLoopFlags (C function), 40
PyRun_InteractiveOne (C function), 40
PyRun_InteractiveOneFlags (C function), 40
PyRun_SimpleFile (C function), 40
PyRun_SimpleFileEx (C function), 40
PyRun_SimpleFileExFlags (C function), 40
PyRun_SimpleString (C function), 40
PyRun_SimpleStringFlags (C function), 40
PyRun_String (C function), 41
PyRun_StringFlags (C function), 41
PySendResult (Ctype), 96
PySeqlter_Check (C function), 157
PySeqlter_New (C function), 157
PySeqlter_Type (Cvar), 157
PySequence_Check (C function), 92
PySequence_Concat (C function), 92
PySequence_Contains (C function), 93
PySequence_Count (C function), 93
PySequence_DelItem (C function), 93
PySequence_DelSlice (C function), 93
PySequence_Fast (C function), 93
PySequence_Fast_GET_ITEM (C function), 94
PySequence_Fast_GET_SIZE (C function), 94
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PySequence_Fast_ITEMS (C function), 94
PySequence_GetItem (C function), 93
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 93
PySequence_Index (C function), 93
PySequence_InPlaceConcat (C function), 92
PySequence_InPlaceRepeat (C function), 93
PySequence_ITEM (C function), 94
PySequence_Length (C function), 92
PySequence_List (C function), 93
PySequence_Repeat (C function), 92
PySequence_SetItem (C function), 93
PySequence_SetSlice (C function), 93
PySequence_Size (C function), 92
PySequence_Tuple (C function), 93
PySequenceMethods (C type), 253

PySequenceMethods.sq _ass_item (C mem-
ber), 253

PySequenceMethods.sq concat (C member),
253

PySequenceMethods.sq _contains (C mem-
ber), 253

PySequenceMethods.sq _inplace_concat (C
member), 254

PySequenceMethods.sq inplace_repeat (C
member), 254

PySequenceMethods.sq_item (C member), 253

PySequenceMethods.sq length (C member),
253

PySequenceMethods.sq repeat (C member),
253

PySet_Add (C function), 144
PySet_Check (C function), 144
PySet_CheckExact (C function), 144
PySet_Clear (C function), 145
PySet_Contains (C function), 144
PySet_Discard (C function), 145
PySet_GET_SIZE (C function), 144
PySet_New (C function), 144

PySet_Pop (C function), 145

PySet_Size (C function), 144
PySet_Type (Cvar), 143

PySetObject (C type), 143
PySignal_SetWakeupFd (C function), 53
PySlice_AdjustIndices (C function), 159
PySlice_Check (C function), 158
PySlice_GetIndices (C function), 158
PySlice_GetIndicesEx (C function), 158
PySlice_New (C function), 158
PySlice_Type (Cvar), 158
PySlice_Unpack (C function), 159
PyState_AddModule (C function), 156
PyState_FindModule (C function), 156
PyState_RemoveModule (C function), 157
PyStatus (Ctype), 191
PyStatus.err_msg (C member), 191
PyStatus.exitcode (C member), 191
PyStatus. func (C member), 191

PyStatus.Py_ExitStatusException (C func-
tion), 191
PyStatus.PyStatus_Error (C function), 191
PyStatus.PyStatus_Exception (C function),
191
PyStatus.PyStatus_Exit (C function), 191
PyStatus.PyStatus_IsError (C function), 191
PyStatus.PyStatus_IsExit (C function), 191
PyStatus.PyStatus_NoMemory (C function),
191
PyStatus.PyStatus_0Ok (C function), 191
PyStructSequence_Desc (C type), 138
PyStructSequence_Field (Ctype), 138
PyStructSequence_GET_ITEM (C function), 139
PyStructSequence_GetItem (C function), 139
PyStructSequence_InitType (C function), 138
PyStructSequence_InitType2 (C function),
138
PyStructSequence_New (C function), 139
PyStructSequence_NewType (C function), 138
PyStructSequence_SET_ITEM (C function), 139
PyStructSequence_SetItem (C function), 139
PyStructSequence_UnnamedField (C var),
139
PySys_AddAuditHook (C function), 63
PySys_AddWarnOption (C function), 62
PySys_AddWarnOptionUnicode (C function), 62
PySys_AddXOption (C function), 62
PySys_Audit (C function), 63
PySys_FormatStderr (C function), 62
PySys_FormatStdout (C function), 62
PySys_GetObject (C function), 62
PySys_GetXOptions (C function), 63
PySys_ResetWarnOptions (C function), 62
PySys_SetArgv (C function), 175
PySys_SetArgv (), 172
PySys_SetArgvEx (C function), 175
PySys_SetArgvEx (), 11,172
PySys_SetObject (C function), 62
PySys_SetPath (C function), 62
PySys_WriteStderr (C function), 62
PySys_WriteStdout (C function), 62
Python 3000 (o] % 3000), 275
PYTHON*, 170
PYTHONCOERCECLOCALE, 205
PYTHONDEBUG, 170, 200
PYTHONDONTWRITEBYTECODE, 170, 203
PYTHONDUMPREF'S, 197, 233
PYTHONEXECUTABLE, 201
PYTHONFAULTHANDLER, 197
PYTHONHASHSEED, 170, 198
PYTHONHOME, 11, 170, 176, 198
Pythonic (3}o] W TH), 275
PYTHONINSPECT, 171, 198
PYTHONIOENCODING, 173,202
PYTHONLEGACYWINDOWSFSENCODING, 171, 193
PYTHONLEGACYWINDOWSSTDIO, 171, 199
PYTHONMALLOC, 210, 213, 215, 216
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PYTHONMALLOCSTATS, 199, 210
PYTHONNOUSERSITE, 171, 202
PYTHONOPTIMIZE, 171, 200
PYTHONPATH, 11, 170, 199
PYTHONPLATLIBDIR, 199
PYTHONPROFILEIMPORTTIME, 198
PYTHONPYCACHEPREFIX, 201
PYTHONTRACEMALLOC, 202
PYTHONUNBUFFERED, 171, 196
PYTHONUTF8, 193, 205
PYTHONVERBOSE, 171, 203
PYTHONWARNINGS, 203
PyThread_create_key (C function), 188
PyThread_delete_key (C function), 188
PyThread_delete_key_value (C function), 188
PyThread_get_key_value (C function), 188
PyThread_ReInitTLS (C function), 188
PyThread_set_key_value (C function), 188
PyThread_tss_alloc (C function), 187
PyThread_tss_create (C function), 187
PyThread_tss_delete (C function), 187
PyThread_tss_free (C function), 187
PyThread_tss_get (C function), 188
PyThread_tss_is_created (C function), 187
PyThread_tss_set (C function), 187
PyThreadState, 176
PyThreadState (Ctype), 178
PyThreadState_Clear (C function), 180
PyThreadState_Delete (C function), 180
PyThreadState_DeleteCurrent (C function),
180
PyThreadState_Get (C function), 179
PyThreadState_GetDict (C function), 182
PyThreadState_GetFrame (C function), 180
PyThreadState_GetID (C function), 181
PyThreadState_GetInterpreter (C function),
181
PyThreadState_New (C function), 180
PyThreadState_Next (C function), 186
PyThreadState_SetAsyncExc (C function), 182
PyThreadState_Swap (C function), 179
PyTime_Check (C function), 165
PyTime_CheckExact (C function), 165
PyTime_FromTime (C function), 166
PyTime_FromTimeAndFold (C function), 166
PyTimeZone_FromOffset (C function), 166
PyTimeZone_FromOffsetAndName (C function),
166
PyTrace_C_CALL (Cvar), 185
PyTrace_C_EXCEPTION (C var), 185
PyTrace_C_RETURN (C var), 185
PyTrace_CALL (C var), 185
PyTrace_EXCEPTION (C var), 185
PyTrace_LINE (Cvar), 185
PyTrace_OPCODE (C var), 185
PyTrace_RETURN (C var), 185
PyTraceMalloc_Track (C function), 217
PyTraceMalloc_Untrack (C function), 217

PyTuple_Check (C function), 137
PyTuple_CheckExact (C function), 137
PyTuple_GET_ITEM (C function), 137
PyTuple_GET_SIZE (C function), 137
PyTuple_GetItem (C function), 137
PyTuple_GetSlice (C function), 137
PyTuple_New (C function), 137
PyTuple_Pack (C function), 137
PyTuple_SET_ITEM (C function), 138
PyTuple_SetItem (C function), 137
PyTuple_SetItem(),7
PyTuple_Size (C function), 137
PyTuple_Type (Cvar), 137
PyTupleObject (Ctype), 137
PyType_Check (C function), 105
PyType_CheckExact (C function), 105
PyType_ClearCache (C function), 105
PyType_FromModuleAndSpec (C function), 107
PyType_FromSpec (C function), 107
PyType_FromSpecWithBases (C function), 107
PyType_GenericAlloc (C function), 106
PyType_GenericNew (C function), 106
PyType_GetFlags (C function), 105
PyType_GetModule (C function), 106
PyType_GetModuleState (C function), 107
PyType_GetSlot (C function), 106
PyType_HasFeature (C function), 106
PyType_IS_GC (C function), 106
PyType_IsSubtype (C function), 106
PyType_Modified (C function), 106
PyType_Ready (C function), 106
PyType_Slot (Ctype), 108
PyType_Slot.PyType_Slot.pfunc (C mem-
ber), 108
PyType_Slot.PyType_Slot.
108
PyType_Spec (C type), 107
PyType_Spec.PyType_Spec.
member), 107
PyType_Spec.PyType_Spec.
ber), 107
PyType_Spec.PyType_Spec.
member), 107
PyType_Spec.PyType_Spec.
107
PyType_Spec.PyType_Spec.slots (C mem-
ber), 107
PyType_Type (C var), 105
PyTypeObject (C type), 105
PyTypeObject.tp_alloc (C member), 247
PyTypeObject.tp_as_async (C member), 235
PyTypeObject.tp_as_buffer (C member), 238
PyTypeObject.tp_as_mapping (C member),
236
PyTypeObject.tp_as_number (C member), 236
PyTypeObject.tp_as_sequence (C member),
236
PyTypeObject.

slot (C member),

basicsize (C
flags (C mem-
itemsize c

name (C member),

tp_base (C member), 245
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PyTypeObject.tp_bases (C member), 248
PyTypeObject.tp_basicsize (C member), 233
PyTypeObject.tp_cache (C member), 249
PyTypeObject.tp_call (C member), 237
PyTypeObject.tp_clear (C member), 242
PyTypeObject.tp_dealloc (C member), 234
PyTypeObject.tp_del (C member), 249
PyTypeObject.tp_descr_get (C member), 245
PyTypeObject.tp_descr_set (C member), 246
PyTypeObject.tp_dict (C member), 245
PyTypeObject.tp_dictoffset (C member),
246
PyTypeObject.tp_doc (C member), 241
PyTypeObject.tp_finalize (C member), 249
PyTypeObject.tp_flags (C member), 238
PyTypeObject.tp_~free (C member), 248
PyTypeObject.tp_getattr (C member), 235
PyTypeObject.tp_getattro (Cmember), 237
PyTypeObject.tp_getset (C member), 245
PyTypeObject.tp_hash (C member), 236
PyTypeObject.tp_init (C member), 247
PyTypeObject.tp_is_gc (C member), 248
PyTypeObject.tp_itemsize (C member), 233
PyTypeObject.tp_iter (C member), 244
PyTypeObject.tp_iternext (C member), 244
PyTypeObject.tp_members (C member), 244
PyTypeObject.tp_methods (C member), 244
PyTypeObject.tp_mro (C member), 249
PyTypeObject.tp_name (C member), 233
PyTypeObject.tp_new (C member), 247
PyTypeObject.tp_repr (C member), 236
PyTypeObject.tp_richcompare (C member),
243

PyUnicode_AS_DATA (C function), 120
PyUnicode_AS_UNICODE (C function), 120
PyUnicode_AsASCIIString (C function), 133
PyUnicode_AsCharmapString (C function), 134
PyUnicode_AsEncodedString (C function), 129
PyUnicode_AsLatinlString (C function), 133
PyUnicode_AsMBCSString (C function), 135
PyUnicode_AsRawUnicodeEscapeString (C
function), 133
PyUnicode_AsUCS4 (C function), 124
PyUnicode_AsUCS4Copy (C function), 124
PyUnicode_AsUnicode (C function), 125
PyUnicode_AsUnicodeAndSize (C function),
125
PyUnicode_AsUnicodeEscapeString (C func-
tion), 132
PyUnicode_AsUTFS8 (C function), 130
PyUnicode_AsUTF8AndSize (C function), 129
PyUnicode_AsUTF8String (C function), 129
PyUnicode_AsUTF16String (C function), 131
PyUnicode_AsUTF32String (C function), 130
PyUnicode_AsWideChar (C function), 128
PyUnicode_AsWideCharString (C function),
128
PyUnicode_Check (C function), 118
PyUnicode_CheckExact (C function), 118
PyUnicode_Compare (C function), 136
PyUnicode_CompareWithASCIIString (o
function), 136
PyUnicode_Concat (C function), 135
PyUnicode_Contains (C function), 136
PyUnicode_CopyCharacters (C function), 124
PyUnicode_Count (C function), 136

PyTypeObject.tp_richcompare.Py_RETURN_RIRCOMBRREDATA (C function), 119

(C macro), 243
PyTypeObject.tp_setattr (Cmember), 235
PyTypeObject.tp_setattro (C member), 237
PyTypeObject.tp_str (C member), 237
PyTypeObject.tp_subclasses (C member),

249
PyTypeObject.tp_traverse (C member), 241
PyTypeObject.tp_vectorcall (C member),

250
PyTypeObject.tp_vectorcall_offset (C

member), 235
PyTypeObject.tp_version_tag (C member),

249
PyTypeObject.tp_weaklist (C member), 249
PyTypeObject.tp_weaklistoffset (C mem-

ber), 243
PyTZInfo_Check (C function), 165
PyTZInfo_CheckExact (C function), 165
PyUnicode_1BYTE_DATA (C function), 119
PyUnicode_1BYTE_KIND (C macro), 119
PyUnicode_2BYTE_DATA (C function), 119
PyUnicode_2BYTE_KIND (C macro), 119
PyUnicode_4BYTE_DATA (C function), 119
PyUnicode_4BYTE_KIND (C macro), 119

PyUnicode_Decode (C function), 129
PyUnicode_DecodeASCII (C function), 133
PyUnicode_DecodeCharmap (C function), 134
PyUnicode_DecodeFSDefault (C function), 127
PyUnicode_DecodeFSDefaultAndSize (&
function), 127
PyUnicode_DecodelLatinl (C function), 133
PyUnicode_DecodeLocale (C function), 126
PyUnicode_DecodelocaleAndSize (C func-
tion), 126
PyUnicode_DecodeMBCS (C function), 135
PyUnicode_DecodeMBCSStateful (C function),
135
PyUnicode_DecodeRawUnicodeEscape (c
function), 133
PyUnicode_DecodeUnicodeEscape (C func-
tion), 132
PyUnicode_DecodeUTFE7 (C function), 132
PyUnicode_DecodeUTF7Stateful (C function),
132
PyUnicode_DecodeUTF8 (C function), 129
PyUnicode_DecodeUTF8Stateful (C function),
129
PyUnicode_DecodeUTF16 (C function), 131

9]

317



The Python/C API, & x| 8|4 3.10.13

PyUnicode_DecodeUTF16Stateful (C func-
tion), 131
PyUnicode_DecodeUTF32 (C function), 130
PyUnicode_DecodeUTF32Stateful (C func-
tion), 130
PyUnicode_Encode (C function), 129
PyUnicode_EncodeASCII (C function), 133
PyUnicode_EncodeCharmap (C function), 134
PyUnicode_EncodeCodePage (C function), 135
PyUnicode_EncodeFSDefault (C function), 127
PyUnicode_FEncodelLatinl (C function), 133
PyUnicode_EncodeLocale (C function), 126
PyUnicode_EncodeMBCS (C function), 135
PyUnicode_EncodeRawUnicodeEscape (c
function), 133
PyUnicode_EncodeUnicodeEscape (C func-
tion), 132
PyUnicode_EncodeUTF7 (C function), 132
PyUnicode_EncodeUTF8 (C function), 130
PyUnicode_EncodeUTF16 (C function), 131
PyUnicode_EncodeUTF32 (C function), 130
PyUnicode_Fill (C function), 124
PyUnicode_Find (C function), 136
PyUnicode_FindChar (C function), 136
PyUnicode_Format (C function), 136
PyUnicode_FromEncodedObject (C function),
123
PyUnicode_FromFormat (C function), 122
PyUnicode_FromFormatV (C function), 123
PyUnicode_FromKindAndData (C function), 122
PyUnicode_FromObject (C function), 125
PyUnicode_FromString (C function), 122
PyUnicode_FromString (), 141
PyUnicode_FromStringAndSize (C function),
122
PyUnicode_FromUnicode (C function), 125
PyUnicode_FromWideChar (C function), 128
PyUnicode_FSConverter (C function), 127
PyUnicode_FSDecoder (C function), 127
PyUnicode_GET_DATA_SIZE (C function), 120
PyUnicode_GET_LENGTH (C function), 119
PyUnicode_GET_SIZE (C function), 120
PyUnicode_GetLength (C function), 124
PyUnicode_GetSize (C function), 125
PyUnicode_InternFromString (C function),
137
PyUnicode_InternInPlace (C function), 137
PyUnicode_IsIdentifier (C function), 120
PyUnicode_Join (C function), 135
PyUnicode_KIND (C function), 119
PyUnicode_MAX_CHAR_VALUE (C macro), 120
PyUnicode_New (C function), 122
PyUnicode_READ (C function), 119
PyUnicode_READ_CHAR (C function), 120
PyUnicode_ReadChar (C function), 124
PyUnicode_READY (C function), 119
PyUnicode_Replace (C function), 136
PyUnicode_RichCompare (C function), 136

PyUnicode_Split (C function), 135
PyUnicode_Splitlines (C function), 135
PyUnicode_Substring (C function), 124
PyUnicode_Tailmatch (C function), 136
PyUnicode_TransformDecimalToASCII (C
function), 125
PyUnicode_Translate (C function), 134
PyUnicode_TranslateCharmap (C function),
134
PyUnicode_Type (Cvar), 118
PyUnicode_WCHAR_KIND (C macro), 119
PyUnicode_WRITE (C function), 119
PyUnicode_WriteChar (C function), 124
PyUnicodeDecodeError_Create (C function),
55
PyUnicodeDecodeError_GetEncoding c
function), 55
PyUnicodeDecodeError_GetEnd (C function),

55
PyUnicodeDecodeError_GetObject (C func-
tion), 55
PyUnicodeDecodeError_GetReason (C func-
tion), 56
PyUnicodeDecodeError_GetStart (C func-
tion), 55
PyUnicodeDecodeError_SetEnd (C function),
55
PyUnicodeDecodeError_SetReason (C func-
tion), 56
PyUnicodeDecodeError_SetStart (C func-
tion), 55
PyUnicodeEncodeError_Create (C function),
55

PyUnicodeEncodeError_GetEncoding Cc
function), 55
PyUnicodeEncodeError_GetEnd (C function),

55
PyUnicodeEncodeError_GetObject (C func-
tion), 55
PyUnicodeEncodeError_GetReason (C func-
tion), 56
PyUnicodeEncodeError_GetStart (C func-
tion), 55
PyUnicodeEncodeError_SetEnd (C function),
55
PyUnicodeEncodeError_SetReason (C func-
tion), 56
PyUnicodeEncodeError_SetStart (C func-
tion), 55

PyUnicodeObject (Ctype), 118

PyUnicodeTranslateError_Create (C func-
tion), 55

PyUnicodeTranslateError_GetEnd (C func-
tion), 55

PyUnicodeTranslateError_GetObject (C
function), 55

PyUnicodeTranslateError_GetReason (C
function), 56
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PyUnicodeTranslateError_GetStart (C setswitchinterval () (in module sys), 176

function), 55 SIGINT, 53
PyUnicodeTranslateError_SetEnd (C func- signal
tion), 55 25,53
PyUnicodeTranslateError_SetReason (C single dispatch (A& f23fx)), 276
function), 56 SIZE_MAX, 111
PyUnicodeTranslateError_SetStart (C slice (£8Fo]2), 276
function), 55 special
PyVarObject (C type), 220 method, 276
PyVarObject_HEAD_INIT (C macro), 221 special method (E4 WA E), 276
PyVarObject .ob_size (C member), 233 ssizeargfunc (C type), 257
PyVectorcall_Call (C function), 87 ssizeobjargproc (Ctype), 257
PyVectorcall_Function (C function), 86 statement (%), 276
PyVectorcall_ NARGS (C function), 86 staticmethod
PyWeakref_Check (C function), 160 W& &k, 224
PyWeakref_CheckProxy (C function), 160 stderr (in module sys), 183
PyWeakref_CheckRef (C function), 160 stdin
PyWeakref_GET_OBJECT (C function), 160 stdout sdterr, 173
PyWeakref_GetObject (C function), 160 stdin (in module sys), 183
PyWeakref_NewProxy (C function), 160 stdout
PyWeakref_NewRef (C function), 160 sdterr, stdin, 173
PyWideStringList (C type), 190 stdout (in module sys), 183
PyWideStringList.items (C member), 190 strerror (), 48
PyWideStringList.length (C member), 190 string
PyWideStringList.PyWideStringList_Append PyObject_Str (C function), 83
(C function), 190 strong reference, 276
PyWideStringList.PyWideStringList_Inserdsum_list(),8
(C function), 190 sum_sequence (), 9, 10
PyWrapper_New (C function), 158 Sys
2E,11,172,183
Q SystemError (built-in exception), 150
qualified name (BF3}H °] &), 275
T
R ternaryfunc (C type), 257
realloc (), 209 text encoding (A1AE ¢131), 276
reference count (FZ 34, 276 text file (92E 519),276
regular package (B 3 7] A)), 276 traverseproc (Ctype), 261
releasebufferproc (Ctype), 257 triple-quoted string (4% W& % & w4
repr @), 277
WA sk, 83, 236 tuple
reprfunc (C type), 256 A, 137
richcmpfunc (C type), 256 W7 e, 93, 140
type
S A A, 6,105
sdterr 14]7_@]' e, 84
stdin stdout, 173 type (¥), 277 _
search type alias (8 ol dgojx), 277
path, module, 11, 172, 174 type hint (3 AE),277
sendfunc (C type), 257 U
sequence
A 115 ULONG_MAX, 111
sequence (A @), 276 unaryfunc (Crype), 257
set universal newlines (U™ & d7),277
AA|, 143
set comprehension (& A= 3 A), 276 \Y
set_all(),8 variable annotation (HZ o] = H|o]A), 277
setattrfunc (Ctype), 256 vectorcallfunc (Ctype), 86
setattrofunc (C type), 256 version (in module sys), 174, 175
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virtual environment (7} &7), 277

PEP 529,127,171

virtual machine (7} 717), 278 PEP 538,205
visitproc (Ciype), 261 PEP 539, 187
PEP 540, 205
X PEP 552,197
W3 a4 PEP 578,63
_ import_ ,64 PEP 585,270
abs, 90 PEP 587, 189
ascii, 83 PEP 590,85
bytes, 83 PEP 623,118
classmethod, 224 PEP 634,241
compile, 65 PEP 3116,277
divmod, 90 PEP 3119, 83, 84
float, 92 PEP 3121, 151
hash, 84, 236 PEP 3147, 66
int, 92 PEP 3151,58
len, 84, 92,94, 140, 142, 144 PEP 3155,275
pow, 90, 91 27w
repr, 83, 236 __ PYVENV_LAUNCHER__, 196, 201
staticmethod, 224 PATH, 11
tuple, 93, 140 PYTHON*, 170
type, 84 PYTHONCOERCECLOCALE, 205
2 E PYTHONDEBUG, 170, 200
main__ , 11,172,183 PYTHONDONTWRITEBYTECODE, 170, 203
_thread, 178 PYTHONDUMPREF'S, 197, 233
Euiltins, 11,172,183 PYTHONEXECUTABLE, 201
signal, 53 PYTHONFAULTHANDLER, 197
sys, 11,172,183 PYTHONHASHSEED, 170, 198
PYTHONHOME, 11, 170, 176, 198
Y PYTHONINSPECT, 171, 198
s}o] W FAF A oF PYTHONIOENCODING, 173, 202
PEP 1,275 PYTHONLEGACYWINDOWSFSENCODING, 171,
PEP 7,3,5 193
PEP 238, 43,269 PYTHONLEGACYWINDOWSSTDIO, 171, 199
PEP 278,277 PYTHONMALLOC, 210, 213, 215, 216
PEP 302,269,272 PYTHONMALLOCSTATS, 199, 210
PEP 343,267 PYTHONNOUSERSITE, 171, 202
PEP 353,09 PYTHONOPTIMIZE, 171, 200
PEP 362, 266, 274 PYTHONPATH, 11, 170, 199
PEP 383,126, 127 PYTHONPLATLIBDIR, 199
PEP 387, 13 PYTHONPROFILEIMPORTTIME, 198
PEP 393, 118, 125 PYTHONPYCACHEPREFIX, 201
PEP 411,275 PYTHONTRACEMALLOC, 202
PEP 420,269, 273,275 PYTHONUNBUFFERED, 171, 196
PEP 432,207 PYTHONUTFS8, 193, 205
PEP 442,250 PYTHONVERBOSE, 171, 203
PEP 443,270 PYTHONWARNINGS, 203
PEP 451, 153,269 7
PEP 483,270
PEP 484,265,269, 270,277 Zen of Python (o] A), 278
PEP 489, 153
PEP 492,266, 268
PEP 498,269
PEP 519,274
PEP 523, 181
PEP 525,266
PEP 526,265,277
PEP 528,171, 199
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