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#define PY _SSIZE_T CLEAN
#include <Python.h>

o=t} 22 FTF I HE AEZF=FE=4AL 9gu gyt <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 183l <stdlib.h> (A}-& 7}53 2 -%).

Fa: golH S H AAHY HF T TS v A= AA 7] AYE YT S Jonz F9HE
0132 =37 A 01] Python.h & ¢

Python.h £ EZF = 0}7] ol 34 PY_SSIZE_T_CLEAN & B9 st= 2= AT Yth o] i 2= th gt
ALA| G AFRRS Q1 AF - A gL S S FRBHAA L.
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/include/
pythonversion/ and exec_prefix/include/pythonversion/, where prefix and exec_prefix
are defined by the corresponding parameters to Python’ s configure script and version is '%d.%d' % sys.
version_info[:2]. On Windows, the headers are installed in prefix/include, where prefix is the in-
stallation directory specified to the installer.

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

C++ AFE- 252 9ho] W/C API 7} C Wha ARE-3ho] F o5 Q1o = 8t 950 extern "C" 2 YA
AAZ ALTThe Gof Aok PG Cov oA SHOWCAPL & 83171 131 ST 24 S AY

m°" filo
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Py_UNREACHABLE ()
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Adyct

= AR Aol AR ol el Aol BRSS9 Fp, o) WA
Ytk oA Sof, W2 e 7k 53 A A 28 Fo] o4 E
A Al A HE Badte o] EH UL SE A
E AT s Uth
B A 3.70] F7}.
Py_ABS (x)
x o] IS vy )
B A 3.3 &7}
Py MIN (x, y)
x 9hy Abol o] 2% gL wEgh
W A 3.30] F7}.
Py_MAX (x,y)
x 9hy Abel o] H U zhe vt
WA 3300 27}

Py_STRINGIFY (x)
xS CEAEE AT o2 E0] Py_STRINGIFY (123) & "123" & Hk&3tch

WA 340 27}

Py_MEMBER_SIZE (fype, member)
(type) FZA S member & 3 7]& vlo] EE WU T

WA 3.60 F7}

Py_GETENV (s)
getenv (s) &} FAFSIAI T -E 7} AWM= gl o2 ALH 3¢ (5, Py_IgnoreEnvironmentFlag 7}
A7 E 79 NULL & Wy o

Py_UNUSED (arg)
o] m ARG AAbel Abg k] AokdY A FAGYH oAl int func(int a, int
Py_UNUSED (b)) { return a; }.

WA 340 27}
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Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void);
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PyDoc_STRVAR (name, str)
S2EYo| A AL 7158 nane o T o] &2] W42 AT Th TholHo] SAET glo] WEF Yk
Wge) gk o9 e ATk
PEP 7 o] YAIE A | vlo] W& SAEF Qlo] ME3d17] 93] pyDoc STRVAR & S2EF ] AFE-3}
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o A

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

static PyMethodDef deque_methods[] = {
/).
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
V2R

PyDoc_STR (str)
FoAX ZALA i F2EHS BIFUT FS2EF ] A H S A7 Wl A<
.
PEP 7 ol WAIE AAYH F2EY glo] ol DED £ IES SA2EYS YAIL W PyDoc_STR
& A L.

o A

/\g /\é

o

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

bi

1.4 2%, & 2|1 =X 34

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

2 E golx AA| = (gho] A Zq’\iikﬁ 3 (type) T = 31 (reference count) 5 7HA 3L Q5 U Th A A Y

2 A EFE ZAATL (= A, Y AE, Bl AR A A 34 S types o] 271A 0 FE oﬂ
mﬂHﬂQMMAuW)ﬂmazﬂﬂ AR A A AAE el s W2 YT o E
PyList_Check (a) =a 7} 7} 7] = A A 7} spo| M gl 2E Y Ao 2 ZFJ Y.
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The reference count is important because today’ s computers have a finite (and often severely limited) memory size; it
counts how many different places there are that have a strong reference to an object. Such a place could be another object,
or a global (or static) C variable, or a local variable in some C function. When the last strong reference to an object is
released (i.e. its reference count becomes zero), the object is deallocated. If it contains references to other objects, those
references are released. Those other objects may be deallocated in turn, if there are no more references to them, and so
on. (There’ s an obvious problem with objects that reference each other here; for now, the solution is “don’ t do that.”)

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

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

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

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

1]

PR Sl MM

o

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

N E 5% ol Al Aol et H2E WA W £ s o] dgUth R4t Ade e Fas
FA 5%, 297 942 S5 dFUTh 222 BAE AL Yool F2E A 0 A ¢t HUE
28 AR VT AL H o] Y A Frhe AL g u Tt
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FzreE AL 5 A9 stk FEZUS TR o9& pyList_Setltem() T
b

pyTuple_SetItem() YUTE o] F74A T4 240 g FxE FHYUHE, 248 42 F2olu
PaEe e Fxe FAA FFULE). o] FFE2 A2 BEA AR ER FEoY 2ESE H¢E
bl AP w o X E FAES AAHAGULE oS 50, FE& WEE IE (1, 2, "three")
€ o3 Ze 5 AsUth (A olE ARle Qg L. 8 $2 R I sk P2 of ol
vk A5 yTh)

PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3)i

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

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

i

F27FFAAE AL AAE A E F2E FA = 55 SE6H7] Aol py_InNCREF () ETHE F
A 26 A EFHIALL.

QR O, PyTuple setrten() & 2o 248 Y LT PAYUL FEL BY AR
W] 2ol PySequence _SetItem() I PyObject_SetItem() © HFZo 84 c}
PyTuple Setiten() & A7 WEIL Qe o u A8 o] o} T Th.

P AEE AL EFYT v FEEPyList_New() $PyList_SetTtem() 2 A3 T 5 dHF YT
AT AAZE o ZA FEEE H2EEDEL AFE AFE =R UL, 8 AA &S 4 2¢E
(format string) 2 AA S = C o2 8E TrEojd = Q= A8 &< Py Buildvalue() 7} )
Sol, 919 T %9 RES S T AT 4 AUk (o8 AAE A2l ghch)

o 71X PyTuple SetItem() = PyLong_FromLong () 7} ¥+&3t Iz & Zdl2 ¥ Yt} A A o o st
=

ol
AW
=
2
el

PyObject *tuple, *1list;

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

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

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

Py_ssize_t i, n;

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

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

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

return 0O;

8 Chapter 1. A7
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long

sum_list (PyObject *1list)

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

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; 1 < n; i++) {
item = PyList_GetItem(list, 1); /* Can't fail */
if (!PyLong_Check (item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
3

return total;

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

for (i = 0; 1 < n; 1i++) {
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;

(TS sl AToT A
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R s S e e P I )

else {
Py_DECREF (item); /* Discard reference ownership */
t
3

return total;

142 &

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

type Py_ssize_t
Part of the Stable ABIL A signed integral type such that sizeof (Py_ssize_t) == sizeof (size_t).
C99 doesn’ t define such a thing directly (size_t is an unsigned integral type). See PEP 353 for details.
PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.
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def incr_item(dict, key):
try:
item = dictlkey]
except KeyError:
item = 0
dictl[key] = item + 1

T2 22 9v]e) $4eC BE YUk

int

incr_item(PyObject *dict, PyObject *key)
{

rlo

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one);

Py_XDECREF (incremented_item);

(TS sl AToT A
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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-pydebug to the . /configure command. It
is also implied by the presence of the not-Python-specific _ DEBUG macro. When Py_DEBUG is enabled in the Unix
build, compiler optimization is disabled.

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

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

ZEA B Y22 gho] W A B Z T 9] Misc/SpecialBuilds.txt & FRIAIA L.

13

oN
1l

1.7. C|HA 13

In



The Python/C API, £A| H{% 3.10.16

14 Chapter 1. 474



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

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

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.

15


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

The Python/C API, £A| H{% 3.10.16

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.

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

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

2.1.1 Limited API Scope and Performance

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

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

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

By leaving out the Py_LIMITED_APTI definition, it is possible to compile a Limited API extension with a version-
specific ABIL. 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_APTI only covers definitions, but an API also includes other issues, such as expected
semantics.

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

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

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

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

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

ABI stability depends not only on Python, but also on the compiler used, lower-level libraries and compiler options. For
the purposes of the Stable ABI, these details define a “platform™. They usually depend on the OS type and processor
architecture

It is the responsibility of each particular distributor of Python to ensure that all Python versions on a particular platform are
built in a way that does not break the Stable ABI. This is the case with Windows and macOS releases from python.org
and many third-party distributors.

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

e PyAlter Check ()

PyArg_Parse ()

PyArg ParseTuple ()

PyArg ParseTupleAndKeywords ()

PyArg_ UnpackTuple ()

PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyByteArrayIter_Type

PyByteArray AsString()

PyByteArray_ Concat ()

PyByteArray_ FromObject ()

PyByteArray FromStringAndSize ()

PyByteArray_Resize ()

PyByteArray_Size/()

PyByteArray_Type

PyBytesIter_Type

PyBytes_AsString()

PyBytes_AsStringAndSize ()

PyBytes_Concat ()

PyBytes_ConcatAndDel ()

PyBytes_DecodeEscape ()

PyBytes_FromFormat ()

2.2. Platform Considerations 17
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e PyBytes_FromFormatV ()

e PyBytes_FromObject ()

e PyBytes_FromString /()

e PyBytes_FromStringAndSize ()
e PyBytes_Repr ()

e PyBytes_Size ()

e PyBytes_Type

e PyCFunction

e PyCFunctionWithKeywords

e PyCFunction_Call ()

e PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()
e PyCFunction_GetSelf ()

e PyCFunction_New ()

e PyCFunction_NewEx ()

e PyCFunction_Type

e PyCMethod_New ()

e PyCallIlter New/()

e PyCalllter_Type

e PyCallable_Check ()

e PyCapsule_Destructor

e PyCapsule GetContext ()

e PyCapsule_GetDestructor ()
e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule_New ()

e PyCapsule_ SetContext ()

e PyCapsule_SetDestructor ()
e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

e PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()

e PyCodec_Decode ()
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e PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

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

e PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError ()

e PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors ()

e PyCodec_Unregister ()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplex_FromDoubles ()

e PyComplex_ImagAsDouble ()

e PyComplex_RealAsDouble ()

e PyComplex_Type

e PyDescr_NewClassMethod ()

e PyDescr_NewGetSet ()

e PyDescr_NewMember ()

e PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_ Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

e PyDictProxy_New ()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type

e PyDictValues_Type

2.3. Contents of Limited API
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PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem/()
PyDict_GetItemString()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqgZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString()
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 ()

20
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e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

e PyErr PrintEx ()

e PyErr_ProgramText ()

e PyErr ResourceWarning ()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

e PyErr SetInterruptEx()

e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()

e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()

e PyEval_ AcquireLock ()

e PyEval_AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval CallObjectWithKeywords ()
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PyEval_EvalCode ()
PyEval_EvalCodeEx ()
PyEval_ EvalFrame ()
PyEval_EvalFrameEx ()
PyEval_GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()

PyEval_SaveThread/()

PyEval_ThreadsInitialized()

PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning

PyExc_ChildProcessError

PyExc_ConnectionAbortedError

PyExc_ConnectionError

PyExc_ConnectionRefusedError

PyExc_ConnectionResetError

PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError

PyExc_FileNotFoundError

22
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e PyExc_FloatingPointError
e PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_TOError

e PyExc_ImportError

e PyExc_TImportWarning

e PyExc_IndentationError

e PyExc_IndexError

e PyExc_InterruptedError

e PyExc_IsADirectoryError
e PyExc_KeyError

¢ PyExc_KeyboardInterrupt
e PyExc_LookupError

e PyExc_MemoryError

e PyExc_ModuleNotFoundError
e PyExc_NameError

e PyExc_NotADirectoryError
e PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError

e PyExc_PendingDeprecationWarning
e PyExc_PermissionError

e PyExc_ProcessLookupError
e PyExc_RecursionError

¢ PyExc_ReferenceError

e PyExc_ResourceWarning

e PyExc_RuntimeError

e PyExc_RuntimeWarning

e PyExc_StopAsynclteration
e PyExc_StopIlteration

e PyExc_SyntaxError

e PyExc_SyntaxWarning

e PyExc_SystemError

e PyExc_SystemExit

e PyExc_TabError

e PyExc_TimeoutError
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PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError

PyExc_UnicodeTranslateError

PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()

PyException_GetContext ()

PyException_GetTraceback ()

PyException_SetCause ()

PyException_SetContext ()

PyException_SetTraceback ()

PyFile_ FromFd()
PyFile_GetLine ()
PyFile_WriteObject ()
PyFile WriteString()
PyFilter_ Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString ()
PyFloat_GetInfo ()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()

PyFrozenSet_Type

24
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e PyGC_Collect ()

e PyGC_Disable ()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_GetThisThreadState ()
e PyGILState_Release ()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

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

e PyIndex_Check ()

e PyInterpreterState

e PyInterpreterState_Clear ()

e PyInterpreterState_Delete ()

e PyInterpreterState_Get ()

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

PyIter Next ()

PyIter_Send()
PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice ()
PyList_Insert ()
PyList_New()
PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangelter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()

PyLong AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()
PyLong_AsUnsignedLongMask ()
PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()

PyLong_FromLongLong ()
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e PyLong_FromSize_ t ()

e PyLong FromSsize_t ()

e PyLong_FromString ()

e PyLong_FromUnsignedLong ()
e PyLong_ FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo ()

e PyLong_ Type

e PyMap_Type

e PyMapping Check ()

e PyMapping GetItemString/()
e PyMapping_ HasKey ()

e PyMapping_ HasKeyString()
e PyMapping Items ()

e PyMapping Keys ()

e PyMapping_Length ()

e PyMapping_SetItemString()
e PyMapping Size ()

e PyMapping_ Values ()

e PyMem Calloc ()

e PyMem Free()

e PyMem Malloc ()

e PyMem Realloc ()

e PyMemberDef

¢ PyMemberDescr_Type

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

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_Base

e PyModuleDef_ Init ()

¢ PyModuleDef_Type

e PyModule AddFunctions ()
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e PyModule_ AddIntConstant ()

e PyModule_ AddObject ()

e PyModule AddObjectRef ()

e PyModule_ AddStringConstant ()
e PyModule_ AddType ()

e PyModule_Createl ()

e PyModule_ ExecDef ()

e PyModule_ FromDefAndSpecZ ()

e PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule GetFilename ()

e PyModule_GetFilenameObject ()
e PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_ GetState ()

e PyModule_New ()

e PyModule_NewObject ()

e PyModule_ SetDocString/()

e PyModule_Type

e PyNumber_Absolute ()

e PyNumber_ Add ()

e PyNumber_ And()

e PyNumber_ AsSsize_t ()

e PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd ()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_ InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_ InPlaceMultiply ()

e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_ InPlaceRemainder ()

28 Chapter 2. C API Stability



The Python/C API, £A| B{% 3.10.16

e PyNumber_ InPlaceRshift ()
e PyNumber_InPlaceSubtract ()
e PyNumber_ InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long()

e PyNumber_ Lshift ()

e PyNumber_MatrixMultiply ()
e PyNumber_Multiply ()

e PyNumber_ Negative ()

e PyNumber_Or ()

e PyNumber_Positive ()

e PyNumber_ Power ()

e PyNumber_ Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

e PyNumber_ ToBase ()

e PyNumber_TrueDivide ()

e PyNumber_Xor ()

e PyOS_AfterFork ()

e PyOS _AfterFork_Child()

e PyOS_AfterFork_Parent ()
e PyOS_BeforeFork ()

e PyOS_CheckStack ()

e PyOS_FSPath ()

e PyOS_InputHook

¢ PyOS_InterruptOccurred()
e PyOS_double_to_string()
e PyOS_getsig()

e PyOS_mystricmp ()

e PyOS_mystrnicmp ()

e PyOS_setsig()

e PyOS_sighandler_t

e PyOS_snprintf ()

e PyOS_string to_double ()
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PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()

PyObject_AsCharBuffer ()

PyObject_AsFileDescriptor ()

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

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc/()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_DelItem()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr ()

PyObject_GenericSetDict ()
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e PyObject_GetAIter ()

e PyObject_GetAttr ()

e PyObject_GetAttrString()
e PyObject_GetItem()

e PyObject_GetIter ()

e PyObject_HasAttr ()

e PyObject_HasAttrString()
e PyObject_Hash ()

e PyObject_HashNotImplemented /()
e PyObject_Init ()

e PyObject_InitVar ()

e PyObject_IsInstance()

e PyObject_IsSubclass()

e PyObject_IsTrue ()

e PyObject_Length ()

e PyObject_Malloc ()

e PyObject_Not ()

e PyObject_Realloc ()

e PyObject_Repr ()

e PyObject_RichCompare ()

e PyObject_RichCompareBool ()
e PyObject_SelflIter()

e PyObject_SetAttr ()

e PyObject_SetAttrString()
e PyObject_SetItem()

e PyObject_Size ()

e PyObject_Str()

e PyObject_Type ()

e PyProperty_Type

e PyRangelIter_Type

e PyRange_Type

e PyReversed_Type

e PySeqglter_New()

e PySeqglter_Type

e PySequence_Check ()

e PySequence_Concat ()
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PySequence_Contains ()
PySequence_Count ()

PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()

PySequence_GetItem()
PySequence_GetSlice ()

PySequence_1In ()

PySequence_InPlaceConcat ()

PySequence_InPlaceRepeat ()

PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type
PySet_Add()
PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()
PySet_Pop ()
PySet_Size()
PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New()
PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()

PyState RemoveModule ()
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e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem/()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PySuper_Type

e PySys_AddWarnOption ()

e PySys_AddWarnOptionUnicode ()
e PySys_AddXOption ()

e PySys FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions ()

e PySys_HasWarnOptions ()

e PySys_ResetWarnOptions ()

e PySys_SetArgv ()

e PySys_SetArgvEx ()

e PySys_SetObject ()

e PySys_SetPath ()

e PySys_WriteStderr ()

e PySys_WriteStdout ()

e PyThreadState

e PyThreadState_Clear ()

e PyThreadState_Delete ()

e PyThreadState_Get ()

e PyThreadState_GetDict ()

e PyThreadState_GetFrame ()

e PyThreadState_GetID()

e PyThreadState_GetInterpreter ()
e PyThreadState_New ()

e PyThreadState_SetAsyncExc ()
e PyThreadState_Swap ()

e PyThread_GetInfo ()

e PyThread ReInitTLS ()

e PyThread_acquire_lock ()
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PyThread_acquire_lock_timed ()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread_delete_key ()
PyThread _delete_key_value ()
PyThread exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread _get_thread_ident ()
PyThread_get_thread_native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_ tss_alloc()
PyThread_ tss_create()
PyThread_ tss_delete ()
PyThread_tss_free()
PyThread_tss_get ()
PyThread tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelIter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New ()
PyTuple_Pack ()

PyTuple SetItem()
PyTuple_Size ()

PyTuple_Type

PyTypeObject

PyType_ClearCache ()
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e PyType_FromModuleAndSpec ()

e PyType FromSpec ()

e PyType FromSpecWithBases ()

e PyType_GenericAlloc ()

e PyType GenericNew ()

e PyType GetFlags ()

e PyType GetModule ()

e PyType_GetModuleState ()

e PyType_GetSlot ()

e PyType_IsSubtype ()

e PyType_Modified()

e PyType_Ready ()

e PyType_Slot

e PyType_Spec

e PyType_Type

e PyUnicodeDecodeError_Create ()

e PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd()

e PyUnicodeDecodeError_GetObject ()
e PyUnicodeDecodeError_GetReason ()
e PyUnicodeDecodeError_GetStart ()
e PyUnicodeDecodeError_SetEnd/()

e PyUnicodeDecodeError_SetReason ()
e PyUnicodeDecodeError_SetStart ()
e PyUnicodeEncodeError_GetEncoding()
e PyUnicodeEncodeError_GetEnd/()

e PyUnicodeEncodeError_GetObject ()
e PyUnicodeEncodeError_GetReason ()
e PyUnicodeEncodeError_GetStart ()
e PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason ()
e PyUnicodeEncodeError_SetStart ()
e PyUnicodeIter_Type

e PyUnicodeTranslateError_GetEnd/()
e PyUnicodeTranslateError_GetObject ()

e PyUnicodeTranslateError_GetReason ()
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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/()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()

PyUnicode_DecodeFSDefault ()
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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_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_ FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize()

PyUnicode_InternFromString()
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PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()

PyUnicode_IsIdentifier()

PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyWeakReference
PyWeakref GetObject ()
PyWeakref NewProxy ()
PyWeakref NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()
Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py BLOCK_THREADS

Py BuildValue ()

Py _BytesMain ()

Py CompileString/()

Py_DecRef ()
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e Py DecodeLocale ()

e Py END_ALLOW_THREADS

e Py _EncodeLocale ()

e Py EndInterpreter()

e Py EnterRecursiveCall ()
e Py Exit ()

e Py FatalError ()

e Py_FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
e Py Finalize()

e Py FinalizeEx()

e Py _GenericAlias()

e Py _GenericAliasType

e Py _GetBuildInfo()

e Py GetCompiler/()

e Py _GetCopyright ()

e Py _GetExecPrefix()

e Py GetPath()

e Py GetPlatform()

e Py _GetPrefix/()

e Py GetProgramFullPath()
e Py GetProgramName ()

e Py _GetPythonHome ()

e Py _GetRecursionLimit ()
e Py GetVersion()

e Py _HasFileSystemDefaultEncoding
e Py IncRef ()

e Py _Initialize()

e Py ITnitializeEx()

e Py _Is()

e Py IsFalse()

e Py IsInitialized()

e Py _TIsNone ()

e Py IsTrue()

e Py _LeaveRecursiveCall ()

e Py Main()
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Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter()
Py_ReprLeave ()
Py_SetPath()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py _UCS4

Py UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()
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
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e setattrfunc

e setattrofunc

e setter

e ssizeargfunc

e ssizeobjargproc

e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e 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.
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int Py_Main (int arge, wchar_t **argvy)

Part of the Stable ABL. %3 Qe Z2|g]9] v|el =g 18, o] AL sto| NS YHst= =219 95
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int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () I} AVSHA| Bt argv= Blol E BX1<E 9] v & Utk
WA 3.890 7}

int PyRun_AnyFile (FILE *fp, const char *filename)
ol#] PyRun_AnyFileExFlags () 9 ©<=3}d Qe d o]~ Y Yth closeit-S 0 2 & flags= NULLZE A
AE AEE G AFY

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
ol&§ PyRun_AnyFileExFlags () 9 T3 e o)A G UTh o] A2 closeir AAE 002 A H
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int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
ole} PyRun_AnyFileExFlags () 9 @3t Qe o)A g Ut o] 22 flags Q1AHE NULLE A A H
el E AT U

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix pseudo-terminal), re-
turn the value of PyRun_InteractivelLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename
is NULL, this function uses "???" 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 A wel  main_ EENA commandol| = o)W 2~ FEE AP T) _maln_
o] TAsHA Fo™ wEUth AFsHE 02, ol 7F B 15 ey th o2 7k QleH, o €]
A58 9g P ol YU flags®) o) E ofeh & BEIAA L
8= A B2 systemExit 7} A, o] SH¢= Py _InspectFlagZt AAEH O QA & s-12
NS i Z2A A E FEF F AL

int PyRun_SimpleFile (FILE *fp, const char *filename)
ob& PyRun_SimpleFileExFlags () & ©@<3tH A H ol AUt closeitsS 022, flagsS NULL
24738 2 dAF UL

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

ob# PyRun_SimpleFileExFlags () & ©<3}H Qe FH o] AU YT flagsS NULLE AR H A =2
FAS T,
i= =]

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.
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int PyRun_InteractiveOne (FILE *fp, const char *filename)
o2l PyRun_InteractiveOneFlags () & ©<=3ld AE o] A2 YU flagsS NULLE 23 A AHE)
2 dAsUh

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags * flags)
Read and execute a single statement from a file associated with an interactive device according to the flags argument.
The user will be prompted using sys .ps1 and sys.ps2. filename is decoded from the filesystem encoding and
error handler.

0] AF A 02 AT W 0, ASI SO 1§,k 8 B4 o7} Ao sholdel Az
W EH errcode.h AEFE 319 9= o8] F=E WYt} (errcode.h= Python.hol A
AZFESA 7] Eo] AR S0 AT of Tl 795 L)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ob#] PyRun_InteractiveLoopFlags () & ©<3td Qg F o]~ Yt} flagsE NULLE A A A A
B2 gAsyh

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
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be prompted using sys .psl and sys.ps2. filename is decoded from the filesystem encoding and error handler.
Returns O at EOF or a negative number upon failure.

int (*PyOS_InputHook) (void)
Part of the Stable ABL. ZZ EE}Y] int func (void) A TF+E 77| =& AA S 4+ JdH5YT) o] T
£ 3ol t8 Qleftel e % § 58 R FE21E 7 P PR S e g 52
SUTh 8 S AU o] 58 AR AL o d 4o e
NA T ARY AL E Y] 2 E xS L oM E F19} B L o] A

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

Z 2 EEY char *func (FILE *stdin, FILE *stdout char *prompt) ¢ S5 7lE| 7| =
5 AR, JAHZ e H o ZFZEA T ‘?J"j = = AHgEHE 711 ?:‘—*r% Aol
AsU Tt °] f&?t NULL©] o} F A+ promptE %Eﬂ?&ﬂ}% AeD T2 48 oo A A8 =&
97 AT BAAL wrae AoatT A H U o= o], readline RES ol %2 A%t =

AR &4 7= AFFYch
A= pyMem RawMalloc () ©|VF PyMem_RawRealloc () &2 SHdE Bx1Y o] Art, o2 7 A 3
S NULL o] of of gt}

WA 340 WA: AIE PyMem Malloc ()oY} PyMem Realloc ()2 2 S F3sls oAl
PyMem_RawMalloc () ©]Y PyMem RawRealloc () 22 3] oF st}

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}&] PyRun_StringFlags ()2 ©<3td Qg o] A~ d Yt} o] A2 flags
ENULLE AR E JHE FAF U

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. flags@ A A H AL ST E AL&3} globals T} locals A Z A A H
A 2ol A sirol A hol Al &2 5155 A G Th globals’= B4 ] o] oF I T, locals = o
Z2EEL PASE LE AN E ¢ AFUTh WA WS st £ DES TE LA O A

sof sh A4 =2 AR T,
SEE ARE ATE shol W AA 2 whekel AL, o 9] 7 A S NULL S WhEkg T,

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}# PyRun_FileExFlags ()2 ©<=StE QA o)A~ J YTt closeitS 0
0=, flagsE NULLE AAE JH = $AFYTH

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int
closeit)
Return value: New reference. }2ll PyRun_FileExFlags ()& ©@<e3td Qg # o] A~ YTt flagsS NULL
= 449 A= gAF I

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. ©}¥| PyRun_FileExFlags ()2 ©<=StE A o] AU YT} cdoseitS 0
2 AR3Y dHE FAFY

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, 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}l Py_CompileStringFlags () & W<3}lH 2 H
o] AUt flagsE NULLE AR 9 A2 G2t

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags)
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Return value: New reference. ©}&] Py_CompileStringExFlags () & @3t Q& ] o] 2~ Yt} op-
fimizes -1 2 AR H el 2 FA ok

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
Return value: New reference. stroll = slo]| 2~ I =& v‘f— X5t Auldstel 23 7= A iﬂ =
N A% B2 s Rl AUTH ol AL AT & 9t AT S ASHE o] AR
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PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded from
the filesystem encoding and error handler.

B & 3.20] &7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. Part of the Stable ABL. 0] 22 T & AR} A Ay L XA
PyEval_EvalCodeEx ()9 @34 Qg H o)A Yt} o2 Q2= NULLE A Ak

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] 3 H 715 £33t &4 S oA, njg] AgddE 7=
AAE 7Yk o] #42 A iAo gaue], A1 Mo vy AA|, Axpe] v g, 719 =2
123 71 E g AR 712G I el A 224 RER FAE Y
type PyFrameObject
Part of the Limited API (as an opaque struc). Z#| Y AR E 7]1<3= o AFRE = AA 9 C FxA. 9]
P BEL AR EA WA 5 AFTh
PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Part of the Stable ABL. A3 Z & J& F7lstUt} o)A vjdze 334 S
3%}, PyEval_EvalFrameEx ()2 @<3tH Qg o]AdUrth

PyObject *PyEval_EvalFrameEx (PyFrameObject * f, int throwﬂag)

| —
% E[_ 9;11’\:)

EQ ﬂi
fy
A

AAFUT 37} throwflag Wi 7] W= EHZHE —‘:%/‘1 < —’F
ok Al Aloe 249 throw () WA =0l A UL,
WA 34004 R o] T oAl BA o5 28] WA YA =T =L HH I
A S ERF U

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o) 5t A Bk mA Ao EH1E WAL, J T 22, AhshE AL S NI ok

int Py_eval_input
Aeld A2 AT stold £ AlF 71 % py_CompileString ()3 @A AHEFU T

int Py _file_input
R N RS 5 9%
7 AU T Ao % 71 Sl M o TEE A

I~

WO A2} 7|&; Py _CompileString ()3
AH&

= 715 AUt

Al

X
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int Py_single_input
DY FRE A ool 8 BN AR 755 by compi lestring () 7 B ASEITh thEHA A
Z |y Fzo ARRE = 7| Z YU T

struct PyCompilerFlags
o2 A5 Bel1E BE ol A8HE TRAYYD. TE7) AR AL AW e A inc
flags®E AT 11, F=E7 AT = AL PyCompilerFlags *flags® AEE Ut o] 3%, from
__ future__ import¥ flagsE AT = A H5 Yt}

PyCompilerFlags *flags 7} NULL Y wjutt}, cf flagsE 03 Z ot HEFH B, from
__future__ import® QA2 W)
int cf_flags
Aupde] S,
int cf_feature_version
of _feature_version2 F 3ol W WA Y U Tl PY_MINOR_VERSIONC & % 7|3}5 of oF T}
o] Fx = 7|EAH O Z RAFEW, PyCF_ONLY_AST Z2 17} of flagsoll A A 2ot AH&-H
e},
WA 3.8 HA: ¢f_feature_version BEZE
int CO_FUTURE_DIVISION
flagso| A o] V] EE /473 & PEP 2389] et vhr7] AAA}E /& “A 4 U7 7] (true division)” 2 3 4] =
=2 ’6‘1—141;]_
== 9 .

7F syt

1
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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_NewRe£ (PyObject *0)
Fart of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py INCREF () on o
and return the object o.

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

For example:

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

can be written as:

self->attr = Py_NewRef (obj);

See also Py_ TNCREF ().
H A 3.109) F7}
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PyObject *Py_XNewRe£ (PyObject *0)
Part of the Stable ABI since version 3.10. Similar to Py_NewRef (), but the object o can be NULL.

If the object o is NULL, the function just returns NULL.
WA 3.100) =7}

void Py_ DECREF (PyObject *0)
Release a strong reference to object o, indicating the reference is no longer used.

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

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

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

Ba oA e oo FolH FEVMFSHES T YU (S E0l, _del__()
HAEZE Qs SElA IAE a7 @ s AlE o). o] sk T =M o 9] = W vk A] FAIT,
AYd =+ BE gtojd Ao Aol AFFA AMAT 5 FUTh o) A2 Py DECREF () 7}
TE=H 7] Aol A Aol 228 5 e ZE AA7F LB Y= Aol YofoF e Syt
oS Sol, Bl2Eol A AAE Al et T =L ALIE AR o) bl g F2E QA Aol EAFE,
Bl AE HolH 28 A% s, A Wl tisl Py _DECREF () & T2 6 oF FU T

void Py_ XDECREF (PyObject *0)
Similar to Py_ DECREF (), but the object o can be NULL, in which case this has no effect. The same warning
from Py_DECREF () applies here as well.

void Py_ CLEAR (PyObject *0)
Release a strong reference for object o. The object may be NULL, in which case the macro has no effect; otherwise
the effect is the same as for Py DECREF (), except that the argument is also set to NULL. The warning for
Py DECREF () does not apply with respect to the object passed because the macro carefully uses a temporary
variable and sets the argument to NULL before releasing the reference.

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

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

void Py_DecRef£ (PyObject *0)

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

s Fed Mazes Az oo Aw ST 4 A5yt Py Dealloc(),
_Py_ForgetReference (), _Py_NewReference () 7<7§_°—“, @—’,\— _Py_RefTotal.

F

M
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CHAPTER B

o2l XM2|

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

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

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

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

l

I

39

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

33
=]
=

5.1 QIAie} x| 7|

void PyErr_Clear ()
Part of the Stable ABL o] 2] A 7] & A g UTE o8] A 7|7 AAAFH o] QA od 37 5y ok

void PyErr PrintEx (int set_sys_last_vars)
Part of the Stable ABL. & Edo]2MS sys.stderr E A5t o8] BA7|E ATt o8] 7}
SystemExit 7} o}y 3}, o] A Pojl= Eg o] o] Q1T R] ¢l ulo]H T2 ]i% SystemExit
Axgzo] o8] A48 ole) m=z SR HUTh
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AN} TA 717 AAD Aol mes o] F4E BHFYAL. TR B0 W AP o7 TG

pat

set_sys_last_vars7}00] of U™, M4 sys.last_type, sys.last_value ¥ sys.last_traceback
BESEPEI EEE N R EEs EE =

void PyErr_ Print ()
Part of the Stable ABL. PyErr_PrintEx (1) 2] & 4.

void PyErr_ WriteUnraisable (PyObject *obj)

Part of the Stable ABL. & 7 o 2] &} obj A X}E AF-8-3}9] sys.unraisablehook () & T&3 U}
o] & F/]E]EV\“ o 2] 7} A A = LAk, O]Eﬂ E]Eiﬂ"‘xﬂi el E YA Z 4 S o sys.
stderro] A3 WAIAE A gyrct oA & ,__de WA E o] A of 2] 7} WFAY & uf] A2
Ytk
o] g YA Z 5 gle A7 DA EHE A= T ARt oh 2 SEF YT 73, obj
o repro] 731 A Ao 144G Uitk
o) FTEZTET ] AL E HAHH JofoF Fth
5.2 O|2] ErAHA|F]|7]
BHES BA 2= oe] A/ AAHE O] £2ol HUTh BAE A, ol B F AR

o]
B return oA AHEE NULL Z 1 E £ ®} _?Jb] =

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

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] 3= PyErr SetString ()2 SFAFSEA EE of| €] 2] “3b o] o 5)] & 2] 2] 5}o]
W ANE ARG 5 dHUTh

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL ©] $+=+= of| 2] % A] 7] 5 A A3} NULL2 WS o)
exception-> 3}+o] % o) 2] Fef 2~ of o Fruth. formarat T wlj 7| B*—/F*‘: ol WA A& 3= H ==
o] HUt}; PyUnicode FromFormat () ol A2} 222 o u] e} 2t Zr5 Ut formarS ASCIL Q123 &
e CRE

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 ZA| 2, 7} 7))
9] AA Al va_list QAAME HF Yo
WA 350 7}

void PyErr_SetNone (PyObject *type)
Part of the Stable ABL. ©] 212 PyErr_SetObject (type, Py _None) 2 ¢ A YUt}

int PyErr_ BadArgument ()
Part of the Stable ABIL. ©] 2]
t}, o] 7] A message= 25

%PyErrfSetString(PyE xc_TypeError, message)d &
H AR W Aol ZEF AS dErE Yo i EE R &Yt

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. ©] 22 PyErr_SetNone (PyExc_MemoryError)
SS9 BAYUT g WA A A $F BEE A FEY W et
PyErr_NoMemory () ; 2t1l & 4 IS5 Urth
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PyObject *PyErr_SetFromErrno (PyObject *type)

Return value: Always NULL. Part of the Stable ABL. C gto] B & g] &7} o 2] & ¥I3+sl 11 C 4 errno
S ARSI E t‘“ﬂ/\]ﬂ% He L"?JWD} A HAY ﬂio] 724)—’?— errno gLo|al F WA F&
O] (strerror () oA &) s o g AR Q2 5= AAE vl=E PyErr_SetObject (type,
object) %i%%ﬂv‘r. %”Mﬂ/ﬂ errno o] AlAF 5 %Ol Tﬂﬂ W& < UEt = EINTRO|H
PyErr CheckSignals ()& S&3}1 o] ZAo] o|&] EA7]|E A A ]’tﬁ @E] I 2 SUt} o] &
T ZANULLE REESHA], A" S 2o et 23] T A" SE0] o3& W off return
PyErr_SetFromErrno (type); ©]2t1l & 4 5Tt

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject * filenameObject)
Return value: Always NULL. Part of the Stable ABL. PyErr_SetFromErrno ()2} - AFSHA 2, filenameOb-
jecﬂ}NULL o] o} ™, type] A3 A ) Al A i 7| W2 A E the 7152 o] JF YT OSError
o2 o] B, o9 A2 20| filename A EZFEES Ao dt= ] AHEH YT

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2 )
Return  value: Always  NULL. Part of the Stable ABI  since version 3.7.
PyErr SetFromErrnoWithFilenameObject ()& FAFSIAEH F 79 SHLdHE Hole o

T AN G o o HE LA 7 7] & F AR 3L E AAE Ao
B & 3409 Z7}

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return  value: Always  NULL. Part  of the Stable ABL Similar  to
PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. filename
is decoded from the filesystem encoding and error handler.

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

7184 9.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErr () € FAFStH, BAPA 2 o9 FE AAs= 271 uj7) H57)
A uth

A A

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErrWithFilenameObject () FASA W, Std o] C EAE=E
AlFH YUt} filename2 3L A 2" Q1 F Y] (0s. fsdecode ()22 Y IF P FH YTk

7184 A,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject

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

PyErr_SetFromWindowsErrWithFilenameObject () & FASIH, TAAIZ 99 dES XA
sk 2 7h i) WAk %ok

7184 9.
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
Ject *filename, PyObject *file-
name?2)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.

PyErr SetExcFromWindowsErrWithFilenameObject ()& FAFSIA T F WHA otdH A
A HolEd Yt

7 AR
B A 3.40] F7}.

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *file-

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

PyErr SetFromWindowsErrWithFilename ()& FAFSIH, WAAZ o2 F& A= =

bl w4t QU ek,

M A=

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportErrorS AA| 7= #H Y
D5 AU msg N9 9 WA A EALR AAF UL B O NULLO] B & S, nameh parh & 72t
ImportError? named path S EZHEZ AA ULk

WA 330 7}

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr_SetImportError () & u-$
B 2ol A W, o] B WAN D TmportErrore] AH ZeAE AT 5 Y

WA 3.600 F7}

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
A o o th 3+ 3} (file), = (line) © L= Al (offset) FHEE AR}t FA) o9 7} SyntaxError
Zhotyd, F7L o ERRHES @@6}01, o 9] Q14 351 Al2"' o] o 9] 7} SyntaxError gl A 245t
.

WA 3409 F71.
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 & 3.20] &7}

void PyErr_ SyntaxLocation (const char *filename, int lineno)
Fart of the Stable ABI. Like PyErr SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_ BadInternalCall ()
Part of the Stable ABL ©] 212 PyErr_SetString (PyExc_SystemError, message) 2 &9 3
Uth o 71 X message= HH ALHAE E0] o] #/CAPL &) o] 2R E JAZ SEH A
Utk 72 & 84y

SR
b

L
Ruiyic)
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53 4 &

0
ol

k71

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

7yt ol 9] 7 @A SR ok o wkE Zh2 0 0]z, o & 7 A Sl -1 J Utk (A WA A7 A A=
A= =R ol 2] 9] o] F& Eld 4 glasUth o] A2 = A uth) o] 7 Ay, EE A= FAFE A
e A& Ao FUTH(AE 5, 273 FEE Py DECREF () 31l o & 3F& ¥ty o).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 7 11 WA X & 3 T}, category QA= A1 HF(o}g) & F =X ‘6]-/,;] Al L)
NULL Y U t}; message Q1 A= UTF-8 & 1 Y H Ex1E J U th. stack_level 2 8] = & %] T E A F3=
rduth e 28 T oA A AP =9 FE Z A A7 AT YT stack levelo] 10] A
PyErr_WarnEx ()& EE?SH—? T2+ 299 ¥, 55

A1 WF = PyExc_Warningd A H Z2o]of Yt} PyExc_Warning2 PyExc_Exception
o]l B Zej~ Ut} 7|8 A3 M3 X PyExc_RuntimeWarning YU th B Jlo]H A1 HEL
olgol Hz A BT o AAY A WA ABH U

RS

4L A ofof th gk ARA| & W-§-2, warnings & YA HH S AEA A -wF S FRAA L.
daL Aol € AT CAPIE 5 YT

int PyErr WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper around
the Python function warnings.warn_explicit () ;see there for more information. The module and registry
arguments may be set to NULL to get the default effect described there.

WA 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 ABIL. Similar to PyErr WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char * format, ...)
Part of the Stable ABL. PyErr_Warnkx () & 5-AFSE &< 2, PyUnicode FromFormat ()2 AH&3}o
A3 WA A S At formar-S ASCII Q17 Q9 E21d ]t}

WA 320 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} S+ AFSH &= A 9k, category =
ResourceWarning©] il sourceS warnings.WarningMessage () 2 A &3y F}

A 3.60] F7}.

5.4 o] EA|7| =3|5}7]

PyObject *PyErr_Occurred ()
Return value: Borrowed reference. Part of the Stable ABL Test whether the error indicator is set. If set,
return the exception fype (the first argument to the last call to one of the PyErr_ Set* functions or to
PyErr_Restore ()). If not set, return NULL. You do not own a reference to the return value, so you do
not need to Py_ DECREF () it.

3 ZE2E GILS B§30 oF gt
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Fa: e ghe 57 o9 9 vl sk A mp Al thAl PyErr ExceptionMatches ()& AHESHIA
P AA L. (Zel o9 o] B de]7F 2l Al Adad 2o A, o 4dstE ol 9] 9
AHE Zefs Aoj A vl Asfstr] dsuth)

int PyErr_ ExceptionMatches (PyObject *exc)
Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) 2554
ok o &) 7 A Al 2 A E S vl v =8 oF Tt ol Q] 7 A SkA] Rk e W R 2] A ffuto]
LA o

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABL given | 2] 7} exc] o] &} & 2] 51 S =l
givenol B Fef20 Jd2dAd wj = g vkt th exc7l 7
(23 AH REE AR Ao R) S AAE A8 AAFI

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

LRt . exc 7t S A o] W,
Zold, FZo dE=EREEAY F

Part of the Stable ABI ¢7} AL A N M= g ZAZIE AUt o8 £A]7]7F A= A
Fgkow, Al W FNULLE AU AW, AFAL AR 2 AR g IR E

e\ ol 25 1Tk, b E Aol A AT B AT 18 e T WL S DIch

‘/\
Eise

°] iAo 2 o9 5 A of Sz =1t ol o A /1S BAH 02 A G5 B AT o
EERE

AR YT o Eol:

rir ]-4

(g,

=}
h=4
o

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

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABL. A ZAAZ o8] BA|7]E AASUCLE o8] A 7|7} o]n] AAF o] gJo™H, H
A AP AUt AR 7 NULLol |, o3 & A 7] 7F A9 A YUtk NULL type 2} $H7] NULL©] o}d value
U traceback & A 23HA| mp Al 2. ol 9] F2 2 ?41"04 °F Fy X‘EE‘ 0419] o] ‘/} = X*“"?'F}Xl
AL L. (o] E 8 F 2= fWHetE Yol MR :
AAZUTH 55 ol 2 AA o EH FIXE i%ﬁﬁolﬁ 6?“4 3= ?—Oﬂ e oy %‘Zﬁ
FsUTH (0] 21& ol & = }UThH, ©] ?: S AFE A WAl L. A FEYTh)

i o] s dutd o o7 A7 E LA H .7 A stal B of ot o A W AREH U T
AR o] BA 7| E AASHE W PyErr Fetch () S ARSI Al L.

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL. &7 AF&lo| A, o}ef o] PyErr Fetch ()7} ¥F&slE 2H2 “v] AF3P S
T AFU 5, *exce FHE AA AT *val & Z2 Y29 Adxd 7} obgduth o] s
O A% 2ALE Aats Soe ol AR S YwUD ol olv] ArskEol 0w, ok Uk
dojubA] Utk AdE Atste A Fd= A FRF U

[0

l

FF31: o] g 9] Zholl _ traceback  OJEERHEE FA|ZHOZ HA3HA k5 UtTh Ed ol

2 A5 A of e, The w22 37k Ausle] Rk

E
m[o
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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 () @ €& 3 23 22, Q] AR E AYUT} 9]
A2 A2 BT o9 7} obu] 2, o m] Z 2 o 9] & Zhe] P th Al AR ol gk A 25 vk T
o] % o= Aol ENULLY & YL LTk o9l AH FEE S A5HA eI,

F o Bet dAos AAE Aeele 2= A @ L8, 227 of
9 FENE YA AGSL BANF T wh AT 5 AFUTH ol FHE BASAL AL AH

PyErr SetExcInfo()E AFE3SIA AL

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 €48 A 23 22, 4 ARE HA
o] 2 M= AT o 9] 7} of B, o] 1 EZ o9& 7Fe P Yth o] ¥ "‘L Axke FxE FA
O o) AHE A Y, A A B NULLE ALFAA 2. A AApo] e A
PyErr Restore ()5 FZ AL

Fa: o] T Ut o R o & AYsty e ZEAA AHEHA FFUTh 2398, A=
Aols) AHE QAT AR BNl T AT 4 AwUch o9 AHE gedw
PyErr _GetExcInfo ()E AFR3HI AL

WA 330 27}

5.5 Alad Mzlst7|

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

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

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

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

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

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

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

WA 3.109) F7}

int PySignal_SetWakeupFd (int fd)
o] U E G5t ATd0] A wutck A 1d MBS} B Hpo|ER
A AT fdis ] B2 A olojof gtk ol Ao 5} 7| &AE v Tk
& 1E Asg ARG UTh oA 27 gHAYT 4
set_wakeup_fd( 94 556?*] W oole AAbe lsdth fde 2% 9k lgx}oi °Tf Fuck @
=1l Ag = 01]/\1 Z5) o] of 3t}

31@3.501]/\1‘1473‘:%5%01] A, e oAl 2 AEE AL dYrh

5.6 o2 Sa2A

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL ©] F2 2| E] S5+ A o9 25 e ¥3kst
Ut name A A= A ol 2 9] ©] &, module.classname A 212] C EXFL o]o]of gttt} base2} dict
Ol x}= dutAd o 2 NULLY Yt} o] 27 31 Exception(Coll A PyExc_Exception o @ MM~

S QFUholA S8 2ol AR BE AU T

A %EHC.‘Z] __module_ |EZ|HE name AAFe] A A H2 (A H74A) o= A= 1, Fef
& o] upA e RE (A g A F) o2 AH P U base AR WA wlo]x Fef 28 A A sHE U
F‘l@l"n\— A5 UTE st iiﬂ/\‘)riﬂ’\J FEY T AFUTh di A= Fes Ao HA =9

dAv e s A g ol A 5 Ay

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. Part of the Stable ABL. M| 2 0|9 2o =2EFHS A RS 4 o}
= & AY s pyErr NewException ()3 25Ut doco] NULL O] oY, o 2] Z ) £°ﬂ o st
saEsoR Agg U

WA 3200 F7h
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5.7 ol ZHA|

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABL. 3}o] oA _ traceback__ = F3] IM 2 T 4
Ae MER FRE oo A EFo]awg 9yt AdH Efo]awo] gloW, NULLS
B

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

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL. o] ¥ oA _ context_ & E3] dAA2 S+ d=
Al 2= ot ddd AYAE (ThE o9 A2’ o] AS Agste &5 ex7} AP SUH E
Hhehetuth A Z2E AYAETE Lo W NULLS RESHU o

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL 9|29} AAH AHAEE e 2 A ATt} A8 ¥ NULLS AFRSHE A L. erx
ols] QlaB AR S B BAE fa Ut o AL axel Y BEE

PyObject *PyException_GetCause (PyObject *ex)

Return value: New reference. Part of the Stable ABL. SFo]H oA _ cause_ & T3 AN T 5 = A
FZ2Z oo AHd YA(9 e d2EH A None, raise ... from ...°2Z AFAFYH S vis

.

void PyException_SetCause (PyObject *ex, P) Object *cause)
Part of the Stable ABL o] 2] 2} A H U E cause Z 4 F Ut} A —rr?il ¥ NULLES AF2-3H A] L. cause
7hell9] A2 None Q1A] Elete & AAbe flssUth o) A2 causeol e Fx2 5 FJ T

__suppress_context__+= o] &40 o5 BA| A E True® AAFH Yt}

5.8 FL|ZE ol ZHAl

OE g Colld FUZE A9 B s4s e ol AHgH

PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t
length, Py_ssize_t start, Py_ssize_t end, const char *rea-
son)
Return value: New reference. Part of the Stable ABL. encoding, object, length, start, end 2 reason 9| E 2| HEE
o

E
AH&3lo] UnicodeDecodeError AR E W5 Ut} encoding™} reasonS UTF-8 2 Q17 G ¥ E 214 ¢

U,

PyObject *PyUnicodeEncodeError_Create (const char *encoding, const Py _UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end, const
char *reason)
Return value: New reference. encoding, object, length, start, end X reason 9| E 2] HEE A& 35}

UnicodeEncodeError AR S 25 Yt} encodingT} reason< UTF-8 2 QA HJH E A4 Yt}
WA 335 HA:3.11

(rt

Py_UNICODE+= 3}o]# 335 E #| X5 15 YT PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)E ulo]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 *reason)
Return value:  New reference. object, length, start, end L reason 9] E B H E & A}§ 3}

UnicodeTranslateError AAS W5 Ut reason-& UTF-8 & 13 Y H Ex1< Ut}
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HA 3358E 57 3.11
Py_UNICODE+ 3}o]# 338 ¥ H X5 5 YTl PyObject_CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...)3E #fo]1g o]A Al L.
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 520 R | 2] AR 2] encoding o] E 8| H-EE ¥k}
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 50 R | 2] AR 2] object X1 E 8] HEE WHa-gh o}
int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABL. 0] X &) €] AA| 9] start 9| EB] REE 7}A 214 *starrl] 8] 2] 3 T}, start= NULL
o] ofu]olof gtk 4B e 02, Anet -1 B ok
int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the Stable ABI. 520 R 9| 2] A A 9] start A E B HEE startE AU TE A25H4H 02, A5
1&g ukekgh T,
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. 520} X1 of| &] A A 2] end oA E 2] HEE 7}A A *end ol Wi 2| T}, end= NULL
o] ofu]ojok gk, 4F5He 02, AshstE -1 W ok
int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL. 503 o] 2] AA| 9] end N EBREEZE endz AT UTH AZ3HE 02, A9std
-1Z Wk
PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 50 R 9| 2] A A 2] reason o] E 8] HEE w33t}
int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the Stable ABL. F0] A o] 2] A A 9] reason A E 2| HEE reason & A AUt} AFsHd 02,
A5 3he 12 whakah o,
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5.9 i+ Mo

o] F e T FF BE RFoA C oA AT AA S&52 TFot= S AT ch

FEZFEA] sto| W I EE T EHA ghe A 2T} (Fhol A 2

h. o= 22 EZo]l A7 AelE Aelst7] w2l p_call FAAN = B RHA] 5

int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. A7 A C % T &°] &= &1 3= A F S ZAE
USE_STACKCHECK7}F A= ¢l oW, o] &= pPyos_CheckStack () 2 AF23to] OS 2~E o]
997 FAF U o] 3%, MemoryError & A4 3k 00] obd ghS W h

I8 o gt A Asd 2@ =A AP} o] F, RecursionError 7t A% H I 0]
oty Zho] vkt Ut 1¥ x| ko, 0o] vk L th

where= A7 ZAo] A2 23t RecursionError WA Ao o]o]EA " in instance check"2}
22 UTF-8 Q1= F A4 o] of of g th

WA 3904 WA o] T4 o)A A SHH API A T AFE S 4 9l Th

void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py_EnterRecursiveCall () & % & %Y oh
Py _EnterRecursiveCall () 9 Z+ A& A< S Z&ult) st HA § &5 o] oF gt}

H A 3.901A4 M7A: o] FE oAl AldHE API A = AT 5= Sl YT

ZH o] 3 o ‘—’H:ﬂ tp_ repra sutEA st E 58 A At 28U 2"HE RS A
L=, tp_ fepf—c'\r S A7) H8) AAE FA8oF UL v F 3 o] 7es gA weyth
AP A}, 0] 5L reprlib.recursive_repr () o 3 C ZSEJUTh

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL. =8-& ZA3817] 9138l tp_repr +8 A2 Al E&H Ut}

AA 7k o w] A 2= glow, o

T ¢ A UL o] AR tp_repr TEL2 TS YEU =
FAE AA S sl of Utk ol & £0f, dict AAE (...} E MBS list AAE [...1 5
Rhehghu ot
A7 Azl =gatd e 59 s YT ©] B tp_repr A WA 2 2 NULLE
kb of g T

2P o, T 02 WHelal tp repr FHS FAA LR ALE 5 AFUTH

void Py_ReprLeave (PyObject *object)
Part of the Stable ABL. Py_ReprEnter ()& 853t}

W4 5 Z o of Fuith

o
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22
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5.10 & 0|2

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

colE olo|M O|E LE
PyExc_BaseException BaseException !
PyExc_Exception Exception !
PyExc_ArithmeticError ArithmeticError I
PyExc_AssertionError AssertionError

CtZ = O|X[0l] Al
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ey

1-0[|& HO|X[of| M A=

CcolE olo|M O|E LE
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedEr]

réonnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedEr]

réonnectionRefusedError

PyExc_ConnectionResetErro

rConnectionResetError

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
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError| ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedError]

NotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError | ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceEkrror
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration | 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

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErrpbWnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

62
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B A 3.3 9 = 7} PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError Q
PyExc_TimeoutError+ PEP 3151 wzl =5 95U h

WA 3.5 &7} PyExc_StopAsyncIteration I} PyExc_RecursionError
WA 3.69] &7} PyExc_ModuleNotFoundError.

22 PyExc_OSErroro] tgt &84 HAY YUt

b
[m

Co|E
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

9

W7 33004 WA: ol 3t MR e WE e o 9] Fol T,

T E;:

511 EZ& 210 HE

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

Co|E oto|M o| & LE
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

¥ A 3.20]] 7} PyExc_ResourceWarning.

rE:

The 2 o 9)of gk W o] & 2o 2o,
o et B U Th A A el7] a2 us wINDoWs 7 A elH Gl Bl sl o & AHE S HEE BESIA L.
che £F A3 W3 w2 Fe gyt

511. EF Za ¥ 63
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6.1 2N XA SE2|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__ () isreturned as long asitisa str or bytes object. Otherwise
TypeError is raised and NULL is returned.

A 3.60] F7}.

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

S\ 5ol filmame d EE V0 7 fpE vlshae 2FaE 200 obdUthe MG
isatty (fileno (fp)) 7} 9 3L ALYtk A Ze)1 Py InteractiveFlagZt Fo|H,
o] F filename VB 7k NULL O] At o] 5] A '<stdin>'o|L} '222' F et S o=

e kg,

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ X3
B4 fork () U BA ZRAAE BASE SA1S F4E 5257 Aol
o8 A 2o A g ALg 7hs g o)

)

ZA3: C fork() E&2 (“v <" AE Z2[EHL) “vQ” A~ = A g o] F o] A of T}
PyOS_BeforeFork () & W}Z7FA] 9 Y Tk

B A 3.70] &7}

void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. T2 N2~ 23 & R YR A E A5




The Python/C API, £A| H{% 3.10.16

T 22 A2 EAZEAZ A=A BARLC, fork () Y BA) Z2AMAS BAStE A TS
3 220N ZE S oF Gtk fork () 7} A AILH A MW ARS 7 F o

da: C fork() &L (“ﬂﬂo 17 ol B = 2] E]9]) “u o7 A Zo A uk o] Z o] A oF g T}
PyOS_AfterFork_Parent () & u}F7FA] Y T}

W 3.7 7%

void PyOS_AfterFork_Child()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ2 A2~ T3 ZT YR A Z 2 g AH S
ANEE S fork () U A Z2H2AE BASE FAS 4 E $E 5, 227 9o A
AL B E A 52T F5Aol dou 44 22 AL A BB ok FIL. fork() 742 H
AGAAE AL 5 BT,

A3: C fork() T&2 (“v

oI” QIE Z 2] EQ]) “HQl” | =o| Ak o] Fo] A of g h
PyOS_AfterFork_Child() = w}z7FA] 4 Yt}
WA 3.79 F7}.
o B7]:
os.register_at_fork () & A& 3} PyOS_BeforeFork (), PyOS_AfterFork_ Parent () ¥

Pyos_AfterFork_Child(Ml N S22 ANEA ALY FtolH FrE 55 T 5 AU

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). T2 M2~ £3
AEZ B 7FAS A AT 2L Z2 A 20 M TEH o] ok g
zrHd ol g2 52T oVt YS U

401,
t
o I

WA 3.782E X o] &4=Pyos AfterFork_Child ()2 HAISE A5 YT

int PyOS_CheckStack ()
Part of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. QUE] Z 2| E]of] ~8] FZto] B
3hwl 28 uhakghi ), o) 212 A2 4 Sl SHelo] Al v, USE_STACKCHECK o] B9 % o] 918 HHUJ/\}&
g} 2~ g; Z Ut} (3 A ulo) ﬂiﬁ:;’—.E Visual C++#A EJrOE‘ 2 E AFE 3= Y=o A]). USE_STACKCHECK
o A5 oz AUtk o H i A ) SE A & WAL ok Fuh

PyOS_sighandler_t PyOS_getsig (int i)
Fart of the Stable ABIL. Return the current signal handler for signal i. This is a thin wrapper around either

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

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Fart of the Stable ABI. Set the signal handler for signal i to be A; return the old signal handler. This is a thin wrapper

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

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

¥ JEU This function should not be called directly: wuse the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py_Prelnitialize () function.
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Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape error
handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence can be
decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler instead of decoding
them.

MZ g3 9to]l= B2} (wide character) EAFE o W] gk £ QA E & ¥IEshu o}, W E 2 & A3t A
PyMem_RawFree () S AF&SHA Al L. size 7FNULL O] ofU W,  EX}E AL 3L o] & BER 45 *size

o 715yt

gzd gy WEe &9 o 3 Al NULLES HFH3U Tt size7} NULL o] of U, R 2] ol 8] A] *size
7} (size_t)-12 AAFHI, f3I Y o /\1 (size_t)-22 AAFYth

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

CetolBeiglo] M7} glod, i o 27} ¢ shA] koo gt

ExG S ulolEYE A J1FZ Y38 W Py _EncodeLocale () 45 AFRSHAE AL

© B7]:

PyUnicode_DecodeFSDefaultAndSize ()&} PyUnicode_DecodeLocaleAndSize () &4
WA 350 F7F

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

WA 380 A HA: o] 4= o)A AEA Py_LegacyWindowsFSEncodingFlag7F0°]H UTF-8
NEREREE LY

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)
Part of the Stable ABI since version 3.7. Encode a wide character string to the filesystem encoding and error handler.

If the error handler is surrogateescape error handler, surrogate characters in the range U+DC80..U+DCFF are
converted to bytes 0x80..0xFF.

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

error_pos 7} NULL ©] o} ™, *error_pos= A F Al (size_t)-12 AAFFH I, A37Q of|& A] F&23}
A ghe w9 Az 24T

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

Hlo]| EQ S olo|& B2 BExg & thA I Y e W Py Decodelocale () S48 AL L.

7Zd31: This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is
properly configured: see the Py_PreInitialize () function.

15 =4

PyUnicode_EncodeFSDefault ()€} PyUnicode_EncodeLocale () &4

WA 3500 7}

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

B A 3809 A W A: The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlagis zero.
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6.2 AIAE Bt

sys BE9] 7158 C A AN 2 T 4 9l s F92E 4 dUrh 25 R 2= e 2z
T35 AR o=z E AF = _qsyspﬂg_q g gl Z= sk

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL sys EEA AR nameS W3t A, £ 2] 61H4]
o o9& AR A ¥l NULLS vHEHg Y Th

int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL v7} NULL©] o}d 3 sys 52| nameS vZE A Yt} NULL O] ™ name-< sys
2EA AHAIFE YT 433t 0, ol ] Al -1 WY T}

void PySys_ResetWarnOptions ()
Part of the Stable ABL sys.warnoptions& ¥l 8|2EZ A A ATUTh o] b= py Initialize()
ool 328 5 A5k

void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABL. s& sys.warnoptionso] &7}t A1 g g2E9 94&&S =84
Py Initialize() o]Zol o] &4E TE3HoF Tt

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABI. unicodeZE sys.warnoptionsol &7}y t}.

Fa: o @ @A Cython 7 TN 48T 5 G5k EA7 ged

Py_Initialize() Oﬂ/ﬂ warningsE HA|ZA 02 AXE 517 Ao TEF o sHA W, FUIZE Z

AEWEE2 HAY 5 92 ve derelo] FE5 2718157 Aot 528 % 9/ e
void PySys_SetPath (const wchar_t *path)

Part of the Stable ABL. sys.pathS Z £ AM A8 TEA(FY2oAE :, QA= )&

TRE AR e AEciok ht parhol A 2 29 B2 AN Z 2R T

>

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL format©. &2 7%+ £ £ A4S sys.stdout o] 7| St o] YAt
Hehe o 9= DA sHA FF Ut (oF S F2HH A L).
E2E 2] & I 7]E 10008}0] E o]
th. 53], o] AL FAF %s” EWo] 9]
Uth o 714 <N>2 <N>of| Th2 T H g A E 9 41’41 371 =2 Eﬂﬁ‘ﬂﬂ 10003}01
AAE ARG JUrth TS “9f” = F A AL, ofF & 2= £ xHE &

=8 %
o o] 2

5
AHg-3ho] A gkl oF 3t
EE 2R UEF
A&+ A5 uth
EA 7 LA AL sys.stdout 7 A A E o] QLA ko, Ll E WA A = A A (C 5F) sidoutdl] 7] 5
Hyth

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. PySys_WriteStdout ()2} ZA 2, Al sys. stderr o]} stderrol] 3 T}

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABL PySys_WriteStdout() 2+ - AF3F S 4= o] 2 2, o Al A &
PyUnicode FromFormatV ()5 AF§3te] ZMst HA| A& oo do|Z A= %] 9} O}/\ Yt

WA 320 =7}

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout ()3 ZA 2 thAl sys. stderr O] stderrol] £t

B A 3.20 =7}
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void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. s& -X 54 Fgo gz L& BA 31 PySys_GetXOptions ()7}
HEah= A A A vh g ol 7t o] §= Py _Initialize () oA £ 4 JHFYTh
WA 3.20] F7F

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys._xoptions 2} FAFSHAl, —X
e dA gAd el & wkghey . o 8 7k A b, NuLL o] WhehE A1 o 9] 7} A A H Y ok

WA 3200 F7h

int PySys_Audit (const char *event, const char *format, ...)
RE A Zo2 Ao HIEE YA I YUTE 5 A 0 vhgkatal A s A] o @] & A A3t 00] ofd
ahe ek o,

Fol F7AH o, formarst 718 AAS AHEstol A2 F2& TAGUN N 9 E,
Py_Buildvalue ()l X Ab&d 23} &2 W 225 A2 5 lFUth WEH gro] FE&0] of
y S 84 FEo] FAEVDL W2W FAL FRE AWFHAT, of gl Hig A7 4wl E

XN
i ReAl

& ‘%E‘%ﬂ ol g17] wWiZoll, AFg ot F=x 72y = s UTh)

Note that # format characters should always be treated as Py ssize_t, regardless of whether
PY_SSIZE_T_CLEAN was defined.

sys.audit () & o] = FAT 75 T U

WA 3.89] &7}

H A 3.8.20] 4] ¥ 7: Require Py_ssize t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this API are called for all
interpreters created by the runtime.

userData ZRJE = 2 42 AGg Ut & 5t e dedoA S&2 5 3o, o] ZAHE
gtol M A& AR FxsHH kg th
ol k¢ Py Tnitialize() oA T& 2t

Z o] &8 7 Exceptiono A A B ZE|A A o S 1t
o 2= A= A (silenced) k<51 Th.

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.

ZAFol T3 A A S A2 PEP 5782 FEFHAIA 2. o MES WA 7| & At EF 2ol nef o)
e Aol ME ol s of G U Tk AR 8L 2 B4 A A o) Yth

o1z} glo] AL oMl E sys.addaudithook < TP A U]
B A 3.8 F7}.
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6.3 TEMA O]

void Py_FatalError (const char *message)
Part of the Stable ABL. x| & ¢] o] #] WA A& ¢14f 3} ZEAAE =T} o}
LT o] G4t shol A AB L HE A% AEFHE o] FBF =
Utk o & Sof, A4 He7tEdE Ao2 Hd o, fFY2eoAE, &
7} E=55 0] core 3t AT L A =F

Py LIMITED_API W3 27} Ao o] YA 942 3 Py FatalError () &5E A T2 o|5S
Aoz 2aste Az AP YT

WA 39 A WA P4 ol B AF o =1 Py

void Py_Exit (int status)
Part of the Stable ABL. A A L2 N8 FFYTE 0|22 Py _FinalizeEx ()& EE TS &
ol H e8] &4 exit (status) E S ETUTH Py _FinalizeEx () 7Fo8]E B A4, 5 AHH)
12002 At}
WA 3.600 4 WA gho]ld g Al o] Mo A 9] o 8 7} B = F A A gk T

int Py_AtExit (void (*func))

f

Part of the Stable ABL. Py _FinalizeEx ()7} 323 Ag Td4+5 55Ut A7 4= QA glo]
TEH T S et A orotok Futh H o 32709 B F4E 55T S ds5Uth S5 AFst
W, Py _AtExit ()= 0= WAFUTH Aafsha -1& whahgyth vpA| gt 559 g2 Ik WA

- = Aof shoj o] Y F v}o]d 2] Al o] A o]

SEUY A A =AY A A S ESFH Yk
=

X e
G855 7] wFell, funcoll A ko] i APIE SE3HH F HY

R
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PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABI. 0] AL o}&}] Py Import_ImportModuleEx () ol t)3t
F<=31 5 o1 B 3 o) A~ Y Ut} globals S} locals Q1 AFE NULLE A AL level 2 02 2 A A3 T} name
Azpel| Mol £3=H (37| A 9] A B RES AZT ), fromlist AA = S| 2E [+ ] 2 AA A v
ol 18 A FgkS uff WistE] = FH 49 o5 7|1 A thAlo) o] AR HE BEol HEF Fuh (UEHE
A%, nameo] A2 A B 25 4l A B 37| 2] & AR sHH F714 QA 2§ o] ATt 371 A
_all WA ABHAANERESO ZEEFH UL IZE G REI HFNER FZE e AL
A Al 2] 7} 2 AHE NULLS WUtk BES Y2 E 3= 9 A8 sys.modulesd] RES
G714 5 Uth
o) ot P4 AT YEE S AE T

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABI. ©] &4 PyImport_ImportModule ()2 H A H
83k,
M 3304 WA o 5L GE 2AEL ARE HES B

R

o =2
gpol 330 A =, g WA o] RS FH A 25 & 3T
EX3F = xLo 1;—]531
= T I 01T - =2

349 5 AR YRS U 1t
Foz A% 97 Wwel, o] e

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
* fromlist)
Return value: New reference. R 852 YXE Uttt W& gto|H Sk import_ () & F3) 7FF 2
4B E 4 95yt
e e X E " BEoU A A7 Ao 2R Fx, B A Al o9 7 A3 E NnuLL
Utk __import__ () &R E, bl o] QA] 92 fromlist 7} A5 5 A] ¢k 3§, 3] 7] A 9 Al B R F 0]

SAH RS o) e g2 &4 A G Tk
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Olx E A= PyImport_ImportModule () A H B2XAS ZE AR E A A gk

PyObject *PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject * fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. &S YXE Tyt =
__import__ () &7t ol FE A &5t wlweol, WA ol ¢ __import_ () & FF

Ty AT 5 A

N8 e e W REY A A7 Aol A 2e B2, wi A5 A 27 2R NILY

Ytk __import_ () 2k uFIEAI R, Bl o] QA 2 fromlist7} A 5 F A ek= &, 5 7] A o] A B B F o]

2% S wh o) vk 2 H A4S A AU ok

B A 3.30]] &7}

PyObject *PyImport_ImportModulelevel (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist, int level)
Return value: New reference. Part of the Stable ABL. PyImport_ImportModulelLevelObject ()&} v
34 2k name > FU T = A A UTF-8 2 Q3 A+ JYth

WA 33004 WA level®] S5 2 HE 3185 A FFU
PyObject *PyImport_Import (PyObject *name)

gei) HN

Return value: New reference. Part of the Stable ABL 0] A& 2] “UXTE = 347 5 &5 145 ¢ H
o]~ JUth (FA A < level 02 AH-Est=t], At AEXEE SFUTH. @A A9 __builtins__
o 9l __import_ () FFE STEIUTH ol AA) B0 A H YXE FS AR A2 ETL

EEEEESE
o] Fot g AN YEES ASHUh

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABL. 252 ThA] 2 = (reload) U th THA] 2 =9 R E
st FRE AU, A Al o 9] 7F 2 A E NULL-S FHEE Y o} (o]uf] R E-2 o 3] A .

PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. & O] 2o | Fot= BE A=
QU o name Q1A= package .module AL  JdFUTH WA ZE GV o J=A &AsH
i, gloed AR ghEo] 25 9A v AdEUch A Al d2E @@‘5‘]'_1_ NULL< ¥FEHghu o}

i]-"l o] 5\31—:"1
7“ x-" =2 o ﬂ] =) ],]
S Al L. nameoﬂ /\1 |

FEUTh

EESIAY X E 514 g5Utth EEo| ol EEH A Ao, ¥l BE
S 9¥E S8 PyImport_ImportModule () oW 1 W3 & & AFS
2 R 050 QAE A 7|4 TR o] EATA BT wE oA A

rlr

—\1|-u

= O
‘é‘“é‘
=
LA =
°

r

WA 3.30] F7}.

PyObject *PyImport_AddModule (const char *name)
Return value: Borrowed reference. Part of the Stable ABL. Py Import_AddModuleObject ()%} H|5=8}A| gt
name2 -F-U T = A Al UTF-8 2 A7 P H F2E YU th

PyObject *PyImport_ExecCodeModule (const char *name, Py 0/7ject *co)

Return value: New reference. Part of the Stable ABL. 0] 2 & ©|& (name)(package.module A L 4
S Ui Th 7} 5ol 4l uhol & T shelol A AL U F B4 compile () ® AL TT AN, RES 2
=Rtk v E AR ol a2 B8 NBFAL, EE o2 7F ek of 2] 7 24 NULLS
sttt o2 7 A5 sys . modules o A nameo] Al A Ut PyImport_ExecCodeModule ()
o A ?J Sl name©] sys.modulesol o]u] Qo]E 15T sys.modulesol] &< ;ﬂﬁl—?ﬂ = 713k=
EES9A FE A ATEULL 28T EES O‘EE g 2E A7 < 5 s (2E AL ol
25 AR o mof uFo] B ) £ Aelel 9122 o o] g1/ MEJUTH

=
52
==
o
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BE9 _ spec_ ¥ _ loader__Eo}3 AAFE A skt A

=259  loader (AAFHIW)Z AAFI, 28X ko™ SourceFileLoader & A2EA
2 A4g

EES _ file oEZHEE FX AAQ co_filename o A AP Uttt I|Fsitd,
_ _cached_ = AAFHYThL

ol e oln YZE HUAHW EES A EEFUL. BEES U ZESE = Y2
PyImport_ReloadModule ()< %+

h=4 H
name©] package .module @419 Mo 2 THH o] BL Fhel 7w, o] S oI XA B A A PR

A3 BE ol XA 5yt

PyImport_ExecCodeModuleEx ()&} PyImport_ExecCodeModuleWithPathnames ()& F+Z 3}
Al /\] e}
H .

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABl. Py Import_ExecCodeModule ()3} FAFSHA o &
AR file_ olEZHEENULLO] o}y 2 pathname & 2 73 A U t}.

PyImport_ExecCodeModuleWithPathnames ()& ZFZ A A L.

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. Part of the Stable ABI since version 3.7. Py Import_ExecCodeModuleEx () 2}
FAFSHA BE, BB AA 9] cached_ oJEZHEE=NULLO| ol B cpathname 2. &2 4 A Yt} Al
WA 4 F ol Aol AuE = AYUrth
HZ 330 F7}

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} FAFSHA|

&k, name, pathname 3 cpathname-> UTE-8 2 Q15139 44 1 ek, parhname] o] NULL 2 474 9
A% o Zko] cpathname | A Fofdh=2] &robu & 12 g
WA 320 371
WA 33004 AA: Hlo]E I & AR A ZEHH LA AS
£ AH gyt

long PyImport_GetMagicNumber ()
Part of the Stable ABL 3}o]’d vlo] E I E 9} (L% .pyc 9+) 9] v} & W % (magic number) & W&
th iR M= ulo]E T 59 AL 4uto]Eo 2l E Qlt] ok o] E &4 & Z A5 of S th o
A -12 ukeh o
WA 33004 M3 Al Al -1 wh Y Th

const char *PyImport_GetMagicTag ()

it

A A+ o imp.source_from_cache ()

Part of the Stable ABIL. PEP 3147 & 4] ulo]| ulolE T & g o] 59 w2 g 1 EX< S ¥3shyc}
sys.implementation.cache_tag® Zt2 AlF & 4= 9l 11 o] 4= th Al AFR-&f| of &of] 2] FHAIA] &

B A 3.20] =7}

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABl. & #E|o] A42E = g2 (49 sys.
modules) & MHEFELI T, o] 12 O1E] 2 2] o] vhek £ A S WA Aol 2] BHAIA] 9.

PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.8. 0] Z o] 502 ojn] dXE H BES
w3kshyth B8] of2] JZE F X ¢kghthd NULL S WhEEHA| vk of 2= A A 3R] kU Th 23] o)
A3 58 NoLLS ST of ] & A BT

72 Chapter 6. SEZ2|E|


https://www.python.org/dev/peps/pep-3147

The Python/C API, £A| B{% 3.10.16

WA 3.7 7}

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABL. sys.path/pkg.__path_
AAE T sys.path_importer_cache 9 YA Ad =
ko, AR FES AT 4 Qe Fo] HAE wj714] sys.path_hooksE
W None & WU Th o] A& TEA A 4= 7|0k fQl | 7} o] A& =
g2S g F Ut sys.path_importer_cacheo] 23S 7| A Ut} zfal
Tz E wshehth

otk
Jfa
s
S
=

)
e,

lozo i,
Ho 4> o X

XN 4o
0 oy 2 o
> P O, >

P

1t 32
o o 2
ol
RO
o, L o qfu
ERURY

]
é
4
ol

A

o
N

.‘1

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. name©]2t+= o] 59 Z & & X E (frozen module) 2 & =3t}
AEetH 1S, 52 A X5t 08, 27|35 Asjetd o2& At -1 Rt 227}
e Jd2E A BE INASHY PyImport_TmportModule ()& AN 2. (FXRH
ol FYFHA L — o] Fp= EEC] o|n] YXE S uff thA] E=3UT})
B A 3.30]] &7}
WA 34004 HA:__file. AEPREECE BZE AAHA gsUth

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL. Py Import_ImportFrozenModuleObject ()%} H]53}A| T nameS FU I =
AR A UTF-8& QA7 YA E214 9 Uth

struct _frozen
o] AL freeze T E (TFo] W A2 Bl E 2 Tools/freeze/ A
HAaageE 93 224 8 A9 YUtk Include/import.hol] 9= F

e

N
N
ok

struct _frozen {
const char *name;
const unsigned char *code;
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, PyObject * (*initfunc)) void

Part of the Stable ABL. 7]&9 Y& 2 E HolEo ©d REL F71 Yt oAL
PyImport_ExtendInittab ()< ZAA= Hgd 5], HolEL &A% 4 gloy -1 w3t
HFUTH A BEL nameol b 0| 202 AR E T 5 900, iniffine TS A A% 9 F E o A
IEHE RV ETTEARIYUCH Py_Initialize () Aol TE3 oF U Th
struct _inittab
ol

N RE BEo] e DY FBL A st P2A. 2 FRAL Az ejE)o] Y BE o
2713 42 AFFUTE o] 22 ASCIE 7 Fd EADYUrth sto]He ygsts =
PyImport_ExtendInittab ()3 7 o]# st 24| wld& AFR5le] /WA RES Al &4
A5Yth £+ Include/import . holl A &3 Zro] Fog )

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

i

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
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0 on success or —1 if insufficient memory could be allocated to extend the internal table. In the event of failure,
no modules are added to the internal table. This must be called before Py Tnitialize ().

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

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

T FELC I=7bmarshal 534 22 HolH P42 AHEste] A Letd AR 249 & 5 I=F
Fuch 43t Ao R HolHE 2 e HolHE A e ul AR Y F7 7 A5yt
B " ol E Agste vl A E = stEe vtol e RER dojok Fth

o

o] REL F 7HA v H Y HlOlEiﬁé NS Ay WA
upAFE g wf) Q1| (intern) H FAE %gqq WA 2
Yt} Py_MARSHAL_VERSION-Z ?‘s-jxﬂ g &4

02 GAZ A W o], M 1L 5ol A 5} o
2% 457 SAfol s vholule) B4 AT

ﬂJQ
ol
1=
o *
=
Buj
i
AW
vl
ai)
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.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
gtol W AA| values file 2 vHEEU T version& 314 @ A& EFH U T
This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. UFHFH value £ F 33t vlol|EE AAE 23U t). version-S 3tY
§ 42 ey o
e B4E LSS H vk e oA 9 4 s
long PyMarshal_ReadLongFromFile (FILE *file)

Return a C 1long 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.

o] Al, 4 &% ol 9] (EOFError) & A3l -1 WUt

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 A3} o 9] (EOFError) S A A3t -1& w3kg ).

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.

of & A], 2 A3l 99 (EOFError, ValueError =¥ TypeError) & A A 811 NULLS HFEHgHY 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_ ReadObjectFromF1ile (), this function assumes that no further objects will be read from the
file, allowing it to aggressively load file data into memory so that the de-serialization can operate from data in
memory rather than reading a byte at a time from the file. Only use these variant if you are certain that you won’ t
be reading anything else from the file.

of & Al, A A3l of| Q] (EOFError, ValueError B+ TypeError) S A A 611 NULLS ¥FEHgHY o}
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PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data7} 7}2] 7] len U}o] EE E33l+= vlolE B3 9 HolE AE A

shol A A7) & Whe g o).

o 2] A, A A3l o Q] (EOFError, ValueError £+ TypeError)E A A6l NULLS ¥H3shy o},

ZHA] 2% g2t m A =S whE ol -8y ok 71 4 B 9} of Al = extending-index ©f] 855U T}
sl 3t = A2 A /N9 PyArg ParseTuple (), PyArg _ParseTupleAndKeywords () U
T oAl QAo S AVES ?}/\Oﬂ el g AMSEH = 29 B X4 (formar strmgs)

=2 A gy

kel
>,I:1
Sl
)
e
rlo
o
v
r
S
o
+
2 >
=
:0,1_‘,‘
m¥
r

EZWFAL 2070 o] e “= %(format units)” & /3 F U th 29 @9 = st shol A AXE AW
Uth detA o g A 252 F5 29 o9 Aldagyrth 2 74 e Ale ey, 25 R F<
ANA27bobd T B9 = dukA OE olgi gt Fof thet Bd T4 At th-SFuch th A A,
2185 (quoted) B A]-2 Z ol T U T (53) ET k) 52 29 @99} X 3= Thol A A Fduth
(23] ¢ke] FEH-E F4E5 ALdfof 3t C W49 FdUch
E X3} T

3t 2L AHE-5H Y F AUtk vEE fURZ=Ynte G

SR W2 Paz Ao AA2 Y
AT DL dsuh

PAIE A gk o M B = NULE $55 A g5Uth
There are three ways strings and buffers can be converted to C:

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

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

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

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

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

Z+31: For all # variants of formats (s#, y#, etc.), the macro PY_SSTZE_T_CLEAN must be defined before including
Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_tifthe PY_SSIZE_T_CLEAN
macro is defined, or int otherwise.
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s (str) [const char *] FUIE= 7 JE Z AT 7] FXL ol o gk 2B =
o] Z & o] %‘—i‘é AL E2F 2 A Ao AFFE Utk CEAE-2NULE S5 H Yth ol d Ex1d
SR @ I= XA ES 2354 grotoF Utk 23 thd valueError o 9 7F AU ok # Y
A ﬁiﬂ% 'utf—8' AT YGE AHE3 CEAME 2 kg Ut o] W3to] A3l H, UnicodeError

b o

uho] =915 47 & WobSol4 spgvith 51 Al E J 22 WolEel 1 o] & C £}

1w l:l

oy
W3St W, PyUnicode _FSConverter () S converter2 0s EME AF&3= A o] 25Ut

M7 35604 WA ol dol, shol M BN FE d M= EAES BAS A TypeError 7}
A% o

s* (str Tt wfo] =& 24)) [Py_buffer] o] EU L ulo] = AF AA B o2t 1T AR Wol s
Utk EEA7H AT by burrer FEAE AU ©] 3% 2¥C EALL UFH NUL vho] =
2 ERT 4 JHUTh FURE AL ruce-8' ARYS Aol CEALR BT Uk

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"' encod-
ing.

z (str I = None) [const char *] s} H] 523} X 9k 3}o] M AX| 7FNone ¥ % &=, o] AL C = E 7}
NULLZE AAFH Yt

z* (str, HPol E ¥ 57 7] 4] = None) [Py_buffer] s* 2} W] 3R 0, gbo] M A= None ¥ =% A5t
o] A% Py _buffer +Z2Ae buf W7 NULLE A Ytk

z# (str, read-only byfes-like object or None) [const char *, Py ssize t] s#2} 8|3l A| 9k, TtolH AA =
None ¥ % 95Utk o] F C*L{EW}NULLE*“GQHE}.

y (9]7] A& njo] =<7 2 A)) [const char *] This format converts a bytes-like object to a C pointer to a borrowed
character string; it does not accept Unicode objects. The bytes buffer must not contain embedded null bytes; if it
does, a ValueError exception is raised.

WA 35004 HA: o] Ao, vlo] EE W F oA W d vio] EZF I AE W TypeError 7 HA 5
S22
y* (Uto] E 5 A A)) [Py_buffer] s* o o] 3 FUFAE A7} ofy 2} vlo] E G/ A A v hob= U Th
vlo]u 2] Hlo] el & WolE o= A% HH Yt
v (read only bytes-like object) [const char *, Py _ssize_ t] s#2] o] ¥ 2 FUF = 24| 7} o} g} nlolE
F AA vk ol Yt

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

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

u (str) [const Py_UNICODE *] 3}o]H FUZ T A S 14 T B2 NUL £ ¥ o] tJ3+C £ EH =R
HEghth 7] & U IS w5 of th gt EOJE%E%HJ 4, Py _UNICODE ZRIE "o FAE AGsfoF
Ut} Py UNICODE BAFe] Yu|E= Autd Ao whel tf2-of o34 AL (168 EY 328 EQY

oh. Sl EARE 4 @ TE EAE T EakehA] bolof Pl UHeF 1R ThE, ValueError
o 7 LA T ok
WA 35004 WA o] dollE, ghold 2AEAM WD d I= 2AETF LA W TypeError 7}

AR ok
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W2 33004 F A9 s th A 302004 Al AF Y th: o] 28t Py_UNTCODE APIO] SR YT
PyUnicode AsWideCharString () & AF&3}o] ulo]l 1 d o] A AL

u# (str) [const Py_UNICODE *, Py ssize t] uA ol Mg F I/l C o AdF Ut A WA Hee
fFfUZE doje Wao tigt 2 o]x, F AR Hys oYUt o]l g2 d I = XAEE
-8 Fyth

w7 33004 A5 Q) WA 312604 A AR Uk o) A A8 py_owrcons APLS] Q3 ok

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

Z (str T None) [const Py_UNICODE #] u9} #2212 ok, 5ho]® A= None d 4% Q&5 Uth o] 4%
Py UNICODE EQIE|Z}NULLE A A H Ut}

70330041 A5 14U Th WA 312614 A AT U Th: o] 1 AEFY Py oNICODEAPLS] Q4L Tk
PyUnicode AsWideCharString () & AF&3}o] ulo] 1 d o] A AL

Z# (str or None) [const Py UNICODE #, Py ssize t] u#9%} 8|52 A2, glo]W A= Noned %
Ut} o] 4% Py _UNICODE E<I E} ZANULLE A A" YT

W A 33004 3| A5 5 U A 302004 A AF U th: o] d 2B Py UNTCODEAPIS] SR YU th
PyUnicode AsWideCharString () & AF-&3}o] ulo]l 1 d o] A AL

32

U (str) [PyObject *] Requires that the Python object is a Unicode object, without attempting any conversion. Raises
TypeError if the object is not a Unicode object. The C variable may also be declared as PyOb ject*.

wk (87]-227] uo] £ 5 214]) [Py_buffer] o] ERE 9727 05| el o] 8 FASE B E AN
g ULE TEA7 A F S Py burfer FRAE AFUTh HHol= W d vlo]EVL 284d &
d5Uth TEXE=HHE & 9 vpXd PyBuffer Release ()& &3 oF gt}

es (str) [const char *encoding, char **buffer] s¢] o] HI 2 FUIEE EA HFHZE A7 G 5= o] AHEH
Utk W NUL vle| E7F 23] 4] 2 A E 9 d d 1E1 off thaf A vk 2H-5 3 ok

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

PyArg_ParseTuple ()= 32 37| W& TTstaL, AA HloTEl £ o] Mool SRSk A=
it i AT e b M AR AN S i
PyMem_Free ()& ZZ38 oF &Yt}

A& THA]

et (str,bytes T = bytearray) [const char *encoding, char **buffer] HfolE B XY 7 793}
1E 222 AR 7} v 7) e =2

A 93 FHAATHE AS A5 es 9 25U Th B, 2L o
A2 392 A ek 7Hg g ok

Hu I‘4U
22

es# (str) [const char *encoding, char **buffer, Py _ssize t *buffer_length] s#2] o] S FUIF=E &
A WHZ ATl d AFFEUTh es W3 &g, o] HY-S NUL BALE 283+ 48 tlolHE

EESRl=t
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.

% 744 25 w ek ok

“buffer 7FNULL Z I E & 7] 7| ¥, @+ 2R3 A7) WA E @FstaL, ol M Z 1T Y H H o HE
EAFSIIL fbufferS A2 EFE AEFJ A5 Fxoes 24Ut T2AE= A @A WA E
HNA L7 8l PyMenm Free () & 28 oF I Th
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*buffer 7t NULL 0] obd Z A & 7}31 714 (o]v] @FE W), pyArg ParseTuple ()& o] A& ¥
¥ 2 ARG BEAL Hbuffer_length ] 2 Ak w3 2712 AT 27 thE AF T H dl o] E H
F A NUL S 53U th W37 323 34 oW, valueError 7 A Z P Uth.

F A% 25, *buffer_length-= -3 NUL H}o]| EE A 2] st AT JH d o] 9] doj= AAHH YT}

et# (str, bytes or bytearray) [const char *encoding, char **buffer, Py ssize_t *buffer_length] v} o]
E ZAE AAE A YA L SHA U= F2 At es# & 25Utk A, FAE
Hiol E FAd A 7F ) W2 ALH JAF Y-S AR Sk 7R v Th

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

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

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

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

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

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

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

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

K (int) [unsigned long long] Convert a Python integer to a C unsigned long long without overflow checking.
n (int) [Py ssize t] T}o|W A4 E CPy_ssize t=2 AT T

c (Z o] 19 bytes ™=+ bytearray) [char] Convert a Python byte, represented as a bytes or bytearray ob-
ject of length 1, toa C char.

WA 3304 HA: bytearray AAE 5234t}
C (Zo] 19 str) [int] Convert a Python character, represented as a st r object of length 1, toa C int.
f (float) [float] Convert a Python floating point number to a C f1oat.
d (float) [double] Convert a Python floating point number to a C double.
D (complex) [Py_complex] T}o]H B 445 C Py complex +ZAE AT

7|E} ZHA|

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

0! (object) [typeobject, PyObject *] Store a Python object in a C object pointer. This is similar to O, but takes two
C arguments: the first is the address of a Python type object, the second is the address of the C variable (of
type PyOb ject*) into which the object pointer is stored. If the Python object does not have the required type,
TypeError is raised.
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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 starus should be 1 for a successful conversion and 0 if the conversion
has failed. When the conversion fails, the converter function should raise an exception and leave the content of
address unmodified.

converter 7} Py_CLEANUP_SUPPORTED & HI&l5}H, <l
o] }igt7]of ojn] I tH W& AT 7|3 & AT

_|>i
4>
3o Mo
oy Mo

A== NULL o] Ut address= 9 &3 22 32 25 Uth
WA 3.1014 ¥ 7: Py_CLEANUP_SUPPORTED 7} 5 7}5| ¢l55 U th

p (bool) [int] AL k] =272 B AE (28 A predicate) 3t 1 272 553C /AR Azt 2 W
Fuch 2@ o] FoldintE 12, ARolW oo 2 AFFYrh ZE FH 3 o]y g o & Tt

shol o] 2] k2 Bl AE S ol g AA & Ul §L nuth & 234 2.
B A 3.30] &7}

(items) (tuple) [matchmg-ltems] AR = Aol 7titemsol] Y= W - o] =<l
C AL items2] 708 29 9] of] o S8 oF U Th A| A X

“07 A (Fhe] 2AES LONG_MAX S 238k F) & AL 5 YA A A 2

syt — 4l JJE7]’%}° T Y FE 2 ol 49w &

Col 2 HaEoA SHAdFUT — o222 FHL2 vE + A5 Dh.
5 I

o
B
)
>
r-UI
S
oy 2
L
o
AW
T

Wb Bhe B 290 BAGOA 97t dguth $HE BE Gl AE ek & ey 158
| ol Q12 2220 U A A7k AE A S LRI Th A8 A clAof s Fehe C i )8
QO 27185 of oF Futh — A H A7t ARHA ¢g W), Pyarg ParseTuple ()& AP C

FIUWES A=A gsUrh
$ PyArg ParseTupleAndKeywords () A-&: uto]# Qx} 8| AE Q] UH X
EFVUch A, 2= 7)Y = AL oz} AR ool Fug, | =
#1745 o] oF ] o,
WA 3.39 F7}

ZW ] H2EE 7oA SEUT FE A AL L ol HAA A T ol 52

(PyArg_ParseTuple () ©] ‘3““/\] 7] o2l “AFd= ).

i ZUW AR B AEE 7oA S Th AlnlEE o BAFE 2 7] ol 3 WA A 9] ol 2] A A] T Al of ]
A A2 AR H YT - 8 = A2E WA T

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)!

o) 8 ol HYH & F7} A £ 240 o5 o] AR & W] Faolop gtk o] L A
el 4% AFshe vl A8 U 92 L9 99 Aaso A 2Ed v, 0 i) B Qe ges
A= B b A7} A5y Th o] A9 sl 29 w9lel ol A4 Y A3 Aok g o

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

Q247
P4 2R 2AGol A

0\

u
>
oo
i)
°
v

=

66. QIXt 72 BMD gt 75 =



The Python/C API, £A| H{% 3.10.16

AP| &t

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL 9] 2] w7} ¥=vk A R 2 Aot o] w7 U4 77 £t 4%
ShH -2 W oh A shE, A2 MBS 4 A% o9 S A P

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL  7}WH 7|49 QA7 ofd valistE HolEQtiE HES A 954,
PyArg ParseTuple ()3 34}

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-

words(], .
Part of the Stable ABL. 9] x| 2} 7] 9] = ufj 7} E‘i—ré 2EF A9 E‘i—riﬁ St e Wil g
BT kepwords QA1 7191 1] 8 0189 UL E 2 0 99 W o 52 9] 771 & )
HeE vebdu ot AFed 32 v th A e, A RS vkekstal A A gk o 9] & A U T

B2 3,600 4 W7: 91778 v 7] 4o thatk A o] Z7E AT

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char * format, char *key-
words|], va_list vargs)
Part of the Stable ABL  7}¥ 7149 QA A7F ol valistE WolEQdrtts= AE ALsHd,
PyArg _ParseTupleAndKeywords () & 5Lt}

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stable ABIL Z1Y e adx dAgE Y 717 B AR &gy
PyArg_ParseTupleAndKeywords () 7} AF& % A @b+ ZA-Folwr B3t o7 A= oln

o] AAE 37| Wl E YY)
WA 3.20] 37}

int PyArg_Parse (PyObject *args, const char * format, )
Part of the Stable ABL. “0] A ~EFY” 8k4=9] 912} 2| A EE £ 3l= o] A5 = ¢ — ol &
30141 A| 71 METH_OLDARGS W7} W & 24 WX =8 AbSot= g gl vt A 5=
57 B A I A A A 1, BF =
Ho2 NEoA ST 245 gL Lol o) °
a¥BAoE A% ST S AUt

rlu (o

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

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

o2 o] &AM A Ut <3 FXRE 95 _weakref =81 BREY AxoA ZHA S5 UTH

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);

(THE seTATol A1)
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R s S e e P I )

}

return result;

}

o] A Ao A PyArg UnpackTuple () o] e TEL PyArg ParseTuple ()ol thdt o2 &3 A

Hoz ssshh

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

6.6.2 ¢t 15

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

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

ve ()& B FES PEIAL GHUTh W EAD0] F o4 U B}
H 9w w FES TEGUE 29 24Dl Hlo] 9OH, None WEFUTH A3 Shpe) 3
992 ke, oY £ 9917 S8k AA 7L Foleld wagth 2717H000 19 R
MR Seu, 20 2ALL BER FoAAL

#

zWo] AeAH, v2e Hu 7t g ol E U= AA ) Al&3t7] A& v Az AdE uj,
B3t golg 7 EAE Ut & A7 A2t HLH— Py _BuildValue ()7} e 7<ﬂ of o35 3
Z5 A EH5Uth &, 3B F=7tmalloc () € &3t SFH WEEE Py _BuildvValue ()
AGstd, 9k Py Buildvalue ()7} 9H8EH oJ g Ho) =V} sﬁ%uﬂlﬂuﬂ ol 3l free () E &
3 of 3 ot
oy AWolA, A48 FAL £ B JUTH (F2) BT &) FE-S Y B917) W3 sfol A
2 2 C e gyt
A A A FAIH YT (3FA| B s# &} 22 29 o] ol A=
5

= B ‘— ‘l—
AEAde E 0 87 A BEL U AR S 9

f H-l 2]
H.IIO pe=3 Uq'

g et Et i

ohduTh. oz e 7

s (str == None) [const char *] 'utf-8' A I Y& AR 3] G- 5 C EALE S go] A str AA =
Ao C £2+E 2 AE 7FNULL ©] ¥, None o] A-&-H Ut}

s# (str or None) [const char *, Py _ssize t] 'utf-8' 91 I Y AFR3to] C EXLE 1 4o & 3}
ol X str AA 2 MYt CEAE E1E 7FNULL O] ¥, Z o] 7} F-A| 5 A1 None ©] ¥ U T}

7}
y (bytes) [const char *] ©] Z & C EXI S 5to] A bytes AAZ HEZ YL C EXYE £2dE 7}
NULL ©] ¥, None ©] ¥F2H 1T}

v# (bytes) [const char *, Py _ssize t] o|A&C &
TAE E I 7} NULL O] ¥, None o] ¥HgH Yt}

z (str I = None) [const char *] s} 25U Th

z# (str or None) [const char *, Py ssize t] s#3} Z<5Uth

ket rh

o

A3} 1 Aol & shol M AA = WHFY T C

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 wehar_t *, Py _ssize t] fUFE (UTF-16 == UCS-4) o] W ¥ e} 1 Zo]E 1}
o FUZE AAZ M UL FUZE W3 Z2AH 7PNULL o], 4 o] 7} F-A] ] il None ©]
Ll RR=

U (str %= None) [const char *] s&} ZF<5 U th

U# (str or None) [const char *, Py _ssize t] s#3} ZUth
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i (int) [int] Convert a plain C int to a Python integer object.

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

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

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

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

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

L (int) [long long] Converta C 1ong long to a Python integer object.

K (int) [unsigned long long] Converta C unsigned long long to a Python integer object.
n (int) [Py _ssize_t] C Py _ssize t& ol A4 =2 AT

c (o] 19] bytes) [char] Converta C int representing a byte to a Python bytes object of length 1.
C (Zo] 19 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 float to a Python floating point number.

D (complex) [Py_complex *] C Py complex +Z A5 do|H BA+E HES T

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

S (object) [PyObject *] 0%} Z+&5 1 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] C3re) A/ ALE TEF 71 22 glo|d F=& AT YTH
[items] (list) [matching-items] CZ}2] A BAE &2 57

n
{items} (dict) [matching-items] CZ}2] A2 =]
we e zlol shitel F2g 2ohehel, 217 719k o= S Y

T ExGo] o 27} Qo H, SystemError o9 7} A A E 1 NULL o] ¥k

rit
it
iV

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. 7} 7] 4=2] 21 2}7} o} va_listE Wol &t AS
AL S, Py Buildvalue ()9 FLgYUTh
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A BT Z9E 249 292 98 B4

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABI. =™ Ex}9 format I} E7} el Z]-Oﬂ Wt size VIOl EE YA GEE s 2 S8
T2 wF L H o)A snprintf(3)E BHAAL

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va list va)
Part of the Stable ABL. 2™ B 2}4 format 7} 7} AR} 5 vaoll et size O ES @A Y& sr 2
293Utk Y2 7L sl 0| A] vsnprintf (3) & E*‘/\]

PyOS_snprintf ()%} PyOvasnprintf()—E EECgolBe g &4 snprintf () & vsnprintf () &
AUtk 259 BEA L2 AA 2104 2F C 57 A F A & °}" ’\—7@-4 dHd &S BHAste A4

Je}.

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

o] 59 Wkt Fh(rv) 2 T 2ol s A= o of gyt
e 0 <= rv < size 9 uf, &8 A AzHom v EA7Lsrol] 71 2H PS5 UTE (strrv] Y £3
'"\0' Hlo] E A 9]).
v o= size 9 W, £ MFe] I AFAAY rv + L vl WA e h
strisize-1]1< oJu] '\0' gt}
erv < 04w, “HIFE do] o FFUTE” oJwf & strsize-1]2 '\0' | AT, soro] YW A=
= A %}’;‘4‘3}. ol2le] A& A2 S F A Fol whek ohE Ytk
O e 2AY SHAA AL oA AR 9 fdS AT
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the Stable ABI. 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.

enaptr ol NULLOE, A4 249 MU AL $F 454 52e] $ES FAo] ol ™
ValueError& ‘ﬂl*g/\] 7131 -1.0 ,2._ w3y T}

o

endptr ©] NULL ©] o} Y ¥, 7153 & B2 X}Oé S W33} 7 *endptro] WEE A 2L A A ZAS
77| =5 AR fx}OﬂA Z7VAAHEZ e 25 H A RS E o] of W, *endptr
o] A Y AlZ2 7tE 7| =5 A e, ValueError £ 24 Al 7131 -1.0& Wk o}

7} floato] AR 7] 1R 2 L hehd o) (o] Fol, of el EAFAA 7105007} 18 EAL
AqYth, overflow_exceptionﬂ- NULLOo| (H 23 59} §+7|) Py_HUGE_VAL-S HI3+3} a7, o] ™
ez AAEA FSUth 28X ¢od, overflow XCepthD‘Q‘ glo] A o 2] AAE 71| A oF
Utk 2 oA E DAL -1. 08 G T 7 7, 1 g o2y A WA EAE
7te] 7| £ & *endptr= AA P T

HEEF o2 oy 72 (ol & S0l W2 £5 olg), AEc spo] o9& AFsta-1.02
LlsiadRi=

B A 3.10] &7}

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.
format_code="e','E',"f','F', 'g", 'G' B "r' FSpo]orgUct. 'r' o FR, AFH precision
S 0ololok 5 FAH UL 1xt EY TEE £E repr ) FAL AF P
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flags= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 X+ Py _DTSF_ALT Z< 07 o] &7 or & 5 I 5

Ytk
e Py_DTSF_SIGNZ val7} 57t obd Wl = &4 9i3tE 2214 ol 5 #A7F &= 2SS 58
Ytk
« Py_DTSF_ADD_DOT_0-2 WI&s Zx}g o] AF-A Y HolA s o= 22 K3t
e« Py_DISF_ALTE= “TIA” Ty FIAL AL3 AL SF UL AT W&

4 & Fe e
PyOS_snprintf () "#' A7 A ol th & ’,‘jiué/ﬂ% Tz AL,
ptype ©] NULL o] ofU®, ZIE 7} 7t 7] — Py_
Py_DTST_NAN % stUt2 A o, val 7} 242} f& G, RESE
e e wEkE A o] A= bufferol] ik
PyMem_Free ()& 3 Z&3}o] Wkgtd £}
HZA 3.1 7}
int PyOS_stricmp (const char *s/, const char *s2)
i F2F 77 e EAE Hlal o] et EAHE FAIS T AR A9 6 stremp () 2F A€
ZA Ay
int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

BE A PR G FAD W o §5 tha EAE TAIGeh: A A 938 strncmp () 9 A9
27 25
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6.8 2| Z&M

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. &2 A3 | doj} x| Adf 21 g Qo]
Ro 28 = Ao QT2 2 9 builtins o] §AH 1 2] E REshety o

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. & 2] A 3] =g ¥ 2] X ¥4 g A& ¥i3tkst
Avh, @A A S 2 Yol gled NULLS WU T

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. &2 A8 =g o] A W g A& HE3hs}
At @A A FA 2 o] Rled NULLS "B o

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. @A o] ~#| = A o] = & 9L ¥iskgh . & A
A8 2o] 7 9o] 91O NULL YT}

PyThreadState_GetFrame () & R34 Al L&
PyFrameObject *PyFrame_GetBack (PyFrameObject * frame)

frame Th5 Q] F 2 9l 7FA S U T

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

frame=2 NULL o] o} o] of gt}

WA 3.9 =7}

PyCodeObject *PyFrame_GetCode (PyFrameObject * frame
Part of the Stable ABI since version 3.10. frame T =5 7} & Th

Return a strong reference.

frame->-NULL o] ofy o] ok gyt A3 (Z# d T=)E=NULL Y § JF U th

84 Chapter 6. RE!I2|E|



The Python/C API, £A| B{% 3.10.16

A 3909 7}

int PyFrame_GetLineNumber (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. frame©] A A3 F 2 =

o % =
frame-&NULL o] ofy] o of it}
const char *PyEval_GetFuncName (PyObject * func)
Part of the Stable ABL func7} &5, A £ A2AEHA AN YE func o] 2 Wistsly, 182 ¢goy
func®] F 9| o] 55 W&t
const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL func®] 3ol upe} A Ex14-E v3ksh o) vkst ghol = &4
> constructor”, ” instance” & ” object” 7} i?}% Ut PyEval_GetFuncName ()& 238} o]o]E o]y

func®] A g o] FHuth

rz
i
11
k‘l
i
<
)

>IE
o)
>
I
o

6.9 % S=A0 X B4

ojn

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. |22 Zd AM 42 S E ST},

HAgow, obf 2EF A YT, encodings 7| AE RESH] 43 A
Fuo = Pk,
int PyCodec_Unregister (PyObject *search_function)

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

WA 3.109] 57}

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABL 2 A % encodingll T3] 525 7o) 9= we}1 o]} 0L Wagh ). of
b‘]—/\ - 6]—/\1- Al :'_61—14 q.

u

529l 3 A

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. ¥¥F 749 7]uF ol 7 o APL

object<= errors 2 73 2 & of| 2] A 2] WS AHE-SFo] A A W encoding ol thal A H A5 H FrE AL
Ut Zdo Ao H 7| B vbH S AR5 &) errors7FNULL A 4 QS5 Ut A FEE S 4+~ glod
LookupErrorE WA A 7] ?1 [BR=

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. 4¥F 749 7|vF t] 9 APL
objecti= errors 2 7 ] ol 2] A 1’4 W= ARS8 A1 A H encodingoll s AR Y Y g2 Ay
Yk zelo] Ao 7] & Ael7] 915 emorsFNULL A 5 itk AR E 2E 4 glo

LookupErrorE WA A 7] 71 14 D]-
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6.9.1 3= x35| API

o2 ol A, encoding FAFE & B F 27 A2 HEE o] 23522, o] fAY
PAFAE FESHA A o Zdlo] ¢gloW, KeyError 7} A4 A 5 31 NULL 9]

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABIL. 3] A encoding ol T}t Q1 Z T TF4+E 7FA Y th

PyObject ¥*PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 50 A encoding®l] B3t 1] T g+& 7L 3t}

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

A g U,

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

7HAF U

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL A & ¥ encoding©l| o] 3t St reamReader W E 2] T

A g,

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. ] A | encoding©l] ™} 3} St reamWriter W E 2] 3t

A g Ut

¥
i

¥
s

6.9.2 SLIZE Q3L olz] X2|7]12 SE A API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL. X A H name & ol|&] A &8 W &5 errorE: =
£ RAGRID S G ol = e GAND, AN/ IE G4
TEAGHAANS W o] 2 F4E 2T

Yok 2o AY T

=
hl
E 5= 0| name©] error " 7}

l-Oll ]I?‘J

Z W 2 3F 1} 9o ¢ AR E  UnicodeEncodeError, UnicodeDecodeError X =
UnicodeTranslateErrord A2HAE Wrolsol=d|, A7} H = EXv H}O] o A
SFolEY AR EALGAAY Lz Ao st A E T JAFUT (0] BEE FE3HE= T+
U= o] AAE FRIA Q). TYL Foj A& F §/\]7]74‘/]', TA7E A= AlA 29 A2}
Qe FALANA JAZG/HIL S ‘;]'/‘1 /\]XLOHO]: 3t LEZA S AlFstes A& 23 F I H
T2 ek of gtk

AFstd 0, ofl 8 -1& v T

PyObject *PyCodec_LookupError (const char *name)

Return value New reference. Part of the Stable ABL. name 22 S 29 o2 A& W s+ & 25Ut}
S5 A2 NuLLo] A E 4 =, o= “strict” of] th ol 2] A 2] F9 °] Llie= AR k=

PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excE o] 2] & WA A 71 Yt}

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z5-4H ¢ &

mIo

AUH 3, GURE g2 TAF

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U ZE 21T Y o2& ? Y U+FFFDE X 3sH ).

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL U ZE Q7Y o 3] & XML £ 2} &z 2 X33t}
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PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. FUZE 21T H o &) & W & A] o] ~A| o] Z(\x, \u

L\ & Ay
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI since version 3.7. U ZE Q1T Y o 5] & \N{...} o]~
AolZ2 X &t}
WA 3500 F71
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PyList_New ()% THE A1, _63’—‘ o] o}A N
Z713t9 A 952 AA ol thaj A = o] TS A 5 Yl Y]

7@10

71 HY =2EZ

PyObject *Py_NotImplemented
2178 H @ 23tol thsl] A4ke] FEH A ka2 &El= vl AH8H = 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 Notlmplemented and return it).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
ﬂ“ﬁﬂﬂﬂoeLﬁdQWﬁmk11%%@§4Wm®ﬂ4 =4 4 24e 3
ol A2 U B AAFE § Qe LS by PRINT_RAWYI U Th; F01 AW, repr ()
str()°] ZI5gYth

int PyObject_HasAttrx (PyObject *o, PyObject *attr_name)
Part of the Stable ABL o9 attr_name QY E S| HE7} JJoH 1S, ‘%q—;(] o 02 HHEgY ) o] A2
gto]X F Al hasattr (o, attr_name) I =3t} o] 5T

__getattr_ () 3} __getattribute_ () HIAEE T &3+ ¢ A= Aol = JAE A 79
A L. o3 HuE dozE thal PyObject GetAttr ()< }%‘}@}/\ 2.

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Part of the Stable ABIL o] attr_name ) ET]HE7} QoW 18, 73 ¢tod o0&
glo]W ¥4 hasattr (o, attr_name) P ZS53r} o @"/l\—% FAFHEE
N EAYL AAE BEE Fol 2

__getattr_ () F_ _getattribute_ () HAEE &
° bject_GetAttrString ()&

AHe ol 91 A Fol FOASHAIA L. o o] B S 2
g3 A 2.

(E
o %
rz
"y
<
S >
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PyObject *PyObiject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. ZA X 00l A attr_name©) 8}= 0] £2] o] Eg|HEE 7}X]
FUTE A 5E o E e HE g2, A HE NULLS WEF LT o] A2 5ol W B o.attr_name
&5 FTh

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Part of the Stable ABL. 2R 09l A attr_name 0] 2}= ©] = 2] o]
SUTh 4258 ol E 2 HE gh2, Ao NULLS MHEHRILI T, o] 4 Sl Ml 84 o.ater name
&S dh

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL. & 24A] 9] tp_getattro €F o X5 = Lul o] E
PR E A (getter) B, AA (THA) _dict o] g1t o = o] HE Rk op] et A4 ¢ MROC
Jd=Zd 29 gAY Y= U2 HEE 25U T descriptorsol] 22k A X H, dlo]E ]~ Y
Hedada oERJERT SAGA YL v HlolH AT g+ 287 stk 2184 ¢dod,
AttributeError 7} &Ay stk

[m
i)
Ehs
m
o
N
2

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. A ool] th&l], attr_nameo]el= o] E2] A EBHE It v o2
A o918 AN -1 BT 439 E 02 BRI Th o] 28 ol B £
~ veE5Eh

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

Aok A

2
=
ZFo.attr_name

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the Stable ABL. A A ooll th3l], attr_nameo]eh= o] 59 o] EZHE Zt2 v o2 AUt A
Al Q] E YA 7| -1 WEghY ok AAEstE 0-& HHEE YT o] AL vto] M F % o.attr_name

- e E5 YT

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<F ol v X5 = Gut o] E ] HE A E (setter) 2} E 2] E
(deleter) §4=. A7 9] MRO®] gl Zeh 2] A2 o)A tlolE AR & 22, HAH A A
B gAY & JEARES AR A AT ART S AT 137 o, Az
(Aohd) __dict_ oA AEHREZFAAFH AU AAF U BFstd 0] whghe 31, 237 ko
AttributeError 7} A3} -1 o] wiEH Yt}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
AA ool thall, atr_name ©) 2= 0] 52 A EHEE AAFUTE Al A] 12 WU o] 22
glolH BA del o.attr_named E=3HTh

¢

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
DA ool &l attr_name o] b= 0| 22) S| E @ REE AAI G ) A A -1& MaT T} o] A
gto]H EA del o.attr_named} ==t

flo

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ T3 HE 2] A E (getter)
E s dutdd . dgstd 9V e & WY Th

B A 3.30]] &7}

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ Y 23F HE 2] A (setter) & §] SF LubA o
T2 9M Y AAE 3 getA dsuth

WA 330 =7}

o]

[: (
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PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABL opid®l &3} A A A AA-S AFR3}o] 0l T 029 FhS
H]ﬁﬂl/]u} opid*=Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT B+ Py_GE & 3} }ojof 3t11 2+7 <, <=,
==, I=,>Ee>=0f s FFUth o]= o] £ A ol op 029 TFFUTH A 7A ope Opld"ﬂ
A A ek A E A e, A5 A WU e R

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the Stable ABIL. opid®l &8 A A H AArS AFR3Ho] 0l 029 22 v 2 YT} opid= Py LT,
Py_LE,Py_EQ,Py NE,Py GT X+ Py_GE % o}uroq oF 3l Z+7) <, <=, ==, | =, > = >=0] FF3Y
o} ol Al -1, 437 743101‘?1 05, 2384 gkod 1& vk yrt. o]+ JJrOH‘i EdH ol op o2
ot F5FU o714 op<= opidoll 3B o= A4 U T

Z3: 01T 027 2L AA| o)W, PyObject_RichCompareBool () 2 APy _EQY A$+=1L,Py_NESQ
= 0 9E3 )

PyObject *PyObiject_Format (PyObject *obj, PyObject * format_spec)
Part of the Stable ABI. Format obj using format_spec. This is equivalent to the Python expression format (ob7j,
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 *PyObiject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. 14| 0] X4 ¥ S A4ttt AEstd
E AL, A5 5H¥ NULL S WEF U ) o] 2L sho] A A repr (o) % F5FUTh repr
B0l o5 B2 k.

.
PyObject *PyObject _ASCII (PyObject *0)

Return value: New reference. Part of the Slable ABL PyObject_Repr () A", AA 0o EXAE S A
AFSEA BE \x, \u BEE= \U 0]/\71] o|ZE ALl PyObject_Repr () o] ¥+3H3L —Erx}oﬂ of| A] \] ASCII
TAHE o|aAol = U‘HD} o] 21 m}o Muoﬂfﬂ PyObject Repr () ol o3l vketH A} AR E2¢

e AT ascii () WF gl &3] 52 H ok

PyObject ¥*PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stab]e ABL AR 08 EAE AL A4HEY 1’/} AZ A EAE
2@, o) A NULLS WATU T ol A2 koA B4 str (0) 9 S SFULE str () F Bl
oJsll, et print () ol oA = i%% Ytk
WA 34004 WA o] Fpoll= oAl tr L of A d o] 23E o] 9lof &/ o] & &3] B A AEF
Ut

PyObject *PyObject_Bytes (PyObject *0)

Return value: New reference. Part of the Stable ABL. 24| 02] vlo]Ed £ A4t} A3 NULL
2, 4E 5 vho = AAE MAF UL ol = 07} A7} obd w] ko] W A4 bytes (o) 9 E5
Ut} bytes (o) & &8, 07 AFolH 002 27|31 vlo]EE 214 th Al TypeError 7+ HF/@@-L} D},

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. Z 2 derived 7} S 2 clsS S LA clsoll A S E Qo 18 vk3ksla,
%A o0 ‘?}%5“4 o ol 8 7F g ohE ~12 Wk T

cls7h FEOI W, cls®] WLE FEol thah AAIL SABUTE Hol = Shube] AAL)A 12 MBS A
Lol § 3, 28] ghow 0ol FyTh

clso]  subclasscheck () WA E7} Yo PEP 31199 A= &2 A B S A S 2d 517
&l =g Ut 187 ‘33}2 A, derived7} A v HH A B S ol cdso] A B FEHAd Y

71, M ZEEE 91
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Zcls.__mro__ o 2850 JFYth
QubA o 2o A (5 typeol ) hA Zel 29 AR W Fo A% 2FEF T Tel), A7)
__bases__o]EgHEM o] Fe2o FEo =
g,
int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7}cls S 2 cls®]) A B |29 QlaBl2oly 1 & WHEsl, 2284 4oy
0Z WEEHgh o} o g 7 WA Bt -1-8 HkEkelal o 9] & A A U T
cls7} F2 0] W, clse] £ =l 3l A7 2 AH T Ho)E shhe] Aol A 12 hakshe Ak
1ol 9, 1% A ‘3%2“5 o°]l gyt
clsol __instancecheck__ () HIAE7} 9o PEP 31190 A% 2 A8 %EH e E FH 3
Ae TP UL 2892 o inst= A G FAHAT s AB FRAY o clse) A AT
Sl2aEHAinstE=_ _class_ OJEZHEE /MO ZHN ZFHP2E HFES= A2 Al s
AR cls=__bases_ JEFHEM|o|~F
A9} ol Fe sk A AAE A H
Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL. A A 09] 3| A| gL A4 wigsty o}, A9 -1 wraghch o2&
J} ]y,] .:.LE:]A]haSh QJ_E‘:U]-]/]D].

¥ A 3.2 A ¥ 7 : The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

g2o] FEolojof LT E PO 2H, Seh 2z 1
T+ sy

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the Stable ABI. Seta TypeError indicating that t ype (o) is not hashable and return —1. This function

receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter
that it is not hashable.

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL A7) 08 Fo % 7+751W 12, 18X ¢ow 02 MAFUTh o] AL ol A
F¥A not not ot FFHFYTE AfstE -1& T
int PyObject_Not (PyObject *0)
Part of the Stable ABL. AR o0& o2 7+33H 02, 1
E84 not o9 F5YYTh AMstd -1 g h
PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABL. When o is non-NULL, returns a type object corresponding to
the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression t ype (o) . This function creates a new strong reference to the return value. There’ s really no reason to

use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeObject*, except
when a new strong reference is needed.

int PyObject_TypeCheck (PyObject *o0, PyTypeObject *type)
Return non-zero if the object o is of type fype or a subtype of type, and 0 otherwise. Both parameters must be
non-NULL.

Py_ssize_tPyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)

PartoftheSlable ABL 2 A] 02] Zo]E uiststyt}. A A o7} Al R g 22 EF2 A FSHH, Al AL
Aol 7} vkgkg Uth. o 8 7} ¢ 5k ~1 o] WS U T} o] 212 3}0145 #¥ 4 len (o) & F5HY

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).

WA 340 27}

92 Chapter 7. 4t AN HS


https://www.python.org/dev/peps/pep-3119

The Python/C API, £A| B{% 3.10.16

PyObject *PyObiject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABL. A R keyol] & G 3t= 09] 8 45 Wisat A Agj A
NULL= Wh&ghu ) o] 212 vho] i 2384 o [key] 9 5 FH T

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL. Z1A] key S Zk vell Wl Ul A A] o] & A A] 7] 3} .
4F ot 05 WHEhU o} o] 21 JJrOM‘i & olkey] = vt FFHUL: o] vl T FXE
2374 25 Urh

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. 23 3] 0ol Al A A keyoll T 3+ vl 5F-& A At} Asfsld -1 933 th o] AL
o] #744 del olkey] 2t FFHYTH

PyObject ¥*PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABIL. ©] 22 u}o] W & 4] dir (o) & 553, A A AR}
Agha ARl (1019 E 5 L) S AES WS A, A 2]7) 9.0 }

e

NULL O], o] dir () 3 vs23he, A A 2] (locals) 2] ©] & FekghU o} o] B9, Al s g Qo]
A 3)E o] QA o NULL o] WS A Wt PyErr Occurred ()= A AL WkEstyth

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABI. 0] 212 3lo] W & 4] iter (o)
A Al o 3k A 2% ol B &l o] H & REZSA L, AA| 7} o] w] o] B & o] H o] A Z A
AAE olE o] E & 4= ¢l oW TypeError& WA Al 7] 11 NULL-& ¥H3HgH o)

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

WA 3.109] 57}

>43.9
> off

12

72 SETZ2EZE
CPython& F 71A] <& 22 EZS A4t} ip_callz} ¥ B Z (vectorcall).

721 tp call IEEE

tp_calld AT

-

£ 2eng drtat Ze AU 29 AHL BeR 2EY

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

o] T =2 callable (*args, **kwargs) & FAFSHA, 91X QAAE 93 5= 7|9 & QAAE 93
gAY E & AHE 8t SEFUTH args= NULLO] o] of oF Ut} (A7} glow wl
AT 7| H = QA7) @le ™ kwargs= NULLY 4 Q54 th

o] 7+ 2L ip_call N X ¥ AHEE] = Z10] obdUTh: tp_newst tp init® AAE o] H Ao

To call an object, use PyObject_Call () or another call API.
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7.2.2 HIE{Z(Vectorcall) T2 E=

W7 3.90] =7}
HEZ Z2EZ2PEPSIAN TEF 58S 07| He F7t 22822 S YFH AU
2143k

A F32 2 Z,CPython2 F&]E0] A| ¥ Y& 3= T/Hﬁﬂ H—“;Eiga"% AUt 22 o] A2 A AT
2] o] 01'19]‘43]’ Esh 7 AN G2 (PyObject_call () = AFESHA] 9231) ip_call& 2 3 AHE U Th. 0}
2hA], W E = leo}:ﬂﬂ S tp_ calla—_,’—&]oﬂo]:‘ﬂ-qq— E3h ol g EZS A}ﬁa}_ﬂg}mﬂm
ol ZHE2 %%]_?5}74] ZFsjofgyct o] & 3] AFH =W HL tp calld PyVectorcall Call ()&

A5 AYUth ol Aol WME2S el Fuch

Az MEBL AAFE FALE 2L AUAYEE tp call e FE o G

p_call i oh = ATkE Feh st e 2L AT AL O G oS Sol, NEEAT} o A3 AL AR

T2 kwargs G U 2| 2 W s of shdl, WElge 7S ol )ls Ut

Z 2= Py TPFLAGS_HAVE_VECTORCALL Z# 15 & A3}8l1 tp_vectorcall offset< vectorcall-

fune 7+ 5T AR FEA PR 0 mAOE ARFe] M B Z2ESL THT 5 YFUTh o AL

O3 2 AHe 2te s 7He7le 2AE YU Th

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

o callable-e 325 AA YUt

. args:= 9% QAte}l 1 HE wpal 719 ezt oz FAE Cujd AUk AR 9l NULLY
2 95U

e nargs 7(-] OIX]-—/] oﬂ PY VECTORCALL_ARGUMENTS_OFFSET EEHj_ ‘]:]' 2\ ‘/]TA' nargs O]
gsf= $ an
/\1 AA YA AR5 o8], PyVectorcall NARGS () £ AFRSHA Al 2.

o kwnames= 7191 = Q1ALe] o] & £ '}‘: FEAUh ohAl 23l kwargs A 2] 7). o] o] 552
B2} (stro|th A B EHQJ AE ) o] of ot A3l o Futh 7|9 = A7 gL,
kwnames= A NULLQ 4~ 95Ut

PY_VECTORCALL_ARGUMENTS OFFSET

o] ZeN L7} WElZ nargsf A AARZE W, 9] T2 QAIA LR args [-1]1 & WA T = J5UTH
5, args= T FE HE oA O]X}l(oo] obgduth < 7He AUt & &A= wEst7] Aol args
= EdsioF gy

PyObject_VectorcallMethod () & A%, o] 2 1+x Al args (0] HAHE 4 A Ju|F

Z71 89 ¢lo]) AAdA T 4 9L ujulrh, &A= PY VECTORCALL_ARGUMENTS_OFFSET-S A}
|3t= o) EHULE o] A 3t JAF WA =S} T2 FHE) T& T E (T self AAE Z33HE)
2 ggAoR t}.

ME 2L TANE AANE T2 W, BE B EW NBAAL TE A FSE AEHAA L

F3: CPython 380 4 W E| 2 APIS} Bed i ool WEo] B2 o]2 0w AAA 0w 1234 A4y
t}: _PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArg, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg. =3} PyObject_VectorcallDict+ _PyObject_FastCallDict

ZATHAFTUE o] A o] 52 3] BE0] Yl M2 o]F2 BH o= Ffg Ut
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X o4

p_call& M-S W], 5] S E A= Aol sl AZ T a7 glsyth CPythOH— p_call-& &3] &3
A Py_EnterRecursiveCall () J}Py_LeaveRecur51veCall () & ARt}

EEAS A9, MHETL Asool 328 Aol 194 gtk NeEAe dadw

Py_EnterRecursiveCall I} Py_LeaveRecursiveCall ,3_ ;\]_;1~H oF gt}

HE{Z X[ API

Py _ssize_tPyVectorcall_ NARGS (size_t nargsf)
M E 2 nargsf AA7F 20 AW, AA AR £ W@ @A ThS T 55T ok

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

i}, B2 B2 98l PyVectorcall _NARGS 8 ARE-af oF g th
WA 3.8 =7}

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t MEE L2 E2S AANA oW (Fo] AATA AL AR} A AR 7] W),
NULL-S wFbtunh. 29 2] 92 o™, opoll A48 W E Z o 2AH S w3yt o] e A&
WAYA 71 A FE YT
A opZt M EE AU S
NULLS &Qlste] 438 & 4 5y
B A 3.8 &7}

PyObject ¥*PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
T2 MY 247 oA Y X8} 7| Q= ARZE callable®] vectorcall func &
AR tpcall €% WAL tpcall T ALY AW B FH
Py TPFLAGS_HAVE_VECTORCALL Z#| 15 ZQlstRA] 9k tp_call @ & W3lA &5t}

¥ A 3.89] &7}

olst=d) 2 F83}1, Pyvectorcall_Function (op) !

7.2.3 X S & API

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

e B LS bS8 B4E LR AU G S A AYAE BRI L.
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BN ZEE args kwargs
PyObject_Call () PyObject * | {§& YA 8]/NULL
PyObject_CallNoArgs () PyObject * | — —
PyObject_CallOneArg () PyObject * | 1 AA| —
PyObject_CallObject () PyObject * %%/NULL —
PyObject_CallFunction() PyObject * | 3™ (format) —
PyObject_CallMethod () obj + char* ¥ 9 (format) | —
PyObject_CallFunctionObjArgs () | PyObject * | 7} (variadic) | —
PyObject_CallMethodObjArgs () obj + name 71 (variadic) | —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArqg () obj + name 1 A —
PyObject_Vectorcall () PyObject * | WEF ERZE
PyObject_VectorcallDict () PyObject * | WEZF g 8]/NULL
PyObject_VectorcallMethod () arg + name HE = EIR2E=

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. 5= args 2 F0] 2 QA X} Y Y g kwargsE Fo] A
ol U+ AR FHE vtol X AA callable= %@‘4 t}.

argsi= NULLO] oFo1oF Itk | 947} 2.2 9o 0 REE AFESA L. o8 2E A4 A
3R] ¢F O, kwargs= NULLY 4 54Tl

dEstd £ A& dhgetal, A st o 9 & WY A 7131 NULL-S QHeHgt
o] AL t}2 o)W A AT 53} callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
Part of the Stable ABI since version 3.10. 12} glo] & ol ¥ AA callable-s TEFTh AR} §lo]
Zei ool W AR E BEHE Y ARAN AU

AEstd $& 235 st a, Aushd o 9] & WA Al 7] I NULL-S WH3Hgh o}
WA 3.9 &7}

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
223 1708 A AAarg® 7|9 = A A §lo] E2E stol W AA callables T2 3 o

AEstd $& 235 sty Aushd ol 9] & WA Al 7] I NULL-S WH3Hgh o}
WA 3.9 7}

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
Return value New reference. Part of the Stable ABL. 5= argsol] 9]l o)X QA2 Z]E glo|H AA|
callablee 23Ut AA7F 2844 ¢ 0™ args= NULLY = 55Ut

AEE 5% A7E DR, A5l ehd ol S wHAA 7] T NULLS kg,
ol T AF 553Ut} callable (*args).

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Part of the Stable ABL. 7} 7]422] C Q12 S| & go| A AA| callable
23Ut} C A= Py Buildvalue () 2EFE W EX1F S AFR-51o] 7]&H Yt} format2 NULL
d g o, JAAZL A S A Fa= e YT

4FotH & 435 vhghela, Aufstd o 9 & S A 7] 3L NULLS Wk o)

o] AL thS Fol A A I 55Ttk callable (*args).

Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is afaster alternative.
WA 34004 MG formar®] & o] char *o| A MAH A5 T

£

o},

rE m[

°|

paY)
rlo
£
1:1[0
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PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Part of the Stable ABL. 7FH H2) C ARE AV AR 0bj 2] name o) B=
olF WNEE TEFUTE C AAE= FES BN OF S Py _Buildvalue () W FALE 7&
NS
format-2 NULLY 5= 9o, A2 7F A5 A 9455 e U Th
4FotH ©& 435 vhghelar, Aufshd o 9l & A A 7] 3L NULLS W o)
o] AL T} oA A} T53 Yt} obj.name (argl, arg2, ...).
Note that if you only pass PyOb ject* args, PyObject_CallMethodObjArgs () is a faster alternative.
WA 34004 WA name3} formare] @ o] char * oA WA JFUTH

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Part of the Stable ABI. Call a callable Python object callable, with a variable number
of PyObject* arguments. The arguments are provided as a variable number of parameters followed by NULL.
4ot =& A4S Webetar, AsfetE o 9l & WA A7) 3L NULL-& "H3H T
o] AL thE vhold @A F5FY Tk callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABI. Call a method of the Python object obj, where the name of the
method is given as a Python string object in name. It is called with a variable number of PyOb ject* arguments.
The arguments are provided as a variable number of parameters followed by NULL.
AEetd T 2AE ek, A e o9 & LA 7] 3L NULL2 W3k o

PyObject *PyObject_CallMethodNoArgs ( vObject *obj, PyObject *name)
Q171 glol Fol A A obje] WA EE FEFUIT o] 714 WA= 0] - nameo] A shol W E2p A
= Az

4EotH & & A5 vhghelar, Aafsid o 9] & A 7] 3L NULL= Wy o)
WA 3.9 =7}
PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
S A AR arg 2 sko] W AR obj o] HINEE TE}UTE 714 BN E o] 52 nameo A 3to] R
TAHE AA & Alwg Ytk
AEetd T 2435 ek, A ehd o 9 S WA 7] 3L NULL2 W3 o
B A 3.9 &7}

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
ZHE ol AA callableS =3 T} QA= vectorcallfunc o} 5 Ut callableo] W B =&
A 431, callabled A7FE HEF T4E A H ST

AEstd &5 A5 qrEsla, Austd o 9] & WA Al 7] 3L NULL-E 935 o)
WA 3.9 &7}

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

Ject *kwdict)
A7} W E Z =2 e 23} AEs] Ao g YA kwdic 2 AEH 7| E AALE callable S
Yk args W) 2 917 AR E g g,

_[>~

£ oo
i
X 1o

Aoz AgEE 22 EFZI BA o], AAE HES oF St Th welA, o] d4E TE A A
ol 7| QA7 AR Zu| 7 gy r} 0‘7\1‘3& S A <l Abof| o 3t 7 o] S w wk ALE-3] oF
cigBies
A 3.9 F7}.
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PyObject *PyObiject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
ME 2 55 79 A85] WAEE TEFUTH WAL 0 5L Thol A EAD name o = AFHY)
th H A =7 225 = AR = args[0] o)™, args[1] ol A Al 2Fol= args ¥ 42 £ 9] S YR U T
B} ol 4k} 912 AAk7L 9101 oF B Th. nargsf = argsl0) & F 7913 A1) 0] vl, args (0] 7]
A Aoz WAL 4 9o pY VECTORCALL_ARGUMENTS_OFFSETo] g&| A Uth 7|19 AA=
PyObject_Vectorcall ()AAAYE ALE 4 A5 Uth

Aol Py TPFLAGS METHOD _DESCRIPTOR 7]% 0] Qo , A args ME] S A2 AAE A
A= AAE TS
43t $F A5 wkEeta, At o 2] & S A Al 7] 2L NULL-S W8 th

B A 3.9 F7}.
724 S X|¥ API
int PyCallable_Check (PyObject *0)

Part of the Stable ABL. 4] o7} 2 & Q1A 83Ut A7 B old 1S, 28X ¢godo
Hheketu ok o] S 4 4E

o

73 A ZE2EZE

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. A 07} £A} T2 EZ S Al &34H 1S WH3hsl1, 28 %] ggod AR & Wik
Ytk o] e A AT
WA 38N A WA 07k A A5w 12 NEF L,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 013} 025 T3 A3}, A v A] NULLS WSS o}
o) AL shol EHA ol + 029 FEFY L

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol 9| A 025 wi A3}, A3 A] NULLS Wb
o2& shol{l A o1 - 029 55 Tk,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL 0l 3} 025 33 2374, A9 A| NULLE
o] AL sholW EBA ol * 029} F5HUITh

PyObject *PyNumber_ MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 0l 3} 025 384 FASE 23}, Ao A
NULLZ 9 Th o] 2L Shold B4 ol & 029 5T}
WA 3.5 F7h

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

rl
%
<
o

rZ
rt
o
v
v}

i)

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical
value of ol divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return a
floating point value when passed two integers. This is the equivalent of the Python expression o1 / 02.
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PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l & 02 2 U+ UM X1}, A v A] NULLS ¥R o}
o7& shol ¥l B4 o1 & 029 5P
PyObject *PyNumber_Divmod (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. W7 S+ divmod () &
< 9hEE YT o] A2 stol A A 4] divmod (01, o2) & FEFUTh
PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL. U7 S+ pow () & FZ3IAAAI L. A9 3H NULLES
gty th o] 21 stol W A A pow (ol, 02, 03) dFFIULE o174 03= A A YTt 03
£ FAISH Y, 2 Apg el Py_Noneg AESHAI AL (030 NULLES A Eotd X9 v =] AA 27}
LA oh.
PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 0] 2 2] Zk(negation) <, A3 A] NULLES WFS}+
) o] AL 5014 E A4 —09} B3 ).
PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 05, A3 A] NULLE ¥FSFshU T} o] 22 sfo) A
ZAA +oot FEFUTH
PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL. 02] AHAzkolv}, A3l A| NULLS ¥FEHgHU T} o] A
Shol A @4 abs (o) 9 F5FUTH
PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 0] H] E WA (bitwise negation) <, A 9] A] NULL
2 g o A2 shol 8 £ ~o2} FE T
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0l & 02WHE Y ZE 0 2 A
Al NULL= ¥hehghy ot o] 212 sfo]f A4 ol << o285 dYh
PyObject *PyNumber_Rshift (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. A& Al 0] 2 025 QL E2Z0 7 A|ZE 3 A5, A3
Al NULLE WU th o] 212 o] ® 84 o1 >> 029 55 FYTH
PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Ad& Al 01T} 022] “B] EYH 1=2] 3 (bitwise and)” =, 4] 1)
Al NULL< RESHGU T o] A2 sto]H 8 A ol & 02955 Th
PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0ol ¥} 029] “¥]|E Y v €} & 1= 2] g (bitwise
exclusive or)” <, A3 A] NULLZ JFH3U T o] A2 Fto] A 8 4 o1 ~ 029} 55 Y Th
PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 & A] 01 3} 022] “¥] E W =] (bitwise or)” <, A 7
Al NULLS ¥k th o] A2 gho] W 8 A o1 | 029 55 FUTh
PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l 3} 025 B3 23}, A3 Al NULLS ¥ T} o]
A2 ol o] A|A8HA A AF2] ol A (in-place) B FH U T ] AL to] W £ ol += o2 FF5FUTH
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL ol 9| A o2& i A ¥}, A 9] A| NULL-S ¥ T}, 9]

QAL ol o] A AR A 2] ol A (in-place) 5 AF Itk o] 2L sho] £ o1 —= 029} 55 FvIth

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l 3} 025 33 23}, A3 Al NULLS ¥F3HSHU T}, o]
A%2EZ ol o] A| A5HA A &F2] ol A (in-place) B F Ut o] A o] M F7F o1 *= o029 FF5FYTH

Fz oAl L. Aol et NULL

rlo
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o
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i
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PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 0l 3} 025 334 FA % AL}, Ao A
NULLZ REHtU T}, o] A4k2 ol o] 2|8k A x}2] of| A (in-place) 3 FH U t}. ©] 212 5o %
@= o2& FsFYTH
B A 3.50] &7}

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l & 022 U+ —’,\—3;}31 Z 2 o] (floor) W}, A3 A] NULL
= AU o] Aib2 ol o] A A AL ol A (in-place) T3 H U . o] A2 kol £ ol //=
029} E5 g Th

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical value
of ol divided by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers
are approximate; it is not possible to represent all real numbers in base two. This function can return a floating
point value when passed two integers. The operation is done in-place when ol supports it. This is the equivalent
of the Python statement 01 /= 02.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l < 02 2 U= U™ X}, A 1) ] NULLS wtghsh o
o] A4k ol o] A|ASHA A| A 2] of| A (in-place) T3 FH Ut o] A& o] W £7F ol %= o029 55 H
gt

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 &+ pow () & ZFZ3H Al 2. A3 3d NULL
= WYtk o] A4k ol o] A WA A ApE] ol A (in-place) -3 F Uth ©] A& 037} Py_Noned
Hﬂ vlo] W B o1 *x= 028}, 28 A oW pow(ol, 02, 03)2 A=Az Eﬂﬁgﬁricﬂqu}. 03
£ FAsE W, 2 Ao Py Noned AEBAAIL (030 NULLS Agstd 259 w2 AN A7}

U .
PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABIL. A& A] 0l & 02 W& %% ZAZE 3 AFE, Ay
Al NULL & ¥kt ot o] A4hE ol o] A5t xﬂx}ﬂ o A (in-place) 3B F Ut o] 2L afo] W &4
ol <<= o028 =53tk

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 0] & 025 L EZ 0 F A|ZE 3 A5, A1)
AINULLE WP T, o AL of o] 28318 Al <4 e] ol A (in-place) - LI T, o] A& 3Fo] A 3

o1 >>= 029 55 FUTh

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 3} 022] “vH] E X = 2]+ (bitwise and)” <, 4 7
AINULLE P T, o A2 of o] 2838 Al 24 e) ol A (in-place) 5B LT, o 22 sho] A 3
ol 5= 029 TEIU T

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. -2 Al 0l 2} 022] “B] E X vl €} & 1= 2] 3} (bitwise exclusive
or)” &, Ao Al NULL-E WHEHgHU o o] A4k ol o] A A& A A2 of| Al (in-place) 535 U Th. 0] 21
3}o] ’&‘i %ol "= o285 5FYTH

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. d& A 013} 022] “H] E W =] ¢} (bitwise or)” &, A T
AINULL BT, o AL of o] 3 A 2] ol A (n -place) =+ % Lt o A2 shol 4 £
ol |= o028 F5&YTh

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A48 A] A< AAZ ASH o0&, A9 A NULLES HFSH

At o] AL shol M A int ( E}E‘Zﬂqr/}
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PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] float ZA| 2 HEH 05, A9 A| NULLES ¥FEHs}H
Ytt o] A2 vlo]# 3 4] float (o) & 55 FUTH

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 3to]H intZ H3H 05, A9 A] NULLZS ¥FS}

Futh A3 Al TypeError o2 7F AU o

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

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABL. A n& A baseS A&l A W3S E 219 S vty
th. base AA}+=2,8,10 £ 16F dprtof of Futh X142, 8 E=169] 7%, RS F2E2 '0b', ' 00"
T '0x'Y A5 FA AT 242 gkol| E5 U th no] Sto] A int7} oUW, WA PyNumber Index ()&
LiRia=AR =

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

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

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

74 AMAADZES

int PySequence_Check (PyObject *0)
Fart of the Stable ABIL. 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. A& Al A| A2 098] AR =& w3, Asfshd -1
#£3d4 len (o) s HYTh

PyObject *PySequence_Concat (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 2} 022] o]o] & o] 7| & H3tsl 1, Aujstd
NULL2 BFghetyth o] A2 sfold 284 ol + o028 F5 AU

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A]A 2 A 05 count H WHE S A 35 w35t A L,
A3 Al NULLE BT T o A2 TolH EAA 0 * count 9 EE T

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 012} 028] o]o] o] 7| & |t
NULL-2 WHEFHUI T, of A4S o] 7} 2] 1518 A 22l | A (in-place) %35 U T, o] 2
ol += o028 FSFYTh

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A| A2 AA| 05 count ¥ WHE 3 A5 sl A,

)

ug

filo
L

U

o
)
pa)
flo
%
)
X
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I:Ll mﬁ

3 Al NULL & WH8HetU o} o] AAE2 o7k A A5k A 2he] ol A (in-place) 33 F Ut} o] 21 sho]
2 HA o *= count & FFHUTh
PyObject *PySequence_Get Item (PyObject *o, Py_ssize_ti)
Return value: New reference. Part of the Stable ABL 02] i A A] 2 45 w183} AU, A9 5hd NULLS W
FUT o] AL shol A EAA o[1) 9 FSFUTH
PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. Part of the Stable ABL. AJ 2~ 1A 09 il £} i2 AFo] o] & 8fo]| A& HkEksl 7 o,
A58 NULLL BB o). o 212 Shol A B A4 o[i1:12] 9 S-S LI Th

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

Part of the Stable ABL. AR vE 02 i A Q4o It A5 H & TAYA| 7| 22 -1E w3
FUch AEstd 0 93U o] A2 Fho|H FF oli] = v FSFYLh o] g vel thst
F2E FAA g5 Th

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

int PySequence_DelItem (PyObject *o, Py_ssize ti)
Part of the Stable ABL o AA|9] i AR 242 AHA|FUth Asfstd -1E vts3ch o] AL ato) X
T del o[il s HUTH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
Part of the Stable ABL. A| A2 AR vE A A2 DA 09 il o] 4] i2 AFo] 2] £ Efo] 2o tf gt}
golH 2 olil:i2] = v FEHUTH

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Part of the Stable ABL. A| A2 21A] 09] il | A i2 Ao £Efo] A~ 21A| gt Aujsld -18 1
YUtk o] A2 gto] W £7 del ofil:i2] 2 TFHYTH

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 0] Q= value2] & W&t} =, 0[key] == valued WEdl=keyd 5
S-S gr o AselE -1 2 BB Th o] AL Shol M EAA o.count (value) & E 5T

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL o°| value7} Q=] E213U Tt 09] &5 = st 7t value2} 2o 12 ¥EESl 1,
%7 gkow 02 WU Th ol 2] Al -1 vk th °l = J]rOM‘i %84 value in o255 Y
e},

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL o[1] == valueg W&ote 3 WA A& A5 dhshghuh o g A] -1 Wh3t
Atk o] AL Fol A A o.index (value) & 55 FY 1’/}-

PyObject *PySequence_List (PyObject *0)

)
pacy
flo

riol
i)

Return value: New reference. Part of the Stable ABL. A] A2} o|H B E 09} Z2 RS 71K 2|2 E AR =
WS AL, A5 5 NULLS gL o), M el AE s AR e A0 % Hggth ol 42 shold

F34 1ist (o) 9 =3

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL. A| A2} o]EHE o2} Z2 Y22 713 5= A
HEket AL, A s NULLS RS U T o7t FE oW, 2R 27 RESEE 1, 782 ko
o) AAG G0z WERT oA Tol A EH tuple (o) 955 Fh

PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABL. A| A1} o] Bl 2] & o0& T} 2 PySequence_Fast* AlY
P AT Sl AN BRI L, AAE A ALY o] Elel o] ol mg WA G AER
7\}'9“3}04 TypeErrorg WA ZUth A3 Al NULLS ¥H8HGHY o)

PySequence_Fast* &4 = 07} PyTupleObject U PyListObjectelal 7FA 313 0o HlolE =
o 25 WA 237 ufZel o] FA o] 5 EAFYTH
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Aoz, 07k o] AlAAY Bl
Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)

Ed, vk Y,

Returns the length of o, assuming that o was returned by PySequence_Fast () and that o is not NULL. The
faster because it can assume o is a list or tuple

size can also be retrieved by calling PySequence_Size () ono,but PySequence_Fast_GET_SIZE () is
PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)

Return value: Borrowed reference. 02] i WA QA2 Z W343l=t)|, 07} PySequence_Fast ()l 28l 1k
= 9131, o7k NULL O] oF ™, i7} B A Wl hrka 7 et

PyObject **PySequence_Fast_ITEMS (PyObject *0)

PyObject Z Q1 E] 2] 3H5 vl I

o] ohvieba 7h4g gk

P AES] F7|7H ¥

WA 2 Qs

HkskehU T} o7} PySequence Fast () ol 23

¥kl 5] 9l 37, 07} NULL
Ae W, o] FF S A AT 5 Aol YA Al 2. wetA], A] A7}
2 gl B0l Ak 53 vl 2 EAE S ALESHIA 2.
PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t i)

Return value: New reference. 02 i AA 845 ¥3st ALY, 493 H NULLS HF3) @f‘/]r%
PySequence_GetItem ()2 WhE A o] Xk ool &l PySequence_Check () 7+ ZHA A HAFSHA]
b, &5 Ag AT 25 G

75 D2 T2 EZ2

PyObject_GetItem(), PyObject_SetItem() W PyObject_DelItem ()%=
int PyMapping_Check (PyObject *0)

FrsA L.

Part of the Stable ABI. Return 1 if the object provides the mapping protocol or supports slicing, and 0 otherwise
Note that it returns 1 for Python classes with a __getitem__ () method, since in general it is impossible to
determine what type of keys the class supports. This function always succeeds.
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL. A& A AR 0] 7|

(o)

len (o) &t 55U

£ 0E8 3, Ao ohE -1 2 WAT ) o) Thol W B A
PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. Part of the Stable ABL. FA}4 keyol| 3] F3}= 02 Qa4 A9 A] NULLE
HEE gt o} o] = Ffo] W R A o[key] & FSYYLH Pyobject_GetItem ()& FRBIAAI L.
int PyMapping_SetItemString (PyObject *0, const char *key, PyObject *v)
Part of the Stable ABL. A 00| A EA}LE keyS gt voll mi Utk Ao -1 & &gy} o] A&
gto]l W B o [key] = v ESIUTE Pyobject Setltem()E FREAA L. o] 4yl st
B2 FAA oUh
int PyMapping_DelItem (PyObject *o, PyObject *key)
A 003 A7 eyl ST o)A 2 AA T Aok - DGk ol AL ol £ e
olkey] & E5SUrtt o] AL Pyobject_Delltem ()2 B JYrth
int PyMapping_DelItemString (PyObject *0, const char *key)
A 0ol A FAFD keyoll thEt w332 Al AU th A ohE -1 Wt o] 212 sho] W £ del
olkey]l &} F5 &
int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Sable ABL P13 A7) key 717} 510 ¥ 1€ WSHI, 297 ek 0 WA ol
shol E@4 key in o9 55U o B4t F4 4B Th
75 1L Z2EE
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__getitem__ () A EE ST&dte T TS o= JAF ol st Al L. o8 B g ke
A A Pyobject GetItem ()& AR S.

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Stable ABL W3 A o) key 7] 7} Qo™ 18 widst, 182 9o 0L ¥iaatyt) o] =
ol @A key in ot TS FUL o] T P ATFUH
__getitem_ () WA EE &3 YA FAE AAE RbEE F< ‘E‘a‘*ﬁ?‘f}b o &= Al 2
AN L. oy RS wto W thAl pPyMapping GetItemString () S A Al L

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL. 45319, 24| 02] 7] 2|~EE &) Aysld,
NULL S WHehghy ot
WA 3704 W7 ol Aol B4k P AEUY FES RS

PyObject *PyMapping Values (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3-231d, 24 02] 3t B|2EE vt&gt}. A5y,
NULL S WHehghy ot

WA 37004 WA o] Aol d7t Bl AE Y FE22 W gls

PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL. 43314, 2 A Ooﬂ A+ FE Y2EE vEFYh
A7NA 7 FEL 7)-g e 2ot FEJUth A, NULL S RS o

WA 37004 WA o] Aol Ba7) P AEL BEES wakaS T

7.6 O|EEIOIEH| ZEEZ

S REE BEERT-EMELE S S|

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 PyTter Next (),
and 0 otherwise. This function always succeeds.

>

ek

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

B A 3.100] &7}

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

olH# olE & o|H o] EstE F2E AW, C ZEE o|d Ao % FHojof P

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

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

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */
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R s S e e P I )

/* release reference when done */
Py_DECREF (item) ;
}

Py_DECREF (iterator);

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

}

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

WA 31000 &7}

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

o PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

WA 3.100] F7}.

7.7 HIH ZE2EEZ

Sol Ao A AHEE 4 9l o @ AL S5 v e) ] i B o) T2k 9
ol = W& bytes 9 bytearray, 181 array.array e 22 o]
gelx oA APy 2 AR 22 EFTF EER AA & AT+ dsUTh

o128 B 27 3159 o] 7} YA, (o}}E) 2 vl W3] s A= FED S FHI
o} o} @ Bl At F7F B A glol A7 Mol A 25 Ro] vk A P ok

HolHe CfEoA e 22T GA0R o8 @ /)5 ABTUT ol ZREZe|E T 4 SHo]
ik

o AL S A=, Fol “H ] AEH o] A”E WHE & =, L 3o AA| 7R A JEE ==
4 A FUTh o] I s o] &= w3 AA] 24 oA A Uth
o U2 S A=, A GA] S dlolE o et 2AHE A7) Y3 o] A S AR 5 S
Uth (o & Eo] WA= v 7l Bis).
bytes ¢} bytearray &t -2 7tst A= s
7Fe@yth ol & €9, array.array°l 93 =
W Qe F o] A9 An| A} o= 3L AA| S write () MIAEJUTEH W H AEFH o]
EUHEL 5= 2E A= gL 7152 5 s i
AL AN 29 DA T readinto () & & o} 7] ‘
W3 Qe o] AT H7-22718F 17 A& HHEABHH R HEGAY ART 5 =5 FTh
H 3 Qe 5| o] 29] An|AF7F A A Aol thal] W3 E A=
o U2 W)/ WS E pyobject GetBuffer ()& E&FUth
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o
o

e

tlo

X wr s s* G4 S5 F S-S A S} PyArg ParseTuple () (£ 2L A 5 3h)

A B W7 H = 2834 oW PyBuffer Release ()& E&s| o FUth 18 A 81A ko™
A e oh 22 oheFst A 72 S 4 lE

B3 PR (EE s W) o AA 9 ol el HolE S shol W Te aefu oA = Eete
Mo f8gUh Eo, BAb 9l erocopy) TEkol A W AUZOE G 5 YU M EE] BES
Fxohe 58 AL, ol ool Bl g Fhold T2 ad ol A o} A =E T 5 AzTh HIR =
Coel 2 4 WY < gov, £ AA ol nefelz AL 7] Ao 22457 918 A A2 259
£ % 93, YolEl B ¢l W 2 & (in-memory) &4 08 JL231H to]HE Adst= d AR E 5 g5y
vpol W AH 22 B 7} =&t i R2 2 tlol8 @3 22, W= pyobject ERJE 7} ofet @’k C 7
ZXH%MD} o] 2 B ] A vE L BEALE £ gl Utk WEE s At g E o 22 o,
el § AR E s 5 A5yt
A B 81 (exporting) A2 A4 ke A AL wn] Ax T2 FRFPA L. HHE dody
PyObject_GetBuffer ()& FZIAAL
type Py_buffer
void *buf

W3 o g5f 7|ed =24 Fx2 AAE 7He] 7= A, o] 22 Al F A} (exporter) & S}

2o 2 v B o) BE AL 5 JHUTh o 5], 29 stridesE A ghol

H 22 &5 Z

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

438t AL =E, PyMemoryView FromBuffer () W PyBuffer FillInfo()E AR A
(zemporary) W A, ol A= NnvLLdych dubd o2, Al F 3= (exporting) 2 A= 01 Al
A AH4847) sobok gtk
Py_ssize_ tlen

product (shape) * itemsize. AL vjEY B, 3 W2 &

Qo A%, A% BHOR BAE Y 24 F2A 7} 24 B Zold)
((char *)buf) [0] °I™ ((char *)buf) [len-1] HH ] A&
230z Wzt guE Fedu fAFUh BRE ol
PyBUF_WRITABLEY Ut}

it

int readonly
W3 7L 7] AEAAE deEt= A7 JUTh o] B=+= PyBUF _WRITABLE Ze| 12 Ao

U,
Py_ssize_ titemsize

e Q49 3R g7 (vle]E)J Ytk NULLo] o}d format Zroll €& struct.calcsize ()

25y

839 2N A7} PyBUF_FORMAT Z@ 1 §lo] & 8 33, format-S NULLE AH A=

A¥h itemsizew o 5] Al F A9 e ZFUT
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shape©] Y2 W, product (shape) * itemsize == len S X7} A& A Y3ty L8 A=
itemsize® AHE3le] WHE HAE 4 5T
PyBUF_SIMPLE ©| W} PyBUF_WRITABLE 2 3¢ A3 Z shape©] NULLO| W, 4 H]A+=
itemsizes FA|GtI itemsize == 1E 7} oF g ch

const char *format
o4 g5 141*0“2 A3l struct ZE 2BY FHY NUL 5 FAE. o] Z o] NULLo| W,
"B"(F3Z gl vl E)E M U

ol = pyBUF FORMAT Ze| 212 Alo]F T}

int ndim
H 227} n ?P-d i 2 UEhd = ?P-r_ . 00|, bure 2ZetE el &= &Y &5
AUt} o] A%, shape, strides W suboffset s+ WFEA] NULL o] o] of g4t}
m] 22 pyBUF_MAX_NDIME H o) A} $E 642 A 3ok Al 3 A2k= o] Aghe 53] oF 3,
T W 3] 9] A¥]AF= PyBUF_MAX_NDIM 2HA7bA] A 2] & 4~ 9lof of fhuth.

Py_ssize_t *shape

o

7}e

n-AHA ld E W29 RS JEMN = 29 ndim®] Py_ssize_t 8] Q. shape[0] * ... *
shape[ndim-1] * itemsizex lend} Zrojofl shuyrt}
R g F2 shape[n] >= 02 AP Yrh shape[n] == 0 A¢= SEF F97 28y

oh AP S AR E e 2 e FR A L.
shape 9 &2 4 vl 2hofl 4] 217] -8 91Tk,

Py_ssize_t *strides
ZF Aol A A 848 7R 27 A AuE HholE 8 Al sk 2ol ndim®] Py_ssize t

uHOﬂ.
~Eeo|E e Qo) A5 F AFUh e A9, 2Eo|=E BE Fgo) A,
&Y A= strides[n] <= 0% A& AT 5 oo Fuoh A &2 E54st i<

2N 2
strides W] 3.2 0] 210 7] ¢17) 20891 .

Py_ssize_t *suboffsets

ijo] ndim®] Py ssize_t W] 4. suboffsets [n] >= 0 0 HA LS uet A e 2
Olgjo]aL A B Q= Al Zhe oﬂ?}i(de referencing) & 7+ Z Q1] o] ¥ & v} ]E 22 ey ok

= «] B QA 7Ee o XX (de-referencing) 7} LAY 5} A] 9Fo}of &S L}E}vg}p]r/} (A< v 12 g
EE5oA 9 ~Ego|E)

REANB A ST (F, 27 B 85HA] 942 1), o] BE&=NULL(7]23h) oo o Th

ol P u 1% olm] A 2ho] B

2] 2] (PIL) ol A ARG Ut o]2]3t mjd 24000 HA
SE

void *internal
o] 22 A| & 3}+= (exporting) 2} A o] ]3] |72 o2 ALgH Ut} ¢l & E9], ¢] A Xil*ﬂ(exmrter)
7t A4z A A28 Ed 4 glon, WUt HZﬂQ ] shape, strides El suboffsets vl & -2 i Al & oF
SHeAol B2 Eoh 18 A B ot AHST ULk 2u A7 of e WASAE 9 U
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772 HI 2™ K4

W= )7l Pyobject_GetBuffer ()5 F3| A& 3l (exporting) ZAZ HF & iﬁ,% HUA a5t |l
2o =g A 229 g0 ZA TE F JLBE, Av[xt= AT 5 = AEgd A F3 S A A5
A3l flags AAHE A& T

BE= Py buffer BEE 273 F3 ol o o stA] 9FA A eH Ut

O3 BT+ flagsS] F &S WA k3 FAF EHLE o2 A QYA ok FUth: obj, buf, len, itemsize, ndim.

readonly, format

PyBUF_ WRITABLE
readonly BEZ AF Utk AAHH, A3 A= WEA] 227] 7hs 3 W3 & Alg sk A
A€ Hasfop gt 13X %}2“‘ AsAe &7 A& WY 27 7k WA E AT
T QARE BE A Aol ths] A3 S A8l oF T -
PyBUF_FORMAT
format YEE AATUT A=Y, o] =& Svl2A Ao Utk 18X ko,
o] M= WHE A NULL o] ofof ],

PyBUF_WRITABLE-S 1;}0 AR rE ZH 12| 9 4 A5 YT PyBUF_SIMPLEC] 022 AoFrnZ,
PyBUF_WRITABLEZ 583 *‘EH:E AHEE O Zhg 2 7] Zhs st M E 8 A ¢ s UTh

PyBUF_FORMAT-S PyBUF_SIMPLES A2 st dolo] 229}t 2 4 55Ut PyBUF_SIMPLE 2 o]u] 3 4]
B(FZ gl HholE)E gyt

shape, strides, suboffsets

WRele) o] T2 E Aot 21t BPEIL Fadte AR Gt 2 2o 1E 1 okl e
Zejao ZEHES 2TFUL
23 shape | strides | suboffsets
SRAE|
PyBUF_INDIRECT yes yes 2 &5t
yes yes NULL

PyBUF_STRIDES

PyBUF_ND yes NULL | NULL

PyBUF_SIMPLE NULL | NULL | NULL
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CUZERASAS YAACE (T 5 e, 2Ego|E AW E 275 2187 7| = Foch
AEgtolt FH7Eglod, W3 = C-AKo]ofof Pt
23 shape | strides | suboffsets | 915 M
PyBUF_C_CONTIGUOUS yes yes NULL ¢
PyBUF_F_CONTIGUOUS yes yes NULL F
C -
PyBUF_ANY CONTIGUOUS yes yes NULL CESF
PyBUF_ND yes NULL | NULL C

HSF OXd
I H 4O
RESR 2L F A Sl 2ol ofs FAE FFUTE WA, ¥ F TREZ L AF ALEE
z23S dd =Y a2 ATyt
g EoA Us AYHA 4 A5A4S deEtd Ut 2vAs A5 ddar] I8
PyBuffer_IsContiguous ()5 &3 oF &t}
3 shape | strides | suboffsets | 91 | readonly | format
J8otd
PyBUF_FULL yes yes dastd | U 0 yes
dasd EE
PyBUF_FULL_RO yes yes 223} U 1 0 | yes
PyBUF_RECORDS yes yes NULL U 0 yes
TC -
PyBUF_RECORDS_RO yes yes NULL U 1E=0 | yes
PyBUF_STRIDED yes yes NULL U 0 NULL
TC -
PyBUF_STRIDED RO yes yes NULL U 1E=0 | NULL
PyBUF_CONTIG yes NULL | NULL C 0 NULL
TC -
PyBUF_CONTIG_RO yes NULL | NULL C 1EE=0 | NULL
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773 5%

2]

HH &
NumPy-AE}: shape1} strides

NumPy 2B} vl o] :=28]& 2= itemsize, ndim, shape ¥ stridesZ 2] Yth

ndim == 0909, bur7} 7} 7| = Wl 28] Y X7} itemsize 719 ~Z2E | AH Ut o] AL, shape
I} strides+ EF NULLY YT

strides7}NULLO| W, Bl £ -2 Col @2 g Utk 28 %] koW, An| A= th53 Zo| n-2H¢g
o] A 23 oF %“4 =5

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

oA AFAEo], burs A W2 B2 o] RE 9AE b2 5 AUk A2 A exporten) = o]
doz e KRS AN T4 Aotk

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
o
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v $ itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

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

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

PIL-AE}!: shape, strides & suboffsets

Ui G 9o, PIL 2l WGl & 9] th 228 7hd 7] 93] metol i EAE D 4
AsUTh dE £, €U 3-2A CulE char v([2][2][3] =270 2-2+4 vi & 7}31 7]+ 2709 Z2lH
HEE & 4% Jd5UTth char (*v([2]) [2][3]. suboffsets B A, o] F fﬁ‘ﬂlﬂ“ bure] A Z B Eo
A= 2 5 Jed, WEYY A= YA Ay X2 5~ = F 7hY char x[ Wa-E 7he gyt
t}&2 NULL©] o} strides 2} suboffsets 7} 91-& wl], N-x}9 o1&l A7} 7}8] 7] = N- x]—-d g Q4o sk =
Qe & uhashe B4 U

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {
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R s S e e P I )

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

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
;

return (void*)pointer;

7.7.4 H{m 2t S

ok

A
T

int PyObject_CheckBuffer (PyObject *obj)

obj7t M A o] 28 AAFHA 1S NPT, 12 YOoW 0 NBFYTh 10 NI w),
PyObject_GetBuffer ()7} A8 8 Ao|eha HABA £ ehgrich, o] Tt B4 A BT

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

flags®) AR U2 views A= 5 exporterol 7 248 BT A5 A (exporter) 7 4 2 & £ ]

H3HE AZT 4 ¢, PyExc_BufferErrorE €271, view->0obj & NULLE A A3}, -1E

whesl of gk

A5, viewE A $ 11, view->obj = exporterol sk A Iz 2 AASHT, 02 Wiyt R4S

o 7—‘.]7<ﬂi 2 Y A A 5t= A 2 H (chained) ¥ 3 3 A 4 ¢, view—>obj = exporter WAl o] A&

FxT S dsUTt (3 AA F2AE BAR).

PyObject_GetBuffer () tlet AF 2 A $&L2 PyBuffer _Release () Ut &3} B o]
A

FoloF dUth malloc () 3 free() 9} Ak ‘a"/}- uehA, au A7 W EE ZYE Tl

PyBuffer Release () % A gts] sk s &3l o

o

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] GAI8HE itemsized WHUTh o2 7 A S, o ] & EAA 7] AL -1 2 Y T

B A 3.9 F7}.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
viewZ 2] W 28] 7} C 2L (order7} 'C') ol Y ZE T AELY (order 7} 'F') Aol AV E F S
(order7} ' ") @ 1. W TE. 18] 0. W 02 wBF L Th o] B B4 BT

void *PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
Z 0 A view W59 indices7} 7} 7] = W 2 8] 4 9E 7FAF YT indices= view—>ndim Q1€ 2 9] uj
= 7 Ak FUh

int PyBuffer FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
bufoll Q= A% H len B} EE view 2 B AU Th fortb ' EE P (CAEY = xEGS AEY
M) 5 ALtk 43 shE 0o] MakE 3, o 27k 910 W ~1 0] W U o,

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
srcoll & len HIOEE bufoll A& Ao Z BAG UL order 'C' =& 'F' T 'A'(C 28 Y
Er e AR ¢4 EEEF SN 4 AEYTh 4F 3 0o] Mk L, o2k 9o 1o
uhEhE Y o,
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o] &4 len = sre->len o] H A 3 S o}

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,

char order)
strides W] Q-2 0] 7 8 & ulo] E 429} 0] 7 shape © 2 1% (order7} 'C ' C 2~E Y, order7} 'F'
ZEZH 2eld) wj Qo] vlo]E ~Eol=7 A 3T
int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
readonly | whet 7] 7k 23 0] AAH len 21719 buf & =% 5121 = A F A fexporter) ol & 5] 232
A FUTH buf = 55 gl vlo] EY A F AR s g Yt
flags 1A= 24 82 YeERA UL o] = buf 7t 97 AR S 2 A AW 31 PyBUF_WRITABLE®)
flagsol A H o QA kod, F4 e 27t A dh= HE viewE A5t
X E3HH, view->0bj S exporterd] that A FzE AR, 0L vk 1282 gow,
PyExc_BufferError& ¥27]1, view->0bj & NULLZ A A3l o} -1 & ¥i3ghy o).
o] k= 7} getbufferproc®] QX2 AF-2= W, exporter 7} A& 31+ (exporting) A A 2 A A =] o] oF 5} 11, flags
545 A) e A2 4D ofof Ttk 127 907 exporter 7} NULL ] o] of T Th.

78 H2 W Z2EZ

WA 3.05E 3 A
o] Fg= vlo] A 204 “H2 Wy ZEEFAPI I R3AE o] ZREZF O] B
FANEA FAW2x ZE o)A S A FEE FFE2 W3] =&Y ST 22 EZE EER
S W S AT A EATT o & ALY S AT = fsUTh
i £3}l+= Pya
o

-~

w2l A, Pyobject_GetBuffer ()(BEE y* Y w*r X =
d)E = 5to] WAl e W3 /RS 7P, W BE
&3 R0 FHULh
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. ¥} 7|9k Jgl o g ALgs = Qe 7] Ag v 2e 9 Xof thdt LAEHE vt
ST obj A DY A IWE B2 0 Qe o] 28 A Asi ok I Th AFSH, 0L vhake
L, buffer< W22 YA 2 DAL, buffer_leng W3 Aol2 AT o2 A, -1& W
TypeErrorE& A Yt}

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 912]2) 5o E] 8 % s 97] 48 ¥ 2 2] 91 2ol o & 2 E & BT o). oby
A= DA AIHE 7] 75 w5 AEF o] 25 A Ysfj of i th A3 351, 02 s, buffer &
w2 2] A2 = AAStAL, buffer lens W3 Aol2 AT o2 Alof], -1& W&stal, TypeError
S A4

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} & A|ZHE ¢}7] 75 ¥ 3 AE o] 25 A A5t 12 WHEhe
o, 02 N o). o] 4t B4 4TI Th

o] k= WA E AL A St L st S FE T E sk T BASHE A AAH
AN L. o] K g vte oW th4l Pyobject GetBuffer ()& AHESHA A

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. 2~7] 7}&3F W K. 2] 9] 2] of] th 3+ LA H & RESHU th obj A= A AW E,
F2 W A F o]~ E A of Futh ZFoHH, 05 WS, buffer& W R 2] Y12 A5,
buffer_leng W3 Aol2 AU o] Alof], -1& Wkghstal, TypeErrorE A Utk

I
o
H

ot
°

o} 297

[}
a£.

=
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o go] B4t 54 shold AA Yol AW AFPUTh T5o)A FRY Yo ANE ADFHE AL FL
B zho] obduith; stold 2 Il A AR Wkt SHHE G s A FAsA G, WA o
AAE LA B A ol A7) AL RSN, ryoice creck ) B AEHUA 2

Ax: o] Aol AR Bot Ags s AR §L o DA AANAY, e Pt HET A
o4l A2 = NULLE SR8k 5 TR NULLS AR E v m e oA 9] who] IS <lE = 2l
A2A522 4 dedy

8.1 7|2 4|
o] Bol A€ shold B A 2 A2 E AA Noneol T3] A T

8.1.1 & ZHA|

type PyTypeObiject
Part of the Limited API (as an opaque struc). W38 S 7] 5t+= d A= &= AR C F=xA.

PyTypeObject PyType_Type
Part of the Stable ABL. 0] 22 & A A9 & AR YUtk ol A= typedt 22 AF Yt}

int PyType_Check (PyObject *0)
A3 07} £EY Aol A 4 Yol AxTog LYol § AT 00] obdl G WAL ThE
BE 4908 kg o %45 B4 4B Th

int PyType_CheckExact (PyObject *0)
AR 07t @ AR o) AW, £EF AA ] A1 Go] ol 00] of
ElacigegB) 1;]— o] B4 A 23Tk

rL
ol
o
rE
g
o
v
=
v
rlu
td
rl
oM,
o
(@]
o
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unsigned int PyType_ClearCache ()
Part of the Stable ABL. W& 23] 74X & XUt A9 WA e 2 & w33 ot

unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABIL. Return the tp_f1ags member of type. This function is primarily meant for use with
Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited APL

¥ A 3.20] =7}
HZA 34004 HA: 93-S o] A long©| o}y 2t unsigned long Yyt

void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL. 3} 1 29] ZE A B g tfst Y F A A& Z Yt o oJEE R
Elos 2AE FELR 24T Fol o BB .

int PyType_HasFeature (PyTypeObject *o, int feature)
A AR 07} 7% fearreS A3 00] obyl e MAFUTH & /)5 U W E Sl 1z BAH
Yk,

int PyType_IS_GC (PyTypeObject *0)
P AA} <& A7)0 T AYS 25t Jlod Fe wHEd Ut ol AL 9
Py_TPFLAGS_HAVE_GCE A Ut}

3
o)
[

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL a7} bo] A B & o] & wiEght}.

o] et = AA AB Ful AAE Ut =, _ subclasscheck_ () 7} bol i3l EEQ 2 syt
issubclass () 7} £33t AT 22 AALE SF8] W Pyobject_ IsSubclass ()E TEZSHAA L.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

Return value: New reference. Part of the Stable ABL. & AR 2] tp_allocEFS Y3 4ut Al 7]. gtolA
o 712 o 2ol W W AUZE ALS ] A AARAE FFAT ZE |E-SNULLE Z 7] ok

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference Part of the Stable ABL. 8 A tp_new €55 A 4ut A2 7]. F9
tp_alloc&%E AHgate] Al A28 A8 BEUTh

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. & A& vpEe|gUct 27|31 E S538d ZE 3 AA o U3 o] =&
ZT=sfoF Yt o "?}—’Ft Fo ol SN FEHE EFE FUHEUTE 4F Al 02 REgeka,
©F Al -1 AL 95 44 Tk

ZF31: If some of the base classes implements the GC protocol and the provided type does not include the
Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its par-
ents. On the contrary, if the type being created does include Py TPFLAGS HAVE_GC in its flags then it must
implement the GC protocol itself by at least implementing the t p_ t raverse handle.

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. A A H €F o A&H &4 £AEHE ¥+ th. 2437} NULL
o™, £X ol NULLO| AW Fr 7t 7 2SHA 942 w7l W42 S2FH A5<S HEbd Ut S 2= 4vt
Aoz A7 EAHE AAW F5 GO AT

slot QQAFS] 7}53) 2k PyType_Slot.slot S IR JAIA|L
WA 340 F7}
WA 31094 HA: PyType_GetSlot () can now accept all types. Previously, it was limited to heap types.
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PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. PyType_ FromModuleAndSpec () & AF&3te] & 7HE u] X
A P4 AHE 2 E AAE RS

FolX P AAH g0l §loH, TypeErrorE A4 3t NULL< ¥H&Hg U o}

H
ol St dutd oz YA HoldH RES 7HALE o AMEE ULE o] 33 WA= A,
PyType_GetModule (Py_TYPE (self)) £ o =3t 23 E w3elA S 4 o3 A

A

= L

Py_TYPE (self) £ =3 S 29 HH Fef2d 5 9lon
5 =
=

B A 3.9 F7}.

void *PyType_GetModuleState (PyTypeObject *type)
Part of the Stable ABI since version 3.10. Fo X 3 AHH BE A9 &
PyType_GetModule () A3} PyModule_GetState ()& T&3t= vlZ 7H7l 4y th

Fo]A Y3} AAE BREo| glOoW, TypeError & A A 8}3 NULLS ¥H3H3H T}
typeo]l AFH B Eo] YA W AE]7ENULL O] E, of| 9] & A A F}A] ¢l NULL S WU o}

WA 3.9 7}

w35 o,

e et TRAE Y 4 vES o 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 mod-
ule object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.

o] g NZE ol PyType Ready () & Z&F T
B A 3.9 F7}.

WA 3.109 4] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return  value: New  reference. Part  of the Stable ABI since version 3.3.
PyType_FromModuleAndSpec (NULL, spec, bases) 2} 553t}

WA 330 &7}

PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABL. PyType_FromSpecWithBases (spec, NULL) 2}
EE.‘S‘)—]J ];].
o O H .

type PyType_Spec
Part of the Stable ABI (including all members). 8 2] 35S A2 3l= F+2A.

const char ¥*PyType_ Spec.name
o] o] &, PyTypeObject. tp_names A A5t o] AFRE Yth
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int PyType_Spec.basicsize

int PyType_Spec.itemsize
Al x2®" 2~ 9 I 7 (W] E), PyTypeObject.tp_basicsize®} PyTypeObject.
tp_itemsizeZd A A= o AHEH YL

int PyType_Spec.flags
s Zd 3, PyTypeObject.tp_flagss AR o AUt

Py_TPFLAGS_HEAPTYPE Z |27} A AE o] YA & O™, PyType FromSpecWithBases () 7}
AAsoz ZHIE ARG

PyType_Slot *PyType_Spec.slots
PyType_Slot +ZAQ] Mld. 54+ &3 7L {0, NULL} ol & 52Ut

type PyType_Slot
Part of the Stable ABI (including all members). o] M B A 752 Ao dl= 124, €5 D} g LAHE
£33
int PyType_Slot.slot
<3 1D.

€% IDE F£ %A PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods W PyAsyncMethods 2] BE o]Eof py_ HFALE £9l o] & &

AEFHUTE ol 2 5
e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc
e PyNumberMethods.nb_addg A7 3}+= Py_nb_add
e PySequenceMethods.sq_lengths A% 3= Py_sq length
= YT+ PyType SpecdPyType_Slot& AHEste] A8 AAT 4+ glsUth
e tp_dict
e tp_mro
e tp_cache
e tp_subclasses
o tp_weaklist
e tp_vectorcall
e tp weaklistoffset (PyMemberDefS #2340 Al L)
e tp_dictoffset (PyMemberDefE 73} Al L)
e tp_vectorcall_offset (PyMemberDefS 3 Z 34 Al L)

5 =+ ASHE APIO A PyType Speci} PyType_Slot& Ab§3to] AT 4 ¢l

Utk
e bf getbuffer
e bf releasebuffer
a7 %aﬂ%oﬂﬁ% Py_tp_basesUPy_tp_based AA 5= 2ol £4 7t & U5
A
Al

WA 3.99] A M 7 Slots in PyBufferProcs may be set in the unlimited APL
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void *PyType_Slot.pfunc
29 Aot gAUTh R o AL F5o] B3 2 AL YY)

Slots other than Py_ tp_doc may not be NULL.

8.1.2 None ZHH|

None ]| ﬂ]ﬁ‘]- PyTypeObject+ 3ho] M /C APIYA A &5 X &5 U None2 AZE0|7] wf &9 (C
oﬂ/« ==Z A8 A]) AA| ofoldlE E]| & AASH= Ao g2 =E3 T} ZE o] & PyNone_Check (
S,

PyObject *Py_None
#e FAE Hetl = sto] W None AA| YUt o] AA o= W=7 flssUth Fx A of B sho]
= A2} vhAAbA = A 23 oF T,
Py_RETURN_NONE
C & Yol A py_noned REgel:= Zlg S¥2A A2l YT (5, None 9] 2 S8 S7HA17]12L
‘E‘}?}U“J o).

i
EN
N
-

8.2 =X} ZHA|

8.2.1 M4 A

BEEATE 99 32719 “long” A+ AA 2 7P Utk
ol Al, hFE PyLong_As* AP+ A9 TS 4 §l+= (return type) -1 ¥HEHUth R34S
A ASEE PyErr Occurred () & AFESHA A L

type PyLongObject
Part of the Limited API (as an opaque struct). ©] PyObject?] A B & ulo|d A4 A A& el Y.

PyTypeObject PyLong_Type
Part of the Stable ABL ©] PyTypeObject 1202 vtold Ao 5 Ueb iUt o] 22 ol
AZe] int & 22 AA It

int PyLong_Check (PyObject *p)
A7} PyLongObjectolu PyLongObject o] A B ol F& W&yt o] = 3345

g},

int PyLong_CheckExact (PyObject *p)
Qlx}7} PyLongObject O] A ¥ PyLongObject®] A H & o] o}

4y
PyObject *PyLong FromLong (long v)

g
ks
o
r]I
rit
%
<
v
o
%
5
rlr
otk
ox

31 NULL-S 31-51—@-1/]1:}

The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABIL. C Py_ssize tZ¥ ¥ A PyLongObject AR E vl

&k, Al shE NULL S Wh gy T
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PyObject *PyLong_FromSize_t (size_t v)
Return value: New reference. Part of the Stable ABL C size_t 28 €| A PyLongObject AR E HI3351A

W, A9 3t NULLS S T

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABIL. Return anew PyLongOb ject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. v2] A4 B R o 2 B ¥l X] PyLongObject A&
w2k3) 7| U, 4l o) 3 NULL-S wEhgh o)

PyObject *PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Part of the Stable ABL str2] EA1d 32 7|¥l o 2 31 A} PyLongObjectE
Tkt o F A B2 based] A (7157 ofl whet 3 A g U Th pend 7} NULL ©] o} |, *pend= A}
99 Fol &+ A HA XL 7 F YU th base”} 0 ©] W, s integers 7 2] & A3l 4] 8 A F U Th
oluf], 00] ofd AR 42 A3 02 valueErrorE WA A A YT} base”} 00] ofU ™, 22} 36 A}o] 9
SlofoF ohul, AAE THTIh AW FM A A A A L SA Aol o] T WEL BAH UL,

FA7F 9l valueError 7F A g T}
o B7]:

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. =AFE4 uoll = FUIZE A2 A/ A2E Flo| A Aoz WHEshy
WA 3.30] 7}

PyObject *PyLong_FromVoidPtr (void *p)

Return value: New reference. Part of the Stable ABL. Q1] pZ B ¥ slo| A A4-E w5ycth Z QA k2
PyLong AsVoidPtr () S ARRSlo] d3zhol A 23] & 4 9,;]\%‘/] o},

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
callits __index__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a Long.

e Al -1& M3t R3S A A M PyErr Occurred ()& AF23HAA S
WA 380 A AFEE ¢ Qle™ _ index () € AR FYH

¥ A 3.10]| A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convert it to a PyLongObject.

0bj 2] Fko] LONG_MAX K T} I 71} LONG_MIN K. T} 2o #overflows 22+ 1oL} -1 2 AR5 -1

S BTtk 184 gow, SoverflowE 002 AU Th OHE o 91 7F A Foverflows 002
A4 -18 B4} ol WA,

oflg] Al —-1& wastl k. 23 AL A A PyErr Occurred () S AFRBHAAA L
WA 38A HA: AHEE = J oW __index () & AHSEUTH
¥ A 3.10)| A ¥ 7 : This function will no longer use __int__ ().
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long long PyLong_AsLongLong (PyObject *obj)
Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject, firstcallits __index__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range fora Llong long.

o] Al -1 WUt R3S A A ™ PyErr Occurred () & AHESHI A L.
WA 3804 MG AR 4 Q1o index () EAREIYTH

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convertittoa PyLongObject.

obj2] Zro] LLONG_MAX Bt} 3 Ay LLONG_MINE. T} 2t A, *overflow s ZtZF 10| -1 2 A A ka1 -1
< REEEHU T 29 A oW, HoverflowE 0 22 AR T T2 ol 2] 7L 2 8L *overflows 0 02
AR -1S FAe} Zo] vhEghh

o Al —1 & uksE Utk R3AL A ASH Y PyErr Occurred () S AFE3HAA L.
WA 3.290] 7}

MA 38N UG A = 9l oW __index () AHEFYTH

¥ A 3.109) A 7 : This function will no longer use __int__ ().

Py_ssize_tPyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL pylong®] C Py_ssize_t &S WFEE U T} pylongS PyLongObjectd QA2 H
ojof g,

pylong®] 3ol Py _ssize_t2 WY E Hloj 3™ OverflowErrorE WA A 7Y T
o g Al -1 S WUy 23 AL A ASEE PyErr Occurred ()& AFE3HAA 9.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o8] Al (unsigned long)-12 ¥ttt RS A S A ASE A PyErr_Occurred () S AFR3H4]
AL

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABI pylong®] C size_t &S YISt} pylong2 PyLongObject 2] QB 2o of
3 o,

pylong®) Zko] size_t o HYE vloJU™ OverflowError& WA U T
oflg} Al (size_t)-1S W &FUTE REAZES A ASH Y PyErr_Occurred ()& AHEIAAl L.

unsigned long long PyLong_AsUnsignedLonglong (PyObject *pylong)
Fart of the Stable ABI. ReturnaCunsigned long long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

o 2] A] (unsigned long long)-1& WIagtUch RS AES A ASE W PyErr Occurred ()&
BN L.

HA 3194 HA: 22 pylong= ©]A| TypeError 7} o}y &t OverflowError& WA A A Yt}
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unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Fart of the Stable ABL. Return a C unsigned long representation of obj. If obj is not an instance of

PyLongObject, firstcallits __index__ () method (if present) to convert it to a PyLongOb ject.

If the value of obj is out of range foran unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

o 2] Al (unsigned long) -1 WUttt RS54 3 AASHEE PyErr_Occurred () S AHE3H
Al L.

WA 3804 WA AT 9o index_ () AR TH

¥ A 3.109) A 7 : This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Part of the Stable ABIL. Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongOb ject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 2] A] (unsigned long long)-1& WUt RS AES A ASIE Y PyErr Occurred ()&
AHS A Al 2

WA 384 WA AT 4 Qe index_ () & AU TH

¥ A 3.109]| 4] ¥ 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)
Part of the Stable ABL. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.
Raise OverflowError if the value of pylong is out of range for a double.
el A -1.02 MBI REAL AASEE pyEre Occurred() S SN L

void *PyLong_AsVoidPtr (PyObject *pylong)
Fart of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an
OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

of 2] Al NULLLS WwtEstU T RS A S A A WA PyErr Occurred ()& AHE3HI A L

8.2.2 Er|H A

ol ol 4 213 & 3 4-o)
o weha QA el A4
1%tk

int PyBool_Check (PyObject *0)
07} PyBool_Type o 3-& 8 F Ut o] T4+ 4 AT

Pz AP YT py_ False?‘r Py_Truedhs F 709 F&1 9l
Ll Fgo ALHA FFUth 18Uy o a2 E AL

N

PyObject *Py_False
Shol W False A4l o] AR WA =7t YL UTh 32 A59 BENA L ohE AA 9} vpAAA 2
A2l of g k.

PyObject *Py_True
shol W True AA]. o AL WAES} ASUT. A2 A5} BASAE e A9} vpRAIA 2
A )] of g o,

Py_RETURN_FALSE
St of| Al Py_False

Fl
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Py_RETURN_TRUE
ol A py_True s WH&staL, Fx A4S A A S7HA AU

PyObject *PyBool_FromLong (long v)
Return value: New reference. Part of the Stable ABI. v2] =] 7}l 2} Py_True U Py_Falseol t) 3l Aj
FxE g

8.23 3 A4H A

type PyFloatObject
o] pyobjecte] A H Y2 vtold F5 244 AAE e Y.

PyTypeObject PyFloat_Type
Part of the Stable ABL. ©] PyTypeObject AA2BE 2= go|f 5 244 I & YeEpd ULt o3l
spo] W A Sl A float & T2 AA| J YTt

int PyFloat_Check (PyObject *p)
1R} 7} PyFloatObject W PyFloatObject® Al H 3 o]

Y.

int PyFloat_CheckExact (PyObject *p)
QA}7} PyFloatObject ©| A BFPyFloatObject o] Al B @& ol ¥ g wistdh ), o] 3= 34t
it i=

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL stro] £2}9 32 7|9t S & pyFloatObject AAE
9= A}, A9 8 NULL.

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. v2 5] PyFloatObject AAE WE A}, A9)34d
NULL.

)
ml
filo
rZ
b
i)
i
=
o

o
-y
rlr
odt
o
ox
oi
%

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABIL. Return a C double representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa __ float__ () method, this method will first be called to convert pyfloat into a
float. If _ _float__ () is not defined then it falls back to __index__ (). This method returns —1 .0 upon
failure, so one should call PyErr Occurred () to check for errors.

MA38A WA A 4 9l __index_ () & AU TH

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 WX, X437k, A gkol A AR
structseq IAEHAE EHF U S 91 float.hE 7]’ = %ak% "/H—ﬂ Ak

double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL,_MAX as C double.

rt
kel
1%
%

double PyFloat_GetMin ()
Part of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.
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8.2.4 =A% Ay

sho] W o] B a4 ARE CAPIYA 2o 7 49 the g0z TAF Uk shbe stold =2 ado] =59
o4 Al 11, CFE Sohie A4 At g8 FeIUe C 72 AL th APLE 2 71 555 41 =
e T4E AlB T

ZHZEM SAa

W g oY FRAE Wots ol AR Hihels e 2UAHE T xS EuE e R
U th o] APL AAl oA g3 Ut
type Py_complex
Sto] ¥l B s A7 9] gk B
Ag Qe Et 29gkog 7

ECPEA. Bas ANE GRE PRE P50 o 12

= 5
57 AF& EHU T Thg ) o] Aol U

w2
=cl)L_1‘

ot

1

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
CPy complex THE A1L3le] T B 449 a8 vta3dh o).

Py_complex _Py_c_dif£ (Py_complex left Py_complex right)
CPy _complex AL A8l T B A49] o] & whakah o}

Py_complex _Py_c_neg (Py_complex num)
Return the negation of the complex number num, using the C Py comp1ex representation.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
CPy_complex 2HZ AHE3to] F HA449 & vkt
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
C Py complex BAE A1 F Bago) B wag ).
divisor7Fnullo] ¥, o] Ml == 0L W335t 1, errnoS EDOMC 2 A A gt}

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
CPy complex WS A3t nume exp A5 A 52 2r&g ).

num ©] null ©] 31 exp 7} F2] A4=71 of Y, o] WA =& 02 WHESlal errnoE EDOMO 2 A A g o)

oo HHZEMe S

type PyComplexObject
shol W B4 AR S & Pyobject] AH &,

PyTypeObject PyComplex_Type
Part of the Stable ABI. ©] PyTypeObject AAAE A= vpo]l B 44 & ey oo A=
complex %} 22 AA Yyt

int PyComplex_Check (PyObject *p)
1A} 7} PyComplexObject YW PyComplexObjectd] A H 8 o]
Chcoinsi=g

int PyComplex_CheckExact (PyObject *p)

ol 2} 7} PyComplexObject o] A ul, PyCompleXObjectQ] A B 83 o] o}
e I TR

)

1)
k]
filo
i)
I,
rt
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PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py_complex 3O 2 M2 -2 dlo|# B A5 AR

e
23
b
AW
In}

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABI. real @ imag @ M 2-2 PyComplexObject A

ok

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op as a C double.

mlm
i)
T,
ot

double PyComplex_ImagAsDouble (PyObject *op)
Fart of the Stable ABI. Return the imaginary part of op as a C double.

Py_complex PyComplex_AsCComplex (PyObject *op)
B AgopQ Py complex ZhS Wi}
op7h kol Bag: AL ShUA W __complex () MM} YO, o] WA EE WA opE 3}
%Ni**ﬂﬂE%%ﬂEEZﬂHE%E%ﬂHﬂ__wmﬂw__ EEER DT
_ float_ () 2 AT YT} _ float_ () 7FAYHZA ?g?):&@iindexi() Z Ayt A
A, o A 108 AT e 2 WHTch

WA 38004 A AHEE 4 ATk __index () & ARERYTH

ARz A T AR A4S o] A Ao A = BEUTE o] Dol A sholdl Aoje] mH 57

S5 Ads AR E OEYT

8.3.1 HIO|EY K|

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] pyObject] A B P2 stolyl nlo]EH AAE UeEH YT

PyTypeObject PyBytes_Type
Part of the Stable ABL ©] PyTypeObject?] Q2B AE glo] vlo]|EE & YeH YT Jol 4 AS
o] bytes 2t 22 AA YU Th

int PyBytes_Check (PyObject *0)
AR o7k ukol =G AR o) Avt upol EQ Feol A8 Feo) ArEaw FS MBI o] FE T
g Fuch

int PyBytes_CheckExact (PyObject *0)

A7 07} vpo| £ AA| o] A g, who| £ o] An G| dama oh ¥ F2 WA Th o] Pk
Fak 4B Tk

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. 4 33} ZFo 2 v BX} G2 EALE S 7h= A vlo|E Y
A E wreeta, Aol shd NULL-S 9HEg U o} ol 7) 4 yE NULL ©] o}u o of 3t} A AMeEA|
oo,
IEo =]

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A-g23}d Zko]l v XL o] BAlE ol Ao 7} len?l
A vtol EE A E whEhetal, A3l etH NULLZ ‘?}%i}ﬂ T‘/}. vZFNULLO| ¥, vlo] EE A A 9] Y82
27135 A k5 th
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PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf ()-2EtY format AL 3} 71 7+ 9
A& WobA), A3} shol vhol =l A4S 2718 A ek 1 2ol ol £ A vpol = A&
w33 ok 7 Q1 RFE C o] o] oF 3t format EA G o)l Q= £ EFE 3} A E5] 3-8l oF Tt
385 ¥ BAL 0T 2ok

ZUEX | ™ =4

5% n/a BEEKX RS

e int G vlolE CintE A H Ut

%d int printf ("sd") & F=S5FYLh!

Su unsigned int printf ("su") o} 5 H]

$1d long printf (" %ld") =S yht

$1u unsigned long | printf ("$1u") & S5 U]

$zd Py ssize_t | printf ("$zd") & =5ttt

Szu size_t printf ("szu") & 53]

%1 int printf("si") & 53U h!

$x int printf ("sx") & F5h!

$s const char* d-=8 CEx o g.

%p const void* Cx2EY 1674 9. ZHEY printf7l ¥ A& H=A 9
daglol Bl E 0x & A& Rheo] A ETHE WS Al stale A9
printf ("sp") & S5k

AT o Qe 2 FA = W FAE 9 v x| f&o] 25 Ay AA o It 2 BEALS A vk 1,
27b e T AE U

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. B &3] = 719 A& H3th= AS AYstae
PyBytes_FromFormat ()3 Z5Uth

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. M]3 Z 2 EZ & F33t= A4 02 vlo]EE T3S
Hhehey ot

Py_ssize_t PyBytes_Size (PyObject *0)

Part of the Stable ABL H}o]E A AR 02] 2 o] & w33t}
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)

o2 At @l PyBytes_size ()9 MiAZ F 4.

i}

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL 02] W&°f th3l £ E ¥I3gUt) Z2AE &= len(o) + 1HOJER TAH
o) UL SIS 7kl 15k oA S A ool = o2 ) W)=} 91 A ol Aol 3
gt A7} PyBytes_FromStringAndSize (NULL, size) & A&t W qlEo]R 3497}
ol W HolH & A= & FUth S A A= <t HUth o7f vl EE AR 7F o} H,
PyBytes_AsString ()-& NULLE QF8Hé}al TypeError& A YT

char *PyBytes_AS_STRING (PyObject *string)
o 2] AAF 9l PyBytes_AsString ()9 W E 3 Al

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABL. &3 W buffer 2} length2 A A 0bj 2] -8 W& ¥13gc}.

length 7} NULL o] |, vlo] EE AA= WHH I vlo| EE 23T 5 glsyth vrek 28 obd
£ Y338t valueError & WA A Y T}

VA4 A4 2, u,1d, lu, zd, zu, i, ) o A: -1 B S P o= AYEES AT &S v Ut

HSL'
r[r
iR

N
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buffer= obj&] W5 W E 7}e] 71 Al H =, ol F7F 4 vle] E7} ——Lﬂ% U T} (lengtholl = 35 2] &
SFYh. AA 7]—PyBytes_FromStringZ—\ndSize (NULL, size) & AMS3to] W wrEoixl A7
I o B S =AM AL ok Uitk 9L AL o FUTh o7t whol = AR ohU
PyBytes_AsStringAndSize ()= -1& ‘ﬂ-ﬁ-ﬁ}; TypeError& HL"g Al B Yt

W2 35004 WA o Ao, kol = AR ol W vho] £7} £35] o] 9.2 W Typerrror b LATF
Ut

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL bytesol newpart®] W& GlE 2 A vlo]E Y AAE *bytesol| W5 TtH & A7}

A A2 E 4G AUT byess] o A ol T B2 EAUTH A AA BED 4+ 90, bytesel
ek o 2 ]3] el A3 Hbyteso] ghe NULLE AR FTH A A S o) 9] 7 43 H ek,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
Part of the Stable ABI. Create a new bytes object in *bytes containing the contents of newpart appended to byfes.
This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

“EHGoE Eeta vlolEE A9 275 WA U, G-3 M2 vl ED AAE TS
ol 2k AR 8 Al bytes 7} o] 1] ZE 9] thE F2 %}EV% A= % AT ARG A mh Al 2. 9 E
Ho]Ed A o] ¥z STk 10] obd uff o] U"‘ TE 2=t AL YAk 71E vto|E A AA| 9
F42E value(W &= 7152 5+ JAFUH E % %}6}% Hot= A 2718 A2 Th A3 8H, *bytes
© 2717 A A vol EF AAE ZHA H AL 0 o] W Utk *hytes o] A= AH AT OE F USY
ok A2 o] Aol s, shyresol Q= Al vho] ED A= & 3 A F 3L, *bytes 7 NULL = A4 = a1,
MemoryError 7} A A= v -1 0] ¥13tE Y},

8.3.2 HIO|E HH ZHHA|

type PyByteArrayObject
o] pyobject®] A H -2 o] A bytearray 2 A & LEFY U T

PyTypeObject PyByteArray_ Type
Part of the Stable ABL. ©] PyTypeObject A2+ 3ho] A bytearray 3 = LEFH U T} 3ho] & A 52
bytearray 9} - AA LT,

Y dAloiaE

int PyByteArray_Check (PyObject *0)
2 A| 07} bytearray 7} ] o] A L} bytearray 3 o] A/ B & JAAHAH -G b Ut o] v A AT
ok

int PyByteArray_ CheckExact (PyObject *0)
A A 07} bytearray 7| A o] ] B, bytearray 3 2] Al H & A A= of Y FE WU o] e

4 43 ok
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X% APl &4

PyObject *PyByteArray_ FromObject (PyObject *0)
Return value: New reference Part of the Stable ABL ¥ 3| = 2 € & & 5= oo A (o) ZHE A A
N 22 bytearray AA| & 585Ut

PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABIL. string=} 1 Z o] (len) 2 5] A] -2 bytearray 2 A &
syt Asfshd, NuLL o] whehg Yot

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL v}o]E v ¥ g &} bE o] o] & o] X Z-& bytearray & W3+
U

Py_ssize_t PyByteArray_ Size (PyObject *bytearray)
Part of the Stable ABL. NULL 21 E & &1t T bytearraye] 3 7] € 2+&3H o).

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABI. NULL Z QB & &-9¢13} & bytearray 2] W& char ¥ 4 2 ¥I3tshy o}, ¥lste =
W ol g ol 2 9] | kol =7k #7kg Utk

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL bytearray2] WF W52 37|15 lenS 2 2 gt}

3=

ol MazE £=E Adl S IS £UAHE FASHA FFUHh

char *PyByteArray_AS_STRING (PyObject *bytearray)
PyByteArray AsString ()9 w3 = ¥ A.

Py_ssize_tPyByteArray GET_SIZE (PyObject *bytearray)
PyByteArray_Size ()& "2 2 ¥ A.

gho] A 3.3 A PEP 3935 &3t o] F, FURE AA = R A2 th et S AHEte] AA FUZ
B AN E AestdA WED EEAS AT BRE FE ZIE T} 128,256 E= 65536 1] HHS T':Z]'
ol et S8 A7 AsUth 28 A Fo®, = IAEE 1114112 (AA U FZE H§]) v whe]ofof

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] API2} A API 740l A &Ho 2 Q15), FURE AA & 5ol ol whet R A o7 F 712 Aef 71 2
% &k
« “F3 = (canonical)” U TE A = A A gL FUTE APIo] 93] BE o)W BE A4 YU}
THAA B &= HF EEHA A S AT
e “legacy” Unicode objects have been created through one of the deprecated APIs (typically

PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to call
PyUnicode_ READY () on them before calling any other APL
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Fa: “HAA” FUZE A= A" APISF A sto] A 302004 A AU 1 o382 BRE {FUIE
AA = A7 1914;} ZA| 8F A K = PEP 6232 F23AA L

L| |

=)
ku
[N
00

52 gol oA FUZE FE AHEH = 718 FUIE A FPuTh

type Py _UCS4

type Py_UCS2

type Py_UCS1
Part of the Stable ABL ©] §E& 7} L321:1]15 16¥E 9 8u|E ] #2185 23370 SR H3F Qe
AT B2 Sl st typedef YUTH DY FUZE ZAE Z{B]GLHH X Py UCS4E AFR A L.
WA 3300 F7L

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

WA 33004 WA o] A WAl A, o] A2 W E A] Fho] 2 &] “U) - (narrow)” L} “£}o] = (wide)” 1] 3
= WA F ol 22 Ae YA ol uhet 164 E Fol i} 320 E o] P o,

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
o] Pyobject AB FE2 ol FUZE AAE e iUtk AL BE Ffol, FUZE AAE
Aelotes BE API?S.} 7}Py0b;ect O EE Hstu valstn g A A AL A= o FH YT

H A 330 7}
PyTypeObject PyUnicode_Type

Part of the Stable ABIL ©] PyTypeObject <l
str2 =23 Uth

0 APIE AR 2E C Ul AR oo M ANE ST UTE 2
shi ol A8 5 AT
int PyUnicode_Check (PyObject *0)
AA o7t FUZE AA AU FUIE AH PO Aol F2 WS ych o] e 4
g Th
int PyUnicode_CheckExact (PyObject *0)
A7) 07k H T A ) AW, A2 P Q2R 2T} ol W F BT of ot B4 A BY
e},
int PyUnicode_READY (PyObject *0)
274 2] 07} “ 2 (canonical)” ¥ H 91 7] Bl T Tk o] AL ofefo] AWH AN~ ) A2 E AL
st7] Aol B e
3F A 0= vE&etar, Asf Al o o] & A A s A] -1 WHEsl=t, 53] v R 2] &go] Asfsd LAy
S o,
WA 330 =7}

WA 3.1000 A S A =] A5yt WA 31200 A Al AF YUth: ©] APl PyUnicode FromUnicode () £+
A A AF U Th

[>
I
[>
rlr
i)

o)W fUTE §e heh U shol M TLEo

_l:=

AS Y7 27] At ol Elof A=
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Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
FUIE 2229 doj& = 2JER NPT o0& “7F H 4 (canonical)” £ A 2] FUZE A4 o
oF U Th (AAFSHA) U ),
B A 3.30]] 7}

Py_UCSI] *PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *0)

Py _UCS4 *PyUnicode_4BYTE_DATA (PyObject *0)
A B2 AN 2E 98 UCSI, UCS2 £+ UCS4 B4 gdo= 7jl~E A 7
of thst 2AEE vk&stYth 47 ¥ A (canonical) E & o] EvtE A 2 7] <
t}; PyUnicode KIND () S Atg3le] SulE 328 AHEAA L. oA
PyUnicode_READY () 7} &5 ¢ o] oF &)t}
WA 339 F7}

PyUnicode_WCHAR_KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
PyUnicode_KIND () Bl3Z9] kS wtash ).
W 330 F7}

WA 310004 F A A5 U WA 3129 A Al AH Yth: PyUnicode WCHAR_KIND+= ¥ A% 9l
SR

unsigned int PyUnicode_KIND (PyObject *0)
o] 1] 3L 2317} o o] ] & A B8 ol A3 4] 0 uo] = -8 ER: PyUnicode £ 41
(912 B2 A ) F SIS WU T o= 7% 4 (canonical)” F @] §U] 3= A7) of oF Tk
(AAFsHA] 55U Th.
B A 3.30] F7}.

void *PyUnicode_DATA (PyObject *0)
AA FUZE Mo o & void ZAEE YL o
ofF Zuth (A AFskA] eks U Th.
B A 3.30] F7}.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
7+ ¥ A (canonical) 3 ¥ data(PyUnicode DATA()Z AL ti2)d] HUTh o] az2E 214 HA
(sanity checks) & 351 #] gkow F oA ALESH7] H & APUTh TEA = T8 A E TSl A
A ) 2 kind ZF7} data = VB2 7| A] 3 oF FU T} index= EAL 9] oldl A (0o A A =3 TH ol 1
value's 3 91 3]0l 7] %] of of FH= A = EIE YT

WA 330 =7}

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
T+ A (canonical) ¥ & data(PyUnicode DATA ()& AL Y R)oA Z= 2AEES LUtk HAYG
4| (ready) S & 0] 3= A gk T
WA 339 7}

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
“3 3 4 (canonical)” & @ o]ojof 3=, AU TE AA| 0o 4 £AE GEUTh ¥ A% A7 FAR
o PyUnicode READ () Bt} E‘%H o] ol Yt

WA 330 7}

H A (canonical) % &
A AAA B
oA 2 57] Aol

11]}

“7F % A (canonical)” 2] FU T = A A o]

rr
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PyUnicode_MAX_ CHAR_VALUE (0)
“3f 4 4 (canonical)” W o] o of 3=, 05 VWO & ThE FAE & W= H A AT F
Hhghetu ok o] 212 B ZARA| o] A RE A S o B | 0] E St AT & A Y]
B A 3.30]] 7}

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
H A E Py UNICODE 238 7)€ ZE G E Ut (M EA ] E S 29 2 233 Th. o
= fUTE A ojoF FLITH(AASHA kL Th.
B4 33004 A lgrih A 30200 A A AT ks ol 4 28t fURE AP AR AU

PyUnicode GET_LENGTH () S A-&3Fo] nlo] 1 o] A AL

Py_ssize_tPyUnicode_GET_DATA_SIZE (PyObject *0)
H A" py UNICODE AL A7 & Hlo| E &9 2 W3t th o= FUZE A A of of bt} (HALSH
A 5y Th.
B 33004 A g ih ¥ 30200 A AAR ks ol 4 28t fURE AP AR AU

PyUnicode GET LENGTH ()& AF&3}o] ulo] 1 o] A 341 A £

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).

HA 3304 HA: o] T2 & oA H|E&ZFo|T - B2 FRo Py UNICODE & o] &X)
A 2 WEoloF A - AE & stk (19 A BA wLL S wBAFYCh. A
PyUnicode_nBYTE_DATA () W32 & A}R3}A Y PyUnicode WRITE () Y PyUnicode READ ()&
AHES TS o AN L.

WA 3300A A A= A5 WA 302004 A A UTH: o)A 28Y FUIZE APIS] gt
PyUnicode_nBYTE_DATA () 2 & A IS AL 3L 2 nfo] 28 o] A A Al L.

int PyUnicode_IsIdentifier (PyObject *0)
Part of the Stable ABL. €10} 2] o u}g} Exgo] §8 3 24| H o] 1S wagh ), A A identifiers.
3% ¢kod 05 Rk o

#3900 A FAFE o] F4] (ready) 5| A] k2 W, o] T B Py_FatalError ()& 2E3}

A ekt

QLIFE X SN
FUIZE=E g £ 42 AFTULE 7H3 25 223 AL vlol W FA o whe} C 4ol M5 =
olH e MaZE S AHRT 4 dFUTh

int Py_UNICODE_ISSPACE (Py UCS4 ch)
ch7} B EALQ) A of) whe} 10] 1k 0L MEEL T

int Py UNICODE_ISLOWER (Py_UCS4 ch)

ch7} 4% A1 A of) whe} 1 0]} 02 MBI L),
int Py_UNICODE_ISUPPER (Py UCS4 ch)

ch7} - E A1 A of) w2} 1 0]} 08 WHBk g T,

int Py UNICODE_ISTITLE (Py UCS4 ch)
ch7} A& Al o] & FAQ1 A of] et 1 o]t 05 whhh o)

8.3. AIRA ZHA| 129



The Python/C API, £A| H{% 3.10.16

int Py_UNICODE_ISLINEBREAK (Py UCS4 ch)
ch7} % WHE Epol Aol nhek 1 o]u} 02 whakgh ),

int Py UNICODE_ISDECIMAL (Py UCS4 ch)

ch7} 10445 2711 7)o w2} 1 o]0} 02 g o,
int Py_UNICODE_ISDIGIT (Py UCS4 ch)

ch7} T A (digit) EAFo1 A ol we} 1 0] 1h 02 whekgh o

int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
ch 7} <22} (numeric) =21 A o] whra} 1 o]} 02 Bk gt o}

int Py_UNICODE_ISALPHA (Py_UCS4 ch)

ch7} ahel #7117 of W) 1 0]} 0L kg o,
int Py_UNICODE ISALNUM(P» UCS4 ch)
ch7} A5 AL EAFAA o e} 1 0]} 08 whakgh .

int Py UNICODE_ISPRINTABLE (Py UCS4 ch)
ch7} A4 7hs gk T2 A of] whet 1oLk 02 RS T A E 5 gle w4, A4 7S A
F33H= ASCIT 2 ) 0] 2 (0x20) & A 2] 311, G-U ZE £} o o] ] o] o] 2] A “Other” L} “Separator” E
AoldE FAG U TH (o] FHoA QA4 7Hs 3 A repr () o] EAFE o s T2 o o]aA o] =
H A ¢rofol sl TR Y ol FAHAL. sys.stdouto]Y sys.stderrl] 7|5H FAE S A 2}
#H o] glsyth)

Th3 API= mihE 2 3 2} W kol A3 5= 5y th

Py _UCS4 Py_UNICODE_TOLOWER (Py UCS4 ch)
AEAR HEE FA chE WY oh

WA 3328 A o] B FEHRE o) v B2 A Tk

Py_UCS4 Py_UNICODE_TOUPPER (Py_U/CS4 ch)
EAL 2 M 3HE F2FchE WhHU o)

WA 337 H A o] e e Aloj & v S AR Y]

my

Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)
A& Aol~2 A X chE HHEgy )
HA3358E H A o] = 7St Al o] v F S ARy T

int Py_ UNICODE_TODECIMAL (Py UCS4 ch)
107 F9 A2 A8E E2 chE WYL o] Zlo] E7Ms3td -1& 9y o] 3z
o 2] & WA 7] 2] 5T

int Py_UNICODE_TODIGIT (P» UCS4 ch)
sk Ate] A2 ARE E 2 chE YT o] A o] 7153 1S g YT o] 32 = 9 &
WA A 7] A] Q<5 U T

double Py_UNICODE_TONUMERIC (Py UCS4 ch)
double 2 W E&H T2} chE WU} o] Zo] 7153 -1.0S B33t o] |32 & o2&
QEA A 7] A] ¢F5 U T}

ThS APIE A2 31o] A 2AEE TS 4 Q5 UtTth

Py_UNICODE_IS_SURROGATE (ch)
ch7} A2 A o] E Q1 A] &Qlgtt} (0xD800 <= ch <= 0xDFFF).

Py UNICODE_IS_HIGH_ SURROGATE (ch)
ch7F A A2 A o]EQ A &ddt ) (0xD800 <= ch <= 0xDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
ch7} 319 A Z A o] E Q1A &3t} (0xDCO0 <= ch <= 0xDFFF).
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Py_UNICODE_JOIN_SURROGATES (high, low)
T 2A O E BAE Aet B Py UCS4 ZhE ST high) lows 747k A 27| o] & Ao
A FH A2 A o =T,

FUZE AAE s 78 Al s Ao A28 thF APIS ARS8 Al L

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. M F+U I = A S W5 U TE maxcharS EAFG ol s X & AA H o) =
1E o of U th ZARZEC 2, 127, 255, 65535, 1114111 A D204 744 77k gho 2 &9 &

[

[

30,

o WY Ify
15
i—'z
it
1k
ofl
o
rlr
jin}
)
o
i
rlr
o
i
ins
T
v
o

o
+
il
>,
ofo
ok
£
rH
rln
&
i—;
rlr
i
N
|

» W o (m
2 bz F

f
N

oy T
Ll
O

% Jo

Z NS

2

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. 3= o] 2 kznd(7]-? 3l 2k& PyuUnicode KIND()ol &3l 93
PyUnicode_1BYTE_KIND 5 ¢ 14 hE 22 Fx AR E W5 Yt buffer= kind ol w2}
2L 1,2 = 4uFo] E 9 size TH9] 9] vl E 2 7] 74 oF gt

WA 330 7}

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Part of the Stable ABL char ¥ ¥ yo| Al U ZE AR E W5 U T} Blo]EE
UTF-82 A3 H 222 A Utk w5 A AA o] ZAHE Ut W5 7kNuLL o] oby W, whetk gk
T AL = A5UTh S, vlolH 74 o] 3185 A ds5Uth

u7F NULLO| W, o] St W3 7} NULLE A A E PyUnicode FromUnicode () 28 253U T}, 9]
AHERZ H A= o] PyUnicode _New () &2 WA= 112, o] A 3.1201 4 A AF Y.

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Part of the Stable ABL. UTF-82 A7 QP ¥ Y-£ 7 char ¥} ¥ uo| A FUZE
AR E Y TH

PyObject *PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL C printf () -2E}Y format S x4 7} 7]-tﬂ 7H 9] 9z}t
£ AR, 5t ool A F e G| DB AN EAT fho] Sl BAGS T
W AR CF o] o] oF 8t formar ASCI 1 23 ZAHE 9] 329 FAHe} 4 23] U A5 O‘F ot v
=9 £A7) 5 884 ok
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ELENIIE =4

5% n/a YJEE % EX}.

5c int CintZ 234, ¥ Ex}

sd int printf ("sd") &t F=SFUch!

Su unsigned int printf ("su") 9} 5 H]

$1d long printf ("$1d") & S5 H!

311 long printf ("$1i") & S5 }]

$1u unsigned long printf ("slu") & S5kt

$11d long long printf ("$11d") &} S5 H!

$111 long long printf ("s$1li") & S5 rt!

$11lu unsigned long long printf ("$11u") 2} =5 cH!

$zd Py _ssize_t printf ("$zd") & =53 ch!

$zi Py_ssize_t printf ("szi") &} =S5 h!

$zu size_t printf ("szu") & ES5IUch!

%1 int printf ("$i") & S5 TH!

$x int printf ("sx") &t H5Uct!

$s const char* Jd-Z2z CExw L.

%p const void* CEJAHY 16X FH. AL printf7F 22+ W&
FA ol Bl E 0x & A &8s Aol KAt S
A& st A printf ("sp") & F5HYTH

$A PyObject* ascii () £ 2&3% 23

$U PyObject* FyI= AA.

sV PyObject*, const char* | FUTZZ AA(NULL Y 4 A5 U TH 2} 5 HA| uf 7] HE 2 A
2-F5 CEA G (A AA w7 M 7FNuLL ol |
A8 B U,

%S PyObject* PyObject_Str ()2 =39 23}

SR PyObject* PyObject_Repr ()= &%t 23}

A 5 Qe T BAE UnA 29 $AG0] BE A% 2AGe] T2 BAE 3, R} A
g

231: n] ZujE B9 = vlo]Evfobd Ea Ut AW E e T = negnop nayro] A=
]:]]-015 /\O]—! (PyObject* ?_]X]'7]'NULLO] ]\ﬂi); noAu no sy, no gSM, "R \:1] no V"ﬂ 7:] o Ex]__/'\_ 1:1]4
T} (PyObject* A A7} NULL ©] o} H).

W2 320041 WA s 11an 9 el 1un ol T AU ol F 74 i)

W2 33014 WA 1LY, R0 R vazi ol o @ A o] 274E R

]:Hz<134oﬂ}\ﬂ ]:]:]7:] SM MGAN mgyuM weoyn mggn g R"oﬂEH Lﬂﬂl-@r@‘:’élﬁ EHHE% X]%O] _%_7]_3
Uk

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A &3] T 719 AAE Holop= HES A9 std
PyUnicode_FromFormat ()35 4t}

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *er-

rors)
Return value: New reference. Part of the Stable ABL Q1ZHH AA| obhjE FUIE AAZ t]FZ Tk

bytes, bytearray @ 7| €} vlo]| E A F A A& F0] A encoding ] Wt errors 2 A 2] 31 of| 8] A B &
AH&-81 ‘3]:"”9‘4‘3} = ThNULLO] E 5 a1, o] A AEH o) AL 7] EGE AU o (A &
W82 W 75 FReA Al L).

b
i3

VA4 A4 2}, u, 1d, 1, Iy, 11d, 1, T, zd, zi, zu, i, x) &) B¢ 0-HB S 2= AYEN AT = Aol = AP
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AR = TypeError 7} AAEH =& sy}

FUDE AH S £FA T2 BE 2
9LoT NULLS W Th T2 A MaE AN Y 2 A4S FaND Aol A%

API= of| & 7} 9l
Ytk

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. FUZIE AA| 2] Aol& I = ZJAEZ HHE3H T}

WA 330 =7}

Py_ssize_tPyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how many)
FHUTE AR o)A e AAE 2AS AT o] G5t D25 24 WAL £} A
St memcpy () 2 S U of 2] A] -1& vEbsta o9& A7 5“4 th 232 ¢kod BAbE 22t
42 uaRh o

WA 330 7}

Py_ssize leUn:Lcode Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
B2 BRI S A2 YTt fill_char& unicode [start:start+length] o] &4t}

fill_char©] F2FE H o X E T AL FAE ol E o4y F27F e Asfg o
7159 2 8 HEEe AL ol A] 18 kst al o 9l & WA Y T
¥ 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. T2} 4ol EAE £ Uttt EAY9L PyUnicode_New () S T3

RHE ol of FUTE FURE EAAL BHo|2E, BAAL A7} ok 4 Al 8h4] shofok gh

o) Bt unicode 7§ 2.2 AA A, A2 UAE Rt A, AR LA $4 5 Gl
(%, 2% A47H1 Q) FAg ek,

B A 3.30] F7}.
Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

=

Part of the Stable ABI since version 3.7. w X EoA AL d5Uth o -+ a2 HA
PyUnicode READ_CHAR ()&} @8 unicode7} FUTE Axol AWl A7 HYE Hojt=x] &l

gyt
WA 330 7}
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 A& 2 start(3E U t}) o] A B2}
A2 end (A9 LT 714 sire] 5191 E AL S MBFUD 35 AT At 295 A T
WA 330 7}

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Part of the Stable ABI since version 3.7. copy_null©] A A=W, d BXE £33te] E24Y uE UCS4 H
5ol %A o] A NULLE MBS o9 E 48 Gt (53, bufleno] ue] Zo] Bt HO
SystemError). A3 buffer 7} ¥F3kg U th
WA 339 27}

Py _UCS4 *PyUnicode_AsUCS4Copy (PyObject *u)
Part of the Stable ABI since version 3.7. A4 ug PyMem Malloc ()& AF&3lo] & A UCS4 W 5 o
H st} o] A o] Aufshd, NULL 9] ¥FElE 11 MemoryError 7} A A E Ut viEd ® ¥ o= &A4F
249 375 2AES A5

WA 330 7}
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| X|El Py_UNICODE API

WA 33004 A5 G Uch A 312004 A AT

o] API 3452 PEP 393 3ol 23} 5 28] 15 I th. sho] # 3xol A A AR A 7] ol 8% R EL
A% A 5 QAR oAl 1 Ao 2 98] A5 vl e BAIZ 9L 5 9182 21418 ok gtk

PyObject *PyUnicode_FromUnicode (const Py UNICODE *u, Py_ssize_t size)

Return value: New reference. 5] 2 27 (size) ©] Py_UNICODE ¥ 3 uol| Al U ZE AA S 54U th u
ENULLY F o, ojd uj= W&o HOHA kFUth Q3 dolHE A= AL AEALe

ATk W 7k A AR o BAE Tk

W37} NULL o] of Y|, W2 3h2 T AA L = dsUth wEkA, A3 FUIZE A9 82 urt
NULL ¢ o ¥+ 3] 8- T}

B 3 7} NULL O] ¥, PyUnicode KIND ()&} 222 AN~ 3 2 & AF25H7] Adof] BEXE -&0] 2] A
W PyUnicode READY () & 3 &8l oF gy th

WA 33004 FAH Q5T WA 302004 AAFUTE: o] A 2B fURE APIS IR T,
PyUnicode_FromKindAndData (),PyUnicode_FromWideChar () B+ PyUnicode_New ()5 A}
§5}o] mho] 1o o] 4 3141 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.

W74 33004 AAE QA5 UTH WA 312004 AARYTh: o] @ A8 $URE AP AR T
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () ¥ A3 Al
APIE A1-88}0] nfo] 18] o] A 5141 4] &

PyObject *PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. 5= A size®] Py UNICODE ¥} ¥ o] Q&= EE 107 5= %% 1071 Zkof wet
ASCII 5:7}0-9 2 71 3ko] U 3= AR S S o) o) 9] 7} W4 51 nuLL S whehghu) o),
WA 3.3 A H A= P51 T tﬂﬂ 311004 Al A" Uth: o] d 28t Py UNICODE APIS] YRt}

Py_UNICODE_TODECTMAL () & Ab-&3}o] ulo] 13 o] A 314 Al L.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

¥ A 3.39] F7}.
WA 33004 HAH A5 HA 312004 A AGUTh: o] d 28 FUFI = APIY] dFJYth

PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () ¥ A3 Af
APIE 71§ 5to] tho] 18] o] A 5441 Al <

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABL #| 2|9 py_UNICODE B89 7|8 & th9] 2 viasht (A 2 A o) E &S 2
a9 2 2.
WA 33004 A AH A5 U HA 312004 AIAF Utk o] d 28t FUZ = APIS] 47 AU

PyUnicode_GET LENGTH ()& Ab&3lo] uo] 1 o] A 3}

>
>
fo

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABL. Z 23} FUIZE A B Fo A2HAE NZL AR
SUTE Ao FAZU T b7} o] ] (A1 Fo] ohd) A fUT= AR oW, B2 058 Z7HA

73 2% e e oh
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FUIZEY o9 AH G 0]9)9] AR TypeError S WA AT

ZAY AIY

A ZA L ARG = AR G AA A 2 EAEE HIAY T 5 JdFYTh

PyObject *PyUnicode_DecodelocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. Q+= 2 o] = 2} VxWorks 2] UTF-8 o] .}

EEAEFY A EALGJAZREY FAE S R IdF Y AdE & o] A8 7]& "strict" 9}t

"surrogateescape" (PEP 383) J Ut} T I T &= errors7F NULL O] ™ "strict" o & X 87| & A
FUTh e d BAE B S AT 4 £AS EE 5 AT
Py_FileSystemDefaultEncoding(F}o] A& A] 9] 2 A Y AT P oA AL S U A
PyUnicode_DecodeFSDefaultAndSize () & AFE3IIHAI L

ol

3w

This function ignores the Python UTF-8 Mode.
o B

Py_DecodeLocale () &4

B A 3.30] F7}.

WA 3704 HA: o] T4 oA =R O]EE A28l surrogateescape ol 2] A 2] 7] o] &Y
E2AL AdFYE ALY Th o] Aol =, Py_DecodeLocale () ©] surrogateescape®l| A5 911,
A2 =AY ?l G2 strictol AHEEHAFUTH

PyObject *PyUnicode_DecodeLocale (const char *sir, const char *errors)

Return  value: New  reference. Part  of the Stable ABI  since version 3.7.
PyUnicode_DecodeLocaleAndSize ()2} A3 A W strlen() & AFE3lo] BXE Zol &
A byt

B A 3.30] F7}.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. U ZE AR5 A= 2 o] = 2} VxWorks
o] ] UTF-8 & QJIF Yot AL}, th 2 S FZolA EA EA Y ATZ GO E JAFAYGFUTH A A= = ol & A

27| "strict "9} "surrogateescape" (PEP 383) Y Ut} A AT = errors7}NULL o] "strict"

oy A2l 7]1 & AU T bytes AAE WU Th unicode= WFH d FAHE 238 5 gl th

TAE &Py FileSystemDefaultEncoding(3}o]|% A2 Al Q]2 2AIY AFP) o2 T3t d

PyUnicode_EncodeFSDefault ()5 AF&3HA Al 2

This function ignores the Python UTF-8 Mode.

o] B7):

Py_EncodeLocale () &4

WA 330 F7%

WA 3704 HA: o] 4= o)A k= Fo|EE A9 5}a surrogateescape ol 2 A 2 7)o A

EAY JdIZYE AR ST o]Aof= Py _EncodeLocale () ©] surrogateescape o AFHR-H 9111,

AR E?ﬂ d AT YL strictol] A A5 YT
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Th AIAE olmg
S| ]_g_gr 71Et 874 BA9EL A3 Ygey yyageeH, by FileSystemDefaultEncoding =4
FPgog AL, Py_FileS temDefaultEncodeErrors g o & A 7|2 AF_&) oF gt (PEP

ys
333k PEP 529). A7 T 84 Tl 3 0§ & pytes® ATYSHAR, "0i" WS E A sa
PyUnicode_FSConverter ()& W& st4=2 Fﬂ%oﬂ of gt t}:
int PyUnicode_FSConverter (PyObject *obj, void *result)
Part of the Stable ABL. ParseTuple converter: encode str objects — obtained directly or through the os.

PathLike interface - to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output
as-is. result must be a PyBytesOb ject* which must be released when it is no longer used.

B A 3.10] =7}
WA 3.604 WA 27 A& QotEdyth

Ax4 T2 BAH Fol }Y o] ES str2 UnYddH, rosr WBNE A4S HI
PyUnicode_FSDecoder ()& W3 42 A3 oF &yt
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 PyUnicodeObject* which must be released when it is no longer used.

B A 3.2 =7}
WA 360X ¥ 427 AAE ot Yyt

oo ©

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] A& X o, 2A Y JdFJ o2 FwWlEr],

Py_FileSystemDefaultEncoding 2 A|Z Al AL A FQGAA 27|18 YFo| =S 4 gj\’\
Uth 84 2A1d A3 YA EAYEL 7Y oFstH, PyUnicode DecodeLocaleAndSize ()&
BN L.

15 =4 B
Py_DecodeLocale () &5 .
WA 3604 HA: Py_FileSystemDefaultEncodeErrors o & & 87| & A&t

PyObject *PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Part of the Stable ABI. Decode a null-terminated string from the filesystem encoding
and error handler.

Py_FileSystemDefaultEncoding ©] AAE X o, 2A|d AIAYCZ

]
1=

sy
A ZolE &1 QoW PyUnicode _DecodeFSDefaultAndSize ()& AR Al L.
WA 3.6 HA: py_FileSystembDefaultEncodeErrors o3 A & 7]& A& &Yt}

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Py_FileSystemDefaultEncodeErrors o2 % &
715 AFR Sl U FZE AR E Py _FileSystemDefaultEncoding® A3 Y3}, bytesE HI313}
Utk Az bytes AAGIE & oho £7h £38 5 2ol 91341 2

Py_FileSystemDefaultEncoding ©] A=A ¢toH, 2A Y JdIF o2 2wl

e

s

Py_FileSystemDefaultEncoding 2 A2 A] 2A| D QA FZ P A 273 1] UFo AT 4 Q)
SULH A 2AG AFIHoE BAYEE AT ok 514, PyUnicode_EncodeLocale ()—,2: ALg-5t
Al /\] (e}
H S
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© B7]:

Py_EncodeLocale () &4

HZA 320 F7%

H A 3.6014 WH7: Py_FileSystemDefaultEncodeErrors o|# & 7] & AFR-gY ).

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 ABIL 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 ABI. 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)
Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output string
always ends with a null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_ t string might contain null characters, which
would cause the string to be truncated when used with most C functions. If size is NULL and the wchar_t * string
contains null characters a ValueError is raised.

AF Al PyMem_Alloc () o o3 &FH W5 & vt
2). o8] A, NULLS W35}l #size= A 2 =] ] &
IR PR

WA 320 =7}

WA 3. 79| A ¥ 7 : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

3yt (PymMem Free () & AH&3Fo] A 3HA] Al
Ut w2e &do] A9sd MemoryError &

£ 93 C2 A4Y WF 29 AFL ATIU oI TIEL BT O FHEL 59
A
=)

encoding= NULLEZ A ZA3tW 7] A FF <A UTF-80] A&

=) =L v
= ==

d o]l F JAFZ Y PyUnicode FSConverter ()& A& oF & o] AL YrRAOoT WS

Py_FileSystemDefaultEncoding < A& YT o] Y= o7 Ao =7 Xe|Fojofgyrh 48

N2 A= Z4 FAG el st 2AE 7F 5 a1, & Al ago A= A Ao A8 Ut (718 S8

22 790 setlocale S T & ).

o8 A2l errors 2 A =, Lo tha] FoJH 712 A E AHETES W= NULLE A E £ %
AFUTh 25 W Zdof thak 71 ol 8 A 2l= “strict” YU T (ValueError 7F I oh).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.
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ol
=

e

3

JE

=< dnt 29 API Y th:

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. Q1T QJH F A4 5s9] size H}o] ES 7 Y3} FFUZE=
AR S 5T encoding®} errors= str () W& 50 22 o] 29 nj/f W5t 22 o u gl
A8 2L sl 54 A A S A B el 3T Tk Selol A o187 S 0L E
Llsia g =

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Part of the Stable ABL U Z = 24| & A7 Y5t AHE 5}ho] A bytes 2| 2

QU T}, encoding 3} errors= U3 E encode () H| /\'] o] 22 o] w7 Mot 2 gy
AL E 06 ol 1 6] el AN o] £ AL 8] 251 1Ieh. 1ol A o] 7] AL woLLE
e Y

PyObject *PyUnicode_Encode (const Py _UNICODE *s, Py_ssize_t size, const char *encoding, const
char *errors)
Return value: New reference. 5917 size®] Py_UNICODE W ¥ s& <17 93}l 1}o] A bytes 2 A & Wkt
T} encodingT} errors+= +UZE encode () WA ES] -2 o] 59 w7/ W4} 22 o n Q) th
AET UL solH 77 A LELE Aol 23 H Itk 2ol 9] 7 BT NoLL S
e

W7 3,300 A 2% Q55U T, 9 30100 4] Al A U Th: o) W 2EF py_unTcops APLE] ARSI T

PyUnicode_AsEncodedString () < AH&3Fo] nfo]l1d o] A Al 2

UTF-8 24

22 UTF-8 49 APIY Yt}

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 A7 Y H A} 59| size v} O] EE U] T 3o
SURE AAE BE LT 2eo]A o 27} ek nuLL ek o,

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©]|®, PyUnicode_DecodeUTF8 () A
2 523Ut consumed 7} NULL o] obU ™, 53] B9+ 31 UTF-8 Hlo] E Al A A& of| g 2 A 2|5 A ¢
Fyth olg g Rl EE YR GE A o t I H vlo| E = consumed ]| XVLQHD}

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-8-& A}-8-3lo] U I = AAE A7 Q31 A&
5] 2 bytes 4] 2 WHEHGH ok o] 2 A 2l “striet” QI T, 280l 4] o 2] 7} HAISIE NULL S W
ik

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Part of the Stable ABI since version 3.10. -1 ZE 214 2] UTF-8 el @ o] tf 3+ Q& & k&3, <17
JdH 230 715 (Hlo] E T3 2) sizeol] AF U T size QA= NULL Y 5 A5yt o] ¢ =27)7F
A A ks Uth viEE W o= o @ Z= XUETF Aol BAIRLol, T F7F 2 Hho]EVL

F7HE U Gizeoll 2= 2] QA5 U h.
of 2 7} g 5t NULL o] ol 9] A 3} T WESEE L size 7F A A] k5 T

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.
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WA 330 27}
WA 3704 WA W8 & o)A char *7} o}y 2 const char * Yy th
H A 3.109)| A ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize ()9 ZA 2, 27|15 A &3}A] k5.

WA 3.30] 27}
HA 3704 A 9P -2 o] A char *7} kY2t const char *YUTh

PyObject *PyUnicode_EncodeUTF8 (const Py UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. UTF-82 A}-&3Fo] 0] 3R szze./] Py _UNICODE W ¥ s& Q13 W3} ulo] i
bytes 2142 whgHah ok, o) A o 9] 7} 9hA) ahE NULL S whE ek o,

M 3304 AAHAF U WA S AAF U oA et Py UNICODE
API 9 d X < Yrt}; PyUnicode AsUTF8String(), PyUnicode AsUTF8AndSize() 4}
PyUnicode_ AsEncodedString () < AF&3Fo] nfo] 18 o] A Al 2

UTF-32 34

t}-&-2 UTF-32 29 APIY Ut}

PyObject *PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-32 2 Q1 F Y H B ¥ Ex}F oA size B} EE
Fota sl U E AAE wEHU T errors(NULL 0] ot ®) = ol 2] A2 & o gyt 7123k
“strict” Y Y t}.

byteorder 7t NULL ©] o} ™, Y I T & A A H vlo| E A& AHEsto] 2™ & A&t

rlo R

*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: Dbig endian

*byteorder7}00] 1, & d o] E] 2] & 48}o] EV} vlo] E 4= A] EA] (BOM) o] ¥, T] Z &} 7} o] ].o]

A2 AHF 1 BOME A7 §UR= EAQ0] %45 A g5t *byteorder 7k -1 v 1o]®
BE who| = 4 EA7F &0 Barg Lk

AT T, *hyteorder= U2 W o|E] Q] To| A A vlolE =M= AAH UL}
byteorder 7} NULL O] ¥, T &2 U] o] E] B <=4 B =2 A 23 T
o] 4] ol 9] 7} WA S NULLS B T,

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 () 8 % & s 4 t}. consumed 7F NULL ©] o} Uy 9
PyUnicode_DecodeUTF32Stateful () 3 Z3 B4 UTF-32 vHlolE AJ| A A (71 42 U
ool 2 o= HlolE )& B E A otA] gsUth olf g HiolEx I YHA oy
tZ Y= v}l E 4= consumed ol A3 Ut

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. Y] 0] E] B v}o] E <= A & UTF-32 QA1 7Y & AH-&35}o] 1}
o) whol = A2 W THI T}, £ AL T4 BOM B2 Al th, ol 2] A 2l “surier” 31U o
Falof| X o €] 7} B 5 NULL-S RESH U o)
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PyObject *PyUnicode_EncodeUTF32 (const Py UNICODE *s, Py_ssize_t size, const char *errors, int

byteorder)
Return value: New reference. soﬂ FYUIZ = Ho]E 9 UTF-322 A7 P H ZhS £33}+= 5ho] A bytes
AAE I S92 } 1E Ao Wt 7| S5 Ut
byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1 big endian
byteorder 7} 0 0] ¥, &8 EAE -2 &4 54 T = BOM vl= (U+FEFF) 2 A 2HgHU T} T2 F R E oA
£, BOM n}a7} gkl &

o) e
Py_UNICODE_WIDE 7} ¥ A ¢koH,
F oA o] & 7} A 8H A NULL & WHehehu ot

W 33004 F A= A5 Ut WA 31194 A AF Uth: o] d 28t Py UNTCODE APTS] Y- th.

PyUnicode_ AsUTF32S5tring () ©|W PyUnicode_AsEncodedString () < AF-&3}o] U]—O]j_\?ﬂ o]

LESRES

UTF-16 2|

<2 UTF-16 9 APIY YT}

PyObject *PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-16 22 A7 H ¥ B} Lol A size IO EE
O3 Yeha S U TS AR BE O errosULL o] oh ®) = o 2] A ]S A gk /]2

2 “strict” Y U t}.

byteorder 7} NULL 0] oh) @, T 26 = A A H kol £ ¢4 & ALgSte] 22 Al A ok

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7F0°]al, 918 T o] B 2] A5 2H}o] E7} HEo] E = A A (BOM) ©] 9, HEH = ©] HiolE
THE eSS 1 BOM2 23 FUZE EALol| HAE A ¢b5 Ut *byteorder 7F -1°]tp 10]1

BEHOIE A BAIZEEH EAME YT (\ufeff Y \ufffe A7 g UHh.
After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL o], 92 Yo E] B <=4 RE 2 Al &3t}

Feo| A o 2] 7} WA b NULL-S WHEE L o),

PyObject *PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABIL consumed 7} NULL ©] 9,
PyUnicode_DecodeUTF16 () 8 % 2+ g 4 t}. consumed 7} NULL ©o] o} 4 9

PyUnicode DecodeUTF16Stateful () 8 —_?"—3],4 B4 UTF-16 HlolE AN FEA (7 &4

o]

ESsUIZAZACNE E A= AstA Fsdth olH T HllEE I PHA o

1’4_1:’_%‘5] "ol E 3= consumed o] A7 Y th.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. W] o] E] H v}o] E <=A] 2 UTF-16 Q1 7 Y& A5} o}
o) Hho] = AL 2 WAL FAFEL 4 BOM vk A2 eh. of el A 2l & strier” S ek

ol A o 2] 7} g 3H e NULL & Wb o
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PyObject *PyUnicode_EncodeUTF16 (const Py UNICODE *s, Py_ssize_t size, const char *errors, int
byteorder)
Return value: New reference. s = FUFZE Hl o] E]2] UTF-16 A7 YA S E5H3}+= 3}ho] A bytes

A& BTk 2L 02 vl E A o w7128 ok

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

byteorder 7} 0 ©] 4, a4} -1 7 = BOM vl = (U+FEFF) & A 2t} o2 5 2 T o A
=, BOM 1} 7} & Yt

Py_UNICODE_WIDEZ} A= W, &Y Py UNICODE Fo]l AZAoE Aoz BAE 4= d5Yrth A
o= 2] ¢kow, 7 Py UNICODE 3t-2 UCS-2 #AHE 3l A g Y T}

Fejol A o 9] 7k g 3 NULL = Wy ok

WA 33004 #H| A JAF5UTh WA 31194 Al AF Ut o] d 28t Py UNTCODE APIO] R YU T}

PyUnicode AsUTF16String () ©]V} PyUnicode_AsEncodedString () & AF&3Fo] nfo] 19 o]
A B A L.

=
iy
M
)
e

UTF-7 24|

<2 UTF-7 29 APIY Yt}

PyObject *PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. UTF-72 7 Q¥ BX}4 59 size HF 0| EE U] 7 H 3}
FUTE AAE BTk A 97 2P NULLL BT T

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 ABI. consumed”} NULL ], PyUnicode DecodeUTF7 ()
H &Y consumed 7} NULL o] o} U W, &3 £ 2H 3F UTF-7 base-64 A A2 ol &) 2 A )= 7] ¢k5
Uttt o]g] sk nlo]lEE U I YE R ko U] ZHYH nvlo]l E = consumed ol A = U Tt

PyObject *PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py ssize t size, int base64SetO, int
base64 WhiteSpace, const char *errors)
Return value: New reference. UTF-72 A& 3to] 0] 37|19 Py UNICODE H ¥ E Q1 FZ Y3}
bytes 21 A & k33 ot Fd o A o 9] 7} B 81 NULL-S wFEHE U o)

El
k)
o
%

base645¢10 7+ 00] OFLI B, “Set O” (chE S8 3 917} Gl TF ) & base-64 2 917 Y H Utk
base64 WhiteSpace 7} 0©] of ¥, FWL base-64 2 A FFFH Yt} Fo] A “utf-77 ZE o A E t}0

o7 AAE Yt

WA 33004 | A AF5UTH WA 31194 Al AF Ut o] d 28t Py UNTCODE APIO] R YU T}
PyUnicode_AsEncodedString () & AR&3lo] upo] 18] o] A 314 Al L.

FLIZE o[AFA[O|= FH]

02L& “fYFE o] A A o] i (Unicode Escape)” T4 APIY Y Tt}:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. f-U T E o|AFA|o] = AFJH EXY 59] size Hfo| EE
Hadgdste] FUZE AAE by th ZE oA o 2] 7} i s NULL-& R T

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. U Z & o] A A o] =& AL&3lo] FUZE A

il
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1753 AIE bytes A2 = WU TE ol g X g & “strict” Ut T oA o 2] 7} HA A
NULL<Z 9 oh

PyObject *PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. U T E o] A~A o] Z & AL-&5}0] 20 A size?] Py UNICODE W ¥ E 217 H]
SFal bytes A & WU Tk ZE ol A o 2] 7} S5 NULL S Bhekabul o,

WA 3304 2= AFUTH M A 311 A A AFYth: o] A ~EHY Py UNICODE APIS] AR Ut

PyUnicode_AsUnicodeEscapeString () €& AF&3te] ulo] 13| o] A S Al L.
Al RLIAC olAF0|Z 2

05L& “YUA] YT = o]~ A o] Z (Raw Unicode Escape)” T APIY Yt}

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize t size, const char *er-

rors)
Return value: New reference. Part of the Stable ABL. YA| U T E o]AA|o]lZ A7 YH EAY 59 size

HolES Y ste] FUZE AAE whsUth ZH oA o 9 7} 8 shE NULL S g ok

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. YA] F-U I E o|AA o]z & ALL3lo] FUZE AAE
A28 DI bytes A 2 WA T o 2] Azl swie” Iy Tk TEAA o2 7L L5
NULL< WHehgh ot

PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py _UNICODE *s, Py_ssize_t size)
Return value: New reference. QA +U T E o] AA o] ZE AL 35lo] F o] K size®] Py UNICODE Bl ¥ &
Q1515 3131 bytes A4 & WHEHEU Th S0 A ol 9] 7} M ShE NULL-S wHek gL o,

WA 3300 A H A= A5 UTh A3 1104 A A Uth: o] d A8 Py UNICODEAPIY R JUth
PyUnicode_AsRawUnicodeEscapeString () ©|Y PyUnicode AsEncodedString () < A5}
o] ool ef o] A 541 Al .

Latin-1 2=

22 Latin1 79 APIUTh: Latin12 42 256748 §1 7= A5l s15hm 179 Fof 7604
o]=vt &g Yrh
PyObject *PyUnicode_DecodelLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL Latin-1 Q1 T QP ¥ £ 214 59| size v} o] EE T
FUZ= AAE d5UTh Z oA o2 71 dA 3 E NULL S ¥EEH gy T

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Latin-12 AF&3lo] fUIZ = AR E Q7Y 5 A4S
s}o] 2 bytes 22| = WU T} of & A 2] “strict” YU T ZE of| A] of| &] 7} LAY S H NULL- WHEHeE
Yt

PyObject *PyUnicode_EncodeLatinl (const Py UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Latin-1-2 AF-§3Fo] £ 0] A size®] Py UNICODE W H & A7 Y3} gfo] A
bytes A A & WHE T e oA o 9] 7} w3 3HE NULLE HEERE T

#3300 41 215 S Ul T, ¥ 311604 Al AR U th: o] A 2Bk by onrcops APTE] 9% 1]
T}, PyUnicode AsLatinlString() ©|V} PyUnicode AsEncodedString () & AR&3d}o] mlo]1
014 S 2

kU

95

£

fil

I
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ASCIl Z 5|

=2 ASCII 9] API Y Ut} 7] E ASCIL t| o] E| ¥t 5] & U th T} 2 & Z =+ o8 & AU Th

PyObject *PyUnicode_DecodeASCII (const char *s, Py _ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. ASCII Q1 Z QJH F X4 59 size v} 0| EE U] 7Y 5}
FTUZRE AAE b UTh Z oA o] 7} 8 6 NULL2 HheHghu T}

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCIIE Al-&35lo] U ZE AAE A Z Y3ty AHE
5ol 4 bytes 217] 2 WS T, ol 2] A 2l = “srict” 3 U}, Lol A o 2] 7} WA S noLL S Wk
ek,

PyObject *PyUnicode_EncodeASCII (const Py UNICODE *s, Py _ssize_t size, const char *errors)
Return value: New reference. ASCIIS AF-&3}0] 0] A size] Py UNICODE ¥ ¥ & Q1 F I3}l gfo|H
bytes 24l S Wkek gt Tk, 9 ofl A of 9] 7} A 5h NULL = WHE Y o

WA 33004 A A= JAFUTH WA 31104 A AF Uth: o] A 26t Py_UNICODE APIO] EF AT
PyUnicode AsASCIIString () ©|Y PyUnicode_AsEncodedString () & AF&3Fo] wlo]1d) o]
A 541 2.

2

%

LT

Ho

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

DY EEEPTIRICE

PyObject *PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const
char *errors)
Return value: New reference. Part of the Stable ABlL. 591 2l mapping A A& AFE3lo] AT HEH 214 59

size }o] EZ Tl TP 3te] U DE ARE wEYch ool A o] 97} 245w NULLS Wk ok

mapping ©] NULL ©] ¥, Latin-1 T] 3 o] A-&H Ut} 1E 2] 922 H mapping-> vFo] E A= (00] A] 255 A}
o9 A% B FURE AL, A5 (FURE A5 2 A AT UDH EL None 0.2 v sk T o)
A=) ] k-2 tf o] E] H} O] E (None, OxFFFE &= "\ufffe'Z W4 = &= Z1 ¥ 7l o} 2}, LookupError
& $UHE )2 AYH A G POz AelH ol ol E BAAN U

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABI. F=] 2| mapping 24 A & A+&3to] FUIZ=E AR E QA=
I35l AFHE bytes 21 A 2 Wk Ut ol @] A 2l “strict” U T ZE A of 9] 7} WA S E NULL S
LliacgBh=
mapping AA &= FUIZE A5 B 5E bytes A A, 00| A] 255 Abo] €] X4~ = None © 2 ufj 333} oF i}
None©f 1} 3= = AL gk ofv] 2} v = 2] ¢k £ A Al 5> (LookupError& F43h= 2) & “AH o = A
0F-2 g7 o2 A= o] of g 7} Ao

PyObject *PyUnicode_EncodeCharmap (const Py _UNICODE *s, Py ssize_t size, PyObject *mapping,

const char *errors)

Return value: New reference. 591 A mapping A A & A& 35to] 0] A size®] Py UNICODE W ¥ & Q17 H
St 71 A5 bytes A A 2 RS T A dlof| A] o ] 7} 28 6 NULL & WHEH Y o}

WA 3300 A H| A= A5 Ut WA 31104 Al AF UTh: o] A ~8Y Py UNICODE APIS] GH A th
PyUnicode AsCharmapString () ©|W PyUnicode_AsEncodedString () < AF&3lo] ulo] 14
o] sHA Al L.

T TY APIE fUIZEES FUIER 1)

ot
roh

th ol A SH .
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PyObject *PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. &2} vl 3 g o] & & & 5lo] EAES WH3tsta 23
FUE AR E W Th A o9 7 A SE NuLLS ek T

g Ho|lE2 FUIZE NG AT E FUIE A Z5 U None(ZA7F AHAH =5 o)) o o 3 3)
o} ‘61—]%[;].‘

vjgd Ho] &2 _ getitem_ () QUEH o] vHAF 3 FUth gV ]2} Al A7 AE T
33 =] %] ?%8 =2t HT(LookupError% eulsts A)= Ac A by a8 EAE U

errorsi= o K] AuEA L o m] LTk, 7] # o ¥ A el 4§ el nULL D 5 A& ek

PyObject *PyUnicode_TranslateCharmap (const Py UNICODE *s, Py_ssize_t size, PyObject * mapping,
const char *errors)
Return value: New reference. &2} mapping Bl 0] 5 & -8-3}o] F0] X size] Py UNICODE W ¥ 5 WHE3}1L
A5} T AR S R o 8ol A o] 7 A shE NuLLS sk o
94 33004 T A= QU Th WA 311014 A AR UTh: o] d 28 py_UNTCODE APLE] LU T

PyUnicode_Translate ()W LWk 79 7|HF APIE AF-&-3Fo] mlo] 2 o] A 34 AL

=< & MBCS ZH|

ThS-& MBCS Z9 API¢] U T} fﬂxﬂ ﬂE%ﬂlAﬂﬂA}%%‘# 21 Win32 MBCS ¥ 37| & Alg-3Fo] W3S
T @ g th MBCS(®E+ DBCS) = @A sttt obu gt IFd S loll ol st 2. tid 392 7Y
< A3t 71 A9 AFSAF A el 4611 Aoldyrh

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 2 7 Q¥ EA4 59
size AFO| EE YT Q3] FUIE AAE w5 YT ZE oA o &) 7} WA 81 NULL-& RESH3H th

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 ©] ¥, PyUnicode_DecodeMBCS ()X & Z 23Ut} consumed 7} NULL ©] ©of U] W,
PyUnicode_DecodeMBCSStateful () & &3 /‘\jéﬁ (lead) B}l EE Y Z Q3R ¢ tyZ QA v}
o) E 47} consumed©l| A 7 YT}

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & Al-&3lo] U=
AAE AF G skl A5 vho] & bytes 22| = WHEHFU T ofl 8] A 2] = “strict” ) U T} T E] o] A] o] 2] 7P
985 NULL S WU ok

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. A H T E 3| o] X & A&
sto] U ZE AAE AF I 3Hal ho] A bytes AA S t‘@}ﬂ‘% o} ZE o) 4] o &) 7} LAY S NULL =
HEgkghu . cp_ACP ZE H o] A& AFE-51o] MBCS 1A H & A5t

WA 330 27}
PyObject *PyUnicode_EncodeMBCS (const Py UNICODE *s, Py_ssize_t size, const char *errors)

Return value: New reference. MBCSE AM-&-3to] 203 size®] Py _UNICODE W ¥ & 13 93}l ghol A
bytes 214l S WkFghU Th. g ol A of 9] 7} kA 3h NULL = WHE Y o

HA 3304 AAFHAFYUTH HA 40904 AAF YT oA ~e L Py UNICODE API
9 4R JdYtt; PyUnicode AsMBCSString(), PyUnicode_EncodeCodePage () &E &=
PyUnicode_AsEncodedString () & AF&3d}o] nlo]l1d o] A 1AL
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HMES &2 B4

THE APLE 999 §UTE AA 9} BA AL (LYol BAR ol ek S Th AR 4 9l A As
s A 35S e
WEE

o] &) 7} A 3} NULLo| U} -1-2 wkskgh o}

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABL. = &2} g & o]o]£o] 3l N2 FUIZE EXIS

Agg ok

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABL. AE & £&3lo] FUIE v‘f—Z]-?‘J;_ =
. sepol NULLOJ W, 2E 39 B4 £ Aol A $2o] $AT LT 284 o, &
B go] Aol whitt X vh marsplit B8] 2T, S50, Agtol 474 A ot S e
23 g 2Eof X3 A FE T

PyObject *PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Part of the Stable ABI. Splita Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepend is 0, the line break characters are not included in the
resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. Z= 0] A separator & A}-g-3}o] BX1G Al F2E AZsI
AT FURE FALES Rk th

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py _ssize_t end, int di-

rection)
Part of the Stable ABIL substro] 01X 18] Z ol A (direction == -1 2 AAE 43P TL 90
direction == 1> Fu|AF A& YUY} strstart:end] & LA3HH 1S &Y 1

om0 g o2l 7k B sHE -1S i ok

5},
=

17

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the Stable ABL. 5] A direction-S A+&3}9] (direction == 1 & 7g u}&k A AL o u) 3} 1, direction ==
-1 g A4S o U]yt str[start:end] oA SubstrA ‘?i“ﬂ HX] E ‘ﬂ%}?qr/}. Hke} 7o
A ‘:’WH o ZH ‘“" PUth -1 g2 LA s 50| = LJrEMJL, —2+& o7 AP o 9] 7t
AL QLS L]_E}@qr,]_

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the Stable ABI since version 3.7. =1 % directionS A+-8319] (direction == 12 A ¥eF A A& o] n)
S+, direction == -1 99}k AM S oJu)dtLth strstart:end] oA A} chA ‘iﬂﬂﬂ —.4 A&
Hhshghu oh vk gk 4 H A "ali]-/] Ad~qUth -1 2 X 3e FHo] 9= ‘)rEM]J—, -2¢
o g7 A F L oA Q) 7 A H S UEFE YT
WA 339 7}
WA 3.7 A HA: start2} end= ©)A| strstart:end] AH A5 EE 2HH Y}

Py _ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the Stable ABI. str[start :end] oA substro] X A &A S335tE 3¢5 ¥kskshy . o8 7}
el e -1 e o,

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. Part of the Stable ABL strol| A substr2] 2 o maxcount 5 7%-& replstr 2 A1
A3 U I = AR E WS T maxcount == -12 R E S A TS 9] 1] ﬂq t}.

int PyUnicode_Compare (PyObject *left PyObject *right)
Part of the Stable ABL. = 229 S vl w3t 2zt 2L, 28 2o thsf] -1, 0, 12 ¥k ot
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o] g A Al -1 M3 n g, oS B3ty Y&l PyErr Occurred ()& T &8 oF I th

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Part of the Stable ABI FUZE AA| uni = string?} V) w3kl Zhzh AL 2 Fof thef -1
STk ASCILE A7 PR AT A5 o] 717 A v, 1] ASCI B 417} Z 35 @
B 2192 1S0-8859-1 2 3l 4 3H T}

o 4t o9 WA A A eFgU T
PyObject *PyUnicode_RichCompare (PyObject *left, P\Ob/ecl *right, int op)
Return value: New reference. Part of the Stable ABI. 5+ U F = FX<4€-& F 5 3t ¥] A (rich comparison) 3}
o % ohE AT
o 9] 7} A S NULL

e AFAQ H|A =Py _TrueY Py _False

PyObject *PyUnicode_Format (PyObject * format, PyObject *args)
Return value: New reference. Part of the Stable ABL format=} argsol| A M| EA1E AAE w18 Uty; o] 22
format % args®} AU T

int PyUnicode_Contains (PyObject *container, PyObject *element)
Part of the Stable ABI. element 7} containerol| £ 3t=] o] =] 2915117 19 u}a} ol A A& HI3Hs
et

element="+ 2 4 SUFE BEAZ A W3 ok st} o7} o™ —10] ¥l3

void PyUnicode_InternInPlace (PyObject **string)
Fart of the Stable ABI 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.)

ot

rﬂ

=4

£

PyObject *PyUnicode_InternFromString (const char *v)
Return value:  New reference. Part of the Stable ABIL PyUnicode_FromString ()3
PyUnicode_InternInPlace ()2 23, OJH (intern) & A U Z = Ex<E AA Y, 2L S
7FR o] el A" A FAE AA ol EH?&/‘H (“afd”) FxE Ehvch

8.3.4 5E 4A|

type PyTupleObject
ol Pyobjecte] N2 L shold B2 AA S ey,
PyTypeObject PyTuple_Type
Part of the Stable ABIL. ©] PyTypeObject AAEAE sto]l 52 P& pehduth dho] A A=
tuplest 2 AA YT
int PyTuple_Check (PyObject *p)
pAEE AR oA} FE We) AB Pof avad FE B FUTE o F4E I AT
int PyTuple_CheckExact (PyObject *p)
Pt FE AN A, RE FO| AB G AxAE o H S BHAFUL o G4 FHATY

e,
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PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. Z7] len ¢1 5= 2 A1}, A9 A| NULLS 9Hagy o}

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. 27| n Q1 A & 24U, A3 A] NULLS ¥FE-gH o}
F& 32 stol A AA & 7He) 7] = —7——%—” 7§e] C AA=2 2713 g U th PyTuple _Pack (2, a, b) <«
Py_Buildvalue (" (00)", a, b)<}ES53yrh

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. 5-Z Ao t)3F ZAE & WolA, T FZ2o 375 vddy

Py_ssize_ tPyTuple_GET_SIZE (PyObject *p)
T2 pe 2718 AP UT ©] A7]=NULLO] obY AL TS He A ok Ut ol 2] AAbe F 3 E A
Easasiag

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.

oy

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple_GetItem ()2} B3R qk, QRS &21514] &4 Tth

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7}2] 7] = £2 9] low2} high A}o] 8] &8fo] 2~ & HF
A, A5 L& T ol 2 5ol d £84p(lowihigh] % FE AU P AE
o7 RE QYL AAH A FFUTh
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. p7} 7}1‘4 7= FZ9 pos X ol AA ool 3t FRE FYF YT AFsH 0
wrEstu Tl pos7 WY S Blojyd, -1 W3S T IndexError 92 & A A gt}

rr
3

i ol Freool e F2E “FAL” FFS W o o]u] Q= FEo I FxE
] 1] t}(discard).

EEERE:

0;

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple SetItem ()3} HIOIAIT o 8] HAb= oFA] Fom A28 FES A& wf *ub* ALg5f of

gk,

7 ol mZRE= oo 3 FRE “S X117, PyTuple SetItem ()}t &2, ZA| =2 3+ tfj st
12 E WE A FFUTEH pos A A ANAH FEY BE 2= F4EULh

int _PyTuple_Resize (PyObject ¥*p, Py_ssize_t newsize)

RE a8 245 U AT 5 S U newsies FE 22 Aol HUth FEL o)
S A AA B, AA | h3 FEb b 9L wjwk AL S oF Gtk FEo] HEo ThE H o
o)b] e AW o) AG ALEHA BAA L. FEL G AN AA AL BAF UL ol AL 2.4
FEL NN A FES WEE ACE AARAAL, B B EEAL ek 43oAd 08

ﬂ

”}ﬁ'tﬂ"%q ZEolJE FE&, *p ARk o] FTE D %0}7] A 2o 7Hg A= tE Y
S BRI A A el rpt S H LI oI5, -1 & RS, pE NULLE 435,
MemoryError U SystemErrorE WA Al 7] U T}
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8.3.5 XAl AIRA ZHA|
FZ A A2 (struct sequence) A A= namedtuple () AA Y C5 7}%?&‘45}, S AJEYFEE 33 F&F
AT e DY YTh FRA A FELE U}E HH, WA 54 F2A AAL IS HEo ok gy Th

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL o}2] o]l AW H desc®] Ho|HZE M2 FZA A
FS M5yt 23 9 Jd2"H A= pyStructSequence_New () 2 THe 4 5 U T

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
descZ T2 A A2 types AR ANA 27188

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitType?} ZA 9 AF5H 02, Aoistd -1& w3k},

WA 340 27}
type PyStructSequence_Desc

Part of the Stable ABI (including all members). Wt 72| A8 2 F2] el AR E £}

zc cH 2|o|

name const char * TZ2A A FY ol &

doc const char * S o st S2EF o tst ZAEH L A ksle |
NULL

fields PyStructSequence_Field| 2L 32o] It o]EL 7[R NULLE Zv= v g

* o 3t 3 Q1 E

n_in_sequeng¢eint oW S B Q= dE S (FZZ2 AEHE F

)

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

g [cyg  [on

=

name const 2o ooy o5 3lE FES F55 EW - NULL, o] 5] }le AEHE F
char * 2 W PyStructSequence_UnnamedField@& ARt

doc | const A =A~EFo| L} Aks e W NULL
char *

const char *const PyStructSequence_UnnamedField
o Gt AHE GATS A% BE o5 54 7k
WA 39004 WA Fo] char *olA HAH 5T
PyObject *PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. Part of the Stable ABlL. Py St ructSequence_NewType () & & THE type]
Ar"dAE v Uth

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL p7} 7}g] 7] = 3+ 2 A A]lA 22 9] A posol Y=
A3 B FUTH B AAEAE A S,

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PySt ruct Sequence_GetItem ()3 SS53t |2 2.
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void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. FZA| A|AX po el A poso] Q= A& 7 o2 AAITYH
PyTuple SET_ITEM ()T} upR7FAI R, o] AL M 22 2 A2dAS A& wf vk ARG o ot

)
=
R
(
ml

i 28 FAUL,

pul

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetTtem () S5 w32 =,

Fa: o] Fes oo i FEE “FHUT.

type PyListObject
o] pyObject®] A H &L stolH g 2E A S e Ut
PyTypeObject PyList_Type
Part of the Stable ABL ©] PyTypeObject Q2B AE Jo] A g 2E S YEPd UL o] A2 Tlol 4
AZY list 2} 22 AA Yt
int PyList_Check (PyObject *p)
p7hElAE AAG P AE ol A1 B AaBad 3 AT o) B4 B4 AT T
int PyList_CheckExact (PyObject *p)
p7t B2 E Aol A uk g AE o AH P AA-H AT ofYH 2 vidghyth o] I+ A
AUt
PyObject *PyList_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A4-33}A Z 9] len Q1 A} B|2EE, A9 H NULLS

uhek g o)

F3: lenol 0BT W, WH3HH 2|AE AA9 FE2NULLE AFFUTh mepi BE
PyList_SetItem ()2 AA AAZE HAAB7] Aol PySequence_SetItem ()} 2+ F4+ API &
TEANLSFAY go]H ZEo AN E =2 5 S5

Py_ssize_tPyList_Size (PyObject *list)
Part of the Stable ABL listol| A} 8] 2E A 9] 4 o]& g3t} o] = g2 E AA|o st len (1ist)
9} 5T

Py_ssize_ tPyList_GET_SIZE (PyObject *list)
oAel A lE pyList_size () o] MaZ 4.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL. list7} 7}2] 7] & 8] 2 E 9| A index $] X 9] DA =
Hreket Uk 9 A= 257 ofyojof Ut} Bl AEL] o A RE S gL 2 aF A gyt
index7F HY & Hlol Uy (<0 == >=len(list)), NULL S 983} 1 IndexError 92 S A AT}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. o\ & ZAA} Ql+= PyList_GetItem()S WaZE & A],

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABI. E] 2EQ od A jpdexol] Y= FES item S 2 AASHU T AAZ5H 02 vt
Uth index7t HYE Hlojupd, -1 & vidst IndexError & dAFT )
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i o] ez itemol] I FX2E “FA L FS LE AAY 2B on] 9= FE hE
FrEWHUY

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
olg] AAL Q& PyList_sSetTtem() Q] W2z P4, vtz oz o)A Ygo] = A Z2EE A=

ol AHg-8 ot

ol maZ s iemol et R E “F X317, pyList_Setltem ()= 2] A== FEof ofgt
AzEWEA Ukl o i 1A e F2REFFE 2o yrnh

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
Part of the Stable ABL. &5 item< ] 2E list2] A& 2~ index ol A4Syt A&3std =],
Asstd -1 ‘ﬂ—%]—?ﬂ-_l_ o 2] 2 H ATt} 1ist.insert (index, item) of & Z]ch

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 8] A E [iste] Zof| AR itemS 27+ Uth AFEH 02 ks yoh; Aashd -1
2 H3el 1 g & A A3 YT} 1list.append (item) o 3 &gy T}

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL listol| A low 2} high AFo] o Y= AR ELS =3
2EE 9yt A9 8 NULL S P:@rs}i 2] & AT} list [low:high] © 3f
2 AE ZoAFES QAL A YE A k5 th

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_[ high, PyObject *itemlist)
Part of the Stable ABI. low2} high AFo] 9] list&ehol A& itemlist®] W& 02 A3} 1ist [low:high]
= itemlist ol s JFEY}. itemlist= NULL & —? Aed, W BgAE -4 S e U (&80
AR, et 02, AdetE -1 WU T 2|2 E ZoARE Q] IE A2 A9 A 5T

int PyList_Sort (PyObject *list)
Part of the Stable ABL list &5 A A 2]l APt HF5H 0=, Aot 15 Wkt
o] & list.sort () & 55 FYTH

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list®] @52 AZHe| ol A F QG U 4F8HH 05, Adfotd -1 w3
o] AL list.reverse () & 53]}

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL [ist2] W82 T 5t= A 52 AA & vtdsiyoy
tuple (list) & 55 FYTh

8.4 ZiE|o|] 2|

8.4.1 ElAL{2| ZHA|

type PyDictObject
o] pyObject] AH &L stol W gM iz AAE e iy
PyTypeObject PyDict_Type
Part of the Stable ABL o] pyTypeobiect A28 2s shold B AL 2 8 Vet o AL sho] A
A5 dict o} 22 AA YUt
int PyDict_Check (PyObject *p)
p7hdict AA o] Artdict F&] A B P AW g Wbkt o] 4+ 34 43 dvth
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int PyDict_CheckExact (PyObject *p)
p7}dict AR o] A\ T, diet B A E He] AABAE oW L W) o] F4E B4 AT T,

PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. M| 22 ¥l g4 2] & ¥l3s A}, A a3 NULLS
wEF .

PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. €}
MappingProxyType A& WUt} o] 22 <
42 P el HE BEL o ASHYTh

void PyDict_Clear (PyObject *p)
Part of the Stable ABL 7] & ¥ A g|9 & 7]-3F %2 8|34t}

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. & A ] po| key”7} £ 5 o] Q=] 3}
WhEhetal, 2182 koW 02 WU ol -1 W T
5P

PyObject ¥*PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL po} 22 7]-zk & £ 33t= A - 8] & ¥kashy o)

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. © A 8] pofl val2 key 71 2 A AU T key= S| A 715 oF Ut 28X
%27 Typemrror 7k AT TE A EHH 02, A SE -1 S WAL o] T4 valol U2
B2E FAA deih

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 0 on success or —1 on failure. This function
does not steal a reference to val.

int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if 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)
Part of the Stable ABL. A J ] poll A AL keyZ A B H 719 F52 Al AU key7F 9 A 2ol
Qo KeyError 7 AT TH 4 55E 08, s 31w -1 & wagh o,

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. B A U 8] pol| A 7] 7} keyQl AR S 213 T} key
717k 910 o9 & A S1A L NULLE e

__hash_ ()% _eq () MIMEE ZEste T TS ool JAFE YT o8] HuE dod
W YAl PyDict_GetItemWithError ()5 AHEBHAAl L

WA 3.100] 4] ¥ 7 : Calling this API without G/L held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. 9| 2] & A A| 61X &= PyDict_GetItem ()Y
HEY JUth o2 7F BA st o &) E A3t NULLS e T 7] 7 QLo W ool & A A sHA] gx
NULL-Z 9F3Hghy o

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 keyis
specified as a const char*, rather thana PyOb ject*.
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_hash__ O%_eq () MNEESE TE3T YA AL AAE D= F
AUtk o8] RS do#]H Al PyDict_GetItemWithError () S AF&SHEA L.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©) 212 glol¥ & 9] dict.setdefault () 2} ZH5 Uttt &A135H4
gAY g poll A keyell 3l ot 3h= HPEPU“/] E} 7] 7} dictol] $L oW, %kdEfaulto A= defaulmb]
A RBH U of Bt keye] AA BT 23 B AL A FU A0 Ao o4 B A
SR

WA 3.40] =7}

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. § 2|2 2 & =S

shE o

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. © A1 2] & 7]
Elaainliag

PyObject *PyDict_Values (PyObject *p)

Return value: New reference. Part of the Stable ABL. G4 8] p & 3=
LlaciasigR =

kel

&St pyListObjectE

g
el

?:L ]'L PyListObjects

Hl

&3l= pyListObjectS

Py_ssize_tPyDict_Size (PyObject *p)
Part of the Stable ABL. A 2lol 9= 59| +F vkt o]= 9Aielo] thil len (p) &5
e,

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 &4

ol

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

2 olejelol= Tl e WSk A

rlr
rlo

YA pi o E el o] A Fol WA AL o
HABHA B, 7] 7 go] WA A i ek 12

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong_ FromLong (i + 1);
if (o == NULL)
return -1;

(THS seTATol A1)
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R s S e e P I )

if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;

}

Py_DECREF (0) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL w3 23] b2 o[ €l @l o] & 3L A, 7]-gt A& YA 2] a0l Z7Fghch b P AL
2| AY PyMapping Keys ()& PyObject_GetItem()E A Wdt= BE AR L 5 A5 YT} override
7F&old, aoll A 71E Aol boll A A8k 717F o™ WAH AL, TP A ko aft A5k 77t
2 Wlw Aol 2748 Uk 4FehH 02 wakelaL, o] 971 B sk -1 & WEgh o,

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL ©]+= Coj|A] PyDict_Merge (a, b, 1) 211, F HA] < x}of “keys” o] E 2| H
EZM Q& pyDict_Update () 7} 7]-3k 9] Al 2ol T3l o] B | o] E 31 4] Qb=th= A vk Al 2] o4
sto] o A a.update (b) &} FAFRUTE AF3tH 0-& 9H8katal, o 9] 7} Ao -1-& HHEehy o

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABIL seq29] 7]-7k o2 A8 aE JASFAY HETULE seq2= 7]-3L o2
S 20l 29] ol el AA B A ol EjelE A ofof FTE. T2 77} 98 W, override 7}
ol wiA|to] FeE|skar, 18 2] ekod A MA 7L S| Utk AF Al 02 Hkgkskar, o €] 7y sk
-1 WYt 58 stol W& o5 Utk 3k Al 9))

def PyDict_MergeFromSeq2 (a, seg2, override):
for key, value in seg2:
if override or key not in a:

alkey] = value

This section details the public API for set and frozenset objects. Any functionality not listed be-
low is best accessed using either the abstract object protocol (including PyObject_CallMethod(),
PyObject_RichCompareBool (), PyObject_Hash (), PyObject_Repr (), PyObject_IsTrue(),
PyObject_Print (), and PyObject_GetIter()) or the abstract number protocol (includ-
ing PyNumber_And(), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor(),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_ InPlaceOr (), and
PyNumber_InPlaceXor ()).

type PySetObject
This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type
Part of the Stable ABI. 0] -2 5}o] ¥ set & UYEW = PyTypeObject? AAEHAQ YT

PyTypeObject PyFrozenSet_Type

29
0g 8 AN ZRE 2E shod AMo] t EAL A A5G WAA 2, ALA T4
ole e & sho] 2 AA ol A 25 Fh o,
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int PySet_Check (PyObject *p)
p7kset AA U AE Fo A

o
[-'II.
g
ok
A
v
o
i
5
rlr
odt
oy
ox
ol
ok
°
v

int PyFrozenSet_Check (PyObject *p)
p7t frozenset AAU AH W B Am FE BT o e T4 AT R
int PyAnySet_Check (PyObject *p)
p7h set A7, frozenset A EE AH Fo] Aadad 2L ABFUT o T4t T4 TR

gt

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)
p7Fset ZAA| Y frozenset 2 A ] A4k, A B o] dlAaEAE ofyE Z-S Hisgh ). o] S AT
4y

int PyFrozenSet_CheckExact (PyObject *p)
p7}frozenset Aol 2w A2 Bl QAR ol 22 NI T o] 4 A AT R

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABI. iterableoi] 2] 5]] vy A S TTGE= N EL set
WU T terable> M2 W1 S WE7] Sl NULL A o sy th AEetdE A A RS, A
S Mot S DG ] 1 porable o] A o] )] L]0 Temameron S B AN A e
S BAT HE 8T (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABI. iterable©l] & &} ¥I3tH AAE T3 Z 2 frozenset
= WUt iterable-> A 2~ R frozenset-& BHE 7] 913 NULL & 4 5 Th AFsHE A AT,
A3} 84 NULL2 HEEHHU T irerable o] A A & o] E] 2] & o] o} Y ¥ TypeError % LA Y o}

st olU} frozenset 9] A48 Ex 150 A8 2| AxBAd s OhE B4G AT E LT 5

9%tk

Py_ssize_tPySet_Size (PyObject *anyset)

Part of the Stable ABIL set ©]\} frozenset AR 2] Zo]E ¥I3gU ). len (anyset) 9 35U}
anyset©] set, frozenset == A H 32 AJAE AV} of W PyExc_SystemError S YA A A Yt}

Py_ssize_tPySet_GET_SIZE (PyObject *anyset)
o2l AA Q& PySet_size ()9 AR P4,

int PySet_Contains (PyObject *anyset, P\Obje 1 *key)
Part of the Stable ABL. U AH W 18, DA A ¢FOH 0, ol & 7} 28 e H -1Z eyt shol &
__contains__ () HIAELE=ZE, o] 4= 5]] Al %7}—31— ZeFS A A frozenset & 2 A5 HH 313} X
S UTE key 7t 3]]/\] Erl53t4 TypeError% I A A AU} anyset©] set, frozenset == A H
3 o] Sl ~El A7} o} W PyExc_SystemErrorE WA U Th

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem/() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return O 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.

U2 Tt set o ALY B Fo Qar o= AR 3 5 QI AT frozenset O]} T A H o] QA
B 2o

£ 88 5 gy

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL. WFAE 1 A AEH 1S 9133513, AT A od (o7 4 & 514 54 th
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= 7ol oSl KeyError 2 WA A] 7] A
t}. 9ol discard () HAEL= 2,
82| o5 U Th. sero] set ol } 2 A H g9

0% waksha, ol k ASHE 18 WA wA Y
or&Uth key7t Al 7153 TypeError S WA Y
o] 4 Al 7153 J TS A A frozenset & 2 A5 W3

?li‘ﬂiﬂ ol PyExc_SystemErrorE WA YT}

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL setol| 0] = 2] o] AR of tf sk A} 2=z E vttt
o2 B A AT O S ML WG] o) 10] 516, s e 2 A 1
Uth. seto] set o|up T A B F O] JIAE AT obU W SystemErrorE WA U T

int PySet_Clear (PyObject *set)
Part of the Stable ABL 7] &2] R E 2 4 g3 v}

8.5.1 &t 24|

sho] 4 4o HAR B 744 47 AU

type PyFunctionObject
Fooll AHgF = C 2.

PyTypeObject PyFunction_Type
o] 2L pyTypeObject? A2® 2ol stol o 5 eyt dlold =2 TJefw o A types.
FunctionType &2 =< Urth

int PyFunction_Check (PyObject *0)
o7t &5 AA (PyFunction_Type B)H g WhEgyth o 7§ W4+ NULL ©] ofu] of of T}, o]
St 61—/“— AzZ3ch

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. .= A A| code2} AFJA A & 2AAE ¥t} globals= ol A
AN 2T Je A M7k de 9 el o] ofof dy

a2 %iéaﬂr o5& ZE AA A 7tAFUTE __module__<Z globalso| A 7FA U th. <12} 7]
3k ol Hold B E2AE=NULLE AU __qualname__ 2 T o] 5 22 oz HAH

e},

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals PyObject *qualname)
Return value: New reference. PyFunction_New ()} B3} A T, Sk AA Q] _ qualname_ oJE
FHEE AT 5 AEE YUt qualname= U T = AR U NULL ©] o] of g t}; NULL O]
__qualname_ 01 E ﬂ —.‘%'—Ei __name_ oEZHE}ZL oz HAF T}

W 330 =7}

PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. &5 A ope} A B Z & AR S wiashth
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. < AR op2} A#H A AV 2] & ¥H3-shy .

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. 3+5> 21 A op2] QA A} 7| 2 31 H1E-sHU T} o] & Q19 HFZ oL} NULL
4~ 9=t}
2T MXh .
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
S AR op] AR} 71 E 7S A AT L) defaults= Py_None ©] L} FZo]o]of gt}
A3 systemError & YA 7] 1L -1-& W ok

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. T~ A op2} A#E S ZA 5 wHaghyth o] 242 NULL o] A A A
o) _T'_E'_ 3= O] /\ O] 2> ]4 \;]_

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
4 A op9t A2 22 AT 2 AT closure’= Py_None o] v} 4 A o] 5.2 o] of of F] o},

A9 sl systemError& WA 7] 1 -1& HEEFH T}

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. &5 21 3| op2] o] = H| o] A& ¥k&ghu ). o] 212 7} g - v 2] L NULL

Q% A%k
int PyFunction_SetAnnotations (PyObject *op, Py Ob/ecl *annotations)

= A op2] o] H o] S A% AU T}. annotations-2 gAY 8 Yy Py_None o]ojof gt}
A3 3l SystemError& WA A7) 31 -1-& 9hEHgHU o)
8.5.2 CIAEIA HAME ZHA|

A~EA A== PycFunctiond] W3t @l 3ol pycFunctiond S8 A Ao A3}
ol Ut} o] A9 PyMethod_New (func, NULL, class) 32& thalgt}.

rr
=
fu
o
ok
i)

PyTypeObject PyInstanceMethod_Type
o] PyTypeObject ALEAE ol AAHA WA E FS U UTh stojd 22 T30 & =55
A st

int PyInstanceMethod_Check (PyObject *0)
o7t 2”2 v E AAE FZ WSAFUTt (PyinstanceMethod Type 3 GUTH. Wi e
NULLo] obu]ojof gtk o T4 T4 4TI

PyObject *PyInstanceMethod_New (PyObject * func)
Return value: New reference. Return a new instance method object, with func being any callable object. func is the
function that will be called when the instance method is called.

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. Q12282 WA = jm3} ATH S AR S 9183},

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2.5F A AFS 3] 8l= PyInstanceMethod Function ()2 |3 E ¥ A.
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8.5.3 HIAME 244

HAEE A4 (bound) o AA AU Th MM EE G AR AL Sl dadso] AZdg Yt o
A5 A g2 (unbound) MM = (S = AR o d2E A=) He AT 5 flssUth

PyTypeObject PyMethod_Type
o] PyTypeObject 2" AE o]l M E & Ueiyth o] A2 vho]d 27 types.
MethodType & =< Yt}

int PyMethod_Check (PyObject *0)

o7} A= AAA & 93Ut} (PyMethod Type @ YU ThH. w7 ¥4+ NULL o] o} o] o gy
o ol Bat B4 AT e,

PyObject *PyMethod_New (PyObject * func, PyObject *self)
Return value: New reference. M| 28 WA= AAE S5tk func% 9l 9] 9]
WA =7 AAE ofof & A2B| AU func+ Uﬂ/ﬂEﬂi 2o 554
ohujol oF ] o,

PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth W] A =2} A 3AH g AR E Hi3kshy o}

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2.5 A VS 1] 3F+= PyMethod _Function ()9 |22 W A.

ZHE AA oY, self =

=
34Utk self £ NULL ]

PyObject *PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. meth M| A =2} A #H A 2B A5 W3S T,

PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2.5 A S 38 PyMethod_Self ()9 W3 ZE W A.

8.5.4 Al ZHK|

“A” A= Ay AT ZA FRIe HEE FAS= o AFSFH Ut o]y S A, e A 3] 95
A AR 7t A -] U 32 x84 2H E?—ﬂo o] A4 tﬂ o=l HFE ASI= R AT
Aol o st = 7F 23 Ut gholl AA~etH, A “ﬂl LA th Al Aol 235 gho] AbEg YTt o] st A
AA 2] = (de-referencing) += 7§/ H Hlo] E :’E FE O A Yol Ao th AN A A Ao m 32
HA Ut A A= o2 2o F83 A+ s yth

type PyCellObject
A A o] AHEE = C FZ2A.

PyTypeObject PyCell_Type
A A7) o e 2 A

E

11

o

int PyCell_Check (ob)
0b7} L AR W 2-& R T b NULL O] objofof S k. o] B4t B4 BTk
PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 3f< X 83h= A A A& w51 933U o) W4 NuLL 9
$1% o,
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] W& HF3+gh o}
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell 2] -8 w3312 2, cell ©) NULL o] o}d X2} Al AR QA=
go1514 vt
int PyCell_Set (PyObject *cell, PyObject *value)
A AR cell™] W &= value 2 A7t o] A ot Aol A Wj§oll thak FxE A YT value
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£ NULL & 5= 15 U Hh cell= NULL O] ofy o] of ghujth; A AA| 7} ofuf e, —1 0] wkekg Yt} 4531,
00] ¥kghg Ut

void PyCell_SET (PyObject *cell, P»Ob/'ect *value)
A A cell2] 3 vale? AAFUT B2 A5E 2AHA 21, AL 98 AA7} o] o)A A

k<=1 t}; cell & NULL ©] ofu] o] of 3} 31 Al A A o] oF SFu] Tt}

= A & CPython TR A 4% A% AR U T 7 AR ob4 4ol
ol 2l & e Uk,

type PyCodeObject
3= AAE A eke ol A8 £ A} CF2A. o] Yol A=t AAEA WA

£
30
B
§
rlo
>,
o%
N
N
off
&)
R
[

i}
4
30,
fy
i
v

PyTypeObject PyCode_Type
o] Z1-& Python code & YEUY &= PyTypeObjectd] A2 A YY)
int PyCode_Check (PyObjeU *co)
coZt code AA W & WU o] e T ATHUTH
int PyCode_GetNumFree (PyCodeObject *co)
cooll = A5 W5e] A2 WP o,
PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject
*code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject * free-
vars, PyObject *cellvars, PyObject * filename, PyObject *name, int firstlineno, Py-

Object *Inotab)
Return value: New reference. M| L= AA| S ¥lag ot =4 % =7 A8 g 2= AA 7 2
S3H9, WAl pyCode_NewEmpty () & AHE S Al L. Hlo|E = 2] o) 7} A4 A A 7] w & o,

e o (B A B S S A ol A A 748 2 D2tk

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*comsts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject * filename, PyOb-
Ject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. PyCode_New () 2} W] =8} X 2, $] 2] A& QXL £ 3l 37} “posonlyargcount”

7+ QiU
W 3.8 7}

PyCodeObject *PyCode_NewEmpty (const char *filename, const char * funcname, int firstlineno)
Return value: New reference. AR H 349, 34w U A AR S NS E 21= 2] ¥l I & AAE =133y
th A3 3 AR E exec () EEeval () o= AL EH A

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.
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8.6 7|E} K|

8.6.1 L} ZHH|

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the buffered
I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new i o module, which defines
several layers over the low-level unbuffered I/O of the operating system. The functions described below are convenience
C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter; third-party code is
advised to access the 1o APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *en-

coding, const char *errors, const char *newline, int closefd)
Return value: New reference. Part of the Stable ABL. o]u] &3+ 3149 51 7|& A} fd =2 3}

] —
AAE 95U th 22} name, encoding, errors 2 newline-2 7]%%}’2 AHE3H7] 98l NULL & S %1%‘4 t};
buffering-& 712 3k= A&7 9180 -1 € 5 JFUTH nameS FA = 4L, o] A WA T3S
fFrAE Yt A5l Al NULLS ‘ﬂ'%?ﬂ"/]r/}- A2 o] th gk of AA| S A2 io.open() T ABAE
xS AL

A3 shol W ~E Yol A W e AFL AT Jonw, 08 452 54 | EAs Egetu
FoANA E R A BT 4 A 1 I8 AR £ A

WA 3200 HA: name ) EBHEES FA ST}

int PyObject_AsFileDescriptor (PyObject *p)
Part of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its value
is returned. If not, the object’ s £ileno () method is called if it exists; the method must return an integer, which
is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)

oA T ES d5Uth pe L AA Y readline () HIAEZ}F A= Fol 9 AAL 5
ol ¥, 9 dol&t AAglel B3] 3t &S gssUth nol 0HTH W, nule lE o] o% skl o A ¢4
Feuth ESAT 2ol MAE £ A5 UTE £ A9 BE, 9 B 54 & @St u g o] we
Fueh 2@ ko] 06Tk S0, ol st BAGle] FFL AA W, 5+ Bol 24 = FSHH EoFError
A g o,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A Z % handler £ 53f W7} M4E ARG =S i0.open_code () o ARHA Y T2 AT Th

The handler is a function of type PyObject * (*)PyObject *path, void *userData, where path is
guaranteed to be PyUnicodeObject.

umefmaL‘*fiﬂ@%uQ» 5 Sl ohE Aol B2Y S YOonw, o 3

X

Fl
o
vk
rr

o] & , 1A= 9 %‘%(frozen) sys.modules®] gt} &¢& 3
A4t % A9 Bol A e EEE YL e e S AN

At Sol AAFHE, A ASFAY ZAE 5= glom, o]3 9] pyrile SetOpenCodeHook () )3t &
S AU Th A A, T -1S RHEE T JAH Z 2 E 7 2713 F QLo E o 9 & 28 Pt

o] &4 =Py Tnitialize () Ao TEdNE ¢HA Tt}

o1z} gl o] A} o] Ml E setopencodehook < T A U T

W A 3.80] 7}
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int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABL A objE 3+Y AA poll HFUTE flagsollA A=+ Fdst SHa1+E
Py_PRINT_RAWS U F AW, repr () HAl AA 9] str() o] 7| SFH U dFstd 05, A3

SHH -1 WS oy A - ol 9 7 A H U o

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL. 214 sE 3L A A poll Uttt AFsHH 02 widsta, Avjshd -18 H3kst
Utk A &gk o9 7 A8 g Uth

8.6.2 2 & A

PyTypeObject PyModule_Type
Part of the Stable ABL. ©] PyTypeObject <l
ModuleType 0.2 Flo|{ 2 T o &5

o >

int PyModule_Check (PyObject *p)
p7t BE AA AU BE A9 A E Fold FS vkttt o] 4+ 3 AT FUTh

int PyModule_CheckExact (PyObject *p)
p7t BE AR Ol AW, Pytiodule Typed] AH o] ol F& WU of ot P4 AFY
.

PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9l E 2] HE 7} name L. 2
AARAE N 2E AAE 93U 259 _ name_ ,_ doc_ ,_ package_ % _ loader_ o]
EREZFAAPUT (_name__& A2 SH3L EF None 2 2 AFPUTH; __file °JEZREE
AZse AL B2A AA AU,
HZA 330 F7%
WA 34004 H7A: _ package_ 2} loader_ 7}None® & AAFHch

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule NewObject ()2} H]<=3}A] 9F, name ©]
UZ= 24 A UTF-8 2 939" #2194 dyth

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] o] & F7+S F+3Ast= YA AAE
WHERtU T o] A= 28 AA Y dict AEZ|RES} ZFUTH module©] & AA| (= BE
A el B )7k bW, systemError 7} B 3Fa1 NULL ©] ¥HHg Y ot
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly manip-
ulate amodule’s  dict .

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name___ ZF< ¥F3hgh o).
BEo] AlFetA FAY, EAE o] ofY W, systemError 7} A8 8141 NULL ©] HE$Hg T}

B A 3.30] &7}

const char *PyModule_GetName (PyObject *module)
25T

void *PyModule_GetState (PyObject *module)
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PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. X35 °] Rh= 0] % pyModuleDef 324 ol T3t ZJAE L} B o] ol A vh= 0
A A ko™ NULLS HheHgh o}

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABlL. module®] __file_ o] EZHEE A8 3} module
o] Rt H I Y o5 WEF YT BYH A YAV FUIZE FAE 0] ofYH, SystemErrorE
WA 7] 3 NULL2 9hHghU o 238 A koW U E Aol th ek 2 E v

WA 320 F7}
const char *PyModule_GetFilename (PyObject *module)

Part of the Stable ABL. PyModule_GetFilenameObject ()2} )53} A|uk ‘utf-8* 2 AT JH IS
LlaacigRh=2
WA 328E 3 A: PyModule GetFilename ()2 A I YT F = spd o ofs3f
UnicodeEncodeError & WA A YUt thAl PyModule GetFilenameObject ()& AF-& 3F
AL

CEE x7|5

2E Afle dUALD A REEDTLE UYL S oo

—

B)oly Audd 28 (273
€% building W+

extendlng with- embeddmg S AZSAAAL

2718 4= 1E Ao AAEAE pyModule Create () o AGsta 27 BE AA S 93t AL, B9

Z2A AAE D Este “oha A 2713 & 233 2~ 94Ut

type PyModuleDef

Part of the Stable ABI (including all members). 285 AA S =0 FRI EEABE ST Y= E
Ao 72, QoA 0w 2 2 Fol vl o He) 440w 2158 WA} SHE GGt
PyModuleDef Base m_base

o] W& A PyModuleDef HEAD_INITE % 7|3}314 Al &
const char *m_name

A BE9 ol &
const char *m_doc

B9 HE2EY; ARbA 2R pyDoc STRVARE WEolXl S2EF W7k ARG Ut

Py_ssize_ tm_size

BE s A Aol ohd Pymodule. Getstate ()= 2T 4 gt BEE wme) oo
SAD 4 Jd5Uth o] AL ole] AH Az HH BES AFR S AL A s T
o MlmE JAL BE AN A m_sizeD 7| 208 FFH W, BE A7t S | AD wf (ohA

m_free 473 % o)) s Al F Ut

m_sizeE -1Z AASH ZEo] AL AEHE 2t/ w Bl A B Qg ZeE & X H3}A] ket
Ewu}.

F7hobd o2 MASE BES T 27181 @ 4 vk Tolnl Yele] Do F7} v m e
& A QT ToA 271 shell £ &0l o m_size s} B2 g ok

ZLA & -8 PEP 31212 x84 A

o
_.

=

PyMethodDef *m_methods
PyMethodDef o2 7|9+ BE +F T HolEol that 2AH. F+7F e NuLLd 5

91t
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PyModuleDef _Slot *m_slots
OoA 27135 At X A g, {0, NULL} FFoR FEHULH DA 27|35 A8
uf], m_slots= NULL ©] o] of gt}
W8 3,504 W A: WA 3.5 ol o, o] Wl 7t B4 NULLE AR Qlon, the T 2ol el
Aok
=]

inquirym_reload

travers eproc m_t raverse
wE AH 9 GC B4 F 52T 94 Gk BL5HA o d NuLL,

25 ZEH7F R FH AAIRE ofF] & EE | ‘3%9}2?3 o] Tt TEHA g UTE oA BE

ol S0l AL nEo g‘gﬂ 7] AR AUt} (Py_mod _exec ). ©] FE3HA =,
m_ 51ze7]-OHD]- E__T’_ E A" (PyModule GetState () 7} vir&sl= )7]-NULL0]U] o] &7}
554 g4k

3904 M7 25 JEi7t 29E 7] Aol v 229 A dsdth

inquirym_clear
25 AA e GC A2l ol 25T A 2 (clear) F1}, B2 5FA] 932 NULL.

g

=8 47 4R 9, ofd A9 A g g o) 947 5854 gyt )AL v E

o] BrEold 4%, HEo] AW 7] A9 4% AUTh (Py_mod_exec ¥4). © Aot
(

ko)
m_ sizeﬂOEE} 33 2E AE (PyModule_ GetState()7]- ul3}k3l=) 7} NULL o] ' o] g7}

EEQ Z] L‘L’f =l "]q

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

WA 39004 A7 28 AH 7 2EE 7] Aol tle EEH A dsuth

[freefuncm_£free
25 AA & oA Foll 25 I, B 25HA oW NULL.

25 AE7 L JAA R of A & A %" 2 o] 4Tt TEHA g UTE oA BE
ol Bgold A%, mEol AYH 7] 4 A9 AUt} (Py_mod_exec T). H AL,
m_sizeZFORT 231 BE AH (PyModule GetState()7]— Hl3}51=) 7F NULL o] | o] Sh=7}

TEHA dE U
WA 3904 M7 25 JEi7 29 E 7] Aol v 229 A dsdh

ChoHA £ 7)5)
BE 279 G5t BE AAE A4 HEL VDG 5 A5 U ol S "HA 2718 eha s, ok
25 44 §5 F S ATk

PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. def®] 73 2]l ke, A 25 AAE WUt o] 22 module_api_version ©]
PYTHON_API_VERSIONC 2 AAH PyModule Create2 () X8 F2gUh

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Part of the Stable ABIL. def2] A 2] ol w2}, API ¥ A module_api_version<
Aol Al RF AAE REUTE S WA 49 Fo ARmeE WA A5 o,

Runt imeWarnlng S HRAA A 7] Utk
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o
nd

H2E pyModule Create () S Al A3 oF gt} 243 & Q& uf vk A& 514

rlr

2~
T

>
fo K

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_ AddObjectRef ().

A4S Qs thE Y2 “OdA 27138 833 AYUth o] TR HEAN FF RELS
gtol REF ¢ vl FZFUTH 2713 BE A7 e & wj o] A/ DA (creation phase) £} 2Y
N2 w o] A3 A (execution phase) & wFPUTEH +ELE FH2Y __new ()& __init_ () WA=}
AR o

A 27|31 AFSEte] e BEF EE, o] ZRES AZE 0] obd U Th sys.modules F5-& A A8l
RES A YEE S, A ZE AA 7oA 4, o] e R /M| A] =3 o] AT - Fo|x B
EY U}i 7PZ] JUTh 7| EH 02, 2 oA trEol X o REL2 YA oo o Ft}: st H A3
EOE REAE dFE AR FFULE F, BE FH= BE AA| (A& £ PyModule _GetState ()&
AHES AN U 2 141*‘1(7}"*3 €9 __dict_ Y PyType FromSpec () Q2 THE 7/HE SFef2) 02 A gl o]
oF g th

o 27188 AHgste] ThE ol BE BE2 A H QH 2 HE XA Ao gyt USR8
Yoz %Zlﬁ}t— AL Atz o7 o] & ZA 5] o FE T

OeA 273 A3t7) 98, 2713} &< (Pylnit_modulename) = H] o] QA & m _siotsE 712
PyModuleDef 01 AE% A2 933y w3ky 7] Ao, PyModuleDef QI AEAE TS 4 E AL 5o
z7)3} sl oF gt

PyObject *PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 28 A7} 3 &=z I +&

ubz A HasHs Sukes) 271318 sho] A AR o A Fut,
defE PyObject* 2 | A E &7, of 2 7h A shd NULL & wheh gy o
W 3.5 F7}
2E A9 9 m_slots W] += PyModuleDef_Slot &2 A9 vl EE 7}8] Aok gt}
type PyModuleDef_Slot

int slot
obe) A% AL§ 7153 gt ol A MEE, &% D,

void *value

SZ Dol et 2 om et =, %9 g
WA 3.50] 7}
m_slots W] B2 id 7} 09l €30 2 F 83 of gyt
A THs SR B e ZEE U th

Py_mod_create
5 AA A E 7] 98] L= S AL TUS ol €5 value LA = T3 22 AT

e @42 Aol Aok Bk
PyObject *create_module (PyObject *spec, PyModuleDef *def)

ftlo
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o] 3t PEP 4510 o | thZ, Modulespec A2 28 BE HoJ & WFUth A 28 AAE
Weksl A U, o 21 2 A 4 8t NULL 2 WhEke] of gy o).

o] ot HABOR FA} FUTh 53] 2L WES ThAl EE ST A=A P 22}

angtﬂ/\ AojA, dojo slolH F=E % sk gyt

3lte] ZE Ao oA o8 Py_mod_create €52 AR T = IS5 YT

Py_mod_createE A AR o, AXE A= PyModule New () S AFR3e] ¥ 28 AAE
TEYth ol &2 o7t OPHE}spec"ﬂ/ﬂ AFUH G EEo| FL BE A S FRoHHA BREAS
2z o)A —ﬂ\:]-,&;q o RO Z AT ALY YIEEF JE2 o207 YT E I & YT E 3}

AgdUh

WHEHE AA 7} pyiodule Typed] AR Q Bat gayth QEE B o ERE 445 7]
E AYs= B RE 2 AL S 5 S5 Utth 28U, PyModuleDef o] NULL©] o} m_traverse,
m_clear,m_free; 00] 0}‘4 m_size; & Py_mod_create ©]9 9] €% 912 W, PyModule_Type
Axdx ghwkskd ¢ sy

Py_mod_exec

ZEE 4B N SEHE BEEARYIY, oI AE AolY 28 7oF A AT BT
FUTh A2, of ok 2eAY 452 BEO FARUD 50 ABe T2 2E Yk

int exec_module (PyObject *module)

&) 71¢] Py_mod_exec 5] A A, m_slots ¥ G ol YEF= =AU 2 e g Ut
thhA Z 7)1 8} o gk AFAH §F 82 PEP 4895 234 Al

= AHA]

E'-'E S o b

B

ook

A
T

4

T/}D}ﬁ]iﬂi}é ARG o OPEH“H]H“E}%?: P SHUM oS AFH A S e, s
EAAE THCZ AT 2EH5 T B HA3] 2735 d PyModule_FromDefAndSpecA—
PyModule_ExecDef ERF EESH of g}oj -,-,—.4 b‘]— Al L

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. Create anew module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FromDefAndSpecZ () with module_api_version set to PYTHON_API_VERSION.

B A 3.50] &7}

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does not
match the version of the running interpreter, a Runt imeWarning is emitted.

a: o] g WRE PyModule FromDefAndSpec ()= HAl A& oF Ut g4ds] 283
E’l‘

S
>,
b
o,
>
>
fo

B A 3.50] &7}

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. defoll A A H RE A3 &£F(Py_mod exec)S A & g th
WA 350 F7h

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the Stable ABI since version 3.7. module®] S 2E 3 & docstring & 2 A AU} o] &
PyModule_CreateY} PyModule_FromDefAndSpec& /\]——9—6]—04 PyModuleDef oA R ES
o A5 0% 52 o,

Ly
i rir
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WA 3500 7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)
Part of the Stable ABI since version 3.7. NULL % & functions ¥] 4 2] $+45 moduleol| 37}t 7|
H o gt M |82 pyMethodbef AHAE FRIFHAL (7 EE o5 &3] 8l
Zl W 2el, CE F+8H BE $F “T 4 (functions)” = IRtA o2 3 AR w7 4 g RES 4
o], stol W S 29 A" HAES FASHA WHE Y TH. ©] 84+ PyModule_ Creat
PyModule_FromDefAndSpec< AF&3}9] PyModuleDefoll Al RES WS W] A5 o2 SEF UL

WA 3.50] F7}.

ERE
BE 2708 G5 (DUA 271318 AHSSE 49U RE AY SRl TEHE F4(CHRA 271342
AEFE A9, BE AH 271318 298X oS §5E AT S 95 UTh

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Fart of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function which
can be used from the module’ s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (ob7j) ;
return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
H A 3.109 F7)

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value on success (if
it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.
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ZF31: Unlike other functions that steal references, PyModule_AddObject () only releases the reference to
value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

Example usage:

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:

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 O;

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 A54E name 2. 2 F71Uth o] He 4= 2 E ] 273} S
oA AHEE 5 AF YT o8 Al -15, 4F5Hd 0 vk
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL module®l] =24 A5 name 2. 2 F 718Ut} o] Hel Sh4-= R EQ X
oM A& 4= JFUTh EAE value= NULLZE Zutol @t ol 8] Al -1, A& A 02 w33y o).
int PyModule_AddIntMacro (PyObject *module, macro)
module o int F+E F7hFUS ol FH FL macol A HI Y o E S
PyModule_AddIntMacro (module, AF_INET)-2 AF_INET 7}& 7}A int A< AF_INET-S module
Z7hgch @l Al 12, AFshd 02 wEg o
int PyModule_AddStringMacro (PyObject *module, macro)
module®| =44 &€ F7HgU o
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. module©l & AR S F7FstUth R A O 7 pyType Ready () &
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EEH Y ANE Sl dol = U T G AN o $E G A conenes] A% T 240
A G e s -1, 43 5k8 02 g o

WA 3.99] F7}.

PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. &R Q1 E]Z 2] E] o )3l defoll A &I &
AAE Ut o] A EE /\}36}34“4 WA BE AA| 7} PyState AddModule () & Q1 E] Z 2 E
Aefo] 25 of Shofok Stk W wE AAE L 4 GAt Qe el e Aelo] opa ¢ 25 A
%o ™, NULLS W gy o

int PyState_AddModule (PyObject *module, PyModuleDef *def

Part of the Stable ABI since vers10n33 Trol AgH BE AAE deZ g EH e AZFE YT o=
PyState_FindModule ()& B3] & A °“*ﬂi T AEE PG

A 27|31 AHE o] wHE REolw 23U 5 th

golHe RES IFXE I T AFO0E2 P yState AddModuleE SE3trE, 285 273 A
Eof A EE"‘S}“:‘ AL 23Ut (A RF F8 g oh. 9 A 273 A= F5
PyState_ FlndMOdu es SE8te Ao A A S &0 "Q_ gtk o] e TR Ui dx
E Dﬂﬂ‘% :rLdb‘]’ﬂ A AU (AH TE3HA Y, A e 7ol gk 2pAl & 8-l o 3)

&7 GILS 293 oF 3l
AF3E 0, A shd -1 vk3kgty o)
A 330 37}

int PyState_RemoveModule (PyModuleDef *def)
Part of the Stable ABI since version 3.3. defol| ] o] A BF AA S AHzZ 2|y e A A ATt
4F 3 02, 45 5HH 12 g o
5 £ 4= GILE ®-g8 of g o).

WA 330 27}

8.6.3 O|E{2|0|E{ ZHA|

gpol W& F 7] WE ol E# ol B AAE ATt AA, /\134/\ olH ol E __getitem () WNEES
ﬂﬂdbmqquﬂAﬂﬂEﬂﬂq-:wbq B AR} 2 A F (sentinel) 7S AT, A A2 7
F50] 1) 218 S0 S5 ALE ghol a8 1 ol el dlel 48 S5 5Tl

PyTypeObject PySeqIter_Type

Part of the Stable ABL. PySeqlter New ()2} W7 AlA2 Fof et iter () W S0 & 2z}
3 Aof] o3l vEEE o] &l o] E] AA o thet ¥ AA.

int PySeqIter_Check (op)
op®] Wol Pyseqrter_Typeol® & ST o] ¥4t 4 AT HUT
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PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. L8t A| A2 A A seq e}t 3HA 25 5H= olH A o] HE
vigshuch A|FATFABEATHA AAM A IndexErrorS 4o 7| W o] glo] o] &3t}

PyTypeObject PyCallIter_ Type
Part of the Stable ABL. PyCallIter New ()2} iter () W& 2] F Q) & Ao 93] vidlH o] g
ole] AA o thEt & AA.

int PyCallIter_Check (op)
op®) Bol Fycallrter Typeol® #& BAFU o F5+ P4 4F T

PyObject *PyCallIter_ New (PyObject *callable, PyObject *sentinel)
Return value: New reference Part of the Stable ABIL. M| 28 o] E]#| o] & B8 FY] 1:]— 2 WA o] 7] HS
callable-2- 9] 7} 5 §lo] 52T 4 = B E sjol W 228 A A 5 Atk 7 5ES ol elgl o] 4
o th& FE2 ke of U th. callable ©] sentmeli’»} 22 3h< HhEhstd o) E gl 01 *‘i o] FeFPYtch

8.6.4 C|A3ZE A

“Oaa e AA g AR JELRES S AN AU TASE F AAle] GA Yol A5
PyTypeObject PyProperty_Type

Part of the Stable ABL. & tJ23HE 5L 933 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference. Part of the Stable ABI

PyObject *PyDescr_NewMember (PyTypeObject *type, stxruct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABL

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI

PyObject *PyDescr_NewWrapper (PyTypeObject *type, st ruct wrapperbase *wrapper, void *wrapped)
Return value: New reference.

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABL

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 =2l0|A ZHA|
PyTypeObject PySlice_Type

Part of the Stable ABL. & glo] A A 2] & AA. o] A& o] W A2 slicedt 25Ut
int PySlice_Check (PyObject *ob)

ob7} &ehe] 2 AA B 3L I Th o NULL o] oblof o F k. o] e B4k 4B T,
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return Value New reference. Part of the Stable ABL. A| A H 7to 2 N2 &£etol2 AAE =23}

2

start, stop D step M7 M45= 2L o] 29 &go|A AA A E ﬂ_‘g‘re_,] Zro g Arg= U FACE
NULL % 4 912, o] ¢ None o] A ol el ol ALEHUICh Al AAE Brke 4 flow L

< vk,
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)
Part of the Stable ABL. Z 0] 7} length Q1 A/ AXE 74 81, E8Fo] 2 A A slice ol A start, stop 2 step <1 E)
2E 7P UL length Rt} 2 QU A& of| 2 2 2 2] gt}

FohE 02 NS, o H W o9 A7 glol 1L RBFY T (AW F FH7} None o] oh T
ATE HEE A g ?&, ojmj = ol 2] & A AL -1 WEF .
o 7152 AHE AL A4 e AUk,
WA 32004 WA Aol slice v 7] 9] mj 7] §l5 @ o] PySliceObject* JFUTH
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_ GetIndices ()5 &035HA AUttt 2o ) lengthd Al A2~E
7} A 3L, & 2fol 2 A A slice ol A start, stop E step A D25 714 @ 31, slicelength o] & eFo] 2] Aol &
AZFUT HAE Roluk AP AL Ant L ebol 22 Aelot AA P o2 o

7458k 05 WhstaL, o 2 W ol 9] £ A sl -1 gyt

B3 o et ANE 24T + Gt AdlolE FARA L Aoz ArgUTh FEE
PySlice_Unpack ()€ PySlice AdjustIndices ()2 23O 2 thA|E oo dc} =

if (PySlice_GetIndicesEx(slice, length, &start, é&stop, &step, &slicelength) < 0) |
// return error

}

<oz dAgE U

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

#3204 A Aol = slice W 7 W] w7 W4 @ o] PySliceObject* iUt

WA 3.6.1004 ¥A: Py LIMITED_APIZ} AR o] 9 &AL 0x030504003 0x03060000 (&
338l A 9F2) Abo] U} 0x03060100 o] 4] oz HAE YO W, PySlice GetIndicesEx () =
PySlice Unpack () & PySlice_AdjustIndices () & Al&St= vz g FaE YUtt QA X} start,
stop H step= ol WH FH 7L Yt}

WA 3.6.15E 3 A: py_LIMITED_API 7} 0x03050400X T} Z-A Y 0x030600003 0x03060100
(3R] k) AtelY gre® HAH oW PySlice_GetIndicesEx () & HAH Tyt

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, P} ssize_t *step)
Part of the Stable ABI since version 3.7. < 2}o] 2~ 2 A 2] start, stop H step Bl o] E] AW E C A4+ =2
U Tth PY _SSIZE T MAXHTUFZ ZFS PY SSIZE T _MAXE X83] Z0]1,PY SSIZE_T MINEE]-
Z+2 start 9} stop kS PY_SSIZE_T_MINZE R-83| o], -PY_SSIZE_T MAXHET} ZHE step FH=
fPY_SSIZE_T_MAXE Z83) =dYrh

oeid -1&, 4F3td 02 vk o}
WA 3.6.190 &7}

Py_ssize_tPySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize rstep)
Part of the Stable ABI since version 3.7. A1 A & length Z 0] 2] A| A~ E 7}A 319 start/stop S 2}o] 2 A& A
£ 2T WS Wol v A Ak Qub Sefolae) Ae dvE P oz Fe T,

<eholxe] Aol & vyt 33 43Ut sold I EE SE8HA FF U
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WA 3.6.19] 7}

8.6.6 Ellipsis ZHA|

PyObject *Py_Ellipsis
gte]M Ellipsis AA. o] AA &= wIA =7 glsUth 2 4ot ARA o] th2 AA 9 nprkA| =2
Hals ok drYth Py Noned} upR A & AZE AA QYT

8.6.7 MemoryView Z4x|

memoryview AAE C 5 W 2AE o]~
et
PyObject *PyMemoryView_ FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. ¥ 3 1 E] 5| o] ~& A ¥ 3l= 2 A ol A memoryview 7}
AE WEUTE obj7} 22 7] 7158t M5 A2 A Y3, memoryview AR = ¢l 7]/~ 7] 7L = 11, 18 A
oo 217 280 ALk Al AL] Aol wel 97127171 B % Az o
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. mem= 35 ¥ 3  A}-&-3}9] memoryview
AA S W5 Uth flags= PyBUF_READ Y PyBUF_WRITE % 34} 4= 55U tTth
WA 3300 F7L
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. =01 W3 L2 A viewS ZH#F+= memoryview A A S w5t} 7hebst
ol E W ¥ 9] A&, PyMemoryView FromMemory ()7} A& E = 4+ <J Yt

ulit

e Axe vl A 2 AYE 5 Y sl A AM 2

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. M3 QA EjH| o]~ & Aol 3= AAZHE W2 Y
A< A F(‘C Y “F ortran order ) & memoryview 2 A& W5 U o). W 2 2] 7} A4 A o] M memoryview
AL A 2L e AUt 1RA GO, BAE o] RHE o] A 1 memoryview: A uFo] £
AAE 7l AU

int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview A A S 93Ut A A= memoryviewd A H ZH 25 WE 5 Q)
t}. o] &= FAF AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& A} ¥ 3 2] memoryview 2] H]-Z 7] EALE Q] 2 EHE &8 F YT} myviews HFE X] memoryview <1
2" Rojop T o] AR = S FRlekA gfen g A Ao duth 232 oW TE

Fdol A5y

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] Wk o 2 s = A F A A Ao w3} E A E Y memoryview 7}
PyMemoryView_FromMemory () W PyMemoryView FromBuffer () &4 & StU=Z WEAH
© W NULLS ¥F8H U o} myiew = BFE X] memoryview 91 A8 Ao of 3y T},

z)

4
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= = AAZ At ek
ok A HA = s ﬂlol‘ﬂ,—r HA = 7Hs s
int PyWeakref_Check (ob)

ob7} F2 AAG ZekA) AA W 2L DB o] e B AT T,

int PyWeakref_CheckRef (ob)
ob7} ¥z AA Y Fe AU o] e FF AT U

int PyWeakref_ CheckProxy (ob)
ob7h A AA T L MR Th o] @45 A AU

PyObject *PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing reference object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will
return NULL and raise TypeError.

PyObject *PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABIL. Return a weak reference proxy object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing proxy object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will
return NULL and raise TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. Part of the Stable ABL. 2F3} Z+Z (ref) 2 H 8] 2 H AA & virag ).
FZ7F o= Aol A ¢k oW, Py None& ¥HEHEHY T

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed reference.

PyObject *PyWeakref_ GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. Pylieakref GetObject ()2} FAFSHA T, o8] AALS 331A] =

Maze FAg Yk

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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8.69 A=
&

o] A A Aol thak x}A| 3 A B = using-capsules S 2 3HA] Al Q.
WA 3.1 F7}

type PyCapsule
This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Part of the Stable ABIL 7] < °f| o] 3} 3} 2} (destructor) ZW 3. o] 2 A A o] F 1}

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor % 2] o] u|= pyCapsule_New () & FZ IS 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 ABL pointerE € 3}5t+= PyCapsuled %5 Yt} pointer
01 2}= NULLO| o}d % A5y th

Ao std, o 9] & A S NULL = R U Tk
name At 42 NULL ©| v &3 C FA- ol ti ot 2AH d o= Q55U th NULL o] o} W, o] A&
HEeHh ¢ﬂ1 A = o] oF Ut} (destructor W A A S & FUTH)
destructor AAL7FNULL ] o} ®, g o] st d off &S AAZ SSFYth
o] &S REY JEYRERE AASH Y, name modulename.attributename & X A &j oF ]
t} o]Z2 A st t}E B E 0| PyCapsule_Import ()5 A&5to] A4S AZXE T 4 JH5 YT}

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABI. 7§ ol A &% pointerE 7} A& Uth A3, o9& A A8t NULLS W3+
et

name 7] M= g ol A FH o) 53 F &t BlaE o] of it Fgoll A7FH o] ] NULLo|H,

AEH name= NULL o] o] ok gt} nto] W2 C &= stremp () & AFE3HY 715?—5 ol F= vt
PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

Part of the Stable ABL. g ol 27" @A) st 25 wretyct. Asfshd, o 9] & A4 sal NULL &

LlaaaBiag

A€o NULL 3pA A5 Zh= A2 A YUk o] A2 NULL RES I =

H&3] stel W PyCapsule IsValid() YW PyErr_Occurred ()5 AFE3HA Al L.
void *PyCapsule_GetContext (PyObject *capsule)

Part of the Stable ABL 7] o] A 39 A2 AdAEZS wash ) Avsd, o 9] S 4483 NULLS
Hh2kety o

A€ NULL AHAES Zhe 212 A dYth ol 212 NULL W& I = 2 tha B 951 eha Ut
W3] 5le] W Pycapsule IsValid() \/]—PyErrfOccurred ()5 A}

o [
olr
o
>
>,
fo

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL. &0l AZH A o] 52 ¥} A9std, o9& 433 NULLS v
.
74 0] NULL ] £-2 20 22 P A AU h o 1 NULL W LSS tha BE 5 BE U th 2]
3te] ™ PyCapsule_IsValid() Y PyErr_Occurred ()& AFE3HA Al L
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void *PyCapsule_Import (const char *name, int no_block)
Part of the Stable ABL. 22| |& o]Eg|HE A C AR ol th3t ZEE s
W= module.attribute A8 oJETHES HAA o] X Ao
2, ol A B 2] A s oF Ut no_blocko]l oW, E535A] ¢k RES
(PyImport_ImportModuleNoBlock ()& AR A]). no_blocko] AR oW, EEES FHIA X E
Sttt (PyImport_ImportModule ()& ARSI A]).
53 A€o R pointer S W T AR, o191 S 4453 NULLE S T}

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] F+ 23 A&EQAAE Fddgdych Fa3 H&E2 NULLo] ol H,
PyCapsule_CheckExact ()5 E33F1, NULLO] o}d ZJAE 7} A ZAE ], Y& o] & o] name v 7}

Aol AUt (e ol vustE Wl st Y B = PyCapsule GetPointer ()& ZR
441 2.)

off
v
2y
)
flo
=2
2
o
it
S
)
3
o

=

Z, PyCapsule_IsValid ()7} 2 WwEstd, 2 & JZA(PyCapsule_Get () & & A|Z3= R E
Ty el sk 3 & 0] AF o] R YT

AR 7L FES T AL o] E3h YA 00] obd gh WY TE 13X oo
Fae A s syt

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W 5-2] AYAE Z B E context Z 4 A g T}

destd 02 vha gy o Asfsiy 0] obd e whebstal o 9] & A A T ok

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule U 5-2] 3}3) 245 destructor 2 74 A $hu T},

4F ot 05 Whghth A astE 00] obd ghE wheketa o & & A Pt

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABI. capsule W 5-2] 0] 5-& name 2. 2 4 A S TH NULL O] o} U™, o] S et} 2.7
frA = o] ok Futh Fgoll A7E o)A name ] NULL ] o}, o] & S A3t 2L A| = 81A] k5 th
dEshd 02 wh Utk AafistE 00] ofd gha wkhsta o 9] & A G gt

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W 5-2] void = Q1 ] & pointer 2 4 A gt} ZQEl= NULLo] o}d 4= A5

Ut
455k 02 WY o Asfstd 00] obd ghe wkEska oA 9 & AT T

(2
(@]
o
23
rieh
i)
v
v
o,

8.6.10 A|L1{|O|E{ ZHA|

A el AA = stol o] Al e olEl o] E el o] & FA 7] £ 3]
PyGen_New () T+ PyGen_NewWithQualName ()& WA/ A O Z &
ah 42 ol e o Este] s ol Lk,
type PyGenObject

A e o B A o AH-gH = C FRA.
PyTypeObject PyGen_Type

A o] 8 A ol s Fahe B A
int PyGen_Check (PyObject *ob)

ob7F AV el ol B AR W 22 E¥% 1Tk obi NULL o] ohu]ojof Tk, o] B4t 4 43 AT
int PyGen_CheckExact (PyObject *ob)

0b®] W o PyGen_TypeolW 2L EEHF UL obe NULLO] op ol oF T o B4 A AT

e},

Agete AR YU dugow
st 2] oh2h ke U E (yield)
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PyObject *PyGen_New ( PyFrameObject * frame)
Return value: New reference. frame 2} Aol 71 ¥FsE A} Al & o] ¥] A A& wHEo] vr&gyt) o] sh4-=
frameol) he 228 F HLith Q2HE NULLo] ok o] of ek,

PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame ZAA| ol 7]¥F3E A Al @ olg] AAE TE 01 Ht8sl=d], _ name_
I} qualname_ = name 2 qualnameZ 2Rt} o] = frameol T3 FZ2E S YT} frame

A A}= NULL ©] ofi] o] of ZM 22

8.6.11 TFEI il

B A 3.59] 7}
FEE A= async 7| ER AAE 471 vhgst= A YU h
type PyCoroObject
78 AR o A £ C A
PyTypeObject PyCoro_Type
2 A7 ol s et @ A,
int PyCoro_CheckExact (PyObject *ob)
ob®] o] pyCcoro_Typeo]d Z& WISt} ob= NULL Y 4= QL5 U T o] S A A F 5y}
PyObject *PyCoro_New (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame A S 7|Hto 2 A Z2E AAE Eo] A wtES YTl _ name_
} =
=

I} qualname_ -2 name I qualname 2 ‘2 U T} o] = frameol] T3 FZ 5 S YT} frame
AA=NULL Y 5 lF U Th

8.6.12 ZHEIAE tHa ZHE|

Zy: WA 37101]/\‘] glo]H 37104 RE CA
PyContextVar % PyContext Token YAl PyObject ZAEHE Al L3IE=E HA

// in 3.7.0:
PyContext *PyContext_New (void);

// in 3.7.1+:
PyObject *PyContext_New (void);

ZFA] 3F 8L bpo-347628 R A L.

WA 3,790 E7F
o] Ao A= contextvars BES 93 &8 C API| t3] xHA3] A ¥ gyt

type PyContext
contextvars.Context AAE YJElY = o] AR T = C XA

type PyContextVar
contextvars.ContextVar AAE e = o] AT = C XA

type PyContextToken
contextvars.Token AAE YE Y& b AR EH = C FXA.

PyTypeObject PyContext_Type
context F L JEMY = 3 AA.
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PyTypeObject PyContextVar_Type
AGAE W5 L ehis 8 A3,

PyTypeObject PyContextToken_Type
;‘q_Eﬂ/\E HE ES 3L 1/].}3.1,}]‘— & 71J;<ﬂ

g A A=
int PyContext_CheckExact (PyObject *0)
07} PyContext_Type §o® & E2FUTh o NULL O] ok olok FUTh o] B4t W4 43

U,

int PyContextVar_ CheckExact (PyObject *0)
07} PyContextVar Type 3 o]H L Z#Z1UrT} o= NULL©] o}y o]of St} o] g4 A
AFFU

int PyContextToken_CheckExact (PyObject *0)
o7} PyContextToken_Type @] & &3 FUth o= NULLO] ofy o of . o] = 4

Al :'_‘61—14 r/].

A AL A Be) T4

L

PyObject *PyContext_New (void)
Return value: New reference. M| 22 ¥ AV AE AR E vb5 Ut} o & 7} A s NULLE wHEshy o).

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. A2 ctx AH 2 E 2
= RESHh T
PyObject *PyContext_CopyCurrent (void)
Return value: New reference. AR 2~ = AV AEQ ¢S HALE S
whgkghU o,
int PyContext_Enter (PyObject *ctx)
A 2y zo AA) ALDAER e 2 AATUTH AZ A 02 ¥lasl1, o8] Al 1S ¥kakaty o},
int PyContext_Exit (PyObject *ctx)
cx AR AES WG4 S}elal o] AH2EE
‘?}%‘rﬁ}l’, ol 2] Al -1& REgHH o}

N
Lo
o,
lo
f
>
i
o
=

FuUth ol & 7} 2 3 NULL

o

Futh ol 7 ¢ shE NuLL S

r (

A 2d=e) dA) Adreg BAFUTH T A0S

PyObject *PyContextVar_New (const char *name, PyObject *def)
Return value: New reference. Create a new ContextVar object. The name parameter is used for introspection
and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no default.
If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
Ad 2 Mo g2 74 g th 253 59 ol 7h IS 12 M, ghe] dE A9k 4
glol ol el 7} et orowl 0. vk ok

A 2E W57t FAH D, values TAL 71 AL EAE L HUTh AGAE W57 AR A O

A value= TFS-S 7he] Ay}
o default_value, NULL ©] o} H;
« var®] 7|23k, NULL o] o} H;
e NULL

Except for NULL, the function returns a new reference.
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PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. Set the value of var to value in the current context. Returns a new token object for
this change, or NULL if an error has occurred.

int PyContextVar_ Reset (PyObject *var, PyObject *token)
var AEAE W30 AE|E jokenS ¥F83l PyContextVar Set () 3% A9 AHE A4 A g )
o] B AE A 0L WeaLT, ol 2] Al -12 eI

8.6.13 DateTime ZHA|

ohFe IR A A A 7L datetime RE A Al FH Ut o] &E ARESE7] Aol 8l 6 9t datetime.
h7} Ao 3 ojof 814l (Python.h7F Z33HA] k5o Rt L), €tH o2 BE 273} 49
QX Z pyDateTime IMPORT MlZ EE T &&oF Ut Wz 2= C :['—Zxﬂ o tf&k ZAEE t}2 mjaE
01]/\1 A5 &= static 4> PyDateTimeAPI o] Y51 th

UTC =&l A 25H7] 5 v 2=

PyObject *PyDateTime_TimeZone_UTC
UTCE YEH = A7t A S ES WE3e Ut} datetime. timezone . utc 2} 22 A A Yt}
HA 3.7 7}

CE D EEY

int PyDate_Check (PyObject *ob)
ob7}PyDateTime_DateType & o] A} PyDateTime_DateTyped A H gojH &

£ NULLo] opUolof BT o] B4t 34 AT

int PyDate_CheckExact (PyObject *ob)
ob7}PyDateTime_DateType @ o|W F& E&FUTE 0ob= NULL O] o}y o] ok gt} o

4FFTh

int PyDateTime_Check (PyObject *ob)
ob7} PyDateTime_DateTimeType & ©] AL} PyDateTime_DateTimeTyped] A H
&5 Utk obt NULLo] oft]ofof itk o] W4 4 A F T

int PyDateTime_CheckExact (PyObject *ob)

ob7}PyDateTime_DateTimeType & o|H L =8 &t ob=NULL©] o} ook &t} o] 4=
gAY

it

#HE5Uth ob

e

4
rr
o

>

o;d
o,
2
i)
o
it

int PyTime_Check (PyObject *ob)
ob7}PyDateTime_TimeType & ©] 7Y PyDateTime_TimeTypel A H §o|H IS & E ) ob

£ nuLL o] ohuofof gk o] Bt B4k AF T,

int PyTime_CheckExact (PyObject *ob)
ob7}PyDateTime_TimeType @ °|¥ 5 S8 FUTh ob= NULLO] ot ofof . o] S = 4
hcaasi=g

int PyDelta_Check (PyObject *ob)
ob7}PyDateTime_DeltaType ¥ o] AL} PyDateTime_DeltaTyped A H 3ojH & E& =1 th
ob= NULL o] o}r] o] of F o). o] Tt B4k 4 T,

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType ¥ o|®H IS S8 F YT obE NULLO| oy ojof YT} o] St
i BFFUh

int PyTZInfo_Check (PyObject *ob)
ob7}PyDateTime_TZInfoType & o] AU PyDateTime TZInfoTypel AH o] JF& =7

t}. ob NULLO] obL]ojok Gtk o] Bt B4 AT Lich

o\
AW

176 Chapter 8. 1A A AHS



The Python/C API, £A| B{% 3.10.16

int PyTZInfo_CheckExact (PyObject *ob)
0b7} PyDateTime_TZTnfoType § 0| @ & EH %L obt NULLO| o}L]o]of FUT). o Fe
a4 BT,

A g e AR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A/ A H d, Y, 42| datetime.date 2AA|E w183}

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)
Return value: New reference. AR A d, 4, 4, A, &, 2 D nlo]|T&F 22| datetime.datetime AAE

et
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
Return value: New reference. AR d, &, 4, A, &, &, nfo]Z % 2 fold®] datetime.datetime
23 & kg gh o,

WA 3.600 =7}

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. A A H A], &, 2 W ufo] a3 2 % 9] datetime.time AAE W33},

PyObject *PyTime_FromTimeAndFold (int hour int minute, int second, int usecond, int fold)
Return value: New reference. A| 3 E A], &, %, ofo] 2 2 % W fold9] datetime.time AR E ¥F3g ).

WA 3.60 =7}

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. A1 A H &4, 2 W ulo]3 2 % & YJEIU &= datetime.timedelta AAE
vty 23 upo]| 3 2 29 X7} datetime.timedelta 21 Ao &3] AW W0 A== A
EPPEE N

PyObject *PyTimeZone_FromOffset (PyDateTime DeltaType *offset)
Return value: New reference. offset QA2 JEFU R &= o] &0 gle T 2 ZAl9] datetime.timezone

A7E el oh.
WA 379 7}
PyObject *PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
Return value: New reference. offset 91 2} 2} tzname name & 2 JEIW A= 14 2 Z A9 datetime.
timezone AAE &t}
WA 379 7}
IR AR oA BEE FE3= w322, AXE= AH F A (718 PyDateTime_DateTime) & E 5} o]
PyDateTime Date®] ¢12 8 4of of Gujch. ol NULLO] ok o] of 3], §-& A A ehgrUTh:
int PyDateTime_GET_YEAR (PyDateTime_Date *0)
&9 int=, 9 g
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1o A 127+A] 9 int 2, 92 vhhgh o}
int PyDateTime_GET_ DAY (PyDateTime_Date *0)
1014 317k 2] int 2, 22 whakgh o
SR A AA ol BEE 2Ee 2R, ARE A
Q128 2o ok U th. 914k NULL o] obL o] of 3t 3 &
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
03E] 237441 9] int, A2 ek o,

EH £ ¥ 3}8}o] pyDateTime_DateTime 9

IO T
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int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
FE] 59712 9] int &, &2 W

int PyDateTime DATE_GET_SECOND (PyDateTime_DateTime *0)
HE 59717 9] int &, 25 v},

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
0X-E] 999999 7} %] 9] int 2, u}o] T 2 2 & uiatal o},

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from 0 through 1.

B A 3.60] F7}.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime DateTime *0)
Return the tzinfo (which may be None).

HZ 3.109 7%

AP AN BES FEF= IR, QA= ME IAH2E =
Syt A= NULL o] of ofof ahvf 2 HARSHA] kst

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
HE 23749 int 2, A S 9F3+3kU T}

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
R 59747 9] int =, =2 wakah o

int PyDateTime TIME GET SECOND (PyDateTime_Time *0)
HE 5971A) 9] intZ, 25 v o

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
03-E] 999999712 9] int &, ufo] T 2 % & wksa o}

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.

B A 3.60] &7}

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).

WA 3.1000 F7}.
A7t AEL AA oA BEE FE3E= w3 E. AR= AH Z 5 £35}o] PyDateTime_Deltad A
€201 oF I}, A NULLo] of o] of 53] B AAFSHA Ll
int PyDateTime DELTA_ GET_DAYS (PyDateTime_Delta *0)

-999999999 of] A] 999999999 7} A] 2] int 2, ¥ 45 HFE-g ] o}

B A 3.30]] 7}

int PyDateTime DELTA_GET_ SECONDS (PyDateTime_Delta *0)
HE 86399714 9] int2, & & WU},

WA 330 27}

int PyDateTime_DELTA_GET MICROSECONDS (PyDateTime_Delta *0)
014 9999997} 2] 2] int £, ufo] I & X & wislsh o}

B A 3.30] 7}
DB APIE 7 ¥3= 259 HYE Yl mjaz:

&tsto] PyDateTime _Time?] QlAE Aojof
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PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () o] A Zst= o] A3t QAL &
Z 2 N datetime.datetime AA S WS w33 o}

PyObject *PyDate_FromTimestamp (PyObject *args)
Return value: New reference. datetime.date.fromtimestamp () o] A&3t= o A3 A S =2
M datetime.date AA|E WS visshy o}

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist - GenericAlias and Union. Only
GenericAlias isexposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python class
types.GenericAlias. The origin and args arguments set the GenericAlias ‘s __origin__ and
___args___ attributes respectively. origin should be a Py TypeObject*,andargscanbe a Py TupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___ is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a
type. The GenericAlias ‘s__parameters___ attribute is constructed lazily from __args__. On failure,
an exception is raised and NULL is returned.

Here’ s an example of how to make an extension type generic:

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"_ class_getitem_ ", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.
—PEP 585"}

}

© B7]:
The data model method ___class_getitem__ ().
HZ 3.9 F7%

PyTypeObject Py_GenericAliasType
Fart of the Stable ABI since version 3.9. The C type of the object returned by Py GenericAlias (). Equivalent
to types.GenericAlias in Python.

WA 3.9 F7}.
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=7\t mro[de|Mojd & A8 =

PI S5 AR Ao Py _Initialize () 45

— PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem_SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py_SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o« AH 3
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- Py _IsInitialized()

PyMem_GetAllocator ()

- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()

- Py_GetCompiler()

- Py _GetCopyright ()

Py GetPlatform()
- Py_GetVersion()
- +EeHE:
- Py_DecodeLocale ()
o MR DAt

- PyMem_RawMalloc ()

PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem RawFree ()

A3 2 4= ry Initialize () Ao &3P ¢ Pl Py _EncodeLocale (), Py _GetPath (),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath(), Py_GetPythonHome (),
Py _GetProgramName () B—J PyEval_InitThreads ().

Ir

Jpol o= e 75w Alofstyl A A 74 W A5 UTh T2 A o R, ojH T S 2
& FAdel s Aleig Y

FA g a7 AAHEY, W FS FH0 AFH A5
Py_BytesWarningFlag

i
—
fru
(0
ox
o
o
o
o)
N
W
<
<
o)
[9)]
5
N
5
.
5
Q
B
e~
Q
Q
it o,
[\®]
fru
i
o
o
i
o

int Py_BytesWarningFlag
bytest bytearray® str, = bytesE int} v & u] A& Lt} 28t 2 AY
@s@ﬂaggﬂﬁuw

bAoAt

int Py_DebugFlag
TEEA7 A 29 AU (JAE7HAE, #Aord g4 &3y,
-d 3} PYTHONDEBUG 37 W42 A A g Urth

int Py_DontWriteBytecodeFlag
00 ohd ko2 BH S, oML 22 BES JEE T uf .pyc FUAL 21 5A gyt

-B A3 PYTHONDONTWRITEBYTECODE 3+ ¥i4=2 A Atk

int Py_FrozenFlag
Py GetPath()olA & AA F2E A off o] WA A& FAISHA] k<5 th

_freeze_importlib®} frozenmain Z 2 I oA AFLSt= 7)< S 2Tk
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int Py_ HashRandomizationFlag
PYTHONHASHSEED &7 W 7Fv]o] QA 42 FAEZ A=W 12 AAFF Y
oy

Zef17100] ob W, PYTHONHASHSEED 37 ®I4E ¢lo] v Al Al =& 2 7]3} 3o

int Py_IgnoreEnvironmentFlag
AAE 5 Y= EEPYTHON* &7 ¥

ES-IgAdoz AFg Yk

int Py_InspectFlag
2IHEZA WA Ax2 A
sagER YL AP F

2
il
l
9
av]
(29
._]
jasy
O
=
av]
h=
=
jus}
fo
av]
29
._]
jasy
O
Z
ja
O
=
&)
il
-|n
E&‘
<
v

=
-1 A3} PYTHONINSPECT 3+

int Py_InteractiveFlag
-1 t'/\:] oz /37(—]%1/]1-/]_

int Py_IsolatedFlag
Azl T2 glo] WS AUt A REo A sys.pathe AT HEQ tAE 5 AR Y site-
packages B 9 B 2] &= &£ 3HshA] ok5 Ut

—I g g ARE L)
W 3400 F71.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding with
surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING &7 W71 H|o] A k2 FAEE AAFH A 12 AAH T YT}
AFA 8 )82 PEP 5298 #2344 2
74 AT

int Py_LegacyWindowsStdioFlag

Z 27100 ofy W, sys TEE A2E Y S 98] windowsConsoleIO Al io.FileI0E A& St}
S
ES

ikl
=
PYTHONLEGACYWINDOWSSTDIO 37 W47 ulo] Q1A ke B g E A=W 18 AT Th
ZA| B U 22 PEP 5282 A2 3AA L.
7H8 A=
int Py_NoSiteFlag
g site QEES} o]0 £¥IE = sys.path® Abo] E FH2A Q1 225 v A3 o} =3 5ol
siteE BAIHORE IXE T ok o] 22 v AT (ER A 1H H site.main () &
TSN L)
-sFAoE AAFFEYTh

int Py_NoUserSiteDirectory
“t 2 *f site-packages ©| 2= =& sys.pathol F7}31A] &5 h

-s&} -1 A, 18] PYTHONNOUSERSITE 373 Ha =2 A A E U]

int Py_OptimizeFlag
-0} PYTHONOPTIMIZE 37 W42 A AP Ut

int Py_QuietFlag

H3le R A= AZAF WA v A A S FASHA U th
—ggHdoz ARG Yt)
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WA 3200 7}

int Py_UnbufferedStdioFlag

stdout 3} stderr 2 E & W 5 & s A 5t = = 74A & o)
-u %43} PYTHONUNBUFFERED 37 W42 A A" U th
int Py_VerboseFlag
R Eo] 27)349 wjuit, 2 =8 94X (Aol Y BE)E EA B WA AE ATk 28T}
IAYZoH, RES AT o AAE = 2 g s AR E AT YT =3 FE A BE

Aol ot A B E Al F gt
-v 243} PYTHONVERBOSE 37 W42 AAF Ut}

9.3 ClE{Z 2|E| x7|5le} ujo|=De|A 0| M

void Py_Initialize ()

Part of the Stable ABL 3}o] %1 QIH Z 2] & 2 7|3} T} gho| M & WAshe &
o] W/C APL 95 ARE-8L7] Hofl &8l oF Futh B 7HA] ol 9] = shol 1l =7]8F A

olAL 2rH REQ Ho]E(sys.modules)S 273}t 1, 7|9 R E builtins,  main_ % sys
E W uth =3h 25 A FE (sys.path)E X734 sys.argve AR A gFUTh ol &
ANA & PySys_SetArgvEx () & AHESHAAI L. (Py_FinalizeEx () 5 WA Z&HA ¢il) F
HA 2 SZ5HH ob -1l A= shA] b5y th vhgk gho] gls Ut 2718 ol Aafjetd XAl ol )
Uk,

Fi: A=folM, & ZEF 0_TEXTO|A O_BINARY 2 MZFUTH C AEH S AHE-3h= 2&9]
H] 5ol W AR o & 9 3FS u] HYrth.

void Py_InitializeEx (int initsigs)

Part of the Stable ABL. ©] St~ jnitsigs 7} 1 0| Py_Initialize () A3 ZF YT} initsigs 7} 0 0] H,
Alad Ael 719 2713} 552 AvH =, ghold o] E w) {8 o+ 5T

intPy_IsInitialized()

Part of the Stable ABL. T}o]# Qle]Z 2| H 7} 2 7|3}5 o Z(00] o} d) S wtdsla, 28 %x 4oy
AR O0)= R YTk Py FinalizeEx () 7t 2&" F, Py_Initialize ()7} BHAl 2EE w744
AR Mg

i)

int Py_FinalizeEx ()

Part of the Stable ABI since version 3.6. Py_Tnitialize ()2} &2 5}o]#/C API Sk AR o] 5] =3 =
REZVNIE ALY FHLSL, Py _Initialize () o] g upA 2 TF o] F WE o] FHA| 7, ofF] AHA|
H A & BE AME Az El (o} Py _NewInterpreter ()& FEFAUAIL)E Al AGUTE o3
Ao, o] vto| W Az E 7t &3t RE w22 & fAF U (WA py_Tnitialize()E
Al E&5A] 431) F HA 2 S5 ob7d A% shx] stk dwbd o g whe g2 0y th
gteld g Al o] d =5 ol # 7 2 st (W3 " | dlole S8 A]) -1 0] Bk Yt

ol g ol A ol R AlFHUT W S8 22O S8 Z2 I AA S THA] A FH5HA]
L sho] NG ThA] Al AFSEAL A S = 5

oM RAHZYHE ZET GG 2RI

o BEEEE BEMEE
HASHE 2 5 LUk $8 22PN W22 $2E AL SAAUAE S T2V
ZRo}7] Aol ol ol Ba 2E w2 S sAs 4 ATk

FHAUTH o] 2 Q] IFFH A del ()
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AE A FsUch S 2ol &3 <

2dol £ Wl o4 2R W AU 455A g 2

Py _FinalizeEx ()E T W oA S &351H o] A7} A 4= 5Tt
E

o QR gL 2713
] Py_Initialize ()94—

o, x>
o

AP H
o1z} glo] ZHA} o]l E cpython._PySys_ClearAuditHooks & WA YT}
WA 3.600 =71

void Py_Finalize ()

Part of the Stable ABL ©|Z-& Py _FinalizeEx ()% oA WA} T&F = ¥l 212 F A= A Y
Yt

9.4 ZEMA A oi7H H

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

o] St (&S YH) Py_Tnitialize () Ao TE&d|oF FUt} str.encode () oA 2 2L 2]
2, T 21000 28 AT} ole] A2l A AT

PYTHONTOENCODING %S A A ©] (overrides) 3+ 12, 37 W47} 2581 A] ¢S o] Y (embedding) 7=
7HO 392 AT 4 A== Atk

encoding L/ =

fef nuLL Y 4 A5 Th

sys.stderr °] (& thE) A4 7 B gl o] B4 “backslashreplace” | 2] A 2] 7] & A}-§-3holl 2] 3¢
A L.
H

3l THAl 525 o] of g .
JpetE 02 MEeT, o2 A (12 S0l BT el 7k oln] 275 T 52)00] obd hL B
Ut

WA 340 27}

Py FinalizeEx ()7} E&% W, ol £ Py Initialize()o 8t T& TZ o TS v x]7] 9

void Py_SetProgramName (const wchar_t *name)

Part of the Stable ABL (EZHT}H) o] &= py Tnitialize ()7} AS0 2 355 7] Ao 355 o
oF gyt JdHZ A ZE2 WO main () Tl etargv[0] AR 32 dHFUTH (&=
AR HEH Y. o] A2 py_GetPath ()&} ot o] ThE oA A =28 A8 3} AAH
stol A HEY gto] B gl & 2 o] ARSF UTh 7| 232 'python' YUt A= 22 79 A9
St ot go] MAE R b= AA AFAY 002 Zrhs 9ol& B9 S 7he] Aok gt} sho] A
JEZEE S ZE+ o] A4S W&EZ HAsHA st

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar *Py_GetProgramName ()

Part of the Stable ABI. Py_SetProgramName () S8 AAE 7 72 o] 20|} 7] B 3ZHS w33 o).
W A2 AR AGAE T RUTh S A 32 T AMA = YT

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetPrefix ()

Part of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the programnameis ' /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.
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This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetExecPrefix ()

Part of the Stable ABL. A X9 ZHZ-FTE54 Lo th execprefix s WYl o]
Py _SetProgramName () 22 AAH 23 o|Ex 4B 37 AL oy B33
FAAFHUTH o & So] =279 0] 29 '/usr/local/bin/python'0] , exec-prefix= ' /usr/
local' Yyt 913Hd FAE2 A4 AFAE 78] AUth T2 @< -’F’Q”H/ﬂ = Ytk o
= HAS = Makefile?] exec_prefix A9l Y= A configure AT HE Q| ——exec-prefix
Azpel s FgFu Tt o] g2 stol M T = A sys.exec_prefix® AFEE 4 JFUTh 2o A T
Stk

vl 7 1 exec-prefix+= & W& ?“—?791 od (74 A L I ?4"’] Hejg])o] o2 g Eg
A X E f prefix &} ThE 1 FAXNA, 2RE £54 3192 /usr/local/plat A H EE 9
=944 3 /usr/local°ﬂ AxE 5 dsych

oot AZEY o] AZFY 2T YUYt} o] & S o] Solaris 2.x <
%EE 7+ A 2, Solaris 2.x S A 88 51+ Intel 7] Al = T2
EEAEddth 22 ° Q AAY A E e =
EgEZAEE? /}ji}-\/]r/} v Y2 9 AA = T/PE o]o]:7]%]1/]r/} o] g

2} | w0l prefix 2} exec-prefix= & v 7} glow, ¥l Exlg g2 A H U}
1 ulolE I & 31Y2 ZAEF 534 Yo FYstHA L (28 ol &5 Aottt
éﬁﬂpﬂoﬂ% TEA G UTH).

Al2®l #Ae] A= /usr/local/plat S ZF S} Z Oid) o= «4’01 Aladlo 2 AL A &
7ol /usr/local S Z{IIE = mountblrautomount Z2 WL FAZ =S & At
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This function should not be called before Py_Initialize (), otherwise it returns NULL.

B A 3.100)| A] ¥ 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABL 3}o] % A8 5l o] AA| =213 0]%% wgk ,j-b] t}; 0]7%% ZZ a3 o]l & (Y9
Py_SetProgramName () & & *”é%b]l‘/‘r) oM 71 2E AN FEE s sh= X—.%—S—i 74] 4%\4
ok vhEE FAE S BA AFLE vke] AUty ng}% H= T 4311/‘1 = ¢ HU o

FEoA sys.executable® AR 4 AH U]

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.100)| A ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Fart of the Stable ABIL. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, ' ; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.100)| 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(),then Py_GetPath () won’tattempt to compute a default search path but uses the one
provided instead. This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter character, which is
' : ' on Unix and macOS, '; ' on Windows.
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HU

‘Cﬂ sys.executableo] Z2 1% AA FZ (Py GetProgramFullPath() & %Zé}ﬂ AL
JA = 3l sys.prefix®} sys.exec_prefix 7} B JEE UL Py Initialize() & T&
EJ“’“‘UH ol A= A2 S A A 2 HFUTh

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

AR QA RA o BANBR, S50 4R F 54 TF AT+ A5t

HA38NA HAG: oAl =2 O o] YA 22 T3 AA 27} sys.executableo] AFRH U T

const char *Py_GetVersion ()

Part of the Stable ABL ©] Sko] 2 S| me]ele] M AL w@AF U th o] AL ke 2L BT

"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.

const char *Py_GetPlatform ()
Fart of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. On macOS, itis 'darwin’'. On
Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. & 2] 5}o] % A o) o 3+ 24 A 24 Ex1E -2 ula3ty ), o & S0

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’
WEE BALS 44 A4 E AUt 524 ke SN B o] e Fold 7
o A sys.copyright @ A}&3 4= &t}

const char *Py_GetCompiler ()
Part of the Stable ABL 317 3ol WAL ME sl v A28 AT Y] BAE hBE 744 w3
th o & £

"[GCC 2.7.2.2]"

wad Bade A4 AgeE AUk SEae §g FANAE &Rk o) g2 ol
o A M4 sys. ver51on.4 Jduz AzH Y}

const char *Py_GetBuildInfo ()
Part of the Stable ABL. @] 3}o]H QB ZE AAEHA AP~ HF W E Ix L A 7ho] T3
ARE NS, g 5

"#67, Aug 1 1997, 22:34:28"

Ll -.—x} 2 A AZAE 7HPUTH S22 g2 SANAE S F U o] 2 o)A I =
oA M4 sys.version? dX 2 AFH YT}

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)
Part of the Stable ABL argc & argvoll 71Wsl A sys.argvE AA U o] i/ s 22 139
main () §5ol ALE A3 FAA T, A WA FF o] ko] A SIE w2 E & T2 s A8 5 o] of
RERE DU AT S P itk AYF ~aPET GO W, argre] A
WA G220 B4 5 YUk of F4 7k sys.argy 218kl A, by Faralirror ()
AEato] A WA AL EA T

updatepath 7} 0 ©] ¥, of 7| 7} 2] 7} o] &7} o= 2 4 Y YTt updatepath 7} 0 ©] o} ®H, &4+ T
&1 2] Zof what SyS.path Ao}
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« 712 2AYEY o] Folargv(0] 22 IS, 2FHETF Sl YA 2] o) AR 7 sys.
path el #7hg Yot

o I1HXA] O (F, arge7F 0] At argv([0] o] 7]& 3 o] 5& 7He] 71 A &S W), sys.path
ol ¥l EAG o] F7HE Ut o= A 2 dEA g (. ")E ?l’°ﬂ F7Voke A 25Ut

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

F3: 9d sage A9 olge] BHoz sold A xeHE AN 38 mE e
updatepath 2 A 23111, ¥dl= & sys.pathE 222 7JA 5= A o] 25Ut CVE-2008-5983
F2AAA L,

3.1.3 ﬂﬂm@ﬂﬂfiywSSdﬂmvw%iéﬁiébwmwspmh&i%¢%2iﬂﬂad
7 S o Q35
= [e)

2 ads de s AFUHL g S0l vs

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

WA 3.1.39] &7}

void PySys_SetArgv (int argc, wchar_t **argy)
Part of the Stable ABL. ©] 3+4~%= python QE| Z 2 E]7} -1 & A &S X 9= 3t updatepath 7} 1 2 A A=
PySys_SetArgvEx () A QA =gt}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
W 3404 W73 updatepath 2 -1 o w2} th5 Y T

void Py_SetPythonHome (const wchar_t *home)
Part of the Stable ABL 7] &> T ¥} 8], 5 % she] 4l Shelref e} 948 AP AA 24
o o] o] U] PYTHONHOME < #2514 A]_CL

T

el Aok g h sl e el eof M= o] A4 JW < WAsHA gyt

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

A 22 WS AYshe S 8] 1YNA G AA Ageol 022 Bk £AIL

wchar_t *Py_GetPythonHome ()
Part of the Stable ABL. 7|2 “&” = py SetPythonHome () o )3t o] A T Z oA AT Zhol U A A
= 1T PYTHONHOME 27 ®59] 3t vk ot

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_Initialize ().

9.5 AP E AENQI M OlE|{Z2|E| &

shold Auzas e a2 GASA GET. OF 2= ot 22 e A9
ol 1 A B < 2H =7 BRSOk e A Qe melH % £ GILol g
she A =0l g, SR U U NA S R N PO

of, F 2HEF SA o] 2 AA Y FE ASE SN W, F2 A5} F Wo] obd 3

ﬂﬂﬂwm%géﬂéﬂE%%ﬂWﬂﬂﬂHﬂEdH%A1{mAHﬂ¢
ol AFUth TAIARFES Zetr] Ao dHze s 7 Hew & %l 2
)%%&ﬂ@1ori°%““ﬂ4 719} 22 A A A BEZF 10
ol A=t AYE 5 AFYTh

setswitchinterva
AMESAE R, 25

:L -
rlu
i)
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vlo] M QB Z BBl & PyThreadState 2 Hl o] FZ A Wof 23 = ¥ 57| (bookkeeping) A R E H &%
Utk @A pyThreadstate & 74e] 7]+ 3] A W% Q5 UTh PyThreadState_Get ()& AH&3t
o d

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 Wl AubA o) o] A o] & BBhal 7] 8] B ke w2 E AT T

Py BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

fifo
147
H
oy
L
™
X,
2
rE
-
frt
=
re
i
v
v}

Py _BEGIN_ALLOW_THREADS "l a 2 +¥ A &
Py _END_ALLOW_THREADS Wl 2+ &

9o g2 e thg mER F4HYh

PyThreadState *_save;

_save = PyEval_sSaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

P FITH(OhE 22| =7t 2] 22 S8y A E‘*;—’F;ﬂ ZPL-‘ll 2B)= e AR 7] W= d Ut
e, 52 55t 2= JHE 5L ), 28 = e ZAHE ARS8 doll H& F 58k dun

FiL: A2 0 g TE52 GILS P20k 7H Auba o ARG Ab o] 2| v, v & 2] ¥ 3 & F5f) 255k
ol u} 958} G4 ok 2ol kol A AAol AN~ DRIt Qe ) AW AL 5257 A= 783
95 Uth o8 S0, & z1ib%t hashlib REL H o] 2 &3} 7} |4 vh:q} GIL-S &l A 3t o}
9.5.2 mO|MO| BHEX| 42 A=

28 ho] W API(7}¥) threading 2 5) & AHE3te] 2 =8 BhEd, ~d = JE7t A5 oz ddnue
Aol TAE ZE7F SukEyth 23U, 28 E7FCollA] BEo 2 o1 AA 2@ = e 7] 5o

A= AlaA etol B 2lof o3)), GILS Hf8hA] ¢kl 152 9 'Eii‘ﬂE 0“31 T2E stk
B

o1& g 2 S0l A Shol H IEE TE ok HE (55 BA AF 8 A4 eho] Hef 2o A] A F5H: 2 API
o AR} HU T, AA 22l = AE) AR PEE BEOIA A2 Eof 0|2 & AHES TS T, GIL
2 Y S5ha, npA U0 2 Bhol H/C APLAHE S A A 57] Aol Ad| = A £AHE AFFUT $EH Y,

= dH 2AHE AE AL, GILS Hxﬂ?} S, upx et g7 Ag e Abe) AF 2 22 8 A8 oF 3 T}

PyGILState Ensure ()@} PyGILState_ Release () &4+v o RE AU S 5oz #3834t} C
solEol A ol 0 g S DA BEFE Oh3 0 Tk
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PyGILState_ STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py _Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork()0fl CHEt 2| Alst

s =o] tis] FEHOF T ETE TR H2Cfork () T& A 2= FH YU fork () & A8
2o Alxndo s, Z2AA7F 233 o] 235 WY AU = 2AFYTh o) F2 A oF
St W % CPython AEFY ol A4 BE e 257 FA A A FFE v Ut

his

“HAp” A evt ol Qltke AM S ThE 28| EVF B el Fo] A H A e o n| T Stol M 2
Ao HA o g2 AL ote 55 55t Yol Al 6to] os. fork () ol thaf o] 415 s 2ot =3
Ap24} 8] B E lock-objects £ A A A gt} hol i S 28k A L W %”ﬂ% 33 ol ol &5} A L o] Fof
M;Goﬂo]:s].t._’_ﬂ.(u] glo] W) S o] Wo| o+ 1 A5 ULtk pthread_atfork () & 22 0S 75
ARgSte] 22 Z Y= e o Futh 3, stol S S AU WZE o, os. fork () & F8HA 4L &
3 sfol o g RESe ALY Sho| H g S ETHH), £ o] Fof AbgtA = &d =T}

B {5t stol o] YR 5 5 shtel o] w2 A7 2S5 JFUTh Pyos_AfterFork _Child()+
dest 55 ARt i AT T T 5 A+ A2 obgyth

T EE 2 =7k At ths AFE -2 3 CPython o] | ELS] A 7} os . fork () 9 wER7FA| 2 4 A 51A|
e o] ok Tg uj gt o] A2 A AE Z e H e} thE B E PyinterpreterState Ao &8+
Th2 B E pyThreadstate AAE stolde Al o] A 3t A& g u gt o A “H 2l <& 2
S 542 = A3l fork () &= CPython Ao AERQlo] Yef) 27315 A Z 2 ] “H” 2 = o A gt
SZH o FULh U A9t exec() 7t L T 2A TEFHE AL YY)

U2 Cd I=E A4stAY shold JH 2 HE WAl 71 b o2 AMH = I3 S dyth

type PyInterpreterState
Part of the Limited API (as an opaque strucf). ©] A}8 2= o8] g8 24 =7} F735t= AHE Ve
Huth 22 AdHZgH &3t 2ds+s 2E 9 2 /A g2 W 5SS TR o
TF2A A= TN A7 U

e dHzgEel £ 2d=s AHS Tt R, Y 3 Ve TR 2L ZEAX AHE
Al 9] skl =, Zi°°ﬂ“ °P$7ﬂ51 shA ks unh A dE =y 52 oW AdEz el F ol %3
Q= ol FA Qo] BE Ad| =l A 24 LT

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} = 3}A] ¢F+= H X € gh.
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sho] 21 3.67} o] A M Aol A &, o] BT EAFA oW GILE BE ALY Th
WA 39004 MA: oA o] T b AP A FHUTh
WA 3TN WA o] Bt o)Al Py_Tnitialize()ol g3 TEHOIN, JHEL HE AN 55T
227 g
WA 32004 WA o] F5E HE Py _Tnitialize() Ao 22T 4 glUth
WA 39004 S AH A5 Ut WA 30104 A A T,

int PyEval_ThreadsInitialized()
Part of the Stable ABL. PyEval_InitThreads ()7} & %ﬂ Row,00] opbd ZH& wk
GILE H{3tA 1 T2 5 oA, G 2g s AP o 5 APISES 3]
15Uk
WA 3704 WA GILL oAl Py_Tnitialize () o3l 27|13 Yth
WA 3.9 4 A= A5t WA 3114 Al AF Ut

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (THEUTHH) A Q=2 E & Hxﬂ St 28 = Al E NULLE A A S,
ol A8 & el (NULL o] ob g U ThH & RIS U Fo] Rt AT, A 28 vt 52 Qﬁiﬁoiolc
T,

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL. (RFEtHH) A9 Qg Z g 22 FE3a A8 E AEHE NULLo] ofr]o] o
Shi ate 2 AATUT Sol BEOIATHE, A 2 =7} ol & 45314 ghakoloF T 12
o}g_?j Il 71— /ﬂ-]ﬂ] 7]_ \:ﬂ-/\g 51—\,] q_

B o ot
s 5he o AH8E 5

Fa: "Agdo] stojdeA o] M E uf AH oA o] @'4% i%_]’ , 28 =7} sfol Ko o s
oA A kT = ’\31]‘:7 TEPUTE 9A & 5‘]'?4“] _Py_IsFinalizing() o]\t
sys.is_finalizing() & A}-&3}o] o] A Z glE 7} gfold Al o] A F 11
AR FAE 5 Ad5UT

_4_,

PyThreadState *PyThreadState_Get ()

Part of the Stable ABL. A A &= A& wistsych A9 Qe Z g S AFdoF &gyt A
282 e 7bonLol @ A WA el el AT TH LA BEAINLLE FF Bt g

o).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. @A 2~d & AE]E Q1 A} state(NULL QG = Q5 U thH 7 Al 2 8t= 28 = Ae 2
AU A QB el B 22 RG]0k o] a4 A Tk

e Rt 2UE 28 AFAT ASHT, A0 A8z H 9 S8 A FEUth

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABL. A ~d| =7} gfo] A A Ayt A Az g E3 AA Qo] gholA
CAPIE 358 27t Hg=A &Yt} o) AL 7+ §%0] pyGILState Release ()l t) 3t
TSRS Fe A ENdA Hot= HEF Y HEZEE —’F AUt dutzoz Ay 4
Bl 7} Release() Ao o] A AEl2 EQE = 3 PyGILState Ensure ()} PyGILState_Release ()
TZ 7o thE AEE #E APIE AFR T £ 95T 98 —01 Py BEGIN_ALLOW_THREADSS}
Py _END_ALLOW_THREADS Bl 2 2] AAFA 0l Ag-& 585 Uth

W2l 3k PyGILState_Ensure ()7} SE2H JZ W& 2 = Aejof et EF

olMo] e Ao Q5= 3 W PyGILState. Release()i Az o] of st A1 &
HEgs, o] AEEL FFT 5 g5 UTh- PyGILState Ensure ()o 3t 2 14 5%
PyGILState Release () & T&< Al AES A7) oF it

o) HHN' o
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P NS o), AA 2L GILE HR3T 499 Told HEE EET 5 AFUh A3t
A A9l ol el g o,

o

i

A2 G Aol ol 2w SAZA ] o) GEE SEAA, A=) o def o134 0
017(]7\] kol gt e /\Eﬂ‘:7]- ZEE UL 94 & ]—Eﬂfﬂ _Py_IsFinalizing() ]t}
sys.is finalizing() & AH&3o] o] F4E o 21E) 2] B 7} shol el Al o] A = 1
A FAT 5 YTk

void PyGILState_Release (PyGILState_ STATE)
Part of the Stable ABI. o] Ao 85 3 2 E YL AT T o] & Z o, afo] A 9 Ae)
PyGILState Ensure () &< o] A} 2;;*141:} (23 guta o 72 o] A& & o Al &
oFolA], GILState API S AF&3HUTh).

PyGILState Ensure ()o 3 RE T2 22 ~H oA PyGILState_Release ()ol thet &
S AE ol F oF It

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABIL. ©] 2~#| =9 x| ~d = /‘JEH%’ 7R S YU th @A 23 = A GILState API7}
AHEE] A] koW NULL-S WEEHS = Q)5 th W A E oA A5 A~ # = AFE] 5 Z (auto-thread-
state call) o] ] 2| P& Ao =, W Q) A =l G ol el & A = A7t DS ol Fo A €
oA e F2 B U/ 4y Th

int PyGILState_Check ()

1_,
_%F‘F
)
ol

A4 A =71 CILE HAFI Slow 1 WL YA o 08 WD o P o2
i BE g EoA 2T 4 lsUth ol A= e 7} §7lﬂ51 ‘Rii A GIL-g W3kl
S ww 1 & WAL o] AL F2 £¢u/AT T of & o] 29 AYAEY W2
I Fpol A F8 5 e, Gllol FA Atk AL IW TEA UAT AP FAFAY
234 oW e AR & 4 dgUth
WA 340 F71.

T 225 AR o2 S8 Au|Z8 glo] AREH Uth sho] & A2 w3 of| A ARG o & ZEo A A 2.

Py_BEGIN_ALLOW_THREADS
Part  of the Stable ABL o] ] 7 2 & { PyThreadState *_save; _save

PyEval_SaveThread(); 2 Z3ZgUth o& %—517} EgH o] YFol FsAAL; A
2% Py END_ALLOW_THREADS W22 &} A A5 of Futt o] i 2o thet 2AA S & AE
FxFAA L.

Py_END_ALLOW_THREADS
Part of the Stable ABI. ©] ] 3 & = PyEval_RestoreThread(_save); }Z ZFH Yt 2=5235
7h 23E o] JZoll st A L; o)A Py BEGIN_ALLOW_THREADS Wi 2 2} A 2] 8fj oF YT} o]
v 2 2 of] o 5k 2pA| 3 &2 A& FRIAHAL

Py_BLOCK_THREADS
Part of the Stable ABI. ©] }j 3 2 = PyEval_RestoreThread(_save); & F3FFA Ul d=5Z357}
9= Py END_ALLOW_THREADSS} T53shurth

Py_UNBLOCK_THREADS
Part of the Stable ABL ©] ]2 2% save = PyEval_SaveThread(); 2 &&Fg Yttt o= 52359}
W o] 9l Py BEGIN ALLOW THREADSS) 558Ut}
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API

©
(3}
(3}
>
3
R

rr

nt

T Py Initialize() o]Z o T&F ofoF Tt}

SER
374N WA Py_Tnitialize ()= o|A| GIL& 27|33 T}

z

2 b

PylnterpreterState *PyInterpreterState_New ()
Part of the Stable ABL. A 91 €] i 2] E] A}ej| 7“7"(1]% UEUDH AG 9EH=ZgH ELHST I gAY
o] Fol g B2 L AW of e BT 4 AF U
A2} glo] ZAL o]l E cpython.PyInterpreterState_NewE WA YT}
void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. Q1] Z 2] E] AE] A9 RE AHE QAT A ez e =
oF gL T},

o1z} §lo] ZHA} o] W E cpython.PyInterpreterState_ClearS WA A Yt

o
f
Ho
ol

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. Q1E] Z 2] ¥] Ae] A& st gt} A9 A= E L B
QB Z B8] AAB| = PyInterpreterState_Clear ()l EH?} Ol TEE QLA

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the Stable ABL. =0] R Q1] Z 2] g] A A of] £351= A 28 = e AAE S5 Ut A9 Qg =
g 52 HFd Fes gAR ol ot S Addsiofstd K 5Tk

void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 2~d = Ae] A2 RE ARE JAATFYLE A A=z E 2L B {3 oF
ok
WA 3904 ¥ 7: o] &= o]A| PyThreadState.on_delete TS T &) o] A&,
PyThreadState_Delete ()X &I 5HFYTh

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL. 23| = AHe] AAE 97 gyt AY ez 2L B/ I gs5yoh
28 = AElE PyThreadState_Clear () 3t ol d S &2 A A

void PyThreadState_DeleteCurrent (void)
AR 28 = AHE 57l A QA= 3]1:4 E & S|AE Tt PyThreadState_Delete ()&} v}
A2, A e ZE|g 22 FRT HQ g5 1/131— 2¥ = A= PyThreadState _Clear ()l

Y3t old 52 A4 Qo] oF ATk

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. S}o] 3 28 = A ) sstate] A A =8 IS 7FA S U Th

Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & FZ3A Al L

fstate+= NULL ©] o}1] of of 3+t

B A 3.9 F7}.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3}o] % 28 = AL state 2] 1173 28| = AHe] A H RS 7HA

Ut
tstate~= NULL ©] o}1] o] of gt}
HA 3.9 7}

PyInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 5}o] % 28| = AFE| sstate 2] QB Z 2 E & 7AYo
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fstate+= NULL ©| o}1] o] of gk},
A 3.90 &7}

PylInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. A QA1 Z 2 & 7} A F U T}

AR shol A 2 S et GAL @A A zel et gow AP A o 2 S Ttk NULLS
BB S gEUh

SEAE=GILS HGafoF &t
B A 3.9 &7}

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the Stable ABI since version 3.7. QUE]Z 2| €] 2] 1f IDE WIshgch. 23 A st=d] o & 7} A
st —10] REE 1 ol 2 7 A g Y Th
3 EAEGILS B3 oF gt
¥4 3.70] 7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
Part of the Stable ABI since version 3.8. QIE]Z 2B to|E]7} A2 = = ¢
S 7 NULL S WhEeb of 9 = DA ohA] 9Ffal T & Ak A =B HA
AR e o g o
o] AL o] A e e A} JHE A8t vl AF&Sl oF St PyModule GetState ()& WA
3 Rl obgueh
HZ 3.8 F7%

typedef PyObject *(*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int

throwflag)
ELDE SR

throwflag 7] W4 A2l o B 9] throw () HA =4 AHE U TE: 00] ol ™, B o 9] & A 2]
Y.
WA 39004 WA o)Al T4 sstate vl ) W42 2 T T,

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
zd ¢ 478 7S U

PEP 523 “CPython®l] Z & ¢} 7} APl 7P & Z X34 A L.
WA 3.90] 7}

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)
zd 9 7 FrE 4P Th
PEP 523 “CPythono]l =& 7} APl 371 & 234 A Q.
W2 3.9 F7L.

PyObject *PyThreadState_GetDict ()
Return value: Borrowed reference. Part of the Stable ABL. -0l Ad| = Ae] A HE #3E 4
AU Rl T 2 342 DA elol ABE AR ol 188 1% 718 Aeel of
A 2HE A EAET S S0 o] F4E TS E Ut o] F47FNULL-S HHEHEHE, of 9
W SEA] kSl S &A= A A E AHE AT S gloka 7R oF T

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

_EL

Part of the Stable ABL. 2~ 8| = oA H] 5 7] 2 S 2 o] & LA A ‘1/]13]- id A= A ~g 5o A9 =
idYgUth exc= T Z ol 9] A JUth o] T4+ excoll st o]H x5 X7 5yt <23
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&< BAsE Y, o] & T3 3k A C 23S g3 of FuUth GILS BF3 A 2 S&5) oF It
AE 2= e FE Ut ditH o g 1o] AW ~d = idE A £3Hd 0] HUth exc7t

NULL O]9, 2 Eof thaf] AlF 52 oAl & 7H(Athd) A A Utk o] A2 o9& o7 A k5 Th
WA 3.7 A ¥ 7: The type of the id parameter changed from 1ong to unsigned long.

4, o

Do

void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. 4 QB Z BB && 5311 A A 29 = AEE sstate 2 A AU T} tstate=
NULL O] ofu]ojof FiTh E-& o ] TS0l Ao ojof FU T, o] 2e|Eo] ofu] Fo] Yo, w2
AFel 7 A g o,

i "Agdo] stojdeA o] E uwf A = A o] T stH, 2 =7} gho]x e &35 vt=
oA A kTt = ’\"—1]1:7]' ?E%‘JE} YA k= TEE WASH YW _Py_IsFinalizing() oy
sys.is_finalizing() & A}8&3}o] o] St E S E317] Ao QA Z |7} stold|A o)A FH 11
A=A A 2)\%‘4‘_%

WA 38 A4 WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS () %
PyGILState Ensure ()& HHEF A= o, Jdejz g g7} stold el A|o]d st &<

STEHE A ~H =8 FEFYTh

PyEval_RestoreThread ()= (NEE7F 27315 A &S w22 FAF AFRE 4~ 9

9,

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. & A= A S NULLE A ARSI A Az g 22 At 2&
o] Mol vhEo] Fojof st WA A =7k ol oF Y Th NULL o] oy o] oF Sh+= state 1 Ab= & A
28 S e =A &t tvt AR g Ut — 294 o, A A o7t Haug Yt

PyEval_SaveThread ()& (SHUEZF 2713 A 2 F-foll22h) F4 AHEE 5 e LE
Utk

void PyEval_Acquirelock ()
Part of the Stable ABL A9} Q16 22 E] 58 853 th S o] ol TrE o Fof ok ghth. o] 2 =o
ou] Zo] 90w, = ey} %A e
WA 3288 AA: o §4E AA 2d= HHE AARA FEU gA
PyEval_RestoreThread() H—PyEval AcquireThread() = /\}% }’{:}/\ 2.

A
ud

Al

rlr

@
RN

#a1: 2ergo] shold el o) A
o1 4] 4] SkShel e 227} 5
sys.is_finalizing() = A}
A FAG 5 g5

A0l ol 48 T2, 2el =) shol el o s 9E
ZEE Y ]‘5]-34“4 _Py_IsFinalizing() o]}
&t7] A

o] Qe 227} spo] Al o] 5 11

F

0110 ?ﬂl

WA 3894 WA PyEval_RestoreThread (), Py_END_ALLOW_THREADS () %
PyGILState Ensure ()8 4AHEE BAH P on, Az 7t steld A o)A o= <
TEHYE AR 2E =5 FEIYTH

void PyEval_Releaselock ()
Part of the Stable ABL. A9 ¢z glg &S AT}t L o] Aof wlE o] H o]of gth
WA 328E HA: o] T4 A A E AEE PASHA] 5t A PyEval SaveThread ()Yt
PyEval_ReleaseThread ()& AF&3A Al L.
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R AF, & sto] A -z H e | Adu ok 22 Z2A| A, 01 1‘3 22 AT oA o
SHAEZHE BEookote A7 AUt A B JIHZ B e 2184 & 5+ J=F Fch

“ol” A zElE = HEY o] 27|32 w] BtEojA = A HA JHzEH YU EHE2 Z 2 A A0 A
st ol A ZelH Yuth A B Qe Z e g, d A Z el = A1 Ao 22 173
ZEAA A AL ZEFUTh B3 HE Y 273 St AW S dEety it o g Aerd shold el A
ol T ot FA A Z B YUYt} PylInterpreterState Main() &4+ 129 Ae o tjdl £ HE
Ll iR,

PyThreadState_Swap () @58 AHgsto] A H Q2 H 2ol A& = 5yt ths S A8t

BET 5 @ 4 Y&y th

PyThreadState *Py_NewInterpreter ()

Fart of the Stable ABL. A} A B JIH Z2JH & 5T} o212 sto]H & AP 93 (AHY) &3
9 #E QU 53], A JAE Z 2 Elol= 7] R E builtins, _main__ @ sysE XT3}, &
AZXE FA REY /MY, SHHAE 25U 229 2ZE H ol E(sys.modules) I BE AN F=
(sys.path) &= E7Hd Yt *H Aol sys.argv HE7E JASUTH A2 £ TV/0 2EH 319 A A
sys.stdin, sys.stdout @ sys.stderr< Zr54t} (d, Zz‘-f_’_ 3E 31 s AE A2},

r

WHEF ghe A A E QB mel Bl A wHE ol A WAl A = AE S shel gtk o] 2d = gEle @A)
2.2 e} ol 4 Ut Al A =7} el ol £/ 5412 ool = el

B9 E BN A BT el E BEs ol A5, nuisol ATt o2 e
o= el A4 1 B R) e = AL 9 5 2ol A 19l AR E A Skt (P R E
0/C APL -5} U7 2, o) I el %€ o] 948 F 23] o) 1 fsof shul i
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void Py_EndInterpreter (PyThreadState *tstate)
Part of the Stable ABL. o] 2 E AH 2 T3H = (M B) A ZZHE g7 Fyt) Fol 2d = A
= A 29 = e o of It oo A = e "/Ha P2 RN L. TEo| viEE
B 2= A NULLEI E of AR AE o) B E e sk E U (49 o8 x=
ZEl 58 o] 48 58517) 0] Wl of o] 02 Wl o A8 FATUER) 2y rinalizers ()&
Ryt ey A A

NN fgrlo Mo W N Ny g B ro o

<y e sy, Jo o [k [m el 2 2 pTL
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off >,
o fo

:L
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9.6.1 {12} F| Al

Ay ez el e (8 v AEZeE) s 2L mR A0 Q8ol] wEe], 15 7o) Aelo] BHA o
rh— el & 5o, 0s.close () 9 2L A5 E 7Y AL 4G5 Aol dd ol (52 ZL o
40 %) A8 w8 & YaiIeh, (A0) A0z 28 el ol TR L BA ARl A o] A
SEAABE AT ol A B3 T A oS (3 A WAE ST So] 2 e
B A8 AEZH A BE ANE THE (HE) ABzH Y o F B2 4YT + YUk Hsoa
5] o gtk

AE AEZE Zhol AL B9 B, WAL, AAEA EE ZYAE FRAA TS SHH 792
7)o oF gtk ol g Aol o3 AW & PEE A4 FEH (NH) AFzelHe] 2= BE YA
delo] Jae v 8 & A dEAUT A9 ASAA F2T 5 Ut AN FHEA B A= A 2

Fa g
Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’ t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 H|=S7| &

W) A2 e ol 8157 HY L Bl AU S ) AT T ol 2@ FYL TS £ AH 9 void
ZAH A2 FEE H P h
int Py_AddPendingCall (int (*func)) void*
, void *arg Part of the Stable ABL. W<l QIE]|Z 2] Ad E oA T&T
0°] ¥H2t=] A1 func= W 2 =X T25 7] A& Foll F7HE Yt Asf Al o]
uhEhE U o,
AEA02 ol JOH funct arg VA AL G 43 M9 AL E e mol A 35 e 2
AAo 7 AYE L sto)lW FEgHnTd u vjE 7 F o TEHA, S F 2H0] F 2P Utk
. wpolE T = AA oA
o WA AHETLA QB 22 H 5& BFsHHA (A funce AA CAPIE AHEE = AlssUTh.
func 3539 02, Ashshd o) AT GA -1 WBSNF FUT func THE W5 7]
AR Aoz 257 A8 T A FA W, A AT So] SAH A 2= A2l 93
A3 TE 4 JdHYh
ol = Adst= ol @A ~E = JEi 7t R 5HA okon, Ao A=z e E Fo] ZedA syt
B AR SZ8 e H SEA7FGILS EJa otk 222 ko, 34 func
7 ARE JHz A SE2HEE o od 4 JFUTh

o9 583 o vk {83 AeFE T JUth func7t 7Hs S S
ZEAN2H S ES A Folgt iy, AlAaE S Fo

= YR 02 Q1ojo] C A = A Tho]H I
A 331 2] k& Uth t A, PyGILState APIS A3 A S

WA 39004 WA: o] FLT AR QB ZE A TE2H Y, func TS5 o)A WSl Q1 Z 2 ol A
SEHA G AEAHZEHAAN TEFHEE o g Uth oA ZF A B A EZ e e AHA]| of oF=
TEEESZS5UY

WA 319 =7}
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shold B e E s mu AR A8 24 A5e A AT B AN ASE AN AFFU 22

93, o g 9 A el A B4 =7 g

o C AEjs o] 28 AH8 3 Zastd Yo} 24 HEsh sho W S22 ZelE AN E Fo 5B o)

=g o, A A C G5 52T 5 dS5UTh A8 B4 o= BEL WARA SRS U
AAY 5 QES S0, 24 Faol Ruw s 72 o MEL o)A

typedef int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
PyEval_SetProfile ()3 PyEval_SetTrace ()& ARl S5 H 24 T49 FJYrct R HA)
w7 W 52 Skl obj= AR A o) 1, frame S o ME 7} HAE =2 ) AR o] 31, whar & 35
PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL,
PyTrace_C_EXCEPTION, PyTrace_C_RETURN =+ PyTrace_OPCODE & 3}Uo] 11, arg= what 2]

groll whet o5 Y ok

what2| Zt arg?| o|0O]

PyTrace_CALL a}AF Py None.

PyTrace_EXCEPTION sys.exc_info () oA vatH o] AW,
PyTrace_LINE a}AF Py None.

PyTrace_ RETURN S E A Al WEEtE = g = o] & 2138 2l o] W NULL.
PyTrace_C_CALL S5+ g A

PyTrace_C_EXCEPTION | =5 = &5 AA|

PyTrace C_RETURN S5+ o A

PyTrace_OPCODE Ay Py None

int PyTrace_CALL
Tt m A=) gk A T2 o] Has A, Al o H ol thEk A} o] K
ol th et whar v 78 2] ZE Al El ol ¥ ol T gk o] B | o] Bl 2] A2
Hpo] E I =g o] Alo] Aol 7] whEoll Hars A FZoll o] sHA Al 2.

int PyTrace_EXCEPTION
o 9) 7} AWML @) py_tracerunc T4l o8 whar vl 7l W4 gk Eu P A
Woll A vpol & I =7t Aeld & o9 7t A4 wf whatol] thsl] o] o= TEH Utk o]
ol ] Autz Qsf spo] A8 o] B 7= APt ol 7F Mute o] ZF el o= vt
22gUTh 4 F5 w0 olel @ o MES FAFTh e delol DasA S5 Th

int PyTrace_LINE
£ U3 oM EZ B uE wf whar Wj7) M52 Py tracefunc T (AT LR 1A 4= obd Y
holl A== g G 28 dY £ trace_linesE 022 A3t i | doll thsll v &35t &
2~ 0]_/;]/]]4_
T AR .

int PyTrace_RETURN
S Fol Wk el 3 @ wl Pyt racerunc B4ol o g what vl W5 g,

y_tracefunc

B EEETE

ol &
lav]

int PyTrace_C_CALL
Car7t 25 8a @l py_tracefunc 5ol et what v 7] W42 Zh

int PyTrace_C_EXCEPTION

C ol A el o 7 WS W Py tracefunc ol thek whar v 7§ | 2] gk
int PyTrace_C_RETURN

C&71vtdq S u Py tracefunc &9l t) 3k whar vl 7] WH42] 7k

int PyTrace_OPCODE
A g = AYR T ) Py tracerunc F5 EA T 223 F4E ol U Th ol B whar
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i Ao gk o] oM EE V|2 A o7 WEH A gk UTh 28 Y9 f_trace_opcodesE IE 273
st WA B oz 2 FaoF gt

void PyEval_SetProfile (Py_tracefunc func, PyObject *Obj )
=20 H4E fnc A IUTE o A WAL R WA i) AR Fo] A, gl
kol AALNULLE & QT 225k 447l E 05 oF s}, e Eobek ool B2 e
AH§3tHE A getr] o HeEldta AHE J%ﬂ@—&ﬂ £ A2k »Liﬂro‘ R PyTrace LINE,
PyTrace_OPCODE @ PyTrace_EXCEPTIONS A2 3 R E A &5 = oWl E o tfs) T=FHYth
TS A GILE BArstal §lojoF Syt

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
ZFA FLE funcE AARATUTH FA 4571 & 1S o|HES I o|HEE A AR T
ﬂ C ?ﬂ’/\ AR A 0]‘:3_]5‘; AR k=t A A Y SHY, PyEval_SetProfile ()3
O/\}E}HT‘% PyEval_SetTrace ()& AHE3to] 559 & 34 U‘—’Ft what W] 7] W 4=9] gho &
PyTrace_C_CALL, PyTrace_C_EXCEPTION ¥+ PyTrace_C_RETURN-S $4A13}A] k5 Ut}

A GILS B48ha QojoF g,

}o{l
i

rlr

9.9 1g CIHH X[&

ol 2 IF UM A =T A AR SH7] f1% Ad U
PylnterpreterState *PyInterpreterState_Head ()
o)

Aejz ey e AA S BaEL med gl A& gy

PylnterpreterState *PyInterpreterState_Main ()
w9l QlE} = 2] ) AFE] A2 ukagh o,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aejz B el AA S 2l 2Eol A interp o] F-2] th A B 2B AJE) A4 E &gyt
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
NE Z & H interp} BAEH AT gl AENA 3 WA PyThreadState AA o tf 3+ ZAE]E w133
k.
PyThreadState *PyThreadState_Next (PyTh) eadState *tstate)

22 pyInterpreterState Ao £t BE 28 = AR B|2EA sstate 0] 2] TS A=
ﬂEH AAE wrEy T

9.10 A8 E 2& H&EA X[H

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.

E 3 Y4B TEYWGILL LA T DR QEUTh TS AA 52 AF G
h

Python.noli TLS APL A elo] EH ol 914 2&ol FSI5HIAL, 2= 28 ATLE et
pythread.h& :‘E?:, 1+l oF 3 T}

ZF37: None of these API functions handle memory management on behalf of the void* values. You need to allocate and
deallocate them yourself. If the void* values happen to be PyOb ject*, these functions don’ t do refcount operations
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on them either.

9.10.1 A EY X EA (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a
new type Py_tss_t instead of int to represent thread keys.

WA 3.7 37}
] B7):
“CPythone] A ¥ =-2 8 A AL 935 A 2-& C-API” (PEP 539)

type Py_tss_t
ol 4% Fx & 2dE 718 A E UEhln, Aol= o TLS 7ol whet 22t 4 glon, 7]9|
2713 ZHE et = Wi 227 dss Utk o] FRAl = 3 97 s Utk
Py _LIMITED_API7} B o= X 92 ulj, Py_tss_NEEDS_INITE o] §2o] A dto] 3LFH Tk
Py_tss_NEEDS_INIT
ol |2 2= Py tss_ t W49 %73} A} (initializer) 2 & Ut} o] vl 2 2 & Py LIMITED_API| A
Y= A kol YA

C}

=X
S| o

o

v

Py_LIMITED_APIZ. 3 =9 874 556 D23, A= A 2d0] EEaiA go] A8 g3o] £7153

Py_tss_t9 T2 &

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITE Z7|3}H 3 22 Ae o] zhE w133
Al 54 & A3) Al NULLE v ok

void PyThread_tss_free (Py_tss_t *key)
Part of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after first
calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

-

ZF31: A freed key becomes a dangling pointer. You should reset the key to NULL.

HME

o] &L w/ WS keyv NULL O] ofy o of 3y rch T FoF Py tss t7t
PyThread_tss_create ()& 27|13} = X k¢t O W, PyThread_tss_set ()2 PyThread_tss_get ()9
N EEEE L
int PyThread_tss_is_created (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. =1 X Py _tss_t7} PyThread tss_create ()2 27|35 0
2% 00] obdl g WA

int PyThread_tss_create (Py_iss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z 7|3}l 453d 0 k2 w33 th key 12} 7} 718 7] =
Zko)l Py_tss_NEEDS_INITE %7]3}% x| ¢ko W S 2o] Aoy R o
A R CEL BELESEERR R LRSS
d5< vk ok

(o)
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void PyThread_tss_delete (Py_iss_t *key)
Part of the Stable ABI since version 3.7. TSS 7| & 2 A|5to] R E A g EofA 7|2 #HHA 7S 94 31,
719 2713 A& 2713 H A gLo g2 AASYL 9t H 7)== PyThread _tss_create () 2 THA|
271318 o lsUth o] e 22 7oA ME AR 55E 4 syt o) v 3t H 7)o o5l
SEE ok e A o) g

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)
Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.

9.10.2 A”E EZ& MZEA (TLS) API

WA 3. 75E HA: o] API= A~ = &4 (TSS) APIZ th A Y Th

I
o

i o] ALY APIE int 2 HASHA NEE & 4 gle WA 2 YoJEHE TLS 7] 7F F &9
2 8k kUt o] 73t *’-%:’:oﬂzﬂ PyThread_ creat _key ()= A ZEE SA] wHEkE T
S o) ZUZNA BF ol F Y d = A 5yt

ES:

e
— 0

L

wn

)

HAollA A5 T8 A= A6, o] WAL APIE A ZEA ARgs 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 ABIL.

void *PyThread_get_key_ wvalue (int key)
Part of the Stable ABIL.

void PyThread_delete_key_ value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABL

9.10. AgE E&E XMZ
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W 3.8 F7F

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preinitial-
ized with Py_PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

o The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
=718}, spold e Aol E 2 Ex FREAHA L.

o ®H7]:

PEP 587 “3z}o] W % 7|5} 41”7,

10.1 Example

T A REO A AYPE = AHEAF A he] R o

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(ThS seTATol A1)
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R s S e e P I )

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception (status)) {

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

*/

10.2 PyWideStringList

type PyWideStringList
wchar t* ZXg9] gl AE.

length7} 0 0] o}FU W, items+ NULL ©] o}u] o] of 8111 B E EAE9-2 NULL ©] ofu] o of gt}

HAE:

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)

item= listol] 57+ o
ol k5 TEH W To| WS AR 27138 oF i th

PyStatus PyWideStringList_Insert (PyWideStringlist *list, Py _ssize_t index, const wchar_t

*item)

item-< list2] indexol 4+ <t}

index7} list Zo) Kt I AV 220, item-S listol] 37} (append) & t}.

index+= 08t} 3 A} Zofof gt}
ol grE Tt ¥ ol WS AR 2713} s ofF T
T2 2=

Py _ssize_t length
g 2E Zo],

wchar_t **items
= =
B AE FEE.
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10.3 PyStatus

type PyStatus
2718 5 HHE AGSte FRAAF, JH Ee 5.

oele] 42, o2 8 HECFS o] B ARE 5 AS UL

TEA L=

int exitcode
Z8 FE. exit () o AEH ¢}

const char *err_msg

o & #l A1 A].

const char *func

PyStatus PyStatus_Ok (void)

i
AA-E.

PyStatus PyStatus_Error (const char *err_msg)
HI A A 7} 23 2715} o 7.
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
v g A (M £5).

PyStatus PyStatus_Exit (int exitcode)
AAE 28 F=F ol NS FE I}

SHE Aelste &
int PyStatus_Exception (PyStatus status)

ek AU ohUH F 8 YR

Py _ExitStatusException () & S&3}o].

int PyStatus_IsError (PyStatus status)

AA7E o E Py 7t

int PyStatus_IsExit (PyStatus status)
A7t FRUR

void Py_ExitStatusException (PyStatus status)

Folw, o2 E A=sloF Ut dAE =0

status7F £ 85 0] exit (exitcode) & Tt} status7) o 2 o] ™A ol 8] WA A& Q1] 3}31 0
olold £8 F=7 £} PyStatus_Exception (status) 7} 00] obd w7t & &3 of

ek
Z3: YRAoz sto]WL pysStatus. funcE AASIE= = |22 E A5+ ¥HE, func7F NULLE
AAE A E e g 42 A2 )
o :

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);

if (*ptr == NULL) {

(THS seTATol A1)
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return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok();

int main(int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig
Structure used to preinitialize Python.

AR S 278 B

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
Sholfl T4 02 AHA T4E 278k,

void PyPreConfig_ InitIsolatedConfig (PyPreConfig *preconfig)
AeE T4 0% AR AL 278,

FZ2A =

intallocator
Name of the Python memory allocators:

e PYMEM_ALLOCATOR_NOT_SET (0): don’ t change memory allocators (use defaults).

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.

e PYMEM_ALLOCATOR_MALLOC (3):use malloc () of the C library.

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 supported if
Python is configured using --without-pymalloc.

vl ] AelE TR A 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.
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Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale
If equals to 2, coerce the C locale.

If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: -1 in Python config, 0 in isolated config.

int coerce_c_locale_warn
0ol obyw, C A 4ol ZA1E W a7k g

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_modeto 0,
e Set PyConfig.filesystem _encodingto "mbcs",
e Set PyConfig.filesystem_errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
A= Qo A wk AR 753U Th #ifdef MS_WINDOWS AR &= A5 EA F= o AL 5
AU
Default: 0.

int parse_argv
09] o)W, Py PrelnitializeFromArgs ()% Py _PrelInitializeFromBytesArgs ()=
Qo shol o] B F AAE FE BAFE A% 2L PAOE argy AAE P2 BAT
O 8 & A4E B 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 PYTHONUTEF 8 environment variable.

Default: -1 in Python config and 0 in isolated config.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
« Set the Python memory allocators (PyPreConfig.allocator)
 Configure the LC_CTYPE locale (locale encoding)
 Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
shol 4& AR 27]3}5He B
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A7 F/d o A sho] M-S APA 27183 T
preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const
*argv)

preconfig At /3ol Al Shol S AR 27133 o
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argy)
preconfig A1 74 ol A 3o - AL 27134 g
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
T &A= PyStatus_Exception() I Py _ExitStatusException() & AFR St o8yt £8)E
A 2l al of g oh.
For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () & Py Prelnitialize() ©] & ol Py InitializeFromConfig() ©]Z
o] &3] AR A A wWRE FYXE AT 4+ A5 Ytk PyPreConfig.allocator?}t
PYMEM_ALLOCATOR_NOT_SETC E AAEW Py Prelnitialize() Ao & 4 A5 T

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,

whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

i

/* at this point, Python speaks UTF-8 */
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Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
shol & A7) 918 th il whebvl 6 & 2o TR
When done, the PyConfig_Clear () function must be used to release the configuration memory.
FZA HAE:

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
Qlol= BEALY str& *config _strZ BAgU T

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char

*str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)
Set command line arguments (argv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,

wchar_t >f"‘items)
Qlol= B Bl A E listE length®} items & 4 A T ¢}

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
EE ol F4= dsyth

olw] 2718td BE=+= 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.
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WA 310014 W 7A: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

void PyConfig_Clear (PyConfig *config)
T4 Wz E AT}

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyCon i g method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

o] =9 T&EAE=PyStatus_Exception () I Py _ExitStatusException () & ARE3}o] o9
v F5)E A oF T
FZ2A e

PyWideStringList axrgv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argvis empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

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.
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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& @ ¥ % Re' dyyrt
Default: 1.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —~b command line option.
Default: 0.

int warn_default_encoding
If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See io-encoding-warning for details.

Default: 0.
B A 3.100] &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.
o L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio
If non-zero, configure C standard streams:

« On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.

o If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.

int dev_mode
00] obu] ™, sho] A % B =S BB G T
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

00] o™, S5 Al o 83| B4 FEj = Y=gk

Set to 1 by the PYTHONDUMPREF'S environment variable.

£l
T
[k

27

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
——with-trace-refs option.
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Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed:

exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y ™, A]ZF A] faulthandler.enable () 2 T =S}
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.

SYS.

On Windows: use "utf-8" by default, or "mbcs" if Ilegacy 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"ifPythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas

the mbstowcs () function decodes from a different encoding (usually Latin1).
e "utf-8"if nl_langinfo (CODESET) returns an empty string.

o Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.

4-1968" is replaced with "ascii™".
See also the filesystem errors member.

wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace"

legacy windows_fs_encodingof PyPreConfig is non-zero.
On other platforms: use "surrogateescape" by default.
Supported error handlers:

o "strict"

e "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)

See also the filesystem encoding member.

if
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unsigned long hash_seed

int use_hash_seed
A A G4 A=

If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: —1 in Python mode, 0 in isolated mode.

wchar_t *home
gtolA & v E .
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.

int import_time

00] ol W, YZE A 7S Z2 Y Pk,
Set the 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.

int inspect

~IYEYEYS A F 54 BER o7

If greater than O, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.

int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
Default: 0.

int isolated
0¥ttaw, Ae R =g F4HFYh
+ sys.pacholi 23 YE U AE (argy(0) o]} AA FTAE ol A ALH I E AHEA
9] site-packages H HE 2 = QL5 T
o 3}o] % REPLL 3} Al Z 82 E oA readline® YZE A& 7] & readline +4 < &4
3}etA = gyt
e uUse_ env1ronment3]- user_site_ dlrectory 0o = /‘47&?}141‘/}

Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.
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int legacy_windows_stdio
0°] o}y, sys.stdin, sys.stdout % sys.stderro] io.WindowsConsoleIO th4l io.
FileIOE A&t}

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

Y=o Agt AL 753Ut #ifdef MS_WINDOWS M2 & AL 5 F=of AT 5

9% vk,
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats
0o] otyd, £ 5 Al 3lo] % pymalloc W] E 2] & Fol t 3t TAE G=F )

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 PYTHONPLATLIBD IR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib™").

Part of the Python Path Configuration input.
B A 3.99] E7}.

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

int module_search_paths_set
Module search paths: sys.path.

If module _search_paths_set is equal to 0, the function calculating the Python Path Configuration
overrides the module search_paths and sets module search_paths_set to 1.

Default: empty list (nodule_search_paths) and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
CEDEEEREY
« 0: Peephole optimizer, set __debug__ to True.
e 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.
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PyWideStringList oxrig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig _argvlistis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py_ GetArgcArgv () function.
Default: empty list.
WA 3.100] 7}

int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 3.100] A4 W F: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvedqualsto 1.

int parser_debug
Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
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, 0 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.

wchar_t *program_name
Program name used to initialize executable and in early error messages during Python initialization.

o If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH NEXT_ FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argvif available and non-empty.

e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
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Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix
Directory where cached . pyc files are written: sys .pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX en-
vironment variable.

NULLO©| ¥, sys.pycache_prefix+ None 2 2 A A H Yt}
Default: NULL.

int quiet
Quiet mode. If greater than 0, don’ t display the copyright and version at Python startup in interactive mode.

Incremented by the —g command line option.
Default: 0.

wchar_t *run_command
Value of the —c command line option.

Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename
Filename passed on the command line: trailing command line argument without —c or —m.

For example, itis set to script.py by the python3 script.py arg command.
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
28 A % 32 052 EANFUR

-X showrefcount B8 & AL E 12 AAFE Yt}
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import
A& site BES YZE Y72

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main () if
you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site import.

Default: 1.
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int skip_source_first_line
If non-zero, skip the first line of the PyConfig. run_filename source.

It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.

wchar_t *stdio_encoding

wchar_t *stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCOD ING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8 mode is non-zero.

o Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8 mode is non-zero, or if the LC_CTYPE locale
is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

0] o}y, A| &+ Al tracemalloc.start () & &3 YT

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment
Use environment variables?

If equals to zero, ignore the environment variables.
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 O, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

If greater or equal to 2, print a message for each file that is checked for when searching for a module. Also
provides information on module cleanup at exit.
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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 EE L sys.warnoptionsE 9<% oz Z71d4Ut: wA 9 pyconfig.
warnoptions &5 7} WA HAE = warnings. filters® 3 WA FEo] HY} (7}
FE2 AWM.

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

intwrite_bytecode
If equal to 0, Python won’ t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecodew write bytecoded HFAH ko2 Z 7|35 Tk
Default: 1.

PyWideStringList xoptions
Values of the —~X command line options: sys._xoptions.

Default: empty list.

If parse_argvisnon-zero, a rgv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

WA 3904 ¥A: show_alloc_count TEZ}A| AE Y5

10.7 PyConfigE Al238t = 7|35}

PyStatus Py_InitializeFromConfig (const PyConfig *config)

config 773 ol A kol W& 27|33 o
S ZA}+= PyStatus_Exception () ¥ Py_ExitStatusException () & A&} o2 (U £8)E
A 28l oF g ot
If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is

initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

z2I% o= AAstE dl:
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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 e sAsE 8 S o, 74 S A2 v 4F R HE A g Yok

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig (&config);

/* 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;

(THE sTeTATol A%)
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/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) A
goto done;
}

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.8 Zalgl 74

PyPreConfig_InitIsolatedConfig() & PyConfig_InitIsolatedConfig() g+ A|2H oA
Shol 98 Aejehi: 7 4L MU ol 2 Sol, Bol 42 8 Z a0 U Ze] 94

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argvis not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Python Path Configuration (“output fields”) to ignore
these configuration files and avoid the function computing the default path configuration.

10.9 mlo|M

)

PyPreConfig_InitPythonConfig () 2}PyConfig_InitPythonConfig() S5 dulsfo]HAH =
A5 A8 2 ol 8L W= 9 THS R UL

@7 Mt HE & A gelde A5 vl ARSE = R, Ao A i FAE U

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTEF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

pyConfigole AE FA4S AT o] L=/ 23 o] syt
S EREIEE
- PyConfig.home

- PyConfig.platlibdir

PyConfig.pathconfig_warnings

PyConfig.program_name

PyConfig.pythonpath_env
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A A HEE e Ao B2E 47] A3

(PyConfig.program_nameo|A) Z2 1A AA) A2 E A7) Y3t paTH &7 H4

- _ PYVENV_LAUNCHER__ 37 wi

S =2 A8 HKEY_CURRENT_USER ¢} HKEY_LOCAL_MACHINE <]
“SoftwarePythonPythonCoreX.YPythonPath” o} o] = A 2EEQ & 23 H=Z2
(714 XY= FFol A A Y.

s AR FH =Y L=
- 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

2-1011: e “28 A7 A QA god FlolNe AAEZR e e E L7 _Asﬁ b
2 3HE 74]”'““%13]- module_search_paths_ set0] 00", module_search_paths7} A o= 11
module_search_paths_set©] 12 A& " Ut}

Ao VddE RE AR LA &Y s grFog A 7|82 AR TAL A4sts S48 dAS
ZAE £ g5 Utk vlo] A Yol ExG L HAAE A EZ_ Stk m dule search_paths set
o] 12 AAE ™M module_search_pathsE= A H Aoz 7+FSULE o] A, A2 A Y8 2=
RN

AE FRAS AT Y BuE xﬂfﬂ'ﬁ pathconfig warningss 022 AAIFHNAIL (FH2 AL,
A== od A5 27 84 kFYTh.

base_prefixt base exec_prefix BEZF AR A koW 2V 72t prefix®} exec prefix® S A
23}

= Y .

Py_RunMain ()-T'JrPyiMain ()< Sys.path% ,J‘l/]
a4

—

u

ImﬁQ

e run_filename©] AAE 3 _ main_ .py &3 £ 233lE= gAE g o)y, run filenamed

sys.path 2ol 713t}
e isolated’}0o]H:

~ vun moduled] AR W, 8] O HE 22 sys.path ool EAT ok A4 O A E 2 2 oS 4
gom R AT 317 Bsuth

- run_filename°] A H W, 149 e 2| & sys.path ol F7HHh
- 382 o, ¥l FAE-E sys.path ¢l 7MY th

site_import7F0¢] ofyW, site EE| sys.paths ’\7&5" 5 Q&5 Yttt user_site directory7Z}t
0] o} a1 AR2R}9] site-package T] F E] ] 7} £ A 81, site BB AFR A} site-package T] HE] B8] & sys.
pathol &7yt

e 2o 74 ol A T A U
e pyvenv.cfg
e python. pth (&% Z2§)
e pybuilddir.txt (492 AL)
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__ PYVENV_LAUNCHER__ 37 W4¥ PyConfig.base_executabled AAR3t= o A L2F YUth

10.11 Py_RunMain()

int Py_RunMain (void)
HeE Zoly FANA ANAA W (PyConfig.run_command), 223 Y E (PyConfig.
run_filename) B:& (PyConfig.run_module)< A3}t

1
7NEAer, a23 -1 34 AH8 T ), REPLS A3 g ot
A

A gto 2, gho] A g sho detol = Sl exit () A5l AL 5 gt T8 S waF
Py Runtain ()& AHgetel 34 A RECIN AYE & A2 Bl shol e o & shold 74 FEt
Al /\]

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argy)

Jfol#o] £=A37] A, Al HE = A= PSS Th

See also PyConfig.orig_argv member.

10.13 CICHA| =73} H| =7 £2- A API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

o “F 4 (Core)” 27]3} A, “F & ge] g}o]H”:

- Was

- W& el

- WA = 2 & 25 (frozen modules);

- sys BEZ HFEAoww 27| Ut (o & E91: sys.pathe ot 2484 F5U .
o “F(Main)” 27]3} &A, sto] o] &3] 2718 Ytk

- importlibE A X3t FA YT
- AR 74 AEdYh

- Alad A rE AAdYeh

- sys BE 27132 A5 FUHH (& E°]: sys.stdout F sys.pathE WHFYTH;
- faulthandler® tracemalloc¥ & A A 7158 A3 3t}

ite BES YXE YT

i, oo

|
0

ol

=
o
v 7] 77 A APL
e« PyConfig._init_main: 022 AAE W, Py _TnitializeFromConfig()+ “HA” 2713} A
oAl A Sy
e« PyConfig._isolated_interpreter:09] o}U W, AHE, A Z2 AW T35 5 L51A 45

e},
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PyStatus _Py_InitializeMain (void)
“F 2713} FA R o] 58k, Thol A 27|3LE s T
“ 0> BAN AL obF W REE JEE 317 93l import 1ib WEO] P A G UTh 2 £ "R
RO AT AR T A 742 AR A 257 98 shol Mol A shol Hg ALgAF Aol
Qom, AFRA B sys.meta_path ¢ 3ZE (importer) L} YL E F A 2
34 ©A o %0 F B ol Holl Sho Mol A A TAE ANE 5 A F 5 AL, o A
= sk

“a 41 A 7 A2 A 0¥ 2] gk Th: o BACIA T A 4 9L, Folo] 1) shofof b

lL oA G 2] FekFUTh APIE= v/ o)A HAF A QA A= AP Ytk FZ3 -7 APIZF 2 A2
o 742 AAEA APIE A AU A AT 5 d5 YT
“@ 4173} <5 27)5) TA Aol oA Thol W REE AR oA

| PEP 4329] 57

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

10.13. CIoHA| =781 H|Z 7] &3 API 223



https://www.python.org/dev/peps/pep-0432

The Python/C API, £A| H{% 3.10.16

224 Chapter 10. ml0|M x7|3} A



cHAPTER 11

22| 22

111 72

slolx o] v & 2] Fejo= BE stol A A e} vl o] H FRE T3t u]-3 7l § (private heap) & 5 RHgHU T
ﬂm*ﬂﬁJAﬂ%AﬂﬁﬂEﬂ #ejztol o W HA o= o] Fo] Ut Fho] A wl R A I,
ATRE 8 A0 QG EL AT 2L 5A AR A Belo G 2NS Ao A% ThE 74 L4E
AR 3 9%k

71 e oA, 9A HlE e @At 29 AAY wRe FeAret FE ALt vEl goll BE
ﬂﬂﬁ&%ﬂﬂﬁeﬂﬂﬂﬂﬂ%hl%ﬁﬂ%%ﬂgﬁﬁﬂq2%NWEQé%}ﬁﬂ‘*HNJ
AR A 2L oA A 2 AR o S0 D nf W e Bl AL FATULE
A Bol, A5t e 2R T AT S5/ AES S, A% A 4 RAA FAG,
FE EL A2 oA Tel s Ukt shold MRl Bel Al A A4S AR S A A
AAAA T, FA A B AA Wl A AEAES F .

stol A 3 o] #ej& AElz el ApA ol o3l 3= ], AbEAbE ] R o W2 e ESof tigh A ZAHE
%ﬂ@giiﬁﬂﬂﬂ¢%ﬁuVPW$%¢ﬁq%ﬂ%ﬂﬁ?%ﬁﬂ%ﬁ@ﬂﬂnAﬂ&ﬂﬂﬂﬂﬂ
Y5 E 9ty S -2 o] A Aol Y H 5ho] #/C APL - 53l 3hol A w12 8] A2 2}e] 8 3 o
we} 2 U o,

Hx Cﬂ%ﬁﬁrm}ﬂﬁﬁﬁﬂ%cﬂ]Eaﬂﬂﬁﬁﬁﬂﬁvdﬁ4ﬂWﬂﬂqﬁﬂH@@Tﬂ%@
oFdtUth: malloc(),calloc (), realloc() W free(). 18 A 3t} A2 2 d1 g &L LA
o2 ol 255t wjiofl, C &t} sho] & | 2 ﬂ*ﬂﬂﬂléJi o] Ay st XA AFE =
it 22, oF2 oAl 8f Zo] A B2 07 C glo| B g §FALE AR-SHo] W 2] BEES LA

st A S 5 syt

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;

(THS seTATol A1)

225




The Python/C API, £A| H{% 3.10.16

R s S e e P I )

free(buf); /* malloc'ed */
return res;

o] ool 4, /O ¥ o The v = 2] 32 C eho]Hele) FdAbol ofsh A el It sho]dl W me] A
A7tz Wb & o] 29 A7) o) Stel u Thol g Th

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 ®B7]:

PYTHONMALLOC &7 W& ARgsto] sfol ol A ALE-ste w22 A #4842 5 3l

=
PYTHONMALLOCSTATS $+7% W4+ A 2% pymalloc 2} A| o} 1} (arena) 7} RF5 o] & ufj v}
pymalloc W 5. 2] &F21e] FAE A3t dl AHEE &= 5T

Iy

Utk
183 58 A

o

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 /ere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyObject_Malloc () for allocating memory for buffers.

The three allocation domains are:

« Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the G/L. The memory is requested directly to the
system.

¢ “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the GIL held. The memory is taken from the Python private heap.

o Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the Python
private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching specific
deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated using
PyMem_Malloc ().
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oS g A2 Alad Edzte] tish B g Ut ol st T4+ 2= AN, GILS FAE T8+
AHUTH
7142 AA v 2] @32t o FE AFHE Ut malloc (), calloc (), realloc () ¥ free (); 00}

=R
EE QAT malloc (1) (Excalloc(l, 1)) 3S=3 L
%

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.

OvlolEE 8 331 7153l PyMem_RawMalloc (1) o] tiAl &% ZIA ¥ 7Hs3td /8 NULL

ol obd xJIHE WAL R 2= o' Ao rE 273 A FFyth

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.

079 &4t 0ulolE 3719 84S 8331 PyMem_RawCalloc (1, 1)°] thal 329 AAH 7}
39 1§39 NULL O] obd ZAE S wakg L o,
B A 3.50] &7}

void *PyMem_RawRealloc (void *p, size_t n)
pAAADA L v B2o) A7 E nutolER 2 AT VL ol AT RS 279 A%t el
AedA3E A syt
p7FNULLO| W, §&-2 PyMem_RawMalloc (n) 3 F5HUTH no] 03 2o, R 559 27|+
2= A gk S A = A = gL, vk i"JE%:NULLOl obduth
p7]— NULL 0] 0]—% §}, PyMem_RawMalloc (), PyMem RawRealloc () B+ PyMem_RawCalloc () Oﬂ
i gt o] A s E ol o3l vkEkE 7 o] of oF Tt
QA o] A3, PyMem RawRealloc ()< NULLE WISl al p= oA W2 g o th3l fa3k
ZAHE AP Yh

void PyMem_RawFree (void *p)

p7t 78l 7l = W2 g EE S A F YUY pe PyMem RawMalloc (), PyMem RawRealloc ()
¥ PyMem_RawCalloc()o] W3t o] T &= Wksk® ZoJojof Fuch. A FAY
ke

PyMem_RawFree (p) 7} Al EEH oW, Fo|H A ¢k-2 T 2to] dojdth
p7FNULL oW, o} 2 & 3= A 9kt

11.4 M|22| QE{H|0|A

ANSIC o et B 93 5| A 0uto| 58 2 3B w9 542 AR ok
W2 & FPshn SA SHe o AHEF 5 gt

7|2 vl & 2] &A= pymalloc ¥ 2] EFAE AR FU T

dlo
et

S AR shol A Yol A

oY,
K
©

o
-+
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>
ofo
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2
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GILZ A3l oF i th.

WA 3.6004 WA 7|2 &A= o] Al Al2~" malloc () tHAl pymalloc Y U T
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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.
OvlolEE 2 A3t PyMem Malloc (1) o] Al &% A A H 7153 IF3kNULL o] ofd ZOE &
wretUth R e s oW Ao g 273 A gksUHh

void *PyMem_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

0719 841010l E 7|9 8 4AF @338 PyMem_Calloc (1, 1)°] A EEE AAH 734
I NULL O] obd ZQIEE R o

WA 3.5 =7}

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 7}8] 7| = v g) B29] 372 pufo]lER 2 AT YL o)A} 2L
2719 H5gk Woll A HAE A edsUTh

p7FNULLO| ¥, &L PyMem_Malloc (n) B S5 Uth 238 %] ¢ka1ao) 03} 2 W) 2o
271 245 A S A5 A sho], Mk OlE & wurL el of L o}

p7FNULL o] o} 3} PyMem Malloc (), PyMem Realloc () =¥ PyMem Calloc ()ol thdl o] d &
o] wakak 710 o] oF ik

LA o] A}, PyMem_Realloc ()< NULLES W
2 FAFEYTH

void PyMem_Free (void *p)
Part of the Stable ABL p7} 7}l 7] = W & g
PyMem_Realloc () ¥ PyMem Calloc ()l t] 3t
%A PyMem_Free (p) 7} A EEH oW H = 2

p7ANULL O] ®, o} 2 E 43w 2] b Th
A2 915 T2 22 B AP 227} AT P U TYPEC] BE CHE Uehilel £ 34

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.

talpe ol d vz 2] ol thet#

folr

Il
er

el
o,
A

2 . p¥ PyMem Malloc(),
2 T Zo] urEkst Zlojojok Yt 187
e %

TYPE *PyMem_Resize (void *p, TYPE, size_t n)
Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

oA CHAAE 7| A2 Uthpe= F4 A HdFUTh o E A2 u W22 42 52|
pel A s BASAHAI L.

void PyMem_Del (void *p)
PyMem_Free ()2} Zrs5Uth

5, 910 A C APL B4 ARSA 9, ool i v el DRAE A T3] A9 g vz
Agkel AP UTh 28k, ol 5 AL shol A WA S 7h2 A 2 upol 2] EA o §AH A gkolA]
g v Eol At o A AsrUTh

e PyMem_MALLOC (size)

:(0

e PyMem_NEW (type, size)
e PyMem_ REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
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e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.5 ZHA| et=kx}

ANSIC o w2} Bl g 5 QA oulo] ES 2
v 2 22 &5 3 # A 5t u AL 4 g5y

& ule T2 AT v T A2 ghold Pl A

ZF31: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

712 AA| &G A= pymalloc W 2 2] @ FAE AHEFU T

3

2 o] 4 AT ul = GILE FA S oF Futh

void *PyObject_Malloc (size_t n)

Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
OHlo]EE @ 3} PyObject_Malloc (1) o] thAl 35 AX Y 7l53dtH L3 NULLo] ofd £

AEE eyt v od 4 OEC 271§}51Zl Easagieg

void *PyObject_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

07h9] 241} 0ontolE 27]9 245 @ H8W PyObject_Calloc (1, 1)°l thAl &9 AXH 7}
L3 783 NULL O] o} E O E & viE3h o).

B A 3.50] &7}

void *PyObject_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 7421 7] = o B2 B52] 271 n ko] 22 24 G h &L o] A A 2E
2719 A5 gk oA L B A5 A S LTh

p7F NULLO| W, %2 PyObject_Malloc(n) I S53Uch 232 ¢4 no| 07 2o,
BEo) 275 %95 A v S AS A 9, M E o8 NULLo] obg vt

p7FNULL o] o} 3t PyObject_Malloc (), PyObject_Realloc () T+ PyObject_Calloc ()l
that o] d Tl & vkEE 2l o] o of FTh

L o] AF s, Pyobject_Realloc ()L NULLS HHE

ZJAHZ FAFH U
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void PyObject_Free (void *p)

Part of the Stable ABL p7} 78] 7] &= W28 EE& ATt} o] EE2
PyObject_Realloc () B PyObject_Calloc()®l] thst o] &
th. 28 2] kALY PyObject Free (p) 7} o] Ao 3ZE 1o

p7ANULLO| W, o} Y% £ 4] bk,
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116 7|2 o2 2| &=X}
7|2 2 e &3t
A = PyMem_RawMallgcPyMem_Malloc PyObject_Malloc
EEESI= "pymalloc™" malloc pymalloc pymalloc
otz yx "oymalloc_debud™malloc + U H | pymalloc + U] | pymalloc + T
a W 1 W
pymalloc gl+= ¥l2Z 2 | "malloc" malloc malloc malloc
o
pymalloc §l+= T/¥ I | "malloc_debug" | malloc + TJH | malloc+ YH I | malloc+ Y
S —
H:
e Name: value for PYTHONMALLOC environment variable.
e« malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc()
and free ().

e pymalloc: pymalloc memory allocator.

o “+debug”: with debug hooks on the Python memory allocators.

¢ “Debug build” : Python build in debug mode.

St
=

11.7 O 22| SR} ALE X A9

WA 340 7}
type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

oc o|o]

void *ctx A HA 22 ALEH A A Ad A
=

void* malloc (void *ctx, size_t size) H2e BEE5S ddshyct

void* calloc(void *ctx, size_t nelem, 002 27|3td Hre E5& T

size_t elsize) syt

void* realloc(void *ctx, void *ptr, size_t HRg EEg adgdstA I A

new_size) gy

void free(void *ctx, void *ptr) W2z B2 A gt

A 3.50)A4 WHA: PyMemAllocator XA o] & 0] PyMemAllocatorExE B I M 2L calloc

BETF 7 s U

type PyMemAllocatorDomain

EE R DR RS AT SRS

PYMEM DOMAIN_ RAW

o
e PyMem RawMalloc ()

e PyMem RawRealloc ()

o]

fE

AY. =4
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e PyMem RawCalloc ()
e PyMem RawFree ()

PYMEM DOMAIN_ MEM
Sk~
u T

e PyMem Malloc (),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free()

PYMEM DOMAIN_OBJ

n

_/'\_

e PyObject_Malloc()
e PyObject_Realloc ()
e PyObject_Calloc()

e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

A 3D 2oy vue] B FPAE 7Hd g,

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AR =H Qe vz 5 dgAE dA T

A FGFAE= 0ntol EE @ H 3w 183 NULL O] ofd Q1 E & ¥3ks| of gy Tk
PYMEM_DOMAIN_ RAW T ™| Q9] A%, SqFat= A & ekAs ok U th: @Y7 29 uj] GILS A
F5Uth

1w A

N G272 o] ol (o] A G AE §éo}x] %o ), PyMem SetupDebugHooks () BFE &

Z3to] A @A 9ol T2 £-2 thal A8 of Tk

Z3: PyMem SetAllocator () does have the following contract:

« 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.

11.7. 22| X} AIEX Mo 231



The Python/C API, £A| H{% 3.10.16

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preinitial-
ization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release mode
(ex: PYTHONMALLOC=debug).

The PyMem_ SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A3 A A AR

o Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem_Malloc ().

« Detect write before the start of the buffer (buffer underflow).
« Detect write after the end of the buffer (buffer overflow).

e Check that the GIL is held when allocator functions of PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are called.

o &7} WS, Tt 1 £ tracemalloc RES A Slo] W2 e EEo] &9d o Efo|alS
7FAF Ut} tracemalloco] 3ol HR 2 & 4 FolA WRE e EFo] 32 uvt E o]~ o]

ENEIS]A

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1 : j] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

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]1 APIidentifier (ASCII character):

e 'r'for PYMEM_DOMAIN_RAW.

e 'm' for PYMEM_DOMAIN_MEM.

e 'o' for PYMEM_DOMAIN_OBJ.
p[-S+1:0] Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.

p[0:N] The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
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.

pPI[N:N+S] Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.
pI[N+S:N+2*S] Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t. If
“bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run, to
capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is the only
place the serial number is incremented, and exists so you can set such a breakpoint easily.
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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 3.6 4 WM 7A: The PyMem_SetupDebugHooks () function now also works on Python compiled in release
mode. On error, the debug hooks now use t racemalloc to get the traceback where a memory block was allocated. The
debug hooks now also check if the GIL is held when functions of PYMEM_DOMAIN_OBJ and PYMEM_DOMAIN_MEM
domains are called.

H A 3.8°4 WH7A: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and OxFD to use the same values than Windows
CRT debugmalloc () and free ().

11.9 pymalloc &t&HX}

ol Hol &= o] e &2 (512Hke] E o]sh) AA 4 ﬁ@i‘r% pymalloc &3 AF7F QL5 Utk 256 KiB
ol 174 A7)E Z& “otd| U(arena)” 2t W 2 2] WP AFEFUTE 512 Hlo]ER T & 3] AL
PyMem_RawMalloc ()3} PyMem_RawRealloc () 22 thAIFH Yt}

pymalloc <2 PYMEM_DOMAIN_MEM(9] : PyMem_Malloc()) I PYMEM_DOMAIN_OBJ(9]
PyObject_Malloc ()) =W Q1e] 7| & &=} Yt
obel Lt AL THe B4 E ALS U T

e = Lo A virtualalloc () ¥ VirtualFree (),

o AF2E 4 9) O W mmap () I munmap ()

e 18R FOHAmalloc () F free()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc O}a|L} EHEHR} AFR X} A Q|

4 3400 27,

type PyObjectArenaAllocator
ot v} & FALE 71e et vl AHEEH = &AL o] FRAE A Y BETF AFUTh

] o]

void *ctx A A JAAE AGH A2 AE A
1=

void* alloc(void *ctx, size_t size) size HFo] E 9] o} L& & Fy ot

void free(void *ctx, void *ptr, size_t obe| L& s Al Tt

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

ol EFAE 5 Ut

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
ofeluh @ AE AT o
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11.10 tracemalloc C API

WA 3,79 71

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

tracemalloc BEA TFH v2g E5& F4 3]
Ao 02 MBS, A2l BT (2HE AAA] AD AL E DI RAL ) 1S
w318t o} tracemalloc ©] H] B4 315 ¢l oW -2 5 vkt o)

2] 5ol ojn A, 7|E F A2 AT

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc REol A Bdd vlme] 828 24 s|AFUTh BF0] 2454 god o FAE
&%) skrUTh

tracemalloc ©] W] &4 315 glo ™ -2 5 Wh&hetar, 28 %) oo o0& W&o

11.11 o

-2 7l 2 A A A B oA QU TE VO ¥ 7L A WA B4 A5 AR ol W Yol A BRHES
oAl 2w QU Th

PyObject *res;

char *pbuf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

919 747 ollol A, w3 = Ak 2 Aol 3 F4E Bol 2APol G BN 2. AR, A ThE

H

FYAE EFT NPl HAE BISEE, Fold W Re] BEo| sl 22 v el AP D el A8 she

e B4 YUrh. thg TE AD2E T A o7} gom, 1F St A e Yol FAF s T
A<l vhe FPAE E38) W ol WA (fua) ) A0 2 EAFH )
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() */

(THS seTATol A1)
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R s S e e P I )

free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal should be PyMem_Del () */

stol A oA GA WEE ESS A3 A T Qolx, stelHe] AA = Pyobject _New(),
PyObject_NewVar () W PyObject_Del () & &= 11 3] A Ut}

A
OJAEL CEMER AA F2 Ao st FHstE Aol that v ol A A2 Ayt
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X e K&

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

12.1 €loj| ZHA| &tetst7|

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 #ype indicates that the object participates in the cyclic garbage
detector, it is added to the detector’ s set of observed objects. Other fields of the object are not affected.

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ©] A2 PyObject_Init ()7} 435t
Qe S5, 4a 27] AR do] HHE 2715k

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, Py_ssize_t size)
Return value: New reference. C 2 A & TYPEX} 5lo]l# Bl Y] & rypeS A& 5Ho] A 2 5}o]
SFych stol AA s HE HoH A 2 == 27|3HA] gt 9

IEa =] =
F2A O Hall typed] tp_itemsize BEO| ool Fo]X A7) size BEE HLFUTLE o= FEFH
Z2AAE TAT O FEIUTh FE22 U5 27| ZAH T+ s Th 22 o 2= wjdS

o =2 T M
ET A7, G STt EolSo], vRe B a4 FFF YT
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void PyObject_Del (void *op)
PyObject_New() W PyObject NewVar () S A-&3F AA o] TFH w2 S ATt o
dtA o7 A Pl AR tp_dealloc HE]7]NM S&H 1/]1;} o % 2] 7} o= S & 3 9ol
A 7L otUBER, o] TF Fofl= AR 9 Bof AN 2F A= o FH Yt

PyObject _Py_NoneStruct
s}o] Mo A None 0 & = &5 & AA. o] Aol tlgt £AE 2 § 75 Py_None M| A2 E AL A]
H A2 3) of T

o ®B7]:

PyModule Create() ¥ RE& T33ta Wiy

12.2

O

S A LA

shol H el AR B ol A5 & B TRAZ ek of AR AL o] e S T2A % A W H el
2Bk

i
:cu}l_l,

12.2.1 7|2 4A 3t o3 =2

2 sfolf AR+ FIA0E AN WLl ZH ALA AL 5o A=
PyObject8} PyVarObject L& FAE W, ThE 2 E gto)l A A9 AL oA,
AHEEE 4R IR E}ZPO =35 Aot}

type PyObject
Part of the Limited APL. (Only some members are part of the stable ABL.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In
a normal “release” build, it contains only the object’ s reference count and a pointer to the corresponding type
object. Nothing is actually declared to be a PyObject, but every pointer to a Python object can be cast to a
PyObject*. Access to the members must be done by using the macros Py. REFCNT and Py_ TYPE.

type PyVarObject
Part of the Limited APL. (Only some members are part of the stable ABL) ©] 212 ob_size BE& F7}3}&=
Pyobjecte] Ut o| A Aolehs Ade 74 AR W AHEH U T o] FL FF o] W/C
APIo| WEbA] ¢k5 U T Py REFCNT, Py_TYPE 9 Py ST2E WA 25 ARG-SFo] H of A A28 of
.
PyObject_HEAD
Lol 7 WA s A

Maz2e o3t go] 2

= L%EM% Aze §e AAY w) A8 & v 22 91 th PyObject HEAD

T
u:ﬂ
<
v

PyObject ob_base;

9 pyobject AHAE FERIFAA L.

PyObject_VAR_HEAD
ArBavit) 207 the AAE JE s 22 ¥ AA% o A5 = W22 Ut PyOb-
ject_VAR_HEAD "| 3 2 = D}%»} o] A=t}

PyVarObject ob_base;

A9 pyvarobject AHYAE FZRIHA 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.
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WA 3,109 71

int Py_IsNone (const PyObject *x)
Part of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None in
Python.

WA 31000 7}

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 False singleton, the same as x is Falsein
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)
A7 0°] 3ol nypeol w 00] obyl k& BB Th T8 oW 0 WA Th Py_TYPE (0) ==
typedt F5FYh

B A 3.9 &7}

void Py_ SET_TYPE (PyObject *o, PyTypeObject *type)
AA 0] F& typeo 2 ATt

H A 3.9 F7}.

Py_ssize_tPy_REFCNT (const PyObject *0)
Get the reference count of the Python object o.

WA 310004 HA: 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)
AA 02] A2 ATE refetZ A AF UL}

WA 390 =7}

Py_ssize_tPy_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)
DA 09 A7) E size2 A AT}
H A 3.9¢] 7%
PyObject_HEAD_INIT (fype)
o] A MEE Pyobject B 2713} o2 FHAH =M AZYUTh o] A2 &tk o2 S Y
t}:

_PyObject_EXTRA_INIT
1, type,
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PyVarObject_HEAD_INIT (fype, size)
°| 212 ob_size BEE £, | Z& PyVarobject o 27|13 oz P+ = a2 Yyt
olMazE o= P UTH

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 g2t HIME 78

type PyCFunction
FPart 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.

o AR gL gk

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords
Part of the Stable ABI. A ™ ©] METH_VARARGS | METH_KEYWORDS ¢l 3}o|¥ E#ES& CE F+d3tE
U AR E B F. 85 g 0e3 24Utk

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
Aol METH FASTCALL Q1 3to]l 8] E2 CE F&s= vl AMSH = T &, T A2 th=

Zaych

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords
Al % ©] METH_FASTCALL | METH_KEYWORDS ¢l 3}o] Z2]82 CE Fd st o AH8H = T 3.
4 A Ee e 25tk

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod
X} ™ o] METH_METHOD | METH_FASTCALL | METH_KEYWORDS ¢l ¥o]¥ Z8ES CE F33s
d AMEE = T 3. e A e 2E Ut

rlr

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

B A 3.9 &7}
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type PyMethodDef
Part of the Stable ABI (including all members). 7338 2] WA= & 7| &5t o] AFREH = £ 2A]. o] 24
ol ol ) =7} Yk

const char *ml_name

m A =9 o] F

PyCFunction m1_meth
C ol th3t £

intml_flags
flags bits indicating how the call should be constructed

const char *ml_doc
S ER LR

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 3F 4] g5yt

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunction. The function expects
two PyOb ject* values. The first one is the self object for methods; for module functions, it is the module object.

The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
ol st = 17} Y= WA EE PyCFunctionWithKeywords & o]ojof St T}, o] 4= A 719
w7} WS 71U T} self, args, kwargs. 9 71 A kwargs+= BE 719 = Q1 ALe] YAV o] AU IR =
QA7 YoM NULLY &= Y5 Ut w7 M= A¥lA 0 8 pyArg ParseTupleAndKeywords ()&

AH8-3to] A2l g 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).

WA 3.7 7}
¥ A 3.100)| 4] ¥ 7: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

B A 3.70] &7}

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
7 ol 3= F el 2 (defining class), 5, =A| 2] MM =S 238t= S5 A Y8k METH_FASTCALL |
METH_KEYWORDS ¢] 8. Aol Ze|AE=Py_TYPE (self) 9 73 2 4 5 Th

WA EE PycMethod Folo]okdl=t], self F o defining class A7} 719 METH_FASTCALL
| METH_KEYWORDS$} Z5uth

122. 28 A 2x=A| 241
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A 3909 7}

METH_NOARGS
i 7] W7t fle WA B METH_NOARGS Ze) 12 U o] JJoH, AA7F o R =2 AT a7}
s Ut pycrunction @olojof gyt 3 AA w7 Wlo] o] 52 WA O = self o] v} Rg oL}
AA Axgro] sk F2E HFFUTH BE Z ol F A4 v 7] H4E NnvLLd Yo

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject* parameter representing the single argument.

o F A4t 5% e UEhlE vl A8 A kil 2o 0] vl A=) 3 AL 2wl whel 2 Uy,
250 Ao Fools A8+ Ut o8 @ B 5 AT ShE Fol A M=ol sl 4AY 5

Uk

METH_CLASS
HAZZ o] Aaddartopd & AA 7 A AR w7 A2 AZE Ut classmethod () W2

“w— - —

FLE AL T 0 wrE ol A= A FARSE Z | & W A E (class methods) & THE = ©] AFS-E U Th

METH_STATIC
o) A~ El urLe] A AR v} W2 AdE Yl staticmethod () W
£ 228 u] DS o] R = Ad} -3 ALE A A v A E (static methods) & == ©) AFE U T}

stte] o e 22 A E oSS 7 e A A WA= R EE A Aol F Y T

METH_COEXIST
712 Aol A A= 2 =gtk METH_COEXIST7} QLo ™, 7| Bz w2 g = Aol S A
He AdUth X A7t A= HolE Aol 2EHBR, o5 59 sq_contains €52 T =
__contains__ () 2= E B A= E QAT 22 o] 59 3T PyCFunction2 2= 31A] 9451t}
Ze 27 B 9= 9, PyCFunction ©] 2} 3 A A zte]o] 2 =¥ 11 &%} 3 & th o]+ PyCFunction o]
et T=o] e AA TS HHFH A 3HE o 7] W&ol & duth

>
N
o
AW
z

o~

12.2.3 EA510| O{ER|HE HMA

type PyMemberDef
Part of the Stable ABI (including all members). C F-ZA| W w0 s F3t= J2 o] E8|HEE 7|<3}
F2A. 2= g5 25Uk

rlr

=B cd 2[o]

name const char * | W 2] o] &

type int CHxA ol J+= AW 3

offset | Py_ssize_t | W7} P AA F2A ol 9] A8t vlol E T o] o =4l

flags | int L7} 7] AERIA] 27] 7 A& U= S| 1 v E

doc const char * | =AE Yo YRS 7|z Ut
type2 ThFStC o s P ot B2 T_ IR F 3t = A5 Uth W7t gho] Mo Al AM A =
o, 553 ol A Fo= HIH Ut
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o3 2 0|2 cdH

T _SHORT short

T_INT int

T LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *

T _CHAR char

T_BYTE char

T UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

HH 7FNULLY o] T_OBJECT+= None2 WF36}1l T_OBJECT_EX+= AttributeErrorE WA A 71T
+= Ao A T_OBJIECTS} T_OBJECT_EX7} t}5Uth T_OBJECT_EX7} T_OBJECTHT} 3| oJEZH
Eo] 3l del & A2 T %H}Eﬂ] X882 2, T OBJECTH. T} T _OBJECT_EXE A}L3IAA L

flagse 2719 ¢7] QA 2E 93] 00l AL, ¢17] A8 WM 2E 93] READONLY 4 & SlF Y Th
type©l T_STRINGZ A& }D}L A& READONLY Z 5= th. T_STRING H] o] B} &= UTF- 8 SRR
Utk T_OBJECTS} T_OBJECT_EX W T 2HA|E 4= 9}%1/] o} (NULLE A A= U}).

3] @933 (PyType_FromSpec () Ol U FAFSE A& AL-&3}o] WS o] R), PyMemberDef = & 2 A
9] tp_dictoffset, tp_weaklistoffset % tp vectorcall_offsetol] S| F3tE S A
dictoffset_ ,  weaklistoffset “J vectorcalloffsetioﬂ st Ao & 23k 4=

9] Ut} T_PYSSIZET ¥} READONLY & 7@4*11‘# Ut A&

static PyMemberDef spam_type_members[] = {
{"_ _dictoffset__ ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns O if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (mcludmg all members). 3 ol tj] 3l

=)=z

™ s

1 Z 2w
PyTypeObject.tp_getset ©Fo st A= =23}

Al

B 22 AA2E At T2A.

fo s

> |k
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g= [c® [ o
name | const char | 9] EZHE o] &
k
get getter C function to get the attribute
st | seter | OlEREE AR/ AASIE A9 C a5, AT W OB HEE ¢7]
Ay
doc const char | A A =2~ E g
*
clo- void * getter &} setter of] 5= 7} o] o] B| & A| &3t = A HA 35 Z T E
sure

The get function takes one PyObject* parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

F e A 2 S MBS, Ashsd 449 ol 919 @A NULL-L wHEks] of P ok,

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 *, woid *);

>
o

o E el HES Ao} s A4 T Al i) Mt nvLL AUk AF S 0L, Ao shE A
o) 9] 9 37 ~1-2 WHEks o g ok,

12.3 & Z4A|

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.

P AAE AR B2 PR AT FUTh 2717} 2 ol f e 4§ AR RS 50 72 4G WA,
F2CYFEAL T 47 9 715 5 4L P22 TR o] AdelAE D AR BEE A4
AR B U 2EE 72ANA U Az 29g .

o] ek 2 Qe o A2 PyTypeobjecte] Sjuj ek Aol tf 3t & 22 A5 Iy

12.3.1 2= 3t

“tp E”
PyTypeObject Z&! g EF=OME/ERZR |
H2
QT 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

LS = O X|of| A=
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H 1-0[™ m|ofX|of| M Al

PyTypeObject =& ! =] ELS A E/EERE S|
=2
QT DI
tp_vectorcall_offset Py _ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * RIEESES %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * RERE=3 %
tp_as_sequence PySequenceMethods * RIEESES %
tp_as_mapping PyMappingMethods * RS %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call X X
tp_str reprfunc _ st X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc _ setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs ¥ %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _ It ,_le ,_eq_,__ne X G
_ gt ,_ ge
tp_weaklistoffset Py ssize t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef (] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef (] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_, delete__ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc _init__ X X X
tp_alloc allocfunc X 202
tp_new newfunc __new__ XX ??
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
1 0: 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.
[I: Names in square brackets are for internal use only.
123, & ZHR| 245
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ME &%
==X E EF0ME
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul___ rmul__
nb_inplace_multiply binaryfunc _imul__
nb_remainder binaryfunc ~_mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__ _ rdiv-
mod__
nb_power ternaryfunc __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_1lshift binaryfunc _ Ishift_ _ rlshift_
nb_inplace_lshift binaryfunc __ilshift__
nb_rshift binaryfunc _ rshift _ rrshift_
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _ dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
KR> (ag oprefix) means the field is required (must be non-NULL). | unaryfunc _ float_
Qgifigor_givédg . binaryfunc _ floordiv__
n%#iéé@ék%%ﬁj@é%@dﬁ%fﬁe binaryfunc __ifloordiv__
AP e (EFAAWLLE AAE 49) binaryfunc _ truediv__

X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? - PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
“y»- /}3]. _/-.‘:
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

o°

— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots; see the slot's description
- it's complicated; see the slot's description

AR &Re P ojEHE 23] AAS F3) EFA o= ool fol AL,

QR
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H 2-0|™ mf|o|X[of|M AHlH

=2 E EF=OME
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,
_ delitem__
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _mul__
sq_item ssizeargfunc __getitem___
sq_ass_item ssizeobjargproc __setitem___
_delitem___
sg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _iadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer

getbufferproc ()

bf releasebuffer

releasebufferproc()

N

12.3. & ZA|
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& & typedef

PyObject *

typedef Oh7H = o Heted
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 *
48 Ch ZH % (=]
descrsetfunc int
PyObject *
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i

AR W EL okl £ o npedefE R L.

12.3.2 PyTypeObject 2|

PyTypeobjects 2 A2 E Include/object .hol A &+ A& Utk F2 W& A, bl
o] 2 W o

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

(Th= s Ao AI%H)

12.3. & ZH| 249




The Python/C API, £A| H{% 3.10.16

R s S e e P I )

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObiject;

12.3.3 PyObject &=

The type object structure extends the PyVaroObject 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_refecnt

Part of the Stable ABI. This is the type object’ s reference count, initialized to 1 by the PyObject_HEAD_INIT
macro. Note that for statically allocated type objects, the type’ s instances (objects whose ob_t ype points back to
the type) do not count as references. But for dynamically allocated type objects, the instances do count as references.

A%
o) BE & A1 Fof o8] 4457 o

PyTypeObject ¥*PyObject .ob_type

Part of the Stable ABL. ©] A2 & 9] &, = W E} & (metatype) Y U T}. PyObject HEAD_INIT W3 Z o
st AR 273 E o, gh2 Lt i—fé &PyType_Type ©]o]of &t} 131 L (=) 9= A
A bsHob st FHOR RE A Y REY 49, Antd e §E3 27)347k oh gk
=23t webA, 5+ 22 NULLS PyObject HEAD_INIT VA2 & HIdtal, o 22 3517
Aol 52 273} 35 A &ol| A =25 BAIHC R 273 6t= A YUt o] A2 It o 2 thg- 3}
Zo] 3P Uk
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Foo_Type.ob_type = &PyType_Type;

o] AxBAE w5 7] Hofl 36l oF Utk PyType_Ready ()i ob_type ©] NULL I A] 218k,
a8 W o)A Ze A9 ob_type BER 27]33H T} PyType Ready ()&= 00] ol @ gz
WAt st
As
ol EEEAME YPor FEHUL
PyObject *PyObject ._ob_next

PyObject *PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_ HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

Al
o] == A X Yol o3 A& A FHUTh

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.

ol A& A H Yof ol FEHA FF U

—h

2.3.5 PyTypeObject ==

ZrEFRoeAES At AMdo] dFUth FEZINULLE A2 o PyType_Ready () 7F k< A3 T
oy, ¢ 2 AXAE QH5 UL (PyBaseObject_Typed}t PyType Typeo| A H W d=7l &3}
2 A5 ao] £ 840A2)

const char *PyTypeObject .tp_name

% o) go] TYANUL-ER EALL /Hel7): FAE, 25 A2 A2 T 5 9k 39l 3%,
EAFLS A W E o1, 1 H ] 9, 250 B ol Zololok Gtk IR A, @Al & o] Solojof

Gyt 2E0 3417]7*]4 AB REO|H, A 7 A o] B2 AA BE o] 29 R YUt o E S0,
7] 2 P& A B 3 7] A] ool A= U%Moﬂ Aol Tel= ¥ tp_name Z7|3HA7L"P.Q.M
.

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.

N

H
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Aol Jod, AA| tp_name BEE_ name_ JEBZHEZ IANATF 9 on,  module  OE
g HEE FYHA 5T (A ”‘33‘}"41% gy e dAH SR AAHEA = 3. o] A
o1elae] W 72 W Ark A& F U E 8 pydoc.0. 2 THE B E A Aol A= A gh o).

°] 2=+ NULLe] oty ol ok Futh PyTypeobject () oA FA3HA o3 BEJUTH (FA A
tp_itemsized AL 3taL).

As
o] 2EE= M E ol o3l A5 A stk

Py _ssize t PyTypeObject.tp_basicsize

Py_ssize_ t PyTypeObject .tp_itemsize

o BEE AHS Y § 2T A 278 vhol = B2 ALY 5 AU

T 7MA 27 Fo] stk A Ao AAEH A HL20tp itemsize BEE zk11, 71 Z o]
QB 28] Wol = 00] okl o itencize AEA A5tk 1A Ao A2B20] B9 AL, RE
AABE AL tp basicsizeZ AARAEHE L a7E %qu/}

A o] 92028 39 33, A2B 20 on size BRI} Aolok ol AnBn 2o
tp_basicsizeo| N F8}7] tp_itemsizeS T 3F kYU th o 7|4 N& Xﬂﬂ “Zo]” JYrth N
ZFe dulA o g2 A AE ALY ob size B AAZAFH UL o971 QS5 Ut o & AT E 24 E
e 7] 918 29 ob_sizeES AFR3L1, N2 abs (ob_size) YYT} “E@-"]i‘;?jéﬂﬁxloﬂ ob_size
B} GIoki A QAT A PR P Dol ekt L ob U (1 Sol, 82k Fe] PRAE
TR Zdo] AAEHAE ZA UL T AABEA0E= 9 u| Q&= ob_size BEZFASFYTH.

718 FZ 7)ol = Wl 3R Pyobject HEADY PyObject VAR HEAD(QIAEIA L RA|E A A3tE o A
23 A)of] Y AAA A A2 BE7LZTEH T, o] AL A 2ATTHIH _ob_prev®_ob_next
ek 2 Yh o] tp basicsized Z7|FAE = %‘”‘3}711 ZHE Y AdadH 2 A E
AAske ol AHEH = FRA O sizeof AAAE AMGS= A YU 7]4& 5’-7] °ﬂ GC3H =717}k
E 3 A] U T

7 & (alignment) of] o ot 31 AFg: 7hw do] FHo 5 % 839, tp_basicsize kol
A aeEojor gyt o o] double HIE S e ]—7‘4 ?:}/\] o} tp_itemsizes
sizeof (double) YUT} tp basicsize?} sizeof (double) 4 st EE sl A2 22
Zhul o] Atk (o] 2 o] doubled FE 27 Aol ki 7HA g Th.

7H Aol A2EATF )= BE F9 A9, o] EE&=NULLO] ofy] o of gt

As

ol BEL M o ofa] W2 AL UTE Wo]2F e 00] obd tp itemsizeZt YO, AnkA
ZMNBE YA tp itemsized TFE 00] ofd FFo 2 HAA = 2L AR G5 UT (Ho]a~de
Tdof w27 = Fyoh.

Oo{u ﬂlw
mlo <

destructor Py TypeObject .tp_dealloc

A2~E 2 543 2} (destructor) 4o EHﬁL ZQH. (42E NoneH} Ellipsise| 4¢3 §) Fo| slg
A2bA7F S HA = 2] FEF BHAeA] e 3 o] 45 FYsfof Fuch T+ M E2 oh

syt

void tp_dealloc (PyObject *self);

SR s A2 FR 37109 of Py_DECREF()B‘rPy_XDECREF() I 20 o3 T=F U
o} Mlﬂoﬂ ArdnE oA R A T o]of tist Fx+= glsUrth 3 A g4 Ad2d A

7V Afe RE FRE A, (W 3‘“‘01] AHEE & gl s Dot A FE ARE )
A~ Léﬂ f‘& REvWEE HHAZ NAT T3, B tp_free FFE TS oF FUTH T A
By UE F = S (Py_TPFLAGS _BASETYPE Z# 1 V| E7ZF AAHA] &2 AF) tp_frees
A= Al A é}% El ﬂ 7] (deallocator) & A3 & & ¢ dsUth AA &9 A 7]l= d2d
A5 ust= o AFRE Aolo]of Tt ?lé‘%jiﬂ PyObject_New ()t} PyObject_VarNew ()
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E AR St dE g o dutA O 2 pyobject_Del () o)L, AA2E AT} Pyobject _GC_New ()W}
PyObject_GC_NewVar ()& A-&3sto] &= QoW Pyobject_GC _Del () YYT}.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

AS
ol e Au Pow AsEUTh
Py _ssize_ t PyTypeObject.tp_vectorcall_offset
rAst tp calill o & A QA vkl WE Z (vectorcall) = 2 EZE& AF&3te] AAE S &= AL
;ﬁq‘_—g]_l— o]/\Eq/\ai -51- oﬂuﬁ-a}/\hzu;ﬂ __L/\'“ot]]/]q-

o] A== ZIY I Py TPFLAGS_HAVE_VECTORCALL®S] AAEAS uWlw AFEE Ut 28 uf, o] AL
vectorcallfunc ZAE Y AAEH Ao L ZAS 55‘?‘}"'5}% &Fo] Gaof o Yt
vectorcallfunc £ E=NULLY = 9 oH, ojuf] QAAY A= py TPFLAGS _HAVE_VECTORCALL®] A
HA 4 AR AFFUh: ALPAE T2 tp_call2 W FUch
Py_TPFLAGS_HAVE_VECTORCALLS AATt= RE FH s tp call® Aok, s 5 2o]
vectorcallfunc 52} A BAE =& e o] o YT} p_call & PyVectorcall Ccall ()2 AA3HA B4
t}:

A W) J) NIE SEEEE LAGE A& DI G 87 sl el
A oA H e,

i
ol
_?L
:\1
*E‘
‘é
P}
ﬂd
oé
z
i)
1%
o
M
o
e
foo
ne
B
ofy 52
A

__call &

W 3804 HA: 38 o] Aol =, o] &5 o] 5 o] tp_print FFUTH FFo] M 2x0| A=, FL =
o123t o] AF2H Q& Uth shol # 3.0 A 3.77HA] =, AF2H #] ¢k ok
Al

This field is always inherited. However, the Py TPFLAGS HAVE_VECTORCALL flag is not always inherited.
If it’ s not, then the subclass won’ t use vecrorcall, except when PyVectorcall_Call () is explicitly called.
This is in particular the case for eap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr
get-attribute-string 3F5=of] t 3k M & & Z 91,

ol A= AAHS U B w), tp_getattro @52k 2A FF AL, A EFRE o] 52 Al

F17] 918 ool 1l EAL AA T4l C EAL L Wol ol §4 8 el A of g o,
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A%
5 tp_getattr, tp_getattro

ol A=+ tp_getattroft T/ A B Fof o5 FEHUTh AB F2 A B F9 tp getattrit
tp_getattroZ EF NULLY W) o] AF oA tp_getattrid} tp_getattros BT A<l ch

setattrfunc PyTypeObject .tp_setattr
e HE AR AAE 98 ol ha A EAH.

ol 2= HAHNEUY A o, tp_setattro F5oF A FEF3AIRL o E

2l HE o2 Al

Z37] $15) shol 8l EAD A7) A C EAA L WolFol e F4T hel A oF T o,

As
5 tp_setattr, tp_setattro

o] BE & tp_setattroft A A B Fof o FEF Ut AB F2 B P9 tp setattrdt
tp_setattroZ EF NULLY W) o] AF oA tp_setattrid} tp_setattros BT A<l

PyAsyncMethods *Py TypeOb ject .tp_as_async

C oA oldlelEE3 vl57] olElelolH Z2EZS 7St AA o #dd 2=

F7FF A A e ZRAE. AA T W& v 5 7] AA| F2AE FRAHAI L
WA 3.50] 7} o] A= tp_compare®} tp_reservedstd YH U T

A

tp_as_async Y= AEH A AW 28H dr e NEF o= JEF T

reprfunc PyTypeObject. tp repr
W T repr () & P Tl ek A=A 20H.

X WL pyobject_Repr ()3 25Ut}

et
Kl

ki3 ‘]—

=

rlr

PyObject *tp_repr (PyObject *self);

e TAENY FUZE AAE WEaf oF Futh o] FAHO R, o] T eval () ol AL
A3t o] FojAE 22 S 7 AA & whEst = EAE S vhEef oF ok °l o] 7P—‘5—
dom, <2 A AL > 2 EYE FAE S W eS| of k=), o] EAE oA A A Q] 3} 3hE
F2T F ooyt

A%

o] AT = AHE PO ASH U

7123

o] BrE HASA oW <3s object at $p> FA Y EapG o] vistE Ut} o

OS2, 5p= AA Y HRY FAE XSF U

PyNumberMethods *Py TypeObject .tp_as_number
SAZRESS A AA T HAH B
A G2 ol A A g gt
Az
tp_as_number BEE AL A FA T THE A APH o2 AU,

PySequenceMethods *PyTypeObject .tp_as sequence
ANBAZR2EZE T35 AR o A&
A D2 AR FZ2A | A A .

As

E
(i
m&;
m]ru
kel
%
ok
rlr
x
N
4
N
Y
2
e
)

tp_as_sequence BEE A4H A A, £3E BE A Aoz 45FUTh

et
Hl
%
_0|L
rr
o
N
-
BN
é
=2
=
&)
]
r o

PM’L
=)

714 ss& @ ol &

i)
o
i)
[
rr
My
_|>i
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PyMappingMethods * Py TypeObject .tp_as_mapping

WY 22 EES A AN G HAY BES EFhE FhPEA o) B3 EAH. o] A=)
23] A oA A H gk,

A

tp_as_mapping BEE AEHHA GAW, 2dd dE=EH oz ASE U

hashfunc Py TypeObjec t tp_hash

W3 & hash () & FH3E ol g Aed Z30H,

MWL Pyobject_Hash () 9+ 25 Uth:

Py_hash_t tp_hash(PyObject *);

-1 32 AGA A g gre 7 wkaE 2] grofok byt Al gk Al Aok S ol E 7R Sk e
o 2] & 275kl ~1& wEEhs) o g T}

o] A=Vt AAH A ko (Il tp_richcompare’t AR H A o), AA S A& Hste =
A=+ TypeError& HAYA A Yt o] A& PyObject_HashNotImplemented ()& AR 3= A}

rIr

<

o] dr = BB oA A WA EL ALS X5t 7] Y8l Pyobject_HashNot Implemented ()&

WAH S AAY 5 AGITh o] A2 THold 22N _hash__ = Noned} 558 20w 34
301, isinstance (o, collections.Hashable) o] FalseZ 28}2 A ¥l3t3A gt vt 9
AT OAAA T shol 8 529 ZALAA __hash_ ~ None-g AW tp_hash %0]
PyObject_HashNotImplemented ()2 AAFH Y

As

J&: tp_hash, tp_richcompare

o] =& tp_richcompare} 7 A B Fof o3 FEHUth: A B P9 tp_richcomparest
tp_hash7F ESF NULLY w}, B2 &L tp richcompare} tp_hashs EF A&y

ternaryfunc Py Type Object.tp_call

A 2L FHE 5ol hat Ae A £, AR 7 22 Eo] ofy ™ NULLo| o] of FTh A LS
PyObject_Call ()3 Zr5Yt}:

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

Az
o] BEE AE Bom Asg YT,
reprfunc PyTypeObject .tp_str
W4 Atk ser() & PRASE o] e AE A ZAH, (stri oA Boln, str ()L 1 8o A
HAE 5280l RAFUAL. of AAAE pyobjece_ser ()& TR0l A AL +Ae,

PyObject_Str () ol Ag71& TEAHTh)
MWL pyobject_sStr ()3 Z&5YtTh:

PyObject *tp_str (PyObject *self);

e AU FUZE AR E W o FUth th 2 Sl X E, print () ol 95 AHEE
Fd o7l o, AR Q] “A5T AL FH olof oF Fth

As:

ol AMH Po g A&

713
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o BEZ ARHA o, FAY BB WBH7) A9 pyobject_Repr () o] TEH UL

getattrofunc Py TypeObject .tp_ getattro
o]E g HE 9] 7] (get-attribute) H4=ofl o &k A&l 2 Z ol E.

AL pyobject_GetAttr ()3 Z&HUth:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

T E PyObject_GenericGetAttr ()& AAsH= Aol A th AA oJEzH
o e AT

[m e
o

2

ot oy

M

. tp_getattr, tp_getattro

0] e =tp getattr A AB o ] AEHUth B g9 tp getattridttp getattroZt
FNULLY W] A B 2 w|o]AFoA tp_getattrd tp _getattros EF ALY},

7123
PyBaseObject_Type< PyObject_GenericGetAttr ()& A& th

setattrofunc Py TypeObject .tp_setattro
AE el RE AT AAE 98 Gol e A EAH,

NP L Pyobject_SetAttr ()3 &Yt

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

E 3, valueE NULLE AR 5fo] o] BB HES AP sk AL M= A Asof gtk Ao o
BT E PyObject_GenericSetAttr ()2 AAste 2ol AUt AA| ol EREE BAste
QutA o S 7 AT o,

As

5 tp_setattr, tp_setattro

ol M- tp_setattr}IA AB Foj o A&EF Ut B 3O tp setattrItp setattroZ}
RENULLY o, HHE F 2 H|o] AT oA tp_setattrd tp_setattroms: EF ALYt

723k

rl

PyBaseObject_Type-2 PyObject_GenericSetAttr ()< A& T}

PyBufferProcs *Py TypeObject .tp_as_buffer
H 3 B H o] 2 E P AR vt B BEE o= 7 FRA N R EQAE. o] A=E
w3 AA A A AT
As:
tp as buffer BEE 4457 GA v, 2gE Bt AuAo e 45Tk

unsigned long Py TypeOb ject .tp_£flags

o WEL chpel Eo) 1) M= nps IR T U Bl S gl o N o v 22 ekl
hOE AE2 Oﬂ/‘]'zq O F2 FAAZAGA = AU & AR (== tp_as_number, tp_as_sequence,

tp_as_mapping R tp_as_bufferg &3 F2E=FF F2ANY 54 2=/ FETS YEHE
ol AFEE Uth ol g S 2 v ET} 043‘?'1, o] Zlo] 3 k= F 'éc‘)ﬂ NA| 23} R] Drofol 3 T Al
0°] U NULL gk 2t 2122 kel of Tt

ol d=9] &2 %%‘@HD} i S vEE /fEH R FEFHUH, S dlo]ag o S
A A H o) o] ZA T HIEE ASA UL FF FxA AdE W I EE
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g F2A 7L ASE A A A AE5E , S 2 L U EL wWo]AF 9] gho] S LA of
3t Z Qe 2} 6‘771] /H H &g owg BARFAUTH Py TPFLAGS HAVE _GCZ# 1 HEE tp traverseS}

tp_clear BES} 9 ”’\9 Uth &, B QoM Py TPFLAGS_HAVE_ coZe) W=t AR A
X AB O tp traverseﬂ— tp_clear 3T 7} &A3}1 NULL ZFS 2+ A9,
7)1 &3k

PyBaseObject_Type-< Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE-S Al St}
HE ufAF:

O B E wpa 327 @A) o o AFUTh ol | AAAE A ORI tp_flags B Fe 3
e 4 Ut W38 PyType HasFeature () = Ze a2 gk pe fE HS L tp->tp_flags
& £7100] ohd A Bl ek

Py TPFLAGS_HEAPTYPE
o] HIE= & AA AHA| 7L ol &2 o} AAFH U ol & 501, PyType FromSpec ()= AH&
sto] AR w503 F. o] 73‘% AAEH 29 ob_type BEE Fof th3t Fx & 7HF51H, Al
Aad 27t whso]d uf 3 2 A 7FINCREFH 12, 12~ ® 27} 517 2 wff DECREFH U th (o] &= A1 B
Fol Adrd o ALH A s UTh A2E 0] ob_type o] F2E 3= 3 W INCREF U+ DECREF

AYh.
Al:
222

Py TPFLAGS_BASETYPE
oJHIEE FethE B vlolaPFo AR 5 2wl AHF U o] RIEZL A A o
olFgog NH P& WE F F U (Java] “final” Z ) 29} FARHU T,

Al
7

Py_TPFLAGS_READY
o] M| E+ PyType_Ready ()l 93l & A7} 48] 271312 uff A H Ut

Al
20%?
Py_TPFLAGS_READYING
Ol H|E+& PyType_Ready () 7} 8 AA& 27|38t 4 AAF Ut
Al
20%?

Py_TPFLAGS_HAVE_GC
o] H|E = AAZE 7 A - = AL

St AAE UL o HEZ AAEHH,
]

PyObject_GC_New () Z /\} Shof Rt oF &}31 PyObject_GC_Del () g_ A& }oq v} 3 5
olof L. 8 /1ol 54 419 ) 274 517} ek o] MEE ERGC B A=
tp_traverse®} tp_ clear7]— AA o DS FAFYT

As:
J5: Py _TPFLAGS HAVE_GC,tp_traverse, tp_clear

Py_TPFLAGS_HAVE_GCEZH I V| E=tp_traverse?tp_clear =L 3 AEE YUY, =,
M B oA Py TPFLAGS HAVE _GCZe]1 M E7ZL AAE A 9% AH 9 tp_traversel}
tp_clear X7} 22X 3} NULL 3k 2= 49

N
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Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

Al
77?7

Py_TPFLAGS_METHOD_DESCRIPTOR
o] H|Ex A 7} A ZAH A ¢S 1| A = (unbound method) 2] & 5 2-8HS LheER U Th

o] 2 17} type (meth) o] A= H:

e meth._ get_ (obj, cls) (*args, **kwds)(obj 7} None©o] o}d w]) = meth (obj,

*args, **kwds) &} &5 3l oF Uk

e meth._ get_ (None, cls) (*args, **kwds) = meth(*args, **kwds) 2} 553

oF gt

o] 2 1+ obj.meth () 2 T2 IHF A A= T E9 EH St A 3}E 753l U th: obj.
methof tl s A A| “‘E’ﬂ% ] A = (bound method)” A A & W& A ¢k5 U th

W7 3.8 =7}
Al

This flag is never inherited by /ieap 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
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 () & ZH-& 5o A o] WAP Y A B Ze AR AL5HA o
Sh= ol A2 Ut ol 8l8 £ AALE Pyobject_TsInstance () F 22 AW AALE o} w5
Ut Wl Al d&d AREAL 7*«1 B2 tp_flagsE AAHA Al oF FUch 2184 9Fod
2e)3 Yo As A B TEAF AR A A ol mhek ohe A A5 g o
Py_TPFLAGS_HAVE_FINALIZE
Ol H|E& tp_finalize €X°] @ FXA| J<S o AFF Ut
WA 3409 F7}

B A 385 E HA: ABme) Bl tp_rinalize 2ol G4 Ao Arka 7P E) wh e,
o] 1ttt BesA gHUTh

Py_TPFLAGS_HAVE_VECTORCALL
o HlEL ZHav MEHE zrE2e FAS W AAFUh AT HEL

tp_vectorcall_offset< FZ3I}IAIA L.
Als

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL
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WA 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.

WHZ 3109 7}

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’ t create the __new___ key in the
type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static typesif t p_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Al:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

Z31: 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 31009 7).

Py_TPFLAGS_MAPPING
This bit indicates that instances of the class may match mapping patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

Z3: Py TPFLAGS_MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

As:

This flag is inherited by types that do not already set Py TPFLAGS_SEQUENCE.
© X7

PEP 634 - Structural Pattern Matching: Specification

WA 3.109 =7}

Py_TPFLAGS_SEQUENCE
This bit indicates that instances of the class may match sequence patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Sequence,
and unset when registering collections.abc.Mapping.

Z3: Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.
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As:

This flag is inherited by types that do not already set Py TPFLAGS_ MAPPING.
o] B.7]:

PEP 634 - Structural Pattern Matching: Specification

WA 3.109 7}

const char *PyTypeObject .tp_doc

o] & AA o 3t F2EHES AT NUL-FE C EXG et A8 d 2. o]+ F3 9
AAAEI A A _ doc_ SJEFHEZ =ZHU L

A

o] = A H YPof o3 F&E A 5T

= — v

traverseproc PyTypeObject .tp_traverse

ZHe) A =% 7] 2] 'FA Sharo T 3k A Bl Q1. Py TPFLAGS _HAVE _GCZ| LR EZFAAFE H¢

1= St I = A

ol e g EUTh ABL the s 24T

int tp_traverse (PyObject *self, visitproc visit, wvoid *argqg);

Shol 18] 7hul 2] 4 A AN FE AT AR E A4 28 Al 2] 54 A Dl A 2L G

tp_traverse ZAE &= 7 A] R 7| oA Fx ¢3-S Aot ol AHSF YT tp_traverse @

4 ARHA Q FHL T d] AXBE AT ARS= Fol A AA A 7 A2’ A Wof sl Py VISIT()E
T & So],t} 28 _thread B 2EY &4 local_traverse () YUtk

L.

static int
local_traverse (localobject *self, visitproc visit, wvoid *argqg)

{
Py_VISIT (self->args);
Py_VISIT (self->kw);
Py_VISIT (self->dict);
return 0;

Py VISIT()+ FZ <8 4T 4= &= Ao tisi vt TEH ol Fo 3t A L. self->key
W = A gk NULL o] U Jho] A E A} E vt 7155l A g 5 sy th

o

Hbol, W 7k Aol 29 ARV E 5 itk %%OHch%ﬂ

get_referents () &7 1AL £

oy W
<
IS

7 31: When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed

even if the instance is still alive).

Py_VISIT()+x local_traverse () & visit€targ W7 47} o] o] 54 A& a7 FUth th& ol &
= E°1A P Al L.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self),ordelegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.
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A 3904 HA: 3 TdF FL tp_traverseo|A Py _TYPE (self) & WES Aoz 7|t Lt}
o] A WAL Fho] Mol A, W 1402172 13, o] ZA tH A H FE a0 FEO] FAAT = dFU T
AS
:L—E—: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear
ol e tp clear® Py TPFLAGS_HAVE_GC E?J]:/_ v E 2} St A B gof 95 A Ut =)
O WE, tp_traverse " tp_clearZ} A B oA BF00]H EF W o] AF oA AAL5H Ut

inquiry PyTypeObject .tp_clear

71 A ~A 7] 9] A ] &4~ (clear function) o] T8t A A L QIE|. Py TPFLAGS HAVE GCZ# 1 HE

7F A" A 01]‘?}/\]'%%‘4‘:}-/‘1“38‘3} I Zsyrh

int tp_clear (PyObject *);

tp_clear W ke 7HA SR 710 A ZA G & 7hA oA Fx £3S B Wl AHSEUSE &

8% 82 Bojof gtk ol AL vl R,

g3t AXHO BRE tp clear 47 23] RE HZR &

Aol A o™ tp clear FFE AFIHAL. & 50, F&E F& tp_clear 45 FH5HA
Rtk FEVOZE BT 8ol TAD 5 YT 2L 4 U/ W A ek e o
tp clear FF LR FES X5t &S B0 S ok Ut o] AL 18] A ehA] o
tp_clearg F&3}A] ?%’O]'E £ Wt o) fE= AY glE Ut

tp_clear?] T th-g oA &} o] spol W AA A 5= = A4l Wof tfdt AdxEl o) HRE
AR BEAL B R o] o $F 2 Q1E] & NULL 2 A g 3 oF Frth:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return 0;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with
the contained object). If it” s possible for such code to reference self again, it’ s important that the pointer to
the contained object be NULL at that time, so that self knows the contained object can no longer be used. The
Py_CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_deallocis called directly.

tp_clear 9 HXE FXR TS EF+ Aol7l &, IR 8ol F9E 5 gle ol A4
o]} gfo] A 7§—’F$} 2o x3E AAE FHT Z8+ syt dbdo, 23H B E gtolxA AAE
A stal, O] tp dealloc &7t tp cleard T&3TF A4 3l= 2o A& 5= JdH YT
vlo] W o] 7n) Al =3 Al Aol T3k A 3F F K= A A =3k 7ha] A] 5] 2] Dol A 2HE = AdH Ut

A
5. Py TPFLAGS HAVE_GC,tp_traverse, tp_clear

o] @ = tp traverse®} Py TPFLAGS _HAVE_GCZ# 2 H|ESL} S A B 3o o3 A& Ut
ZHY LY E, tp_traverse Wtp clear7}F A B oA 25 00]H EF Ho] AT o A] A& L th

12.3.
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richcmpfunc PyT ype Object.tp_richcompare

E 138} 8] 3§+ (rich comparison function) of] Tt A& & Z ol ¥]. A& t}S 3 25Ut

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

A AA wj 7] W= pyTypeobjectol Y HH o] AadAado] HAAFH U

o] =l AI(EHIF S Z Py _Truel Py_False) S HF3S|oF gy t)h vl 7 FL 5 o] Q)
s~“‘ﬂ, Py NotImplementedE WrHslal, thg of 2] 7} WY 51 NULLS WFShelal o 9] 25 A
ok Tk,

oS A= tp richcompare®} PyObject_RichCompare ()2 Al WA QALZ AL EF A

Ytk

oﬁﬁ

X

Lo

=)
Gl

g HlW
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE =
Py_GT | >
Py_GE | >=

FRANL EHE QA AT JES e vlazs gelg
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
]*7 AF}o]| upe}, 4o A Py _Truel}l Py_FalseS #1383t VAL A9} VAL BE C ¥
AR SAE AT ook AUt (5 =0, Cint floatd 5= QL5 UTH. Al A A=
PyObject_RichCompare ()X HE L4 H A4S A F Y}

The returned value is a new strong reference.
ol 217} B sH, o €] & A Skl ol A NULL & REZHSU ot
W7 3,74 7%

A

1% tp_hash,tp_richcompare

°] ré‘:b tp_hash&t &7 A B Fol| )| ALHUth B FO tp richcompare®} tp_hash7}
T NULLOo|H A H 3J& tp_rlchcomparei} tp_hashg A&y}

7123k
PyBaseObject_Type2 A<E 4 9= tp_richcompare +38S AlF gttt 28, tp_hash9t
Al ohe, A4 U AR H A o] A% Be ol s At v el B8 gtk

Py_ssize_ t PyTypeObject .tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

o] BEE tp weaklist® EF A WAL T2 AA| ARA| ol g oF2 Fx o] 2| AE 4§

Yy,

[r
A

A
| D=t AL 3o 5] A4 A5 okh 4 FAE B2k e A Fol o] 922 AR
4 iU ol AR o] Mol AR} TFE oFf BE 2] AE H| =8 AR RE v o) g AE

H o)~ oF3t 3
AEr A tp weaklistoffsetS o] AT 2 =E, BA| 7} 5 A 51T}
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FsFoE HoyH Foll__slots_ Ado] glal, 279 wlo] Ay F kst Fx 7hes Ao GleH,
o3 Az 2| AEFEERS 1/\E4/\HH7‘<1<>ﬂ FNtu NG EF =AY tp weaklistoffsetS
A3t g FS oA F2T 4 A HEYTth

o] slots_ Ao _ weakref T=<L£FolxdHYW G EELHNT I 2B o o st
R AR B AEFHEVEHI, EFY LEZANL O tp weakll toffsetol A% t}.

d o __slots_ A<Ado] __weakref_ B+ £F° glodw, I o] 2 3 of A

tp_weaklistoffset < /‘o /‘?J“/]Tq—

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the

instances of this type are iterable (although sequences may be iterable without this function).

o] B4 pyobject_GetIter ()9} 22 WS zt4 Ut

PyObject *tp_iter (PyObject *self);

Al
o] A== AMH Fo=z ALH Ut}

iternextfunc Py TypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iferator. The signature is:

PyObject *tp_iternext (PyObject *self);

olgld o] ¥l 7} £ A= ¥ NULLS HF3s] oF Ut} StopIteration |97t A A=

£, 297 38

o =

P ANl B A A Re  Ee MVFR Eh
Al

olg & o] TdYTh

1 L
oJEelolE B tp_iter B4E B o} ahnl, G B4t (4] o a0l dxd
o[ E] Q12T AR S wheks) of g T,

o] 8t Pylter Next ()9} 22 AEE Zh5uth
A
ol B==MH oz ALFH YT

SR

struct PyMethodDef *PyTypeObject .tp_methods

o] Jo dul WA EE HASt= PyMethodDef F2 A9 A A NULL-ZE v ol o3+ A
WEe FgEuith A= a3 e E 238t o g g (o) tp_dictE

FEol F7H U

As

o] 2= AE ol ol FEH A Ut (A=
struct PyMemberDef *PyTypeObject .tp_members

=
S

HN—

o

il
o
ofr

o HAY

rlr

EL]

A
it

=

1 227} o) o]

el A 3 9l
AA L)l

o] o] adAaE A dulHo]E W (BEU S R)E HMAStE= PyMemberDef +2 A2 A NULL-Z

EREE R PRI
Q] FEuich W U2a g E 2G5 o gAY (oh cp_dictE B
Z7h8 4k,

A%

o] BEL A1 Gol o)) 455 A GEUTHBWE THE WAUES B3 457

struct PyGetSetDef *PyTypeObject .tp_getset

314141 2) ol 82 o]

o] Fol a2 ALt o ESREE NS PyGetsetDef 729 44 NULL-F 5l & o]

ol gk e A ol .

12.3. & ZH|
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v G o] g ult), getset AT HE S T8 Fo dM Y (oFel tp_dictE FRIAA L)) &5
o] 7Hg Yth

Al

o] A== A H ol g A5H A FH5UT (A4E ol ERHEE OE fAYESS S8 ASFH UD.

PyTypeObject *PyTypeObj ect.tp_base

Y Ao AEH e wolago g AE g ZAH. o] £FAE, dd A& NAFE UL g
FTEZ vﬂE} f‘%% S2otol § AAE 5402 s ok T Tk

Bi: o% 2505 WA 2715 74 0] A8 Utk COONAL /1S T 4 (address
constants)” o] o St T} QB2 BA|A o7 HEE = PyType GenericNew ()&t Z
= FE3}C99 F4 FEY YT

rlo

o
N
By
o
B

Gedie £ 499 £ ol &
3}

I,
i)

2

(o]
Fu
o+
)
o
Q
[9)]
rlr
J \
o
ko
il
o
B
N
ot
i
>
=
X
i
o
L)
2
o,
o
<
Iv)

X

e T e o

[
rlr

)

M2 ol o8] A4 A ek T (W 8)),

i~

Zxe
A=

N

| 2x9] 7| B 7S spyBaseObject_Type YU T (Fto] W T2 T W o A= object F O & & A
AsYTh.

O

PyObject *Py TypeObject .tp_dict

o] gMel& PyType Ready ()l g3l o 7)o A74E Ut}

o] == IutA o 2 PyType_ Ready 7} iéﬂ 7] Aol NULLZ Z7]|3}5 ofoF Tt} o 27] o E
JHES Zas gAUe e 271519 45 01*\44 d© PyType Ready ()7} 3= Z7]3}5t 1
Po| thgt F7t o] ERHET} (__add__ () & 22) LHEEH Akl s FatA] ¢k A o S-of gt o] "J*ﬂl

i
k0
K
) ot
N
it
N
yo m
El>
9
:L

i
T\
o
ol
:‘,:‘l__‘,‘
X
b

ol 2E= A H ol ool FEH A FF U (7] Bl A ERREE HE ¥ 7

7|87k

o] BE7}NULLO |, PyType_Ready ()£ A AU € FFYTh

A3: PyDict_SetItem()S AF&3tAY 2 Ao 2 918 C-APIE tp dictE £33
AL rehA) ook

rlo
2

descrgetfunc Py TypeObject .tp_descr_get

“OATHH get” 5ol thsh A A ZlE.
g e S 2E Utk

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Al
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descrsetfunc PyTypeObject .tp_descr_set

Uy g ARSI AA s 98 gl ek AE A A

o AL gL gk

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

value AA+= 32 AA18H7] 918 NULLE A H Ut
As
o] A== A H Fo g AT}

Py _ssize_t PyTypeObject .tp_dictoffset

o] ol AT Ao AT A MEE EGSE DAY 0], o] BEE00] ohn] QaE s W
1’4/\114?/] ol AAHAA Y L ZAE &St} o] L Z AL pyObject _GenericGetAttr () ol

A A& 8t

o] AEE tp dict® EF A upy

O

3 A7) A 9] ol =B e st P4 2 I ok,

o] dEof gl 0Kt 1, AAHA —TLZXJH Aoz e o] e 2N XYtk gho] 0Kt
o, Axds F2A ] 2o e L2 AS AR FUY S5 22 AR B v A,
AT F2A o] 7ha Po] REol i%‘% °ﬂ‘i AH8-loF Ut ol S 5ol ' Mg gAY
€ strojtbtupled] MH Foll F748h= Hl AH8-F Ut 92| 7 7] AA il 2] of] 2= o] 917
QUBE, tp_basiceize DEL o] 4% 20| 248 A el & 1S of Foll 591 5HI A 2. EE]
a7)7k4vtol EQl AR A, gAY e 7F 2 A o W 2ol 9l&& et W tp_dictoffsetg
-42 dAsfof .
Ax" 2] AA gAY L2 A2 th53} Zo] §9] tp_dictoffset Q2 AL JFYth

_,d
>,
>
f
[
P
rlo
ot
IO _|\'

14'_1\‘ '“1

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

o] 7\A tp_basicsize, tp_itemsize W tp dictoffset2 & AR AA Hdtal, ob_sizes= QA
2o A ULk A4E=o0b sizel T E AL3}0] 2219 RTE AAsnz AYizio] AHLE Y
o} (0] A4rE AH ST D2 E 5 UTH _PyObject_GetDictPtr () oA £3FUth)

As

o] 2= A B Fo ofaf AL Utk shAREobe] Y H A S FERFIAAA 2. A Fo] o] e A

AT 4 QsUTh o= A B & JAAEHATHY| ]i o+ o ez 9V E AZTS

S¥Uth 9 Y el @4 tp_dictoffsetg &3l AH B R, FA| 71 = A grotof gt

Sl FOoE FojH Fol __slots__ Ado] 1AL, JIAEHA AP g E e Hlo]aF o] gl
, 9 HE £F0] A2EA MR F7ME A tp dictoffset2 3G SR Qx0T AAF

Yt

S For HYH Fol __slots. AMdo] oW, F2 Wlo]xF oA tp dictoffsetS 457

(__slots__ Ao __dict_ =< e
I3 Y weakref AHH 7502 FUlEord 4% 95U TH)

7183k

This slot has no default. For static types, if the field is NULL thenno __dict__ gets created for instances.

initproc Py TypeObject .tp_init

AxE 2713} o] et A= 4 Z<1E].
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oldee 2 __init_ () WIMEC B YT __init_ () URRZEAR, _init () €
TEA G A2EAE AT S 9lon,  init () HAZEE A TE319] A2EAE T
2713 & 4 5yt

S A Y2 o2 s Uth

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

self A= 27134 A2 AP UTE args 2 hwds A A= __init_ () T2 YA 719 = AAE
UeRy Utk

NULLo] o} d ufl, tp_init T4
=

3% TES] dadag Agos uE,
o ArHAE NRRF T i J

AL
AU tp_newt €

4_4

!

ot rr
°
o
o
'U

2 :

WY, ob R tp_init YPE T
e, N8 W) tp init7h 3EHULH

423t 02 ¥kEkatar, of| ] Aol = —1S ukEkelal of| 9] & A A3 o)
Al

o BEL AH Poz APy

A2) o) AE W AAEAE W0

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

AAE A &ed Shof T3l AR A EQIE,

B4 WL o3 2eyh

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

As

o] A== HA A B Fo o] FEHA T TAHANE P (ZHE FOE WS A B ) ol A5H A
ok}

1wy .

7183k

FANBE Y AR, 0] BEE BE Y EF AEE ZAsH7] A8l B4 PyType _GenericAlloc ()2
2 AAZg Ytk

A A H 9o A$, PyBaseObject_Type PyType GenericAlloc ()< AH&gUtt o] A o] A
Hog Ao BE Yol 4= = gdYth

newfunc PyTypeObject .tp_new

Ol AEI A A A -d‘l- o]] q]sp\qﬁu;q ZOlH.

4
T4 A o 2Rk

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype A TEO) A 913 AN W Y T args 2 kwds A B T2 A2 A1 ARE
SERR U TR subtypec] tp_new B4t EEF £ 93 22 DL §gol KA L; o] Fol An
9 5 Lt (EA Bl gl B ohdyTh.

tp_new &= AR o 27 TF357] Y&l subtype->tp_alloc (subtype, nitems) & 5 &
Sof 813, 171 T}E B U2 MR 7} 27|58 S0aof YTk DA TASA L WED

% 9 2718 co_inic A2l Ao} e A AL, 2 Yo A BE 27150}
tp_newol A -3 o] of 8131, 7 H T ] A thRE ZAFE epini e 5% Aok o,

Setthe Py TPFLAGS_DISALLOW_INSTANTIATION flagto disallow creating instances of the type in Python.
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As

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

ArEs FslA Gool e B A AL, AP T2} 2k

void tp_free(void *self);

ol NI} T&H = 273} A = PyObject_Free () QYT
Al
ol A== AA ME Fof o3 AL AT 58 AME P (FHa T2 W5 AR &) o= FE5H A

Easagieg

anil}

B8 MH YA, o] BE = PyType GenericAlloc ()3 Py TPFLAGS HAVE_GCZ LW ES] 3k
I LA 87 o At @ A= A YT
A& B 3o -, PyBaseObject_Type< PyObject_Del-S AF&gHu T}

inquiry PyTypeObject .tp_is_gec

7012 A 7)ol A 5B = shao] ek AEl A E e

7HilA £3171 54 AR 7F 53 b B4 & ook gt Auky
B3, Py TPFLAGS_HAVE_GCZ¥ IV EE
Eb‘hﬂ—sq o]/\EJ/\7].161—5]o] 0] ouq, 6]_4'
o) g2 Aok gk £ s Aol
Uk A2 o 25 yth

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.)

Az

ol EEEAME FJor FEF YT

723k

ol xolE 712 %ol s Ut ©o] EEZFNULLO| W, Py TPFLAGS_HAVE_GC7} 7154 F6=E At

Sgdoh

PyObject *PyTypeObject .tp_bases

Wol~g el R,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7J 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.
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Al
ol Bx = AEHA dFUTh

PyObject *PyTypeObject .tp_mro
3 AA ol A A Z5o] object ® Bube B Wlo|AY AL TS FE.

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
As:
o] BEEEHA FF UL PyType_Ready () ol o8l A= Al4bg Ut

PyObject *Py TypeObject .tp_cache

AREE A kU T U A
Al
o] == A&E 2] gksyth

PyObject *PyTypeOb ject .tp_subclasses
A 2o 2ol g oFe 7% P AE. UIF A 8.

Al
o] == A&E 2] gksyth

PyObject *PyTypeObject .tp_weaklist
o] & Aol th gk e FxE 5t e Fx PYAE = AEH A dsUth R A8

Al
o] == A&E 2] kst

destructor PyTypeObject .tp_del
ol 2= FAAFJSFUY thAl tp_finalized AHESAAIL

unsigned int Py TypeObject.tp_version_tag

A= Aol AE Sk Hl AHSEH YT WE 8
As
ol =& AEH A ds Utk

destructor PyTypeObject .tp_finalize
AadA sholdelAlo) A gao] t g A A £AH. AL T2 2Tk

void tp_finalize (PyObject *self);

tp_finalizeZ} ARAEY, AEZ2H= ‘_1 1?1_{_\_% sloldglo] = & uj o] = .
HIA A7 (Ia" A7 A d P w2 d7Q 7éT)Ur7“iﬂ7} & sl A= 7] ZMdOH sEHUS
ol HolE, A= e 37 Aol TEH o Xé*o Fefel o= AAE HES HAg
tp_finalizex QA o 2] FEE WA @obof Futh; mpebr] AbastA] @2 steldetel A&
ke A gL o 2ok

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);

(THE sTeTATol A%)
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R s S e e P I )

VA V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

w3 7}13];(] SR 9 to] Wl A, tp_dealloce AAS T
2~ 0o ]
2 T M

=
(BA A A o] A9} s

oA T & 154 A, d w8 BE AH MY 7}
v ] =3 OE —,—789 —T— FUYDH. tp_dealloco] TEF = 2H == GIL(A Y QB Z2]E = - Global
Interpreter Lock) = OP‘:’E vto] A API S &0l = A1 7F = A gsUth 28, 3t H = A 4
A7 & CL C++ E}O]EH 2] o] AAE 9137 31, tp_dealloc-& &3 2 =X 1 AA & =

grol By g9 71 -& fntelA] b= F] 3l oF 5“45}
A

oldr = MHE Fo =z ALF YT

B A 3.40] =7}

¥ A 3.80]| A] ¥ 7. Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.

o B
“QhA st A sto]d 2] A o] A7 (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall

o] @ A 2] TE o) AH&t= WEE . S type.__call S A HEHIS FEHS}= /\}%%
T} tp_vectorcall ©] NULLO| ¥, new_E]- __init_ EARRIIEVIE SE FHO AFRE YL

Al

BB EANSHAI 3.9 5 E AHEE U

12.3.6 Static Types

AeHo=z, CIaTAN HAYH F2 A A (static) U TEH S B A PyTypeObject T2 A= ZEANA JH
Ao E Al PyType_Ready ()& AH&3te] 27189 Ut

A4 22 sho]wol A Aol 5 Fol ]3] o] A2 U Th:

o)

Also,

e 4 9l

z)

2~
T

o:
4

AA FPL 3o wolAE AFE UL &, UhE AS [BRs
2 o

AR Y AR (2 o5 JaBAL o U= BW Ut stol WA 8§ AA ) o= RES
ZARAL 44 5 AEUTh

A G AN AL e mel ol A FHHBR, A8 AE = E B JeE Z A otk Ik,

since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static

0
J

%

types must be compiled for a specific Python minor version.
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1237 & &
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’ s class statement. Heap types have the Py_ TPFLAGS_HEAPTYPE flag set.

This is done by filing a PyType Spec structure and calling
PyType_FromSpecWithBases (),or PyType_ FromModuleAndSpec ().

PyType_FromSpec(),

12.4 X} Z4H| 2 = A

type PyNumberMethods
ol FxA= AA Tt A 2R EZS FAStE Ul AFEShe ol the £ H
St 2222 AAe) A Agats FAHRE o] 9 B4 7 AHg T,

F2A Aot e H 2E Uk

o}
=

]
o[>
A
=
)
%
-
rr

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

nb_matrix_multiply;

(THS seTATol A1)
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(o] A

gl

# o] A ol A A<)

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

Fi: olFFAY e BE A S sy, 23 AES 7
59} 2 Shbs el H B9 QAB AU, R4 3] el s &
o] &3} 4H8} 34 Py _NotImplemented 2 WHas| okstH, Th2 of 2] 7} 24

AsoFgLith (Hol =
2bo] Ao x| gko,
5} NULLS Wkslsh a1

Z3: nb_reserved E = A NULL o] o] oF Ut} o] Aofl+= nb_longdtal 3o m, mfo] 3.0.1

oA o] F o] v 35 Ytk

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMethods .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 PyNumberMet hods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.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 PyNumberMet hods .nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_1lshift

binaryfunc PyNumberMethods.nb_inplace_rshift
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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
unaryfunc PyNumberMet hods .nb_index

binaryfunc PyNumberMethods .nb_matrix multiply

binaryfunc PyNumberMethods.nb_inplace_matrix multiply

12.5 OfE A 2= A

type PyMappingMethods
o) FA )= AM A v]R 2R ETL FASHE ol ALg I B4o] U@
W7} ek

lenfunc PyMappingMethods mp_length

o] &=+ PyMapping Size ()2} PyObject_Size () oA ALESE M, -2 A g Zr5uh A o
o7l FolE o] YA ko o] EFES NULLE AT 4 JdHF YT

binaryfunc PyMappingMethods.mp_subscript
o] & 4~ =  PyObject_GetlItem()¥  PySequence_GetSlice()ol A  AF &
PyObject_GetItem() ¥} 2 A ¥ xgbli} PyMapping_Check () &7} 1& w

W, o] £F& A orguth 28X gow NnuiLd 5 AHYTh

objobjargproc PyMappingMethods.mp_ass_subscript
o] &4 = pyObject_SetItem(), PyObject_DelIltem(), PyObject_SetSlice() Y
PyObject_DelSlice () oA A& H Ut} PyObject_SetItem() I Z2 AHE ZAAVHL vE
NULLE HAste] B2 & AAE £ E duith o £% 0] nurLol®, AAE 35 o T A E

A QA UL

bl

ABE Esuth Al 719

= 9,
R

12.6 A[FHA A A

type PySequenceMethods
ol FExA= AANM AN AL 22 EFS FA e ] AFE sk Foll th 220 H

-

]
ol

.

lenfunc PySequenceMethods.sq_length
o] k4= PySequence_Size ()@} PyObject_Size () oA AFRE Y, & AW S ZF5U ot E3
sq_ltemﬂ— sq_ass_item&EEFE B 4 AU AE A 2= o AFEE YT

binaryfunc PySequenceMethods.sq_concat
o] g PySequence _Concat () ol A AHGE W Z-& AWE 25U nb_add €%2 &3 <A+
S =8 F, + AR A = ARS-FH Y TH

ssizeargfunc PySequenceMethods.sq_repeat
o] g4 = = PySequence_Repeat () oM AHEE M 22 M-S 25U nb_multiply €% &3
7\_1]’“’_@ = A= 5, AR A = ARG H Y T
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ssizeargﬁtm PySequenceMethods sq _item

o] 84~ = PySequence_GetItem() Oﬂ/ﬂ AFeE W 28 AYHE 25Ut mp _subscript &
2L 5 ABATY /‘4 (subscription) & A| =3t &, PyObject_GetItem ()= A& T
PySequence_Check () 47 1L vigatel W, o] 2 & Yoyttt 2892 oW NULLY 5
93tk

=9 Qe A= o5 2ol AFUth sq_length £X° YA Y, o] & SE3H1 Al A
AHE3to] sq_itemo] AEE = FY ADAE ALRYTH sq_length7FNULLO|H, QIE A
3ol AT,

ssizeabjargpmc PySequenceMethods sq _ass_item
o] 3+4 = pPySequence_SetItem() Oﬂ/K‘] AFeE W e AEE 25 Ytk mp_ass_subscript &
2S5 FE dYH AAE A 23 Z, Pyobject_SetItem ()3 PyObject_Delltem()oA %
AHEEUTH AA 7 FE A A S A QoA koW o] X2 NULLE A & F 5 Uth

objobjproc PySequenceMethods.sq_contains
o] ¥ PySequence_Contains () A AHEE = o 22 A WS Z5 Ut o] £SX 2 NULLE

3A E 4 Q5 Yt} olu PySequence_Contain
2.

binaryfunc PySequenceMethods.sq_inplace_concat
0] 3t = PySequence_InPlaceConcat ()| A AFEE 1 22 AHE

AAAE FART AL VA FrTh o) £EE WLLE WA

PySequence_InPlaceConcat () 2 PySequence_Concat () 22 ZW FH Ut} n
Sxe Tl AAAE SIS AR T, SE Y +=cA AHSFH Utk

ssizeargfunc PySequenceMethods.sq_inplace_repeat
o] &4 pySequence_InPlaceRepeat ()| A A=W T2 AWHE zZr5ych A
=
H

l>

ZdolE
I =2

rlr

[0)]
rlr
ne
ok
rlr
Y
o
B
o
2
N
N,
=2
)
[>
e
i
rh

A JAAAE £RRT AAL BB oF FUTE o SES NUILE HA
m, o] PySequence_InPlaceRepeat () ¥ PySequence_ Rep at () =2 =
nb_inplace _multiply €% & &3 A A A FAS AT &, S5 U »=dAx=

gyt

12.7 B AN L= A|

type PyBufferProcs
of AL v 2 e LY Poo B ZARE B
A7} U El ol Bl 2u] 2} Aol = F sl S Aol LTk

getbufferproc PyBufferProcs.bf_getbuffer

ol F4e) AL the T 25U

ofr

ZEZ2 A& A (exporter) 2

=]

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

viewE A7) 93l exporterol] th 3 flagsoll A1 A 242 Atk LAE (3) S ALl staL, o] g2
TAL ok GAE WhEA] 53 5) of i th

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0bj to NULL and
return —1.

2) ¥"d 2= AgUrh
(3) WEWZ] Sofl th 3k 7 7 EE S7HAI Y T
(4) Set view—>obj to exporter and increment view->ob7j.
(5) 0= "y Th
exporter 7 W5 37 2] Aot E2le] AR o)W, F hA F2 AAE ST S AFUTh
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« Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

o Redirect: The buffer request is redirected to the root object of the tree. Here, view->obj will be a new
reference to the root object.

viewe] 7|8 B LA w5 720 A o] gow, AFAT} 5A 2 Aol SrkoloF e 742
A w5 2 7 ool gk

by butfer FEANA AL BE M B ATAAA &3 Fe 247 g0l WA 5
BaloF gt} format, shape, strides, suboffsets W internald AV Aol Al= 7] ALY

Ui,

PyBuffer FillInfo()e R2E A T3 vl A2 stHA g3l vlolEd HiHE HGA =&
tﬂ- /\ o) t }:ﬂ—tﬂ o ;(ﬂ._n_.‘?j—l/] q_'

PyObject_GetBuffer ()£ o] &4E ZHA+= 28] AF £ S HH o]~ Yth

releasebufferproc PyBufferProcs.bf_releasebuffer

o] G5 ol AHe the 3t 2EUTh

void (PyObject *exporter, Py_buffer *view);

W 49 A 232 AdBUt A9 AAT B 9o
bf_releasebuffer=NULLY & Y5UTh 28R gto, o] F4o] & 2

SAE sy Th
(1) HEWZ] S th3 7 72 S 29T
(2) 7hEl 700, viewst FHHH B WE ] E ATk

AZA= ¥tEA] internal BEE ARSI Wy EA AL S FAF ok Yt} o] A== HAT A
T FAH o] WS AT, 4w AL Bl WA AR S view A2 ART 5 gL

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release ()& °] 712 AME 24 AL & B F o] A YU

W, PyBufferProcs.
Ao et e A9 A

12.8 H|[S7| A L= A|

WA 3.50] =7}

type PyAsyncMethods
o] FXA= ol olEH & nlE 7] olE el ol AXE TS dl B2 Tl thek 220
Utk

27 Aele e 24Uk

NM
oft
fy

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] Fo] AL e 25U T
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PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.

AR 7} )9l o B o] oy T o] SES NUILE AA T 5 A5 T

unaryfunc PyAsyncMethods.am_aiter

ol F4o) A WL The T} 25U T

PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__ () for details.
AA7EHE7] o H ol d 2R EES FHSHA oW o] EX S NULLE AR E F AUt
unaryfunc PyAsyncMethods.am_anext
ol o) MHe the T 2Lt
PyObject *am_anext (PyObject *self);
oj o] 5l & AAE whas] oF FUth ARAISE W82 __anext_ () & FXIAUAIL. o] £X 2 NULL

sendfunc PyAsyncMethods.am_send

o) B4 AL T BTk

PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
WA 3.109 &7}

129 =& & typedef

typedef PyObject *(*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)

Part of the Stable ABL. o] &42] 2L w2 8] 27|34 HE 2 &2 B 5= qup} o) ~H
o] Agrsl doj9], 797(4-(5].7]] AEE 1,007 27|35 A9 ob_refent+= 1 &2 AAE T ob_type
2 g odxz dAE YR EZ Ud 2AEHE W3 of gt} «1 tp_ ltemSlzeﬂOOl of
14 A, AA| 2] ob_size -éE‘; nitems 2 271351 @FH W 2e 852 4o]=tp_basicsize +
nitems*tp_itemsize ¢ of 3}=4)|, sizeof (void*) o] vl ZE A8 €8 FHojoF Ut} 12X
%W nitems 7} AP A ¢kow 52 Dol tp basicsize o oF FUTh

of e The A2BA 27342 S8R ofol Fuh 27 v @ d By 1AL
tp_newol ]3] 53= o] of gt}

typedef void (*destructor) (PyObject*)

Part of the Stable ABL

typedef void (*£freefunc) (void*)

tp_freed FZIPAL

typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject*)

Part of the Stable ABL. tp_news ZFZ Al L

typedef int (*initproc) (PyObject*, PyObject*, PyObject*)

Part of the Stable ABL tp_initE& FZ3JAl L

typedef PyObject *(*reprfunc) (PyObject*)

Part of the Stable ABL tp_repr< FZ3}AHA| L

12.9.

22

&2 & typedef 275



The Python/C API, £A| H{% 3.10.16

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
Part of the Stable ABL. 22| 9] | H o] E2JE < WU

typedef int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)

Part of the Stable ABL. 17| ¢] HHH o]EERE 7S AT Uth oJEYHEE AA| 512 ¥ value <

ZFNULLE AAFH Yo

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Part of the Stable ABL. A x| ¢] MY H o] EgHE g3 vHeHgh

tp_getattros FZIAH A L.

typedef int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)

Part of the Stable ABL. 21A]2] 5 H o]EZHE S A AUt} o] EEHEE 24518 A value 21

ZFNULLE AAH Yk
tp_setattros FZIHA L.

typedef PyObject *(*descrget func) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.

typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc) (PyObject*)
Part of the Stable ABL. tp_hash& ZZ 3 A L.

typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
Part of the Stable ABL tp_richcompareg ZZ 34 Al L.

typedef PyObject *(*getiterfunc) (PyObject*)
Part of the Stable ABL tp_iterE& ZZ3FAHAI L.

typedef PyObject *(*iternextfunc) (PyObject*)
Part of the Stable ABL tp_iternextg& ZFZ 34 Al L.

typedef Py ssize t (*lenfunc) (PyObject*)
Part of the Stable ABIL.

typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc) (PyObject*)
Part of the Stable ABIL.

typedef PyObject *(*binaryfunc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef PySendResult (*sendfunc) (PyObject*, PyObject*, PyObject**)
See am send.

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL.

typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
Part of the Stable ABL

typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABIL.

typedef int (*fobjobjproc) (PyObject*, PyObject*)
Fart of the Stable ABIL.

=

7

0,
>
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typedef int (*fobjobjargproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL.

12.10 0O

52 ghol A 3 Ao hdt o duth o 7)ol of gt o] vbd 4 = ARbA S AR o] g Yt
AHRE 7022 I AFE Bolsyth B W2 oA, 48 FE 9 A5 A = defining-new-types 2} new-types-
topics & FZ YA L

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

o G 2713428 AFg- st ©] A ZE (53] CPython = Wl o] 2o M) E 2 5 9

ol
c
o

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
’ /* tp_itemsize */
(destructor)myobij_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0 /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
, /* tp_traverse */
, /* tp_clear */
P /* tp_richcompare */
, /* tp_weaklistoffset */
/* tp_iter */
/* tp_iternext */

~

~

O O O O O o

~

(TS sl AToT A
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R s S e e P I )

/* tp_methods */
/* tp_members */
/* tp_getset */

/* tp_base */

/* tp_dict */

/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */

0, /* tp_alloc */
myobj_new, /* tp_new */

~ N~ 0~

~

~ N~ 0~

O O O O O o o o o
~

~

bi

ke Bz, A

0

z, A2ds G e 242 A 95 B

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
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
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The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

1211 &8 JpIX| 27 x|

S8 F2E ZYPHE HAS BAL FA 3 o)

& 3 ) A AR A Ao £ gt e A
A el o A B Aol A G e Al e 2 AZAA A, UA D01 £ A
A0 3 FE T AFTH: B2 A $R0) B3 o | WA A AL AFE DL YU Th

A"olyd S wEHY, & AAY tp_flags BEJ} Py TPFLAGS _HAVE _GCE X 33| of 31
(b traverse Ael7] TR AFHk FUTH B QAL AWOIW, tp clear FAE A3 of
.

Py TPFLAGS_HAVE_GC
ol FU L AARE FY AAl= o7 AHEA FAS EFaMoF U HYE A o)y AAE
A" ol AA et skl5 U th

A" ol WY AP A= F 7HA A& 8l oF U th
1. AA 8] w2 2l= PyObject GC_New () W PyObject GC_NewVar ()5 AH&38te] &gs) oF gt
2. o2 Aoy tidt ZF2E 28 ¢ e BE D=V 2VSE W, PyObject_GC_Track ()& &
<ol of i th
74 A 2, AR o] el Al AL (deallocator) &= Bl 28k o 2 A& 43 ofF g th:
L b2 A" W E Fxsts 227t F a3} 5 7] Ao, pyobject_GC_UnTrack ()& E&d oF Gyt
2. A Q) W BBl Pyobject_GC_Del ()& AHg3to] & | A= of oF g th

7Zd31: If atype adds the Py_TPFLAGS_HAVE_GC, then it mustimplement at leasta t p_ t rave rse 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

12.11. =8 7] 23 X3 279
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populate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that
implements the garbage collector protocol and the child class does rot include the Py TPFLAGS_HAVE_GC
flag.

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)
PyObject_New () Sy -SAVSIA WY, Py TPFLAGS HAVE GCZe)17FAAR9 AH oY AAE Y3 A.

pul

TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
PyObject_NewVar ()& FAFSHA WY, Py TPFLAGS_HAVE _GC Z#| 27} AAH A oy AAE ¢
gk 2.

TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
PyObject_NewVar () ol &af &3d Ao 27|15 AR FUth 2717249 A A s shd NnULL
2 AF T opie 014 541717 22514 robok g

void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL. 5~3 7] 7} A &b 78 o] AA 3ol AA opE F7HU T T3 7]+ o714
22 Al 7]'01] Adgd s olong ZXJE] =S AR Fas oy tp traverse 8 7] 7F &4
3} BEE A=Vt FAEMAE TS o Gt HE AP 2R E ZA YU

int PyObject_IS_GC (PyObject *obj)
AR AN A A7) 2 ERS LA 00] o g

S ubeslal, 18 %) oW 08 wEgy o
o] 3427102 WEetd 7H8| R 2= A7) 7 AA S AT 5

SIS

)

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 24/ A] o] GC Z2EZ-S T3 opZ} A 7181 A = A 7] 7}
27 Folw 12 WHebsta 1A ko W 02 Wk o]

o] AL mlo] A h4= ge.is_tracked () o sFEF Ut
B A 3.9 F7}.
int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 21A] §0] GC T2 EZS F A 718 A A7 7 op &
oju] stojdefo] = PO 1-Z Wkhatal 1¢ A oo 0 whEHg o).
o] 21 v}o] W 4 ge.is_finalized() o s Th
B A 3.9 F7}.

void PyObject_GC_Del (void *op)
Part of the Stable ABL. PyObject_GC_New () Y PyObject_GC_NewVar () S AH§3Fo] 21 A o] g3
v = 2] & o Al g o,

void PyObject_GC_UnTrack (void *op)
Part of the Stble ABL 53717F A5t Aol A Aol A op AAE A AT
pyObject_Ge_Track ()& o Aol thal ThA] B& 3ol £4 A ATl LA £718 5 515l
T YA L. @IS A AH(tp_dealloc A B 7)) tp_traverse A2 7] A AMgsh= 2E7F R

315 7] Aol AA el sl o] S TE3 oF Tyt

WA 3804 WA: _PyObject_GC_TRACK () I _PyObject_GC_UNTRACK () "lZ 2= Z8& C APIYA]

AAE A5

tp_traverse A8 7= 23} & g o] 4 7 M4 E o}

0 U]o

il
o

Ytk
typedef int (*visitproc) (PyObject *object, void >"arg)

Part of the Stable ABL tp_traverse 28|70 ALE & WEA T2 &. o] g4+ gAs = AA &
objectZ, tp_traverse A& 7|9 Al WA v/} A+E arg 2 igﬂoio]z gt} Jol A Fol= L3
74 A & RS A o2 HEA BB ABTUH AL AN AL EA BB LA ok

Faet gaurh
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tp_traverse A2l 7] The # olofof Futh:

typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL ZAH| o] ] AA| o] &M p Ut T selfoll 23 Z3H 2 A A of] thaf visit
SrE S &8l oF 8k, visirol] th St v 7} W= 2FE AA| L A 2] 712 ADH arg FEA YT visit =
NULL object Q1 A} &2 & &3} oF F Uth visit 7} 0] o} 22 w13kl 1 gho] S A] ¥k3lg o of g,

ful

tp_traverse A2 7] A4S &<et7] A, py_visiT() AR AFE U o] AR E AE S |,
tp_traverse T8 XY o5& B3| visit 2 arg & A 3l oF Pt}
void Py_VISIT (PyObject *0)
o7} NULL©] o} ™, 0 &} arg AAFZ visit 2 TE Yt visit7h0°] obd g2 Rb&std, 17
WU T o] iR S AR S, tp traverse A 877 thg 3 2o U th

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 3§ o] Ay A 7} 8 ¥ o] ¥ NULL ©] o] oF gt}

typedef int (*inquiry) (PyObject *self)
Part of the Stable ABL. # % 32 A S 5 I+ FXE AAFYUch 29 AR = Fx <32 2 H

AT FQonz ol AEE Ho] T Fort gFUth o] HAEE S &3 Z o= A7 Fa3) oF
FUTH (A ZFRol sl Py _DECREF () & &3] A Al L). o] AR 7} Fx &8 Fostal &

FR717F A o] I =S T 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)
Fart of the Stable ABIL. Perform a full garbage collection, if the garbage collector is enabled. (Note that gc.
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)
Part of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns the
previous state, O for disabled and 1 for enabled.
WA 3.109) =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 3.100) =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 31000 &7}
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API2} ABI BHX E0]7]

CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.

PY_MAJOR_VERSION
The 3in3.4.1a2.

PY_MINOR_VERSION
The 4in3.4.1a2.

PY_MICRO_VERSION
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 0xF for final.

PY_ RELEASE_SERIAL
The 2in 3.4 .1a2. Zero for final releases.

PY_ VERSION_ HEX
The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

HIO|E | HIE (8] AIC|9F &=M) | 5= Valuefor 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] A 2] Ut}
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oo
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>>> 1319 o] /|8 shold xEzE. ABze o)A tfE P oz AP + Y L ool 4 A B 5
&k
LT e A
QL ], 4

Aol XA Fo] ojsbe Ao 7K 5

e Ellipsis W& Ab<.

2to3 FtolH 2x TEE THo| M 3x T EZ HEASH I AT =4, 22 E 7 B4 7 B4
EE JAA ZATE = = gFEY g S vyt
2t03 = & glolHE g o A] 1ib2to3 E AlFHUth 58 Ao g AP 4 = ATHE = Tools/

scripts/2to3 & A& YT} 2to3-reference S H A 2.

abstract base class (4 #lo] 2 Fe|2) Fd W o] ZF# A= hasattr () é‘% g2 Hadsel A AY

n B 3HA ZRE (& 0], A A E) 4%, A O]’\E Zq-/]ﬁ]'h %Zﬂ%fﬁﬁi”"ﬂ g E}o]
< B3t ABC= 7 A B ZEi g EYot=d], FHAE AlS 3}11 FO A E isinstance ()
9} issubclass () o & AR E 5 Y= %"/Hic O]D]T/}, abc 2E /‘“ﬂ/ﬂ E HA L. Jlo]Ho=wk

£ 1y & ABC S 9] tq—ﬂ- o gSH 22 A5 AF5YH: A8 F X (collections.abc BEOA),
A} (numbers R EA]), 2EF (1o EEIA), YZE 312} 2H (importlib.abc EEA]).
cbe BES AL A AT ABCE BE S 9% ok

annotation (o] =€ o] 4) Tﬂr’\oﬂ wet 3 S E 2 AMSH = ¥y, SR oEYRE B T WiviHS U
W gt 92 Aol Bk

9 W40) ool 4 99 ATl DALY YA A s, T2 54 D el ofseefo
AL A2 2E, Zd2, T49 _ annotations_ EF oERHE A AH Yt}

(
~

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 (12} & 22w ob (B A=) 2 ABH e % F 57 A7 S U h

« FIFE Z} (keyword argument): &< i% uf] A1 2}7) kol B2 A} (A& 01, name=) = **
E ool £ gz 31%}51% 12} o & £, th-2 3 22 complex () i%oﬂ/ﬂ 3 JJr5 =
E—r 7] JE AAFY Ytk
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o Y X QA} (positional argument): 7| 9= QA X d 1zt H A 1A=L ?_]Z]'% o] Aol e
AvolHHE o gofl » & 2o A2 AFUTh A& 5o, bR 22 T2A3HF 5 =
R 97 QAU

W5oll o 8 L. o] ol 85 & 74 S0 thsl A calls 3L
HAS. BYAoR, ojd R0l AAE AHEE & Y&th TR gho] A9 Wl o e,

019 v 7] W4 F2 T FAQ A& ARks} vl A 42] 2po] S} PEP 362 WA 2

asynchronous context manager (W] 7] AYAE #A2]R}) _ aenter_ () & _ aexit_ () HAEE A9
O 2 M async with oA Hol= &4& Alost= AAl. PEP 4922 =45 A5 1/1 t}.
asynchronous generator (8]-57] AU o]€]) H|5 7] AL o]E o] o]E & 58S+ T4, async def

ZEAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
284S 2FSTH= Hol YT
B3 uE7] Avdeld g€ 7He 7| A v o] ¥ W o X = vlE 7] Al delE o5 olH & 7He 3]
Uth ol =8t= oJu 7l §EshA] e A=, dAS o5 M TS gy ch
B]Z 7] AlF g o]y &4+ await EAAT} asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (¥]-5-7| #| v #| o] €] o]ej#|o]€]) 1|5 7| A& o] e T4
H)5 7] ol E & o] ] At __anext__ () & Z&5HH olflolHE AAE E2F 1L, o] A& thF yield
E3 A 712 8% 7] Ay @ ol ¥ 42 uit] & A8 3 o)
Ztyielde YA R AEE Sy, L AAY (NG Hesdd7] & try-—Er%% Z3ee)
A Al E 719Utk v 7] AlY ol o]E# o8] 7} __anext_ () 7]—33% L ko) o9
olHE R AN, w2 o g B}t PEP 4928} PEP 5255 E/\ﬂﬁ.

asynchronous iterable (8] % 7] o]E] 2] &) async for FoA] AF2E ¢ Q= AA|. _ aiter_ () WAEE
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (H]£ 7] O]Ei dole]) __aiter. () & __anext_ () HIAEZE A= AA.
__anext__ = oldolHE AAE & FH ok @HV/]— async for+ StopAsyncIteration 9|97}
DG 714 WE7] o Eelol 89 _anext_ () WAEI} EHEE olslolHEE ZUrt}. PEP
4928 = Y= A5yt

attribute (o] E2]J E) A value associated with an object which is usually referenced by name using dotted expressions.
For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] 90| &) await A AHST 5 Q= AA. ZFH o]y __await_ () WA EE 712
AA7FE 4 A5 Y Th PEP 4925 H A 2.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}0] %1 2] ZFA] 2},

binary file (s}o] 2] shed) ol S5 A EL Q1 & S gliz el AL vpol el shde) o2 vlol
U] ZEE ("rb', 'wb' == rb+ ) 2 98 3¢, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO &l gzip.GzipFile & A2EHAE &5 4= 95Ut

str AAE AL 2 5 e Y Aol el AL Has ot E FEEA L.
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borrowed reference In Python’ s C API, a borrowed reference is a reference to an object, where the code using the
object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage
collection can remove the last strong reference to the object and so destroy it.

Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py NewRef ()
function can be used to create a new strong reference.

bytes-like object (W} ] EQ{F AR v 22 &2 & A AL C-AL5 HHAE J2XIE T H
&% memoryview AA & EE 0|1 bytes, bytearray, array.array AAES 23U} vt
JEAR AHNEL vtol el Yol B S TRt o ¥ 7hA A4S A8 & AFUTh 43, v ¢
Sz A 242 FHAE 2L ATl Tk
o AAES o]V HlolH 7L HA A Y B2} LTk o d Ao AYA L FF 9327 v}
O|EEF AA g ETYCE 7AW AA ] J 2 EDbytearray @Fbytearray & memoryview
7} 95Utk T2 A4S 2 nlo| U g HlolEl 7L B AR (<9l 7] AL nlo| ELR AA”) o AFHEE
LY o]d A5 A EE=bytes$ bytes AA S memoryview 7} AF YT

bytecode (H}o]E F &) ulo]H £ FE=nlolE T 7 731U F =4, CPython 91 E]Z 2] E] o A 5}o] #
ZR I YR 2FJYTE Hlo]E IEE pyc 3ol A Hof, 22 A F AR AP o)
o A A RbE U T (S 2o A vlelE =R - DS 9T A5 Y. o] “F do)” = &
Hlo| E S Eof tf 3-8k 71 Al & Aot 7H) 717 ol A Aot BT vl E I EE AR THE
ghol A 7Hg 71 Ao A ZEd e ZIthekA &=, sho] & vl 32 Zholl Qb A o] A & oFth= Aol o] 3f oF
sl )
HlolE F = o] 5o 552 dis B8 Aol Utk

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 implements the __call__ ()
method is also a callable.

[*]

class variable (S 2| & W) S 2olM HAH A Fll& 2 (5, S A2 20X 7F of 2l o 4wt
TR W

Ho) JAEAE TIE Yov B

3
= Ry
A S A : 2 A% 302 AR AT, 3445 oA,
7} ol A= T2 & o] 1 (3L} int, T2 BFLbE float), S-S U5l Aol 2L 3o 2 WEs)oF g )
28R ko TypeErrorE 4o 7iyth I o] A glol&, 5

jo 1 > b
‘|>' AU )

r o> o

By o el et

=
+17. math 259 B44 W o] E838H, cma

ﬁ
jo
i
>,
ojo
i)
2

Mo ol
Iy
°

2
>

context variable (A&l A&
R

e ke ge 7Ha
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Qg s e AGAES G 5 900 AYLE WAe] F BE L FAA UF 7] BazolA
HTE FA s 2 YUth contextvars & FRSHAIAI L

contiguous (%) W= A &3] C-A <5 (C-contiguous) ©) Ay EE 2 A S5 (Fortran contiguous) 4 W) A0l
O AR Ut B3 W3l = Celdo]BA E = e A% el ch, A3 v oA, 2 A o] 243}
a1, 001 A AJ &t L 5 Ak J@V\«] A E w22 ol uf X5 of oF Fth thAkd C-A<5 v G ol A,
B Fa0) SAUE BEES BET 0 01N Q€ A5 7bg e Mgk o) ST EE S 14
v ol A=, A HA ldl A7} 7t wke] W g T

coroutine (¥ TS AEFEo) o ASH Fe YTk ABFUL @ AFol A 1YL e
Aol A BT 25 S, AN 5 YT o AEE

IFEL2 o o2 A HA A AYstaL, EE3
async def 2o g F3T 4 95U Th PEP 4925 H A 8.

) AR B R B

32

coroutine function (Z. € g4) #
91, await @ async for®async with 7Z|H=& 3+

Ed= s Ut

4m

B g+ async def w0 Z HoE 4
S
2

=4
9% ITh o] 2152 PEP 492 of o3

CPython 3}olx 2 I efw Adojo] 784 Q1 -3 <1, python.orgol| A vl 3= %‘4‘:} o] F+& S Jython ©| L}
IronPython ¥} 22 t}2 Z &3+ & g 7} 915 ulf 89 “CPython” 01 A YTt

decorator (W] Z & o]¥]) ThE F+E 85T+ T5Ud, 5 Qurapper THE AL T4 T o =z 48
AUk dZd olg 9] &3t o= classmethod () &} statlcmethod ?:] Ut
s eole 92 944 A FHYE BYUTh v F 5 Y= e s F5Fth

def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arg):

22 Mol Zeaol = A 5HA v E 2k 2 Q) Th vl Z g o] B of] o 3 T ARAI S -8 T B 9
o Zejx Aol o 4EAES B Py

descriptor (t] & ?—',;‘ B) WA= __get_ () o]y __set_ () °]Y_ _delete_ ( .
2 AEYJEZMYUATHE G W], JEYFE 23| = 5HG AZ ZES dofUrh HE,abE 8 A
L, 2 AL A Xilﬁ}Lfﬂ AHEEE ], o] S g oA bt o] F B X A E F 3
b7t 2T HE Y, s F sk tATHH “ﬂ/ﬂ‘:ﬂigﬁ‘%‘:‘r a3 gdeE o)sists A2
gk -2 o]l <] OﬂJJOTEﬂ,?:‘—’F, HAE, Z2HH, FH2 WA S, 288 A S, 5 A TR
Y 75y V2 olF A A HE ‘?JHE‘r-

Y22 Yo A =5 tf 3 &AM 3t &2 descriptors U} T] 23 H B A& Sh A of] Y34t}

dictionary (“"/ﬁl:]a]) o9 715 ol f3A7]= AF vl F (associative array). 7]= _ _hash__ () <&
_eq_ () MINEE Z+= EE AA7HE & dsUTh oA At FEUTh

dictionary comprehension (5 2] HZ e A) ole 28l & 84 AA VY IR E Aestl 2H4E G2
gxyeE ‘ﬂ-il-é}— a8t ®HY. results = {n: n ** 2 for n in range(lO)}‘_ fn *x
20] Wi A 7] nS 23 9 8l E A4 3 ok comprehensions & FZ 3 A L

dlctlonaryVlew (“’]K%L‘]?/] H) dict.keys (), dict.values (), dict.items () HIAE7} E8]F = A A
2 gAY Hebw U o AES ST FEEC] fE FA9 HE A, P4
Qel7b WAE o, $7h o WahE WA ATHE EAUT G4 HE BAD I AER SR
list (dictview) & AHE-3HH F Ut} dict-views S XA &

docstring (S2E9) Fel2, Yo wEolA A 0 BN 02 b B4 dHY. 29 =7 292

=
Wl = F A A 5, Ao )3 AR o] Tl 2ol 4, B, RES _doc_ ol ERER 4
Utk QES 29 AL B3 AET 5 GOuE, AR APAE AT FHAL FAAUTH

o]{rl _VE,
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duck-typing (4 B}o]3g) &H}E AHH ]2 E 7HHE=A %E‘r%}%tﬂ AR L HA ez
A A, s A=Y A ERREZ SSH AU AR HUTH(“L F/]ﬂa —”?—0]-1—-:—3] A =
‘?i,——’-ﬂ—:J—ﬂr/}”) 57483 Al sl ol~E 701’5—?}0%5"1 ZAAE == HF AR
Oaa]'ﬁ'oi’yﬂ AdE 7H/‘%U]’/\%IQL]D} 9 E}o] g2 type () ]Urlsnlstance() 2 AFR- 3

= IFdUnh (AR 9 Erolsgo] FA4 o] Fe s = E%‘r% T Aol frel s oF gt thale,

hasattr() AAMG EAFP Z2 28 WS £

EAFP 3] 2 H t}= 8 A1 S £3}7] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4= 9l 1}o)

Y 2B, 2uE 7| o B HEY EAE 7HA sk, I 7 o]l B ol E &

ZZ__}—‘L'a}I!_ w= /\E‘ro‘ 2 W2 trytexcept w2 SAME EZA AP YL o] HIa Y2 Ce 22 T E
Wo Aojoll A AHF AL = LBYL ~EFL 3} ol v Ut

expression (3 2]) ojH oz 73 H;q 9
Z

o L1

oy o e [>

M)
v}
rlu
112)
i
Bl
r
0{1
EE

M N By
rlo rlr

=
rC el

ko

=3
mqa}q}zﬁog rE ?joi %M =50l
R Tg Eol dFUTE Y =3 FFolal, A o] of

extension module (2% 2 E) C U C++E ZAH REQ|, ulo] A9
TS ALY

f-string (f-= 2} %F) 'f ‘)r F'E o 2 AL glHEES &3] “f- A g olgt 2+, W A4
21612 o] 29l LI, PEP 498 S 1A 2.

file object (3} 7—11*“ 5‘]“‘?— 2+ o] EHEH 3t A &A API(read () Ywrite () 22 WA EE)
A R Wy ol whel, 3t AA = AA a3 gl -‘74'%10]1/]":]'— A ZFA Y FAl X
o, ZF Y=Y, d-vRE ¥, &7, gto]=, 53) ol gt AN AE FAT 5+ ds5Uth

= 3} dF AA (file-like objects) Y} 2~E & (streams) )2}t %= EH T}

AR ze AR5 Y AA o] AUt 2 raw) vl o] 1] 2] 519, W 5 = (buffered) v}o] 11 2] 51, €]
5 9. 18 Bl o R RN R Y AA & B FRAL P L open )
g 28 AU

file-like object (3} A& A A)) 31 A7 2 v)$8h

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the operating
system and encode Unicode to the operating system.

(

Na S
24l e

S

)

e =

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem encodingand filesystem_ errors members of PyConfig.

See also the locale encoding.

finder (F}Q1t]) Y2ED RES AT =0 & oy A=t AA.
o]l 3.3. o] 3 2, F FF 77t JFUTH sys.meta_path & FA ARG S v EF 7 2 ThQl T
¢} sys.path_hooks I A AME-3t= 4= dEg] 3 H.
o A 8 Y22 PEP 302, PEP 420, PEP 451 o] U84 T}

floor division (3 4= U Al) 7173 77k A2 W Edhe 318 Uil A U A4x= // th A&
Sol, ®HA 11 // 49 gL 27 H AT, A Al S °2.75% EFUh (-11) // 47F-2.75
= 141%‘ gk -30] Holl F93)oF Futh PEP 2382 H A 8.

function (3) TEA oA oW 3t S5 99 3= AW T o3 A 7 AEE 5 e,

}1;]/] o] AF2E 4= J&ych v 7w 9F v A = 9} function AR T H A Q.
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function annotation (3= o] - €| o] A) 34 v 7f A =1} 9 gk of | o] A

B olwEo]de Ao d g 2 ALYk & 5
d Ao 7, SA 9 int ¥R S S o2 ZtE Ytk

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Bh: o] L H o] A ¥ L function B ol A A W3}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

_ future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
__ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (/1] 2] 7)) o A1-8.5 A ok v Rel G whd sl WAL Sl W e Fx A4 F47 B2
= 7 A = AE FF AU 7R AT =

TS AAGAL Fe 5 e =F 7HIA A E F3)
gc BES AHESlA Ao g

generator (AU & o]€]) Aol oE & olE & EeFs 3. gl
Y yield BA4E EFAUTHE Hol BEUT o B
2 wloll b 71 4 g o,

BE A2 0l B4 Ahel 7| A, ol ® Bulo] A= Al el ol 8 o] e o] E] & Zhel Tk o) E et
oJu] 7} Walala) ok Ao, A o2 MA RE TS Gt

generator iterator (AU @ o] €] o]e]d|o]E]) A ol 7t e = A A,

Zryielde A O R A2 E S8t 1 9149 (A ] W

A% el S 1 g A Aol g o el 8ol el 7} Al E W, m
A3k 2s) ol F U o,

generator expression (AU @l o e] EH4) o EdlolE] S BejF e Ed4). £ W59 ¥ E Ho st for

A3 A s if Aol Hol & AN EAA AP BAU AgA B L SR A4S AP

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AW g &) 22 AXS AR 2 FEo Hs 7S A T2 78 5. S 1

oW FH o] AR A= tasf x| g Fel s 2 U
A= o292 8o 23} functools.singledispatch () Wl Z @ o] E] 2} PEP 443% X A Q.

generic type (A]U] 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< olg=ZgE] & & HAS.

global interpreter lock (19 Q11 2]e] £) 3t o] © 7] sjL}e] Ad| =7} gho] 4l vo] =
W 57] 918l CPyhon QB 2] B 7} A& 51 Wl AU S (dict 9} 2 528
A7) melo] B A0 5 A AA 2ol tha] HASHE S §H5 0] A CPython 78
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AelzelE AAE F1e A2 dHzHE HF2d =387 A BEs tiA, ts =2 A4 714
AABE BE ] Be RS g

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.
(2 O vASHA -/ v ol B E A aE) “2d =l At 22 (free-threaded)” 1 22 B & RH5 314}

She A9 e A3 Ael A R, £@ e ZeAA 290 A5 At A5k B2 .
o) 95 oI E T AL THE UL AGIA LRolA £ WG] Rold A0 AN

hash-based pyc (3] 2] 7]¥t pyc) &S FHHL7] S el T a2 5t o] HF 4 A ko] obd A& AHS-
3t= ulo]E I & 7) A] 9}, pyc-invalidationS 2% 544 2.

hashable (3] X] 7}5) A7} 44 71 ko]l W3HA] o= A ZS 283 (__hash__ () WA =7 3],
o2 Az et vl aE 5 9}2“4 (_eq () ®WIN=7} éﬁ%‘bl oh, Al 7hsdtehar o 2okl v

== Al 7hs st 7“211 S 9] A gES Zolof gyt
A 7He A2 AAE 9 Y ZIv AT I E A E 5 QA sk, o] AFR TR E] WRF
o= 6HAl #HZ AHSSH 7l W gy

ol Aol EH W A EL A 7Hs
—"—E‘Zl AsUth (F *Olb‘rfrozenset ZE“’) =4
7Bt A AL Ao 2 A0 dA"HA AAE

o
shals) B thEral Hla s i ﬂ/‘l F2id() 2 FH
IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.
immutable (B¥) 1389 gs 2t AA. 28 AA = 2L 24, fEs 233Uk od A2 ¥
%%4>MHHG*Wﬂ°ﬂﬂﬂﬁﬂw7hwfﬂ—ﬂ%@ﬂﬂ:%ﬂﬂ%%%MMb1ﬂﬂ¢ﬂ%
%011* T2 LS FUth ol & S, 949 7).

B R0 A g8 (e dw A

Fdunh Gl2EY gAYy e 22) 7k AH U E2
Gl S Al 7hs 2 ol it 3 *]
2 oAl 7He Ut (A7) A S A9

g
=
=
=)
=]
©
Fd
g_g
)
ta
i
o
i)
)
X,
2
[
N
iv)
rju
td
i
o
i)
)
¥,
HJ
s
K-
>
_,h

25 YES e B
715 ot 2 E 87| = S AA; Al 3hlH Olz}iﬂﬂ A Aok

interactive (t]3}3) Tlo)H & 318 ez g8 & 21 Q=] JE =z 22 Ei EXA EFH

U84 U7 52 498 AoAE ¥ SIhE T A 90l B4 python g AR

FEIS] ol 4 s ). Al oot ol & AxTeA Y 2 EH 7] 2
e g A2 A At (ot () 5711

interpreted (QE]Z2|E]=) vio]E I & Aapde] o] EA) ufFoll 2 F& 0] 3B A 7] &= sHA| 7, Jho] #-2

Aol 9lo] 7k of ek QlEj el e elol itk of

o

importer (Y £ E]) &

XN
i oY lo

>)i
bt
N
Ir
n@
w
rL[>
i
L

paLY
rlo
ok
>
N
o
fru
>,
o
X
o
]o
o
1]
XN,
2
S
krl
B r
> 7l

S A AT Aol ULk 1z ool & o A4 A
doje= BE Ao Aok g2 i/t F718 25Ut tisla = BAL
interpreter shutdown (QJE| = 2JE] £8) 53t LA S 1S uf, golH Qe ZgHE EHS A 7] A
AsFetl, BEoI L o2 44 F 28 U3 FRED} RS LE BEE ANES ST wdgh .
w70 A 571 7] & ol el W B2 gtk ALEAL A 9] 919 A weakref 2 o] 9 L= Ee] S
NAND % itk 2 A7 B AR E 2L ke o 2 S B 5 g, 220 o £l
(£ = golBeg g REolv A FAEHdUTH

SRS el G oA e 4 S A E o
H

Jdejzele] 2o 79 AL A3

iterable (°]E]2]|8) WSS A A S8 5 A= AA. olHHYEJ A2z = ist,str,tuple
Z2)ANAXFE, dict Z2E2E o NI FE, Y AAE, __iter_ () YAE2NES 73
f5}‘Efgetitemf() HAEE WA Y3 nE Fef29 AAE0] Y5 Th
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OB H &2 for Fx AH’% T UL AEAE 8 E St U8 B2 X (zip (), map (), )
AHEE 5 dsUth o HHE A7 W T iter () o AR AGHH, 17“%114 olH ol HE
EHFUh o] oH b olH+= #EY %‘Ji}%?‘a HAA = T FaEFUTH oHeES AT o,
HEL2iter() 3 %‘}ﬂlﬁr olg g ole AAE A thE B8+ s UTh for w2 o] AE=2 o ¢
2 ASIA AHs o2 i Fed, F2E T B olHE OB E FotE ol v ¥ E s Ut
o] el dl o] E], A A 2, Zﬂ U olE & RA Q.

iterator (o[E]#| o] ¥]) Ulo|EH o 2ERS Fd = AA. o]H#H O HE __next_ () HIAEEHEHOR
TESHH (B 141*‘ Fnext () 2 AL W) 2EH J&= FEES X}ﬁltﬁiiﬂizqq g o]
A+e] dlo] ] 7} 912 w = thAl StopIteration &S ot} o] A A], o]Eld olE] AA=
A2ZRET,0]Z BE  next_ () IAEETESL StopIteration A& & thAl €27 7] vk
OlEifﬂlolEiL OlEHlolE% A A X}LE = FE__iter_ () MINEE 714 Aol 875 7] w2, o]

el o] B o] el el B ol /| 311 ] & ol | | BE & Wo B ol o 28] £olA 18 5 9% ek
Fog e o] WY ojHd o] S Al=dte ZEYUTE (List Z2) AE oY AA| = iter ()
T2 A S AL for Fxof A& ufubtt A o Ej#] 0] B S bR th. o] | Z5 o] Ef el o] H of v 5)
Al et o sk, A o] B #l o] Aol AFEH o]u] &K1 H o]E o El & %Eﬂ-’_ﬂ/ﬂ, Wl AE oA
H oA wEYth
typeiter ol & ZFAI gk W -§-©] hF Y Th
CPython & AhAl|: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] ) 7] &4 == =4 o] A (collation) &= A (sortmg) o] 1} 8l & (ordering) o] AF&-F] &=
#He =T FHEYYULE A& E9, locale.strxfrm() S EAL SZ S == AL 7| E
e A Y Th
ol R g =77t R AE o] oABA A A ] A AL F ol = A Al o817 fl 5l 7] T dotE YU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby() o] g5 Yt

7§58 BE s U ol g ol dguth o S0l str.loer () WA TS Aol s TR gl
AEZS A7 FTEALE T UF 1/]D}. Ao g, 7] T+ lambda i—i?ﬂ*‘ii s £% e
dl, o]& AYyrth: lambda r: (r[0], r[2]). =3 operator BE-2 M 71 7] g5 AAHAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &5 W= /\]-—9—'6} = o
tf & o] & Sorting HOW TO & H A &.

keyword argument (7] 9] & 12p) <A} & B A Q.

lambda (Feh) % ] gro] To A= sl B4 07 PAT o] F g dekel B4 B} RS V=
= EHL lambda [parameters]: expression YUYt}
7] Aol X e} (Look before you leap). ©] T ~ElL2 T E& ol 23] & 317] A WA H o Z ALA
ﬁ%% AU o] 28t Y& EAFP H2R 3 thu] = 3, @2 if £9 S E SAA A YT
= 374 A, LBYL FH2 “B 717 2F < 7] 7ol AA 24 WHEA 2 Aol dFUTh
o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] Ao,
XY =7} keyE mapping | Al Al At A& 4 QlFUth ol# o] F o] U EAFP H2 W&
Na oA A AT A g aad,
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).

Ir

url

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 filenames.

list (R 2E) WA sho] W A2, 7 o] Bl £ B35k, Aol tha X271 0(1) 0] 7] wEoll, A B aE
(linked list) B t}= T2 Ao 9 v g4 A Y o}
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list comprehension (2] ~AE Hz 2| M) A|F2o 84S AR EE

FE A3 Y. result ["{:#04x}'.format (x) fo
] L 00] 4] 255 Abolo] 9l BAES o] 16712 (0x) S& Ef‘&‘}% A B AES “*CIJDP if

A2 S+ AdsUrth A=sHH, range (256) ] 8L

loader (2¢]) 25 ZE3}= A4, load_module () °]ghe= o] WA=
= 5loly 7 == UTh x}/\ﬂaj} Y22 PEP302 &, 4 vl o]~ F~
E HAMQ.

magic method (W] & WA =) S5 wjA = o v]FA] A Q] v] 23k

mapping (W] ) 2] 9] 7] 23] & XY}l Mapping oY MutableMapping FA H o] S o A A H
HAEES F3stE Ad oy AA. d 2= dict collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 J5Yth

meta path finder (W€} 7 2 5}QIt]) sys.meta_path 4 Adol EHF= Il e &2 A= 4=
Q=) 5holE] o ghel sl of 9171 ShA v cheu o,
et A2 37 £ St= WA =S A= importlib.abc.MetaPathFinder & X
.

=
)

r[r
td
r[n
ﬁ&
Ry
oy
Ekﬂ
<
%1

£ gofslof gtk 2 u
+ importlib.abc.Loader

metaclass (W e} Fell&) S22 SHia. ZHA Fo= S ol S gAY, vloja ZHAaE9

E52 WUt Hlg SHa s o] Al JIAE Woba S A E s AdS JUth o729 A4

AFY 22 Ao52 7|2 TS AT FUh gol RS EHEA vte+= 22 ALE ve S

25 s Adthe A9 Uth giRE AFE Ao A= ol =77 S B8 flAITH 8732 of, v et

ZHlaE AYsta ot iy AFPUTh JEZRE M 29 27 (logging), 28 = kA9
SuUth

N
N
N,
S
24
0%
o,
A
gﬁ
o>
ﬁ~ NH

i
-
r [
we B
58
rlo
v}
it
LS
2
=2
>
ofo
A

metaclasses Ol A T] Z}A| 3l < =

method (F A=) e vle] QoA o)t G, 2 Bejse] dadag o EolE
HAEE A JA A2 (HE self gl BHTH 2 A2EHA AAE W5 Th 5 2 5 HE A 505
£ BEA L.

method resolution order (WA= A £ 4]) WA= AA A+ ﬂ ole 5L HHE A= wWolA~ &
259 =AU 23 dE|2RE dho] A e Z o AHSH e E9 Al g 8- The Python
2.3 Method Resolution OrderS ¥ 3t}

module (%) o] 2=9] 243} 291 % gehs Al BES Q09 ol d AAEL P o5 FLE
o S e e Tl ool e 15 2] e
714 % BA R,

module spec (RE 2%) ZES Z =34 AL 5
importlib.machinery.ModuleSpec 9 ¢l

MRO "4 = 24 A & BHA Q.

mutable (7}H) 7HH AA = ghol | 4 YA T id()

named tuple (| Y& =) “named tuple(V| Y= F=)” o
=% AHgstol dlds B4 9
QEH’\oﬂ e 7% d= T+ A5
time.localtime () & os.stat () 7

o2 o= sys.float_info Yyt

rlr
ko
P
=2
_IO
X,
[>
]
4
30,
rr
I
rln
o
o
i
iy
Ry
[>
=2
o~
ofo
il
<
u)
ol
)
L

bage ghe 2@ stel, oo 3P ol MY FEY UL &

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(TF= el ATT A
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R s S e e P I )

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR U= FES PFF I o) QUh £t tupledl A 4551 o] £ BEES o5t
Aut o)~ A2 YT FES UE S Gk B Fohat 7 FAAAL A= F5
collections.namedtuple () & B& & JFUTh 242 712 A3 A4 AY W I A= =+
FoAE 2L 5 Yt B A FAUASE TR Tk

(A=

_>L:
RES
o
-,
(e}
9
i
ic
XN,
:IR
=

A o [e)

E‘&’é% A9 Yrct o & Eo], &4 builtins.open ¥ os.open() & 159 o] & F 7o 9 3f
FUR T e o BUE o8 wEol UHE TASCAE $ R wEel A R §7
B4 228 Ut} o/ & 59, random.seed () =¥ itertools.islice () 8t W 1 3k
Eo] 27 random @} itertools BREO] 9 & FAH IS 3 & o] W) Ayt

namespace package (¢] 5 37t 7] 2]) LA A B 3} 7] 2] 5] AH o] Y Z 7 7|55k PEP 420 7 7] #]. o] 5
FHA7IAE EHAJAAZ S T YA, 53] _init__.py o] gleu g A4t 37 4] o=
Ut

TE T HAS.
nested scope (ZH H A7 =)
gre e geol g s A
B U9 HA Fe
WA, AY MEEL A
& egh ),
new-style class (S AELY) Ze|A) A ZFL& 2E Z P2 AA o AHLEHT 9= FH~
= 2719 dold H = 7
__getattribute_ (), FUWL2 WA E, AHE WA ES} 22 sto] WY A F
32~ 9lglayth
object () el (EHFREUZN) E 2L T (AIAE) o] A EEdolH. 3 BE 7wAEd 27
B EE DR EESEE EX =N
package (3] 7] x]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module witha __path___ attribute.

Bt 71 A & ol F T H TN A = HAL.

parameter (M7l 5) oF (L vIAE) ool A F¢7bibg & & A (e o' AF AAE) & A

Aot ol £ 22 AL e, A TR w74 ok
o X]-71 9 = (positional-or- keyword) A ARG 7= RIAt R AeE 5 e AAE AR Y
o] Zlo] 7] FEf ] mi7h A J U th oAl & S0l vl A foo £} bar

def func(foo, bar=None):

« 1 A-A & (positional-only): S| A 27 A 5 = AAE AAAUTE A2 AL AT =
S Aol M 5o/ 2AE 2@t I F o AT AU dlE o] thollA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o 1Y =-HL (keyword-only): 7| Q=2 A2D 4 Y= 9

‘— AAHE A Gt 719 =-A -8 v 7/lA S
=g 7@-4-4 UH7H HE FZ o A ol 3hte] 7FH-91 ] vi7f i =up + & I 2 23 A YT
FAFUL A E 01, t}-& o A kw_onlyl 2} kw_only2:

294 Appendix A. 0{%!


https://www.python.org/dev/peps/pep-0420

The Python/C API, £A| B{% 3.10.16

def func(arg, *, kw_onlyl, kw_only2):

o 7FA-9 X (var-positional): (TH2 o 7} A E0f] 2] 3 A] o] n] 1
T A=A A=Y A9 A%"V‘E A1 2 gt o] & uj
OJW Ao)d ¢ JdFUTh A& 59 thxoll A args:

Yo} 5 o171 914 Q15 H3) 4152
ARG w0l o] < 2 ool

def func(*args, **kwargs):

o 7F-71 9 = (var-keyword): (Th2 Wi 7l A =E ol &8 A oju] Wof5ol 3 7] = AAEof T &)
Asd = JE dYgY M 719 = AAES A AZFUTE o) i AdFE= A HS o] Fofl ++ &
o] X HoE 4= AF UL A& 501 A9 ool A kwargs.

s AR A AAES A 7| 2R oty AdH o] At A4 AAES A ZT 5 JdF Ut
o1z g o] %] & oz} vl 7 H =9 }Fo]of L} 2= FAQ A&, inspect .Parameter S &2, function
A, PEP 3625 H A 8

path entry (B2 lE2]) 4= 70 701t 7t QEE F RESS 27 99 Fushe Qr = 42 g st
_04 x]-/\

path entry finder (F 2 & E] J]— t]) sys.path_hooks ol = FHE (F, 4= JdEZ 5) o] EHF+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH

A2 Qe AT E°] FHIE WA EEL importlib.abc.PathEntryFinder of U th
path entry hook (7 2 <l E]—?:;— sys.path hook B|2E Qe ZHEQH, &4 FZ AdEL A ZES
H=wS dy 9oty Az ol ez vloly 2 S8 F Uk
path based finder (32 719 5hQIe]) 718 vl e} 42 shel S 5 Shuele], A= J2 o4 BES 25
e},

path-like object (3 27 AA|) 3L A28 2 & ‘/]rE]rLH% AA. A2F AA = A2E Yl = str Y
bytes AA| o] A} os.PathLike Z2EZ S F33E= AAYUT os.PathLike T2 EF S XY
3l= AR = os.fspath() TTE 1%6}]/\1 str U bytes 9t A|AE Ag g Mg 4 95Ut
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 BEAst=0 AR E &+ U5

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A oF & o
PEP= F8 MEL 7]5& Z]?l tal 2 A ol e AFUE 9
712 W AYE 4t PEP &4 Ak

= pun
oA B A3 T Ao et
1

KN

He FR st spol o Solxt A 2
AFUE ol el & F535kaL Wil

portion (£4) PEP 420 o 4 B9 & AAE, o1& F21 3471700] ol i ohs shipe] el el elof Solsle
5159 2% (zip Foll A 2H = A% 75 g Th.
positional argument ($] 3] €12} <1} & H A Q.
pr0v151onal API (Z+A API) ZA API= 2 & o289 A 53
o} QeS| o] 2] 2 @rﬂ N GE A= FA T, FA A ol gkl EAIH = 7 I AEAEol 2
AT 17 BB A o] §45] A S WA o] Lol &
Qoj A £ g AT — APIZ £3817] Aol £

rl
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o] A= = ol BHE 7 LW A B FRE AA L F IE 3R] gy AAE = A==
Ut o A e Ul 82 PEP 4112 29 Hyth

provisional package (7 3| 7] x]) 74 API S HAM 2.

Python 3000 (5} o] %1 3000) o] 3.x w2z g}ole] ¥ (H A 39 w27} A uj2f o] o]ok7|d Al Fef g5 o] F
o]5o|th) o] & “Py3k” 2 £ 27| % gt}

Pythonic (S}o] ¥ thy) the AdolEolA] kA A dES AHES
71 A AR E = ol A e kel mE OPO]qoib‘r
ol Hd for T= AMEIA OlHHES BE Q4R FX

of B gloern=, gto|Hlef Q53tA k2 AMEE

m
N
m{m
=y
%
r
;

AL, FFo] A Q1 o] of] A
.L‘r ]NOﬂ/ﬂ A= A=
= 2 ge Qoo o @
g Alo] %7} 2B 2 AFEa 71 T o

for i in range(len(food)):
print (food[i])

o 25 sfol itk Y2 ol syt

for piece in food:
print (piece)

o A BLEo Qo Sefs, G, v A Eef o] 2 P2
A A FU A4 B5oh 22 Ao, 3734

é
_|_4_,

Aze A o5 4@%q55

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

B2E2 7t 7= AHSE o, &A% A3t E ol & (fully qualified name) > BE H B | 7| A 5& X3
A RER VM= HoR T':ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (R 314) AA o N3l F=x2] /M4, AR AR 3L 710082 Bol AW, W2 7 v
Ut 2 3¢ 332 dutz o g glo]ld F =9 ‘“iﬂx]t %}X]UP CP_\tlmn:rLﬁf] RN R =
sys BEE 54 AA 9 £ Sl+E 585 getrefcount () = F A

regular package (FF #|71A)) __init__ .py IS X33 ‘:]"’“Eiﬂ-ﬂ'ﬂe AF A 9 7]A.
ol5 w7 A & HA L.

_slots__ Z YR AAQd, A AEHAAEFYFEES HSHFHS g AASIL AAEA G E
A A “?:}33’3‘1 HR2 e & A= 235 FUth A7) 7]+ A g o] Hla Y2 SHlE A AFE-317] 7}
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A]FX) __getitem () 55 UﬂHEE Eé‘ A AdAE AL 2 @ 4 A5 A Y3},
Al A dolE 58 FE__len. () WIANEEAZYst=olHHE. 22 WA A AXES YEHEH,
list, str, tuple, bytes 7} 01—1/]1’/} dict "":fﬂ—_getitem_() I len () 2 AY3A
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230] A4 U1 A9l 23 72 AT ) Eol AR} bz B H Ak Ao 7
SHok ] .

collections.abc.Sequence 4 Ho]Ax F8lAE_ getitem () I __len_ () S oA &
A FEHS AEH | AE 7‘4-475]"_3‘]], count (), index (), _ _contains__ (), __ reversed_ ()
2ATUT o] $98 AL 2E THY FL register ) EABHA BAACET 52+ 9
St

setcomprehension( A A=ZeAA) olHe Bl v 84 AAU R E Aty 235 F2 A< vt
3el= A S . results = {c for c in 'abracadabra' if c not in 'abc'}EEXA}
gl A& {'r', 'd'}E A YT} comprehensions S R3] A

it

3

single dispatch (J 2 t] A3 x]) & o] stite] QAL Fof| 7| zsiA 2 = Avl 2 3 vasf A9 st
el

slice (&g}o]l2) REAA~ ) YR E -—@"-5}\_ AA. Eefolats EH AT HE R7|HES AFRSA Y
t}h variable_name[1:3:5] A&, [] ¢t A oA MY A& g%gi—rﬂﬂ‘/]r/} 23S (ME
2TYHE) BV|HS UREHo= SliC 7»’”“% AHE- Y T

special method (5~ WA =) slo]xo] Pof ofH AALE, QA 22, AP uf) FAFOZ TE5 = HAE.
ol HAEE F Y UERE A ﬂ’ﬁ}i 22U+ o5 2 5yt 55 WA =& specialnames °ﬂ

AR TS A dFUh
statement (F78) -2 2 E (ZE=2] “EF(block)”) E 7438k FREAUTE 42 T4 o] AY 714

ZEALSE A A F2RE 29 9 ULt 718 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 reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () 2 E 217 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text file ()2 E 3}¢) str AAE Sl & 9,1? A AR, 22 HAE UL AAZE ulolE A &Y
SIHAEYE AL N AT & AF AT HAE fds] AR HAS 2E (1
e 'w') 2 99 94, sys.stdin, sys.stdout, io.StringI0 & A~ €

MOl SR A7) § A3 % 5 A Y AR AL whel 2] 5he = Fa A L.

IR
l

triple-quoted string (313 W% 8 BAg) WEL () 4 ALGEEL () A N2 FAA EAL 1 G

U YA EAG gl 7152 ABIHAL FATW, ol g 74 o] fol 4 227} dHUTh

ﬂﬁﬂﬂ H7) re ALmEE LY ZWLEE BAG ool 2T 5 T E 5, Ad A 27
=5 22 g5y

=

Uy

BIE o] Bl AW 5 Yt SAEYS L0
8
A

type (&) z}oln AA ] -2 27 0] o T/ AAJAE AR FUtH ZE AA = F o] AdFUch AA 9
P& __class_ AEPRER WML QA type (ob)) 2 85 5 ST
= 01
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def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o ¢7] 44 we & dsdth

Color = tuple[int, int, int]

list[Color]) —> list[Color]:

def remove_gray_shades (colors:
pass

type hint (g I E) W, 22 oJELRHE H u RS ko] 7l = @ AR Sk of
o] A.
P AEE A8 ALoln sto]Wofl A A S A= FF Ut stA W, A2 9§ F4] =+ 783} IDE
JI= g AEY S FHUH
A AeE ALdsty, A9 W, Fd2 JEYgHE 2 59 & JEE typing
get_type_hints () & AF&3lo] AN~ 4~ A5Y T}
o] 71%5& A3 typingF PEP 4845 F 234 8

universal newlines (FUM A £ 937) 2 22 AEE BF £9 o2 AA8tE, H2E 2ER S &4
St ElE: U2l BEX A '\n', Q2= &8 "\r\n', AL N EA] FAEH '\r'. F7}F

Bl o} 2} PEP 278 9} PEP 3116 = B A 2.

AFg-of] #3f A= bytes.splitlines ()
RE9 ojxH o] 4.

ERERERSE PSSR

variable annotation (FH 4= o] - E| o] H) W4 =
He T Fda oEFRE o] g 9]

“ -

0

Ir
oy
£

[>

2

fut

iV

class C:
field: 'annotation'

W5 ojHo] ML AN oT Y =R AGPUTH & Fol, o] WSt int %S 7HA A2 )
Uk
count: int = 0

Ha o] o H o] A &2 A A annassign ol A A % g o}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (74 873) s}o] 2 AHgAket 58 =2 O30, T2 A AH A AP = o E 3}
=& ZRIYEY & TS FA GO, stox wjE 7| A EZ A FAY P2 o=
A2 b5 aA S, 49 A0 AeE AY 7.

4

o)
s

venv E H A 8.
hyiXe]

&7

)
115
~

ZESfojRto g Hod AFE. ol 7HF A vl EZE

Zen of Python (s}o] 4 ) 3ol 4 tx4ol Aelsh AE ol B5 ),
Utk o] 22 o34y 2z o)A “import this” & YA HAUTH

A -

Aol o]l 5L AHg- sk ol =& ol
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APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 2] Guido van Rossum ]| 2] 3l 1990 dth Zubol] TS o] H5Uth spojols thE AHEE2] W2 33
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 4, ,ﬂro] HAZE %’rﬂ 01 A (PSF, https://www.python.org/psf/ Z2) o] A Y= A5 Yt o] &A= slol#
FHA A QA E 4273 E 5E3] A HE vl g 22 Y Yth Zope Corporation2 PSFe] &9 3] 4 9yt

2 E slo] W vz ) ’\/\‘?J‘/]D]'(J”H 4o~ Aol o] ths) A= https://opensource.org/Z

=}
h=4
©). Ao 7, UEE (A 9 ARE obdUTh Fho] A Wl £ ¥-S GPLF T 3HF T o2l o & Tha
W E L 8 ok AU ok
TR, o E 3T T & AS Kt GPL &7
09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY._
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.16, 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.

(THS sleTATol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(= el ATT A
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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,

(TS sl AToT A
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A%

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.]jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(= sl ATT A
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML EH Z2A|XN S&

xmlrpc.client BE-2 b33} 22 £ AFgS 233 T

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.

C.3.8 test_epoll

test_epoll RES 0h 3 28 9| AL ZFFUTH

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

(THS seTATol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select 252 kqueue Q1E 3] o] 2ol thal The 3} - 39 A9He EFE UL

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 <11 2] < 2] Marek Majkowski @] <=8 o] 3£ 3} of
Ut of 7ol bz 22 8ol Eglof ATk

<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>

(THE seTATol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} 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 fol-
lowing copyright and licensing notice:

/****************************************************************

* The author of this software is David M. Gay.
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

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-core@openssl.org.

OpenSSL License

/* -

(THE seTATol A1)
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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-core@openssl.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)
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).

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(THE seTATol A1)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.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. 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.

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.]
/
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C.3.13 expat

pyexpat &2 T 5 ——with-system-expat & FAFA o= 3, EHH expat 22 AHES AFR-3} o]

dEgych

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 FF2 W EES ——with-system-1ibffi 2 FA3}A] o 3, ZFH libfli & AHRE-S AFE-31

ey

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

AHgtel M=tk

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal REL2 YE=E ——with-system-libmpdec & FASIA] ¢+ 3F, E 34 libmpdec A2~ AFE-S

Ahgste] =P ok

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 EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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Copyright © 2000 BeOpen.com. All rights reserved.
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Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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1=
ro

Non-alphabetical

...,285
2to3, 285
>>> 285
__all__ (package variable), 70
_dict__ (module attribute), 160
_doc__ (module attribute), 160
_ file_ (module attribute), 160, 161
_ future_ ,290
__import_
SiE gr s, 70
_ loader__ (module attribute), 160
_ _main_
8 %5,12,184, 196

___name___ (module attribute), 160
__ package__ (module attribute), 160
_ PYVENV_LAUNCHER_ , 210,215
_ _slots_ ,296
_frozen (C struct), 73
_inittab (C struct), 73
_Py_c_diff (C function), 122
_Py_c_neqg (C function), 122
_Py_c_pow (C function), 122
_Py_c_prod (C function), 122
_Py_c_quot (C function), 122
_Py_c_sum (C function), 122
_Py_InitializeMain (C function), 223
_Py_NoneStruct (Cvar), 238
_PyBytes_Resize (C function), 125
_PyCFunctionFast (C type), 240
_PyCFunctionFastWithKeywords (C type), 240
_PyFrameEvalFunction (C type), 194
_PyInterpreterState_GetEvalFrameFunc (C

Sfunction), 194
_PyInterpreterState_SetEvalFrameFunc (C

function), 194
_PyObject_New (C function), 237
_PyObject_NewVar (C function), 237
_PyTuple_Resize (C function), 147

_thread
3 %, 191

ks |
bytearray, 125
bytes, 123
Capsule, 172
complex number, 122
dictionary, 150
file, 159
floating point, 121
frozenset, 153
function, 155
instancemethod, 156
integer, 117
list, 149
long integer, 117
mapping, 150
memoryview, 170
method, 157
module, 160
None, 117
numeric, 117
sequence, 123
set, 153
tuple, 146
type, 6, 113

A

abort (), 70
abs
SiE w A, 99
abstract base class (4 Ho]x = 2), 285
allocfunc (Ctype), 275
annotation (o] = H| o] A), 285
argument (912}, 285
argv (in module sys), 187
ascii
a2 4, 91
asynchronous context manager (8]% 7] AH
2 E #E A}, 286
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asynchronous generator (8% 7] Ay d o] E]),
286

asynchronous generator iterator (®]& 7]
Al el ol o] B o] H), 286

asynchronous iterable (9|5 7] o]E & &), 286

asynchronous iterator (B]% 7] o] g d o] ),
286

attribute (9JEEHE), 286

awaitable (]9 °]E£), 286

B

BDFL, 286
binary file (9}o]E] 5}Y), 286
binaryfunc (Ctype), 276
borrowed reference, 287
buffer interface

(see buffer protocol), 105
buffer object

(see buffer protocol), 105
buffer protocol, 105
builtins

8 5,12,184,196
bytearray

A, 125
bytecode (M} E 7 &), 287
bytes

A, 123

HE w3 s, 91
bytes-like object (Hlo]EEH AA|), 287

C

callable, 287
callback (&%), 287
calloc (), 225
Capsule

AL 172
C-contiguous, 108, 288
class (Ed ), 287
class variable (F3] 2 W), 287
classmethod

SiE w242
cleanup functions, 70
close () (in module os), 196
CO_FUTURE_DIVISION (C var), 47
code object, 158
coercion (o] A), 287
compile

SiE EE, 71
complex number

A, 122
complex number (E44), 287
context manager (AEAE #E| A}, 287
context variable (AYAE W), 287
contiguous, 108

contiguous (9<%), 288

copyright (in module sys), 187
coroutine (ZFHl), 288

coroutine function (ZFE <), 288
CPython, 288

D

decorator (6l Z & o] €), 288
descrgetfunc (Ctype), 276
descriptor (2= HH), 288
descrsetfunc (Ctype), 276
destructor (Ctype), 275
dictionary

A, 150
dictionary (944 #]), 288
dictionary comprehension (8B4 E Az 3

A1), 288

dictionary view (B gl H),288
divmod

i Es, 99
docstring (52E#), 288
duck-typing (5 E}o] ), 289

E

EAFP, 289

EOFError (built-in exception), 159
exc_info () (in module sys), 10
executable (in module sys), 186
exit (), 70

expression (& 4]), 289
extension module (% 2 &), 289

F
f-string (FEAFE), 289
file
A, 159
file object (< AXA), 289
file-like object (3}¥F 2A)), 289
filesystem encoding and error handler,
289
finder (3}¢14H), 289
float
= S (0
floating point
I, 121
floor division (B4 UxAl), 289
Fortran contiguous, 108, 288
free (), 225
freefunc (Ctype), 275
freeze utility, 73
frozenset
A, 153
function
I, 155
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function (&), 289 KeyboardInterrupt (built-in exception), 57, 58
function annotation (&4 o] ¥ o]A), 290 keyword argument (7] 9= <A}, 292

G L

garbage collection (Z7}8]A] = 7), 290 lambda (T}, 292

generator, 290 LBYL, 292

generator (A4 d ] E), 290 len

generator expression, 290 “iEE 24, 92, 101, 103, 149, 152, 154

generator expression (A& o8 £&84]),290 1enfunc (Crype), 276
generator iterator (AlY# o] o]JE#H o]H), 1ist

290 JHA|, 149
generic function (AU g ), 290 list (B]AE), 292
generic type (A" &), 290 list comprehension (B|2E AZ | 3A), 293
getattrfunc (Ctype), 276 loader (Z14), 293
getattrofunc (Ctype), 276 locale encoding, 292
getbufferproc (Ctype), 276 lock, interpreter, 188
getiterfunc (Ctype), 276 long integer
GIL, 290 A, 117
global interpreter lock, 188 LONG_MAX, 118
global interpreter lock (A9 Q¥ =g ¥
=),290 M
magic
H method, 293
hash magic method (73 WA =), 293
S o4, 92, 255 main (), 185, 187
hash-based pyc (3] A] 7]} pyc), 291 malloc (), 225
hashable (3} A] 7}5), 291 mapping
hashfunc (C type), 276 =, 150
mapping (7] 3), 293
I memoryview
IDLE, 291 i), 170
immutable (£4%), 291 meta path finder (WE A Z 3}21T), 293
import path (YZE 7 =), 291 metaclass (W e} 2 2), 293
importer (Y3EH), 291 METH_CLASS (W& W), 242
importing (Y EH), 291 METH_COEXIST (W& ¥4), 242
incr_item(), 11,12 METH_FASTCALL (W7 ¥4, 241
initproc (Ctype), 275 METH_NOARGS (W& ¥4), 242
inquiry (Cnype), 281 METH_O (W& W), 242
instancemethod METH_STATIC (W7 W), 242
A, 156 METH_VARARGS (W& ®H4), 241
int method
SiE g4, 100 magic, 293
integer special, 297
A, 117 A, 157
interactive (h2-3), 291 method (WA =), 293
interpreted (A EH Z 2 E| &), 291 method resolution order (MAE AA £A]),
interpreter lock, 188 293
interpreter shutdown (JEZ g £8),291 MethodType (in module types), 155, 157
iterable (9] E & &), 291 module
iterator (o] € d o] §), 292 search path, 12, 184, 186
iternextfunc (C type), 276 A, 160
module (&), 293
K module spec (B2E %), 293
key function (7] &%), 292 modules (in module sys), 70, 184
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ModuleType (in module types), 160
MRO, 293
mutable (7}W), 293

N

named tuple (U Y= 5Z),293

namespace (°]& Z71), 294

namespace package (0|5 &7 9]7]A]), 294
nested scope (EFH £~27%Z),294
new-style class (FF2Etd Z#2), 294
newfunc (C type), 275

None
ik AW
numeric
A, 11T
O
object
code, 158

object (AA), 294

objobjargproc (Ctype), 276
objobjproc (Ctype), 276
OverflowError (built-in exception), 118, 119

P

package (3] 7] A]), 294
package variable

_all_ ,70
parameter (W] 7] ¥ 42), 294
PATH, 12

path
module search, 12, 184, 186
path (in module sys), 12, 184, 186
path based finder (A= 7]¥k 3} H), 295
path entry (4= dE2]), 295

path entry finder (A Z dEZ 324), 295

path entry hook (A= JdEZF F), 295
path-like object (FEF AA)), 295
PEP, 295
platform (in module sys), 187
portion (EA), 295
positional argument (¥ x] Q132}), 295
pow

SiE 2k, 99, 100
provisional API (A APD), 295
provisional package (FA 3 7] A]), 296
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 197
Py_AddPendingCall (), 197
Py_AtExit (C function), 70
Py_BEGIN_ALLOW_THREADS, 189
Py_BEGIN_ALLOW_THREADS (C macro), 192
Py_BLOCK_THREADS (C macro), 192
Py_buffer (Ctype), 106

Py_buffer.buf (C member), 106
Py_buffer.format (C member), 107
Py_buffer.internal (C member), 107
Py_buffer.itemsize (C member), 106
Py_buffer.len (C member), 106
Py_buffer.ndim (C member), 107
Py_buffer.ob]j (C member), 106
Py_buffer.readonly (C member), 106
Py_buffer.shape (C member), 107
Py_buffer.strides (C member), 107
Py_buffer.suboffsets (C member), 107
Py_BuildValue (C function), 81
Py_BytesMain (C function), 43
Py_BytesWarningFlag (Cvar), 182
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 50
Py_CompileString (C function), 45
Py_CompileString(), 46,47
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 45
Py_CompileStringObject (C function), 46
Py_complex (Ctype), 122

Py_DebugFlag (Cvar), 182
Py_DecodeLocale (C function), 66
Py_DECREF (C function), 50

Py_DecRef (C function), 50
Py_DECREF (), 7

Py_DEPRECATED (C macro), 6
Py_DontWriteBytecodeFlag (Cvar), 182
Py_Ellipsis (Cvar), 170
Py_EncodeLocale (C function), 67
Py_END_ALLOW_THREADS, 189
Py_END_ALLOW_THREADS (C macro), 192
Py_EndInterpreter (C function), 196
Py_EnterRecursiveCall (C function), 61
Py_eval_input (Cvar), 46

Py_Exit (C function), 70

Py_False (Cvar), 120

Py_FatalError (C function), 70
Py_FatalError (), 187
Py_FdIsInteractive (C function), 65
Py_file_input (Cvar), 46
Py_Finalize (C function), 185
Py_FinalizeEx (C function), 184
Py_FinalizeEx (), 70, 184, 196
Py_FrozenFlag (Cvar), 182
Py_GenericAlias (C function), 179
Py_GenericAliasType (Cvar), 179
Py_GetArgcArgv (C function), 222
Py_GetBuildInfo (C function), 187
Py_GetCompiler (C function), 187
Py_GetCopyright (C function), 187
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 186
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Py_GetExecPrefix (), 12

Py_GetPath (C function), 186
Py_GetPath (), 12, 185, 186
Py_GetPlatform (C function), 187
Py_GetPrefix (C function), 185
Py_GetPrefix (), 12
Py_GetProgramFullPath (C function), 186
Py_GetProgramFullPath (), 12
Py_GetProgramName (C function), 185
Py_GetPythonHome (C function), 188
Py_GetVersion (C function), 187
Py_HashRandomizationFlag (C var), 182
Py_IgnoreEnvironmentFlag (Cvar), 183
Py_INCREF (C function), 49

Py_IncRef (C function), 50

Py_INCREF (), 7

Py_Initialize (C function), 184
Py_Initialize (), 12,185,196
Py_InitializeEx (C function), 184
Py_InitializeFromConfig (C function),218
Py_InspectFlag (Cvar), 183
Py_InteractiveFlag (Cvar), 183

Py_1Is (C function), 238

Py_IS_TYPE (C function), 239

Py_TIsFalse (C function), 239
Py_IsInitialized (C function), 184
Py_IsInitialized(), 12

Py_1IsNone (C function), 239
Py_IsolatedFlag (Cvar), 183

Py_TIsTrue (C function), 239
Py_LeaveRecursiveCall (C function), 61
Py_LegacyWindowsFSEncodingFlag (Cvar), 183
Py_LegacyWindowsStdioFlag (C var), 183
Py_LIMITED_API (C macro), 15

Py_Main (C function), 43
PY_MAJOR_VERSION (C macro), 283

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5
PY_MICRO_VERSION (C macro), 283

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 283
Py_mod_create (C macro), 163
Py_mod_create.create_module (C function), 163
Py_mod_exec (C macro), 164
Py_mod_exec.exec_module (C function), 164
Py_NewInterpreter (C function), 196
Py_NewRef (C function), 49

Py_None (Cvar), 117

Py_NoSiteFlag (Cvar), 183
Py_NotImplemented (C var), 89
Py_NoUserSiteDirectory (Cvar), 183
Py_OptimizeFlag (Cvar), 183
Py_PrelInitialize (C function), 208
Py_PreInitializeFromArgs (C function), 208

Py_PreInitializeFromBytesArgs (C function),
208

Py_PRINT_RAW, 160

Py_QuietFlag (Cvar), 183

Py_REFCNT (C function), 239

PY_RELEASE_LEVEL (C macro), 283

PY_RELEASE_SERIAL (C macro), 283

Py_ReprEnter (C function), 61

Py_ReprLeave (C function), 61

Py_RETURN_FALSE (C macro), 120

Py_RETURN_NONE (C macro), 117

Py_RETURN_NOTIMPLEMENTED (C macro), 89

Py_RETURN_TRUE (C macro), 120

Py_RunMain (C function), 222

Py_SET_REFCNT (C function), 239

Py_SET_SIZE (C function), 239

Py_SET_TYPE (C function), 239

Py_SetPath (C function), 186

Py_SetPath (), 186

Py_SetProgramName (C function), 185

Py_SetProgramName (), 12, 184186

Py_SetPythonHome (C function), 188

Py_SetStandardStreamEncoding (C function),
185

Py_single_input (Cvar), 46

Py_SIZE (C function), 239

Py_ssize_t (Ctype), 10

PY_SSIZE_T MAX, 119

Py_STRINGIFY (C macro), 5

Py_TPFLAGS_BASE_EXC_SUBCLASS (W& W),
258

Py_TPFLAGS_BASETYPE (W% W), 257

Py_TPFLAGS_BYTES_SUBCLASS (W& ¥4), 258

Py_TPFLAGS_DEFAULT (W& W), 257

Py_TPFLAGS_DICT_SUBCLASS (W& <), 258

Py_TPFLAGS_DISALLOW_INSTANTIATION (W %
W), 259

Py_TPFLAGS_HAVE_FINALIZE (W% <), 258

Py_TPFLAGS_HAVE_GC (W& W), 257

Py_TPFLAGS_HAVE_VECTORCALL (W7 ¥ 4), 258

Py_TPFLAGS_HEAPTYPE (W& H4), 257

Py_TPFLAGS_IMMUTABLETYPE (W& ¥<), 259

Py_TPFLAGS_LIST_SUBCLASS (W& ¥4, 258

Py_TPFLAGS_LONG_SUBCLASS (W& <), 258

Py_TPFLAGS_MAPPING (W& W), 259

Py_TPFLAGS_METHOD_DESCRIPTOR (W& %),
258

Py_TPFLAGS_READY (W& W), 257

Py_TPFLAGS_READYING (W& W), 257

Py_TPFLAGS_SEQUENCE (W& ¥ <), 259

Py_TPFLAGS_TUPLE_SUBCLASS (W7 ¥ 4), 258

Py_TPFLAGS_TYPE_SUBCLASS (U7 W), 258

Py_TPFLAGS_UNICODE_SUBCLASS (W & W %),
258
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Py_tracefunc (Ctype), 198

Py_True (Cvar), 120

Py_tss_NEEDS_INIT (C macro), 200

Py_tss_t (Ctype), 200

Py_TYPE (C function), 239

Py_UCS1 (Ctype), 127

Py_UCS2 (Ctype), 127

Py_UCS4 (Ctype), 127

Py_UNBLOCK_THREADS (C macro), 192

Py_UnbufferedStdioFlag (C var), 184

Py_UNICODE (C type), 127

Py_UNICODE_IS_HIGH_SURROGATE (C macro), 130

Py_UNICODE_IS_LOW_SURROGATE (C macro), 130

Py_UNICODE_IS_SURROGATE (C macro), 130

Py_UNICODE_TISALNUM (C function), 130

Py_UNICODE_TISALPHA (C function), 130

Py_UNICODE_TISDECIMAL (C function), 130

Py_UNICODE_ISDIGIT (C function), 130

Py_UNICODE_ISLINEBRERAK (C function), 129

Py_UNICODE_ISLOWER (C function), 129

Py_UNICODE_ISNUMERIC (C function), 130

Py_UNICODE_ISPRINTABLE (C function), 130

Py_UNICODE_ISSPACE (C function), 129

Py_UNICODE_ISTITLE (C function), 129

Py_UNICODE_ISUPPER (C function), 129

Py_UNICODE_JOIN_SURROGATES (C macro), 130

Py_UNICODE_TODECIMAL (C function), 130

Py_UNICODE_TODIGIT (C function), 130

Py_UNICODE_TOLOWER (C function), 130

Py_UNICODE_TONUMERIC (C function), 130

Py_UNICODE_TOTITLE (C function), 130

Py_UNICODE_TOUPPER (C function), 130

Py_UNREACHABLE (C macro), 5

Py_UNUSED (C macro), 5

Py_VaBuildvalue (C function), 82

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
94

Py_VerboseFlag (Cvar), 184

PY_VERSION_HEX (C macro), 283

Py_VISIT (C function), 281

Py_XDECREF (C function), 50

Py_XDECREF (), 12

Py_XINCREF (C function), 49

Py_XNewRef (C function), 49

PyAIter_Check (C function), 104

PyAnySet_Check (C function), 154

PyAnySet_CheckExact (C function), 154

PyArg_Parse (C function), 80

PyArg_ParseTuple (C function), 80

PyArg_ParseTupleAndKeywords (C function), 80

PyArg_UnpackTuple (C function), 80

PyArg ValidateKeywordArguments
tion), 80

PyArg_VaParse (C function), 80

(C  func-

PyArg_VaParseTupleAndKeywords (C function),
80
PyASCIIObject (Ctype), 127
PyAsyncMethods (C type), 274
PyAsyncMethods.am_aiter (C member), 275
PyAsyncMethods.am_anext (C member), 275
PyAsyncMethods.am_await (C member), 274
PyAsyncMethods.am_send (C member), 275
PyBool_Check (C function), 120
PyBool_FromLong (C function), 121
PyBUF_ANY_CONTIGUOUS (C macro), 109
PyBUF_C_CONTIGUOUS (C macro), 109
PyBUF_CONTIG (C macro), 109
PyBUF_CONTIG_RO (C macro), 109
PyBUF_F_CONTIGUOUS (C macro), 109
PyBUF_FORMAT (C macro), 108
PyBUF_FULL (C macro), 109
PyBUF_FULL_RO (C macro), 109
PyBUF_INDIRECT (C macro), 108
PyBUF_ND (C macro), 108
PyBUF_RECORDS (C macro), 109
PyBUF_RECORDS_RO (C macro), 109
PyBUF_SIMPLE (C macro), 108
PyBUF_STRIDED (C macro), 109
PyBUF_STRIDED_RO (C macro), 109
PyBUF_STRIDES (C macro), 108
PyBUF_WRITABLE (C macro), 108
PyBuffer_FillContiguousStrides
tion), 112
PyBuffer_FillInfo (C function), 112
PyBuffer_FromContiguous (C function), 111
PyBuffer_GetPointer (C function), 111
PyBuffer_IsContiguous (C function), 111
PyBuffer_Release (C function), 111
PyBuffer_SizeFromFormat (C function), 111
PyBuffer_ToContiguous (C function), 111
PyBufferProcs, 105
PyBufferProcs (Ctype), 273
PyBufferProcs.bf_getbuffer (C member), 273
PyBufferProcs.bf_releasebuffer (C mem-
ber), 274
PyByteArray_ AS_STRING (C function), 126
PyByteArray_AsString (C function), 126
PyByteArray_Check (C function), 125
PyByteArray_CheckExact (C function), 125
PyByteArray_Concat (C function), 126
PyByteArray_FromObject (C function), 126
PyByteArray_FromStringAndSize (C function),
126
PyByteArray_GET_SIZE (C function), 126
PyByteArray_Resize (C function), 126
PyByteArray_Size (C function), 126
PyByteArray_Type (Cvar), 125
PyByteArrayObject (Ctype), 125

(C  func-
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PyBytes_AS_STRING (C function), 124
PyBytes_AsString (C function), 124
PyBytes_AsStringAndSize (C function), 124
PyBytes_Check (C function), 123
PyBytes_CheckExact (C function), 123
PyBytes_Concat (C function), 125
PyBytes_ConcatAndDel (C function), 125
PyBytes_FromFormat (C function), 123
PyBytes_FromFormatV (C function), 124
PyBytes_FromObject (C function), 124
PyBytes_FromString (C function), 123
PyBytes_FromStringAndSize (C function), 123
PyBytes_GET_SIZE (C function), 124
PyBytes_Size (C function), 124
PyBytes_Type (Cvar), 123
PyBytesObject (Ctype), 123
PyCallable_Check (C function), 98
PyCallIter_Check (C function), 168
PyCallIter_New (C function), 168
PyCallIter_Type (Cvar), 168
PyCapsule (C type), 172
PyCapsule_CheckExact (C function), 172
PyCapsule_Destructor (Ctype), 172
PyCapsule_GetContext (C function), 172
PyCapsule_GetDestructor (C function), 172
PyCapsule_GetName (C function), 172
PyCapsule_GetPointer (C function), 172
PyCapsule_Import (C function), 173
PyCapsule_TIsValid (C function), 173
PyCapsule_New (C function), 172
PyCapsule_SetContext (C function), 173
PyCapsule_SetDestructor (C function), 173
PyCapsule_SetName (C function), 173
PyCapsule_SetPointer (C function), 173
PyCell_Check (C function), 157
PyCell_GET (C function), 157
PyCell_Get (C function), 157
PyCell_New (C function), 157
PyCell_SET (C function), 158
PyCell_Set (C function), 157
PyCell_Type (Cvar), 157
PyCellObject (Ctype), 157
PyCFunction (C type), 240
PyCFunctionWithKeywords (C type), 240
PyCMethod (C type), 240
PyCode_Addr2Line (C function), 158
PyCode_Check (C function), 158
PyCode_GetNumFree (C function), 158
PyCode_New (C function), 158
PyCode_NewEmpty (C function), 158
PyCode_NewWithPosOnlyArgs (C function), 158
PyCode_Type (C var), 158
PyCodec_BackslashReplaceErrors
tion), 86

(C  func-

PyCodec_Decode (C function), 85
PyCodec_Decoder (C function), 86
PyCodec_Encode (C function), 85
PyCodec_Encoder (C function), 86
PyCodec_IgnoreErrors (C function), 86
PyCodec_IncrementalDecoder (C function), 86
PyCodec_IncrementalEncoder (C function), 86
PyCodec_KnownEncoding (C function), 85
PyCodec_LookupError (C function), 86
PyCodec_NameReplaceErrors (C function), 87
PyCodec_Register (C function), 85
PyCodec_RegisterError (C function), 86
PyCodec_ReplaceErrors (C function), 86
PyCodec_StreamReader (C function), 86
PyCodec_StreamWriter (C function), 86
PyCodec_StrictErrors (C function), 86
PyCodec_Unregister (C function), 85
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 86
PyCodeObject (Ctype), 158
PyCompactUnicodeObject (Ctype), 127
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version (C
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 123
PyComplex_Check (C function), 122
PyComplex_CheckExact (C function), 122
PyComplex_FromCComplex (C function), 122
PyComplex_FromDoubles (C function), 123
PyComplex_ImagAsDouble (C function), 123
PyComplex_RealAsDouble (C function), 123
PyComplex_Type (Cvar), 122
PyComplexObject (C type), 122
PyConfig (C type), 209
PyConfig.argv (C member), 210
PyConfig.base_exec_prefix (Cmember), 210
PyConfig.base_executable (C member), 210
PyConfig.base_prefix (Cmember), 210
PyConfig.buffered_stdio (C member), 210
PyConfig.bytes_warning (C member), 211
PyConfig.check_hash_pycs_mode (C member),
211
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
212
PyConfig.filesystem_errors (C member), 212
PyConfig.hash_seed (C member), 212
PyConfig.home (C member), 213

configure_c_stdio (C member), 211
dev_mode (C member), 211

dump_refs (C member), 211
exec_prefix (C member), 212
executable (C member), 212
faulthandler (C member), 212
filesystem_encoding (C member),
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PyConfig.import_time (C member), 213
PyConfig.inspect (C member), 213
PyConfig.install_signal_handlers (C mem-
ber), 213
PyConfig.interactive (C member), 213
PyConfig.isolated (C member), 213
PyConfig.legacy_windows_stdio (C member),
213
PyConfig.malloc_stats (C member), 214
PyConfig.module_search_paths (C member),
214
PyConfig.module_search_paths_set (C mem-
ber), 214
PyConfig.optimization_level (Cmember),214
PyConfig.orig_argv (C member), 214
PyConfig.parse_argv (C member), 215
PyConfig.parser_debug (C member), 215
PyConfig.pathconfig warnings (C member),
215
PyConfig.platlibdir (C member), 214
PyConfig.prefix (C member), 215
PyConfig.program_name (C member),215
PyConfig.pycache_prefix (Cmember), 216
PyConfig.PyConfig_Clear (C function), 210
PyConfig.PyConfig_InitIsolatedConfig (C
function), 209
PyConfig.PyConfig InitPythonConfig (c
function), 209
PyConfig.PyConfig_Read (C function), 209
PyConfig.PyConfig_SetArgv (C function), 209
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 209
PyConfig.PyConfig_SetBytesString (C func-
tion), 209
PyConfig.PyConfig_SetString (C function),209
PyConfig.PyConfig_SetWideStringList (C
function), 209
PyConfig.pythonpath_env (C member), 214
PyConfig.quiet (C member), 216
PyConfig.run_command (C member), 216
PyConfig.run_filename (C member), 216
PyConfig.run_module (C member), 216
PyConfig.show_ref_count (C member), 216
PyConfig.site_import (C member), 216
PyConfig.skip_source_first_line (C mem-
ber), 216
PyConfig.stdio_encoding (C member), 217
PyConfig.stdio_errors (C member), 217
PyConfig.tracemalloc (C member), 217
PyConfig.use_environment (C member), 217
PyConfig.use_hash_seed (C member), 213
PyConfig.user_site_directory (C member),
217
PyConfig.verbose (C member), 217

PyConfig.warn_default_encoding (C mem-
ber), 211
PyConfig.warnoptions (C member), 218
PyConfig.write_bytecode (C member), 218
PyConfig.xoptions (C member), 218
PyContext (Ctype), 174
PyContext_CheckExact (C function), 175
PyContext_Copy (C function), 175
PyContext_CopyCurrent (C function), 175
PyContext_Enter (C function), 175
PyContext_Exit (C function), 175
PyContext_New (C function), 175
PyContext_Type (Cvar), 174
PyContextToken (C type), 174
PyContextToken_CheckExact (C function), 175
PyContextToken_Type (Cvar), 175
PyContextVar (Ctype), 174
PyContextVar_CheckExact (C function), 175
PyContextVar_Get (C function), 175
PyContextVar_New (C function), 175
PyContextVar_Reset (C function), 176
PyContextVar_Set (C function), 175
PyContextVar_Type (Cvar), 175
PyCoro_CheckExact (C function), 174
PyCoro_New (C function), 174
PyCoro_Type (Cvar), 174
PyCoroObject (Ctype), 174
PyDate_Check (C function), 176
PyDate_CheckExact (C function), 176
PyDate_FromDate (C function), 177
PyDate_FromTimestamp (C function), 179
PyDateTime_Check (C function), 176
PyDateTime_CheckExact (C function), 176
PyDateTime_DATE_GET_FOLD (C function), 178
PyDateTime_DATE_GET_HOUR (C function), 177
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 178
PyDateTime_DATE_GET_MINUTE (Cfunction), 177
PyDateTime_DATE_GET_SECOND (C function), 178
PyDateTime_DATE_GET_TZINFO (C function), 178
PyDateTime_DELTA_GET_DAYS (C function), 178
PyDateTime DELTA_GET_MICROSECONDS (C
function), 178
PyDateTime_DELTA_GET_SECONDS (C function),

178
PyDateTime_FromDateAndTime (C function), 177
PyDateTime_FromDateAndTimeAndFold (C

function), 177
PyDateTime_FromTimestamp (C function), 178
PyDateTime_GET_DAY (C function), 177
PyDateTime_GET_MONTH (C function), 177
PyDateTime_GET_YEAR (C function), 177
PyDateTime_TIME_GET_FOLD (C function), 178
PyDateTime_TIME_GET_HOUR (Cfunction), 178
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PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 178
PyDateTime_TIME_GET_MINUTE (C function), 178
PyDateTime_ TIME_GET_SECOND (C function), 178
PyDateTime_ TIME_GET_TZINFO (Cfunction), 178
PyDateTime_TimeZone_UTC (Cvar), 176
PyDelta_Check (C function), 176
PyDelta_CheckExact (C function), 176
PyDelta_FromDSU (C function), 177
PyDescr_IsData (C function), 168
PyDescr_NewClassMethod (C function), 168
PyDescr_NewGetSet (C function), 168
PyDescr_NewMember (C function), 168
PyDescr_NewMethod (C function), 168
PyDescr_NewWrapper (C function), 168
PyDict_Check (C function), 150
PyDict_CheckExact (C function), 150
PyDict_Clear (C function), 151
PyDict_Contains (C function), 151
PyDict_Copy (C function), 151
PyDict_DelItem (C function), 151
PyDict_DelItemString (C function), 151
PyDict_GetItem (C function), 151
PyDict_GetItemString (C function), 151
PyDict_GetItemWithError (C function), 151
PyDict_TItems (C function), 152
PyDict_Keys (C function), 152
PyDict_Merge (C function), 153
PyDict_MergeFromSeq2 (C function), 153
PyDict_New (C function), 151
PyDict_Next (C function), 152
PyDict_SetDefault (C function), 152
PyDict_SetItem (C function), 151
PyDict_SetItemString (C function), 151
PyDict_Size (C function), 152
PyDict_Type (C var), 150
PyDict_Update (C function), 153
PyDict_Values (C function), 152
PyDictObject (Ctype), 150
PyDictProxy_New (C function), 151
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 52
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 57
PyErr_Clear (C function), 51
PyErr_Clear (), 10,12
PyErr_ExceptionMatches (C function), 56
PyErr_ExceptionMatches (), 12
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 57
PyErr_GivenExceptionMatches (C function), 56

PyErr_NewException (C function), 58
PyErr_NewExceptionWithDoc (C function), 58
PyErr_NoMemory (C function), 52
PyErr_NormalizeException (C function), 56
PyErr_Occurred (C function), 55
PyErr_Occurred(), 10
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 56
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54
PyErr_SetExcFromWindowsErrWithFilenameObject
(C function), 53
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C function), 53
PyErr_SetExcInfo (C function), 57
PyErr_SetFromErrno (C function), 52
PyErr_SetFromErrnoWithFilename (C func-
tion), 53
PyErr_SetFromErrnoWithFilenameObject (C
function), 53
PyErr_SetFromErrnoWithFilenameObjects
(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C
function), 53
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54
PyErr_SetInterrupt (C function), 57
PyErr_SetInterruptEx (C function), 58
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetString (C function), 52
PyErr_SetString(), 10
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 195
PyEval_AcquireThread (C function), 195
PyEval_AcquireThread(), 190
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 84
PyEval_GetFrame (C function), 84
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PyEval_GetFuncDesc (C function), 85
PyEval_GetFuncName (C function), 85
PyEval_GetGlobals (C function), 84
PyEval_GetLocals (C function), 84
PyEval_InitThreads (C function), 190
PyEval_InitThreads (), 184
PyEval_MergeCompilerFlags (C function), 46
PyEval_ReleaseLock (C function), 195
PyEval_ReleaseThread (C function), 195
PyEval_ReleaseThread (), 190
PyEval_RestoreThread (C function), 191
PyEval_RestoreThread (), 189, 190
PyEval_SaveThread (C function), 191
PyEval_SaveThread (), 189, 190
PyEval_SetProfile (C function), 199
PyEval_SetTrace (C function), 199

PyEval_ThreadsInitialized (C function), 191

PyExc_ArithmeticError, 61
PyExc_AssertionError, 61
PyExc_AttributeError, 61
PyExc_BaseException, 61
PyExc_BlockingIOError, 61
PyExc_BrokenPipeError, 61
PyExc_BufferError, 61
PyExc_BytesWarning, 63
PyExc_ChildProcessError, 61
PyExc_ConnectionAbortedError, 61
PyExc_ConnectionError, 6]
PyExc_ConnectionRefusedError, 61
PyExc_ConnectionResetError, 61
PyExc_DeprecationWarning, 63
PyExc_EnvironmentError, 63
PyExc_EOFError, 61
PyExc_Exception, 61
PyExc_FileExistsError, 61
PyExc_FileNotFoundError, 61
PyExc_FloatingPointError, 61
PyExc_FutureWarning, 63
PyExc_GeneratorExit, 61
PyExc_ImportError, 61
PyExc_ImportWarning, 63
PyExc_IndentationError, 61
PyExc_IndexError, 61
PyExc_InterruptedError, 61
PyExc_IOError, 63
PyExc_IsADirectoryError, 61
PyExc_KeyboardInterrupt, 61
PyExc_KeyError, 61
PyExc_LookupError, 61
PyExc_MemoryError, 61
PyExc_ModuleNotFoundError, 61
PyExc_NameError, 61
PyExc_NotADirectoryError, 61
PyExc_NotImplementedError, 61

PyExc_OSError, 61
PyExc_OverflowError, 61
PyExc_PendingDeprecationWarning, 63
PyExc_PermissionError, 61
PyExc_ProcessLookupError, 61
PyExc_RecursionError, 61
PyExc_ReferenceError, 61
PyExc_ResourceWarning, 63
PyExc_RuntimeError, 61
PyExc_RuntimeWarning, 63
PyExc_StopAsynclteration, 61
PyExc_StopIteration, 61
PyExc_SyntaxError, 61
PyExc_SyntaxWarning, 63
PyExc_SystemError, 61
PyExc_SystemExit, 61
PyExc_TabError, 61
PyExc_TimeoutError, 61
PyExc_TypeError, 61
PyExc_UnboundLocalError, 61
PyExc_UnicodeDecodeError, 61
PyExc_UnicodeEncodeError, 61
PyExc_UnicodeError, 61
PyExc_UnicodeTranslateError, 61
PyExc_UnicodeWarning, 63
PyExc_UserWarning, 63
PyExc_ValueError, 61
PyExc_Warning, 63
PyExc_WindowsError, 63
PyExc_ZeroDivisionError, 61
PyException_GetCause (C function), 59
PyException_GetContext (C function), 59
PyException_GetTraceback (C function), 59
PyException_SetCause (C function), 59
PyException_SetContext (C function), 59
PyException_SetTraceback (C function), 59
PyFile_FromFd (C function), 159
PyFile_GetLine (C function), 159
PyFile_SetOpenCodeHook (C function), 159
PyFile_WriteObject (C function), 159
PyFile_WriteString (C function), 160
PyFloat_AS_DOUBLE (C function), 121
PyFloat_AsDouble (C function), 121
PyFloat_Check (C function), 121
PyFloat_CheckExact (C function), 121
PyFloat_FromDouble (C function), 121
PyFloat_FromString (C function), 121
PyFloat_GetInfo (C function), 121
PyFloat_GetMax (C function), 121
PyFloat_GetMin (C function), 121
PyFloat_Type (Cvar), 121
PyFloatObject (Ctype), 121
PyFrame_GetBack (C function), 84
PyFrame_GetCode (C function), 84
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PyFrame_GetLineNumber (C function), 85
PyFrameObject (C type), 46
PyFrozenSet_Check (C function), 154
PyFrozenSet_CheckExact (C function), 154
PyFrozenSet_New (C function), 154
PyFrozenSet_Type (Cvar), 153
PyFunction_Check (C function), 155
PyFunction_GetAnnotations (C function), 156
PyFunction_GetClosure (C function), 156
PyFunction_GetCode (C function), 155
PyFunction_GetDefaults (C function), 155
PyFunction_GetGlobals (C function), 155
PyFunction_GetModule (C function), 155
PyFunction_New (C function), 155
PyFunction_NewWithQualName (C function), 155
PyFunction_SetAnnotations (C function), 156
PyFunction_SetClosure (C function), 156
PyFunction_SetDefaults (C function), 156
PyFunction_Type (Cvar), 155
PyFunctionObject (C type), 155
PyGC_Collect (C function), 281
PyGC_Disable (C function), 281
PyGC_Enable (C function), 281
PyGC_TIsEnabled (C function), 281
PyGen_Check (C function), 173
PyGen_CheckExact (C function), 173
PyGen_New (C function), 173
PyGen_NewWithQualName (C function), 174
PyGen_Type (Cvar), 173
PyGenObject (Ctype), 173
PyGetSetDef (Ctype), 243
PyGILState_Check (C function), 192
PyGILState_Ensure (C function), 191
PyGILState_GetThisThreadState (C function),
192
PyGILState_Release (C function), 192
PyImport_AddModule (C function), 71
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 73
PyImport_ExecCodeModule (C function), 71
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function),
72
PyImport_ExecCodeModuleWithPathnames (C
function), 72
PyImport_ExtendInittab (C function), 73
PyImport_FrozenModules (Cvar), 73
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 72
PyImport_GetMagicTag (C function), 72
PyImport_GetModule (C function), 72
PyImport_GetModuleDict (C function), 72
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73

PyImport_ImportFrozenModuleObject (C
function), 73

PyImport_ImportModule (C function), 70

PyImport_ImportModuleEx (C function), 70

PyImport_ImportModuleLevel (C function), 71

PyImport_ImportModuleLevelObject (C func-
tion), 71

PyImport_ImportModuleNoBlock (C function),
70

PyImport_ReloadModule (C function), 71

PyIndex_Check (C function), 101

PyInstanceMethod_Check (C function), 156

PyInstanceMethod_Function (C function), 156

PyInstanceMethod_GET_FUNCTION (C function),
156

PyInstanceMethod_New (C function), 156

PyInstanceMethod_Type (C var), 156

PyInterpreterState (Ctype), 190

PyInterpreterState_Clear (C function), 193

PyInterpreterState_Delete (C function), 193

PyInterpreterState_Get (C function), 194

PyInterpreterState_GetDict (C function), 194

PyInterpreterState_GetID (C function), 194

PyInterpreterState_Head (C function), 199

PyInterpreterState_Main (C function), 199

PyInterpreterState_New (C function), 193

PyInterpreterState_Next (C function), 199

PyInterpreterState_ThreadHead (C function),
199

PyIter_Check (C function), 104

PyIter_Next (C function), 104

PyIter_Send (C function), 105

PyList_Append (C function), 150

PyList_AsTuple (C function), 150

PyList_Check (C function), 149

PyList_CheckExact (C function), 149

PyList_GET_ITEM (C function), 149

PyList_GET_SIZE (C function), 149

PyList_GetItem (C function), 149

PyList_GetItem(),9

PyList_GetSlice (C function), 150

PyList_Insert (C function), 150

PyList_New (C function), 149

PyList_Reverse (C function), 150

PyList_SET_ITEM (C function), 150

PyList_SetItem (C function), 149

PyList_SetItem(),7

PyList_SetSlice (C function), 150

PyList_Size (C function), 149

PyList_Sort (C function), 150

PyList_Type (C var), 149

PyListObject (Ctype), 149

PyLong_AsDouble (C function), 120

PyLong_AsLong (C function), 118
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PyLong_AsLongAndOverflow (C function), 118
PyLong_AsLongLong (C function), 118
PyLong_AsLongLongAndOverflow (C function),
119
PyLong_AsSize_t (C function), 119
PyLong_AsSsize_t (C function), 119
PyLong_AsUnsignedLong (C function), 119
PyLong_AsUnsignedLongLong (C function), 119
PyLong_AsUnsignedLongLongMask (C function),
120
PyLong_AsUnsignedLongMask (C function), 119
PyLong_AsVoidPtr (C function), 120
PyLong_Check (C function), 117
PyLong_CheckExact (C function), 117
PyLong_FromDouble (C function), 118
PyLong_FromLong (C function), 117
PyLong_FromLongLong (C function), 118
PyLong_FromSize_t (C function), 117
PyLong_FromSsize_t (C function), 117
PyLong_FromString (C function), 118
PyLong_FromUnicodeObject (C function), 118
PyLong_FromUnsignedLong (C function), 117
PyLong_FromUnsignedLongLong (C function), 118
PyLong_FromVoidPtr (C function), 118
PyLong_Type (Cvar), 117
PyLongObject (Ctype), 117
PyMapping_Check (C function), 103
PyMapping_DelItem (C function), 103
PyMapping_DelItemString (C function), 103
PyMapping_GetItemString (C function), 103
PyMapping_HasKey (C function), 103
PyMapping_HasKeyString (C function), 104
PyMapping_TItems (C function), 104
PyMapping_Keys (C function), 104
PyMapping_Length (C function), 103
PyMapping_SetItemString (C function), 103
PyMapping_Size (C function), 103
PyMapping_Values (C function), 104
PyMappingMethods (C type), 272
PyMappingMethods.mp_ass_subscript (c
member), 272
PyMappingMethods .mp_length (C member), 272
PyMappingMethods.mp_subscript (C member),
272
PyMarshal_ReadLastObjectFromFile (C func-
tion), 74
PyMarshal_ReadLongFromFile (C function), 74
PyMarshal_ReadObjectFromFile (C function),
74
PyMarshal_ ReadObjectFromString
tion), 74
PyMarshal_ReadShortFromFile (C function), 74
PyMarshal_WriteLongToFile (C function), 74
PyMarshal_WriteObjectToFile (C function), 74

(C  func-

PyMarshal_WriteObjectToString (C function),
74
PyMem_Calloc (C function), 228
PyMem_Del (C function), 228
PyMem_Free (C function), 228
PyMem_GetAllocator (C function), 231
PyMem_Malloc (C function), 227
PyMem_New (C function), 228
PyMem_RawCalloc (C function), 227
PyMem_RawFree (C function), 227
PyMem_RawMalloc (C function), 227
PyMem_RawRealloc (C function), 227
PyMem_Realloc (C function), 228
PyMem_Resize (C function), 228
PyMem_SetAllocator (C function), 231
PyMem_SetupDebugHooks (C function), 231
PyMemAllocatorDomain (C type), 230
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 231
PyMemAllocatorDomain.PYMEM DOMAIN_OBJ
(C macro), 231
PyMemAllocatorDomain.PYMEM_DOMAIN_RAW
(C macro), 230
PyMemAllocatorEx (C type), 230
PyMember_GetOne (C function), 243
PyMember_SetOne (C function), 243
PyMemberDef (C type), 242
PyMemoryView_Check (C function), 170
PyMemoryView_FromBuffer (C function), 170
PyMemoryView_FromMemory (C function), 170
PyMemoryView_FromObject (C function), 170
PyMemoryView_GET_BASE (C function), 170
PyMemoryView_GET_BUFFER (C function), 170
PyMemoryView_GetContiguous (C function), 170
PyMethod_Check (C function), 157
PyMethod_Function (C function), 157
PyMethod_GET_FUNCTION (Cfunction), 157
PyMethod_GET_SELF (C function), 157
PyMethod_New (C function), 157
PyMethod_Self (C function), 157
PyMethod_Type (Cvar), 157
PyMethodDef (C type), 240
PyMethodDef .ml_doc (C member), 241
PyMethodDef.ml_flags (C member), 241
PyMethodDef .ml_meth (C member), 241
PyMethodDef .ml_name (C member), 241
PyModule_AddFunctions (C function), 165
PyModule_AddIntConstant (C function), 166
PyModule_AddIntMacro (C function), 166
PyModule_AddObject (C function), 165
PyModule_AddObjectRef (C function), 165
PyModule_AddStringConstant (C function), 166
PyModule_AddStringMacro (C function), 166
PyModule_AddType (C function), 166
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PyModule_Check (C function), 160
PyModule_CheckExact (C function), 160
PyModule_Create (C function), 162
PyModule_Create2 (C function), 162
PyModule_ExecDef (C function), 164
PyModule_FromDefAndSpec (C function), 164
PyModule_FromDefAndSpec?2 (C function), 164
PyModule_GetDef (C function), 160
PyModule_GetDict (C function), 160
PyModule_GetFilename (C function), 161
PyModule_GetFilenameObject (C function), 161
PyModule_GetName (C function), 160
PyModule_GetNameObject (C function), 160
PyModule_GetState (C function), 160
PyModule_New (C function), 160
PyModule_NewObject (C function), 160
PyModule_SetDocString (C function), 164
PyModule_Type (Cvar), 160
PyModuleDef (C type), 161
PyModuleDef_Init (C function), 163
PyModuleDef_Slot (Ctype), 163
PyModuleDef_Slot.slot (Cmember), 163
PyModuleDef_Slot.value (C member), 163
PyModuleDef .m_base (C member), 161
PyModuleDef.m_clear (C member), 162
PyModuleDef .m_doc (C member), 161
PyModuleDef .m_free (C member), 162
PyModuleDef .m_methods (C member), 161
PyModuleDef .m_name (C member), 161
PyModuleDef .m_size (C member), 161
PyModuleDef.m_slots (C member), 161
PyModuleDef.m_slots.m_reload (C member),
162
PyModuleDef.m_traverse (C member), 162
PyNumber_Absolute (C function), 99
PyNumber_Add (C function), 98
PyNumber_And (C function), 99
PyNumber_AsSsize_t (C function), 101
PyNumber_Check (C function), 98
PyNumber_Divmod (C function), 99
PyNumber_Float (C function), 100
PyNumber_FloorDivide (C function), 98
PyNumber_Index (C function), 101
PyNumber_InPlaceAdd (C function), 99
PyNumber_InPlaceAnd (C function), 100
PyNumber_InPlaceFloorDivide (C function), 100
PyNumber_InPlaceLshift (C function), 100
PyNumber_InPlaceMatrixMultiply (C func-
tion), 99
PyNumber_InPlaceMultiply (C function), 99
PyNumber_InPlaceOr (C function), 100
PyNumber_InPlacePower (C function), 100
PyNumber_InPlaceRemainder (C function), 100
PyNumber_InPlaceRshift (C function), 100

PyNumber_InPlaceSubtract (C function), 99
PyNumber_InPlaceTrueDivide (C function), 100
PyNumber_InPlaceXor (C function), 100
PyNumber_Invert (C function), 99
PyNumber_Long (C function), 100
PyNumber_Lshift (C function), 99
PyNumber_MatrixMultiply (C function), 98
PyNumber_Multiply (C function), 98
PyNumber_Negative (C function), 99
PyNumber_Or (C function), 99
PyNumber_Positive (C function), 99
PyNumber_Power (C function), 99
PyNumber_Remainder (C function), 98
PyNumber_Rshift (C function), 99
PyNumber_Subtract (C function), 98
PyNumber_ToBase (C function), 101
PyNumber_TrueDivide (C function), 98
PyNumber_Xor (C function), 99
PyNumberMethods (C type), 270
PyNumberMethods.nb_absolute (Cmember), 271
PyNumberMethods.nb_add (C member), 271
PyNumberMethods .nb_and (C member), 271
PyNumberMethods .nb_bool (C member), 271
PyNumberMethods .nb_divmod (C member), 271
PyNumberMethods.nb_float (C member), 271
PyNumberMethods.nb_floor_divide (C mem-
ber), 272
PyNumberMethods.nb_index (C member), 272
PyNumberMethods.nb_inplace_add (C mem-
ber), 271
PyNumberMethods.nb_inplace_and (C mem-
ber), 271
PyNumberMethods.nb_inplace_floor_divide
(C member), 272
PyNumberMethods.nb_inplace_lshift (C
member), 271

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 272
PyNumberMethods.nb_inplace_multiply (C
member), 271
PyNumberMethods.nb_inplace_or (C member),
272
PyNumberMethods.nb_inplace_power (C mem-
ber), 271
PyNumberMethods.nb_inplace_remainder (C
member), 271
PyNumberMethods.nb_inplace_rshift (C
member), 271
PyNumberMethods.nb_inplace_subtract (C
member), 271
PyNumberMethods.nb_inplace_true_divide
(C member), 272
PyNumberMethods.nb_inplace_xor (C mem-
ber), 272
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PyNumberMethods
PyNumberMethods

.nb_int (C member), 271
.nb_invert (C member), 271
PyNumberMethods.nb_1lshift (C member), 271
PyNumberMethods.nb_matrix multiply
member), 272
PyNumberMethods.nb_multiply (Cmember), 271
PyNumberMethods.nb_negative (Cmember), 271
PyNumberMethods.nb_or (C member), 271
PyNumberMethods.nb_positive (Cmember), 271
PyNumberMethods .nb_power (C member), 271
PyNumberMethods.nb_remainder (C member),
271
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 272
PyNumberMethods.nb_xor (C member), 271
PyObject (Ctype), 238
PyObject_AsCharBuffer (C function), 112
PyObject_ASCIT (C function), 91
PyObject_AsFileDescriptor (C function), 159
PyObject_AsReadBuffer (C function), 112
PyObject_AsWriteBuffer (C function), 112
PyObject_Bytes (C function), 91
PyObject_Call (C function), 96
PyObject_CallFunction (C function), 96
PyObject_CallFunctionObjArgs (C function),
97
PyObject_CallMethod (C function), 96
PyObject_CallMethodNoArgs (C function), 97
PyObject_CallMethodObjArgs (C function), 97
PyObject_CallMethodOneArqg (C function), 97
PyObject_CallNoArgs (C function), 96
PyObject_CallObject (C function), 96
PyObject_Calloc (C function), 229
PyObject_CallOneArqg (C function), 96
PyObject_CheckBuffer (C function), 111
PyObject_CheckReadBuffer (C function), 112
PyObject_ClearWeakRefs (C function), 171
PyObject_Del (C function), 237
PyObject_DelAttr (C function), 90
PyObject_DelAttrString (C function), 90
PyObject_DelItem (C function), 93
PyObject_Dir (C function), 93
PyObject_Format (C function), 91
PyObject_Free (C function), 229
PyObject_GC_Del (C function), 280
PyObject_GC_IsFinalized (C function), 280
PyObject_GC_IsTracked (C function), 280
PyObject_GC_New (C function), 280
PyObject_GC_NewVar (C function), 280
PyObject_GC_Resize (C function), 280
PyObject_GC_Track (C function), 280

(C

.nb_reserved (C member), 271
.nb_rshift (C member), 271

.nb_subtract (C member), 271
.nb_true_divide (C mem-

PyObject_GC_UnTrack (C function), 280
PyObject_GenericGetAttr (C function), 90
PyObject_GenericGetDict (C function), 90
PyObject_GenericSetAttr (C function), 90
PyObject_GenericSetDict (C function), 90
PyObject_GetATIter (C function), 93
PyObject_GetArenaAllocator (C function), 233
PyObject_GetAttr (C function), 89
PyObject_GetAttrString (C function), 90
PyObject_GetBuffer (C function), 111
PyObject_GetItem (C function), 92
PyObject_GetIter (C function), 93
PyObject_HasAttr (C function), 89
PyObject_HasAttrString (C function), 89
PyObject_Hash (C function), 92
PyObject_HashNotImplemented (C function), 92
PyObject_HEAD (C macro), 238
PyObject_HEAD_INIT (C macro), 239
PyObject_Init (C function), 237
PyObject_InitVar (C function), 237
PyObject_IS_GC (C function), 280
PyObject_IsInstance (C function), 92
PyObject_IsSubclass (C function), 91
PyObject_IsTrue (C function), 92
PyObject_Length (C function), 92
PyObject_LengthHint (C function), 92
PyObject_Malloc (C function), 229
PyObject_New (C function), 237
PyObject_NewVar (C function), 237
PyObject_Not (C function), 92
PyObject._ob_next (Cmember), 251
PyObject._ob_prev (Cmember), 251
PyObject_Print (C function), 89
PyObject_Realloc (C function), 229
PyObject_Repr (C function), 91
PyObject_RichCompare (C function), 90
PyObject_RichCompareBool (C function), 91
PyObject_SetArenaAllocator (C function), 233
PyObject_SetAttr (C function), 90
PyObject_SetAttrString (C function), 90
PyObject_SetItem (C function), 93
PyObject_Size (C function), 92
PyObject_Str (C function), 91
PyObject_Type (C function), 92
PyObject_TypeCheck (C function), 92
PyObject_VAR_HEAD (C macro), 238
PyObject_Vectorcall (C function), 97
PyObject_VectorcallDict (C function), 97
PyObject_VectorcallMethod (C function), 97
PyObjectArenaAllocator (Ctype), 233
PyObject.ob_refcnt (C member), 250
PyObject.ob_type (C member), 250
PyOS_AfterFork (C function), 66
PyOS_AfterFork_Child (C function), 66
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PyOS_AfterFork_Parent (C function), 65
PyOS_BeforeFork (C function), 65
PyOS_CheckStack (C function), 66
PyOS_double_to_string (C function), 83
PyOS_FSPath (C function), 65
PyOS_getsig (C function), 66
PyOS_InputHook (Cvar), 45
PyOS_ReadlineFunctionPointer (C var), 45
PyOS_setsig (C function), 66
PyOS_snprintf (C function), 83
PyOS_stricmp (C function), 84
PyOS_string_to_double (C function), 83
PyOS_strnicmp (C function), 84
PyOS_vsnprintf (C function), 83
PyPreConfig (C type), 206
PyPreConfig.allocator (C member), 206
PyPreConfig.coerce_c_locale (Cmember), 207
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 207
PyPreConfig.configure_locale (C member),
206
PyPreConfig.dev_mode (C member), 207
PyPreConfig.isolated (C member), 207
PyPreConfig.legacy_windows_fs_encoding
(C member), 207
PyPreConfig.parse_argv (C member), 207

PySeqglter_New (C function), 167
PySeqglter_Type (Cvar), 167
PySequence_Check (C function), 101
PySequence_Concat (C function), 101
PySequence_Contains (C function), 102
PySequence_Count (C function), 102
PySequence_DelItem (C function), 102
PySequence_DelSlice (C function), 102
PySequence_Fast (C function), 102
PySequence_Fast_GET_ITEM (C function), 103
PySequence_Fast_GET_SIZE (C function), 103
PySequence_Fast_ITEMS (C function), 103
PySequence_GetItem (C function), 102
PySequence_GetItem(),9
PySequence_GetSlice (C function), 102
PySequence_Index (C function), 102
PySequence_InPlaceConcat (C function), 101
PySequence_InPlaceRepeat (C function), 101
PySequence_ITEM (C function), 103
PySequence_Length (C function), 101
PySequence_List (C function), 102
PySequence_Repeat (C function), 101
PySequence_SetItem (C function), 102
PySequence_SetSlice (C function), 102
PySequence_Size (C function), 101
PySequence_Tuple (C function), 102

PyPreConfig.PyPreConfig_InitIsolatedConfRgSequenceMethods (C type), 272

(C function), 206

PyPreConfig.PyPreConfig InitPythonConfig

(C function), 206
PyPreConfig.use_environment (Cmember), 207
PyPreConfig.utf8_mode (C member), 207
PyProperty_Type (Cvar), 168
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 43
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 44
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44
PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
PyRun_sStringFlags (C function), 45
PySendResult (C type), 105
PySeqglter_Check (C function), 167

PySequenceMethods.sq ass_item (C member),
273
PySequenceMethods
PySequenceMethods
273
PySequenceMethods

member), 273
PySequenceMethods

member), 273
PySequenceMethods

.sq_concat (Cmember), 272
.sq_contains (C member),

.sq_inplace_concat (C
.sq_inplace_repeat (C

.sq_item (C member), 272
PySequenceMethods.sq length (Cmember), 272
PySequenceMethods.sq repeat (Cmember), 272
PySet_Add (C function), 154

PySet_Check (C function), 153
PySet_CheckExact (C function), 154
PySet_Clear (C function), 155

PySet_Contains (C function), 154
PySet_Discard (C function), 154
PySet_GET_SIZE (C function), 154

PySet_New (C function), 154

PySet_Pop (C function), 155

PySet_Size (C function), 154

PySet_Type (Cvar), 153

PySetObject (Ctype), 153
PySignal_SetWakeupFd (C function), 58
PySlice_AdjustIndices (C function), 169
PySlice_Check (C function), 168
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PySlice_GetIndices (C function), 168
PySlice_GetIndicesEx (C function), 169
PySlice_New (C function), 168
PySlice_Type (Cvar), 168
PySlice_Unpack (C function), 169
PyState_AddModule (C function), 167
PyState_FindModule (C function), 167
PyState_RemoveModule (C function), 167
PyStatus (C type), 205
PyStatus.err_msg (C member), 205
PyStatus.exitcode (C member), 205
PyStatus. func (C member), 205
PyStatus.Py_ExitStatusException (C func-
tion), 205
PyStatus.PyStatus_Error (C function), 205
PyStatus.PyStatus_Exception (C function), 205
PyStatus.PyStatus_Exit (C function), 205
PyStatus.PyStatus_IsError (C function), 205
PyStatus.PyStatus_IsExit (C function), 205
PyStatus.PyStatus_NoMemory (C function), 205
PyStatus.PyStatus_0Ok (C function), 205
PyStructSequence_Desc (C type), 148
PyStructSequence_Field (Ctype), 148
PyStructSequence_GET_ITEM (C function), 148
PyStructSequence_GetItem (C function), 148
PyStructSequence_InitType (C function), 148
PyStructSequence_InitType?2 (C function), 148
PyStructSequence_New (C function), 148
PyStructSequence_NewType (C function), 148
PyStructSequence_SET_ITEM (C function), 149
PyStructSequence_SetItem (C function), 148
PyStructSequence_UnnamedField (Cvar), 148
PySys_AddAuditHook (C function), 69
PySys_AddWarnOption (C function), 68
PySys_AddWarnOptionUnicode (C function), 68
PySys_AddXOption (C function), 68
PySys_Audit (C function), 69
PySys_FormatStderr (C function), 68
PySys_FormatStdout (C function), 68
PySys_GetObject (C function), 68
PySys_GetXOptions (C function), 69
PySys_ResetWarnOptions (C function), 68
PySys_SetArgv (C function), 188
PySys_SetArgv (), 184
PySys_SetArgvEx (C function), 187
PySys_SetArgvEx (), 12, 184
PySys_SetObject (C function), 68
PySys_SetPath (C function), 68
PySys_WriteStderr (C function), 68
PySys_WriteStdout (C function), 68
Python 3000 (I}o]# 3000), 296
PYTHON¥*, 183
PYTHONCOERCECLOCALE, 220
PYTHONDEBUG, 182, 215

PYTHONDONTWRITEBYTECODE, 182, 218
PYTHONDUMPREFS, 211, 251
PYTHONEXECUTABLE, 215
PYTHONFAULTHANDLER, 212
PYTHONHASHSEED, 183, 213
PYTHONHOME, 12, 183, 188, 213
Pythonic (3}o] A t}&), 296
PYTHONINSPECT, 183,213
PYTHONIOENCODING, 185,217
PYTHONLEGACYWINDOWSEFSENCODING, 183, 207
PYTHONLEGACYWINDOWSSTDIO, 183, 214
PYTHONMALLOC, 226, 230, 232, 233
PYTHONMALLOCSTATS, 214, 226
PYTHONNOUSERSITE, 183,217
PYTHONOPTIMIZE, 183, 214
PYTHONPATH, 12, 183, 214
PYTHONPLATLIBDIR, 214
PYTHONPROFILEIMPORTTIME, 213
PYTHONPYCACHEPREFIX, 216
PYTHONTRACEMALLOC, 217
PYTHONUNBUFFERED, 184, 211
PYTHONUTFS, 207, 220
PYTHONVERBOSE, 184, 218
PYTHONWARNINGS, 218
PyThread_create_key (C function), 201
PyThread_delete_key (C function), 201
PyThread_delete_key_value (C function), 201
PyThread_get_key_value (C function), 201
PyThread_ReInitTLS (C function), 201
PyThread_set_key_value (C function), 201
PyThread_tss_alloc (C function), 200
PyThread_tss_create (C function), 200
PyThread_tss_delete (C function), 200
PyThread_tss_free (C function), 200
PyThread_tss_get (C function), 201
PyThread_tss_is_created (C function), 200
PyThread_tss_set (C function), 201
PyThreadState, 188
PyThreadState (C type), 190
PyThreadState_Clear (C function), 193
PyThreadState_Delete (C function), 193
PyThreadState_DeleteCurrent (C function), 193
PyThreadState_Get (C function), 191
PyThreadState_GetDict (C function), 194
PyThreadState_GetFrame (C function), 193
PyThreadState_GetID (C function), 193
PyThreadState_GetInterpreter (C function),
193
PyThreadState_New (C function), 193
PyThreadState_Next (C function), 199
PyThreadState_SetAsyncExc (C function), 194
PyThreadState_Swap (C function), 191
PyTime_Check (C function), 176
PyTime_CheckExact (C function), 176
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PyTime_FromTime (C function), 177
PyTime_FromTimeAndFold (C function), 177
PyTimeZone_FromOffset (C function), 177

PyTimeZone_FromOffsetAndName (C function),

177
PyTrace_C_CALL (Cvar), 198
PyTrace_C_EXCEPTION (C var), 198
PyTrace_C_RETURN (C var), 198
PyTrace_CALL (C var), 198
PyTrace_EXCEPTION (C var), 198
PyTrace_LINE (C var), 198
PyTrace_OPCODE (C var), 198
PyTrace_RETURN (C var), 198
PyTraceMalloc_Track (C function), 234
PyTraceMalloc_Untrack (C function), 234
PyTuple_Check (C function), 146
PyTuple_CheckExact (C function), 146
PyTuple_GET_ITEM (C function), 147
PyTuple_GET_SIZE (C function), 147
PyTuple_GetItem (C function), 147
PyTuple_GetSlice (C function), 147
PyTuple_New (C function), 146
PyTuple_Pack (C function), 147
PyTuple_SET_ITEM (C function), 147
PyTuple_SetItem (C function), 147
PyTuple_SetItem(),7
PyTuple_Size (C function), 147
PyTuple_Type (Cvar), 146
PyTupleObject (Ctype), 146
PyType_Check (C function), 113
PyType_CheckExact (C function), 113
PyType_ClearCache (C function), 113
PyType_FromModuleAndSpec (C function), 115
PyType_FromSpec (C function), 115
PyType_FromSpecWithBases (C function), 115
PyType_GenericAlloc (C function), 114
PyType_GenericNew (C function), 114
PyType_GetFlags (C function), 114
PyType_GetModule (C function), 114
PyType_GetModuleState (C function), 115
PyType_GetSlot (C function), 114
PyType_HasFeature (C function), 114
PyType_TIS_GC (C function), 114
PyType_TIsSubtype (C function), 114
PyType_Modified (C function), 114
PyType_Ready (C function), 114
PyType_Slot (Ctype), 116

PyType_Slot.PyType_Slot.pfunc (C member),

116

PyType_Slot.PyType_Slot.slot (C member),

116
PyType_Spec (Ctype), 115
PyType_Spec.PyType_Spec.basicsize
member), 115

PyType_Spec.PyType_Spec.flags (C member),

116

PyType_Spec.PyType_Spec.itemsize (C mem-
ber), 116
PyType_Spec.PyType_Spec.name (C member),

115

PyType_Spec.PyType_Spec.slots (C member),

116

PyType_Type (Cvar), 113

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject

(Ctype), 113
.tp_alloc (C member), 266
.tp_as_async (C member), 254
.tp_as_buffer (C member), 256
tp_as_mapping (C member), 255
.tp_as_number (C member), 254
.tp_as_sequence (C member), 254
.tp_base (C member), 264
.tp_bases (C member), 267
tp_basicsize (C member), 252
.tp_cache (C member), 268
.tp_call (C member), 255
.tp_clear (C member), 261
.tp_dealloc (C member), 252
.tp_del (C member), 268
.tp_descr_get (C member), 264
.tp_descr_set (C member), 264
.tp_dict (C member), 264
.tp_dictoffset (C member), 265
.tp_doc (C member), 260
.tp_finalize (C member), 268
.tp_flags (C member), 256
.tp_free (C member), 267
.tp_getattr (C member), 253
.tp_getattro (C member), 256
.tp_getset (C member), 263
.tp_hash (C member), 255
.tp_init (C member), 265
.tp_is_gc (C member), 267
tp_itemsize (C member), 252
.tp_iter (C member), 263
.tp_iternext (Cmember), 263
tp_members (C member), 263
.tp_methods (C member), 263
.tp_mro (C member), 268
.tp_name (C member), 251
.tp_new (C member), 266
tp_repr (C member), 254
.tp_richcompare (Cmember), 261
.tp_richcompare.Py_RETURN_RICHCOMPARE

(C macro), 262

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

.tp_setattr (C member), 254
.tp_setattro (C member), 256
.tp_str (C member), 255
.tp_subclasses (C member), 268
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PyTypeObject.tp_traverse (C member), 260
PyTypeObject.tp_vectorcall (C member), 269
PyTypeObject.tp_vectorcall_ offset (C
member), 253
PyTypeObject.tp_version_tag (C member), 268
PyTypeObject.tp_weaklist (C member), 268
PyTypeObject.tp_weaklistoffset (C mem-
ber), 262
PyTZInfo_Check (C function), 176
PyTzInfo_CheckExact (C function), 176
PyUnicode_1BYTE_DATA (C function), 128
PyUnicode_1BYTE_KIND (C macro), 128
PyUnicode_2BYTE_DATA (C function), 128
PyUnicode_2BYTE_KIND (C macro), 128
PyUnicode_4BYTE_DATA (C function), 128
PyUnicode_4BYTE_KIND (C macro), 128
PyUnicode_AS_DATA (C function), 129
PyUnicode_AS_UNICODE (C function), 129
PyUnicode_AsASCIIString (C function), 143
PyUnicode_AsCharmapString (C function), 143
PyUnicode_AsEncodedString (C function), 138
PyUnicode_AsLatinlString (C function), 142
PyUnicode_AsMBCSString (C function), 144
PyUnicode_AsRawUnicodeEscapeString (c
Sfunction), 142
PyUnicode_AsUCS4 (C function), 133
PyUnicode_AsUCS4Copy (C function), 133
PyUnicode_AsUnicode (C function), 134
PyUnicode_AsUnicodeAndSize (C function), 134
PyUnicode_AsUnicodeEscapeString (C func-
tion), 141
PyUnicode_AsUTFS8 (C function), 139
PyUnicode_AsUTF8AndSize (C function), 138
PyUnicode_AsUTF8String (C function), 138
PyUnicode_AsUTF16String (C function), 140
PyUnicode_AsUTF32String (C function), 139
PyUnicode_AsWideChar (C function), 137
PyUnicode_AsWideCharString (C function), 137
PyUnicode_Check (C function), 127
PyUnicode_CheckExact (C function), 127
PyUnicode_Compare (C function), 145
PyUnicode_CompareWithASCIIString (C func-
tion), 146
PyUnicode_Concat (C function), 145
PyUnicode_Contains (C function), 146
PyUnicode_CopyCharacters (C function), 133
PyUnicode_Count (C function), 145
PyUnicode_DATA (C function), 128
PyUnicode_Decode (C function), 138
PyUnicode_DecodeASCII (C function), 143
PyUnicode_DecodeCharmap (C function), 143
PyUnicode_DecodeFSDefault (C function), 136
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 136

PyUnicode_DecodeLatinl (C function), 142
PyUnicode_DecodeLocale (C function), 135
PyUnicode_DecodeLocaleAndSize (C function),
135
PyUnicode_DecodeMBCS (C function), 144
PyUnicode_DecodeMBCSStateful (C function),
144
PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 142
PyUnicode_DecodeUnicodeEscape (C function),
141
PyUnicode_DecodeUTF7 (C function), 141
PyUnicode_DecodeUTF7Stateful (C function),
141
PyUnicode_DecodeUTF8 (C function), 138
PyUnicode_DecodeUTF8Stateful (C function),
138
PyUnicode_DecodeUTF16 (C function), 140
PyUnicode_DecodeUTF16Stateful (C function),
140
PyUnicode_DecodeUTF32 (C function), 139
PyUnicode_DecodeUTF32Stateful (C function),
139
PyUnicode_Encode (C function), 138
PyUnicode_EncodeASCII (C function), 143
PyUnicode_EncodeCharmap (C function), 143
PyUnicode_EncodeCodePage (C function), 144
PyUnicode_EncodeFSDefault (C function), 136
PyUnicode_EncodeLatinl (C function), 142
PyUnicode_EncodeLocale (C function), 135
PyUnicode_EncodeMBCS (C function), 144
PyUnicode_EncodeRawUnicodeEscape (C func-

tion), 142
PyUnicode_EncodeUnicodeEscape (C function),
142

PyUnicode_EncodeUTF7 (C function), 141
PyUnicode_EncodeUTFS8 (C function), 139
PyUnicode_EncodeUTF16 (C function), 140
PyUnicode_EncodeUTF32 (C function), 139
PyUnicode_Fill (C function), 133
PyUnicode_Find (C function), 145
PyUnicode_FindChar (C function), 145
PyUnicode_Format (C function), 146
PyUnicode_FromEncodedObject (C function), 132
PyUnicode_FromFormat (C function), 131
PyUnicode_ FromFormatV (C function), 132
PyUnicode_FromKindAndData (C function), 131
PyUnicode_FromObject (C function), 134
PyUnicode_FromString (C function), 131
PyUnicode_FromString (), 151
PyUnicode_FromStringAndSize (C function), 131
PyUnicode_FromUnicode (C function), 134
PyUnicode_FromWideChar (C function), 137
PyUnicode_FSConverter (C function), 136
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PyUnicode_FSDecoder (C function), 136
PyUnicode_GET_DATA_SIZE (C function), 129
PyUnicode_ GET_LENGTH (C function), 127
PyUnicode_GET_SIZE (C function), 129
PyUnicode_GetLength (C function), 133
PyUnicode_GetSize (C function), 134
PyUnicode_InternFromString (C function), 146
PyUnicode_InternInPlace (C function), 146
PyUnicode_IsIdentifier (C function), 129
PyUnicode_Join (C function), 145
PyUnicode_KIND (C function), 128
PyUnicode_MAX_CHAR_VALUE (C macro), 128
PyUnicode_New (C function), 131
PyUnicode_RERAD (C function), 128
PyUnicode_READ_CHAR (C function), 128
PyUnicode_ReadChar (C function), 133
PyUnicode_READY (C function), 127
PyUnicode_Replace (C function), 145
PyUnicode_RichCompare (C function), 146
PyUnicode_Split (C function), 145
PyUnicode_Splitlines (C function), 145
PyUnicode_Substring (C function), 133
PyUnicode_Tailmatch (C function), 145
PyUnicode_TransformDecimalToASCII (Cc
Sfunction), 134
PyUnicode_Translate (C function), 143
PyUnicode_TranslateCharmap (C function), 144
PyUnicode_Type (Cvar), 127
PyUnicode_WCHAR_KIND (C macro), 128
PyUnicode_WRITE (C function), 128
PyUnicode_WriteChar (C function), 133
PyUnicodeDecodeError_Create (C function), 59
PyUnicodeDecodeError_GetEncoding (C func-
tion), 60
PyUnicodeDecodeError_GetEnd (C function), 60

PyUnicodeDecodeError_GetObject (C func-
tion), 60

PyUnicodeDecodeError_GetReason (C func-
tion), 60

PyUnicodeDecodeError_GetStart (C function),
60

PyUnicodeDecodeError_SetEnd (C function), 60

PyUnicodeDecodeError_SetReason (C func-
tion), 60

PyUnicodeDecodeError_SetStart (C function),
60

PyUnicodeEncodeError_Create (C function), 59

PyUnicodeEncodeError_GetEncoding (C func-
tion), 60

PyUnicodeEncodeError_GetEnd (C function), 60

PyUnicodeEncodeError_GetObject (C func-
tion), 60

PyUnicodeEncodeError_GetReason (C func-
tion), 60

PyUnicodeEncodeError_GetStart (C function),
60

PyUnicodeEncodeError_SetEnd (C function), 60

PyUnicodeEncodeError_SetReason (C func-
tion), 60

PyUnicodeEncodeError_SetStart (C function),
60

PyUnicodeObject (Ctype), 127

PyUnicodeTranslateError_Create (C func-

tion), 59
PyUnicodeTranslateError_GetEnd (C func-

tion), 60
PyUnicodeTranslateError_GetObject (c

Sfunction), 60
PyUnicodeTranslateError_GetReason (C

function), 60
PyUnicodeTranslateError_GetStart (C func-

tion), 60
PyUnicodeTranslateError_SetEnd (C func-

tion), 60
PyUnicodeTranslateError_SetReason (c

function), 60
PyUnicodeTranslateError_SetStart (C func-
tion), 60
PyVarObject (C type), 238
PyVarObject_HEAD_INIT (C macro), 239
PyVarObject .ob_size (C member), 251
PyVectorcall_Call (C function), 95
PyVectorcall_Function (C function), 95
PyVectorcall_NARGS (C function), 95
PyWeakref_Check (C function), 171
PyWeakref_CheckProxy (C function), 171
PyWeakref_CheckRef (C function), 171
PyWeakref_ GET_OBJECT (C function), 171
PyWeakref_GetObject (C function), 171
PyWeakref_NewProxy (C function), 171
PyWeakref_NewRef (C function), 171
PyWideStringList (C type), 204
PyWideStringList.items (C member), 204
PyWideStringList.length (C member), 204
PyWideStringList .PyWideStringList_Append
(C function), 204
PyWideStringList.PyWideStringList_Insert
(C function), 204
PyWrapper_New (C function), 168

Q

qualified name (B34 ©] &), 296

R

realloc (), 225

reference count (ZZ 34),296
regular package (BF 3 7] #]), 296
releasebufferproc (Ctype), 276
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repr
=g oA, 91,254

reprfunc (C type), 275

richcmpfunc (Ctype), 276

S

sdterr

stdin stdout, 185
search

path, module, 12, 184, 186
sendfunc (C type), 276
sequence

I, 123
sequence (A @2), 296
set

A, 153
set comprehension (Hg A= 3IA), 297
set_all(),9
setattrfunc (Ctype), 276
setattrofunc (Ctype), 276
setswitchinterval () (in module sys), 188
SIGINT, 57,58
signal

8 %,57,58
single dispatch (A& Y9 X)), 297
SIZE_MAX, 119
slice (&£8}o]r), 297
special

method, 297
special method (B4 WA E), 297
ssizeargfunc (Ctype), 276
ssizeobjargproc (Ctype), 276
statement (£73), 297
staticmethod

SiE e, 242
stderr (in module sys), 196
stdin

stdout sdterr, 185
stdin (in module sys), 196
stdout

sdterr, stdin, 185
stdout (in module sys), 196
strerror (), 53
string

PyObject_Str (C function), 91
strong reference, 297
sum_list (),9
sum_sequence (), 10, 11
sys

8 5,12, 184,196
SystemError (built-in exception), 160, 161

T

ternaryfunc (Ctype), 276

text encoding (H1AE <913 9), 297
text file (A12E u}4), 297
traverseproc (Ctype), 281
triple-quoted string (4% W21 dH £219),
297

tuple

oA, 146

i w4, 102, 150
type

I, 6,113

HE TR, 92
type (&), 297
type alias (¥ o €goj), 297
type hint (3 31 E), 298

u

ULONG_MAX, 119
unaryfunc (C type), 276
universal newlines (UYWA= d7), 298

V

variable annotation (B4 o] - H|o]A), 298
vectorcallfunc (Ctype), 94

version (in module sys), 187

virtual environment (7} 27), 298
virtual machine (7} 7] A), 298
visitproc (Ctype), 280

X

U=
__dimport_ ,70
abs, 99
ascii, 91
bytes, 91
classmethod, 242
compile, 71
divmod, 99
float, 101
hash, 92, 255
int, 100
len, 92, 101, 103, 149, 152, 154
pow, 99, 100
repr, 91, 254
staticmethod, 242
tuple, 102, 150

type, 92

1g
__main_ , 12,184,196
_thread, 191

builtins, 12, 184, 196
signal, 57, 58
sys, 12, 184, 196
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PEP
PEP
PEP
PEP
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PEP
PEP
PEP
PEP
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PEP
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PEP
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_ PYVENV_LAUNCHER

PATH
PYTH

1,295

7,4,6
238,47, 289
278,298
302,289,293
343,287
353, 10
362,286,295
383, 135, 136
387,15

393, 126, 134
411,296
420,289,294, 295
432,222,223
442,269
443,290
451, 164, 289
483,290
484,285,290, 298
489, 164
492,286, 288
498,289
519,295
523,194
525,286
526, 285, 298
528,183,214
529, 136, 183
538,220
539, 200
540, 220
552,211
578, 69

585, 290
587,203
590, 94
623,127
634,259, 260
3116, 298
3119,91,92
3121, 161
3147,72
3151, 63
3155, 296

, 12
ON*, 183

, 210, 215

PYTHONCOERCECLOCALE, 220

PYTHONDERUG, 182,215
PYTHONDONTWRITEBYTECODE, 182, 218

PYTHONDUMPREF'S, 211, 251

Z

PYTHONEXECUTABLE, 215
PYTHONFAULTHANDLER, 212
PYTHONHASHSEED, 183,213
PYTHONHOME, 12, 183, 188, 213
PYTHONINSPECT, 183,213
PYTHONIOENCODING, 185,217
PYTHONLEGACYWINDOWSFSENCODING, 183,
207
PYTHONLEGACYWINDOWSSTDIO, 183,214
PYTHONMALLOC, 226, 230, 232, 233
PYTHONMALLOCSTATS, 214, 226
PYTHONNOUSERSITE, 183,217
PYTHONOPTIMIZE, 183,214
PYTHONPATH, 12, 183,214
PYTHONPLATLIBDIR, 214
PYTHONPROFILEIMPORTTIME, 213
PYTHONPYCACHEPREFIX, 216
PYTHONTRACEMALLOC, 217
PYTHONUNBUFFERED, 184, 211
PYTHONUTEFS, 207, 220
PYTHONVERBOSE, 184,218
PYTHONWARNINGS, 218

Zen of Python (3to]# Al), 298
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